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innovation Center

30 April 2009

Program Manager
USDA/AMS/TM/NOP
Room 4004-So.

Ag Stop 0268

1400 Independence Ave. SW
Washington, DC 20250

Dear Program Manager:

Attached in duplicate is our petition for inclusion of the mineral attapulgite (a non-
synthetic, non-agricultural substance) onto the National List of Substances Allowed and
Prohibited in Organic Production and Handling. We are petitioning to have attapulgite
included as allowed for the applications of a bleaching earth of vegetable and animal oils
and as a feed additive for the bleaching clay filter cake which is added to animal feeds as
a nutritional supplement.

This petition is being submitted at the suggestion of Mr. Robert Pooler to replace the
previous petition which was tabled in 1996 and cannot be found.

We appreciate your consideration of our petition.
Sincerely,

Richard V. Hardin

Oil-Dri Corporation of America

Innovation Center

777 Forest Edge Drive

Vernon Hills, IL 60061

Phone 847-634-3090

Fax 847-634-4595
e-mail: dick.hardin@oildri.com
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Petition for Allowing Attapulgite on the
National List of Substances Allowed and Prohibited
in Organic Production and Handling

Item A:

Petition for non-agricultural (non-organic) substance allowed in or on processed products
labeled as “organic” or “made with organic (specified ingredients),” § 205.605.

Item B:

1. Substance’s common name: Attapulgite

Other names: Fuller’s Earth
Palygorskite
Hommite

2. Manufacturer’s name and contact information:

Oil-Dri Corporation of America

410 N. Michigan Avenue

Suite 400

Chicago, IL 60611-4213

Corporate Office Phone: 312-321-1515

Research Center Phone: 847-634-3090

Research Center Fax: 847-634-4595

Contact: Dr. Marc Herpfer 847-634-3090
Research Director

3. Current uses of substance with organic materials:

a. Processing aid — bleaching clay for purifying vegetable and animal oils
b. Animal feed additive — addition of filter cake from vegetable/animal o1l
bleaching process to animal feed for the additional nutrition of the oil

4. Livestock or handling activities for the substance:

a. Livestock
1. Animal feed additive. Filter cake removed from the filter presses in the
vegetable/animal oil bleaching process is added to animal feed to
provide additional nutrition derived from the oil absorbed on the filter
cake.



b. Processing
1. Bleaching clay. Very small particles of clay (<325 mesh) are used to

remove colors, chlorophyll, and metals to enhance the purity, stability,
and appearance of vegetable and animal oils. The porous clay with its
active surface sites is added to the heated liquid oil (~220°F) at a level
of 0.5 — 5.0% of the weight of the oil, stirred and maintained for a
specified period of time (generally ~30 minutes), and filtered out of
the oil, carrying the adsorbed colors, chlorophyll, metals and other
undesirable substances with it.

5. Source of the substance and a detailed description of its manufacturing or processing
procedures from the basic component to the final product:
a. Attapulgite is a naturally occurring mineral which is a hydrated alumino-
magnesium silicate with the general chemical formula (Mg xAly)s (SigO20)
(OH), (OH,)4 ® 4H,0 and the general structure shown below in Figure 1:
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Figure 1. Structure of Attapulgite

b. Important deposits of this mineral are found in southeastern United States,
China, and Senegal, with the deposits in south Georgia — north Florida
dominating the world’s production. The deposits in the United States, shown
in the map on the next page in Figure 2, were formed in a shallow water
trough that connected the Gulf of Mexico with the Southeast Georgia
Embayment on the Atlantic Ocean. The seawater in this trough was
characterized by fluctuating salinities, and at times the lagoons were closed
off from normal circulation. There was sufficient magnesium present to
precipitate attapulgite (palygorskite). The mineralogical content changes from



dominantly palygorskite in the Quincy-Attapulgus District to a mixture of
smectite and palygorskite in the northern area around Ochlocknee and Meigs,
Georgia.
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Figure 2. Location of the south Georgia-north Florida Attapulgite
deposits.

c. Attapulgite is surface mined by open-pit methods. Figure 3 shows a general
process flow sheet for the mining and processing of attapulgite for natural
bleaching clays.
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Figure 3. Process flow sheet for Attapulgite production for natural
bleaching clay.

The process starts with mine planning and permitting based on core drilling on
grids of 50 to 100 feet and careful clay quality testing. Overburden is stripped
with motorized scrapers, draglines, shovels or bulldozers. It is backfilled into
nearby previously mined-out pits where the disturbed land is restored to
attractive, stable non-eroding slopes. Cover crops of pasture grass and select
seedlings are planted on the reclaimed land to blend in with the original pre-
mined terrain. Where possible, the land is developed into fishing ponds.

The clay is mined from the area from which the overburden has been stripped
using shovels, backhoes, small draglines, or front-end loaders. It is then
loaded into trucks that transport the clay to the processing plant where it is put
into a raw clay stockpile, run through a primary crusher, and stored in the
crude clay shed. The actual processing is generally quite simple, involving
heating, milling, screening, and packaging in various combinations, depending
upon the product required.

Natural bleaching clay is a fine powder product that is produced by the
following steps:

1. The shredded clay from the crude clay shed is dried in a rotary dryer
and pulverized in a Raymond mill. As an optional method, the
shredded clay from the crude clay shed can be dried and pulverized
simultaneously in a heated hammer mill such as a Williams mill.

ii. The dried, pulverized clay is packaged or put into bulk containers for
transport to the customer.

6. Summary of any available previous reviews by State or private certification programs
or other organizations of the petitioned substance:
a. Natural Bleaching Earth
1. Coleman, Eugene C., Director Division of Petition Control, Center for
Food Safety and Applied Nutrition, Department of Health &
Human Services, FDA, letter of July 9, 1993, confirming the




7.

acceptability of using Fuller’s Earth for the processing of edible
oils. (Exhibit 5)

1. Chaudry, Muhammad Munir, Ph.D., Halal Administrator, The Islamic
Food and Nutrition Council of America, IFANCA HALAL
Product Certificate, September 4, 2008, certifying that Pure Flo B-
80 natural bleaching earth is Halal for use into the Halal products.
(Exhibit 6)

i1i. Genack, Rabbi Menachem, Rabbinic Administrator, CEO, Orthodox
Union Letter of Certification, December 1, 2008, certifying that
Pure Flo B-80 is kosher for Passover and year-round use.
(Exhibit 7)

iv. Starling, Bill, Inspector, The Symbol Scheme Soil Association, letter
of April 7, 1997, confirming that Pure Flo B-80 is certified as a
processing aid in organic food processing. (Exhibit 8)

v. Commission Directive 2001/30/EC, May 2, 2001, listing bentonite
natural clays as an additive in foodstuffs intended for human
consumption. (Exhibit 9)

b. Feed additive
1. Table 87.5 Additional Special Purpose Products, 2008 Official
Publication,-Association of American Feed Control Officials
Incorporated, page 345, confirming the acceptability of attapulgite
for use as a feed additive. (Exhibit 10)

ii. Regulation (EC) No. 1831/2003, Community Register of Feed
Additives Rev.48, April 23, 2009, authorizing use of attapulgite
and bentonite-montmorillonite as a feed additive. (Exhibit 11)

iii. Feeds Regulations 1983, Canadian Food Inspection Agency,
September 19, 2007, listing attapulgite as a feed additive.
(Exhibit 12)

1v. OMRI Products List 2007, certifying bentonite type clays as
acceptable as an additive and a processing aid for animal feeds,

p. 18. (Exhibit 13)

v. 7 CF.R. §205.605 certifying bentonite type clays as allowed as
ingredients in or on processed products labeled as “organic” or
“made with organic ingredients. (Exhibit 14)

vi. International Journal of Toxicology, 2003; 22 Suppl 1:37-102, The
Cosmetic Ingredient Review Expert Panel concluded that
attapulgite is safe (from the standpoint of its fiber length) as
currently used in cosmetic formulations. (Exhibit 15)

Information regarding EPA, FDA, and State regulatory authority registrations,
including registration numbers:

a. Substance is generally recognized as safe ~ Title 21 CFR Part 582.1., 6 pages.
(Exhibit 16)

b. Substance is generally recognized as safe (GRAS) for indirect food substance
— CFR Part 582.



8. The Chemical Abstract Service (CAS) number or other product numbers of the
substance and labels of products that contain the petitioned substance:
a. CAS # for Attapulgite — 12174-11-7
b. CAS # for Fuller’s Earth — 8031-18-3
c. CAS # for Clay — 1302-78-9
d. Substance is sold by the petitioner under the label Pure Flo® B-80 bleaching
earth

9. The substance’s physical properties and chemical mode of action including:
a. Chemical interactions with other substances, especially substances used in
organic production:

i. Bleaching clay. Attapulgite has an extensive system of channels and
porosity whose active surface area sites remove (adsorb) undesirable
color, metals, odor and other unwanted substances in vegetable and
animal oils.

b. Toxicity and environmental persistence:
1. Attapulgite is a naturally occurring clay substance and has no overt
toxic or environmental effects.

c. Environmental impacts from its use and/or manufacture:

1. The manufacturing of attapulgite falls under and conforms to the strict
guidelines of the Mine Safety and Health Administration. All mining
activity falls under EPA Title 5 for air, water, mine, and wetlands
permits. All mined areas are returned to their natural state. The surface
is leveled or sloped to meet the standards prescribed by the
government, and grasses and /or trees are planted. Where possible,
fishing ponds are created.

il. The major environmental issue with manufacturing is air quality
because of dust. Dust collectors are used on dryers, pulverizers,
baggers and conveyor transport points.

d. Effects on human health:

1. Exposure to excessive amounts of attapulgite dust, as with any dust,
should be avoided. The use of dust collectors, face masks, and other
devices protects workers from inhaling too much dust.

11. Attapulgite, like most clays, contains quartz which is a crystalline
silica. IARC, in Monograph 68, has concluded that crystalline silica
inhaled in the form of quartz from occupational sources is
carcinogenic to humans (Group 1). Carcinogenicity, however, was not
detected in all industrial circumstances studied. Adverse effects to
human health would not be expected from normal use of this product
because:

o Applications and exposure data indicate that exposure to
respirable quartz in the bleaching clay product with normal
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11.

12.
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use is well below the OSHA Permissible Exposure Limit
and ACGIH Threshold Limit Value
o The petitioner is not aware of any scientific or medical data

available indicating that exposure to dust from the
bleaching clay under conditions of normal use will cause
silicosis or cancer

iil. Attapulgite contains no deleterious trace elements or chemical

compounds at levels that are hazardous to human health.

e. Effects on soil organisms, crop, or livestock:
1. Attapulgite, being a natural material, should have no deleterious effect
on soil organisms, crops, or livestock.

Safety information about the substance including a Material Safety Data Sheet
(MSDS) and a substance report from the National Institute of Environmental Health
Studies:
a. Petitioner’s MSDS # 5001000 for B-80 bleaching earth is attached as
Exhibit 1.
b. No substance report on attapulgite is available from the National Institute of
Environmental Health Studies (Sciences)

Research information about the substance which includes comprehensive substance
research reviews and research bibliographies, including reviews and bibliographies
which present contrasting positions to those presented by the petitioner in supporting
the substance’s inclusion on or removal from the National List:

(See Exhibits 2 & 3)

A “Petition Justification Statement” which provides justification for “Inclusion of a
Non-Synthetic, Non-Agricultural Substance onto the National List, §205.605(a):”

(See Exhibit 4)

A confidential Business Information Statement which describes the specific required
information contained in the petition that is considered to be Confidential Business
Information (CBI) or confidential commercial information and the basis for that
determination:

a. No information provided in this petition is considered to be Confidential
Business Information (CBI).
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Exhibit 1

°|h DRI Material Safety Data Sheet
\ PURE-FLO® B-80 bleaching clay (#5001000)

CORPORATION OF AMERICA

410 North Michigan Avenue
Chicago, IL 60611 & (312)321-1515, Information (800)424-9300, Emergency

1. PRODUCT IDENTIFICATION

MSDS Number: 5001000

Identity: PURE-FLO® B-80 bleaching clay

Issued: February 23, 2009

Chemical Name Fullers Earth and/or Montmorillonite Clay

2. COMPOSITION

Component CAS Number Amount
Montmorillonite Clay and/or Fullers Earth 1302-78-9/ 8031-18-3 85-100%
Quartz 14808-60-7 0-10%

3. HAZARDS IDENTIFICATION
EMERGENCY OVERVIEW

This product is a non-combustible, chemically inert mineral. This mineral sample contains a small amount of
naturally-occurring crystalline silica as quartz. Prolonged overexposure to respirable crystalline silica may cause
lung disease (silicosis). JARC, in Monograph 68, has concluded that crystalline silica inhaled in the form of
quartz from occupational sources is carcinogenic to humans (Group 1); however, carcinogenicity was not detected
in all industrial circumstances studied. Because applications and exposure data indicate that exposure to
respirable quartz in this product with normal use is well below the OSHA Permissible Exposure Limit (PEL) and
ACGIH Threshold Limit Value (TLV); and because the company is not aware of any scientific or medical data
available indicating that exposure to dust from this product under conditions of normal use will cause silicosis or
cancer; adverse effects would not be expected from normal use of this product.

HEALTH HAZARDS

INGESTION: No adverse effects expected with unused material.

INHALATION: Inhalation of excessive concentrations of dust may cause irritation of mucous
membranes and upper respiratory tract.

EYE: Contact may cause mechanical irritation and possible injury.

SKIN: No adverse effects expected.

SENSITIZATION: No adverse effects expected.

CHRONIC/CARCINOGENICITY:
Inhalation of excessive concentrations of any dust, including this material, may lead to
lung injury. This product contains crystalline silica. Excessive inhalation of
respirable crystalline silica may cause silicosis, a progressive, disabling and fatal
disease of the lung. Symptoms may include cough, shortness of breath, wheezing and
reduced pulmonary function. The International Agency for Research on Cancer
(IARC), in Monograph 68 has concluded that crystalline silica inhaled in the form of
quartz or cristobalite, from occupational sources is carcinogenic to humans (Group 1).
However, in making the overall evaluation, the Working Group noted that
carcinogenicity was not detected in all industrial circumstances studied.

Issued on February 23, 2009 Page 1 of 6




°|h DRI Material Safety Data Sheet
: PURE-FLO® B-80 bleaching clay (#5001000)

CORPORATION OF AMERICA
410 North Michigan Avenue

Chicago, IL 60611

@ (312)321-1515, Information (800)424-9300, Emergency

Carcinogenicity may be dependent on inherent characteristics of the crystalline silica or
on external factors affecting its biological activity or distribution of its polymorphs.

The National Toxicology Program (NTP) classifies crystalline silica as a known
carcinogen. Because applications and exposure data indicate that exposure to respirable
quartz In this product with normal use is well below the OSHA Permissible Exposure
Limit (PEL) and ACGIH Threshold Limit Value (TLV); and because the company is
not aware of any scientific or medical data available indicating that exposure to dust
from this product under conditions of normal use will cause silicosis or cancer; adverse
effects would not be expected from normal use of this product.

MEDICAL CONDITIONS AGGRAVATED BY EXPOSURE:

None currently known.

4. FIRST AID MEASURES

EYE:

SKIN:
INGESTION:
INHALATION:

Immediately flush eyes with cool running water, lifting upper and lower lids. If
irritation persists or for foreign body in the eye, get immediate medical attention.

None needed for normal use.
If large amount of unused material is swallowed, get medical attention.

Remove to fresh air.

5. FIREFIGHTING MEASURES

FLASH POINT:

This product is not combustible.

FLAMMABLE LIMITS Not applicable
EXTINGUISHING MEDIA:

Use media that is appropriate for surrounding fire.

UNUSUAL FIRE OR EXPLOSION HAZARDS:

None

SPECIAL FIREFIGHTING INSTRUCTIONS

None required.

HAZARDOUS COMBUSTION PRODUCTS:

None

6. ACCIDENTAL RELEASE MEASURES

Sweep up and collect for re-use or disposal

7. HANDLING AND STORAGE

HANDLING:
STORAGE:

Avoid breathing dust. If clothing becomes dusty, launder before re-use.

Store in a dry area.

8. EXPOSURE CONTROLS/PERSONAL PROTECTION

EXPOSURE GUIDELINES:

Issued on February 23, 2009

Page 2 of 6




OIL‘ DRI Material Safety Data Sheet
: PURE-FLO® B-80 bleaching clay (#5001000)

CORPORATION OF AMERICA
410 North Michigan Avenue

Chicago, IL 60611 @ (312)321-1515, Information (800)424-9300, Emergency
Component Exposure Limit
Montmorillonite Clay and/or Fullers Earth PEL - 15 mg/m® TWA

(total dust)
PEL - 5 mg/m* TWA
(respirable fraction)

Quartz PEL - 10 mg/m?/%Si02+2 TWA
TLV - 0.025 mg/m® TWA

PEL- OSHA Permissable Exposure Limit. TLV- American Conference of Governmental Industrial Hygienists (ACGIH) Threshold Limit Value.
LTWA— 8 hour Weighted Average. STEL-Short Term Exposure Limit.

ENGINEERING CONTROLS:
For operations where the exposure limit may be exceeded, local exhaust ventilation is
recommended.

RESPIRATORY PROTECTION:
For operations where the exposure limit may be exceeded, a NIOSH/MSHA approved
high efficiency particulate respirator is recommended.

SKIN PROTECTION: None required for normal use.
EYE PROTECTION: Safety glasses or goggles recommended.
OTHER: None required for normal use.

9. PHYSICAL AND CHEMICAL PROPERTIES

APPEARANCE AND ODOR:
Gray to tan powder, odorless

PHYSICAL STATE: Solid

BOILING POINT: Not applicable
VAPOR PRESSURE:  Not applicable
VAPOR DENSITY: Not applicable

SOLUBILITY IN WATER:
Insoluble

SPECIFIC GRAVITY: 2.2
pH: <7.8
MELTING POINT: Not applicable

OCTANOL/WATER COEFFICIENT:
Not available

10. STABILITY AND REACTIVITY

STABILITY: Stable

INCOMPATIBILITY: Physical contact between this material and turpentine, hydrofluoric acid, vegetable oil
or other unsaturated organic compounds {such as fish oil) may generate heat and/or

Issued on February 23, 2009 Page 3 of 6




OIL‘ Material Safety Data Sheet
: PURE-FLO® B-80 bleaching clay (#5001000)

CORPORATION OF AMERICA

410 North Michigan Avenue
Chicago, IL 60611 @ (312)321-1515, Information (800)424-9300, Emergency

fire. Do not use this material with these compounds.

HAZARDOUS DECOMPOSITION PRODUCTS
None

HAZARDOUS POLYMERIZATION:
Will not occur.

11. TOXICOLOGICAL INFORMATION

No data available.

12. ECOLOGICAL INFORMATION

No data available.

13. DISPOSAL CONSIDERATIONS

Unused material is suitable for disposal in sanitary landfill. Without proper precautions, spent bleaching clay used
in bleaching fats and edible oils 1s known to spontaneously combust. Procedures for handling spent clay follow:
Landfills: To suppress spontaneous combustion, heat can be dissipated by spreading out the clay and/or spraying
with water. Cover spent clay with non-combustibles. Plant Use: When purging the filter cake of excess oil
before cleaning the filter press, excessive blowing with air can cause spontaneous combustion. To eliminate this
risk, either use nitrogen or limit blowing with air. When purging the filter cake with steam, it is recommended
that you not follow the steam purging with air blowing.

14, TRANSPORT INFORMATION

PROPER SHIPPING NAME:
Not regulated

UN NUMBER: Not applicable

HAZARD CLASS/PACKING GROUP:
Not applicable

LABELS REQUIRED: None

15. REGULATORY INFORMATION
CERCLA/SUPERFUND None

SARA HAZARD CATEGORY (311/312):
Chronic Health

SARA 313: None

TSCA: All of the components of this product are listed on the EPA TSCA Inventory or exempt
from notification requirements.

EINECS: All of the components of this product are listed on the EINECS Inventory or exempt
from notification requirements

EEC R&S Phrases: Xn Harmful, R48/20 Harmful: Danger of serious damage to health by prolonged
exposure by inhalation; S22 Do not breath dust; S38 In case of insufficient ventilation,
wear suitable respiratory equipment.

Issued on February 23, 2009 Page 4 of 6



OIL. Material Safety Data Sheet
PURE-FLO® B-80 bleaching clay (#5001000)

CORPORATION OF AMERICA
410 North Michigan Avenue

Chicago, IL 60611 & (312)321-1515, Information (800)424-9300, Emergency
JAPAN MITI: All of the components of this product are existing chemical substances as defined in the
Chemical Substances Control Law.
AICS: All of the components of this product are listed on the AICS Inventory or exempt from

notification requirements

CANADIAN DSL: All of the components of this product are listed on the Canadian Domestic Substance
List or exempt from notification requirerents.

CA PROPOSITION 65: This product contains respirable crystalline silica which is known to the State of
California to cause cancer.

16. OTHER INFORMATION

NFPA RATING: Health=1 Fire=0 Reactivity=0
HMIS RATING: Health=1* Fire=0 Reactivity=0

The information in this data sheet is believed to be accurate. However, each purchaser should make its own test to
determine the suitability of the product for its purposes. OIL-DRI CORPORATION OF AMERICA MAKES NO
WARRANTY, EXPRESSED OR IMPLIED, WITH RESPECT TO THE PRODUCT and assumes no
responsibility for any risk or liability arising from the use of the information or the product. Statements about the
product should not be construed as recommendations to use the product in infringement of any patent.

Issued on February 23, 2009 Page 5 of 6



°|L. DRI Material Safety Data Sheet
PURE-FLO® B-80 bleaching clay (#5001000)

CORPORATION OF AMERICA

410 North Michigan Avenue
Chicago, IL 60611 @ (312)321-1515, Information (800)424-9300, Emergency

APPENDIX. ASSOCIATED PRODUCTS
This MSDS applies to the following products:

Issued on February 23, 2009 Page 6 of 6
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Exhibit 2

Research Information regarding Attapulgite as a Bleaching Earth

Bleaching earths are clays, usually consisting of smectite minerals that have found use for
approximately one hundred years for improving the quality of vegetable and animal oils.
The edible oil industry world-wide largely is dependent on them (Patterson 1992). Until
approximately 20 years ago, successful bleaching earths resulted from the activation of
naturally-occurring smectite minerals by acid. This procedure consisted of heating the
smectite minerals in a strong acid solution, then filtering and washing, followed by
drying and pulverization (Exhibit 17: Patterson 1992, p.79; Exhibit 18: Zschau 2000, pp.
159 & 423). The activated bleaching earth, having experienced this severe acid treatment,
no longer is a naturally-occurring substance.

In the mid 1980’s, Oil-Dri Corporation of America discovered a natural earth material
that could successfully compete with the acid-activated bleaching earths. This natural
earth is a naturally-occurring fullers earth (attapulgite type) that consists of an intimate
association of smectite and hormite minerals. Brooks (Exhibit 19) showed how this type
of natural bleaching earth could bleach oils successfully under the conditions of the
California Organic Foods Act of 1990.

Oil-Dri Corporation over the ensuing years has made numerous presentations, and
published numerous papers in the trade and scientific literature of the efficacy. In
particular, Brooks (Exhibit 20) showed that a natural fullers earth bleaching earth reduced
the amount of free fatty acids encountered during the bleaching process and increased the
oil yield. Yoo and Lin (Exhibit 21) showed that for natural bleaching earths, adsorption
of chlorophyll correlated well with the pore volume of the bleaching earth.

No research information could be found which presented a contrasting position to the
position in this petition that attapulgite should be included on the National List as
allowed.

References

Patterson, H.B.W. (1992) Bleaching and Purifying Fats and Oils: Theory and Practice,
AOCS Press, Champaign, Illinois, 242 pages.

Brooks, David D. (1999) Bleaching factors that effect oil loss, Proceedings of 1999 Palm
Oil Research Institute of Malaysia Congress: Emerging Technologies and Opportunities
in the Next Millennium, 45-51.

Brooks, David D. (2000) Bleaching considerations for “organic” oils, presented at the
World Conference and Exhibition on Oilseed Processing and Utilization, November
2000.

Zschau, Wemer, Bleaching (2000), Chapter 9, p. 159, Introduction to Fats and Oils
Technology, Second Edition, AOCS Press, Champaign, Illinois.



Exhibit 2

References continued

Yoo, Cheah Kien and Siew Wai Lin (1999) Relationship between Physical Properties of
Bleaching Earths and its Bleaching Efficiency on Palm Oil, Proceedings of 1999 Palm
Oil Research Institute of Malaysia Congress: Emerging Technologies and Opportunities
in the Next Millennium, 36-44.
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Research Information regarding Attapulgite as an Animal Feed Additive

Spent bleaching clay which is removed from filter presses at the back end of the
bleaching clay process for animal an vegetable oils is generally disposed of in two ways:
1) It is placed in landfills; 2) It is blended into animal feeds to provide additional nutrition
from the absorbed oil on the clay filter cake.

Werner Zschau (Exhibit 22) mentions a reference (Schwarting 1993) in which tests with
pigs, poultry, and cattle showed that 3% spent bleaching earth may be added to the feed
without any problems. Neither deficiency in vitamin A nor mineral requirements was
observed. An article by Wing-Keonig Ng (Exhibit 23) showed that in fishmeal-based
diets for Nile tilapia, palm oil-laden spent bleaching clay can totally replace added fish
oil.

No research information could be found which presented a contrasting position to the
position in this petition that attapulgite should be included on the National List as
allowed.

References

Ng, Wing-Keonig, C.-B. Koh, and Z.B. Din, Palm oil-laden spent bleaching clay as a
substitute for marine fish oil in the diets of Nile tilapia, Oreochromis niloticus,
Aquaculture Nutrition, Vol. 12, Issue 6, pages 459-468, November 2, 2006.

Zschau, Wemer, Bleaching (2000), Chapter 9, p. 176, Introduction to Fats and Oils
Technology, Second Edition, AOCS Press, Champaign, Illinois.
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Petition Justification Statement
for
Inclusion of a Non-Synthetic, Non-Agricultural Substance
onto the National List, §205.605(a)

Petition Objective:

This petition requests the inclusion of the mineral attapulgite (Fuller’s earth) on the
approved National List as a bleaching earth for vegetable and animal oils and as a feed
additive (in the form of spent bleaching cake). The petitioner believes that it has all the
attributes for inclusion.

e Attapulgite is a naturally-occurring clay-like substance.

e Its processing includes only drying and pulverizing, and includes no chemical
treatment. The processing does not change the chemical nature of attapulgite; it
only removes water and reduces the particle size.

e In its applications, attapulgite does not change the chemical nature of the material
to which it is added except for the removal of undesirable color, metals, odor, and
other unwanted substances from vegetable and animal oils.

e Contact of “organic” oil with a natural earth such as attapulgite will not adulterate
the natural organic nature of the oil.

e Attapulgite is very similar in character to bentonite which is allowed on the
National List.

Explanation for need:

1.

Bleaching earth. Attapulgite is used as a natural bleaching earth in the purification of
vegetable and animal oils. This mineral via the mechanism of adsorption removes
chlorophyll and trace impurities such as metals, peroxides, soaps, tocopherols and
carotenes from the oil. The removal of these impurities significantly improves the
quality of the oil, both its appearance and its stability. No other natural clays meet the
efficacy of this material for this application.

Animal feed additive. The spent filter cake from the bleaching process mentioned
previously is used as an additive to animal feeds to provide economical, additional
nutritional value from the absorbed oil on the attapulgite.

Description of non-synthetic or synthetic substances on the National List or

alternative cultural methods that could be used in place of the petitioned substance:

1.

Bleaching earth. There are no non-synthetic or synthetic substances on the National
List that could be used in place of the petitioned synthetic substance as a natural
bleaching earth for vegetable/animal oils. Acid activated clays are used as a bleaching
earth for vegetable and animal oils, but they are prohibited from use in bleaching
organic oils.




Exhibit 4

2. Animal feed additive. No clay substances on the National List are used as a
nutritional additive to animal feeds. Only the spent filter cake from the oil bleaching
process offers this unique, economical opportunity.

Description of beneficial effects on the environment, or human health from the use
of the petitioned substance instead of the use of non-synthetic or synthetic
substances on the National List or alternative cultural methods.

1. Bleaching earth. There are no substitutes for the petitioned substance on the National
List by which to make a comparison of environmental or human health beneficial
effects. The natural bleaching clay which is the subject of this petition, however, does
offer an important environmental benefit over conventional acid activated bleaching
clays in that it does not generate the substantial amount of acidic rinse water
contamination associated with the manufacture of acid activated bleaching earth.

2. Animal feed additive. The use of the petitioned substance in the form of filter cake as
an animal feed nutritional additive is beneficial to the environment in that it is a low
energy form of nutritional additive. There are no other substances on the List that
offer this advantage.
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-é DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

'5 -\2
‘“*a..“ , Food and Drug Administration
Washington DC 20204

Tuly 9, 1993

Ms, Heidi M. Jaffee

0Oil-Drd Corporation of America
520 North Michigan Avenue
Chicago, IL. 60611

Dear Ms. Jaffee:

This is in reference to your letter of March 30, 1993, requesting our opinion concerning
the use of a surface modified, acid activated mineral (Fuller’s Earth) adsorbent for
decolorizing oils with high chlorophyll levels and hard to bleach colored oils. The
material is composed primarily of silicon dioxide (68.54 % by weight), aluminum oxide
(14%), magnesium oxide (6%), and ferric oxide (5.4%), with smaller amounts of calcium
oxide, titanium oxide, and manganese oxide. It is added to heated edible oil, held as a
slurry with agitation for a given time period, and is subsequently removed by filtration.

We have completed our review of your request and conclude that because the inorganic
matrix of your activated mineral adsorbent is expected to be relatively .inert and highly
insoluble in the edible oil, there is little or no likelihood of significant amounts of the
adsorbent remaining in the oil after filtration. Therefore, the intended use of the subject
acid activated Fuller’s Earth does not require an amendmeant to the food additive
regulations. '

Sincerely yours,

Eugene C. Coleman /’o‘/
Director )
Division of Petition Control

Center for Food Safety
and Applied Nutrition

o
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o\ THE ISLAMIC FOOD AND NUTRITION COUNCIL OF AMERICA

IFANCA HALAL PRODUCT CERTIFICATE

Certificate No.: ODC. 08006
September 4, 2008

OIL-DRI CORPORATION OF AMERICA

410 N. Michigan Avenue Suite 400

Chicago. IL 60611 USA

To Whom [t May Concern:

This 15 to certify that the following product(s) manufactured and marketed by the OIL DRI
CORPORATION OF AMERICA, at Ochlocknee, Georgia plant are Halal for use into the Halal

products,

The Company may use the Crescent M Halal logo, the IFANCA'S HALAL CERTIFICATION

SYMBOL.
1. Pure-Flo® B80 Natural
2. Pure-Flo® BR0 CG
3. Pure-Flo® M85/720
4. Paore-Flo® Supreme BS1
5. Pure-Flo® Supreme Pro-Active
6. Pure-Flo® Supreme Color Master
7. Pure-Flo® Perform 6000
8. Perform™ 4400
9. Perform™ 5000

10. Perform™ 3000 CG
11. Select™ 350
12. Select™ 450

This certificate is valid until September 30, 2009, and subject to renewal at that time,

Q/?MM}'Q
Muhammad Munir Chaudry, P
Halal Administrator

. Wy,

£ A eyl [ e ety (et  Mrema Hiakwmy S le Ectms Hiin AANGE 118 Tal Q47 2 AN v 3 nnae
[FANCA Halal Hessarch Center » { Buses Highway * Park ;‘,Hf{.\,-':_:, Hino's 60068 USA = Tel 847-993-0034 « Fax 847-983-0038

WWW.IFANCA.ORG
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Exhibit 8
FROM @ SHKED DOU PHONE NO. : 97289465033 Aug. @7 2003 @9:35!5“‘1 P1
: S
The Symbol Scheme AN
A
Soil Association S S
Organic Marketing Company Ltd 63;7 Q"T
ASEN

Mr [ Rawlins 2 g -ttt B LAt v

Oil Dry UK Ltd To: Dp Bol Q)

Bannister Row

Wisbech

Cambndgeshire

PEI3 3HZ

Tth April 1997
Dear lan,
Pure Flo B30

We arc~plmed to confirm that your product Pure Flow B80, being a fortn of bentonite, may be
used as a processing aid in organic food processing.

A copy of section 8.5 of the current issue of our Standards for Organic Food and Farming is
enclosed. This gives the full list of permitted processing aids.

Please let us know if “ve can be of any further assistance,

Yours sincerely,

Bill Starling
(Inspector)

86 Colston Street, Bristol BS1 5BB. tel. 0117 - 929 0661 fax: 0117 - 825 2504
Company Registraton no 726503 A whally owned subisidiary of the Sail Association. reg charity ne 208662



8.5 PERMITTED PROCESSING AIDS AND OTHER PRODUCTS

8.501 Processing Alds

Nome
Water

Calcdum chloride
Colcdum carbonote

Caldum hydroxide

Calclum sulphate

Magnesium chloride (or nigari)

Potasslumn corbongte
Carbon dioxide

Nitrogen
E:harioi
Tannic acid

Egg white albumen

Casein
Gelotin
Isinglass
Vegetable oils

Siticon dioxide gel or cofloidol solution

Activated carbon

Talc
Bentonite
Kaolin

Digtornaceous earth

Perhite

Hazelnut shells

Seeswax

Carnouba wax
Sodium carbonote
Sodium hydroxide

Suiphuric add

Rice meal

3.502 Preparations of Micro-organisms and Enzymes

Specific Conditions

Coagulation ogent

(Prohibited from 1/1/97)

Coagulation agent
Coagulation ogent
Drying of grapes

Soivent

Gitration aid

Greusing or releasing or anti-foorning agent

(Prohibited from 1/1/97)

(Prohibited from 1/1/97)

Reieasing agent

Reieasing agent

Sugar production

Sugar production, olive treatment
Sugar production

1) Aaypreparctions of micro-organisrms and enzymes normally used as processing aids in
food processing, with the exception of miaro-organisms of preparations of micro-
orgonisms gerietically modified in the meaning of Article 2(2) of Directive 90/220/EEC.

Article 2(2) of Directive 90/220/EEC is given in parograph 8.308.

Standards for Organic Food and Farming

24 Wozz 6@ £@9Z LB B
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Official Journal of the European Communities L 146/1

(Acts whose publication is obligatory)

COMMISSION DIRECTIVE 2001/30/EC

of 2 May 2001

amending Directive 96/77/EC laying down specific purity criteria on food additives other than
colours and sweeteners

(Text with EEA relevance)

THE COMMISSION OF THE EUROPEAN COMMUNITIES,

Having regard to the Treaty establishing the European
Community,

Having regard to Council Directive 89/107/EEC of 21
December 1988 on the approximation of the laws of the
Member States concerning food additives authorised for use
in foodstuffs intended for human consumption (), as
amended by Directive 94/34/EC of the European Parliament
and of the Council () and in particular Article 3(3)(a) thereof,

After consulting Scientific Committee on Food,
Whereas:

{1) It is necessary to establish purity criteria for all additives
other than colours and sweeteners mentioned in Directive
95/2/EC of the European Parliament and of the Council of
20 February 1995 on food additives other than colours and
sweeteners (*), as last amended by Directive 2001/5/EC ().

(2) Commission Directive 96/77/EC of 2 December 1996
laying down specific purity criteria on food additives
other than colours and sweeteners (°), as last amended by
Directive 2000/63/EC () set out purity criteria for a
number of food additives. This Directive should now be
completed with purity criteria for the remaining food
additives mentioned in Directive 95/2/EC.

(3) It is necessary to take into account the specifications and
analytical techniques for additives as set out in the Codex
Alimentarius as drafted by the Joint FAO/WHO Expert
Committee on Food Additives JECFA).

(4) The measures provided for in this Directive are in
accordance with the opinion of the Standing Committee
for Foodstuffs,

() O] L 40, 11.2.1989, p. 27.
@) O] L 237, 10.9.1994, p. 1.
() O] L 61, 18.3.1995, p. 1.
¢ O] L 55, 24.2.2001, p. 59.
() O] L 339, 30.12.1996, p. 1.
(¢ O] L 227, 30.10.2000, p. 1.

HAS ADOPTED THIS DIRECTIVE:
Article 1

Directive 96/77/EC is hereby amended as follows:

In the Annex, the text of the Annex to this Directive shall be
added.

Article 2
1. Member States shall bring into force the laws, regulations
and administrative provisions necessary to comply with this

Directive by 1 June 2002 at the latest. They shall forthwith
inform the Commission thereof.

2. When Member States adopt those provisions, they shall
contain a reference to this Directive or be accompanied by
such a reference on the occasion of their official publication.
Member States shall determine how such reference is to be
made.

3. Products put on the market or labelled before 1 June
2002 which do not comply with this Directive may be
marketed until stocks are exhausted.

Article 3

This Directive shall enter into force on the twentieth day
following that of its publication in the Official Journal of the
European Communities.

Article 4

This Directive is addressed to the Member States,

Done at Brussels, 2 May 2001.
For the Commission
David BYRNE

Member of the Commission
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Barium Not more than 25 mg/kg
Chromium Not more than 100 mg/kg
{ Copper Not more than 25 mglkg
: Nickel Not more than 50 mgfkg
| Arsenic Not more than 3 mglkg
Mercury Not more than 1 mg/kg
Cadmium Not more than 2 mglkg
Lead Not more than 10 mg/kg

E 556 CALCIUM ALUMINIUM SILICATE

Synonyms Calcium aluminostilicate, calcium silicoaluminate, aluminium calcium silicate
Definition

Chemical name Calcium aluminium silicate

Assay Content on the anhydrous basis:

— as Si0, not less than 44,0 % and not more than 50,0 %
— as Al,O3 not less than 3,0 % and not more than 5,0 %

— as CaO not less than 32,0 % and not more than 38,0 %
Description Fine white, free-flowing powder
Identification

A. Positive tests for calcium, for aluminium and

for silicate
Purity
Loss on drying Not more than 10,0 % (105 °C, 2h)
Loss on ignition Not less than 14,0 % and not more than 18,0 on the anhydrous basis (1 000 °C, constant
weight)
Fluoride Not more than 50 mg/kg
Arsenic Not more than 3 mg/kg
Lead Not more than 10 mg/kg
Mercury Not more than 1 mg/kg
E 558 BENTONITE
Definition Bentonite is a natural clay containing a high proportion of montmorillonite, a native

hydrated aluminium silicate in which some aluminium and silicon atoms were naturally
replaced by other atoms such as magnesium and iron. Calcium and sodium ions are
trapped between the mineral layers. There are four common types of bentonite: natural
sodium bentonite, natural calcium bentonite, sodium-activated bentonite and acid-
activated bentonite
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Feed Ingredient Definitions 345

87.5 Additional Special Purpose Products:

Classification Under Limitations
FDA Food Additives or
Name Regulation Amendment Restrictions
Aloe Vera Gel Flavoring agent Not to exceed 125 ppm
Concentrate

Aluminum Sulfate
IFN 8-20-861

Anise Seed
IFN 8-00-416

Astaxanthin
Attapulgite Clay
IFN 8-14-008

Ball Clay

Calctum Silicate
IFN 8-08-043

Calcium Aluminates

Calcium Stearate
IFN 8-09-345
Canthaxanthin

Carrageenan

Capsicum;
Red Pepper
IFN 8-03-685
Chondrus extract
[FN 8-07-247

Diacetyl tartaric acid
esters of mono and

diglycerides of

edible fats or oils,

or edible fat-

forming fatty acids.

IFN 8-07-248
Diatomaceous

Earth

TFN 8-09-363
Disodium EDTA

IFN 8-05-689

Ethyl Cellulose
IFN 4-08-045
Ethoxylated mono

and diglycerides
Fennel

TFN 8-01-855
Fenugreek Seed

IFN 8-01-856
Fumaric Acid

Gellan Gum

Reg. 582.1125

Reg. 582.10

21 CFR 73.35
Reg. 582.1

(in non-
medicated feeds)

Reg. 573.260

Reg. 573.280
(Feed Grade)
21 CFR 73.75

21 CFR 172.620

Reg. 582.10

Reg. 582.7255

Reg. 582.4101

Reg. 573.340

Reg. 573.360

Reg. 573.420
Reg. 172.834
Reg. 582.10

Reg. 582.10

21 CFR 172.665

Anti-gelling

agent for molasses,
dewater of beet pulp
Spices seasonings,
essential oils, oleo
resins, and natural
extractives

Tissue pigmentor
Anti-caking agent
and pelleting aid
Suspension aid in
liquid feed supplement

Anti-caking agent

Pellet binder

Anti-caking agent

Broiler chicken

skin pigmentor
Emulsifier, stabilizer
or thickener for pet
foods.

Spices, seasonings,
etc.

Stabilizer

Emulsifying Agent

Inert Carrier and
Anti-caking agent

To solubilize trace
minerals in aqueous
solutions.

Binder or filler in

dry vitamin preparations
Emulsifier

Spices, seasonings,
essential oils, etc.
Spices, seasonings,
essential oils, etc.

pH adjuster,
preservative,

or flavoring agent
Stabilizer and/or

(0.0125%) in finished
feed
**None

**None

Salmonid feed only
***Not to exceed 2%
in finished feed
***Not to exceed 2.5%
in supplement

Not accepted for use

as a feed ingredient
Not to exceed 2%

Maximum of 2% in
poultry, swine and rodent
feeds, and a maximum 1%
in feed for all other species.
In accordance with good
manufacturing practice
Not to exceed 4 grams/
ton of the complete feed
To be refined only from
those red seaweed sources
listed in 21CFR 172.620
**None

None

None

Not to exceed 2%
of total ration

Not to exceed

0.024% (240 ppm)
in finished feed

Not to exceed 0.5%
in dry milk replacers
**None

**None

Not to exceed

0.5% of the diet
Not to exceed 0.4% in




TGETEI]@%E’ H’ei_alth % Consumer Protection

SINCE 1957 Directorate-General

EUROPEAN COMMISSION

Community Register of Feed Additives
pursuant to Regulation (EC) No 1831/2003

Appendixes 3 & 4.
Annex : List of additives

(Status: Released 23 April 20083.)
[Rev. 48 ]

Directorate D - Animal Health and Welfare
Unit D2 - Feed




e  Correction of 6 CAS numbers of products already included.

Additions:
¢ Reg. (EC) No 479/2006 28.3.2006 L 86/4
e Reg. (EC) No 492/2006 28.3.2006 L 89/6
. Category "chemically defined flavourings” 194 new entries
. Category "natural produtcs botaniclly defined" 31 new entries
. Category "natural products of non plant origin” 2 new entries

2" edition: published on 16 December 2005

Additions:
e  Reg (EC)No2036/2005.0.J. L 328 of 15.12.2005 p. 13.
. Category "micro-organisms": changes in entries E 1703, E 1712; new entry E 1713.
e  Category "enzymes”, new entries E 1636, E 1637, 5, 59; change in entry Enzyme 37.
. Reg. (EC) No 1980/2005 0f 05.12.2005 OJ L 318 0f 05.12.2005. p. 3 Category Trace elements: E 6 Zinc.
. Reg. (EC) No 2037/2005. Q.J. L 328 of 14.12.2005, p21. Category " Coccidiostats and other medicinal substances ", changes in
entry E 763 Lasalocid A sodium (Avatec).

Removal:
. Category Antibiotics. The period of authorisation ended 31.12.2005.

1* edition: published on 7 November 2005

Appendix 4: Further information

This Register is available at:
http:/fec. europa.ew/food/ food/animalnutrition/feedadditives/recisteradditives _en.htm

Further information on the Community legislation on feed additives can be found in:
hitp://ec.europa.cu/food/foodianimaluutrition/feedadditives/iegisl_en.htm

Regulation (EC) No 1831/2003 Community Register of Feed Additives Rev. 48 Appendixes 3 & 4, Annex: List of additives — 23.04.09
Register : Jup//ec.curopa.eu/food/food/animalnuirition/ feedadditives/repisteradditives_en him
Communily legislation on feed additives hitp:#/ec.curopy.eu’food/food/animalnutrition/feedadditives/esisl_en b




TT€30 ¢| 28ed

60F0'ET— 8 AU SIAIPPY Pod JO 1aisi8ay Aunurwo)

W U3 [ST3] S ANIpPejaa) AT B WIUe500] poofaa U0 3377 T s3AlIppe pas) uo uowe|si8s] Anunwwo) T (13 SSATIPPe RIsTESl/SaANIPPepaa] AU Gy, poo) ;poo), 3 sdo maaa

1is18ay
£00Z/1€81 ON (DH) uonenday

£ 0 °6002¢}°60
£002/1£81 BIETrOAq
‘Bayjoz §ot papuswy | ¥Z S002°21°50 Jo 500210861 f .
"HY JO SuoIsIAoId YO0z 2L LY ON (03) ‘Bey 4q papuaury (Aynod ‘yaqey ‘sbid) s)uepnbeoo
50'Z1°9L ay) o} walang - 0£71T0 1 ¥00Z/8¥12 ON (03) "6y u1BLo ojuedjoA Jo spojdound 2953 pue sjuabie Bupea-iue ‘sispuig b
(10/05 D/¥002) symisbuipaa)
€00¢/LE8L ul SaAllppe pasuoyine
‘Bayjoz§o1 401511 - synisBuipasy
"uy Jo suojsiaoid uj saanippe Guiwsouod sjuejnbeoo
S0'L1°20 3yi 0} pafang - 05010 0334Z5/0L 8AR8AQ [IPunod sjijouoyd-ayjoneN 996 3 pue sjuae Supieo-jue 'siapuig l
{v0/05 2/¥002) synisBuipasy
£00¢/i €81 ul SaAjlippe pasuoyjne
‘Boyjoz§or Jo 1817 - synsbuipasy
Uy Jo suoisiaold 1 0 p00C ¢ Ge ul saalppe Bulwesuca sjueinbeon
S0'}14°20 ay) o} 193fqng - 0S3T0 033/p26/04 BAR2RAQ [DUN0D sajeuoydinsoubiq G9g 3 pue sjuabe Bupjea-jue 's1apuig l
{to/0s 3/v002) symsbBuipas; -
€00z/1€81 ut SeAljippe pasuoyine
‘Boyjoz §o1 Jo 1817 - synisBuipasy
"y Jo suojsaold T a9 002262 u] saalippe Buiuiasuod sjuejnbeca
SO'11'20 ay) 0 walqng - 05010 233/25/04 2AR0a4Q 1Dunod Aep onjordag €96 3 pue sjuabe Bupjea-nue ‘s19puig L
— (10/05 Div002) synisBuipasy
£002/1€81 U] saAljippe pasuoying
‘Bayjoz§01 Jo 1517 - synisBuipaay
Uy Jo suoistaoid u| saanppe Buiwiaouoa sjuejnbeos
504120 ayl o} 193lqng - - 05070 033/pZG/0L dARO_I( |IDUN0) ajljordag 293 pue sjuaBe Bupies-ijue ‘'siapuig 1
(v0/05 D/y002) symsbuipasy
£00Z/1€81 ul S8Allippe pasuoyjne
‘Bayjoz§0L 1o Is11 - synisBuipaa)
‘uy Jo suoisiaoid uf saAljippe Buiwsouod ’ sjuenbeos
S0'4120 ay) o] 193[qng - 05010 033/p26/04 BAR1Q JoUNo) SHINJILLIBA 1963 pue sjuabe Bupes-fjue ‘siapuig 1
(10705 2/v002) spnisbuipea)
€002/1L€81 ui SaAllippe pasuoyine
‘Bayjoz §oL jo s - symisBuipesy
'Y Jo suoisiaoid ul seAyppe Buluisouoo |Jlolyo sjuenbecs
501120 ay) o] welans - 05070 033/p26/0L 8A)931IQ Jlounc) pue sajjes)s Jo Salnixjw |einjeN 095 3 pue sjuaBe Bupjes-jue ‘siapuig 1
(10105 0/002) synisbuipas)
£002/1 €81 ul SSAllippE pasuoyjne
‘Bayjoz §01 Jo 1517 - synjsBuipas)
Uy Jo suoisiaoid ul saAljppe Bulwasuoo sjuenbeos
S0'41°20 ay) o} polang - 033 0 033/p26/04 @A2aN( Jlounc) SOJSaqSe JO 33)) 'SABJD DjIuIjORY 695 3 pue sjuafe Bupes-nue ‘siapuig l
(10/05 D/v002) synisbuipas)
£002/1€81 ul S8Aljippe pasuoyine
‘Bayjoz§olL 10 151 - symisBupas)
‘uy Jo suoisiaoid ut saappe Buiaosuos sjueinbeoco
S0'LL20 ay) o) palang - 05510 033/vZS/04 BA3adi( flounc) S)ilojjlounuoul-ajuojuag 866 3 pue sjuabe Bupyeo-nue ‘s1spuig !
{10/05 O/v00z) synisbuipas)
€00¢/1€81 Ul SaAllppE pasuoyine
‘Bayjoz§ ot 01517 - synisBupsay
‘yy Jo suoisiaold u; saanppe Buwasuos sjue|nbeoo
S0°11°20 ay) o} josfang - T0SJT0 | 033/ve2s/0L 8aoand founod OHaYUAS 'ajedylisoujne wnipog $486 3 pue sjuafe Bupjed-jue ‘s;opug L
{cosLeat
(a1nseaw (eo/tent Bay
rQ U edualajay 1eBaj jo "oN Jospue 3pL) uoneayissepgng | Bay jo 1 xeuuy) 10/ xauuy)
1975162y
ayyuj u
Anjus 381y (s)uonjespoyine onesuoyine 1ou |eba) dnoig
jo ;jeQ Jo ajep Ajdxg jo 8leq Ajlunwo) jo (s}asualajay OANNIPPY epod jeuonoung AoBajen




Wqws

7€ Jo 96 28ed

[:E

([ seAnIppe pasgj uo uone(s13s| Aunanuoe) WITTS S NPPEIATSINs AT PPUaa | ArGSIN U [T, oo, pod) At Baoits 3377 4] © ws180y
60'70'€Z — 8b A9 SIANIPPY Paoyd Jo 101s139Y Arunuruo)

£00Z/1€81 ON (D) uonenday

£002/1€81 ON
(03)Bayjoz§o01

(10/08 2/v002) synisbuipas)
Ul SeAIPPE pasuoyine
j01817 ~ synjsBuipasy

Uy Jo suoisirold T d %0022 62 uy saalippe Buuisouoo
[ X] 8yl 0} 1alang - 05270 033/¥25/0L dA3224iQ IPUN0) ulyjuexojdAig 2191 3 sliAydoyjuex pue spiousjosed e 4
(£0/05 D/v00Z) symisBuipaay
£002/1£81 ON uj SaANIppe pasuoyine
(93) Bay oz § 01 101517 - synjsbuipssy
Uy jo suoisiaoid ul saaippe Buiursouoo
S04 1720 ay) 0} pafang - 033/p2SI0L BAIRAIQ |1PUN0D utain’ q191 3 sjiAydoyjuex pue spiousjoien e Z
~ {1v0/05 2/002) symsbBuipasy
£002/1£8) ON U1 saA)ppe pasuoyne
(03) Bayjoz §01 J0 1817 - symisBuipasy
"V Jo suoysiaold uy saAlppe Bunusouod pioe dlousjoled
5041720 8y} o) palgng - 033/p25/04 eAp A |DUNa) -,8-0de-ejaq Jo 1a}sa |Aylg J091 3 siiAudoyjuex pue splous)joses) e 4
(1005 9/v002) snisBuipas;
€002/1 €81 ON u| SSAIIppE pasuoyjne
(03)Bayjoz §olL jo s - synsBuipasy
‘Hy Jo suoisiaold u| saaippe Buirsouoo
SO'LLL0 au o} walang - 053710 D3IP2G/02 BAIBAQ IPUN0) |eusjoJed- g-ode-ejag 3091 3 siiAydoyjuex pue spijousioie) e 4
{10/05 21¥002) symisBuipas)
€002/1€81 ON ul sealjippe pasuoyjne
(03)Bayjoz 801 jojsr - synisBuipasy
Uy Jo suaisiaold ul saAlIppe Buiuwasuco
50°'41°L0 8y o} pslang - 05070 033/v25/0L BARORAQ PUNOT uyjuesded o091 3 siAydoyjuex pue spiousjaie) e [4
£002/1£81 .
‘Boxj0z 801 74 (7-G5-10¥L'ON
‘U JO suojsianud 5002 01 8t SV ‘[N BAHES BaueISe)) POOM
G011 L0 ay) 0y joslang S00Z'14°20 89Z 170 £00z/Le8l (D3) ‘Hay | INUISBYD }88MS WOl JoBIIXS Uluue | saouelsqng -¢ b l
£002/1£8)
Bay oz §oL 82
Uy Jo suoisiaold '€002°01°81 g
501120 8y o) pelansg | 500Z'b1L0 892 1TO cooz/iest (03) Bay | 2121 "ON Sy (Aep) alfindeny Se2UEISQNS -¢ % L
£002/1E81
‘Bayj0z§01 62
“uy Jo suaisiaoid £002 018t
S0°11°L0 ay) o} 103lgng S002'41°20 892 170 £002/1¢84 (D3) Bay ajeydsoydip wniposena) S8OUBISANS - A l
— (10/05 D1v002) spnisbiuipas)
£00¢/1£81 ul S8AlIppe pasuUoyjne
‘6ayjoz §01 jo1s17 - synisbuipsa)
“Hy Jo suaisiacid U saAnippe bulwaouoo
S0'LL'20 ay} o} palgng - 05010 033/p26/02 8ANdRI(Q OUN0D pioe ounydjng AT $30UB)SQNS -¢ A 3
£00Z/1£81
Beyjoz 8ol Bz
"HY Jo suotsiaoud “d'€002 01 81
GO'VL'LO syl oyyalans [ 500Z'11°L0 892 110 £002/1£84 (03) "Bay ajeydinsoly) wnipog SeJUeIsgns -¢ b I
£00Z/VE8Y |
‘Bayjoz § 0y &2
Uy Jo suaisiaoud d°€002°0} 8l
S0'L1'20 ay) 03123fans [ G00Z'11°20 392 170 £002/1£81 (03) "Bay ajydins wnipog $30Ue)Sgns ¢ b I
{eosicat
(asnsesul (cortest Bay
O U ad3uaueay |ebaj jo "oN lo/pue ayil) uol)BIYISSEPAng ‘Bay 40 | xauuy) 40 | Xx3uuy)
Ja)sibay
ayrw u
Anuaisiy (s)uonesuoyine onesuoyine 19® [eBa) dnosg
Jo ajeg J0 ajep Aiydx3g jo ajeq Ajunwwon jo {s}aaualsyay BANIPPY apon jeuoijoung AoBajen




Exhibit 12
MAY -1 2009

E@E Canadian Food Agence canadienng
Inspection Agency  d'inspection des aliments

Feeds Regulations, 1983
Schedule |V Part |

SCHEDULE IV
Version francaise

PART |

CLASS 1. DRY FORAGES AND ROUGHAGES
1.1
Alfalfa-grass hay sun-cured ground (or Alfalfa-grass meal) (IFN 1-29-774)
consists of the aenal part of a mixture of alfalfa and grass plants (predominantly alfalfa) that has been sun-cured and finely ground.
It shall be labelled with guarantees for minimum crude protein, maximum crude fibre, maximum moisture, minimum alfalfa and

minimum grass.

1.2
Alfaifa hay sun-cured ground (or Sun-cured aifaifa meal) (IFN 1-00-111)
consists of the aerial part of the alfalfa plant, reasonably free of other crop plants, weeds and mold, that has been sun-cured and
finely ground. it shall be labelled with quarantees for minimum crude protein, maximum crude fibre and maximum moisture.

1.3
Alfaifa leaves meal dehydrated (or Alfalfa leaf meal) (IFN 1-00-137)
consists of leaves of alfalfa separated from the alfalfa plant that have been dried by thermal means and finely ground. It shall be
reasonably free of other crop plants and weeds. |t shall be labelled with guarantees for minimum crude protein, maximum crude
fibre and maximum moisture.

14
Alfalfa meal dehvydrated (IFN 1-00-025)
consists of the aerial part of the alfalfa plant, reasonably free of other crop plants,weeds and moid, that has been finely ground and
dried by thermal means. |t shall be labelled with guarantees for minimum crude protein, maximum crude fibre and maximum
moisture.

1.5
Alfalfa stems sun-cured ground (or Alfalfa stem meal) (IFN 1-00-165)
consists of the finely ground sun-cured aerial part of the alfalfa plant from which the leaves have been removed. It shall be
reasonably free of other crop pfants and weeds. [t shall be labelfed with guarantees for minimum crude protein, maximum crude
fibre and maximum moisture.

1.6
Grass-alfaifa hay sun-cured ground (or Grass-alfalfa meal) (IFN 1-29-775)
consists of the aerial part of a mixture of grass and alfalfa plants (predominantly grass) that has been sun-cured and finely ground.
It shall be labelled with quarantees for minimum crude protein, maximum crude fibre, maximum moisture, minimum alfaifa and

minimum grass.

1.7
Cellulose powdered (or Celtulose) (IFN 1-15-514)
is the purified, mechanically disintegrated polysaccharide consisting of glucose in a beta (1-4) linkage prepared by processing alpha
cellulose obtained as a pulp from fibrous plant materials.

1.8
Cereals grass meal dehydrated (or Dehydrated cereal grass) (IFN 1-16-289)
consists of the aerial part of a cereal grass, reasonably free of other crop plants, weeds and moid, that has been finely ground and
dried by thermal means. It shall be labelled with guarantees for minimum crude protein, maximum crude fibre and maximum
moisture.

1.9
Maize cobs, dehydrated, fine ground (or Corn cobs, dehydrated, fine ground or Fine grind maize cob meal or Fine grind com cob
meal (IFN 1-02-781)
consists of the entire corn cob that has been finely ground and dried by thermal means. It shall be labelled with quarantees for
minimum crude protein, maximum crude fibre and maximum moisture.

1.10
Maize, cob fractions, screened (or Corn, cob fractions, screened or Maize cob fractions or Corn cob fractions) (IFN 1-02-779)
consists of the hard woody, ring or beeswing fractions obtained by screening ground corn cobs. It shall be labelled with guarantees
for minimum crude protein, maximum crude fibre and maximum moisture.

Feed Program, Canadian Food Inspection Agency 19 September 2007
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Feeds Regulations, 1983
Schedule IV Part |

8.112
Ultramarine blue (IFN - -)
is obtained by calcining a mixture of Kaolin, sulfur, sodium carbonate and carbon at temperatures above 700°C to form a complex
sodium aluminum sulfosilicate (Na,AlSi;O,S,). It shall be labelled with one or both of the following statements:
"Ultramarine blue is for use as a colouring agent in salt blocks in an amount not to exceed 0.5 per cent by weight of
«Le bleu d'outremer doit étre utilisé comme agent colorant dans les blocs de sel en quantité ne dépasser pas 0.5
pour cent du poids du sel.»

8.113
Vermiculite{Granules) (or Verxite (granules)) (IFN 8-18-981)
is a magnesium-iron-aluminum silicate containing a minimum of 98 per cent hydrobictite. It shall be labelled with one or both of the
following statements:
"This product is for use in an amount not to exceed 5.0 per cent of the finished feed"; or
«Ce produit est utilisé en quantité ne devant pas dépasser 5,0 pour cent de I'aliment fini.»

8.114
Wood charcoal (IFN 8-30-460)
is the ground, black, amorphous carbon solid obtained by processing of the wood and is a colouring agent.

8.115
Aluminum hydroxide, (AIH,0,) (or Hydrated alumina _or Aluminum hydrate) (IFN - -}
is the hydrated oxide salt of aluminum. It shall be labelled with a guarantee for minimum aluminum hydroxide.

8.116
Annatto seeds, extract {or Annatto extract or Bixa orellana seed extract) (IFN - - )
is the extract of the annatto seed, Bixa orellana which contains bixin and several yellow to orange-red pigments which give carotene
reactions, and is a colouring agent.

8.117
Citric ester of mono and di- glycerides (IFN 8 - -)
consists of mixture of Mono and Di- glycerides in a citric ester matnix.

8.118
Attapulaite clay (IFN 8-14-008)
is hydrated aluminum - magnesium silicae, a naturally occurring mineral mined in Attapulgus, Georgia. The chemical formula is (Mg,
Al)Si,0,,(OH),.4H,0. it shall be labelled with the following statement:
"This product is for use in non-medicated feeds only as an anticaking agent or pelleting aid in an amount not to
exceed 0.25% of the finished feed or as an emulsifier in liquid feed supplements at a level not to exceed 2.5% of
the supplement.”
«Ce produit est ajouté aux aliments du bétail non médicamenteux seulement comme anti-agglomérant ou comme
agent de peflétisation, en quantité ne dépassant pas 0,25 % de 'aliment fini, ou comme emulsifiant dans les
suppléments liquides d'aliments du bétail, cans une proportion maximale de 2,5% du supplément. »

8.119
D-Mannitol (or Mannitol,D-) (IFN - - -}
is the product of a reduction process by either H, gas in the presence of metal catalysts {platinum) or sodium amalgam in water with
mannose.

8.120
Sorbitan monostearate (IFN - - -)
is a mixture of stearic and palmidic acid esters of somitol and their mono- and di-anhydrides.

8.121
Gelatin (IFN - - -)
is the product obtained by partial hydrolysis of collagen derived from anima! skin, white connective tissue and bones. If the product is or
may consist of ruminant material, other than skin and hides, it shall be labelled with the following statement(s) required by the Minister,
in English and/or French: "Feeding this product to cattle, sheep, deer or other ruminants is illegal and !s subject to fines or other
punishments under the Health of Animals Act” and/or « il est interdit d’'en nourrir les boeufs, moutons, cerfs et autres ruminants et des
amendes ou autres peines sont prévues a égard par la Loi surla santé des animaux. »

8.122
Triethyl! citrate {or Triethyl citrate (ethyl citrate)) (IFN - - -)
is an emulsifier

8.123
Allura Red Dye (or Red Dye #40, or FD&C Red #40, or FD&C #40) (IFN ----)
is a 6-hydroxy-5-[(2-methoxy-5-methyl-4-sulphophenyl)azo]-2-naphthalene sulfonic acid disodium salt and is used as a colouring agent.
This dye is not to be used at levels exceeding 30 ppm in lactating dairy feeds.

8.124

Feed Program, Canadian Food Inspection Agency 19 September 2007



Feeds Regulations, 1983
SCHEDULE IV - PART J

INDEX

Ingredient Name

Annatto seeds, extract *
Apples, dehydrated, sliced, diced or ground *
Apples, fresh crushed *
Apple pomace dehydrated *
Apple pomace fresh *
Artichoke, jerusalem *
Ascorbic acid *
Ascorbic acid monophosphate
Ascorbic acid polyphosphate
Ascorbyl palmitate *
Aspergillus niger fermentation extract dehydrated *
Aspergillus niger fermentation product dehydrated *
Aspergiflus niger fermentation product liquid *
Aspergillus niger fermentation solubles dehydrated *
Aspergillus niger fermentation solubles

meal extracted dehydrated *
Aspergillus niger fermentation solubles liquid
Aspergillus oryzae fermentation extract dehydrated *
Aspergillus oryzae fermentation product dehydrated *
Aspergillus oryzae fermentation product liquid *
Aspergillus oryzae fermentation solubles dehydrated *
Aspergillus oryzae fermentation solubles, liquid condensed
Aspergillus oryzae fermentation solubles meal extracted dehydrated *
Attapulgite Clay *
Bacillus acidopullulyticus fermentation extract dehydrated *
Bacillus amyloliquefaciens fermentation product liquid
Bacillus amyloliquefaciens fermentation solubles condensed
Bacillus amyloliquefaciens fermentation solubles liquid*
Bacillus lichenformis fermentation extract dehydrated *
Bacillus lichenformis fermentation solubles dehydrated *
Bacillus lichenformis fermentation solubles liquid
Bacillus subtilis fermentation extract dehydrated *
Bacillus subtilis fermentation product dehydrated *
Bacillus subtilis fermentation product liquid *
Bacillus subtilis fermentation solubles dehydrated *
Bacillus subtilis fermentation solubles, liquid
Bakery waste dehydrated *
Barley brewers grains dehydrated *
Barley brewers grains wet *
Barley distillers dried grains dehydrated *
Barley distillers grains with solubles dehydrated *
Barley distillers solubles condensed *
Barley distillers solubles dehydrated *
Barley feed
Barley grain *
Barley grass powder”
Barley malt flour dehydrated *
Barley malt sprouts dehydrated *
Barley mill by-product
Barley mill run *
Barley mixed feed
Barley mixed grain
Barley pearl by-product *
Barley-cereals grain *
Bean navy seeds heat processed *
Beet molasses
Beet sugar *
Beet sugar molasses *
Beet sugar molasses, com cob fractions dehydrated added *
Beet sugar molasses, soybean mill run dehydrated added *
Beet sugar puip *
Beet sugar pulp dehydrated *
Beet sugar pulp, molasses added dehydrated *
Beet sugar Steffens filtrate condensed *
Bentonite calcium *
Bentonite sodium *
Benzoic acid *

* International Feed Name
** International Feed Number

Feed Program, Canadian Food Inspection Agency
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Feeds Regulations, 1983
Schedule IV Part |
CLASS 8. MISCELLANEOUS PRODUCTS

8.1
Acetic acid (IFN 8-19-655)
is ethanoic acid.

8.2
Animal bone collagen hydrolysed (IFN 8-16-472)
is the dried ground collagen colloid obtained after removal of the fat and minerals from the hydrolysis of ciean undecomposed ground
beef bone under heat and pressure. [t shall be labelled with one or both of the following statements:
"This product is for use in feeds as a pelleting aid. Consult the Compendium of Medicating Ingredient Brochures for
acceptable drug compatibilities with this product"; or
«Ce produit est destiné a étre utilisé comme agent de pelietisation dans ies aliments du bétail. Consulter le Recueil
des notices sur les substances medicatrices pour connaitre les compatibilités de médicaments acceptables avec

ce produit.»

If the product contains “prohibited material” as set forth in Section 162(1) of the Health of Animals Requiations, it shall be labelled with
the following statement(s) required by the Minister, in English and/or French: “Feeding this product to cattle, sheep, deer or other
ruminants is illegal and Is subject to fines or other punishments under the Health of Animals Act” and/or « Il est interdit d’en nourrir ies
boeufs, moutons, cerfs et autres ruminants et des amendes ou autres peines sont prevues a égard par la Loi sur la santé des
animaux. »

8.3
Ascorbyl palmitate (IFN 8-26-245)
is 6-hexadecanoate L-ascorbic acid.

8.4

Barley malt flour dehydrated (or Dried badey matt flour or Malted badey flour of Malt diastase) (IFN8-16-303)
is obtained by milling cleaned malted barley for the production of diastase. It shall be labelled with guarantees for minimum amylase

enzyme activity.

8.5
Bentonite calcium (IFN 8-00-695)
is a naturally occurring mineral consisting primarily of montmorillonite (a tri-layered aluminum silicate). it contains calcium as the
predominant available or exchange ion. |t shall be labelled with one or both of the following statements:
"This product is for use in feeds as an anticaking agent or pelleting aid in an amount not fo exceed 2 percent of the
total diet. Consult the Compendium of Medicating Ingredient Brochures for acceptable drug compatibilities with this
product."; or
«Ce produit est desting & étre utilisé comme agent antiaggtutinant ou de pelletisation dans les aliments du bétail,
en quantité ne devant pas dépasser 2 pour cent de la ration totale. Consulter le Recueil des notices sur les
substances médicatrices pour connaitre les compatibiltés de médicaments acceptables avec ce produit.»
It shall also be labelled with guarantees for minimum calcium and maximum moisture.

8.6
Bentonite sodium (IFN 8-14-512)
is a naturally occurring mineral consisting primarily of montmorilonite (a tri-layered aluminum silicate). It contains sodium as the
predominant available or exchange ion. It shall be labelled with one or hoth of the following statements:
"This product is for use in feeds as an anticaking agent or pelleting aid in an amount not to exceed 2 percent of the
total diet. Consult the Compendium of Medicating Ingredient Brochures for acceptable drug compatibilities with this
product.”; or
«Ce produit est destiné a étre utilisé comme agent antiaggiutinant ou de pelletisation dans les aliments du bétail,
en guantité ne devant pas dépasser 2 pour cent de |a ration totale. Consulter le Recueil des notices sur les
substances médicatrices pour connaitre les compatibilités de médicaments acceptables avec ce produit.»
it shall also be labelled with quarantees for minimum sodium and maximum moisture.

8.7
Benzoic acid (IFN 8-26-244)
is benzenecarboxylic acid. It shall be labelled with one or both of the following statements:
"This product is for use as a preservative in an amount not to exceed 0.1 percent.”; or
«Ce produit est destiné & étre utilisé comme agent de conservation en guantité ne devant pas dépasser 0,1 pour
cent.»

8.8
Brilliant Blue FCF lake (or FD & C Blue No. 1 lake)(IFN 8-15-911)
is the disodium salt of N-ethyl-N-(4-((4-(ethyl((3-sulfophenyl)methyl)amino) phenyl)methylene)-2,5-cyclohadien-1-ylidene) -3
-sulfobenzenemethanaminium hydroxide inner salt and is a colouring agent. !t shall be labelled with a guarantee for minimum primary
dye content.

8.9
Butylated hydroxyanisole {or Butylated hydroxyanisole (BHA)) (IFN 8-01-044)
is 2-5-butyl-4-methoxy phenol. [t shall be labelled with one or both of the following statements:
"This product is for use as an antioxidant at a level not to exceed 0.02 percent (butylated hydroxyanisole plus
butylated hydroxytoluene) of the fat or oif content of the complete feed™ or

Feed Program, Canadian Food Inspection Agency 19 September 2007
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A DIRECTORY OF PRODUCTS SUITABLE FOR USE IN CERTIFIED ORGANIC PRODUCTION




Handling Products

Agricultural
Ingredients and
Processing Aids

Defoamers A

FOAM BLAST® ORG 31 (Emerald Performance
Materials, LLC)

Non-agricultural
Ingredients and
Processing Aids

Ascorbic Acid A

NatureSeal® AS-5 {Mantrose-Haeuser Co.,
Inc.)

NatureSeal® PS-10 (Mantrose-Haeuser Co.,
Inc.)

Bentonite A

Redmond Clay (Redmond Trading Company,
L.C)

Veegum® Pure (R. T. Vanderbilt Co, Inc.)

Carbon Dioxide A
Tectrol® Atmospheres (TransFRESH Corp.)

Tectrol® Controlled Atmosphere System
(TransFRESH Corp.)

Defoamers A

FOAM BLAST® ORG 40 (Emerald Performance
Materials, LLC)

FOAM BLAST® ORG 50 {Emerald Performance
Materials, LLC)

FOAM BLAST® ORG 51 {Emerald Performance
Materials, LLC)

Foam Blast® RKD {Emerald Performance
Materials, LLC)

Ethylene R

CJS Ethylene Filters Bulk Pellets (CJS Ethylene
Filters)

CJS Ethylene Filters Sachets {CJS Ethylene
Filters}

Glycerin A
Glycamed {Glaconchemie)

A: The product is allowed.

R: Use restrictions are required for compliant use
under the NOP Rule. This status is assigned when
one or more ingredients are Restricted on the OMRI
Generic Materials List.

18 CATEGORIES

Packing Materia! A

E.G.G. Ethylene Gas Guardian (Ethylene Control,
Inc.)

Ethylene Control Power Pellets {Ethylene
Control, Inc.}

Salt A

Redmond Real Salt® (Redmond Trading
Company, LC.)

Wax A
Decco Citrus Lustr® 520 Organic (Decco
Cerexagri, Inc.)

Decco Lustr® 505 Organic {Decco Cerexagri,
Inc.)
Natralife BC-Z 646 (Natratec International Ltd.}

Pest Controls

Botanical Pesticides R

PyGanic® Crop Protection EC 5.0 Il (MGK Co.)

Safer® Brand Ant Killer (Woodstream
Corporation)

Victor Poison-Free® Ant & Roach Killer
(Woodstream Corporation)

Diatomaceous Earth R

Chemfree Insectigone® Ant Killer (Woodstream
Corporation)

Chemfree Insectigone® Crawling Insect Killer
(Woodstream Corporation)

Concern® Diatomaceous Earth Crawling Insect
Killer {(Woodstream Corporation)

Insecto An Insecticide For Control of Grain
Insects and House Insects (Natural Insecto
Products)

D-limonene R
Orange Guard® (Orange Guard, Inc.)

Pseudomonas A
Bio-Save® 10 LP {JET Harvest Solutions}

Pyrethrum R
PyGanic® Pro (MGK Co.)

Processing Sanitizers
and Cleaners

Chlorine Materials R
Oxine® {Bio-Cide International, Inc.)

The Disinfectant Answer® (Environmental Care
and Share)

proccessing and handling products

Detergents R

Cafiza™ Espresso Machine Cleaner {Urnex®
Brands, Inc.)

Cleancaf® Cleaner & Descaler (Urnex®
Brands, Inc.)

EVO Espresso Machine Cleaner {Cafetto)

Puro Caff® Espresso Machine Cleaner
{Urnex® Brands, Inc.)

The Cleaner Answer® (Environmental Care and
Share]

Triple 7 Colloidal Concentrate (Environmental
Fluid Systems)

Triple 7 Envirobore (Environmental Fluid
Systems)

Triple 7 Enviroscale Acid {Environmental Fluid
Systems)

Triple 7 Heavy Duty (Environmental Fluid
Systems)

Triple 7 Odour Control {(Environmental Fluid
Systems}

Triple 7 Odourex (Environmental Fluid Systems)

Triple 7 Supersolve {Environmental Fluid
Systems}

Urnex® Urn & Brewer Cleaner (Urnex®
Brands, Inc.)

D-limonene R

Orange TKO {Orange TKO Industries
International, Inc.)

Peracetic acid A

FMC - 323 (FMC Corporation}

Tsunami® 100 (Eco Lab, Inc.)

VigorOx® 15 F&V (FMC Corporation)

VigorOx® Citrus XA (FMC Corporation)

VigorOx® Liquid Sanitizer and Disinfectant
(FMC Corporation)

VigorOx® SP-15 Antimicrobial Agent (FMC
Corporation)

2007 OMRI Products List
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Exhibit 14

Supreme Court Center | US Laws | Blawgs.FM | B_Iaquearch.com | Justia

_' [ Search Justia ]

Justia> Law> United States> Code of Federal Regulations> Title 7 - Agricultyre> CHAPTER I--AGRICULTURAL MARKETING SERVICE (Standards,

Inspections, Marketing Practices), DEPARTMENT OF AGRICULTURE> PART 205--NATIONAL ORGANIC PROGRAM > § 205.605 Nonagricultural

(nonorganic) substances allowed as ingredients in or on processed products labeled as “organic” or “made with organic (specified ingredients or food group(s)).”

7 C.F.R. § 205.605 Nonagricultural (nonorganic) substances allowed as ingredients in or
on processed products labeled as “organic” or “made with organic (specified ingredients
or food group(s)).”

Title 7 - Agriculture

Title 7: Agriculture

PART 205—NATIONAL ORGANIC PROGRAM
Subpart G—Administrative

The National List of Allowed and Prohibited Substances

Browse Previous | Browse Next

§ 205.605 Nonagricultural (nonorganic) substances allowed as ingredients in or on processed products labeled as
“organic” or “made with organic (specified ingredients or food group(s}).”

The following nonagricultural substances may be used as ingredients in or on processed products labeled as “organic” or “made with
organic (specified ingredients or food group(s))” only in accordance with any restrictions specified in this section.

(a) Nonsynthetics allowed:

Acids (Alginic; Citric—produced by microbial fermentation of carbohydrate substances; and Lactic).

Agar-agar.

Animal enzymes——Rennet—animals derived; Catalase—bovine liver; Animal lipase; Pancreatin; Pepsin; and Trypsin).
Bentonite.

Calcium carbonate.

Calcium chlonde.

Calcium sulfate—mined.

Carageenan.

Colors, nonsynthetic sources only.

Dairy cultures.

Diatomaceous earth—food filtering aid only.

Enzymes—must be denved from edible, nontoxic plants, nonpathogenic fungi, or nonpathogenic bacteria.

Flavors, nonsynthetic sources only and must not be produced using synthetic solvents and carrier systems or any artificial preservative.

Glucono delta-lactone—production by the oxidation of D-glucose with bromine water is prohibited.

htto://law.iustia.com/us/cfr/title07/7-3.1.1.9.31.7.344.6 html 4/27/2009




Justia :: 7 C.F.R. § 205.605 Nonagricultural (nonorganic) substances allowed as ingredie... Page 2 of 4

Kaolin.

Magnesium sulfate, nonsynthetic sources only.
Nitrogen—oil-free grades.

Oxygen-—oil-free grades.

Perlite—for use only as a filter aid in food processing.
Potassium chioride.

Potassium iodide.

Sodium bicarbonate.

Sodium carbonate.

Tartaric acid.

Waxes—nonsynthetic (Camauba wax; and Wood resin).

Yeast—nonsynthetic, growth on petrochemical substrate and sulfite waste liquor is prohibited (Autolysate; Bakers; Brewers; Nutritional; and
Smoked—nonsynthetic smoke flavoring process must be documented).

(b) Synthetics allowed:

Alginates.

Ammonium bicarbonate—for use only as a leavening agent.

Ammonium carbonate—for use only as a leavening agent.

Ascorbic acid.

Calcium cifrate.

Calcium hydroxide.

Calcium phosphates {monobasic, dibasic, and tribasic).

Carbon dioxide.

Cellulose—for use in regenerative casings, as an anti-caking agent (non-chlorine bleached) and filtering aid.

Chlorine materials—disinfecting and sanitizing food contact surfaces, Except, That, residual chlorine levels in the water shall not exceed the
maximum residual disinfectant limit under the Safe Drinking Water Act (Calcium hypochlorite; Chlorine dioxide; and Sodium hypochiorite).

Ethylene—allowed for postharvest ripening of tropical fruit and degreening of citrus.

Ferrous sulfate—for iron enrichment or fortification of foods when required by regulation or recommended (independent organization).
Glycerides (mono and di}—for use only in drum drying of food.

Glycerin—produced by hydrolysis of fats and oils.

Hydrogen peroxide.

Lecithin—bleached.

httn://law.iustia.com/us/cfr/title07/7-3.1.1.9.31.7.344 .6 .html 4/27/2009




Justia :: 7 C.F.R. § 205.605 Nonagricultural (nonorganic) substances allowed as ingredie... Page 3 of 4

Magnesium carbonate—for use only in agricultural products labeled “made with organic (specified ingredients or food group(s)),” prohibited
in agricultural products labeled “organic”.

Magnesium chloride—derived from sea water.

Magnesium stearate—for use only in agncultural products labeled “made with organic (specified ingredients or food group(s)),” prohibited in
agricultural products labeled “organic”.

Nutrient vitamins and minerals, in accordance with 21 CFR 104.20, Nutritional Quality Guidelines For Foods.
Ozone.

Pectin (low-methoxy).

Phosphoric acid—cleaning of food-contact surfaces and equipment only.

Potassium acid tartrate.

Potassium tartrate made from tartaric acid.

Potassium carbonate.

Potassium citrate.

Potassium hydroxide—prohibited for use in lye peeling of fruits and vegetables except when used for peeling peaches during the
Individually Quick Frozen (IQF) production process.

Potassium iodide—for use only in agricultural products labeled “made with organic (specified ingredients or food group(s)),” prohibited in
agricultural products labeled “organic”.

Potassium phosphate—for use only in agricultural products labeled “made with organic (specific ingredients or food group(s)),” prohibited in
agricultural products labeled “organic”.

Silicon dioxide.

Sodium citrate.

Sodium hydroxide—prohibited for use in lye peeling of fruits and vegetables.
Sodium phosphates—for use only in dairy foods.

Sulfur dioxide—for use only in wine labeled “made with organic grapes,” Provided, That, total sulfite concentration does not exceed 100
ppm.

Tartaric acid.

Tocopherols—derived from vegetable oil when rosemary extracts are not a suitable alternative.
Xanthan gum.

(c)~(z) [Reserved]

[68 FR 61993, Oct. 31, 2003, as amended as 68 FR 62217, Nov. 3, 2003]
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Final report on the safety assessment of aluminum silicate, calcium silicate,
magnesium aluminum silicate, magnesium silicate, magnesium trisilicate, sodium
magnesium silicate, zirconium silicate, attapulgite, bentonite, Fuller's earth,
hectorite, kaolin, lithium magnesium silicate, lithium magnesium sodium silicate,
montmorillonite, pyrophyllite, and zeolite.

Elmore AR; Cosmetic Ingredient Review Expert Panel.

This report reviews the safety of Aluminum, Calcium, Lithium Magnesium, Lithium
Magnesium Sodlum, Magneslum Aluminum, Magnesium, Sodium Magneslum, and
Zirconium Sllicates, Magnesium Trisilicate, Attapulglite, Bentonlte, Fuller's Earth,
Hectorite, Kaolin, Montmoriilonite, Pyrophyllite, and Zeollte as used in cosmetic
formulations. The common aspect of all these claylike ingredients Is that they
contaln silicon, oxygen, and one or more metals. Many sillcates occur naturally and
are mined; yet others are produced synthetically. Typical cosmetic uses of silicates
include abrasive, opacifying agent, viscoslty-increasing agent, anticaking agent,
emulsion stabllizer, binder, and suspending agent. Clay sllicates (silicates
containing water In thelr structure) primarily function as adsorbents, opacifiers, and
viscosity-increasing agents. Pyrophyllite Is also used as a colorant. The
International Agency for Research on Cancer has ruled Attapulgite fibers >5 microm
as possibly carclnogenic to humans, but fibers <5 microm were not classified as to
their carcinogeniclty to humans. Likewise, Clinoptilolite, Phillipsite, Mordenite,
Nonfibrous Japanese Zeolite, and synthetic Zeolites were not classified as to their
carctnogenicity to humans. These ingredients are not significantly toxic In oral acute
or short-term oral or parenteral toxicity studies in animals. Inhalation toxicity,
however, Is readily demonstrated in animals. Particle size, fibrogenicity,
concentration, and mineral composition had the greatest effect on toxicity. Larger
particle size and longer and wider fibers cause more adverse effects. Magnesium
Aluminum Silicate was a weak primary skin irritant in rabbits and had no
cumulative skin irritation In guinea plgs. No gross effects were reported in any of
these studies. Sodium Magnesium Silicate had no primary skin irritation in rabbits
and had no cumulative skin Irritation in guinea pigs. Hectorite was nonlrritating to
the skin of rabbits in a Draize primary skin irritation study. Magnesium Aluminum
Silicate and Sodium Magnesium Silicate caused minimal eye irritation in a Draize
eye irritation test. Bentonite caused severe iritis after injection into the anterior
chamber of the eyes of rabbits and when injected Intralamellarly, widespread
corneal infiltrates and retrocorneal membranes were recorded. In a primary eye
irritation study in rabbits, Hectorite was moderately irritating without washing and
practically nonirritating to the eye with a washout. Rats tolerated a single dose of
Zeolite A without any adverse reaction in the eye. Calcium Sllicate had no
discernible effect on nidation or on maternal or fetal survival in rabbits. Magnesium
Aluminum Silicate had neither a teratogenic nor adverse effects on the mouse
fetus. Female rats recelving a 20% Kaolin diet exhlbited maternal anemia but no
significant reduction in birth weight of the pups was recorded. Type A Zeolite
produced no adverse effects on the dam, embryo, or fetus in either rats or rabbits
at any dose level. Clinoptilolite had no effect on female rat reproductive
performance. These Ingredients were not genotoxic in the Ames bacterial test
system. In primary hepatocyte cultures, the addition of Attapulgite had no
significant unscheduled DNA synthesis. Attapulgite did cause significant increases in
unscheduled DNA synthesis in rat pleural mesothelial cells, but no significant
increase in sister chromosome exchanges were seen. Zeolite particles (<10
microm) produced statistically significant increase in the percentage of aberrant
metaphases in human peripheral blood lymphocytes and cells collected by
peritoneal lavage from exposed mice. Topical application of Magnesium Aluminum
Silicate to human skin daily for 1 week produced no adverse effects. Occupational
exposure to mineral dusts has been studied extensively. Fibrosis and
pneumoconiosis have been documented in workers Involved in the mining and
processing of Aluminum Silicate, Calclum Silicate, Zirconium Silicate, Fuller's Earth,
Kaolin, Montmorillonite, Pyrophyllite, and Zeolite. The Cosmetic Ingredient Review
(CIR. The Cosmetic Ingredient Review (CIR) Expert Panel concluded that the
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Final report on the safety assessment of aluminum ...[Int J Toxicol. 2003] - PubMed Result

extensive pulmonary damage in humans was the result of direct occupational
inhalation of the dusts and noted that lesions seen in animals were affected by
particle size, fiber length, and concentration. The Panel considers that most of the
formulations are not respirable and of the preparations that are respirable, the
concentration of the ingredient is very low. Even so, the Panel considered that any
spray contalning these solids should be formulated to minimize their inhalation.
With this admonitlon to the cosmetics industry, the CIR Expert Panel concluded that
these ingredients are safe as currently used in cosmetic formulations. The Panel did
note that the cosmetic ingredient, Talc, fs a hydrated magnesium silicate. Because
it has a unique crystatline structure that differs from ingredlents addressed in this
safety assessment, Talc is not included In this report.
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TITLE 21--FOOD AND DRUGS
CHAPTER [--FOOD AND DRUG ADMINISTRATION
DEPARTMENT OF HEALTH AND HUMAN SERVICES

SUBCHAPTER E--ANIMAL DRUGS, FEEDS, AND RELATED
PRODUCTS

PART 582 SUBSTANCES GENERALLY
RECOGNIZED AS SAFE

Subpart A--General Provisions

§ 582.1 - Substances that are generally recognized as safe.

§ 582.10 - Spices and other natural seasonings and flavorings.

§ 582.20 - Essential oils, oleoresins (solvent-free), and natural
extractives (including distillates).

§ 582.30 - Natural substances used in conjunction with spices and other
natural seasonings and flavorings.

§ 582.40 - Natural extractives (solvent-free) used in conjunction with
spices, seasonings, and flavorings.

§ 582.50 - Certain other spices, seasonings, essential oils, oleoresins,
and natural extracts.

§ 582.60 - Synthetic flavoring substances and adjuvants.

§ 582.80 - Trace minerals added to animal feeds.

§ 582.99 - Adjuvants for pesticide chemicals.

Subpart B--General Purpose Food Additives
§ 582.1005 - Acetic acid.
§ 582.1009 - Adipic acid.
§ 582.1033 - Citric acid.
§ 582.1057 - Hydrochloric acid.

§ 582.1061 - Lactic acid.

§ 582.1069 - Malic acid.

§ 582.1073 - Phosphoric acid.

§ 582.1077 - Potassium acid tartrate.

§ 582.1087 - Sodium acid pyrophosphate.
§ 582.1091 - Succinic acid.

§ 582.1095 - Sulfuric acid.

§ 582.1099 - Tartaric acid.

http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfefr/CFRSearch.cfm?CFRPart=582 4/24/2009
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§ 582.1125 - Aluminum sulfate.

§ 682.1127 - Aluminum ammonium sulfate.
§ 582.1129 - Aluminum potassium sulfate.
§ 582.1131 - Aluminum sodium sulfate.

§ 582.1135 - Ammonium bicarbonate.

§ 582.1137 - Ammonium carbonate.

§ 582.1139 - Ammonium hydroxide.

§ 582.1141 - Ammonium phosphate.

§ 582.1143 - Ammonium sulfate.

§ 582.1155 - Bentonite.

§ 582.1165 - Butane.
§ 582.1191 - Calcium carbonate.

§ 582.1193 - Calcium chloride.

§ 582.1195 - Calcium citrate.

§ 582.1199 - Calcium gluconate.
§ 582.1205 - Calcium hydroxide.
§ 582.1207 - Calcium lactate.

§ 5682.1210 - Calcium oxide.

§ 582.1217 - Calcium phosphate.

§ 582.1235 - Caramel.

§ 582.1275 - Dextrans.
§ 5682.1320 - Glycerin.

§ 582.1324 - Glyceryl monostearate.

§ 582.1355 - Helium.

§ 582.1366 - Hydrogen peroxide.

§ 582.1400 - Lecithin.

§ 582.1425 - Magnesium carbonate.

§ 582.1428 - Magnesium hydroxide.

§ 582.1431 - Magnesium oxide.

§ 582.1480 - Methylcellulose.

§ 582.1500 - Monoammonium glutamate.
§ 582.1516 - Monopotassium glutamate.
§ 5682.1540 - Nitrogen.

§ 582.1585 - Papain.

§ 582.1613 - Potassium bicarbonate.

§ 582.1619 - Potassium carbonate.

§ 582.1625 - Potassium citrate.

§ 582.1631 - Potassium hydroxide.

§ 582.1643 - Potassium sulfate.

§ 582.1655 - Propane.

§ 582.1666 - Propylene glycol.

§ 582.1685 - Rennet.

§ 582.1711 - Silica aerogel.

§ 582.1721 - Sodium acetate.

§ 582.1736 - Sodium bicarbonate.

§ 582.1742 - Sodium carbonate.

§ 582.1745 - Sodium carboxymethylcellulose.
§ 582.1748 - Sodium caseinate.

§ 582.1751 - Sodium citrate.

htto://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfefr/CFRSearch.cfm?CFRPart=582 4/24/2009
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§ 582.1763 - Sodium hydroxide.

§ 582.1775 - Sodium pectinate.

§ 582.1778 - Sodium phosphate.

§ 582.1781 - Sodium aluminum phosphate.
§ 582.1792 - Sodium sesquicarbonate.
§ 582.1804 - Sodium potassium tartrate.
§ 582.1810 - Sodium tripolyphosphate.
§ 582.1901 - Triacetin.

§ 582.1973 - Beeswax.

§ 582.1975 - Bleached beeswax.

§ 582.1978 - Carnauba wax.

Subpart C--Anticaking Agents
§ 582.2122 - Aluminum calcium silicate.
§ 582.2227 - Calcium silicate.
§ 582.2437 - Magnesium silicate.
§ 582.2727 - Sodium aluminosilicate.
§ 582.2729 - Hydrated sodium calcium aluminosilicate.
§ 582.2906 - Tricalcium silicate.

Subpart D--Chemical Preservatives
§ 582.3013 - Ascorbic acid.
§ 582.3021 - Benzoic acid.
§ 582.3041 - Erythorbic acid.
§ 582.3081 - Propionic acid.
§ 582.3089 - Sorbic acid.
§ 582.3109 - Thiodipropionic acid.
§ 582.3149 - Ascorbyl palmitate.
§ 582.3169 - Butylated hydroxyanisole.
§ 582.3173 - Butylated hydroxytoluene.
§ 582.3189 - Calcium ascorbate.
§ 582.3221 - Calcium propionate.
§ 582.3225 - Calcium sorbate.
§ 582.3280 - Dilauryl thiodipropionate.
§ 582.3336 - Gum guaiac.
§ 582.3490 - Methylparaben.
§ 582.3616 - Potassium bisulfite.
§ 582.3637 - Potassium metabisulfite.
§ 582.3640 - Potassium sorbate.
§ 582.3660 - Propyl gallate.
§ 582.3670 - Propylparaben.
§ 582.3731 - Sodium ascorbate.
§ 582.3733 - Sodium benzoate.
§ 582.3739 - Sodium bisulfite.
§ 582.3766 - Sodium metabisulfite.
§ 582.3784 - Sodium propionate.
§ 5682.3795 - Sodium sorbate.
§ 582.3798 - Sodium sulfite.
§ 582.3845 - Stannous chloride.
§ 582.3862 - Sulfur dioxide.

htto://www.accessdata.fda.gov/scripts/cdri/cfdocs/cfcfr/CFRSearch.cfm?CFRPart=582
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§ 582.3890 - Tocopherols.

Subpart E--Emulsifying Agents

edible fats or oils, or edible fat-forming fatty acids.

§ 5682.4505 - Mono- and diglycerides of edible fats or oils, or edible fat-

forming acids.

diglycerides of edible fats or oils, or edible fat-forming fatty acids.

§ 582.4666 - Propylene glycol.

Subpart F--Nutrients and/or Dietary Sugplements1

§ 582.5013 - Ascorbic acid.

§ 582.5017 - Aspartic acid.

§ 582.5049 - Aminoacetic acid.

§ 582.5065 - Linoleic acid.

§ 582.5118 - Alanine.

§ 5682.5145 - Arginine.

§ 582.5159 - Biotin.

§ 582.5191 - Calcium carbonate.

§ 5682.5195 - Calcium citrate.

§ 582.5201 - Calcium glycerophosphate.
§ 582.5210 - Calcium oxide.

§ 582.5212 - Calcium pantothenate.
§ 582.5217 - Calcium phosphate.

§ 582.5223 - Calcium pyrophosphate.
§ 582.5230 - Calcium sulfate.

§ 582.5245 - Carotene.

§ 582.5250 - Choline bitartrate.

§ 5682.5252 - Choline chloride.

§ 582.5260 - Copper gluconate.
§ 582.5271 - Cysteine.

§ 582.5273 - Cystine.

§ 582.5301 - Ferric phosphate.

§ 582.5304 - Ferric pyrophosphate.
§ 582.5306 - Ferric sodium pyrophosphate.

§ 582.5308 - Ferrous gluconate.
§ 582.5311 - Ferrous lactate.
§ 582.5315 - Ferrous sulfate.

§ 582.5361 - Histidine.
§ 582.5370 - Inositol.
§ 582.5375 - Iron reduced.

§ 582.5381 - Isoleucine.
§ 582.5406 - Leucine.

§ 5682.5411 - Lysine.

§ 582.5431 - Magnesium oxide.

§ 582.5434 - Magnesium phosphate.
§ 582.5443 - Magnesium sulfate.

§ 582.5446 - Manganese chloride.

§ 582.5449 - Manganese citrate.
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§ 582.5452 - Manganese gluconate.

§ 582.5455 - Manganese glycerophosphate.
§ 582.5461 - Manganese sulfate.

§ 582.5464 - Manganous oxide.

§ 582.5470 - Mannitol.

§ 582.5475 - Methionine.

§ 582.5477 - Methionine hydroxy analog and its calcium salts.
§ 582.5530 - Niacin.

§ 582.5535 - Niacinamide.

§ 582.5580 - D-Pantothenyl alcohol.

§ 582.5590 - Phenylalanine.

§ 5682.5622 - Potassium chloride.

§ 582.5628 - Potassium glycerophosphate.
§ 582.5634 - Potassium iodide.

§ 582.5650 - Proline.
§ 582.5676 - Pyridoxine hydrochloride.

§ 582.5695 - Riboflavin.

§ 582.5697 - Riboflavin-5-phosphate.
§ 582.5701 - Serine.

§ 582.5772 - Sodium pantothenate.

§ 582.5778 - Sodium phosphate.

§ 582.5835 - Sorbitol.

§ 582.5875 - Thiamine hydrochloride.
§ 582.5878 - Thiamine mononitrate.

§ 582.5881 - Threonine.

§ 582.5890 - Tocopherols.

§ 582.5892 - a-Tocopherol acetate.
§ 582.5915 - Tryptophane.

§ 582.5920 - Tyrosine.

§ 582.5925 - Valine.

§ 582.5930 - Vitamin A.
§ 582.5333 - Vitamin A acetate.

§ 582.5936 - Vitamin A palmitate.
§ 582.5945 - Vitamin B[bdi1][bdi2].
§ 582.5950 - Vitamin D[bdi2].

§ 582.5953 - Vitamin D[bdi3].

§ 582.5985 - Zinc chloride.

§ 582.5988 - Zinc gluconate.

§ 582.5991 - Zinc oxide.
§ 582.5994 - Zinc stearate.

§ 582.5997 - Zinc sulfate.

Subpart G--Sequestrants?
§ 582.6033 - Citric acid.
§ 582.6085 - Sodium acid phosphate.
§ 582.6099 - Tartaric acid.
§ 582.6185 - Calcium acetate.
§ 582.6193 - Calcium chloride.
§ 582.6195 - Calcium citrate.
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§ 582.6197 - Calcium diacetate.

§ 582.6199 - Calcium gluconate.

§ 582.6203 - Calcium hexametaphosphate.
§ 582.6215 - Monobasic calcium phosphate.
§ 582.6219 - Calcium phytate.

§ 582.6285 - Dipotassium phosphate.

§ 582.6290 - Disodium phosphate.

§ 582.6386 - Isopropyl citrate.

§ 582.6511 - Monoisopropyl citrate.

§ 582.6625 - Potassium citrate.

§ 582.6751 - Sodium citrate.

§ 582.6754 - Sodium diacetate.

§ 582.6757 - Sodium gluconate.

§ 582.6760 - Sodium hexametaphosphate.
§ 582.6769 - Sodium metaphosphate.

§ 5682.6778 - Sodium phosphate.

§ 582.6787 - Sodium pyrophosphate.

§ 582.6789 - Tetra sodium pyrophosphate.
§ 582.6801 - Sodium tartrate.

§ 582.6804 - Sodium potassium tartrate.

§ 582.6807 - Sodium thiosulfate.

§ 582.6810 - Sodium tripolyphosphate.

§ 582.6851 - Stearyl citrate.

Subpart H--Stabilizers
§ 582.7115 - Agar-agar.
§ 582.7133 - Ammonium alginate.
§ 582.7187 - Calcium alginate.
§ 582.7255 - Chondrus extract.
§ 582.7330 - Gum arabic.
§ 582.7333 - Gum ghatti.
§ 582.7339 - Guar gum.
§ 582.7343 - Locust bean gum.
§ 582.7349 - Sterculia gum.
§ 582.7351 - Gum tragacanth.
§ 582.7610 - Potassium alginate.
§ 582.7724 - Sodium alginate.

Authority: 21 U.S.C. 321, 342, 348, 371.
Source: 41 FR 38657, Sept. 10, 1976, unless otherwise noted.
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Bleaching Factors that Effect Oil Loss

David D Brooks*

ABSTRACT

Refiners often relate oil loss in the bleaching
process with oil retained in the spent filter
cake. Although FFA levels are more associ-
ated with oll loss through the deodoriser, re-
Jfiners tend to overlook the fact that these lev-
els are the end result of the bleaching proc-
ess. Starting FFA levels in a crude oil can be
adversely affected by bleaching conditions
and the acidity of the sorbent used. Small
changes in FFA levels can have a great im-
pact on oil loss. Mathematical models show
that a FFA rise of 0.1% for a refinery with a
production rate of 1000 tonnes per day will
result in an annual oil loss of 365 tonnes. This
paper reviews the effect oil retention and FFA
rise has on oil loss through the bleaching
process and how these effects can be control-
led.

Various bleaching sorbents from the US,
Indonesia, Malaysia and Latin America. were
used to treat three palm oils: two from Malay-
sia (DOBI 2.8, 4.0% FFA and DOBI 2.9,
3.7% FFA) and one from Latin America
(DOBI 2.3, 4.12% FFA). Bleached oils were
monitored for colour, oil retention and FFA
effects. Statistical data shows that the neutral
and natural clays lowered or had no effect on
FFA while acid activated clays raised FFA.
Oil retention for fourteen clays, typically used
in palm oil refining, averaged 28% with a 5%
standard deviation. Considering these find-
ings, a 0.1% rise in FFA would have over
three times greater oil loss than a 5% varia-
tion in oil retention (1000 tonnes per day with
0.6% dose, 28% =+ 5% oil retention).

INTRODUCTION

In the edible oil refining process, finished oil
quality is dependent on the removal of trace
metals and various organic impurities known

* Oil-Dvi Corporation
USA.

45

to be detrimental to oil flavour and stability.
Production costs are affected by the amount
of oil loss in the processes used to remove
these impurities, and the cost to operate and
maintain the equipment used in the operation.
Each stage of the refining process is geared to
remove a specific portion of these impurities
without causing any additional losses, ie.,
elevated FFAs, soaps or oxidisation products.
In basic terms, the main objective of each
stage 1s to obtain the best oil quality at the
lowest cost.

THE BLEACHING PROCESS

The bleaching operation directly affects the
efficiency of the deodorisation and hydro-
genation stages. By definition, bleaching is
the physical and chemical interaction of a
sorbent with an oil or fat to improve its gual-
ity. The process refers to the art of removing
impurities from a given oil through the addi-
tion and subsequent removal of bleaching
sorbents.

The bleaching process is generally asso-
ciated with the selective removal of
colourants or pigments from oils by
chemisorption. Bleaching, as applied to the
palm oil industry, is actually a misnomer.
Colour removal alope is unimportant in
bleaching palm oil (PORAM 1991) due to the
thermal instability of carotenoids wunder
deodorisation temperatures (240°C- 270°C).
In a palm oil refinery, the main purpose of the
bleaching process is to remove trace metals
and various organic impurities that promote
oxidation and generate colour-set compounds
that are difficult to remove in the deodoriser
(Swoboda, 1985; Fraser and Frankl, 1981;
Goh, 1985).

OIL LOSS FACTORS
Bleaching Process

The bleaching process can have a sig-
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nificant effect on oil loss and production
costs. QOil loss in the bleaching process results
from improper acid pretreat conditions, im-
proper bleaching conditions, level of sorbent
needed, and oil retention of the sorbent.

Incoming oil quality directly influences
the bleaching operation. Over dosing of acid
in the pretreat stage can lead to increase
FFA’s. Under dosing of acid will result in less
efficient removal of phospholipids and in-
crease the demand for higher sorbent dosage.

The literature is filled with papers that
cover the effect of bleaching conditions on
bleached and finished oil quality (Zschau,
1983; Morgan et al., 1985; Howes et al.,
1991; Patterson, 1992). Optimum conditions
are listed in Table 1. Control of the process
variables helps to maximise bleaching effi-
ciency and minimises side reactions that
could cause FFA rise or oxidation. FFA rise,
due to hydrolysis of tniglycerides, is favour-
able under elevated temperatures. Oxidation
tends to occur under elevated temperatures
and atmospheric conditions.

TABLE 1. OPTIMAL BLEACHING

CONDITIONS
* Contact time : 20— 30 min.
* Atmosphere : Vacuum (27"Hg) or N,
¢ Temperature : 100°C - 120°C
*  Moisture : <1%

Palm oil refiners tend to use neutral or
natural bleaching sorbents (pH 4 - 9). Poor
quality oils tend to have low DOBI indices
and high levels of trace metals, phospholipids
and FFA’s. Poor quality oils place greater de-
mands on sorbents than good quality oils. In
many instances, refiners treat poor quality oils
with higher levels of sorbent or resort to look-
ing for a more ‘active’ sorbent. In many ‘ac-
tive’ products, activity is directly associated
with increased levels of acidity. Although acid
activation of clays is highly beneficial, there
are drawbacks to wusing these ‘active’
sorbents.

One drawback to using more active
clays is that the activation process tends to
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increase the ability of the sorbent to retain oil.
Qil retention is defined as the amount of oil
retained in the spent filter cake. Oil loss due
to oil retention is directly proportional to the
amount of sorbent used. In some oils, the cost
of using a more active clay at a lesser dosage
may be equal to the cost of using more of a
less active clay.

Oil retention can be reported in two dif-
ferent ways: as percentage fatty matter or
percentage total organic matter (Patterson,
(1992). Fatty matter is usually determined by
soxhlet extraction of the spent filter cake with .
petroleum ether or hexane. The oil and sol-
vent are separated by evaporation and the
percentage fatty matter i1s reported as the
weight percent of oil recovered per weight of
dry filter cake. The total organic matter is best
determined by ashing the spent cake and re-
ported as either the weight percent lost upon
ashing per weight of spent filter cake ashed,
or as the weight percent lost upon ashing per
weight of sorbent added. Oil retention is
dependedent on the conditions in which the
filter press is ‘blown’ out.

The term ‘blown’ out refers to the proc-
ess of pressurising the press with low pressure
steam, air or nitrogen to blow out or release
as much of the residual amount of oil con-
tained in the filter bed as possible. Oil reten-
tion varies directly with the amount of time
the press is blown out. In one of our lab stud-
ies, we evaluated oil retention for fourteen
sorbents used typically in palm oil applica-
tions. O1l retention for these samples ranged
from 21% to 39% with an average of 28.0
5.1% Total Organic Matter.

Another drawback to acid activation is
the effect the residual acidity has on FFA rise.
FFA rise in the oil, through the bleaching
process, places more demand on the
deodoriser and has a direct impact on the oil
loss through the deodoriser.

Deodorisation Process

Although FFA levels are more associated
with oil loss through the deodoriser, refiners
tend to overlook the fact that these levels are
the end result of the bleaching process. Start-
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ing FFA levels in a crude oil can be adversely
affected by bleaching conditions and the acid-
ity of the sorbent. Small changes in FFA lev-
els can have a great impact on oil loss. Math-
ematical models show that a FFA rise of 0.1%

for a refinery with a production rate of 1000

tonnes per day will result in an annual oil loss
of 365 tonnes.

The acidity levels in active sorbents tend
to hydrolyse triglycerides more than the neu-
tral or natural sorbents. Table 2 illustrates the
results of a bleaching study involving vari-

ous clays used to treat three different palm
oils of varied quality. In this study each oil
was bleached multiple times. The changes in
FFA reveal that the sorbents fell into three
categories: those that increased FFA (positive
change), those that had no effect on FFA and
those that lowered FFA (negative change).
Data in Table 3 shows that the acid activated
sorbents caused FFA rise. These sorbents
tended to have the lowest pH and highest
acidity. The natural or neutral clays with high
pH and little or no acidity showed no effect
or actually lowered FFA.

TABLE 2. BLEACHING EFFECTS of YARIOUS SORBENTS ON FFA:
DIFFERENCES BEFORE and AFTER BLEACHING

Differentes before and after bleaching

Sorbent A B C D E F G H
0il 1 0.11 -0.07 -0.07 -0.06 0.03 0.04 -0.05 -0.10
0il2 0.09 -0.04 -0.01 0.00 0.07 0.06 -0.02 -0.04
Oil 3 0.08 -0.02 0.01 -0.01 0.06 0.13 0.03 0.02
Avg. 0.09 -0.04 -0.01 -0.01 0.06 0.08 -0.01 -0.05
Notes: minutes w/N, at 90°C; Slurry w/1.5% Sorbent

« Oil 1: Two replicates per sorbent. Conditions:
200g CPO (2.8 DOBI, 3.95 %FFA), Acid
Pretreat w/0.075% H,PO, (50% Aq) for 15
minutes w/N, at 90°C; Slurry w/1.75% Sorbent
for 15 minutes w/N, at 90°C; Bleach at 105°C
for 30 minutes under 27"Hg vacuum. RBD
Colours ranged from 2.6 to 3.1 red (5.25” cell).

* Oil 2: Four replicates per sorbent. Conditions:
200g CPO (2.9 DOBI, 3.72 %FFA), Acid
Pretreat  w/0.075% H,PO, (50% AQ) for 15

for 15 minutes w/N, at 90°C; Bleach at 105°C
for 30 minutes under 27"Hg vacuum. RBD
Colours ranged from 1.6 to 2.2 red (5.257 cell).
< Oil 3: Four replicates per sorbent. Conditions:
200g CPO (2.3 DOBI, 4.12 %FFA), Acid
Pretreat w/0.075% H,PO, (50% AQ) for I5
minutes w/N, at 90°C; Slurry w/1.5% Sorbent
for 15 minutes w/N, at 90°C; Bleach at 105°C
for 30 minutes under 27"Hg vacuum. RBD
Colours ranged from 2.8 to 3.6 red (5.25” cell).

TABLE 3. COMPARISON OF ACIDITY, pH AND FFA CHANGE

Sorbent Classification Acidity Avg. t-Test
mg KOH/g Clay pH Delta FFA Results®
A Acid activated 0.20 2.8 0.09 +
B Natural 0.00 6.8 -0.03 -
C Neutral 0.04 5.4 -0.01 NC
D Natural 0.01 4.4 -0.01 NC
E Acid activated 0.30 33 0.06 +
F Acid activated 0.03 6.3 0.08 +
G Natural 0.04 3.6 -0.01 NC
H Natural 0.00 8.6 -0.05 -

* One Column t-Test. 0.05 o, Ho = difference is zero.
Incorporating delta FFA data across all three oils.
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DISCUSSION

Oil loss in the bleaching operation results
from oil lost to the filter cake and the oil lost
to changes in FFA content. Figures ! and 2
graphically illustrate the effect FFA nise and
oil retention would have on annual oil loss.
As previously mentioned, a 0.1% change in
FFA, at a production rate of 1000 tonnes per
day, would result in an annual oil loss of 365
tonnes per year. Based on this study, oil reten-
tion averaged 28% £ 5%.

A refinery running at 0.6% sorbent with
a production rate of 1000 tonne per day with
28% oil retention would have an annual oil
loss of 613 tonnes. A variance of 5% in oil
retention would represent 110 tonnes per year.

Figure 3 compares the effect FFA rise
and oil retention has on annual oil loss.
Clearly, changes in FFA have more impact
than changes in oil retention. In this illustra-
tion, a 0.1% rise in FFA would have over
three times greater oil loss than the oil loss
due to a 5% variance in oil retention (365 vs
110 tonnes).

SUMMARY

The best guideline for controlling oil loss in
the bleaching operation is to establish and
operate within the optimal bleaching condi-
tions. This maximises the efficiency, prevents
the need for higher dosage levels, and mini-
mises oil loss due to oil retention of the
sorbent used. Likewise, noting that FFA rise
has a greater effect on oil loss than oil reten-
tion, refiners need to be cognisant of the po-
tential of sorbents with high acidity (or low

51

pH) to cause FFA nse.
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Relationship between Physical Properties of Bleaching
Earths and its Bleaching Efficiency on Palm Oil

Cheah Kien Yoo* and Siew Wai Lin*

ABSTRACT

The physical properties of various types of
bleaching earths and their bleaching per-
formance on crude palm oil were evaluated.
Adsorption of carotene and chlorophyll were
uséd to measure their bleaching efficiency.
The correlation between chlorophyll adsorp-
tion and the colour of the deodorised oil was
significant. For natural/neutral earths, ad-
sorption of chlorophyll correlated well with
the pore volume of the bleaching earth. For
acid activated earths, surface acidity played a
prominent role in the adsorption of pigment.

INTRODUCTION

Bleaching is an important step in the refining
of palm oil. Recently, it has been receiving
increased attention because it not only just
removes coloured compounds, but also influ-
ences the stability of the final oil products. In
refining palm oil, the primary function of
bleaching earth is to remove trace metals and
organic impurities that promote oxidation and
generate coloured compounds that are diffi-
cult to remove in the deodorizer. Palm oil
refiners have a wide choice of adsorbents to
use but the main selection criteria remain
their cost and performance. At the moment,
the criterion of performance is somewhat ar-
bitrary, mainly because of a lack of under-
standing of the relationship between the
physicochemical properties of adsorbents and
adsorption of trace constituents in palm oil.
This is in spite of numerous attempts to estab-
lish the relationship (Morgan et al., 1985;
Taylor et al., 1989). This paper will address
this 1ssue as part of a continuing effort to
ascertain the effect of adsorbent on the final
quality of refined palm oil.

* Palm Oil Research Institute of Malaysia (PORIM)
PO. Box 10620, 50720 Kuala Lumpur, Malaysia.

36

MATERIALS AND METHODS

Crude palm oil was obtained from local palm
oil mills. Bleaching earths were obtained
from their producers through some local re-
fineries. Some of the natural/neutral earths
used were not commercial products.

The physical and chemical properties of
the earths are listed in Table I. Four of the
samples were natural/neutral earths (N1-N4)
and the rest acid-activated earths (Al-AS).
The pH is that of a 2% (by weight) suspen-
sion in deionized water. The surface area was
determined by nitrogen adsorption at 77 K
with an automated accelerated surface area
and porosimetry system, Model ASAP 2010,
manufactured by Micromeritics Instrument
Corporation (Norcross, GA). Sample weights
were 0.2-0.3 g and they were degassed at 673
K prior to the adsorption experiment. The
surface areas were determined by the BET
equation. The pores were assumed to be slit-
shaped, and the pore distribution for all the
samples were calculated from the desorption
branch of the hysteresis loop by the Kelvin
equation. A procedure described by Barrett,
Joyner and Halenda - the BJH method - was
adopted for calculating the pore size distribu-
tion (Webb and Clyde, 1997).

The SCOPA bleach test was used to
evaluate bleaching performance using CPO of
the quality shown in Table 2. Degumming
was carried out on 300 g samples of crude oil
at 90°C for 10 min with 0.05% (by wt of oil)
phosphoric acid. Bleaching was performed
with 1% earth at 105°C for 15 min. Nitrogen
gas was bubbled through the oil throughout
the degumming and bleaching. The bleached
oil was filtered under vacuum and then
deodourised at 260°C for 20 min at 2-3 torr.

Colour of the deodourised oil was meas-
ured in a Lovibond Tintometer with a 5.25-
inch cell. Iron was analyzed by atomic ad-
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TABLE 1. PROPERTIES OF BLEACHING EARTHS USED IN THE STUDY

Code of Type BET surface BJH pore pH
bleaching earth area, m?/g volume, (2% suspension)
cm®/100g
N1 Bentonite 96 14.2 6.7
N2 Bentonite 139 296 7.3
N3 Hormite & 172, 349 6.5
smetile 5,...\9‘;\\"&
N4 Attapulgite 141 30.1 7.0
Al Bentonite 270 38.8 3.7
A2 Bentonite 230 32.8 4.4
A3 Montmorillonite 180 28.7 5.3
A4 Montmorillonite 222 335 42
AS Montmorillonite 217 28.1 33

TABLE

FFA, %

DOBI

Iron, ppm
Phosphorus, ppm
Chlorophyll, ppb
Carotene, ppm
PV, meq/kg

AV

2. QUALITY OF CRUDE PALM OIL USED IN THE STUDY

28

23

5.1

7.8

2447

548

1.7

9.7

sorption spectroscopy and chlorophyll was
determined by a method described by Tan ez
al. (1994). Determination of peroxide value
(PV), anisidine value (AV), free fatty acid
content (FFA), carotene content and DOBI
were according to PORIM Test Methods
(1995).

RESULTS AND DISCUSSION

and bleached-

Quality of bleached

oY
N o

e
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deodourised oils

Results of the performance tests are
given in Tables 3 and 4. Peroxides were re-
moved during bleaching and deodourisation.
The natural/neutral earths (N1-N4) were less
efficient in removing peroxides during
bleaching. The influence of the type of earth
on the removal of components contributing to
AV was less significant. However, most of
these components could be removed during
deodourisation.
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TABLE 3. QUALITY OF BLEACHED OIL

Bleaching Earth PV AV Carotene Chlorophyll

(meq/kg) (ppm) (ppb)

N1 13 4.7 529 927
N2 0.3 2.3 467 492
;\13 0.3 72 412 318
N4 0.5 95 516 505
Al 0 5.5 384 193
A2 0.4 9.2 432 333
A3 0.3 6.0 478 395
A4 0 7.7 436 205
AS 0 5.5 390 240

TABLE 4. QUALITY OF BLEACHED AND DEODOURISED OIL

Bleaching Earth PV AV Lovibond iron

(meg/kg) Red (ppm)
N1 0 1.2 5.7 25
N2 0 1.9 2.6 2.2
@ 0 19 1.8 1.4
N4 0 32 2.1 1.1
Al 0 2.9 1.9 24
A2 0 4.0 2.8 2.7
A3 0.1 2.1 2.4 24
A4 0 1.9 2.0 0.8
AS 0 1.5 2.2 1.6

Generally, acid activated earths were volume.

more effective in removing the colour compo-
nents. Two of the natural/neutral earths (N1
and N4) had little effect on carotene but were
reasonably effective in adsorbing chlorophyll.
The most effective earth for removing caro-
tene and chlorophyll was acid activated earth,
Al that had the highest surface area and pore

38

All except one of the oil samples bleached by
natural/neutral earth, N1, had a colour of less
than 3 red. In fact oil with the lowest colour
was bleached by natural/neutral earth N3.

Iron removal is important for the stabil-
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ity of the finished oil and it occurs during
bleaching. The current permissible limit in
Codex Alimentarius for Oils and Fats (1996)
for iron is 1.5ppm. Table 4 shows that only 3
of the samples had less than 1.5 ppm iron and
two of them were bleached by natural/ neutral
earths.

Relationship between colour of deodourised
oil and bleaching ability of earths

The removal of colour pigments, espe-
cially carotene, is a common and simple
visual guide used to gauge the overall per-
formance of a bleaching earth. Boki, et. al.
(1994) ised the  adsorption of carotene. to

gauge .the bleaching efficiency of 'various

bleaching: earths, However, this may not be a

“good'guide because it has been reported that

colour: of bleached oil may not predict the

o

dolour: of the deodourised: oil (Brook and**

Shaked; 1996; Morgan ef al’; 1985). This was
supported by the present study e.g. the caro-
tene contents of N1 and N4 bleached oils
were very similar but the deodourised colours
differed significantly. This shows that the ef-
ficiency of carotene removal is not necessar-
ily correlated with the bleaching ability of the
earth. The other colour pigment in oil is chlo-
rophyll. So far, there have not been many
studies using chlorophyll adsorption to gauge
the performance of bleaching earth on palm
oil. Figures 1 and 2 show the relationship
between colour of deodourised oil and the
pigment content in the bleached oil. There is
a close match between chlorophyll adsorption
and the corresponding deodourised colour for
all the bleaching earths. This suggests that
chlorophyll adsorption may be a better indica-
tor of the bleaching efficiency of bleaching
earths.

Relationship between pigment adsorption
and physical properties of bleaching earth

- In principle, pigment adsorption is re-
lated to the physical and chemical properties
of the bleaching earth. The most important
properties are surface area, pore volume and
surface acidity. Nevertheless, Taylor et al.
(1989) did not find any relationship between
pigment adsorption and the individual physi-
cochemical properties of adsorbents used to
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bleach soybean oil. Instead, they showed that
carotene and chlorophyll adsorption can be
described by a rather simple model based
largely on both surface acidity and pore vol-
ume. However, palm oil has a much higher
carotene and lower chlorophyll content than
most other oils and the applicability of
Taylor’s model to palm oil has yet to be
proven.

Figures 3 - 6 show the relationship be-
tween adsorption of pigment (carotene and
chlorophyll) and physical properties (total
surface area and total pore volume) of the
bleaching earths. There was a closer match
for chlorophyll (Figures 4 and 6) than for
carotene adsorption (Figures 3 and 5). The
best match was between chlorophyll adsorp-
tion and pore volume (Figure 6). A closer ex-
amination showed that the match for natural/
neutral earths (N1-N4) was better than that
for acid activated -earths. This suggests that
surface acidity plays a more prominent role in
the acid-activated earths. The role of surface
acidity in adsorption of pigment is well docu-
mented (Patterson, 1992). Giiler and Tung
(1992) reported that adsorption of chlorophyll
on an acid activated earth is essentially a
chemical process of interaction of the chloro-
phyll with the Lewis and Bronsted acid sites
of the earth. Hence, for an acid activated
earth, adsorption of chlorophyll may be more
appropriately described by a model similar to
that of Taylor et al. (1989) i.e. pigment ad-
sorption correlated to pore volume and sur-
face acidity. For natural/neutral earths, the
relationships between physical properties and
bleaching efficiency (measured by chloro-
phyll adsorption) were highly significant.

Although the above results showed good
correlation between, individually, adsorption
of chlorophyll, and total surface area and total
pore volume, studies have shown that not all
the surface area or pores of bleaching earths
are useful for adsorption of pigment. Taylor’s
model is only valid for pores of 50-200 A.
The pore size distribution of the bleaching
earths used are shown in Figures 7 and §. All
the natural/neutral earths, except NI, had
pores evenly distributed with most of them
bigger than 50 A. NI had a narrow distribu-
tion, with most of the pores smaller than 50
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Figure 2. Relationship between colour of deodourised oil and chlorophyll content of bleached oil
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Figure 6. Relationship between chlorophyll adsorption and total pore volume
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A. All the acid-activated earths had relatively
larger percentages (32 - 56%) of their pores
smaller than 50 A. With the present set of
earth, no significant correlation was found
between pigment adsorption and pore volume
of 50-200 A.

Work is in progress to evaluate more
bleaching earths and to quantify the surface
acidity of bleaching earth. Taylor et al.’s
(1989) model can be tested once these data
are available.

CONCLUSION

Bleaching efficiency can be better measured
by the adsorption of chlorophyll than of caro-
tene. For natural/neutral earths, adsorption of
chlorophyll correlated well with the pore vol-
ume of the bleaching earths. For acid acti-
vated earths, surface acidity, together with the
pore volume, may play a more prominent role
in the adsorption of chlorophyll.
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of the disposal methods must create the least possible harm to humans or to the
ecology.

A number of possibilities and processes for utilization of the spent bleaching
earth have been evaluated; these include incineration, use in cement production, use
in brick manufacture, soil improvement, oil extraction, regeneration, use in bio-gas
digesters, use in waste water treatment plants for dentrification, addition to anima]
feeds, and addition to bitumen products.

Oil Extraction. Deoiling of used bleaching earth salvages a portion of the oil and
facilitates dumping of the spent bleaching clay. It has been projected that future reg-
ulations may require a reduction of the oil portion of the spent bleaching earth be-
fore dumping in a land fill. The following four methods for extracting the oil from
the spent bleaching earth were presented at the AOCS World Conference in
Amsterdam (19,20): (i) extraction with hexane in the bleaching filter; (i1) extraction
with a polar or nonpolar solvent as a separate process; (iii) mixing spent bleaching
earth with oil seeds before extraction; and (iv) extraction with hot water in the pres-
ence of a surface active agent.

Addition to Animal Feed. Spent bleaching earth, whether used in the edible oil in-
dustry or for nonedible oils, contains on the basis of its triglycerides, predominately
biologically degradable compounds with a high energy value. Accordingly, there are
many possibilities for further utilization. Tests with pigs, poultry, and cattle showed
that 3% spent bleaching earth may be added to the feed without any problem (21).
Even at these high concentrations, neither vitamin A deficiency nor deficiencies in
mineral requirements were observed (22,23). When adding the spent bleach earth to
animal feeds, precautions are necessary to avoid contact with atmospheric oxygen to
preclude oxidation or even self-ignition.

Use in Biogas Plants.  The fine distribution of the fats or oils on the surface of the
bleaching earth guarantees a fast decomposition and a high degree of utilization for
its biological application. Utilization of spent bleaching earth in biogas facilities is
environmentally friendly when certain rules are observed. Essentially, the entire or-
ganic content is converted to biogas, thus reducing the increase of CO, in the earth’s
atmosphere as well as improving soils. Soil improvement is also an important consid-
eration. When the sludge of fermented sewage obtained from anaerobic fermentation
of fat is spread on agricultural fields, bleaching clay contributes to an improvement of
the soil. Bentonite, the natural mineral used to produce bleaching earths, is present in
all fertile soils and gives them good water adsorption and water retention capacity.
In addition, due to its natural ion exchange capacity, bentonite retains trace elements
in the soil, thus improving its fertility. A further benefit was identified by studies in
Sweden in the early 1980s, which showed that bleaching clay also helps to reduce
the nitrate level in ground water, 1.e., surplus organic material helps to reduce the ni-
trate anion. When used in biogas plants, even small amounts of nickel adsorbed from
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Abstract

FEEEEEE
A 8-week feeding trial was conducted to determine the effect of substituting fish oil with palm oil-laden spent bleaching clay (SBC), a by-
product from crude palm oil (CPO) refining, on growth, feed utilization, fatty acid composition and heavy metal accumulation in the muscle of
Nile tilapia, Oreochromis niloticus. Four isonitrogenous and isolipidic practical diets were formulated to contain 0, 100, 200 or 300 g kg™
SBC. Growth performance of Nile tilapia was significantly better in fish fed the 100 g kg™ SBC diet compared with fish fed the 0, 200 or

300 g kg™! SBC diet. Growth and feed utilization efficiency of fish fed 200 or 300 g kg~! SBC were similar to fish fed the control diet without
added SBC. Whole-body composition, body-organ indices and haematacrit of tilapia were not affected by dietary treatments. Fatty acid
compositions in the muscle lipid of Nile tilapia were strongly influenced by dietary treatments with progressively elevated levels of total
saturates and n-6 PUFA because of the dietary influence of these fatty acids from residual CPO adsorbed onto SBC. A gradual decrease in
total n-3 PUFA concentrations were also observed with the ratio of n-3 to n-6 fatty acids in muscle lipids decreasing from 4.75 to 4.41, 3.23
or 2.37 after 8 weeks on the 0, 100, 200 or 300 g kg™! SBC diet, respectively. The arsenic, cadmium and lead concentrations in the
experimental diets increased with increasing dietary levels of SBC but the concentrations of these heavy metals in the whole body and bone
of Nile titapia were not significantly different among fish fed the various diets. The present 8-week study showed that in fishmeal-based diets
for Nile tilapia, palm oil-laden SBC can totally replace added fish oil. The use of this presently discarded waste product from palm oil refining
in tilapia diets will greatly contribute to reducing the impact of rising feed costs in the culture of titapia in many tropical countries. Other
potential benefits may include acting as a feed binder, removal of mycotoxins in fish feeds as well as adsorbing toxic substances present in
the culture water.
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INTRODUCTION

Just to confuse would-be clay enthusiasts, attapulgite is also
known as palygorskite and as fuller's earth in the United States.
Sepiolite is sometimes called meerschaum of the famous pipe
variety. However, attapulgite and sepiolite are sufficiently simi-
lar to form what is termed the hormite group: both are complex
magnesium aluminum silicates with an open-channel structure
which forms elongate crystals. Attapulgite and sepiolite, as well
as bentonite, are closely associated in nature. These clays to-
gether with bentonite have some common properties such as a
medium to high surface area, good sorptive abilities, and excel-
lent decolorizing, binding, and thickening power. Consequently,
the three clays have somewhat overlapping commercial uses and
may be regarded as rivals. On the other hand, different crystal
structures provide equally important differences, such as the fact
that bentonite flocculates in salt water whereas attapulgite is vir-
tually unaffected by electrolytes.

CONSUMPTION

When dispersed in water, needle-shaped attapulgite crystals just
1 wm long and 0.01 um wide form a random lattice entrapping
liquid and provide excellent thickening, suspending, and thixo-
tropic (gelling) properties. Sepiolite also forms bundles of ag-
glomerated needles, which disperse in polar solvents like water
to create a randomly intermeshed network of fibers in the sol-
vent. The viscosity is thus raised and various rheological proper-
ties can be generated through the control of concentration, agi-
tation, and pH. This characteristic combined with chemical in-
ertness allows sepiolite to be used as a carrier.

In drilling fluids, attapulgite and sepiolite perform similar tasks to
bentonite, but are regarded as inferior in most respects. How-
ever, being virtually unaffected by electrolyies, attapulgite clays
(sometimes called “salt water clays™) are particularly effective in
salt-saturated environments in which bentonite, hectorite, and
other montmorilionites fail to maintain their viscosity (Haden
and Schwint, 1967). Examples of such environments include
saltwater, gypsum-contaminated water, and drilling fluids con-
taining cement (Sawyer, 1986). Sepiolite is stable at the high
ternperatures encountered in deep wells or in geothermal areas
(Mayhew et al., 1979). Other products utilizing rheological ef-
fects include thickeners and suspending agents in non-drip paint,
liquid detergents, adhesives, flexographic ink, car
polishes, and cosmetics (Figure 65}.

Attapulgite is used to a minor extent in oil-bonded
foundry sands; its binding characteristics are gen-
erally inferior to those of bentonite. Both
attapulgite and sepiolite have excellent sorptive
properties largely because their extremely porous
structure translates to a BET surface area of about

150 m?g for attapulgite and 300 m?/g for sepiolite. oy sng grease sbsorbents 167,000

In addition, substitution of magnesium and iron
for aluminum generates an excess negative charge
and a cation exchange capacity of 20 to 50
milliequivalents per 100 g (less than smectite but
higher than kaolin). These sorptive properties are
utilized in numerous ways including pet litter, ani-
mal bedding, tank cleaning, and potting mixes, or
as a carrier for fertilizers, pesticides, or hazardous
chernicals (liquids can be transported as free-flow-

Figure 65

Filtering, dlarifying, decolorizing minersl
olls and greases 20,000

Pesticides and related products 57,000
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ing solids). Attapulgite is used to decolorize, deodorize, dehy-
drate, and/or neutralize various mineral, vegetable, and animal
oils. It is also used in the manufacture of NCR (no carbon re-
quired) papers: the upper or receiving surface of the copy sheet
is coated with attapulgite and the lower or transfer surface of
the upper sheet is coated with starch containing minute encap-
sulated droplets of colorless dyestuff. Breaking the droplets by
writing or typewriting releases the dye to penetrate the
attapulgite, which catalyzes the conversion to a colored prod-
uct (Haden and Schwint, 1967).

In animal feed, attapulgite and sepiolite are used as binders for
pelletized feeds, carriers of supplement (minerals, vitamins, an-
tibiotics), free-flowing additives for feeds in flour, and lubricants
to reduce die friction and improve yield in the pelletization pro-
cess. They are also reported {o increase feed efficiency and im-
prove digestive hygiene. Block sepiolite (meerschaum) may be
carved.

GeNEeTiC TYPES
Attapulgite and sepiolite deposits may be formed in:

O epicontinental and inland seas and lakes as environments
of chemical sediments, or by the reconstitution of former
clays during diagenesis

O the open oceans in association with fore-arc basins and
ocean rises by hydrothermal alteration of basaltic glass,
volcanic sediments, or clays

O calcareous soils by direct crystallization

O marine deposits formed by slumping and turbidity
currents transporting nearshore materials, and from
windblown dust

O weathering crust of serpentinite and magnesite

In general, this formation in soils, lakes, or shallow seas is asso-
ciated mainly with a Mediterranean to semi-arid climate which
was prevalent in the Late Devonian and Carboniferous and
Late Permian to Triassic in the northern hemisphere, and in the
Early and Late Eocene, Late Oligocene and Late Neogene,
and possibly Late Cretaceous in both hemispheres (Callen,
1984).

Consumption of attapulgite in the United States

Drilling mud 32,000 tonnes

Fertilizers 39,000
Others* 193,000

Partland and
other cement
26,000

* includes anlmal feed, animal oll, gypsurn products, absorbents, fillers, exlenders, binders, fillening, clarifying, mortar
and cement refractories, plastics, roofing tites, water treatment and filtering, waterproofing and sealing.

Source: USBM (1993)
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Table 53 A#tapulgite, Sepiolite, Smectite:
World Production (“000 tons)

1990 1991 1992 1993 1994 1995
Algeria 8 - 4 3 5 5
Argentina 2 2 2 2 2 2
Australia (attapulgite) 20 15 15 15 15 15
Germany {unprocessed) 653 708 673 470 498 500
lialy 44 23 28 30 30 30
Mexico 30 41 41 36 214 2
Morocco (smectite] 45 38 38 39 23 23
Pakistan 17 22 22 21 15 13
Senegal (attapulgite) 115 129 112 119 119 120
South Africa (atapulgite) 8 8 8 7 10 8
Spain (attapulgite) 54 73 87 85 85 80

189 187 134 130
2410 2,450 2,640 2,640
3,630 3,664 3789 3,586

United Kingdom 205 189
United States 2,310
Toto! 3,512
Source: USGS

PRODUCTION
UNITED STATES

FLORIDA/ GEORGIA

The Meigs-Attapulgus-Quincy district of southwestern Georgia
and northern Florida accounts for almost two-thirds of the pro-
duction of fuller’s earth in the United States. The district, in the
Coastal Plain physiographic province, is sometimes referred to
as the “lime-sink district” because of its abundant solution fea-
tures. Underlain by Miocene rocks, the fuller's-earth deposits are
contained within the Hawthorn Formation — in particular the

younger Meigs Member of early middle Miocene age which
uncomformably overlies the Dogtown Clay Member of late lower
Miocene age. The Hawthorn Formation is present throughoyt
the district and consists of fine- to medium-grained, rounded tq
subrounded quartz sand intermixed with silt and clay, togethe,
with fuller’s earth, minor sandy limestone (in part dolomitic},
and traces of phosphatic material (see phosphates, page 289),
Large lenses of fuller's earth, locally forming continuous beds,
extend for more than 80 km from near Meigs, Georgia, to south
of Quincy, Florida. Deposits of commercial interest are concen.
trated at the northern and southern ends of the belt, which are
quite different in several respects. Deposits near Meigs ang
Ochlocknee, Georgia, are 10 to 20 m thick, commonly contain
clay-pebble zones, and are usually at or near the top of the Hay.-
thorn Formation. To the south, near Attapulgus, Georgia, and

Quincy, Florida, deposits average 2 to 3 m thick, clay pebbles -

are absent, and there is as much as 24 m of Hawthorn Forma.

tion between the deposit and the overlying Miccosukee Forma- -

tion (Figure 66}.

Attapulgite commonly occurs in two distinct forms — short-length
palygorskite {<2um) in the Meigs Member and long-length .
palygorskite (>10um) in the Dogtown Member (Merkl, 1989;

Heivilin and Murray, 1994). There is also a significant difference
in clay mineralogy. In the northern part of the district, attapulgite
seldom exceeds 20% of the deposits, whereas in the Attapulgus-
Quincy district it constitutes 70 to 80% of some deposits. Sepiolite
may form 10% of the deposits in the north, but is virtually non-
existent in the southern deposits. Calcium montmorillonite is often
present, as is kaolinite, particularly in the upper, weathered parts
of the section. In addition to the mixture of clay minerals, most
deposits contain nonclay minerals such as detrital quartz, feld-
spar, and heavy minerals; authigenic and diagenetic calcite, car-
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bonate-fluorapatite, dolomite, and opal; and biogenic material
such as shells, fish teeth, and diatoms. The diatom content is
high enough in parts of the north to constitute a clayey diatoma-
ceous earth.

Evidence points to the formation of these deposits as sediments
in a restricted shallow marine trough which connected the
Apalachicola Embayment on the Gulf of Mexico with the South-
east Georgia Embayment on the Atlantic Ocean. The salinity
fluctuated while sufficient magnesium was derived from seawa-
ter; aluminum and silica came from silicates and dissolved mat-
ter carried in solution by streams. Weaver (1984) believes that
montmorillonite and kaolinite were probably formed by weath-
ering of attapulgite and sepiolite, whereas Millot (1970} believes
the smectite is transformed to attapulgite and sepiolite with small
amounts of sepiolite being precipitated. Merk! (1989) states that
formation was through the alteration of volcanic detritus, diage-
netic alteration of montmorillonite derived from a crystalline
upland, and direct crystallization .

The main producers in the area are Engelhard Mineral and
Chemicals Corp. near Attapulgus and Quincy (250,000 tons/
year attapulgite per plant), Florida; Milwhite at Attapulgus {55,000
to 60,000 tons/year attapulgite), and Qil-Dri Corp. of America
near Ochlocknee, Georgia (250,000 tons/year of a mixture of
calcium montmorillonite, kaolinite, attapulgite, and diatomite}.

NEVADA

Sepiolite along with bentonite, saponite, and hectorite occur in
nearly flat-lying beds in the Amargosa Valley, Nevada. Their age
is probably Pleistocene, but it may range back to Late Pliocene.
Formation is thought to be by the hydrothermal alteration of
volcanic ash in much the same way as the bentonite was formed.
Accumulation was in a magnesium-rich lake. Variation from sa-
ponite to sepiolite resulted from time, temperature, and varia-
tions in the concentration of magnesium, calcium, and sodium
in hydrothermal waters rising through the dolomitic rocks that
underlie most of the area (Mayhew et al., 1979; Cdom, 1992).
See “bentonite” section.

SPAIN

Annual production of clays in Spain averages 500,000 tons of
sepiolite, 95,000 tons of attapulgite, and 50,000 tons of bento-
nite. Sepiolite and attapulgite constitute important exports.

The major sepiolite producing area is in the provinces of Madrid
and Toledo, central Spain. This area forms part of the Tajo Ba-
sin, bordered by the Guadarrama and Gredos Sierras on the
north and northwest, the Toledo Mountains on the south, and
the Iberian Range on the east, which was formed by fragmenta-
tion of the Iberian Massif during the Alpine orogenesis, and sub-
sequently filled with Tertiary lacustrine beds including sepiolite.
The Vallecas-Vicalvaro deposit, covering a 6.6 km? area north-
east of Madrid, is reported to be the world’s largest known sepiolite
deposit. Sepiolite content ranges from 65 to 95% in two exploit-
able layers: the upper layer grading laterally to dark chert, and
the lower layer grading to smectites. Quartz, illite, feldspar, and
carbonates are the major impurities. To the south nearthe city of
Toledo the Yunclillos deposit covers about 3 km?. As in Vallecas,
fhe deposit comprises two layers: the upper varies in composi-
tion containing magnesium-smectites and chert as impurities,
whereas the lower bed is more continuous and purer (Galan
and Castillo, 1984).

Tolsa SA is the world’s fargest sepiolite producer, with open-pit
mines in the Vicalvaro-Yunclillos region. The company has a
600,000 tons/year grinding plant in Madrid, which produces a
number of grades of sepiolite used for pet litter (65%), animal
feed (25%), and special grades all derived from a high-grade
sepiolite {95%+) for value-added technical and industrial prod-
ucts (15%). The sepiolite for this latter use is extracted selec-
tively from a particular seam in the deposit and is produced for
use as a catalyst carriey, elastomer filler, and fluidizer of powders.
Muyta, a subsidiary of the SAMCA Group, produces about 75,000
tons/year of sepiolite in Orera, Zaragoza, and an additional
25,000 tonsfyear from a quarry at Maderuelo, Segovia. Sepiolsa
quarries sepiolite at Madrid and Guadalajara (Regueiro y
Gonzélez-Barros, 1995).

Attapulgite producing areas include the provinces of Caceres in
west central Spain, close to the Portuguese border, and Cadiz in
the south. Production is dominated by Tolsa SA and Myta (Russeli,
1991). Of commercial importance near Lebrija, Sevilla, in the
Cadiz area is a sequence consisting of Upper Miocene marine
bluish-gray marly clay, overlain by a Pliocene marine sand, and
then a continental Pliocene limestone, mar, and clay. These
continental rocks contain various amaunts of specialty clays. At
the base is a marly calcareous bed containing 40 to 80% calcite,
10% quartz, and minor sepiolite and attapulgite; and a rock
termed “Tierra del Vino” (after its use to clarify wine), compris-
ing equal proportions of calcite and sepiolite with minor smectite,
attapulgite, and quartz. The attapulgite and illite content increases
upwards at the expense of sepiolite. The culmination is a 15-m-
thick “Palygorskite Bed” consisting of alternating clay, marl, and
limestone. The attapulgite content of the clay and marl is 35 to
75%, and reserves are estimated at 9 million tons. The deposits
are thought to have formed when sediments were deposited in
brackish lake waters. An arid climate and tectonic stability fa-
vored the formation of sepiolite, arid then significant weathering
produced detrital illite, which was transformed to attapulgite in a
changing environment that also allowed attapulgite to precipi-
tate directly (Galan and Ferrero, 1982).

ELSEWHERE

Sepiolite and attapulgite are mined in the Provinces of Eskisehir
and Kutahya in Turkey from deposits formed by the alteration of
magnesite nodules in Pliocene conglomerates. The sepiolite may
be white or contain as much as 3% organic carbon. Some is in
the sodium-rich form of loughlinite. In Ukraine, attapulgite is
exploited in the Cherkassy District near Kiev. In Australia, Mallina
Holdings [.td. produces some 30,000 tons/year of attapulgite at
Lake Nerramyne, some 160 km northeast of Geraldton, West-
ern Australia. Around Thabazimbi in northwestern Transvaal,
South Africa, Kimony (Pty) Ltd. is mining attapulgite for cat litter
and absorbents {Clarke, 1985). Attapulgite is also mined by
Ashapura Minechem Put Ltd. in the Bhaumagar District of Gujarat
State, India.

ExPLOITATION

Production is by open pit with stripping by scrapers, draglines,
or bulldozers and extraction by shovels, backhoes, small dra-
glines, or front-end loaders. For example, attapulgite extraction
in the Meigs-Attapulgus-Quincy district of southwestern Georgia
and northern Florida uses draglines (Clarke, 1985). Processing
simply involves crushing, drying, classification, and pulveriza-
tion. More sophisticated processing may include extrusion, the
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addition of 1 to 2% MgO to improve viscosity characteristics for
drilling muds, heating to yield a low-volatile rnaterial or [VM
clay with improved sorbent properties, or ultra-fine pulveriza-
tion to enhance suspension properties for pharmaceuticals
(Heivilin and Murray, 1994). In Spain, the clay is sun dried at
the mine to reduce the moisture content from about 45% to 32%,
and then dried at the plant down to a 12% moisture content.
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INTRODUCTION
Miscellaneous or common clays, together with shale and other
fine-grained rocks, receive far less attention in the literature than
their aristocratic relatives. This is understandable because com-
mon clays live up to their name; these are widely distributed,
easily located, and used in products that lack rigid specifications
or elaborate processing. More than 60% of the total clay pro-
duced in the United States (approximate 26 million tons/year) is
common clay and shale, and this proportion is probably higher
in other industrialized countries; in some developing countries,
production is essentially all common clay and shale.

CONSUMPTION

Since common clay usually needs to be fired to yield a commer-
cial product, it may be defined as a clay or claylike mass that is
plastic enough to be readily molded and that vitrifies below
1,100°C. The three major uses are (1) the manufacture of struc-
tural clay products such as building brick, drain tile, and vitrified
sewer pipe; (2) as a.source of alumina and silica in the manufac-
ture of portland cement; (3) for expansion or “bloating” into
light-weight aggregate. Shales may be pulverized and added to
a clay mix for firing, or they may be used alone as a cement raw
material or for bloating to lightweight aggregate. Unfired uses
include fillers in paint, asphalt, and other products. Shale and
clay are also used for packing dynamite into blastholes and for
plugging depleted cil and gas wells (Murray, 1934).

Structural clays have a wide range of physical properties includ-
ing plasticity, green strength, dry strength, drying and firing shrink-
age, vitrification range, and fired color (see table). Highly plastic
clays are known as fat clays, whereas nonplastic varieties are
lean clays. Drying and firing shrink the clay which creates crack-
ing and distortion. Sandy clay or clay with low plasticity tend to
have low shrinkage rates but produce a weak, porous body;

smectites can cause excessive shrinkage. Temperature range of
vitrification is especially important. Vitrification is a process of
gradual melting, in which increasing amounts of liquid are pro-
duced as the temperature is raised. On cooling, this liquid pro-
duces glass, which is the bonding agent in the final product. Clays
with long vitrification range are preferred, because kiln tempera-
tures do not have to be so rigidly controlled. The degree of vitri-
fication allowed is governed by the amount of shrinkage and
porosity needed in the final product. The color of the final prod-
uct, which needs to be uniform, is influenced chiefly by iron-
bearing minerals in the clay or shale — buff-burning day ordi-
narily contains 1-5% Fe,0; and red-burning clay 5% or more
(Patterson and Murray, 1983; Murray, 1994).

Chemical composition is the governing factor when clay or shale
is used as a component of portland cement. These materials
provide alumina and silica, and sometimes iron oxide. They are
combined with limestone under close chemical control, and the
mix is crushed and ground for kiln feed. A clay or shale pitis a
common feature of a cement-manufacturing operation.

Certain clays and shales have the property of expanding, or
“bloating”, to a cellular mass when rapidly heated to 1,000-
1,300°C. Two reactions must take place simultaneously: evolu-
tion of a gas, and fusion to a liquid that is viscous enough to trap
this gas. The gas may be oxygen, sulfur dioxide, or carbon diox-
ide, produced by dissociation of nonclay minerals. The liquid is
a melt like that which forms when ceramic clays are overfired in
a kiln. On sudden cooling, the melt forms a porous slaglike ma-
terial. This is screened to produce a lightweight concrete aggre-
gate weighing 960 to 1,760 kg/m?3. Most of the product goes into
concrete blocks. The suitability of a clay or shale for manufac-
ture of aggregate is generally determined by experimentation.
The chemical composition may indicate whether the material

belongs in the group that may

Table 54 Properties of Common Clays

~bloat, but only actual tests in

Property Mineral influence

the furnace will tell whether it
will bloat.

Plasticity: the ability of o material to
undergo permanent deformation in any
direction without rupture under stress
beyond that of elastic yielding;

the type of ddoy mineral, porticle size and shape, content of organic
matter and soluble salls, adsorbed ions, and the amount and type of
nonclay minerals

Green strength: the ability to maintain
shape in the wet or plastic state

the type of clay mineral, particle size and shape, content of organic
matier and soluble salts, adsarbed ions, and the amount and type of
nonclay minerals

Dry strength: the ability fo maintain
shape affer drying

the proportion of fine particles present, the shape of the individual
particles, the degree of hydration of the clay froction, the method of
forming the ware, and the rate and thoroughness of the drying

Drying shrinkage: loss of volume
dun'ng drying

water content, the character of the clay minerals, and parlicle size

Firing shrinkage: loss of volume
during firing

density of the clay, volatile content, types of crystalline phase
changes during firing, dehydration characteristics of the clay
minerals

Temperature range of vitrification:
renge of femperature over which clay or
shale converis to glass

clays of illite, smectite, or chlorite have a lower vitrification
temperalure than kaolinitic clays; calcite and feldspar flux the
reaction

Color: uniformity of color

state of oxidation and particle size of the iron minerals, firing
lemperature, degree of virification, proportion of aluminag, lime, and
magnesia in the clay, composition of kiln gasses

Adopted from Murray, 1994

GENETIC TYPES

Minerals that give clay its char-
acteristic plasticity originate by
the weathering of complex alu-
minosilicates that constitute the
most cornmon rockforming
minerals. Consequently the
surface weathering of almost
any hard rock with the excep-
tion of pure sandstones and
limestones can form a clay
(Prentice, 1978). The kind of
clay mineral produced de-
pends on the climatic condi-
tions — smectites form in dry
conditions (pH >7), illite in
somewhat wetter conditions,
and kaolinite and vermiculite
are very wet conditions {pH
<7). Still wetter conditions
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Table 55 Use of Common Clay and Shale
in the United States (tons)

Ceramics and glass® 136,000
Civil engineering and sealing 177,000
Floor and wali tile
Ceramic 283,000
Other** 45,100
Heavy clay products ‘
Brick, extruded 11,400,000
Brick, other 1,620,000
Drain tile and sewer pipe 14,000
Flowerpots 35,800
Flue linings 60,600
Structural Tile 37,100
Other*** 710,000
Lightweight aggregates
Concrete-block 2,400,000
Highway surfocing 247,000
Structural concrete 801,000
Miscelloneous**** 305,000
Porttand and other cements 4,920,000
Refractories 303,000
Others***** 311,000
Total 25,805,600

“includes crockery/eartheware, pottery, roofing gronules, and abarsives
**includes quarry tile and miscellaneaus floor and wall tiles

«** includes roofing fife, sewer pipe, ferra cofta, and miscelloneous clay
products

**++ includes miscellaneous lightweight oggregoles

*vex includes firebrick, blocks and shapes, motar and cement, ond
miscelloneous refroctories

Data for 1994; Source: USGS

may remove the silica to yield gibbsite {Prentice 1990). Ranging
in age from Precambrian to Holocene, common clay occurs in
everything from glacial clay, soil, alluvium, and loess to shale,
weathered and fresh schist, slate, and argillite. “The most com-
mon mineral is one of the members of the mica group, and
the dominant one in a given deposit may be illite, sericite, or
one of the micas normally occurring in coarser grain sizes, such
as muscovite and biotite. In addition to illite, the clay minerals
present commonly are kaolinite, smectite, mixed-layer varieties,
and chlorite. Some materials in this group actually contain more
quartz and other detrital minerals than clay minerals” {Patterson
and Murray, 1983; Murray, 1994). For example, brickmaking
clays, which are mainly sedimentary, are a combination of clas-
tic, authigentic, and biogenic minerals. Quartz is the main clastic

mineral with fine sand or silt-sized grains constituting up to 95%

of the bulk of the rock. The second in bulk but the most impor-
tant constituents for brickmaking are the clay fhinerals such as
illite, kaolinite, and montmorillonite. Authigenic minerals com-
monly include pyrite and siderite, with biogenic minerals such
as hydrocarbons and calcium carbonate. Other minerals develop
during the weathering process, for example modified clay min-
erals like vermiculite, sulfates like calcium sulfate and selenite,
and iron hydroxide or limonite (Prentice, 1978).

EXPLORATION AND EXPLOITATION

Resources of common clay and shale are “virtually unlimited”
(Ampian, 1980). This seems to be a reasonable statement. Suit.
able clays occur in soil, glacial till, alluvium, and loess, and as
weathering products of such rocks as schist, slate, and argillite,
As for shale, it is the most abundant of the sedimentary rocks. In
geologic age, deposits range from the Precambrian to the present,
It is safe to say that supplies of these materials are available for
the indefinite future.

As with other minerals, exploration for deposits requires an un-
derstanding of the regional and local geology. Appraisal involves
sampling and testing of prepared specimens for ceramic proper-
ties, content of silica and alumina, or ability to expand on heat-
ing. Potential deposits must also be evaluated in terms of trans-
portation costs for these materials of low unit value. As the eco-
noimic radius for shipment of common clay and shale is less than
300 km, the industry tends toward many local operations, or, in
a large firm, several strategically located pits and associated
manufacturing plants.
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Attapulgite and sepiolite form the hormite group characterized by
a complex magnesium aluminum silicate composition,
open-channel structure, elongate crystals, and

close association in nature. Attapulgite is a . -.
hydrated aluminosilicate with an ideal formula s
where Mg is partially replaced by Al and even

Fe. Alternative names are palygorskite (named tor the
location*in der Paligorischen Distanz” of the second mine
on the Popovka River, Urals, former USSR), and fuller's
earth (in the United States). The name fuller's earth dates A
back to the carly English wool industry where fullers were Py
textile workers who cleaned newly woven woolen ¢loth by soaking
it in a mixture of water, urine, soapwort, and a clay with special
absorbent properties that drew oil and grease from the fabric.
Sepiolite is a magnesium silicate that is similar to attapulgite except for
an extra silicon tetrahedra which makes the unit cell 50% larger.

bﬁ n B il 4 -
sep.),
0

(attalonly)
75,000

RESOURCES Attapulgite and sepiolite deposits form in various geological

environments. Formation in soils, lakes, or shallow seas, is associated Source: US Geological Survey (2000)
with the Mediterranean-type climate prevalent during certain geological times. Formation in inland seas and lakes is as chemical sediments
or from the constitution of clays during diagenesis, in open oceans by hydrothermal alteration of basaltic glass, volcanic sediments or clays,
or in marine deposits by slumping and turbidity currents transporting near-shore materials. Generation may also be by direct crystallization
in calcareous soils or the weathering of serpentinite and magnesite.

Mineral Formula Color/Luster

Attapulgite . Mg, 4Al, 551;0,,(OH)-4(H,0) - - White, gray; lath'shiaped
for Attapulgus, Georgia, USA Magnesium Aluminum Silicate crystals;.traﬁs[déen{;idull_’_ e

Hydroxide AR % N P

14.70% MgO

6.2% ALO,

58.43% Si0,

3 19.74% H,0 ! S h

Seplolite » Mg, Sig05.6(H,00 = . White, grayish; yeflowish; fine"
Greek sepion = the'bone of - Magnesium Silicate Hydroxide fibrous @ryﬁtéi' 2 ar;'nearly. :
the cuttle-fish which is light 26.26% Mg0O- . ; opaque: eédhy to’ ey
_and porous like the mineral 58.73% SIO, : : FES

17.61% H,0

EXPLOITATION Open pit methods with stripping by scrapers, draglines, or bulldozers and extraction by shovels, backhoes, small draglines,
or front-end loaders. Processing is by simple crushing, drying, classification, and pulverization: after processing the product is often
divided into gellent or colloidal and sorptive grades. Additional treatment may include extrusion, the addition of 1-2% MgO to improve
viscosity (drilling muds), heating to yield a low-volatile (LVM) clay for improved sorbent properties, or ultrafine pulverization to enhance
suspension properties (pharmaceuticals).

WORLD CAPACITY Attapulgite 3.0Mt; Sepiolite 800,000-1Mt.

PRODUCTION Attapulgite and sepiolite supply is restricted to a handful of countries with the United States controlling 75% of world
production of attapulgite. Spain, and to a much lesser extent Turkey, China, and the United States are the only producers of sepiolite.

TRADEThe leading exporter of attapulgite is the United States (120-150,000 t) with small volumes from Senegal and Australia; Spain (600-650,000
t) is virtually the sole source of sepiolite. Major importers of fuller's earth include Canada and the Netherands (20,000 ), UK (10-50,000 t), ltaly
(12,000 1), Germany (10,000 1), and Japan (8-10,000 t). Spain and Turkey export sepiolite.

Harmonized Tariff Schedule 2508.02.0000 (fuller’s and decolorizing earths); 3802.90.2000 (activated earths); 2508.40.0050 (other clays).

PROPERTIES AND USEs Attapulgite and sepiolite are clays with a chain-type structure (forming needle-shaped crystals) rather than flake-
like (bentonite) or plate-like (kaolin) structures.

22

S5 s

leianedis v Bl el i AL g



GELLING PROPERTIES When dispersed, the ncedie-shaped crystals
(1 pum long, 0.01 um wide) are inert and non-swelling, but form a
random lattice entrapping liquid and providing thickening,
suspending, and thixotropic (gelling) properties [drilling muds,
adhesives, cosmetics, caulks and scalants, minerals greases, liquid
detergents, shampoos, flexographic inks, latex paints, epoxy
adhesives, polishes, asphalt, acrylic and epoxy sealants and
mastics]. The gel formed is a colloidal form of solids suspended in
a liquid medium.

Attapuigite & Sepiolite Production

Total 3,685,000

USA (attapulgite & sepiolite)
79%

DriLLING MUDS The gelling action of attapulgite and sepiolite is
utilized in drilling muds in much the same way as bentonite.
However, unlike sodium bentonite, attapulgite and sepiolite do not

Others {8
0.5% ,

Senegal

. . . . N i . (attapulgite)
flocculate with the electrolytes encountered in highly mineralized (5;:‘:;“ l:‘lfﬁltcef; Pakistan Spain (sepiolite) (attgpiinue) o g
areas, underground salty water, or sea water (a.k.a. saltwater clay 29 E®) ttaputgite) 13.5% 29595

or salt gel) and are stable at high tempesatures [saltwater drilling 0.5%

muds, drilling geothermal wells]. Both clays are used in salt-water
mud to provide low-shear rate viscosity for lifting cuttings and for
barite suspension. When coated with quaternary amine to make
them oil-dispersible (amine may be applied to dry clay during grinding or it can be applied to clay dispersed in water), the resulting
organophilic attapuigite and sepiolite may be used to provide gel structure in oil muds (although unlike organophilic bentonite, it does
not improve the filter cake).

Source: US Geological Survey {2000)

The ability of attapulgite and sepiolite to operate in a salt-saturated media, combined with the high gel strength generated, is utilized in
the manufacture of suspension fertilizers for sprinkler systems and irrigation tubes. In the same way, the ability to operate at high
tempersatures allows organophilic sepiolite to be used as an oil thickener for mineral greases {rheological additive].

CoATINGS Attapulgite and sepiolite are used to thicken, disperse, and stabilize various coatings. Sepiolite with cellulosic and other thickeners
provides low shear viscosity in latex paints thus improving brush pick-up and preventing syneresis; also used with a surfactant (amine) in
solvent based sealants, mastics, and roof coatings. As a co-additive in water-based paint, the clays improve pseudo-plasticity and stability, and
micronized grades stabilize emulsion systems. Similarly in solvent-based paints, modified sepiolite provides a balance between leveling and
sagging on application. It is claimed that sepiolite “ribbons” are more flexible than attapulgite “needles” and provide a degree of reinforcement.

Sepiolite and attapulgite contribute thixotropic properties to mortars and gypsum, improving application, avoiding sagging, and
promoting a smoother finish [rheological additive]. Micronized sepiolite is used as a binder in ceiling panels to improve fire
resistance and reduce flammability.

SORPTIVE PROPERTIES Attapulgite and sepiolite have excellent sorptive properties, largely because the extremely porous structure
translates to a BET surface area of about 150 m?/g for attapulgite and 300 m?%/g for sepiolite. In
addition, substitution of magnesium and iron for aluminum generates an excess negative charge and
a cation exchange capacity of 20 to 50 milliequivalents per 100 g (less than smectite but higher than

‘Attapulgite and.
- - Sepiolite Trade..- -

kaolin) [pet litter, animal feed additive, carrier/diluent for pesticides, desiccants, excipient in A
pharmaceuticals, floor absorbent, oil spill clean-up material, potting mixes]. - Exporters -

Australig***
Per LitTER Lightweight clays (400-700kg/m?) used for pet litter include attapulgite and sepiolite, whereas -Sgnggif*ﬂ
heavyweight clays (800-980kg/m?) include bentonite. Due to its absorbency, light weight, odor control, 3?::2 o
and availability, sepiolite dominates the pet litter market in Europe. Along with sodium- and calcium- ll‘m' s
bentonite, attapulgite is an ingredient of the “clumping” or “scoopable” cat litter that has become so 8 lp.i 2
popular since being introduced in the United States at the end of the 1980s. In addition to moisture C:nga;a
absorption, features include odor control, lack of dust, light color, and long life; particles are round and ik
microgranular (1-2mm) providing greater comfort for the cat. Sepiolite plus wood particles forms a grit Germany
used to line birdcage trays [bird hygiene]. - Greece

Italy:
ANIMAL FEED Attapulgite and sepiolite are used as binders for pelletized feeds (reduces friability and dust), Japan
carriers of supplement (minerals, vitamins, antibiotics), freeflowing additives for feeds in flour, and lubricants Netherlands
to reduce die friction and improve the yield in the pelietization process. The reduction of moisture and Taiwan
humidity in animal feed handling systems avoids unwanted caking and serious handling problems such as UK
bridging in bins, silos, hoppers and conveyors and facilitates accurate mixing and blending. In addition, some : f;fgg”i/: & seplalite;
nutritional advantages include a more homogeneous distribution of the micro-ingredients in the feeds,a slower ok, attapul'glte

rate of food passage, higher digestibility of nutrients, improved feces consistency, and fewer digestive disorders.

23



ATTAPULGITE AND. SEPIO

FLOOR ABSORBENT Attapulgite or sepiolite can absorb more than its own [ '.Specific_ations of Commercial Hectorite* - -
weight in liquid including most oils, water, mixtures of soluble oils and —
water, grease, acids, inks and paints [garages, service stations, driveways; Chemical %
industrial plants, machine shops, warehouse floors; restaurants, food plants; sio, 43.4
traction on ice]. In addition to a high liquid absorbing capacity, clays used Al,0, 3.81
as floor absorbents need to have good mechanical strength, be chemically Fe,0, 1.55
inert (will not react with the absorbed liquid), and be nonflammable. MgO 19
.Ca0 6,74
HORTICULTURE Attapulgite keeps soil loose and friable by maintaining a Na,0 S 235
uniform level of moisture and oxygen thus cutting down watering and K?O Y 0.73
reduces leaching of watersoluble salts [soil additive]. Sepiolite’s large 1:82 ; 2:7 :
specific area and high water absorption capacity is utilized as an Moisture 1'0% oo .
agrochemical carrier for small seed coatings. Dry PS 100% .325 mesh f
pH 9.5-10.5 (5% drspersron)
PHARMACEUTICALS Attapulgite can bind to and remove large volumes of Dry brightness : 70 -
bacteria and toxins from the digestive tract and may reduce the fluidity of Post-fired brightness 90 . . ; S
the stool associated with diarrhea [antidiarrheal ingredient in over-the- Viscosity . " - min. 2000 cps for 5% dispersion

(Brookfield LVT: @ 60rpm)

* Volclay 353CER (finely ground Yor use as a binder and plast:c:zer
in ceramic bodies to ease extrusion. and increase green strength) .
Source: Amencan Collold Co. :

counter medicines ike Diar-Aid and Kaopectate].

Desiccant Controlled drying of attapulgite or sepiolite (or bentonite)

yields small gray pellets that are a non-hazardous, chemically inert, non-
corrosive desiccant, i.e. a hydrating agent attracting and adsorbing
moisture from the atmosphere and holding it to itself. The material becomes saturated as moisture is adsorbed or collects on the surface;
when heated, the desiccant dries out — or regenerates — and can be used again. Desiccant is used to combat fungus, mildew, odors, rust,
discoloration, and product deterioration caused by moisture contamination [electronics, pharmaceuticals, medical diagnostic Kits,
foodstuffs, footwear, photographic equipment and film, optical goods, batteries, metal and machine parts, museum storage]. Clay is the least
expensive of all desiccants and is highly effective below 50°C adsorbing up to 40% of its weight in water vapor at 100% humidity. The
desiccant can be successfully regenerated for repeated use at very low temperatures without substantial deterioration or swelling.Activated
clay has essentially the same capacity as silica gel at humidity levels of 25~30%, but outperforms it at levels of 20% humidity and below.

BIEACHING CIAY The numerous channels or holes (averaging 6A diameter) of attapulgite or sepiolite are filled with water molecules or
hydrated cations that may be driven off by heating to 500°C and so activated to form bleaching earth or clay, a.k.a. activated bleaching
earth or activated fuller's earth. Since rehydration is slow, these low volatile material (LVM) clays have enhanced sorptive properties
(whereas clays dried at 200°C are known as regular volatile material or RVM).

Bleaching clay derived from attapulgite (or montmorillonite) has excellent oil absorptive and ion exchange capacity plus acid and catalytic
properties that are utilized in refining animal and vegetable fats and oils (cottonseed, soybean, sunflower, rapeseed, mustard, peanut,
coconut, corn, olive, rice bran, palm, palm-kernel, linseed, castor, jajoba, and canola oils), as well as fatty acids and lubricating oils and waxes.
The process consists of (1) degumming, whereby untreated oil at 50-70°C is reacted with 0.1-1% phosphoric acid or less commonly citric
acid to remove gums (phospholipids); (2) sodium hydroxide at 95°C may be added to neutralize excess acid and saponify fatty acids in the

Speclflcatlons for Commercial Attapulglte

Grades 3 : Gy
:Mineralogy (%) 0416G 1630G 2560G 050F s ‘080F .
Attapulgite AR TR R : : :
{palygorskite} = 80-80 4.75mm-1.18mm . 1. 18mm-0.60mm 1 0.74mm-0.25mm 85-95% 25Qum 5—95% 160um
Quartz 5-10 MPS 2.36mm MPS 0.85mm_ .. - MPS 0.425mm MPS.160pm . MPS 35um /
Dolomite 0-10 - +4.75mm 3.0% max, . +1.18mm 3.0% max. +0.71mm 3.0% max. g , R
Kaolin 0-10 -1.18mm 7.0% max.  -0,60mm 7,0% max_  -0.25mm 7.0% max.

Chemical Analysis (typical %) Physical properties
sio, 58.5 Color i - White to light buff/gray
AL, 0, 11.8 Moisture (as packed) - | '3.0-8.0% w/w
Mgo 5.3 .+ Loose bulk density. : " 0. 45—0_65 g/cm3 (450—650 kg/m:“)
Fe,0, 4 Water absorption z 80-120% w/Ww . i P
Ca0 16 . Oil absorption 70-110% w/w
K,0 1.8 Surface area (BET) = - 135-140 m?/g’

Other oxides 1.5 Cation exchange capacity 30-40 meq. /:LOOg
Lol 15.5 pH (5% suspension) 7. 5—9 B
Source: Hudson Resources, Australia :
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oil; (3) in the bleaching stage, degummed

.+ Sepiolite for, Animal Feed . <=~

and/or neutralized oil is placed in suspension

with bleaching clay which captures the g Blnder Antl-caking agent & carrler
impurities; and (4) the clay combined with Particle size (mesh ASTM) <100 50-120

impurities are filtered (possibly using a Bulk density (g/1) 545140 61530

diatomite filter) and thus separated from the Mol_st‘u're (8 . . 8+2 8+2

bleached oil. During the process, bleaching g:i!’fgﬁ“asgsggpf;?;%on (%). ;315 9247

clay c.hangcs the .tmt of a. colored oxl_by Water retention % 150 147

removing color pigments like carotenoids, Mohs' Hardness 20.2.5 20-25

chlorophyll, and pheophytine without Cation exchange capacity (meq/100g) 1545 1525

altering the chemical properties of the Oil |- g, 0o: 7orsn SA, Spain

[decolorizing agent]. In a similar fashion,
bleaching clay is used to refine animal fats (tallow oil, fish oil, lard oil) and mineral oils (paraffins and waxes, insulating oil, waste lubricating
oil, industrial triglycerides and fatry acids used for paints, varnishes, and soaps). In effluent treatment plants, bleaching clays are used to
remove impurities, coagulate bacteria, and soften the water through the removal of calcium and magnesium salts.

MISCELIANEOUS Block sepiolite, known as meerschaum (derived from the Greek meer meaning sea and schaum meaning froth for its
light weight and color), may be carved into various objects including the famous pipes. In friction materials, micronized sepiolite
neutralizes electrostatic charges thus increasing mechanical stability and improving component uniformity and therefore performance
and resistance to wear [brake and clutch linings]. Micronized sepiolite is a reinforcing filler in rubber compounds and acts as a processing
aid by avoiding deformities during rubber extrusion whilst in the green state.

SPECIFICATIONS General specifications may include granule sizes, dust content, moisture content, and specific sorption requirements.
Processed ore may be divided into gellent or colloidal (some with chemical additives) and sorptive grades. Drilling muds Specifications
for gellent grades for drilling muds are covered under API Specification 134, Specifications for Drilling-Fluid Materials, 1993 (see table)
which has similar viscosity specifications as bentonite. Testing involves adding water and mixing slurries of specific concentrations and
then measuring viscosity, yicld, yield point, filtrate (a measure of wall building properties), and a wet screen analysis according to standard
procedures recommended by the APl or OCMA. Sorp#ive depending on temperature of drying, sorptive grades may be divided into
regular, LVM, and RVM. Products in the US range from 4/25 Mesh RVM, 4/25 LVM, to 20/50 RVM and 20/50 ultra hardened granules, as
well as micro powders. Covered under Federal Specifications P-A-1056A, Absorbent Material, Oil, and Water (for floors and decks). Pet
lirter acceptance as a pet litter depends on absorbency, bulk density, granule size, formation of dust, and odor control. Pesticide carriers
[-5mm as a regular carrjer and <150 um for application as a dust.

ENVIRONMENT/HEALTH AND SAFETY IARC Monograph Volume 68 published in 1997 (see Silica and Quartz) stated that the epidemiological
evidence for palygorskite carcinogenicity was inadequate, while carcinogenicity studies with rats indicated that long fibers were
carcinogenic — particularly with respect to mesothelioma induction — whereas short fibers were not carcinogenic. Consequently, long
palygorskite fibers (>5 um) were classified as possibly carcinogenic to humans (Group 2B), while short palygorskite fibers (<5 um) cannot
be classified as to their carcinogenicity to humans (Group 3).The same classification was given to sepiolite.

The acicular nature of these clays (“microfibrous morphology™) has generated some OS&H concerns. The German Consumer Council
identified “microscopic needle-shaped fibers” in cat litter containing attapulgite and sepiolite, although subsequent studies have found
them to be harmless. Still the perception remains.

SUBSTITUTES Animal feed and supplement bentonite, perlite, talc, vermiculite, and zeolites. Pet Hiter bentonite, diatomite, gypsum, zeolites.
Desiccants: solid - clay, silica gel, zeolites, quicklime, caicium suifate, activated alumina, activated carbon, and lithium chloride salt; ligueid -

Comparison of Attapulgite, Bentonite, and Kaolin as Thickeners = ° "~

; Attapulgite ' Bentonite Kaolln

Pr'ln}:ipal mineral Attabulgite Montmorillonite Kaolinite

Crystal structure Chain 3-layer sheet 2-layer sheet

Particle shape Lath-like Flake Plate

Particle size Extremely fine (<0.50um) Extremely fine (<0.50um) Very fine to medium (0.50-10um)

Color Light cream, Variable, gray to white White

Thickening power High High Medium to low

Effects of salts Little or none Flocculates Flocculates

Method of thickening  Colloidal interaction network Particle interaction network Flocculation at low pH gives medium thickening.

with swelling At neutral or basic pH its slurries are

generally thin and non-thickening

Source: Engethard Corporation
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ATTAPULGITE AND SEPIOL

lithium chloride, lithium bromide, calcium chloride, and triethylene
glycol solutions. Carrier bentonite, diatomite, kaolin, peat, pumice,
pyrophyllite, talc, vermiculite, and zeolites. Thickener and gelling
agent bentonite, various polymers, and cellulosic thickeners.

‘Requirements for Attapulgite & Sepiolite in Drilling Muds

Suspension properties,

viscometer dial reading @ 600rpm 30 min.

Residue >75 (m : 8.0 wt. % max.

Moisture .. ! 16.0 wt. % max.

Sourcé: API Specification 13A, Specifications for Dritling-Fluid Materlals, 1993

RECYCLING Virtually none, rather there is a disposal problem of
spent product.

MARKET AND DRIVERS Demand for attapulgite and sepiolite depends on oil/gas drilling activity that is influenced by the price of oil and
gas, the world economy, international politics, drilling conditions, and drilling technology. Drilling activity is highly volatile as shown by
the rise and fall of the Baker Hughes rotary rig count (see Barite and Barium Compounds for recent activity). Since it requires less clay
or uses polymer instead, the increased use of oil- and/or synthetic-based muds for deep and multi-directional drilling is reducing
consumption of clays per meter of hole drilled. Capturing a significant share in the growing pet litter market has boosted demand,
although sodium bentonite is the dominant clay in the popular “clumping” pet litter. However, blending plants close to the market has
helped reduce the regional aspect of the market. The pet litter market is expected to grow irrespective of the prevailing economic
conditions. In contrast, use as oil absorbents is
expected to be static as oil-soaked residues are
banned from some landfills. Bleaching clays are
stable with little or no growth expected and
animal feed should increase in line with GNP,

Fuller's Earth Sold or Used by US Producers, by End Use (tonnes)

2,500,000 o = e+ e e

TRANSPORT AND PACKAGING Clays are available in
25kg bags, in bulk in pneumatic truck, hopper
cars, or tote sacks, and packaged in absorbent
socks, pads, and rolls. Activated clays in 25/50kg
moisture-proof plastic woven bags with
polyethylene liner (to avoid loss of activity) or
600/1,000kg jumbo bags.

2,000,000 'l :

PriCEs With the exception of specialty gel grades,
attapulgite prices have been flat for several years.

3 ey

H T ] I " 7 res T T 1
1990 1991 1992 1993 1994 1995 1996 1997 I 1998 1999 2000
. ) USA Attapulgite, FOT plant, Georgia, TL, bags
—- Pet waste absorbent =+ Pesticides and related products = Animal feed $132-220/t ( ular, 6/30 mesh) $360-690/t
== Oll and grease absorbent ~= Fillers, extenders, binders =— Miscellaneous (specialty gel gmde;)' $ 190_550'“ (granular,
Source: )SBM/UUSGS processed, 40/100-4/8 mesh); $220-550/t

(powder, 40-100% -325 mesh).
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Colin C. Harvey and Haydn H. Murray

INTRODUCTION
The term clay is somewhat ambiguous unless specifically defined,
because it is used in three ways:

* As a diverse group of fine-grained minerals

* As arock term

* As a particle size teym

As a rock term, clay is difficult to define because of the wide
variety of materials that comprise it; therefore, the definition must
be general. Grim (1962) defined clay as a fine-grained, natural,
earthy, argillaceous material. The particle size of clays is very fine
and is generally considered to be about 2 pm or less by most clay
scientists. These minerals are hydrous silicates composed mainly of
silica, alumina, and water. Several of these minerals also contain
appreciable quantities of magnesium, iron, alkalis, and alkaline
earths. Many definitions state that a clay is plastic when wet. Most
clay materials do have this property, but some clays are not plastic,
such as halloysite and flint clay.

As a particle size term, clay is used for the category that
includes the smallest particles. The maximum size particles in the
clay size grade are defined differently on various grade scales. Soil
investigators and mineralogists generally use 2 um as the maximum
size, whereas the widely used scale by engineers (Wentworth 1922)
defines clay as material finer than approximately 4 pym.

Some authorities find it convenient to use the term clay for
any fine-grained, natural, earthy, argillaceous material (Grim 1968).
When used in this way, the term includes clay, shale, argillite, and
some fine soils.

Even though no standard definition of the term clay is
accepted by geologists, agronomists, engineers, and others, the
term is generally well understood by those who use it. Clay is an
abundant natural raw material, and it has an amazing variety of uses
and properties, which are discussed in the following chapters.

Clay Types and the Clay Chapters
The following seven chapters, written by experts on clay mineral-
ogy, categorize the clay minerals on the basis of their composition:
¢ Ball clays
* Bentonite
e Common clays and shale
* Fuller’s earth
= Kaolin

» Palygorskite and sepiolite (hormites)
¢ Refractory clays

There is some overlap between fuller’s earth, bentonite, and
hormites because they all have similar properties for some applica-
tions. Therefore, both the bentonite and palygorskite—sepiolite
chapters discuss fuller’s earth. Fuller’s earth is a term based on use,
and both bentonites and hormites may be sold as fuller’s earth. The
overlap is particularly evident where both bentonite and nonbento-
nite fuller’s earth are used for the same purposes or products, such
as in drilling mud, for bleaching or clarifying fats and oils, and as
carriers for insecticides and fertilizers. Kaolin, ball clay, halloysite,
and refractory clays are sometimes grouped together because they
consist mainly of minerals of the kaolin group. Common clays have
no unique mineral composition and may be composed of any mix-
ture of the clay types and other fine-grained matenals, including
shale, sometimes referred to as miscellaneous clay.

WORLD PRODUCTION STATISTICS

Unfortunately no comprehensive world production statistics are
available for the clay minerals. The U.S. Geological Survey (USGS;
Virta 2003) publishes an annual review of statistical data but, unfor-
tunately, numerous countries, including India and China, are not
always included. Virta (personal commusication) estimates that the
recorded world production figure for kaolin reported by individual
countries may also include the actual mined tonnage figures and does
not take into account the losses incurred during processing. Although
Virta (2003) quotes a world tonnage of 43 Mtpy -of kaolin, he
believes that the tonnage actually sold (raw plus processed) is closer
to 26 Mtpy. His statistics, however, do not include China, India, and
many former eastern bloc countries. Besides this estimate of world
production of about 26 Mtpy of kaolin, other clay types include 10.3
Mtpy bentonite, 3.9 Mtpy of fuller’s earth, and 13 Mtpy of ball clay,
whereas hormite (palygorskite—sepiolite) production is estimated to
be about 3 Mtpy.

The amount of common clays used worldwide is difficult to
estimate since there are no comprehensive statistics. It is likely,
however, to exceed many hundreds of million metric tons/year. Sta-
tistics for refractory clays also are not well documented. Their
world production, however, exceeds 10 Mtpy and may indeed
exceed 20 Mtpy. There are also a few unique deposits of high-
purity clays such as halloysite (used in high-quality porcelain and
catalysis) and hectorite (used in cosmetics and pharmaceuticals)

335
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Table 1. World production estimates

Table 3.  Uses of clay minerals based on their rheological properties

Cloy Type 2002 World Production, Mt Reference
Common Hundreds Estimate only
Refractory Possibly more than 20 Estimate only
Kaolin 43 mined

26 sold Virta 2003
Bentonite 10.3 Virta 2003

Fuller's earth Uncertain—possibly 10

Ball 15.5 Chapter on Ball Clays
in this volume
Hormites 2.1 Chapter on Palygorskite

and Sepiolite in this volume

Table 2. Uses of clay minerals as inert components

Clay Family Industry Use
Kaolin Paper, plastics, Filler
rubber
Pesticides Carrier, diluent
Vermiculite Building Heat insulation, sound dissipation
Packaging Shock-proof materials, thermal
protection, liquid absorption
Foundries Thermal protection
Mica Electrical Insulation
Points UV-, heat-stoble and underwater
paints
Cosmetics Nacreous pigments
Coatings Corrosion proofing, polymer
coatings, underseol
Talcum, Plastics, rubber, Filler
pyrophyllite paper
Cosmetics, Powders, pastes, ointments, lolians
pharmaceuticals
Refractories Refractories
Palygorskite, Pesticides Carrier for insecticides and
sepiolite herbicides
Chemicals Catalyst carrier, filter materiol,
anticaking agent
Cosmetics, plastics  Filler

that have unique properties leading to their classification as high-
quality additives rather than bulk industrial minerals.

In addition, some nonclay minerals—finely ground to have
similar properties to some industrial clays—are also frequently
included in industrial clay surveys. These minerals include vermic-
ulite, mica, talc, and pyrophyllite. The individual chapters present
production statistics of the individual clays. Table 1 summarizes the
estimated overall world production of clay minerals by both USGS
sources and others.

CLAY USAGE

Clays and clay minerals are very important industrial minerals.
They are used in many process industries, in agricultural applica-
tions, in engineering and construction, in environmental remedia-
tion, and in many other diverse applications (Grm 1962; Grim
1968; van Olphen 1977, Patterson and Murray 1983; Jepson 1984;
Odom 1984; Murray 1986, 1999, 2000, 2003; Darley and Gray,
1991; Bundy 1993; Galan 1996; Harvey and Murray 1997; Rav-
ichandran and Sivasankar 1997; and Philippakopoulou, Simonetis,
and Economides 2003).

Clay Family Industry Uses

Tiles, bricks, earthenware,
stoneware, sewer pipes, sanitary
ware, refractory bricks

Common clays ~ Ceromics

Kaolins Paper Coating
Ceramics Porceloin, bone china, vitreous
sanitary ware, earthenware
Bentonites See Toble 4
Palygorskite, Paints, chemicals, Thickening and thixotropic additive,

dispersing and antisettling agenl,
drilling fluids

sepiolite and mineral oils

Clay usage falls into two broad classes:

» Clays are used because their inertness and stability provide
specific properties (such as unique rheology) to an industrial
use. This leads to large variety of industrial applications.

¢ Clays are used because of their reactivity, which promotes or
catalyzes specific reactions.

Tables 2, 3, 4, and 5 give a brief summary of uses; the individ-
ual chapters give a more detailed breakdown.

CLAY MINERAL STRUCTURES

All the clay minerals are basically hydrated aluminum silicates.
There are, however, significant structural and chemical differences,
which may include substitution of many cations that affect the neu-
trality or stability of the clay mineral. For example, iron or magne-
sium may substitute for aluminum; aluminum may substitute for
silicon; and in some clay minerals, alkalis and alkaline earth ele-
ments are present as essential constituents. The structure of all the
clay minerals consists of sheets of silicon tetrahedra and aluminum
octahedra arranged in differing patterns for each individual clay
mineral.

The physical properties of a particular clay mineral depend on
the structure and composition (Murray 2000). Because of their
extremely fine particle size, clay minerals were very difficult to
identify until the advent of x-ray diffraction in the 1920s. Today,
sophisticated analytical equipment is available to fully identify and
characterize the clay minerals. The more important analytical meth-
ods that are used include x-ray diffraction, x-ray fluorescence, elec-
tron microscopy, infrared spectroscopy, and differential thermal
analysis.

PHYSICAL AND CHEMICAL PROPERTIES

The important physical and chemical characteristics that relate to
the applications of clay minerals are particle size, shape, and distri-
bution; surface chemistry, area, and charge; pH; high and Jow shear
viscosity; filter cake permeability; color and brightness; opacity;
plasticity; green, dry, and fired strength; absorption and adsorption;
fired color; electrical and heat conductivity; abrasion; cation and
anion exchange capacity; refractoriness; dispersability; and thixo-
tropy. The clay chapters each delineate and discuss these and other
special properties. In most industrial applications, the clay materi-
als are functional rather than just inert components in the system in
which they are used. The common clays are the largest tonnage
usage in numerous engineering applications, including road con-
struction, fill, and dam construction, and in waste containment. The
mineralogy and particle size distribution in the common clays
determine their engineering properties. They contain mixtures of
different clay minerals such as illite/smectite minerals, kaolinites,
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Table 4. Uses of bentonites based on their rheological properties

Industry Uses Activation’
Agricullure, Soil improvement rs
horticulture
Building Supporting dispersions for cutoff s
diaphragm wall construction, shield
tunneling, subsoil sealing, antifriction
agents for pipejacking and shaft sinking
Additions to concrete and mortar rs
Ceramics Plasﬁcizing of organic masses, r,a
improvement of strength, fluxing agents
Foundries Binding agents for molding and core sands rs
Binding agents for anhydrous casting sands o
Thickening of blackwashes
Mineral oi Drilling fluids r,a,o
Thickening of greases o
Paints, varnishes  Thickening, thixotroping, stabilizing, 5, 0
antisettling agents
Coating materials, sealing cement, s, 0
additives for waxes and adhesives
Cosmetics, Bases of creams, ointments, and cosmetics ra,s
pharmaceuficols Stabilization of emulsions r, o
Tar exploifation  Emulsification and thixotroping of tar-water a, 0

emulsions

Tor and asphalt coatings, addifives for
bitumen

* Bentonites are used as raw materials or in activated form: r = raw bentonite,
a = acid-activated bentonite, s = sodo-activated bentonite,
o = organo-bentonite.

smectites, micas, and accessory minerals. A second class is termed
industrial kaolins, which are recognized by their relatively high
contents of kaolinite (kaolins) or sometimes a small proportion of
high-quality kaolin minerals. Ball clays have very fine particle size
and are composed predominantly of kaolin. A fourth class is clay
that has a high montmorillonite (smectite) content (bentonites). A
fifth class is the palygorskite and sepiolite clays (hormites), which
have many similarities to bentonites and are used specifically for
their surface properties and reactivity.

CLAY MINERAL SOCIETIES AND PUBLICATIONS

Several scientific societies and groups are devoted to the science
and applications of clays. The major societies and groups that are
currently active in clay science are as follows:

» The Clay Minerals Society in the United States

* The European Clay Group, which includes most of the Euro-
pean countries

= The Clay Science Society of Japan

« The Association Internationale pour I’Etude des Argiles

(AIPEA)

Many of the individual clay groups in European countries hold
meetings periodically. The Clay Minerals Society hosts an annual
conference in the United States and publishes the journal Clays and
Clay Minerals, plus special publications and workshop proceedings.
The European Clay Group holds a Euroclay Conference every 2
years and publishes the journal Clay Minerals. The Clay Science
Society of Japan sponsors an annual conference and publishes the
journal Clay Science. ATPEA sponsors the International Clay Con-
ference every 4 years and publishes the proceedings. The journal
Applied Clay Science is published by Elsevier. Other organizations

Table 5. Uses of clay minerals based on their adsorption properties
and reactivity

Clay Family Industry Uses

Kaalin Fiberglass Source of alumina

Petrochemicals Catalyst support
Chemicals Zeolite synthesis
Building

Agriculture, horticulture

Additive in cement
Bentonite Soil improvement, composting
Adsorption of mycotoxins

Chemicals Sulfur production: refining,

decoloration, bitumen extraction
Catalysts

Carriers for pesticides

Dehydrating agents

Adsorbents for radiooctive materials

Regeneration of organic fluids for

Cleaning
dry cleaning

Polishes and dressings

Additives for washing and cleaning
agents ond soap production

Forest ond water conservation: fire
extinguishing powders, binding
agents far oil on water

Environmenta!
technology

Animal husbandry, manure
treatment, cat litter

Water and wastewater purification
Sewage sludge pelletizing
Barriers

Food Refining, decoloration, and
stabilization of vegetable and
animal oils ond fats

Fining of wine, must, and juices,
beer stabilization, purification of
saccharine juice and syrup

Mineral oil Refining, decoloration, purification,
and stabilization of mineral oils,

fats, waxes, and paraffins

Pigment and color developer for

Papermaking
carbonless copying paper

Adsorption of impurities in
circulation water

De-inking in wastepaper recycling

Cosmetics,
pharmaceuticals

Polygorskite, Chemicals

Powders, tablels, drug carrier, odor
control, liquid absorption

Adsorbent, carrier, bleaching,

sepiolite decoloration, anticaking agent

Environmental Cigorette filters (sepiolite], cat litter

technology

and publications that feature articles on clays are the American
Ceramic Society (annual meetings and monthly bulletin); SME
(annual meetings, preprints, Mining Engineering magazine, books,
and transactions); and /ndustrial Minerals magazine.

The scientific and technological publications pertaining to
clays are too numerous to cover in this chapter. Therefore, the rest
of this chapter summarizes the subject matter and, where possible,
indicates by bibliographic reference where more detailed informa-
tion is available. For example, Bicker (1970) is a bulletin contain-
ing only summary information on the economic geology of
bentonite in Mississippi, but it contains references to virtually all
published reports on bentonite in that state.
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Major textbooks and reference volumes on various aspects of
clay mineralogy and the industrial uses for clay published in the
last 5 decades include Mackenzie (1957), Grim (1962, 1968), Zvy-
agin (1967), Beutelspacher and Van Der Marel (1968), Gillott
(1968), Clews (1969), Malkovsky and Vachti (1969a, 1969b,
1969c¢), Carroll (1970), Gard (1971), Weaver and Beck (1971),
Grimshaw (1972), Weaver and Pollard (1973), van Olphen (1977),
Theng (1979), Brindley and Brown (1980), Velde (1985), Robert-
son (1986), Newman (1987), Bailey (1988), Chamley (1989), Mur-
ray, Bundy, and Harvey (1993), Moore and Reynolds (1997),
Pinnavaia and Beall (2000), Worden and Morad (2003), and Klo-
progge (2005). Many other excellent books on clays could be men-
tioned. Various provincial, state, and federal geological surveys,
mining bureaus, and other international agencies have also pub-
lished much information on the geology, technology, and uses of
clay. ,
Within the United States several industrial groups with similar
industrial processes and markets have formed institutes or associa-
tions to share information, standardize specifications and test pro-
cedures, and lobby government or trade organizations for support.
They include the following:

e The Sorptive Minerals Institute, formed mainly to represent
the producers of absorbent granules and other fuller’s earth
products

= The Bentonite Producers Association, organized to represent
the interests of the producers of bentonite

» The U.S. Clay Producers Traffic Association, incorporated in
1953 in New Jersey

* The China Clay Producers Association
In addition to these organizations dealing specifically with

clays, the clay industry and other mining industries formed min-
ing associations in many states, including Georgia and Texas in
1972, to protect their interests against restrictive state and federal
legislation.

OCCURRENCE OF CLAY MINERALS

Clay resources may be formed from weathering processes, diagene-
sis, metamorphism, or hydrothermal processes. The nature of the
formation process significantly affects the crystallinity and purity
of the clay and its associated minerals. Resources that are still in
situ after the formation processes are termed primary clay
resources whereas, if subsequent erosion, sorting, and sedimenta-
tion occur, thereby concentrating the finer clay minerals, the
resources are termed secondary clay resources. The origin of all
clay types is discussed under the individual clay chapters. Pure
clays do not usually occur in nature.

TECHNOLOGIES FOR CLAY PROCESSING

The processing technologies for clays are diverse. Many clays are
used as mined, some are dry processed using air classification,
whereas others are wet processed, chemically modified, or pro-
cessed using a variety of complex processing steps. The individual
clay chapters discuss these processes.

CATEGORIZATION OF CLAY RESOURCES

With the continued world population growth and movement toward
urbanization and industrialization, there is an ongoing and growing
need throughout the world to develop resources of industrial clays.
During the early to middle part of the 20th century, developments in
the industrialized world typically began on a small scale from a low
technology base. The initial market focus was on construction
materials or relatively low-quality ceramic products. With increas-

ing levels of industrialization, the level of technology and product
sophistication increased, with the ultimate objective of achieving
high product quality.

Over the past 20 years, the developed world has experienced
the following:

* The exhaustion of many natural resources

* Mature low-growth markets

* Increasing environmental constraints

 Higher labor costs

* A general movement against mining in many countries

This has encouraged interest and investment in resources in
developing nations. In addition, growth in the gross domestic prod-
uct (GDP) of many developing nations has provided investment
capital for the development of their indigenous clay mineral
resources.

On the basis of many industrial clay mineral studies in both
developed and developing countries, it has been found that catego-
rizing industrial clays into one of four categories is a useful precur-
sor to undertaking technical and economic evaluations of potential
resources. Such categorization also benefits the explorer or devel-
oper because it:

* Assists in identifying the most suitable development strategy

* Provides a general estimate of the time required to move from
greenfield development to production

* Enables a work program to be broadly defined

* Permits provisional project cost estimates to be made

Categories of Industrial Clays
Clay resources fall in to four categories (Harvey and Murray 1997):
e Category 1 clays are high-quality, high-technology clays
requiring major investment for large tonnage production to
supply both local and international markets.

» Category 2 clays are unique specialty clays requiring
advanced technologies for small tonnage niche markets,
locally and internationally.

* Category 3 clays include low-technology, moderate-quality
clays that mainly supply local markets.

* Category 4 clays are of variable quality.

Category 4 low-quality clays may justify little or no process-
ing but be suitable for large tonnage local markets. Some Category
4 clays may be of moderate to high quality but for one or more rea-
sons are considered noneconomic. These reasons may include:

* Isolation from markets
* Politically or economically unstable locations
* Unfavorable legislative environment

Examples of Different Categories
Category 1

Three regions (kaolin provinces) currently produce Category 1
kaolin clays:
* The sedimentary kaolins of southeastern Georgia in the
United States
* The hydrothermal kaolins of Cornwall in the United Kingdom
* The sedimentary kaolins of the Amazon Basin in Brazil
The limited oumber of kaolin resources identified in this cate-
gory confirms the rarity of Category 1 clays currently known
worldwide. They are discussed in detail in the Kaolin chapter.
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Category 2

There are also very few resources that might be classified as Cate-
gory 2. These are relatively rare, unique resources of somewhat
unusual, but valuable industrial clay minerals. Such deposits are
typically of high purity and are found in somewhat unique geologi-
cal settings. Examples include the halloysite deposits of New
Zealand, which are unusually pure deposits of halloysite formed by
low-temperature hydrothermal alteration of volcanic ash (Harvey
and Murray 1993, Harvey 1996). Halloysite is wet processed and
supplied to a unique niche market in high-quality ceramics.

A second example is hectorite, a lithium smectite that also is
the product of hydrothermal alteration. In this case, basaltic ash
with elevated concentrations of magnesium and lithium was sub-
jected to hydrothermal alteration, forming this lithium smectite
(bentonite). It is wet or dry processed and used in a wide variety of
industries (coatings, greases, adhesives, and paints) because of its
high viscosity, high gel strength, and good temperature stability.

A third example is white bentonite, which is very rare in
nature and commands high prices in colloid applications, deter-
gents, pharmaceuticals, and ceramics. For some specialty markets,
these bentonites are wet processed or surface modified to achieve
the high quality required for such applications.

Category 3

Category 3 resources are numerous and widespread. Their specifi-
cations are typically not rigid, which means that the level of pro-
cessing 1s typically only moderate because the market quality
requirements and pricing cannot justify high processing costs. All
of the known Category 1 resources around the world also contain
large tonnages of these clays, which are too impure to meet Cate-
gory 1 requirements. Examples of large exploited resources of Cat-
egory 3 clays associated with Category 1 clays are the filler kaolins
of Georgia (United States) and of Cormwall (United Kingdom).
Other Category 3 resources contain few if any Category 1 compo-
nent. These include the kaolin resources of Central Europe in the
Czech Republic, Ukraine, and Germany; the filler grade kaolins of
Indonesia; and the bentonite resources of Wyoming and the south-
eastern United States.

An example of a Category 3 clay is the Belitung kaolins of
Indonesia. During the 1960s and early 1970s these primary kaolins
were mined as an adjunct to the associated, highly profitable, tin
mining operations. With the radical drop in tin prices during the
1970s and 1980s, more emphasis was placed on the kaolin opera-
tions. These clays are currently exploited to supply large ceramic
and filler clay markets within Indonesia and they are also exported
to Asian countries, including Taiwan, Japan, and South Korea.

Category 4
Category 4 clays exist in all countries of the world and are typically
used as mined.

Role of Categorization in Assessing Industrial Clay Resources

In any assessment of an industrial clay resource the explorer or
developer has to go through the various stages of resource assess-
ment, raw material testing, and assessment of product quality, mar-
ket size, and market demand. All these data must then be integrated
into a feasibility study that will recommend whether the project
should proceed or be abandoned. An early classification of materi-
als into one or more of the four categories can be a useful precursor
to establishing development strategies and likely project costs.
Such categorization can provide a useful insight into the complexi-
ties of such studies because these different categories have different
requirements for the work program needed and the time frame to
reach the feasibility study.
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Figure 1. Flow chart showing levels of confidence and assessment
of mineral resources and reserves

Relationship between Category and Annual Tonnage

In any mineral processing operation, the term benefits of scale is
used to indicate that significant economic advantages can be
obtained by having larger production volumes and by shipping in
larger vessels. Larger tonnage operations operate with fewer labor
hours per ton whereas capital costs for larger machines are less
than the multiples of their relative production capacities. To com-
pete on world markets, Category 1 producers must consider the
benefits of scale. In the kaolin industry in the 1970s, for example,
a 100,000 tpy operation was considered a reasonable commercial
operation. For the current developments in Brazil, a minimum
plant size of 300,000 tpy is being quoted. Category 2 clays have
annual tonnage requirements that are governed by market size
rather than benefits of scale. Annual production from such pro-
cessing operations typically falls between 10,000 and 100,000 tpy.
The sizes of Category 3 operations are typically governed by fac-
tors such as market size or accessible market share.

Relationship between Category and Resource Confidence

Based on the category criteria, the development of a Category 1
resource requires a very high level of confidence in the quality and
quantity of the raw material. If a2 minimum resource life of 20 years
is required at 300,000 tpy, then the resource must be of sufficient
size to produce 6 Mt of product. For Category 2 and Category 3
industrial clays, the tonnage requirements may be significantly less
and resource confidence may also be less.

Figure 1 shows the various levels of resource certainty that are
internationally recognized in the classification of industrial mineral
resources.

The lowest level of confidence (Inferred, in the upper left
corner), exists when no drilling or detailed testing has been car-
ried out. The level of confidence moves from Inferred to Indicated
when an initial exploration and testing program has been carried
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Stage I: Reconnaissance T
Property Negotiations Geological Surveys Surface Sampling and Testing Preliminary Market Surveys
Broad Product Categorization
Evaluation
Stage II: Exploration
Property Negotiations Exploration Drilling Detailed Testing Detailed Market Surveys

Resource Estimates

\ Product Cotegarization M

Preliminary Engineering Studies
Economic Studies

Prefeasibility Study

Detailed |Delineation) Drifling

Resource Coleulations

Stage lI: Defineation ond Feasibility

Extraction of Bulk Samples

Detuiled Testing Detailed Engineering Studies

Process Flow Sheet Design
Pilot-Scale Testing
Economic Studies

Feasibility Study

Market Surveys and
Market Negotiotions

Market Product Testing

Stage IV: Decision fa nvest

Construction

Commissioning

Figure 2. Flowsheet of project development

out and the boundaries of the resource in three dimensions may be
reasonably estimated. Once a systematic exploration, drilling, and
testing program has been completed, the level of confidence
moves to Measured.

This may result in a prefeasibility study when a decision is
made to proceed or withdraw from the project. If the project pro-
ceeds, then further drilling and testing leads to a mine plan, exploi-
tation strategy, and calculations of Mineable in situ tonnages. A
recovery figure for mining and processing may then be applied to
calculate the Recoverable and Marketable reserves.

For resources in Categories 1 and 2 it is essential that the
knowledge be at the Marketable reserves stage. For Category 3
minerals, the resource certainty may be much less, possibly at the
Inferred resource level or less.

Relationship between Category and Value

Category 1 kaolin products command the largest tonnage and high-
est added-value positions in the industry. Frequently, however, it is
the Category 2 products that command the highest unit value posi-
tion, although their tonnages may be relatively small. Category 3
kaolins command an intermediate value between Category 1 and
Category 4 kaolins.

Relationship between Category and Preinvestment Capital

Category 1 projects require significant preinvestment or “risk” cap-
ital. The level of confidence in the resource and markets has to be
very high, requiring a significant level of investment that may well
exceed US$1 million. The payback time for such investments can
be at least 5 years because of the time required to move from
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reconnaissance to commissioning. The preinvestment capital
requirements for Categories 2, 3, and 4 become progressively lower
as the category of clay moves lower.

Relationship between Category and Investment Capital

The investment capital requirements for large tonnage, high-com-
plexity Category 1 kaolin projects are quoted to be as high as
US$300 per processed ton (Harvey 1995; Pleeth 1997). For Cate-
gory 2 kaolins, investment capital costs would depend on the com-
plexity of the process but might range between US$100 and
US$500 per processed ton. For Category 3 kaolins, the investment
level may be less than US$50 per finished ton.

THE RESOURCE EVALUATION PROCESS

The evaluation moves through a series of progressively more
detailed stages as shown in Figure 2.

Translating from Laboratory-Scale Testing
to Major Plant Scale

The clay industry has many examples of insufficient scale-up fac-
tors being applied to basic laboratory data. This ranges from basic
recovery figures to assessments of product quality based on too few
laboratory test data. For example, losses during commercial plant
operations may be much higher than in small-scale laboratory test
equipment. A conservative approach to both laboratory- and pilot-
scale test data is essential.

The Level of Applied Technology

Almost anything can be done with a low-grade clay resource if a
sufficient oumber of applied technologies are thrown at it. For
example, with commercial kaolin resources, a wide-ranging selec-
tion of technologies can be applied. By applying a number of such
technologies to a low-grade raw material, it may be possible to
upgrade it significantly. When all the various processes are costed
into the operation, however, the total expenditures (and process
losses) may become prohibitive, effectively constraining develop-
ment of the resource.

Losses Associated with Applied Processing Steps

For each technology introduced into a process there will be process
losses. These may range from 2% to much higher values. If, how-
ever, it is generalized that each process step loses 4% of product,
then the effects of multistage processing on recoveries may be very
significant. Also, such losses will be cumulative.

Time to Move from Commissioning fo Full Production

Industries that use industrial minerals are often conservative by
nature and do not readily accept new products. For example, the
paper industry uses a complex technology, and an industrial clay
such as kaolin may be just one component in a complex formula-
tion. Purchasing agents may have to be convinced that the product
is compatible with their formulations, and further, that the product
quality and supply will be consistent. To reach this stage, it is nec-
essary to convince the company of the quality, consistency, and
value of a new product over and above the quality of its existing
supplier. In such cases it may be necessary to compete on the basis
of higher quality, lower price, better continuity, or better technical
support. Even with such strengths, however, the new player in the
marketplace still has to deal with buyer conservatism. Therefore,
the rate at which a product is accepted may be a combination of
advantageous positioning and sheer luck. For some products, it may
take years to gain full market acceptance. For example, recent
developments of Category 1 kaolin resources in Brazil (Pleeth

Table 6. Timetable of activities and investments

Category

Activity 1 2 3 4

Stage I: Reconnaissance

Geological reconnaissance, property
surveys, testing, broad categorization of
materials, market surveys and evaluation

Decision to proceed [months) 12 9 6 3
Stage 1I: Exploration {prefeasibility)

Property negotiation, drilling, testing,

market surveys, precise material

characterizations, process flowsheet

develapment, resource caleulations,
economic studies and evaluation

Prefeasibility study and decision to 18-24 9 9 6

proceed [months)
Stage IIl: Delineation and feasibility

Drilling, testing, market surveys, bulk
samples, engineering studies, assessment
of producis in the marketplace, economic
studies and evaluation

Feasibility study {months) 24 12 9 3

Stage IV: Decision to invest

Total elapsed time since project initiation ~ 4-5
lyears)

Design, construction, and commissioning
[years)

Typical overall project time [years) 5-7 3-4 2-3 1

1997) quote time intervals of at least 5 years to move from initial
exploration through to commissioning. Table 6 illustrates typical
times required.

Reducing Risk during Development

There are several procedures for minimizing risk and reducing the
time necessary to develop Category 1 or Category 2 ventures:
= Associate or form a joint venture with established producers
in the industry.
* Associate or form a joint venture with major market users of
the product.
« Engage specialized consultants for resource evaluation, mar-
ket surveys, and so forth.
* Develop resources adjacent to proven established resources.

SUMMARY

This overview illustrates the diverse nature of clay minerals and the
breadth of their technologies and markets, and demonstrates why
they are such important industrial minerals. The seven chapters that
follow expand on the individual clay types.
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Palygorskite and Sepiolite
(Hormites)

Haydn H. Murray and Huitang Zhou

INTRODUCTION

The hormite clay minerals palygorskite and sepiolite are elongate
clays that have many important industrial applications. Important
deposits of these clays occur in the United States, China, Senegal,
Spain, India, and Ukraine. The majority of the deposits are Miocene
in age. Mining is by open-pit methods, and the processing is dry,
although there is some wet processing for special applications.

Palygorskite and sepiolite are hydrated magnesium, iron, and
aluminum silicates. In the United States, the term artapulgite is
used in place of palygorskite; however, the Intemational Nomencla-
ture Committee determined that palygorskite is the preferred name
(Bailey et al. 1971).

In 1862, Savchenkov used the name “palygorskite” to
describe a mineral from the Palygorsk locality in the Ural Moun-
tains (Hay 1975). J. deLapparent proposed the name “attapulgite”
for clays from Attapulgus, Georgia, in the United States, and from
Mormoiron in France, because he thought them to be different than
palygorskite, but Bailey et al. (1971) proved them to be the same.

Both palygorskite and sepiolite are referred to as sorptive clays
because of their large surface area and high sorptive capacity. The
term fuller’s earth adds additional complications to the nomencla-
ture. Fuller’s earth is more or less a catchall term for clays and other
fine-grained earthy materials suitable for bleaching and sorbent
uses. It has no compositional or mineralogical meaning. Fuller’s
earth was first applied to earthy materials used in cleansing and full-
ing wool, thereby removing lanolin and dirt—thus the name fuller’s
earth (Robertson 1986). The term “fuller’s earth” is used quite often
for palygorskite and sepiolite, some smectites, and other sorpiive
materials. For more detailed information, refer to the chapter on
fuller’s earth elsewhere in this volume.

Because of the elongate shape of palygorskite and sepiolite,
the industrial applications are many and diverse. The elongate shape
of the particles prevents flocculation, so these clays are used as sus-
pending agents in systems with high electrolyte concentrations.

* At the 13th International Clay Conference held in August, 2005, in
Tokyo, the [nternational Nomenclature Committee recommended that use
of the term “hormites” be discontinued and all future references be
replaced with palygorskite and sepiolite. Therefore, this chapter, origi-
natly titled “Hormites,” has been renamed “Palygorskite and Sepiolite”
and references to hormites throughout the chapter have been replaced
with palygorskite and sepiolite.

MINERALOGY, OCCURRENCE, AND ORIGIN

Mineralogy

Both palygorskite and sepiolite are 2:1 layer silicates, which means
that the octahedral layer is bound above and below by a silica tetrahe-
dral sheet. The tetrahedral sheets are linked infinitely in two dimen-
sions. These two minerals are structurally different from other clay
minerals in that the octahedral sheets extend in only one dimension
and the tetrahedral sheets are divided into ribbons by a periodic
inversion of rows of tetrahedrons. Figure 1 shows the structure of
palygorskite (attapulgite) and Figure 2 shows the structure of sepio-
lite; the channels between the ribbon strips are larger in sepiolite than
in palygorskite. In palygorskite the dimensions of the channels are
apProximatcly 4 A by 6 A and in sepiolite the dimensions are about
4 A by 9.5 A. Figure 3 shows a scanning electron micrograph (SEM)
of palygorskite. The general chemical formula for palygorskite is
Mgs (SigO20) (OH); (OHp)s = 4HO and for sepiolite is Mgg
(S112030) (OH)4 (OHz)s * N H;0.

These two clay minerals contain two types of water—one
coordinated to the octahedral cations and the other loosely bonded
in the channels. The latter water is referred to as zeolitic water. The
channels may also contain exchangeable cations. The elongate
morphology and the presence of the channels are the most impor-
tant physical attributes, which are described later in this chapter.

Palygorskite is more common than sepiolite. Usually, minor
quantities of sepiolite are associated with the palygorskite. The
major exception is the large sepiolite deposit near Madrid in Spain.
Minor minerals in these deposits are smectite, quartz, dolomite, cal-
cite, and occasionally clinoptilolite.

Bradley (1940) determined the structure of palygorskite and
Brauner and Preisinger (1956) determined the structure of sepiolite.
Merk! (1989) in his study of the palygorskite deposits in south Geor-
gia and north Florida observed two distinct morphological forms:
short-length palygorskite and long-length palygorskite. The short
form is 2 um or less, and the long-length form is greater than 10 um.
He determined that the short-length form had a low magnesium con-
tent, whereas the long-length form had a high magnesium content.

Origin and Occurrence

The important deposits of palygorskite and sepiolite occur in
southeastern United States, China, Senegal, Spain, and Ukraine
(Figure 4). All these major deposits are Eocene or Miocene in
age. The origin of these deposits is somewhat uncertain, but in
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general most formed in shallow marine lagoons or tidal flats and
in supersaline lakes. The magnesium needed to form the palygor-
skite, sepiolite, and dolomite was apparently introduced by the
reaction of detrital material with magnesium-rich brines and salts
resulting from the evaporation of the entrapped sea water (Patter-
son 1974). The palygorskite and sepiolite precipitated in these
hypersaline restricted lagoons or lakes. The dolomite formed
under conditions in which the amount of aluminum and silicon
was less available from the clastic materials that entered the basin
(Weaver and Beck 1972).

United States

The palygorskite-rich deposits in south Georgia and north Florida
dominate the world’s production. The deposits extend from
Quincy, Florida, on the south to the Meigs, Georgia, area on the
north (Figure 5), about 80 km. The deposition of the palygorskite
took place in a shallow water trough that connected the Gulf of
Mexico with the Southeast Georgia Embayment on the Atlantic
Ocean (Merk] 1989). The seawater in this trough was character-
ized by fluctuating salinities, and at times the lagoons were closed
off from normal circulation. There was sufficient magnesium
present to precipitate palygorskite. The mineralogical content
changes from dominantly palygorskite in the Quincy—Attapulgus
District to a mixture of smectite and palygorskite in the northern
area around Ochlocknee and Meigs. Millot (1970) believes that
smectite is transformed to palygorskite and sepiolite in a saline,
alkaline water environment. These Georgia—Florida deposits are
early to middle Miocene in age.

The palygorskite-type fuller’s earth occurs in two distinct
stratigraphic intervals. The younger Meigs Member of early middle
Miocene age unconformably overlies the Dogtown Clay Member of
late Lower Miocene age (Figure 6). Both of these members are part
of the Hawthorne Group. The Meigs Member contains about equal
proportions of smectite and short-length palygorskite along with
quartz and a small amount of sepiolite, Opal-A, and sporadic
amounts of clinoptilolite. In some sections of the deposit, diatoms
comprise up to 50% or more of the fabric. The Dogtown Member
has longer length palygorskite and minor amounts of quartz, smec-
tite, and dolomite along with trace amounts of pyrite (Merkl 1989).
The deposits in the Dogtown Clay Member in the southern district
range from 2 m to slightly more than 3 m in thickness. The deposits
in the Meigs Member in the northern district near Ochlocknee and
Meigs range from 9 to 14 m in thickness.

Sepiolite is mined in small quantities near Lathrop Wells,
Nevada, about 160 km northwest of Las Vegas in the Amargosa
Valley. The sepiolite occurs in thin beds less than 1 m thick inter-
bedded with deposits of saponite. These deposits are Pleistocene in
age (Papke 1969).

China

Palygorskile is mined and processed in an area located near the pro-
vincial boundary of Anhui and Jiangsu near Guanshan and Xuyi,
respectively (Figure 7). At the Guanshan deposit, the palygorskite
occurs directly beneath a thick basalt. The palygorskite ranges
between 3 and 6 m in thickness (Zhou and Murray 2003). The
palygorskite in the Guanshan deposit was precipitated in a lacustrine
environment as the alteration product of a basaltic ash (Zhou 1996).
The deposits are in the upper member of the Huaguoshan Forma-
tion, which is Middle Miocene in age (Figure 7). Within the last
20 years, more than 20 high-quality palygorskite deposits have been
discovered in the area shown in Figure 7. The Geological Survey of
China estimated that there are more than 200 Mt of palygorskite
reserves in this area. The mineralogy of these deposits is dominantly
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palygorskite with minor amounts of smectite, quartz, and dolomite.
In the Guanshan deposit, the smectite content increases significantly
below the palygorskite layer.

Senegal

Palygorskite is mined near the town of Theis, Senegal, which is
approximately 100 km east of Dakar. In this area, the palygorskite
directly overlies an aluminum phosphate deposit that is also mined.
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Figure 6. Strafigraphic relationship of the Meigs Clay and Dogtown
Clay members

The age of the palygorskite is Early Eocene, and the beds range
from 2 to 6 m in thickness (Wirth 1968). The palygorskite is trans-
ported by truck to Dakar, and the majority is shipped to Europe. It
is estimated that about 400 kt are processed and shipped annually.
The palygorskite is used for industrial absorbents, pet litter, and
drilling mud mainly in the North Sea. The deposits are palygorskite
along with minor amounts of sepiolite, quartz, and dolomite. The
palygorskite beds extend south—southwest from Theis to the south-
ern border of Senegal, a distance of about 100 km. The overburden
is very thin, usually less than 2 m.

Spain

The world’s major commercial sepiolite deposit is located at Vical-
varo near Madrid. The sepiolite was precipitated in Tertiary lakes in
an evaporitic sequence (Huertas, Limares, and Martin-Vivaldi
[971). The thickness ranges from I to 5 m. The major uses for this
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Figure 7. Location of palygorskite deposits in China

sepiolite are pet litter, agricultural carriers, and drilling mud.
Approximately 500,000 t are produced annually from the deposits at
Vicalvaro. Other locations in Spain producing palygorskite and sepi-
olite are Toledo, Torrejon el Ruhe, Lebija, Almeria, and Maderuelo
(Gniffiths 1991). Galan (1996) reviewed the properties and applica-
tions of the these clays and showed the relationship between the
structure, composition, and physical properties and their industrial
applications. Galan et al. (1976) described a deposit of palygorskite
in the province of Caceres. In addition to the applications previously
mentioned, palygorskite and sepiolite are used in plastics, mastics,
catalysts, bleaching earth, ceramics, and binders for animal feed.

Ukraine

Ovcharenko et al. (1964) described large deposits of palygorskite of
Lower Miocene age. Near Kiev, Ukraine, in the Cherkassey District,
palygorskite is mined primarily for use in drilling muds. The
palygorskite in Ukraine occurs in the central portion of the Ukrai-
nian crystalline massif in the regions near Cherkassey and Kiev. The
palygorskite-rich bed occurs in the middle section of a bentonite
deposit and is Lower Miocene in age (Ovcharenko and Kukovsky
1984). The thickness of the palygorskite layer is approximately 2 m.
Smectite, hydromica, and quartz are the other mineral constituents
in the palygorskite-rich layer.

Other Locations

Palygorskite occurs in Western Australia in a surface deposit at
Lake Marromyne. In Turkey, sepiolite is produced near Eskisehir in
Anatolia. In Somalia, a deposit of sepiolite is used mainly to pro-
duce decorative carvings that are sold to tourists. In Guatemala,
there is a deposit of palygorskite about 40 km from the Gulf of
Mexico and 30 km south of the Belize border.
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MINING AND PROCESSING

Palygorskite and sepiolite are surface mined. The overburden is
stripped with motorized scrapers, draglines, shovels, or bulldozers.
The clay is mined using shovels, backhoes, small draglines, or
front-end loaders, and is then loaded in trucks that transport the
clay to the processing plant. The processing is generally quite sim-
ple, involving crushing, drying, classification, and pulverizing.
Figure § shows a general process flow sheet. Special processes to
enhance certain properties are sometimes used, including extrusion
to separate the elongate particles; adding 1% or 2% MgO to
improve the viscosity for use in drilling muds or thickeners; high
heat drying to remove the zeolitic water from the channels in the
structure, which produces LVM (low-volatile material) that
improves the sorbent properties; and ultrafine pulverization to
improve suspension properties and increase the surface area for
use in certain pharmaceutical and paint applications. Some
palygorskites are acid activated to enhance their bleaching activity
for use in clarifying edible and nonedible oils. This acid activation
process can be dry, or wet if a superior bleaching earth is required.

Pet litter and agricultural absorbents are granular products that
are produced by drying, roll crushing, and screening to a specific
granular size. The granular products generally are 15/30, 30/60, and
60/90. This means that the granule passes through the first number
and is retained on the second number. A 15/30 product means that
all the granules range between 15 and 30 mesh.
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PHYSICAL PROPERTIES AND APPLICATIONS

Particle size, shape, distribution, surface area, chemistry, and
charge are important physical properties that relate to the applica-
tion of palygorskite and sepiolite. The properties of these clays that
relate to their applications are

» 2:1 layer and inverted structure
Octahedral substitutions (Mg, Fe, Al)
Moderate charge on the lattice
Moderate base exchange capacity (30 to 50 meq/100 g)

Elongate shape
Specific gravity 2.0-2.3 g/cm?
Mohs hardness 2.0-2.5
High surface area (150 to 320 mZ/g)
High absorption capacity
High viscosity
API (American Petroleum Institute) yield—100 to 115 bbl/t
The most important physical property of these clays is their
elongate shape, because in many applications it is the controlling
property. Considerable substitution of aluminum by magnesium
and iron in the octahedral layer gives the particles a moderately
high surface charge. This surface charge and the high surface area
give the clays a moderate exchange capacity normally ranging from
30 to 50 meq/100 g. The large surface area of more than 100 m%g,
the charge on the lattice, and the periodic inverted silica tetrahedra,
which creates parallel channels in the lattice, give paylgorskite and
sepiolite a high sorptive capacity. These properties, along with the
elongate habit of the minerals, make them very useful in many
industrial applications. The high viscosity of liquids into which
these clays are added is a physical rather than a chemical viscosity,
which makes for a very stable suspension viscosity.

The more important industrial applications of palygorskite
and sepiolite follow:

» Adhesives

« Agricultural carriers
» Animal feed bondants
* Anticaking agent

+ Catalyst supports

* Laundry washing powders
* Metal drawing lubricants
* Paint and coatings

* Paper

* Pet litter

* Decolorizing oils ¢ Pharmaceuticals

* Drilling fluids * Polishes

* Environmental liners * Reinforcing fillers

e Foundry sand binders » Suspension fertilizers
» Granular carriers * Tape joint compounds

+ Industrial floor absorbents  * Wax emulsions

One of the more important and larger uses is in drilling fluids,
where both the viscosity and the gel strength of the mud are not
affected by variations in electrolyte content as are drilling muds in
which bentonite is used. Palygorskite and sepiolite drilling muds
can be used with salt water or when formation brines become a seri-
ous problem. The specifications for their use (API Specification
13A) in drilling mud follow. These measurements are made in
water containing 40 g of salt (NaCl) per 100 cc of water.

* Viscosity—30 centipoise minimum at 600 rpm
* Yield point/plastic viscosity ratio—3 maximum
« Filtrate volume—15 cm® maximum

* Residue—75 um—4.0 wt % maximum

Table 1. Annual 2004 world production of palygorskite and
sepiolite, st

United States 1,200,000
Spain 900,000
Senegal 150,000
China 70,000
India 60,000
Others 100,000

Total 2,480,000

The clays are not flocculated because of their elongate parti-
cle shape, and thus they are used as suspending agents and thicken-
ers in paint, medicines, pharmaceuticals, and cosmetics. Ultrafine
pulverization to 95% less than 10 pm substantially improves the
suspension properties. Another large use is as floor-sweep com-
pounds that absorb oil and grease spills on factory and service sta-
tion floors and in other areas where oil and grease spills are a
safety problem. Granular clay particles are the most eftective type
of floor absorbent.

Palygorskite and sepiolite are used extensively in agricultural
applications as absorbents and carriers for chemicals and pesti-
cides. High heat drying at a temperature high enough to remove the
zeolitic water in the structural channels improves the sorbent prop-
erties. The chemical or pesticide is mixed with the clay granules
and then placed in the ground with the seed. Tests for absorbent
granules are done using the General Services Administration’s Fed-
eral Specification P-A-1056A. The pesticide or chemical fertilizer
is slowly released to provide the necessary protection or fertilizer
for the growing plant. Finely pulverized clays are also used to
absorb chemicals, which can then be dusted or sprayed on the plant
or on the surface of the ground.

Another very large use for palygorskites and sepiolites is pet
litter. Granular particles of the clay are an effective litter for absorb-
ing animal waste, particularly for domestic cats. The clay granules
absorb the waste and greatly minimize the odors.

Haden (1963) described the properties and applications of
palygorskite and pointed out both the colloidal and noncolloidal
characteristics that make it an important industrial clay. In the past,
palygorskite was used as a catalyst in no carbon required (NCR)
paper, but today this is a very minor application. An important future
application of paygorskite and sepiolite will be in blends with
sodium bentonite in landfill and toxic waste liners or barriers (Keith
2000). The estimated annual world production figure in 2004 totaled
more than 2,400,000 st. Table 1 gives a breakdown of this estimate.

FUTURE CONSIDERATIONS AND
ENVIRONMENTAL ISSUES

All palygorskite and sepiolite are surface mined and, in most coun-
tries, the mining company is required by law to reclaim the land.
Common practice is to open a cut, mine the clay, and then spoil the
overburden from the next cut into the mined-out area. The spoil is
leveled or sloped to meet the standards prescribed by the govern-
ment, and grasses and/or trees are planted. Sometimes the topsoil is
put back on top of the spoil and used for agriculture.

In each of the producing areas described in this chapter, the
reserves are substantial, so there is no immediate concern about
production in the foreseeable future. Current world production is
more than 2 Mt. The markets for both palygorskite and sepiolite
will continue to expand in the future. An annual growth rate of 2%
to 5% is anticipated.
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In the processing plants, the major environmental issue is air
quality because of dust. Air quality is maintained by using dust col-
lectors on dryers, pulverizers, baggers, and belt-transfer points.
These elongate clays have not been shown to be serious health haz-
ards. Dust, however, if inhaled in considerable amounts day after
day, can cause lung problems. Therefore, using dust collectors, face
masks, and other devices protects the workers from inhaling too
much dust. Most clay dust contains quartz, which is a crystalline sil-
ica. Crystalline silica is a suspected carcinogen. Most all of the
quartz, however, is 20 pm or larger, which is not in the respirable
range of 2 to 10 ym. The small amount of quartz in the respirable
range is occluded, which means that the quartz is covered by clay
particles, so the crystalline silica does not contact the walls of the
lungs. Palygorskite and sepiolite contain no deleterious trace ele-
ments or chemical compounds that are hazardous to human health.

Several studies have been made to determine if the elongate
clay particles are a possible carcinogen, but to date all the results
indicate it is not a carcinogen.
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Fuller’s Earth

Sam M. Pickering Jr. and Fred G. Heivilin

INTRODUCTION

Fuller's earth is a general term for industrially versatile smectite or
palygorskite-sepiolite clays (hormites) with high surface area and
strong sorptive, binding, gelling, thickening, or decolorizing ability.
Fuller's earth has been in common use from perhaps biblical or at
least medieval times, when such clays and earths were used for
“fulling,” or cleaning raw wool to remove greasy lanolin and dirt
before the wool was spun, dyed, and woven.

The term fuller’s
earth, when used for such a w1de vanetx of industnal clays, has no

Spe mposmonal market or nuneraloglcmnnotatmn
r=—Pyller’s “earths are composed “of various combinations of
absorptive clay minerals, often with varying amounts of impurities
such as silica (at times in the form of fossil diatoms), kaolinite,
illite, zeolites, clay-size micas, and carbonate minerals. In general,
such clays of marine sedimentary origin in the southeastern United
States are commonly called fuller’s earths, whereas in the Ameri-
can West clays originating by alteration of volcanic ash are typi-
cally termed bentonites.

Mineralogy, crystallinity, crystal habit and shape, particle size,
and crushability are all critical to the sorptive, binding, thickening
(gelling), cation exchange capacity (CEC), specific gravity, dusting,
deodorizing, and decolorizing abilities of commercial-grade fuller’s
earth clays. Therefore, these important factors have a profound
effect on the refined product’s specific industrial uses, market
applications, pricing, and customer acceptance.

NOMENCLATURE

Although fuller’s earth is a widely used commercial term, it has
often been inconsistently applied to a variety of smectites, hor-
mites, bentonites, zeolites, impure diatomites, and other such clay
occurrences. The essence of the American Geological Institute’s
(AGI’s) Dictionary of Geological Terms definition of fuller’s earth
is that it is a very fine grained, earthy substance with high water
absorptive capacity and ability to refine and decolorize edible oils;
it differs from ordinary clay in its higher water percentage and lack
of plasticity (AGI 1962). The AGI also applies this term to fuller’s
earth clays without reference to any particular chemical or mineral
composition, texture, or geological origin.

Given that this definjtion allows considerable overlap that
could include many different types and occurrences of other clay
materials, more specific fuller’s earth definitions may be of interest.
Ampian (1985, pp. 158-159) stated that the term fuller’s earth “has

neither a compositional nor a mineralogical connotation, and the
substance is defined as a nonplastic clay, usually high in magne-
sium, that has adequate decolorizing and purifying properties.
Alihough the term nonplastic is often used, it is seldom specified
whether it is applied to fuller’s earth clays in the raw moist state,
after partial drying or in a semicalcined condition.

In the 6th edition of Industrial Minerals and Rocks, Elzea
and Murray (1994, p. 234) used the term fuller’s earth as “more or
less a catchall for clay or other fine-grained earthy material suit-
able for bleaching and absorbent and certain other uses.” In a like
manner to the AGI usage, they also state that fuller’s earths have
“no compositional or mineralogical meaning.” Elzea and Murray
also gave a historical outline of fuller’s earth use, which can be
surnmarized as use in antiquity for cleansing and fulling wool; use
by the late 1800s for decolorizing and purifying mineral and edi-
ble oils; use in the early 1900s for petroleum processing; and use
in the last half of the 20th century as an oil absorbent, cat litter,
and agricultural chemical carrier granules, replacing petroleum
purification as the dominant use. In the mid- to late 1900s, fuller’s
earths began to be widely used for adsorptive purposes as either
natural or acid-activated clays for bleaching mineral or edible oils
(Nutting 1943).

Bentonites are similar clays that may overlap with fuller’s
earths in both commercial application and mineralogy. To simplify
the distinction between these two clay types, however, the AGI
(1962, p. 49) defined bentonite as “a clay formed from the decom-
position of volcanic ash and is largely composed of the cla_y mmcr,—

“=als-montmorillofite or 5 Eelllte *"They specifically restrict the use

of the term bentonite to clay ‘that was;‘groduced,bv decomposmon
of volcanic ash and not from the decomposition of any other Sub-

stances” It is intéfésting thit“some southeastersi fulle’s earth clay

“producers refer to their products used in the foundry sand market as

“bentonites,” which may serve to obtain a freight-rate advantage
over the western bentonite producer’s eastern sales.

Some clay researchers explain the origin of many of the south-
eastern fuller’s earth deposits as wind-blown volcanic ash from the
west, but they have never been able establish a volcanic source for
the presence of hundreds of feet of eastern clay deposits. The
present authors (also see Merkl 1989) regard the southeastern
smectitic-hormitic clay deposits as having been deposited by nor-
mal, nonvolcanic sedimentation in quiet water basins under very
low energy in highly saline, anoxic-reducing environments.
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Table 1. A historical long-term trend record of U.S. fuller’s earth production and average U.S. free on board [f.0.b.} selling prices

U.S. Production’ 1940 1950 1960 1970 1980 1990 2000
Short tons, stt 146 395 407 980 1,529 2,541 3,201
Metric tons, t 133 359 370 891 1,390 1,880 2,910
$/st 12.21 26.45 22.55 23.73 49.82 88.00 75.09

Source: Buckingham and Virta 2003.

* Note that U.S. production, unlike stalistics from other nations, is of actual refined product lons, not crude clay tons.
t All U.S. domeslic sales of bulk fuller’s earth product are made by the short ton (2,000 Ibj.

Table 2. U.S. fuller’s earth sales by market use, 2002

Market Application Sales, st
Pet waste absorbent (cat litter| 1,738,000
Oil and grease absorbenis 449,900
Fertilizer pelletizing binder 152,900
Pesticide and herbicide carrier 112,200
Animal feed pelletizing binder 89,700
Filtering, clarifying, and decolorizing 69,630
Fillers, extenders, binders, and drilling mud 64,680
Miscellaneous 290,400
U.S. export 33,990
2002 yearly total sales W

Source: Virta 2004.

PRODUCTION

U.S. Geological Survey (USGS) published records (Virta 2004)
show that worldwide annual 2002 fuller’s earth production was
some 3,900,000 t, of which the United States produced and sold
approximately 70%. As has been discussed, however, nomenclature
of industrial smectite and hormite clays is subject to considerable
confusion.

In gathering U.S. and foreign mineral production statistics, the
USGS, by policy, does not attempt to precisely identify the type of
clay being mined but rather classes each mining company’s produc-
tion based only on what the companies themselves report that they
mine (R.L. Virta, personal communication). For several examples,
the following instances are rather typical:

* Calcium montmorillonite may be referred to as calcium ben-
tonite in some parts of the United States but is called fuller’s
earth in England (Harben and Bates 1990).

In the Florida—Georgia fuller’s earth district, near the town of
Attapulgus, the clay being mined is informally referred to as
attapulgite rather than the mineralogically more accepted term
palygorskite. Similarly, palygorskite occurs in two very differ-
ent crystal habits—as “mountain leather” type matenal in
hydrothermal vein environments and as sorptive gelling clay
in anoxic-reducing, semimarine sedimentary deposits.
Attapulgite (palygorskite) and sepiolite may both be reported
by the USGS as fuller’s earth production in the United States
(Heivilin and Murray 1994).

Calcium montmorillonite may be referred to by the USGS as
“southern bentonite,” “Mississippi bentonite,” or “Texas Ben-
tonite,” although there may be little or no evidence of its vol-
canic origin.

Large tonnages of sorptive clays produced for cat litter
products in Spain and Senegal are variously referred to as
sepiolite, meerschaum, and attapulgite in the same publication

(Newnan 2003) and as both fuller’s earth and attapulgite

(Virta 2004).

U.S. fuller’s earth production tonnage and product prices
(exclusive of bentonites) have grown with the national economy
over the past 70 years, as reported by Buckingham and Virta (2003)
in thousands of tons and average selling price in Table 1.

The USGS (Virta 2004) lists U.S. production of processed
fuller's earth products for 2002 as 3,003,000 st (2,730,000 t), which
sold for $246 million (or an average 2002 price of $81.92 per
processed short ton). This total production was from 12 listed states:
5 companies in Georgia; 3 companies each in Florida, Mississippi,
and Nevada; 2 each in California and Virginia; and a single company
each in Kansas, Illinois, Missouri, Oregon, Tennessee, and Texas.
Additionally, the USGS (Virta 2004) reported U.S. 2002 total
fuller’s earth sales by generalized market application (Table 2).

Fuller’s earth is such a versatile industrial minerals material
that many of its commercial uses do not fit conveniently into such
simple categories, so this listing should be regarded as reflecting
only generalized market segments. Also, by law the USGS is
required to avoid listing production statistics for mineral market uses
served by only one or two producers because that would divulge
confidential production and sales information. This practice has the
effect of putting much of specialized production into the miscella-
neous category. Similarly, the USGS (Virta 2004) reports estimated
2002 world fuller’s earth production from market economy coun-
tries (France, India, Iran, Japan, and Turkey unreported; Table 3).

HISTORICAL U.S. PRODUCTION AND PATTERNS OF USE

Native Americans were reported to have used fuller's earth and
bentonite for cleaning blankets and clothing before European
arrival in the 15th century. During the Revolutionary War, soldiers
stationed near Perth Amboy in New Jersey used Woodbridge fire
clay to clean their buckskin clothing. In the early 1800s, fuller's
earth was discovered in association with an iron ore bed near Kent,
Connecticut. During the Civil War, fuller’s earth was used to bleach
sugar near Falls City, Texas.

The first documented commercial fuller’s earth deposit in the
United States, which is still being mined today, was discovered in
1893 near Quincy, Florida. The Owl Commercial Co. (predecessor
of the present makers of White Owl] cigars) made the discovery dur-
ing their attempt to make burnt brick from clays on their Quincy
tobacco plantations. Because of its high content of smectite, the
clay was unsuitable for brickmaking. One of the Alsatian farm
workers in the area, however, recognized the Quincy clay as similar
to fuller’s earth, which was being mined in Germany: Two years
later, his observation led to development of the first U.S. mine for
fuller's earth for processing mineral oils. Also, fuller’s earth had
been mined slightly earlier on a small scale in Arkansas in 1891
(Miser 1913) and tested for use in refining cottonseed oil.

The U.S. demand for acid-activated fuller’s earth for edible oil
and petroleum refining and decolorizing expanded rapidly until it
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peaked at about 317,000 st in 1930. At that time, this was about
90% of total U.S. fuller’s earth production. After 1930, the use of
fuller’s earth for petroleum refining decreased because of the avail-
ability of alternative oil refining methods.

After that time, U.S. oil refining use of fuller’s earth declined
until it reached a uniform rate of 35,000 to 40,000 stpy for edible
oils only. Using fuller’s earth as a waste oil absorbent and floor-
sweep type of clean-up agent, however, began before World War II
and, by the 1950s, its use as a carrier for herbicides and pesticides
had become more prominent. Cat litter production began in 1952,
and it has grown rapidly since then.

In the district between Quincy, Florida, and Attapulgus, Geor-
gia, the excellent gelling properties of palygorskite (attapulgite)
fuller’s earth were discovered and developed for salt water drilling
mud, as a joint binder taping compound for sealing the seams of
construction wallboard, and for other applications requiring a thick-
ened gelling clay. These uses for gelling fuller’s earth products
developed to replace sales lost when use for petroleum refining
declined. The Florida—Georgia mining district today is the world
center for gelling fuller’s earth clay production.

What is now by far the most prominent American use for
fuller’s earth, as a pet waste absorbent product (cat litter), began to
grow rapidly in the 1950s. At first, cat litter was made from oil
absorbent product that had been crushed to finer than ¥s-in. size,
semicalcined in countercurrent rotary kilns, milled and screened,
and packaged for retail sale. Today, cat litter is typically dried to
only 4% to 15% moisture, which results in improved absorption,
reduced dusting, and lower energy cost.

In the early 1990s, clumping cat litter became very popular.
Blending western bentonite or clumping agents with eastern fuller’s
earth causes liquid waste to form clumps that can easily and neatly
be taken from the litter box with a perforated scoop. This leaves
only unused clean granules in the litter box, minimizing waste and
enabling easy handling of a formerly messy and unsanitary chore.
Today, many clumping cat litter products are up to 100% western
sodium bentonites.

GEOLOGY

Mineralogy

Typically, fuller’s earth is 2 marine or semimarine sedimentary
clay variably composed of the clay mineral groups smectite and
hormite. Tables 4 and 5 summarize these closely similar types of
clay minerals.

In 1862, Savchenkov first used the term palygorskite to define
a vein-type hydrothermal “mountain leather” clay mineral from the
Palygorsk locality in the Ural Mountains of Russia (Hey 1975),
where it was mistaken at first for a variety of asbestos.

J. de Lapparent first termed the highly absorptive gelling clays
from Decatur County, Georgia (United States), and also those from
an area near Mormoiron, France, with the mineral name artapul-
gite, because he thought those clays quite different from palygors-
kite. The new name was applied to gelling clays occurring near the
small southern Georgia town of Attapulgus. More recently, how-
ever, x-ray diffraction proved the two clay types to be the same
minera] (Bailey et al. 1971). Although first applied later than
palygorskite, the name attapulgite is still in common informal use
in the Florida—Georgia mining district where the crystal length-to-
diameter ratio does not exceed 10:1 (Merkl 1989).

In 1774, Glocker first applied the name sepiolite for a clay
mineral later called “meerschaum” by Werner in 1788. Hauy in
1801 described the same type of low-density white magnesium sili-
cate clays as ecuame de mer, which Brochant in 1802 also termed
talcum plasticum. Today, this type of magnesian clay mineral is

Toble 3. World production of fuller’s earth, 2002

Producing Nation” Production, #

Algeria 3,521
Argenfina, estimated 1,500
Australia, attapulgite 6,000
Germany (unprocessed) ' 500,000
haly 30,000
Mexico 150,000
Morocco, smectite 42,243
Pakistan 15,000
Senegal, attapulgite 176,454
South Africa, attapuigile 7,900
Spain, attapulgite, estimated 90,000
United Kingdom, estimated product 140,000
United States 2,730,000

Rounded world total 3,890,000

Source: Vira 2004,
* Excludes centrally planned economy cauntries.
t Crude rather than processed product tons of cloy.

Table 4. Smectite group minerals

End-Member Crystal
Mineral System Chemical Composition
Montmorillanite Monoclinic  (Na,Ca)g 3({Al,Mg}2Si4O10°nH20
Beidellite Monoclinic  {Na,Cag.05)0.33Al(Al,Si,)4O010(OH)2¢nH20
Nontronite Monoclinic  Nag,a3Fe2(Si,Al)1o[OH)2#nH2O
Hectorite Monoclinic  Nag 33|Mg,Li}aSiaO1olF,OH)2
Saponile Monoclinic  {Ca/2,Najo.33(Mg,Fe}a(Si,Al)4O0¢4H20

Palygorskite

Source: Roberts, Campbell, and Rapp 1990.

Table 5. Hormite group minerals

End-Member
Mineral Chemical Composition
Mg, Al)25i4010{OH} « 4H,0

Mg4SigO)5(OH}2H20

Crystal System

Orthorhombic and monoclinic

Sepiolite Orthorhombic

Source: Roberls, Campbell, and Rapp 1990.
* Informally termed oftapulgite in the Florida-Georgia, Spain, and Senegal
mining districts.

known as sepiolite and is found more abundantly in the northern
extent of the Florida~Georgia basin than more southerly concentra-
tions of attapulgite near Quincy.

The reader is referred to the Bentonite, and Palygorskite and
Sepiolite chapters of this book for a more detailed discussion of the
mineralogy of the smectite group and hormite minerals, respectively.

Origin
Fuller’s earth clay deposits in the eastern United States are found in
marginal marine sedimentary units that formed in restricted,
anoxic, shallow, low-energy, reducing, and often hypersaline condi-
tions. Such depositional environments favor formation of magne-
sian montmorillonite, palygorskite (attapulgite), or sepiolite.
Alternatively, sorptive calcium montmorillonite fuller’s
earth deposits have been formed in Nevada in Pliocene freshwater
lakes with as much as 40% siliceous diatom tests. In south-central
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California, what is now the Miocene Antelope Shale was origi-
nally deposited as diatomite and then diagenetically altered by
deep burial to a form of absorbent opal CT.

Other inert, nonabsorptive, accessory minerals in fuller’s
earths can include dolomite, calcite, quartz (sand, silt, biogenic
opaline CT, or diatomite), gypsum, and assorted heavy minerals.
Finely divided fossil organic plant matter can color the fuller's
earth gray or bluish gray; oxidative weathering alters the clay to a
cream, tan, green, pink, or yellowish tint.

Physical Properties

Mineralogy of fuller’s earths determines their most effective poten-
tial use. Monmorillonite is a type of clay mineral that shrinks when
dried and may swell when rewetted. Highly adsorptive when dried,
this mineral is used in granular animal litter, in floor-sweeping com-
pounds, and as a carrier for insecticides, herbicides, and so forth.

The extremely fine particle size, high CEC, and tight packing
of attapulgite- and montmorillonite-rich fuller’s earths make them
useful to increase “stickiness™ and promote high green strength in
ceramic dinnerware; to provide adhesion and plasticity in metal
foundry molding sands; as an adhesive binder to form pellets of tac-
onite iron ore, agricultural fertilizers, and so forth; and to form an
impermeable seal or slurry barrier for isolation of sanitary landfills
and hazardous waste disposal sites.

Bleaching clays with or without acid activation need a particu-
lar pore size and porosity to clean and decolorize edible oils. There
are only two such actively mined fuller’s earth clay deposits in the
United States—in northeastern Mississippi where acid activation
(the clay slurried with acid) is necessary and in the south Georgia
district near Meigs, where clays bleach naturally or with only acid
addition to the dry powdered product.

The presence of attapulgite in elongate needle-shaped or acic-
ular habit crystals is indicative of superior gelling or thixotropic
behavior when slurried with water or liquid polymers. Such fuller’s
earths can be used for oil-field drilling muds, which retain their
integrity as thick and viscous gels, even in the presence of saline
formation brines. Magnesian fuller’s earths can also be used in
thickened or gelling form to produce nondripping paint, to thicken
liquid detergents, for wallboard joint cement and spackle com-
pounds, and for other specialty applications.

In the Florida—Georgia fuller’s earth mining district, attapul-
gite commonly occurs in two distinct forms known as short- and
long-length crystalline material. The higher gelling long-length
clays are found in the southermn part of the district and are strati-
graphically restricted to the Mid-Miocene age Dogtown Member of
the Hawthorn Formation of northwestern Florida. Dogtown atta-
pulgites are typically longer in crystal habit than 10 pm and are
associated with the most favorable gel-strength clays. The slightly
younger Meigs Member clays contain short attapulgite crystals less
than 10 pm Jong and are more prevalent in the northern portion of
the fuller’s earth mining district in southeastern Georgia near
Ochlocknee.

Sepiolite clay also occurs in needle-like crystal habit in the
more northerly Meigs Member and remains stable at relatively
higher temperatures. Thus sepiolite-rich fuller’s earth products can
be useful as drilling muds for maintaining borehole circulation
when completing geothermal production wells.

DISTRIBUTION OF MAJOR U.S. DEPOSITS

Southeastern United States

Fuller’s earth deposits of commercial quality and accessible for
shallow open-pit mining are mostly found in several districts in the

southeastern United States, where relatively low-energy, warm,
restricted coastal marine conditions were prevalent during late
Mesozoic and Cenozoic times.

These southeastern fuller’s earths are found in three main
stratigraphic formations:

1. In the Mid-Miocene Dogtown and Meigs members of the
Hawthomn Formation in the mining district between the towns
of Quincy, Havana, and Dogtown in the panhandle of north
Florida, and Attapulgus, Reno, Calvary, Cairo, Ochlocknee,
and Meigs in southwestern Georgia

2. In the Late Eocene Twiggs Clay Member of the Bamwell
Formation in the area east of Wrens in Jefferson County,
Georgia

3. In the Late Paleocene Porters Creek Clay between Cairo and
Mounds in Pulaski County at the southern tip of Illinois, and
in the towns of Ripley and Blue Mountain in Tippah County,
Muississippi

The Florida—Georgia District

A narrow depositional trough trends southwest to northeast across
the Florida Panhandle region from the town of Quincy to near the
Georgia towns of Attapulgus, Meigs, and Ochlocknee (Herrick and
Vorhis 1963). This restricted basin, variously termed the Gulf
Trough or the Apalachicola Embayment, has localized fuller’s earth
deposits in the Miocene-age Hawthorn Formation that dominate
U.S. production of both granular and gelling-grade industrial clays.

Suggestions have been made that fuller’s earth clays in the
Florida—Georgia District originated from altered volcanic ash (such
as in Reynolds 1970); more recent research (Thomas 1981), how-
ever, has shown no indication that these marine and semimarine
clays were deposited in any conditions other than normal, nonvol-
canic, reducing environments in shaflow sedimentary basins.

Gelling-grade magnesian attapulgite (Figure 1) is much more
concentrated in the Dogtown Member of the Hawthorm Formation at
the narrowest southern end of this trough or basin; and the smaller
percentages of sepiolite and shorter-crystal-length attapulgite- and
montmorillonite-mixed clays of the Meigs Member are more abun-
dant toward the northern end. The Florida—Georgia area underlain by
this Miocene-age trough has been continuously and extensively
mined for various grades of fuller’s earth for more than a century.

This depositional trough is thought to have begun as a consid-
erably older graben structure that served as a major ocean current
seaway throughout much of the early and mid-Tertiary but was
broadly uplifted in the Miocene when much of what is now Florida
was raised by the Peninsular Arch (Herrick and Vorhis 1963; Hud-
dlestun 1993). During the mid-Miocene, the trough was uplifted
and cut off from open ocean circulation; it became a series of dis-
continuous, small to extensive, evaporitic basins rich in magnesian
salts, where dolomitic limestone, attapulgite/palygorskite, and sepi-
olite were deposited.

The Virginia District

Two fuller’s earth producers in east-centra] Virginia mine a rather
heavy, marginal-grade diatomaceous mudstone for cat litter in the
Miocene Calvert Formation (Hosterman and Patterson 1992). This
material, although not of superior quality, has a considerable
freight advantage in shipping to the population centers in north-
eastern cities.

The Mississippi Embayment District

A wide Coastal Plain sedimentary embayment or open-fronted
basin extends inland along the course of the Mississippi River as far
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north as Cairo and Mounds, Illinois. This continuous outcrop belt
of the Late Paleocene-age Porters Creek Formation from Ripley
and Blue Mountain, Mississippi, to Mounds and Cairo contains
many fuller’s earth deposits that are as much as 370 ft thick.

These Paleocene-age calcium montmorillonite clays have less
desirable higher-density and lower-absorbency characteristics than
clays from the Florida~Georgia district. Their freight advantage to
the large midcontinent market area, however, and their ability to
blend with western swelling bentonite to provide good liquid-
clumping capacity allow their extensive use in the cat litter trade.
Some companies blend the weathered light-colored clays with
darker, unoxidized clays to produce an attractive “salt and pepper”
colored product from the Porters Creek clay district.

The U.S. Western District

Different types of fuller’s earth are produced in the western
United States, such as at California’s San Joacquin Valley, where
absorptive mixtures of opal-CT altered from diatomite are
present. Two high-grade fuller’s earth deposits in Nevada, com-
posed of mixed montmorillonite and diatomite, have been proven
for quality and passed standard validity exams for granular cat lit-
ter and oil absorbent, but they have not yet been brought to the
market. Some sepiolite gelling clay is found in east-central Cali-
fornia, but it is of marginal quality and sold mainly in the West
Coast market.

EXPLORATION METHOD

Fuller’s earth exposed in surficial outcrops is commonly too weath-
ered and oxidized by soil-forming processes to have sufficient qual-
ity for industrial use. New fuller’s earth deposits are often
discovered by widely spaced core drilling near areas where the clay
was mined or near outcrop exposures that look promising.

Truck-mounted rotary drilling rigs of the type developed for
placing explosive charges for early oil-field geophysical explora-
tion—such as the 500 and 1250 models built by Failing, Gardner-
Denver/Mayhew, and DSM—are used for the drilling depth of 100
to 200 ft common in fuller’s earth exploration. Double-tube core
barrels with built-up hard metal bits are used, and the core is
extruded with water pressure from the drill rig's mud pump or with
compressed air. Typically, NX-size core of about 2¥/s-in. diameter
is recovered; rinsed and trimmed; marked accurately by property
code number, hole grid location, and depth in the hole; and trans-
ported in boxes or bags to the company laboratory for extensive
quality testing.

When an area of core holes tests favorably in the laboratory,
accurately spaced core-drilling campaigns are begun on a surveyed
grid of 400 to 800 ft. As the shape, extent, and quality of new clay
deposits are proven, grid drilling is narrowed to spacings of 200 and
100 ft before overburden stripping is begun.

After the commercial clay surface is exposed, closer spaced
drilling may be done using air-pneumatic or auger methods, or the
area may be sampled with a mining backhoe. Regulated wetlands,
endangered species areas, and archaeological sites are avoided
wherever possible. Lately, however, mitigation is needed for wet-
land areas that must be crossed by haul roads or those underlain by
high-quality fuller’s earth that the company wishes to mine.

Fuller’s earth quality is posted from drill and laboratory test-
ing results on carefully scaled grid maps, which are used for mine
planning, government permitting, and future clay reserve tonnage
calculations. These mine planning maps show overburden thickness
and type, clay thickness and commercial quality, location of prop-
erty boundaries, and regulated wetland areas.

Figure 1. Foliate texture of high-magnesian attapulgite gelling-
grade fuller’s earth from the Florido~Georgia District near the axis of
the Gulf Trough depositional embayment. This texture develops
shortly after the raw clay is exposed for mining and is thought to be
an indicator of high gelling strength. (Knife, for scale, is 10 cm long.)

CLAY QUALITY CHARACTERISTICS
Special Characteristics

The fuller’s earth industry, particularly perhaps in North America,
has become accustomed to applying special terms to different prop-
erties of clays and their products. These terms may not be familiar
to those outside the industry, so some simplified explanations may
be helpful, as follows:

* Clumping clays are those clays with clumping agents or a high
content of western sodium bentonite; they have become very
popular for clumping or scoopable-type cat litter products.
The bentonite absorbs liquid wastes, which clump in discrete
lumps that can be neatly scooped from the litter box, leaving
only clean litter behind. Bactericides are needed to improve
long-term odor reduction in western bentonite clumping cat
litters.

Dusting clays are those clays that are unsuitable for granular
products because they break down too finely upon crushing or
during shipping, handling, or use. In cat litters, a high dusting
clay product causes mudding, tracking outside the litter box,
and a dirty cat.

Heavy or high-density clays is a term used for cat litter prod-
ucts that are denser than about 40 Ib/ft>. These products typi-
cally are lacking in absorption, take up more room in the cat
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box, are inconvenient for the retail purchaser to carry, and
commonly do not control odors as well as lighter clays.
Gelling clays is a term used for clays that have a high slurry
viscosity at low percent solids; these clays are used as a thick-
ening agent for wallboard-tape joint cement, nondripping
paints, drilling muds (especially palygorskite, used to main-
tain circulation when drilling in brine formations), and liquid
detergents, and as a fine pulp retention aid in paper manufac-
ture, liquid fertilizer suspensions, adhesives and sealants, put-
ties and glazing compounds, and other industrial applications.
Gelling viscosity is typically measured on Fann or Brookfield
viscometers. Gelling behavior and viscosity can be enhanced
by extruding the moist clay to align the needle-shaped crystal-
lites or by adding calcined magnesium oxide.

Granular clays refers to products that are carefully crushed
and screened to a narrow range of chip sizes, often listed such
as “4-20" (passing through a U.S. Standard 4-mesh screen
and retained on 20 mesh). The granule size controls product
surface area and liquid or gas absorption in the animal litter.
Slaking clays are those clays that, after drying, break down to
mud when wetted with water or oils. Slaking is a very undesir-
able quality in granular fuller’s earth products because it
decreases odor control and increases liquid buildup in cat litter
and causes unsafe slippery conditions when used as a floor-
sweep compound type of oil absorbent product. Slaking is
caused by dispersion of the surface of the clay granules to
form a slick surface, in which the clay crystallites are uni-
formly negatively charged and consequently repel each other.
Paradoxically, although slaking is undesirable behavior in
granular fuller’s earth products, it is essential in gelling clays.

Quadlity Testing

Companies that produce fuller’s earth test their exploratory drill core
and quality control samples against a variety of published and
unpublished product specifications that are important to their cus-
tomers. Fuller’s earth product specifications are set by the type of
market use intended. The initial critical quality factor is the percent-
age of coarse inert impurity materials, commonly termed grit, that
contaminate the clay deposit. Grit specifications for the maximum
allowable nonabsorptive minerals present in crude clays can range
from 5% to as much as 15%. Some of the coarser grit material can
be partly removed by air separation at the whizzer during dry mill-
ing or by oversize screening when producing granular products.

Dry calcined MgO can be added to the raw clay during pro-
cessing to improve gelling, viscosity, and thickening behavior. It
may be necessary to extrude the moist clay for crystallite alignment
or 1o allow for a seasoning time of up to 2 weeks to allow the MgO
to have its maximum desired effect.

Granular fuller’s earth products commonly must be composed
of a narrow size range of chip particles, with very little fine dust-size
material allowed. Dusting behavior can be a problem with many of
the softer or more frangible absorbent fuller’s earth products. When
dried or semicalcined and then crushed to a granular or chip-sized
product, the finer mesh sizes of clay may need to be removed and dis-
carded to meet the customer’s particle-size specifications. De-dusting
boxes and liquid polytetrafluoroethylene addition may be used to
reduce airborne dust immediately before packaging. Slaking is also a
quality problem, where the clay granules break down when wetted
and form an impermeable, nonabsorbent muddy mass.

The American Petroleum Institute (Anon. 1969) lists drilling
mud specifications. Specification P-A-1056A, published by the
U.S. General Services Administration, describes tests for floor-
sweep-type absorbent granules. The American Oil Chemists” Soci-

ety (Anon. 1958) describes edible oil bleaching tests. Weidhaus and
Brann (1955) describe testing for the various types of insecticide,
carrier, and dusting diluents.

Product Performance Standards

The following are general guidelines for specific fuller's earth
products intended for particular market applications.

Granular products intended for cat litter should be light in
color with a loose packaged density of less than S0 Ib/ft, and when
crushed they should produce a minimum of fine dust-size material.
Low bulk density is especially important for high-quality consumer
cat litter; the purchaser will select generous-size packages that
weigh as little as possible.

The same low bulk density, however, will increase per-ton
shipping cost in railcars and export containers. Litter granule size
usually ranges from about 4 to 30 Tyler screen mesh, and liquid
absorptivity ranges from 50% to 120% without slaking or granule
breakdown. Cat litter products are typically dried to 10% to 15%
moisture, and western bentonite is commonly added to absorb lig-
uid waste into easily removed, scoopable clumps.

Granular oil-absorbent fuller's earth products vary in density
from 22 to 52 1b/ft?, with nonslaking oil absorption ranging from
50% to 100%. Hard granules, low dusting, and high adsorption
ability all bring a premium price for this type of product, which is
generally sold at 0% moisture.

Agricultural granules for use as carrier agents for liquid insec-
ticides, herbicides, bactericides, nutrients, and fungicides are gener-
ally sold in screen sizes ranging from 24 to 48, or 30 to 60 Tyler
mesh, with minimal dusting or slaking allowed. These products are
commonly produced from Porters Creek Clay in the midcontinent
Mississippi Embayment area and are dried to 0% moisture.

Gelling-type fuller’s earth products are tested by measurement
of slurry viscosity at low clay solids percentages. The most widely
used viscometers are the low shear Brookfield unit at 100 rpm or
the high shear Fann unit at 600 rpm, depending on customer prefer-
ence and market application. Clay slurry viscosity can be tested
with either fresh or supersaturated saline water.

Magnesium-rich attapulgite fuller’s earth clays retain good gel
strength under saline conditions, whereas sodium- or calcium-
based montmorillonite gelling products break down in the presence
of salt water. Therefore, attapulgite fuller's earth is selected as a
high-gelling drilling mud for oil and gas exploration when expect-
ing saline formation conditions. For such drilling use, a 600-rpm
clay testing 30 Fann units will equate to 100-bbl yield units of prop-
erly thickened mud per ton.

Bleaching fuller’s earth clays are used to purify and remove
discoloring agents from edible oils and liquid products. These prod-
ucts must have very specific pore sizes and shapes to absorb impu-
rities properly while allowing the clarified liquid to filter easily
through the clay. The only U.S. fuller’s earth products suitable for
this use are produced in the Jackson Area of Mississippi and the
Meigs to Ochlocknee mining districts of Georgia. These specialty
clays are dried to no less than 10% moisture, ground to finer than
325 mesh, and acid treated or soaked for enhanced activation.

Fuller’s earth used for sports turf or lawn growth aids (for ath-
letic playing fields or golf courses) is usually dried hard at high
temperature to light red, making granular products similar in size to
cat litter. These products loosen soils for better drainage and more
effective use of plant nutrients.

MINING

Fuller's earth is mined by open-pit methods (Figure 2). Generally,
mine planning and permitting, followed by overburden excavation,
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are based on core drilling on grids of 50 to 100 ft and careful clay
quality testing. Overburden is, whenever possible, backfilled into
nearby previously mined-out pits and sloped to blend in with the
original, premining terrain. After the overburden is removed, closer
spaced drilling using compressed air or auger sample retumn is fre-
quently done on 50 to 25 ft spacing for effective mine quality control.

Overburden is stripped with backhoe excavators and off-road
haul trucks, or dozers and scrapers, often by local independent con-
tractors (Figure 3). The clay itself is excavated with backhoes, front-
end loaders, or scrapers. Because sedimentary fuller’s earth was
deposited in horizontal layers or strata, quality control is much more
reliable if the clay is mixed during mining by vertical excavation
(such as with hydraulic backhoes). This vertical mining averages out
the horizontal layering of quality variations and delivers better-
blended crude clay to the stockpile or processing plant. Acceptable
overburden thickness can range from only a few feet or meters to
more than 100 ft, depending on the mining district, ore zone thick-
ness, clay quality, and the market value of products produced.

Highway haul trucks transport the crude clay from the prop-
erty; they must meet complex state and interstate regulations for
haul weight, individual wheel load bearing, spillage, tracking mud
onto the paved road surface, and so forth. Thus, there is a real cost
and efficiency advantage to mining near enough to the clay process-
ing plant so that mine-run crude clay can be hauled by very large
off-road trucks on privately owned roads, where regulated load lim-
its do not apply. After a fuller’s earth plant has operated for a few
decades, however, it is likely that most or all of the nearby accept-
able quality clay deposits have already been mined out.

Mine Permitting and Regulation

Proposed fuller’s earth mines must be approved and permitted by
state and local agencies. Each mine permit process addresses recla-
mation, air quality, stormwater runoff, local zoning, and other regu-
latory issues. The permit process can be very different from state to
state, and may vary considerably through time in an individual
state. Careful attention should also be paid to wetlands, county zon-
ing regulations, Native American tribal customs and practices,
proximity to historic homes or buildings, parks, natural areas, wild-
life sanctuaries, or endangered species regulations.

Mine permitting must also deal with land and mineral owner-
ship and leasehold rights, mine water control, highwall slope stabil-
ity (typically laid back to between 0.5:1 and 2:1 angles), adjacent
property setback, and so forth. Mineral rights on privately owned
lands are commonly leased from the landowners, and royalties for
extracted clay are paid by the ton or cubic yard.

Failing to obtain a satisfactory lease contract, mining compa-
nies may purchase clay properties outright or buy the deeded, sev-
ered minerals only and leave surface and timber ownership to the
landowner. On federal lands, the U.S. Bureau of Land Management
or the U.S. Bureau of Indian Affairs must handle mineral leasing or
placer claims in accordance with the General Mining Act of 1872
and their own particular standards and regulations.

Mined Land Reclamation

Once mining is completed, the mined-out pits are backfilled and
leveled with overburden from a nearby or adjacent cut, or devel-
oped into fishing ponds. The disturbed land is restored to attractive,
stable, noneroding, less than 3:1 slopes. Cover crops of pasture
grass and select tree seedlings are planted on the reclaimed land to
leave little or no hint that the property had ever been mined. Indi-
vidual states, and in some cases also a county or smaller local per-
mitting agency, control regulation of such privately owned
disturbed mining lands in the United States.

Figure 2. Typical open pit fuller’s earth mine near Ochlocknee,
Georgia, showing the excavated surface of the minable clay
under approximately 20 m of overburden. Ore zone thickness is
approximately 4 m.

Figure 3. Mining fuller’s earth clay after overburden has been
removed and hauling by highway truck to the processing plant.
Note overburden in the background that has been backfilled to fill
the previously mined-out pit.

CLAY PRODUCT PROCESSING

Fuller’s earth is an unusually versatile mineral that can be pro-
cessed to meet a rather bewildering variety of product specifica-
tions for sales to a wide range of differing market uses. Crude run-
of-mine fuller’s earth is typically crushed and semidried with a
shredder or hammer mill, Raymond mill, Williams mill, or Imp mill
for bleaching and gelling products.

The clay may be dried to 10% to 15% moisture or semical-
cined. Care is taken not to overheat and reduce pore size, absorp-
tion, or CEC, and alter mineralogy to make cat litter, bleaching and
oil-adsorbent material, agricultural chemical carriers (for pesti-
cides, herbicides, etc.), jet fuel filtration agents, or turf improve-
ment products.

Various-sized granular products can be screened to make any
product from 4 by 12 mesh, 30 by 60 mesh, or even as fine as 60 to
90 Tyler mesh specifications. Finer clay products can be ground



380 Industrial Minerals and Rocks

and air-float separated to finer than 200 mesh, 325 mesh, or even
ultrafine —6-pm material. The moist clay can be “pugged”
(extruded) to align elongate crystals and improve gelling properties.

MgO may be added to improve product viscosity and gelling
characteristics. There is not agreement in the industry on whether
adding MgO causes actual attapulgite crystal needle growth after a
few days’ residence in the clay product, or if the MgO simply
results in an improved surface charge on the existing clay crystal-
lites that results in better gel performance.

PRODUCT HEALTH AND SAFETY CONSIDERATIONS

Crude fuller’s earth clay is checked by scanning electron microscope,
transmission electron microscope, x-ray diffraction, and x-ray fluo-
rescence chemical analysis for the presence of industrial fibers of
possible asbestiform characteristics, cristobalite, trace metals, and
other possible hazardous elements. Because some fuller’s earth prod-
ucts may be used for processing animal and human foods, all prod-
ucts and additives used must meet food-grade standards. Several
examples of possible hazardous situations that have affected fuller’s
earth operations are as follows:
» Development of East Gate, Nevada, mordenite for cat litter
use was halted because of the presence of erionite fibers in the
crude clay and overburden.

Use of fuller's earth cat litter in California was challenged
because of the presence of crystalline silica. It was necessary
to obtain a “‘Safe Use Deterrnination” by the Sorptive Miner-
als Institute to enable the sale of most types of cat litter in the
state.

» The National Institute for Occupational Safety and Health
(NIOSH) conducted a health study to ensure that the type of
elongate crystals in palygorskite in the Florida—Georgia
fuller’s earth district did not constitute an asbestiform mineral
health hazard.

PRODUCT PACKAGING, TRANSPORT, AND MARKETING

Finished granular fuller’s earth products such as cat litter, oil absor-
bents, and floor-sweep compounds are sold in consumer-attractive
paper or plastic packages of 5 to 50 Ib or in metric sizes for export
markets. Cat litter packaging has evolved from unweighed filling of
semicalcined clay into hand-stapled bags in 1952 to fully auto-
mated bag-filling units that shrink-wrap bundles which are then
conveyed onto automatically stretch-wrapped pallets for warehous-
ing and then loading onto trucks or railcars.

Agricultural chemical carriers, jet fuel filtration products,
bleaching clay granules, anticaking or dry-flow agent clay powders,
specialized drilling muds, and gelling or thickening agents are
shipped in 40- or 50-1b paper bags, polypropylene bulk big-bags,
bulk truckloads, or railcars.

Some export fuller’s earth products are shipped overseas in
large metal shipping containers, covered barges, or bulk ship holds.
Although the industry packaging trend is toward nearly complete
automation, some fuller’s earth products continue to be hand-
bagged and -palletized.

Finished fuller’s earth products may be distributed to a market
radius of only a few hundred miles for typical high-density, low-
absorption cat litter or to worldwide markets for high-grade bleach-
ing clays. Order size can range from barge load or shipping cargo
bays, or 80- to 120-truckload special promotions, to individual
pickup truck loads destined for the local hardware store. Generally,
the main tonnage of fuller’s earth products is shipped to market in
truckloads, railcars, or in metal shipping containers.

Individual fuller’s earth customers can be hardware stores,
municipal or hazardous waste landfills, city or university athletic
fields for turf enhancement granules, jet fuel purification facilities
at major airports, or multibillion-dollar distributors for chemical,
grocery, or discount consumer sales outlets.

Product sales go through regional or national distributors or
directly to the wholesale or retail customer. Fuller’s earth products
are sold in the neighborhood grocery store in attractive small pack-
ages for household cat litter or to a paint manufacturer for use as a
thickener and antidrip agent.

The overall trend in the fuller’s earth industry is to develop
new products that better satisfy the particular customer’s needs and
allow a higher added-value price over standard or commodity
grades. New product development research must consider fuller’s
earth mineralogy, physical and chemical specifications, existing
patent rights, customer service and packaging preferences, and
extra processing and energy cost requirements before launching
innovative higher-value products.

The future of the U.S. fuller's earth industry depends on
developing and patenting new special-use products and reaching
new types of market applications.
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Abstract. Attapulgite fs a magnesium
aluminosiTTcate clay mineral which exhibits
unfque, processing-enhanceable physfical and
chemical properties that are related to its
current commercial uses. Properties of
commercial interest are gelling, absorption,
adsorption, binding, acid neutralization and
many others. Major industrial applications
are: (1} absorption by heat treated grades
utilized in jndustrial ofl and grease
absorbents and in agricultural pesticide
carriers; (2) gelling of aqueous 1iquid
products by colloidal grades for stabilization
and viscosity control in salt water drilling
fluids, suspension fertilizers, ligquid animal
feed supplements, paints and tape Joint
compounds; (3) adsorption by heat treated
varieties for the removal of catalysts, color

bodies ‘and other polar compounds. from _ . _  _

hydrocarbon streams; {4).gelling of organic
liquids by colloidal attapulgite/surfactant
blends in oil-type paints, fibrated and
nonfibrated asphaltic coalings and mastic
compositions, and (5) the 5inding of feeds and
molecular sieve sorpents with colloidal type
attapulgite products. These applications and
other less common uses and potential uses will
be discussed along with the necessary selective
mining and plant processing features related to
each property and application.

Introduction

Attapulgite §s the principal mineral of
attapulgus clay. Attapulgite is a unique
hydrated magnesium aluminum silicate. i
Co-occurring minerals are montmorillonites, .
calcite, dolomite, quartz, feldspars and,

rarely, sepfolite {Grim, 1968). Often the clay

as mined contains organic materials such as
roots and bark plus the leached microbial decay
products from forest floor humus. The
morphology and structure of attapulgite has
been described well by many {Grim, 1968; Haden
and Schwindt, 1967). Briefly, attapulgite is
an acicular magnesium aluminum silicate with
dimensions of 1 to 2 micrometers in length and
a width of 0.01 micrometers. The needles are
honeycombed with channels. The structure
(Bradley, 1940) consists of a double chain of
silicon-oxygen tetrahedrons running along the
long axis that are blocked apart by
discontinuous units of Mg in sixfold
coordination to form the channels. A3}, Fe and
other elements partially replace Mg in the
actual composition. The water content and the
positions of the water molecules (or OH groups)
in the crystal are of utmost importance {n the
thermal processing of attapulgite during plant
preparation to achieve desired properties in
various types of finished attapulgite clay
products. Types of water encountered are free
moisture (FM{ which is moisture present in
excess of the zeolitic water; crystal water
coordinated to certain magnesiums in the clay,
zeolitic water held in channels and hydroxy?
water that can be driven off at higher
temperatures, During the plant thermal)
processing of the clay water removal is a
function of temperature and time. In a DTA
analysis the sequence of events observed has
been: {1) FM water was driven off at 100°C,
{2) zeolitic water was driven off between

100-200°C, (3) at higher temperatures
crystalline and OH water were removed (Haden
and Schwint, 1967). In commercial products
this sequence is complicated by the normally
present calcite contaminant {CaCl; ), or the
less frequently encountered dolomite
contaminant (MgCO,-CaCl3) since the COz from
the MgC03 portion of do?omite is evolved at the
same temperatures as the OH water while the COz
from CaC03 is driven off at higher
temperatures, >1200°F (649°C).

The surface areas of commercial attapulgites
range from 220 m?g to 120 m2?/g with the higher
surface areas being noted for colloidal,
gelling grade products and the lower surface
areas for the higher temperature,
thermally-processed products. The surface
areas cited are for N2 gas using the B.E.T.
techniques. The channels are involved in the
B.E.T. surface area measurement. This is a
large surface area and is related to the use of
attapulgite as an adsorbent {n purification,
although the channels are not normally involved
in these phenomena. Other notable surface
characteristics are medium to strong acid sites
and oxidative sites. The surface also is a
source of alkaline materials since attapulgite
gagér slurries generally exhibit pH values of

.5 to 9.5.

Mining, Processing and Commercial Applications
General

Fields of commercial use of attapulgite are
based on its properties as shown in Table 1.
Briefly the properties utilized are water -
gelling, bulk absgrption of liquids, surface
adsorption, and miscellaneous. The
miscellaneous properties are the clay's ability
to hold and release water up to fairly high
temperatures; to bind materials and stick them
together while Teaving an open structure, the
characteristic of interacting with or
neutralizing acids, toxins and certain leuco
dyes; and to be dispersed in and gel organic
1iquids when specified surfactants are used in
conjunction with the clay. As would be
anticipated, there are many different clay
products involved in this multiplicity of uses.
Desired properties are achieved by selective
mining and by varfous plant processing
treatments.

Selective Mining: Practiced by all American
attapulgite proauct producers, It consists of
the testing of precored, cleared mine site
samples and face sampling open seams so fhat
the samples can be classified for certain end
uses. Sample evaluations consist of the lab
preparation of smal} amounts of plant-type
products which are then evaluated with suitable
tests to determine such properties of gelling,
rate of viscosity development, absorption,
adsorption, etc, As a result of this lab
testing, mining is carried out on selected
strata in well defined areas, the crude is
Tabeled, shipped in to the processing plant and
segregated into various storage areas. Each
area has classified crude ﬁ11es which can be
blended to provide a mix which will give
desired properties after processing to a final
product. For example, the gelling grade crudes
are separated into those which give Tow, medfun




and high viscosity gelling products, These are
blended, based on availability, to give a final
gelling grade product with uniform viscosity-
building properties. Similar practices are
utilized to provide final products that will
show uniform properties in other applications.

Plant Processing: Has a profound effect on the
properties of the final products made. For

example, excessively high grocessing
temperatures 1rreversiﬁiy ruin gel building
properties, slaking properties in water and, {if
very high, the sorptivity of the clay. The
degree of grinding has an adverse effect on
gelling properties since finely-ground clays
tend to show less gelling than coarsely-ground
clays. Various other physical and chemical
addition processes also have an effect on final
product properties. . Extrusion improves the
rate-of-yield, absorptive and. adsorptive -
properties of the clay. - Mg0 or other alkaline
additives vastly fmprove viscosity building
properties of the gelling clays when post-added
or pugged into the clay prior to extrusion.

Two stage thermal processing during the drying
process results in different product properties
than one stage drying -- two stage processed
products are less sorptive, less dusty, harder
and more resistant to attrition than one pass
products.

The aim of processing variations practiced
is to produce three general grades of clay
products, HVM, RVM and LVM, {n several particle
sizes as a result of heat treatments and ;
crushing/grinding.

1) HVM (High Volatile Material) or
Colloidal Gelling Grades are used as .
gel-producing agents in water or organic
1iquids. They are generally' powders.

2) RVYM (Reqular Volatile Matter) Grades are
absorbent/adsorbent grades for organic T{quids.
They are dried at Tower temperatures and slake
(disintegrate) in.water or water solutions.
They are produced as powders or granular
materials.

3) LVM {Low Volatile Matter) Grades are
absarbent/adsorbent grades for absorption of
aqueous or organic 1iquids and adsorption of
polar contaminants from nonpolar aerganic :
1iquids. They can be powders or granules,
They are dried at higher temperatures and do
not slake in water.

Thermal processing ranges from low to high
temperatures where HVMARVM<LVM grades.
Crushing gives different sizes. Coarse
products are termed granulars and range from 6
wesh (3.36mm) to 100 mesh (0.149mm). Powders
are finer than 100 mesh {0.149mm). Often the
granular grades are closely sized and range
from 6/30 (3.36/0.149mm) mesh to 50/100
(0.297/0.149mm) mesh. Powders finer than 100
mesh 50.149nn) can also be sfzed to 100/200
mesh {0.149/0.074mm), minus 200 mesh {-0,074mm)
and minus 325 mesh (-44um)., Finer powders can
be purified to some extent during grinding by
grinder desanders or by post air
classification.

Wet Processing: Has been uttlized to degrit
{remove sand, calcite, dolomite, etc. .
particles) the clay. This involves dispersing
the crude at 25% to 35% salids in water with a
condensed phosphate chemical dispersant;
removing undfispersed particles by sedimentation
and mechanical wet classifiers; adjusting the
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clay solids content to approximately 25% and
shipping as a predispersed clay slurry. Qther
dispersible clay-type contaminants: such as
montmorilionites are not removed in this
process and remain in the final slurry product.

More processing details for each type and
grade are given below.

Processing Details of Various Grades of
Attapulgite

HVM (Colloidal or Gelling) Grades: These
grades are select{vely mined (based on 1ab
testing) to yleld products with good viscosity
building properties. Processing comprises the
following techniques:

1) Primary Crushing and assignment to low,
high and medium viscosity stockpiles.

2} Crude Blending to produce a desired
viscosity range.

3) Secondary Crushing (optional) to reduce
rock)(calcite ?r dolom}ge; siz?. ’ ]

4) Pugging (optiona or mixing water an
chemicEngaagtives in to tha crude.

5) Extrusion (used after pugging) to
complete the blending of additives and/or to
form a uniform shape/size for drying and to
improve gelling properties of the final
product. .

6) Drying in a rotary drier or in a heated
mill.

7) Grinding with a roller or hammer m{ll
which may be heated for simultanecus drying.
Removal of a part of the difficult-to-grind
particles may be accomplished in the grinding
prociss. . WM celbine”

8) Regrinding -- For finer HVM gelling
gradesj‘%f@ﬁ”?7g“grinder discharge” may be
subjected ta a finer hammer mill grind in a
second m{11. For gelling grades this may alsa
be accomplished in other equipment such as an
ajr fluid energy mill (jet mi11) using cold
air. RVM and LVM grades may be fluid energy
milled with hot air or steam..

9) Classification -- The product from £#8 may
be subjected to-a further clean-up by
sgparation in an air classifier. The coarse.
rejects may be discarded or reground in Step
#8. 1If.#8,and #9 are carried out in closed
circuit the grit is reground to a fine particle
size {generally <44um).

The viscosity building properties of the
collofdal grades are ephanced by the addition
of alkaline additives (such as Mg0, Na,COj,
etc.) to-the clay during the pugging step or as
a post additive after grinding and classifying.
Predispersed slurries {about 25% clay in water)
which can be prepared in the clay supplier's
plant, as previously described, also can easily
be-prepared in the field by colloidal grade
clay purchasers (Floridin, 1981). <Predispersed
gelling grade attapulgite products exhibit
excellent viscosifying and gel building
properties when flocculated by salts or

olyvalent cations.. This phenomenon s
Be]ieved.to be due to the fact that the prior
use of chemical dispersants decreases the
amount of mechanical work input required in the
dispersion-flocculation process normally
prescribed for such applications.

RYM (Absarbent-Adsorbent) Grades: After
selective mining the products are processed
using:the following techniques:




1) Primary Crushing and an assignment to
various stocEp? es (low, medium and high
absorptivity).

2) Crude Blending to produce the required
sorptive capacily.

3) Secondary Crushing (optional) to adjust
drier feed size. :

4) Drying -- This step can be carried out in
a rotary drier or a fluld bed drier. Heat
input is adjusted to yield drier discharge with
a free moisture (FM) of 3% to 9%.

5) Crushing and Sizing -- Crushing is
carried out with roll crushers and the
discharge {s sized to various required meshings
with a series of screens. Oversize is .
recycled; undersize can be reconstituted or
further ground to sizes <100 mesh (<0,149mm)
which are powdered grades.

Notes

1) Reconstitution -- RYM fines can be
reconstituted to generate a lump drier feed by
pugging water into the fines and extruding.

The extrudate is then fed to the dryer as a
blend with crushed crude. Products made from
reconstituted attapulgite are slightly softer,
‘more absorbent and more adsorbent than products
made directly from the crude. This capability
is unique to attapulgite since the
reconstitution of many other absorbent grade
minerals result in an unacceptable loss in
hardness and sorptivity. o

2) Sorptivity -- Sorptivity of clay
absorbents appears to be an {nverse function of
the apparent density of the clay. This
relationship 1s shown in Figure 1. Thus, if
during the crude testing core samples are lab
processed into granular absorbent grades and
the free fall densities of the products are -
obtained along with sorptive capacities of the
products a corretation can be established which
enables the plant to use apparent densities to
predict and sort the clays out 1nto-low, medium
and high sorptivity types and to dictate
desired blending ratios, This correlation
exists because densities are higher and
sorptivities are lower as the nonabsorbent- -
mineral content of the clay increases. '

3) Water Disintegration Properties of RVM
Granulars -- RVM granular grades slake or
disintegrate when contacted with water. This
is the result of the relatively mild drying
conditions used in processing -- enough water
is driven off to result in a materfal with a
respectable sorptive capacity but the degree of
heating fnvolved does 1ittle to fuse the
structure together. Slakability is desirable
in many granular agricultural applications
{pond treatments or where rain water
disintegration is desired in agricultural uses)
but limits uses as will be described later.

LVM (Absorbent-Adsorbent) Grades: As described
in the RVM section, these grades are
selectively mined based on lab apparent density
testing. They differ from the RVM grades in
the higher degree of heat treatment employed in
their processing which results in a granular
product that does not slake in water. Thus LVM
and RYM grades Involve similar processing steps
although variations are practiced. LVM grades

are plant processed with two different
techniques: .

1) COne Step, High Temperature Drying -- When
this technique 1s employed crushed crude s fed
to a high temperature dryer (900°F; 482°C).
The discharge {s ‘cooled, crushed to a desired
top sized and screened into desired granular
distribution ranges. Fines are ground to <100
mesh (0.149wm). Fines cannot be reconstituted.

2) Second Step, High Temperature Drying --
RVM presized granular products (see under RVM)
are the feed for a second high temperature
drier (900°F; 482°C). The high temperature
drier discharge is cooled and, if necessary,
rescreened through sifters to remove small
amounts of oversize and undersize materials.

LVM granular grades are harder (more
resistant to attrition and breakdown} than
comparable RVM grades. They have a lower
surface area than HVM or RVM grades and, on a

dry clay basis, are slightly less sorptivity

than RVM grades. Because they do not slake,
LVM granular grades can be used .as absorbent
carriers for water solutions of.pesticides and
to absorb aqueous spills.

Notes

1) Sorptivity or liguid holding capacity
(Sawyer, ?9555 -- Sorptive capacity for 1iquids
(water and organics) is a vague term that mean:
different things to different absorbent users.
For example, granular pesticide processors
require a final product that is dry and
flowable when they use granular clay as an
absorbent carrier for pesticide liquids. They
cannot tolerate a wet granule that would
prevent flowability or seep through the bags
used as containers during storage and shipping
Users of granular clay as pet litters and
industrial floor absorbents, on the other hand
are not as worried about how wet the product

‘gets since genrerally the wetted absorbent is

stored in a trash can and often a second

clean-up application follows the initial

absorption. This being the case, different
sorptivity evaluations are performed: for
agricultural (ag) carriers and pet litter/
industrial absorbents. Ag carriers are
evaluated to a dry sorptivity test endpoint as
described in ASTM STP875 (1985). Pet litters
and industrial absorbents are evaluated with a
wet endpoint test such as the Westinghouse or
Van Trump tests (ASTM STP875-1985). With 6/30
mesh (3:36/0.59mm} granular LVM attapulgite th
following sorptivity ranges are encountered.

Dry Endpoint Test -- 30 to 36% liquid
Wet Endpoint Test -- 46 to 52% liquid

Dne type of test cannot be used to predict
results with the other type of test since

"~ different phenomena are involved. Ory endpoin

aborption 1s strictly absorption that occurs 1
the granule; wet endpoint absorﬁt1on is a
measure of 1iquid held within the granule, on
the surface and within voids between particles
Surface available and void volume depend on
such factors as particle size distribution and
angularity which have minor effects on granula
Tiquid holding capacity to a dry endpoint.

2) Hardness -- Defined as resistance to
breakdown (resistance to attrition} during



handling. Handling includes mechanical action
durfng: (a) plant processing and movement,
(b) shipping, (c) Tmpregnation, (d) subsequent
shipment to the fileld, apd {e) field
application for ag grades. Industrial
absorbents may also be challenged by people
walking on them in the wet or dry condition.
Hardness is measured by such tests as ASTM
£728-80. Hardness of attapulgite granular
grades ranges from high (good?

the series LVM (two drying steps) >LVM (one
drying step) > LM (reconstituted) >RVM.

3) Screen Distribution (Particle Size
Distribution} -<"An important aspect of and a
purchasing specification for absorbent grade
attapulgite products 1s screen distribution.
Various screen distributions result from the
crushing and sizjng operations on heat treated
products. _ Granular distributions are _ ...
determined by ASTM E726-80. Some-rules of

to low (poor) in

thumb for the absorbent-grade granular fuller's

earth absorbents ara:

a. Granular sizes range from 4 to 100
mesh.

b. Narrower size ranges are generally
supplied. These are designated by
screen ranges such as 8/16, 16/30,
20/40, 25/50, 30/60, 60/100, etc.
(U.S. Standard Sieve Series). Such
designations indicate that 90% by
weight of the product lies between the
stated screen values (such as 30/60)
and that no more than 5% of the
product 1s finer than the second mesh
size.

c. Item b is often superseded by valjes'" '~

given on customer specifications..
Since customers are particularly -
interested in fines in the product,
they may include maximum values on a
30/60 granular grade for -100 mesh,
-200 mesh, etc.

4) Apparent Density -- Apparent densities as
both free-fall buTk density and packed density
are of importance in such matters as storage
bin sizes for bulk materials and bag sizes and
show relationships to sorptivity and particle
counts, Free-fall bulk density can be
determined by ASTM E727-80 or similar methods.
Packed or tamped densities are very close in
value to free-fall densities for granular
carriers. For finer products packet density
values assume more importance. One suitable
test is described in Whittaker, Clark and
Daniels, WC&D Test Method #112, "Apparent
Density - Tapped Bulk - Fine Powder".

Current Commercial Applications of Attapulgite
Products

The two major tonnage uses of attapulgite
products in commercial applications are for
absorption and gelling., Absorptive and gelling
uses are followed in importance by a variety of
smaller applications such as adsorption,
binding, filling, etc.

Absorptive Uses (see Table 2): This 1s the
Targest use of attapulgite. Absorptive uses
can be further broken down into pet Titters,
industrial absorbents and agricultural
carriers.

1) Pet Litters are RVM and LVM granular
grades. Both grades will adsorb small amounts

of odors emitted by animal waste products, The
RVM products absorb larger amounts of 1iquid
waste than the LVM products but in the process
tend to slake and mud,

2) Industrial Absorbents are generally RVM
and LV granular grades. They are used to
clean up spills of organic Tiquids and water
solutions as well as to immobilize both types
of 1iquids that contain toxic contaminants
during containerfzed shipments. The so-called

floor absorbents are generally restricted to

granular grades because they are harder
than RVM grades and nonslaking when absorbing
water, These properties are important because
often the user will spread the absorbent on
nontoxic spills and workers will walk on the
absorbent and expect nonslip footing. The
nons1lip feature is pot recommended since the
supplier recommends the products only for spill
clean-ups but it is the way many users employ
the floor absorbents in practice. _

For 1iquid toxic waste immobjlization the

less expensive RVM granular grades are used in

a contaliner, such as a steel drum, to soak up
and {mmob{1ize 1iquids. During handling or
during truck or rail car transportation this
combination package will not allow liquid to
Teak out even if an accident occurs and the
container 1s ruptured. In this use the
suppliier of the absorbent only guarantees the
physical soaking up of the 1iquid waste and
does not guarantee that the absorbent will:
(a) cause the offending liquid to lose its
toxic or corrosive nature due to absorption or
(b) prevent subsequent Teaching or displacement
by other 1iquids when the container integrity
is disrupted during handTing, shipping or
burtal in landfill. Often the shipping
container is 1ined with-a plastic inner liner.
Typical 1iquids shipped using this technique
have been spent battery acid {sulfuric acid),
spent cyanide and phosphate metal processing
water solution compounds, used lubricant oils
and many others.

3) Agricultural Pesticide Carriers (Van
Valkenburg, 1978; Sawyer, 1983) -- Because of
favorable economics, good sorptivity,
availab{lity and good product uniformity RVM
and LVM granular attapulgite products and
powders enjoy wide usage as carriers for
agricultural pesticides such as herbicides and
insectfcides. RVM granular grades are less
expensive than LVM grades because less energy
(Tower temperature heat treatments) is employed
in their preparation. RVM granulars are used
when:

a. the free mojsture on the granule does
not adversely affect the impregnated
compound.

b. the impregnating compound does not
slake the granule (water solutions
cannot be used).

c. the user desires disintegration of
impregnated granules after application
to hasten release and to allow better
distribution. This is the case when
the product will be used in pond
treatments, forest floor treatments
and treatments of many crops.

LVM sorptive grades are used when:

a. Water solutions of pesticidal
compounds will be impregnated.



b. The pesticidal compound is sensitive
to water {free moisture) on the
carrier,

c. Higher sorptivity, harder granules are
required to minimize mechanical
breakdown and maximize sorptivity.

d. Less rapid release and no slaking
after application are specified.

Granular grades (RVM and LVM) furnished to
agricultural formulators and others range
through 8/16 (2.38/1.19m), 16/30
{(1.19/0.59mm), 20/40 (0.84/0.42mm), 25/50
(0.71/0.297mm), and 50/100 {0.297/0.149mm)
s{zes., These grades are supplied in bulk and
bags. The customer processes them by removing
fines in a prescreening operation, impregnating
and rescreening fines from the final product.
Powdered grades of R¥M and LVM attapulgite are
supplied in bulk and bags. Processing can
consist of an impregnation blending of liquids
on to the powdered clay or the co-grinding of
solid pesticide compounds plus the clay to
produce dusts and wettable powders. Often
other components besides pesticides are
absorbed on both granular and powdered
attapulgite products in such products. These
can include deactivators for the clay,
surfactant blends (wettable powders), solvents
for pesticidal compounds (water or organic
liquids), higher sorptivity carriers and less
sorptive diluents. Many times impregnations
are carried out at elevated temperatures in
heated equipment in order to increase
solubilities of the pesticidal compound in a
solvent and/or to liguify a Tow melting point
compound.

4) Anticaking -- Powdered LVM grades of
attapulgite are used as conditioning agents for
ammonium nitrate (explosive and fertilizer
grades), urea, resins, fertilizers, etc. They
function by coating the solids (granule, prill
or flake) and absorbing solvents that are
present or water condensed from the air. This
retards the growth of bridging crystats.

5) Soil Adjuvants -- LVM granular and
powdered grades are added to potting soils in
greenhouses and seedling soils when setting out
trees (Koo, 1967). As a component in soil
blends they can be saturated with water and/or
Tiquid fertilizers to serve as a reservoir for
these ingredients that are essential to growth.
Attapulgite is particularly effective in
retaining water in rapidly leached,
rapid~-draining, sandy soils and has been widely
used for the planting of citrus tree seedlings.
LVM granular attapulgite products {6/30) are
incorporated into poor-permeability clayey
soils .and shales to improve drainage in golf
courses and athletic fields., LVM granular
attapulgite {s used on baseball fields to dry
up rain puddles in base paths.

Adsorbent Applications (see Table 3): At one
time the use ot RVM and LVM attapulgite powders
and granules as adsorbents consumed the major
share of attapulgite mined in the U.S.
Primarily the attapulgite was invelved in
cleaning up and decolorizing petroleum products
with smaller amounts being used for animal fats
and vegetable oils. Competing technologies, in
part, have replaced these app%{cations but many
uses sti11 remain and new ones have been
developed. Generally attapulgite products

function in purification/decolorizing by selec-
tively adsorging or reacting with impurities in
1iquids, Certain more polar contaminants
preferentially interact with the clay surface
and are removed from liquids where the
molecules in the bulk of the 1iquid show less
affinity for the clay surface, Often
differences in polarity are reflected in this
adsarption with maere polar molecules being
absorbed; often certain chemical
characteristics such as fonic character and
conjugate double bonds in cyclic and aliphatic
organic compounds {many times these are color
bodies) show preferential adsorption.
Adsorption phencmena range from physical
adsorption through chemi-sorption to chemical
reactions. In all instances adsorption is a
solid surface interaction with a contaminated
1iquid adsorbate to remove some of the
undesirable molecules. It is not a bulk
phenomenon as is absorption although some
purification operations involve both adsorption
and absorption. The clay aiso has the ability
to interact with certain colloids and colloid
size particles such as viruses (Morton, 1976)
and remove them from 1iquids. Usually the rate
and efficiency of such uses are related to
avaflable clay surface and thus to particle
size. .

Two techniques are used in.adsorptive
processes, They are percolation and
contacting.

Percolation is the passing of a liquid
through a granular bed of clay in a column
where the bed might be static, fluid or moving
and where the passage might be co-current or
countercurrent. Granular clays used in
percolation are often thermally treated prior
to use and are regenerated for reuse by using
solvent washing, steaming and thermal
processing. " : q N

Contacting is the treating of a liquid wit
fine granular grades and powdered adsorbent
clays while stirring, followed by clay removal
by settling and filtration. In both processes
the adsorbent is thermally processed to remove
volatiles and maximize adsorptive processes
{activation) prior to use and the process is
performed at varied temperatures to optimize
surface-contaminant finteraction. Contacting
process filtration rates and retentions may be
improved by the use of fiiter aids by
precoating and/or body feeding. Clays used in
contacting may be steamed or solvent washed to
recover more product but never are regenerated
for reusa.

-Some examples of the commercial use of
adsorbent grades are listed belaw:

*1) Petroleum Refining -- A tower.or column
is packed with a bed of 4 mesh at the bottom,
8/16 as the next layer and 6/30 LVM attapulgite
at the top. This is ysed to remove AlCly
catalyst from & ‘Tiquid .isomerized stock stream.
The adsorbent is not regenerated. i
i 2) Kerosene Decolorization -~ 25/50 LVM clay

~;is used Tn a column to improve the color of a
5 kerosene distitlate fraction. This column can

be regenerated.

it 3) Re-refining -- 200/up RVM clay is used tc

decolorize and neutralize acidity in an
oleum-treated and desludged used engine oil in
a contacting operation.




4) Transformer 011 Regeneration -- Used
transformer oi7 js contacted with 50/100 LVM
clay or percolated through 30/60 LVM granular
clay to improve the color and dielectric
constant. Normally the clay is not
regeneratad.,

5) Jdet Fuel Treatment -- Stored jet fuel is
percolated through a bed of 30/60 LVM granelar
clay to remove water, surface active materials
and bacteria prior to placing it in a tank
truck or ready tank at the airport. This clay
is not regenerated,

6) Vegetable 0f1 -- Powdered RVM clay is
contacted with vegetable oil to improve acid
numbers and color. The clay is filtered out.
No generation is practiced.

7) Antidiarrheals -- Powdered clay is used
in veterinary and human pharmaceutical
preparations to control diarrheal by adsorbing
viruses and toxins (Barr, 1957},

8) Cartridge Component -~ LVM granular
grades are used as components in preformed
filter cartridges for the cleaning of oils,
mineral spirits and perchlorethylene dry
cleaning fluids, and other organic liquids.

9) Water Purification -- Powdered clay is
used in commercial and potable river water:
treatments in conjunction with alum-lime
treatments. The clay adsorbs viruses, reduces
acidity and functions as a floc weighting
agent. It also flocs soil colloids.

Commercial Uses of Coarse-Ground Gelling Grades
{see table 4}: 1he coarse-ground gelling
grades are used in large volumes for such
cammercial applications as agricultural
suspensions, drilling mud gelling agents,
liquid animal feed supplement stabilizers, etc.
These uses result from the nontoxicity of the
attapulgite, the ability of attapulgite to be-
gelled in ionically contaminated solutions and,
finally, 1ts ability to provide .
viscasity-stable gelled solutions of salts.
Because of these unique properties and its
ready availability, attapulgite is considered
tg be one of the most important gelling clays.
It is not a swelling clay 1ike Wyoming
bentonite and thus is not subjected to the
interferences of ionic contaminants and the
flocculating effects of polyvalent cations that
W. bentonite exhibits. Attapulgite HVM
{colloidal) grades will gel in saturated
solutions of NaCl, CaClz, MgSOy, CaSOy, NHyNOs,
ammonium phosphates, KC1 and many other salts.
This unique property plus the excellent
stability of the resultant gels differentiates
the colloidal attapulgite clay products from
many other gelling/viscosity producing agents
such as the natural and synthetic polymeric
organic hydrocolloid gums, Wyoming bentonite,
hectorite and others since they will .not gel in
fonically contaminated water solutions.
Furthermore, if the other gelling agents are
previously gelled in uncontaminated water,
their gels and viscosifying effects are not
stable when fonic material is introduced,
particularly solutions containing polyvalent
cations. As one would anticipate, these unique
characteristics of the HVM attapulgite products
result in many industrial uses where other
gelling agents will not perform satisfactorily
or only with great expense and difficulty,

Some of these attapulgite applications are
14sted in Table 4 and described below.

1) Agricultural Suspensions and Emulsions
NFSA, 1978; Wolford, 1983) --

a. Liquid suspension fertilizers are
water solutions of plant nutrients
plus nutrient ingredfents in excess of
their solubility. Colloidal gelling
clay 1s added to stabilize this
mixture by suspending the undissolved
nutrient particles. "Suspension
fertilizers contain nonionic material
{urea) and many types of ions (K, C1,
Ny, NO3, SO,, PO,, Mg, Ca, etc.).

The abflity of formulators to produce
these stable suspensions has enabled
. them to economically compete with the
high analysis mixes of dry fertilizer
manufacturers while still keeping the
. advantages of liquid fertilizers --

. easier, more uniform application, the

. co-application of solid and liquid’

¢ pesticides, co-application of sofl

. . neutralizing agents, drift control,
and others. .

b. Tank mixes are mixes of immiscible
Tiquid and/or insoluble powdered solid
pesticides in water or liquid
fertilizers as carriers (Wolford,
1983). They are stabilized in either

. type of carrier liquid by the
incorporation of gelling grade
attapulgite. The attapulgite gels the
continuous aqueous phase and thus
prevents creaming and floating of an
immiscible 1iquid phase and
agglomeration and settling of a solid
insoluble phase. Often one pass over
a field can be used to apply a
stabilized suspension fertilizer
containing one or more liquid and
solid pesticides. In a similar manner
solid neutralizers such as finely
ground calcitic Vime or dolomitic lime

. can be used as the insoluble solid in

;o attapulgite-stabilized water or Tiquid

fertilizer suspensions {Wolford,
1977). A successful extension of this
technique involves hydroseeding of
such small seeds as grasses, ciover.
alfalfa, wheat and others as a
clay-stabilized suspension in water
and liquid suspension fertilizer tank
mixes ?No]ford, 1984).

c. Liquid Animal Feed Supplements contair
fonic materials [NHy, K, CT, Na, trace
nutrients) plus non-ionic materials
(urea, molasses, vitamins) plus
insolubles such as calcitic lime,
animal fat emulsions and vegetable oil
emulsions. A very efficient way to
produce a stable uniform mixture of
these components is to gel them with
colloidal (HVM) attapulgite and thus
prevent settling of the solids and
floating of the fats and oils. When
such a mixtur? 1; splidified into a
solid range block, clay is employed tc
stabilize the Tiquid suspension-
emulsion until it reacts and
solidifies (Wolford, 1984).

Notes
1} Clay Addition Techniques -- In the
clay-stabilized agricultural suspensions




and emulsions the gelling of the clay is
accomplished using three techniques:
a. Addition of the dry powdered clay as a
final ingredient while mixiqgi ]
b. Pregelling the clay at the clay
eveT, while agitating, in a liquid
component of the mix. This is
followed by adding other ingredients
to arrive at the desired final clay
concentration {2% to 5%).
c. Predispersion with a chemical
dispersant 1n water (and agitating)
using the formula:

. %
Water’ : 74.25
Tetrasodium pyraphosphate . 0.75
Gelling grade attapulgite 25.00
130,00

The predispersion is then mixed in during
processing at a point where the clay is about
5% to 7% of the total mix and then other
ingredients are added to finish the batch
(Floridin, 1981) and arrive at the desired
analysis.

Efficiency of clay usage of these
incorporation techniques as measured by gel
strength and viscosity development is c3b>»a.

2) Rheological Characteristics --
Rheological characteristics of clay stabilized
mixtures are yield-pseudoplastic with a
measurable gel strength and thixotropy. Gel:
characteristics contribute to suspension and
emulsfon stabilization when the mix is at rest.
High low-shear viscosities result in a
stabilizing effact when the mix is subjected to
low shear during transfer pumping and shipment.
furthermore, low high-shear viscosities are a
plus factor during spray application. An
jmportant characteristic of the clay-thickened
1iquids is recoverability -- when mixes are
shear-thinned at high shear rates, gel
strengths and high low-shear viscosities are
rapldly recovered after high-shear is
discontinued. Other important points related
to the successful industrial use of gelling
grade attapulgite products are uniformity from
lot-to~lot and availability in large
quantities.

2) 0i1 Well Drilling Fluids (Sawyer, 1983
and 1986) -- Colloidal attapulgite gelling
clays are used in water-based o1l well drilling
muds when:

a. The water to be used is contaminated
with fonic materials (Na, C1, Mg, Ca,
SO4), as with sea water, brines, etc.

b. When fresh water is available but
accidental or deliberate contamination
dyring drilling from brines or salt,
gypsum, anhydrite, etc., deposits is
anticipated.

The fluid when circulated serves to remove
cuttings from the well, to cool and lubricate
the bit, to seal liquids out of formulations,
to balance ground hydrostatic pressures, and to
prevent gas intrusion when the mud is treated -
with appropriate additives such as thinners,
weighting agents, shale hydration inhibitors,
starch, etc. Attapulgite is used also to
stabilize cement slurries for insertion as
lightweight plugs into the well.

3. Caisson and Foundation Drilling (Sawyer,
1986; WiTV{ams, 1985) -- Gelling grade
attapulgite is used for two types of caisson
drilling where fonic contamination will be
encountered in the water-based drilling fluid
employed, The first involves deep cavities
where the fluid is recirculated to remove
cuttings from a rotary drill, After the hole
has been established, reinforcing rods are
inserted and concrete is poured in to replace
the mud. The composition used in this
application and its functions are very similar
to those described in o1l well drilling.

The second type are shallower excavations
where a.brackish high water table is
encountered and .an auger is used. No
recirculation is involved and the auger is
1ifted to remove spoil. The attapulgite mud 1s
pumped in to prevent hole collapse and
sloughing from the high water table during
auger dr?]]ing and drill removal. After the
caisson has been bored the auger is removed,
the bottom 1s cleaned out, reinforcing rod is
inserted and concrete is poured in to displace
the mud, _

4. Forest Fire Fighting Liquids -- These
water-based solution fluids contain dissolved
ammonium sulfate or ammonfum phosphates. They
are applied by aerial drops from tanker planes
or by ground spraying. It is desirable that
the fluids wet and cling to foliage and twigs
to retard ignition in the path of fires.
Adding gelling grade attapulgite thickens these
fonic solutions and increases the amount that
adheres to combustibles. Furthermore, when
dropped from planes the gelled fluid forms
larger droplets than ungelled solutions and
show less drift, lower evaporation rates and
good adhesion.

5. Impermeable Soil Barriers (Tobin, 1986)
~- Gelling grade attapulgite is used as a
component of nonstructural cut-off walls to
adjust soil permeability and thus control
seepage from scenic ponds, waste ponds that are
plastic Tined, sanitary landfills, etc.
Attapulgite with its ability to disperse in and
gel 1onically contaminated fluids works
particularly well where intruding and leachate
water contains dissolved salts -- sea water
intrusion, waste chemical ponds, industrial
landfi1ls, retention walls around tanks that
contain fonic solutions -- and 1s currently
used for these applications.

6. Asphalt Emulsions -- Attapulgite
stabi1izes asphalt emulsions in water by
thickening the continuous water phase to
prevent agglomeration and creaming. The
emulsions are used in driveway and foundation
sealing.

7. Cement Grouts -- Cement slurries can be
kept uniform by the incorporation af small
amounts of gelling grade attapulgite. This
allows them to be pumped through pipe lines and
delivered to specific sites without
segregation.

Commercial Uses of Fine Ground Gelling Grades
Tn Water-Based Compositions {see TabTe 5]: The
coarse ground gelling grade attapulgite clays,
mentioned in the previous section, are
excellent additives for producing gel and
viscosity properties in water systems, however,
because of their coarse grit content they are
not usable in some applications and finer




ground grades {where the grit is reduced in
particle size and/or removed) are required.
Some of these applications are listed in Table
5. It should be noted that all of the
attapulgite characteristics and make-down
techniques previously described are true for
the fine ground clays. The following examples
give a good background for such uses:

1) Tape and Joint Compounds -- Gelling grade
attapulgites have been used successfully in =
these compounds to replace asbestos. The
compound consists of a water system containing
fillers, adhesives and stabilizing agents that
control gel and viscosity. The gel-viscosity
control agents used are attapulgfte and a
variety of organic-polymeric thickeners that
function as stabilizers until the mix is’
applied. They alsa contribute to application
characteristics” After application the 'mix™'
dries and must not exhibit. much shrinkage or
develop sag, bubbles or cracks. If necessary,
the dried compound should sand easily.  Fine
ground attapulgites are used because of their
rheological characteristics, availability and *
economics, This is a medium tonnage use. B

2) Latex Paints -- Fine grind grades are
added to Tatex palnts in small amounts to
stabilize suspensions of the pigments and
extender fillers and to contribute to gel and
viscosity properties to obtain the desired sag,
flowability and application features
characteristic of modern Tatex paints. :
Attapulgite products are used in conjunction
with cellulosic thickeners toc achieve these
properties, .

3) Molecular Sieve Binders -- Molecular® =~
sieves used as adsorbents are consolidated into
larger particles using colloidal grades of
attapulgite as binders, Attapulgite gelling
grades are used because they bind adequately
with minimal interference with the sorptivity
characteristics of- the sieves.

4) Suspension-Emulsion Stabilization -~ This
use has been described under the coarse-ground
grades. Fine ground gelling grades are
employed as stabilizers in situations where
erosion and grittiness must be minimized. . When
2gricultural pesticide flouable emystons and
suspensjons are sprayed {n small amounts. per
EEFEt‘FEEETe erosion can drastically alter -
calibrations. In cosmetic and pharmaceutical

reparations grittIness 1s considered to be
EﬁagETFZBTET pigment suspensions are often
ground to finer than 0.5um and a gritty
stabilizer cannot be tolerated.

5) Adhesives -- To keep the glue at the glue
line fine co¥loidal attapulgite grades are
incorporated in phenol-formaldehyde and
resorcino] -formaldehyde wood adhesives. The
attapulgite-thickened adhesive exhibits less
substrate penetration and squeeze-out during
prepressing. An added bonus results from the
water-holding capacity of the attapulgite.
Since the clay retains moisture, which is
necessary in the hot press curing operation,
much longer open times can be tolerated. .Thus
the attapulgite acts as a thickener and,

moisture reservoir.
6) Coal-Water-Sturries (Purcell, 1984) -- As

a replacement for nig priced o1l and gas fuels
for generating heat, steam and power, dry
powdered coal and slurries of 70% coal in water
were evaluated as fuels in the late 70's and

“salts.

early 80*'s. The use of dry coal is quite
common but coal-water slurry uses are much
rarer. One of the major problems that face
coal water slurry users was settling.
Colloidal grade attapulgite at the Tevel of
0,5% has been gelled in such fuels to give 2
stab{lized, combustible mixture.
Commercial.Uses of Fine Grind Gelling Grades in
elling Organic Liquids: oome O the finer
ground colloidal attapulgite gelling grade
products are specially sized and processed for
use in'gelling organic 1iquids. These 1iquids
include aromatic and aliphatic hydrocarbons,
esters, higher alcohals, asphalt, asphalt
cutbacks, lubricating olls, chlorinated
aromatics and aliphatics, and others. To
achieve this thickening effect, the attapuigite
must be used in conjunction with suitable
surfactants (surface active agents) which aid
in clay dispersion and play a role in the gel
structure formed. Cationic organic surfactants
-- such as amines, amine salts, quaternary
ammonium salts, imidazolines, and others --
generally appear to be suitable surfactants for
most liquids. There are types of nonionic
surfactants such as alkylphenol ethylene oxide
candensates and amine oxides, that are suitable
as well as anionic alkanol amine fatty acid
Many references exist on important
parameters in the gelling of attapulgite
clay-surfactant mixtures in organic l1guids
(Haden, 1967; Floridin, 1985; Engelhara,
undated; Floridin, 1984). Ingredient,
processing and formulation variations that are
significant are clay grind {fine is desirable),
clay free moisture, type of surfactant, clay to
surfactant ratio, processing equipment used
(high shear is best), and processing techniques
used. -For economic reasons a high clay to
surfactant ratfo is desirable -- about 7/1 ta
8/1. --'since the surfactants are costly.. Clay
free moistures of 10% to 16% are necessary -,
since in the dispersion step the surfactant
aids in dispersing the clay through the water
layer that surrounds clay crystals. To
}ngrease :ork input during the agitation
shearing) step, the pregelling process is
advantageous. Prege1%Tﬁ%‘ESﬁ§%sgs of agitating
the clay plus surfactant at the 15% to 20% clay
level in the organic liquid until a gel is
formed, Other {ngredfents, 1{quids first and
then solids, are blended in until the
formulation is completed and all components are
present at desired levels. Viscosity or
consistency of the finmal product is important
and may :be measured with a viscometer {for
flowable 1iquids) or a penetrometer (for
greases), Stability of consistency is also
Jmportant and {s determined by periodic testing
during storage. Attaplugite clay-surfactant
gels exhibit gel strengths and are-thixotropic.
Flow characteristics are described as
yield-pseudoplastic.

Examples of products in which attapulgite
clay-surfactant gels are utilized are listed in
Tabla 6'and belaow:

1) Aikyd Paints -- Collaidal attapulgite and
MonazoTine T (Mona Industries), a tallow
imidazoline, are added to alkyd paint to
suspend pigments and control sag and flow. The
clay~surfactant is gelled into the liquid in a
roTl milling step or with medium shear
agitation in the alkyd.




2) Asphalt Cuytback Coatings -- Colloidal
attapulgite and Aquad ¢C (Akzo Chemie America),
a quaternary ammonjum compound, is used to gel
aliphatic solvent asphalt cutbacks used in roof
coatings and automotive undercoating. The
purpcse of using the clay-surfactant mixture
originally was to remove asbestos from the
formuTation. For a complete asbestos
replacement the use of clay-surfactant must be
accompanied with an addition of an innocuous
fiber (such as cellulose ar polyolefin fibers)
since asbestos is a fibrated thickener.
Nonfibrated formulations do not require any
fiber addition.

3) Naphtha Core and Mold Washes -~ Colloidal
attapulgite~AmTne 0 (ATrose-Geigy), an olefc
acid imidazoline, is used to gel a blend of low
residue naphtha and flake graphite. The
clay-surfactant gel uniformly suspends the
graphite to form a concentrate. This is let
down, one volume of concentrate to three
volumes of naphtha, ard sprayed on the cavity
of the foundry mold and on cores to improve
casting finishes.

4) Petroleum 0f1 Greases ~- Are gelled with
colloidal cTay-Arquad ZHT {Akzo Chemie
America), a quaternary ammonium compound, at a
10% clay level and 6/1 clay to surfactant
ratio. Processing is accomplished with a
colloid mil1. Such greases exhibit good
mechanical stability, good Tubricity, and
excellent resistance to water pickup, High
temperature properties are excellent since the
clay 1s a mineral and 'does not dissolve in the
oil. Abrasion of metal parts 1s as good as
soap greases 1f the clay has been degritted.

5) Coal-011 Slurries (Sawyer, 1978) --
Fifty-fifty blends of fuel o011 and powdered
coal are being burned as an alternate to fuel
0il and gas. The powdered coal tends to settle
and the blend can be stabilized by the addition
of 1% colloidal attapulgite along with
Monazotine T {Mona Industries) at a 5/1 clay to
surfactant ratio, The clay-surfactant is
gelled in the fuel oil.

Surmmation

Commercial uses are described for granular
and powdered adscrbent and absorbent
attapulgite grades and for coarse and fine
grind colloidal (gelling) attapulgite products.
Retationships between prescribed properties
resulting from selective mining and processing

varfations are established and related to final -

products and their commercial flelds ¢of
application. Major areas of application for
attapulgite products are 1n gelling water and
organic liquids, absorgt1on and adsorption.
Specific markets for absorbents are industrial
floor absorbents, waste liquid immobilizers,
pet litters and agricultural -pesticide ‘
carriers. Markets for adsorbents are kerosene

treatment; jet fuel treatment; re-refining of :-

used motor oil, transformer oi1 and metal roll
oils; and refining of vegetable oils and

animal fats. Markets for the utilizatjon of -
coarse ground attapulgite gelling grades are
salt wager drilTing muds, !iquid agricultural
suspensions (fertilizer, 1ime, sulfur and -
pesticide tank mixes), 1iquid animal feed
supplements and range blocks, soil permeability
control and water-based stipple paints, Fine

ground attapulgite gelling clays are used in
both the gelling of water systems and organic
1iguids to impart stability and desired
rheological characteristics, The fine ground
gelling grade products are used in joint
compounds, spackles, caulks, paints, molecular
sjeve binding, agricultural pesticide emulsion
and suspension stabilization, asphalt cutback
coating compositions, coal-oi1 and coal-water
slurries, wood adhesives and many other
applications.

As can be seen the unique clay mineral
attapulgite has a wide variety of uses that are
continually changing by -the addition of new
applications. These uses have resulted from
tge-ready availability and favorable economics
plus -theé large amounts of RaD that have been
expended in selective mining and plant
processing to ensure usability and uniformity
of the attapulgite products.
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Table 1. Properties of Commercial Attapulgite Products

Property

1. Gelling:
1.1. Water Systems --

1.2. Organic Liquids --

2. Absorption:

3. Adsorption:
(and reaction)

4, Miscellaneous:

Type of Field Uses

Gels fonically contaminated solutions,
gels multiphase systems (emulsions and
suspensions) where the continuous
phase 1s water or a solution, stabi-
lizes Jlatex products. The clay is
added for stabilization, rheology
control, thickening/gelling, filling
with delayed gelling, penetration
control, etc.

Can be used 1in conjunction with a
surfactant to gel 1iquid hydrocarbons
(aliphatic ang aromatic{, higher
molecular weight alcohols, esters,
aldehydes, ketones, asphaits, asphalt
cutbacks, etc. Gels certain organics
such as glycols, diisocyanates and
polysulfides without the use of a
surfactant. The clay is used for
suspension stabilization, gelling,
flow control, pseudoplasticity,
control of sag, flow properties,
penetration control; etc.

For cleaning up iiquid spills, as a
carrifer and diluent for dry-applied
functional -ligquids, for containing

liquids during. transpertation {immo- . -

bilization),
For removing impurities from liguids;
for neutralizing acidity; for catalyst
removal; for adsorption of alkaloids,
viruses and toxins.

Binding, penefrat1on control, water
release characteristics, soil condi-
tioning, etc.
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TabIe 2. Commercial Uses of Absorbent Grades

(Grades in Parentheses)

1. Pet Litters (LVM and RVM granulés)

2. Industrial Absorbents
a. Floor Absorbents (LVM granules)
b. Liquid Waste Containment (LVM and RVM powders and granules)

3. Agricultural Pesticide Carriers (LVM and RVM powders and granules)

4. Conditioner Anticaking Agents (LVM and RVM powders) - ammonium
nitrate, urea, finished fertilizers, fire extinguisher chemicals

5. So0il Adjuvants (LVM powders and granqles)

" Table 3. Commercial Uses of Adsorbent Grades

{Grades in Parentheses)

1. Petroleum Refining’
a. Percolation éLVM granules)
b. 'Contacting (RVM and LVM powders and fine granules)

2. Petroleum Re-refining
a. Contacting clean-up of used engine oils {RVM powder)
b. Contacting of used transformer oils (LVM ?owders and granules)
c. Contacting of used metal rolling and metal working oils
(LYM powders and granules)

3. Jet Fuel Clean-up (LVM granules)

4. Catalyst Removal (LVM granules)
5. Vegetable 0l Treatment (RVM_and LVM powders and granules)

6. Pharmaceuticals (HVM and LVM pawders)

7. Cartridges (LVM granules) as an adsorbent component for preformed
T1ter cartridges for the clean-up of 1iquids

Tab]e 4. Comnercial Uses of Coarse-Ground Gelling Grades

SwW N

o

10,
11.

Stabilization of Agricultural Suspens1ons and Emulsions

Suspension fertilizers - e

Lime, gypsum and sulfur suspensions

Fertilizer tank mixes that contain pesticide emulsions or suspensions

Seed suspensions in water or liquid fert111zers

Combinations of a, b, c and d

Liquid animal feed supp1ements that contain fat emulsions or particulate insolubles
Nutritional and medicated range blocks

v -0 A0 oo
@ e e e s w e

‘011 Well Drilling Fluids

Calsson and Foundation Drilling

Forest Fire Fighting Liquid Gellant

Soil Barrier Adjuvants

Asphalt Emulsions, Driveway Sealers

Foundry Sands
Cement Slurries {Grouts)

Texture Paints

Molecular Sieve Binder

Aq Granule Binder
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Table 5. Commercial Uses of Fine Ground Gelling Grades

(Water-Based Compdsit1ons)

1. Tape and Joint Compaunds

2. Spackles, Grouts and Sealants N

3. Latex Paints

4. Molecular Sieve Binding

5, . SuspensTon-Emulsion Sta611ization

| a. Agricbﬁtural pest1cf§e flowable suspensions

b. Cosmetic and pharmaceutical suspensions and emulsion:
c. Resin suspensions .

d. Pigment suspensions

6. Emulsion Stabilization

a. Agricultural pést1c1de flowable emulsions
b. Emulsion cleaners
7. Adhesives

8. Coal-Water Slurries

Table 6. Commercial Uses of Fine Grind Gelling Grades °

6.
1

{Orqanic Liguid Gelling)

Alkyd Paints
Asphalts {Hot Melt Coatings)

Asphalt Cutback Coatings {Automotive Undercoating, Reofing Composftions}
]

Naphtha Core and Mold Washes

Gaulks, Sealants, Putties and Glazing Compounds

Petroleum D11 and Ester-Based Greases

Coal 011 Slurries

nes

.‘1'.
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