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CONTACT REPORT--MRI Project No. 4602-01 

From: Richard Marinshaw, Environmental Engineering 
Department 

Date of Contact: October 11 and , 1994 
Contacted by: Telephone 

CompanyIAgency: W.R. Grace & Company 
62 Whittemore Avenue 
Cambridge, MA 02140-1692 

Telephone Number: (617) 876-1400 

Person(s) Contacted/Title(s) 

Jay Burrill, Environmental Coordinator 

CONTACT SUMMARY: 

Mr. Burrill was contacted for supplemental information on 
the emission test reports provided by W. R. Grace & Company 
(W.R. Grace) in their August 26, 1994 response to the external 
review of the draft AP-42 section on vermiculite processing. 

Regarding the emission test at W. R. Grace's Enoree, South 

e During the emission test at the vermiculite ore dryers 

Regarding the emission test at the Dallas, Texas, facility, 

e The three exfoliation furnaces tested were fired with 

Carolina, plant, Mr. Burrill stated the following: 

were natural gas-fired. A "  

M r .  Burrill stated the following: 

natural gas. 

e The process rates provided by W. R. Grace were typical 

e The reason that the process rates for the G-1 and G-2 

production rates for the furnaces. 

furnaces were identical is that the furnaces are of 
identical design. 

e The condensible PM data provided in the report most 
likely represent the organic fraction only, not total 
condensible PM. 

Mr. Burrill also remarked that process rates for exfoliation 
furnaces typically are measured in terms of production rather 
than feed rate. 



FAX TRANSMISSION 

TO : Ron Myers, EFlG 

FROM: Rick Marinshaw, MRI 

DATE: January 24, 1995 

RECEIVING FAX NUMBER: 541-0684 

SENDING FAX NUMBER: 91 9-677-0065 

THIS FAX CONSISTS OF 17 PAGES (INCLUDING THIS PAGE) 

Here is the revised draft AP-42 section and background memorandum for 
vermiculite processing. The major changes t o  the memo and AP-42 section are as 
follows: 

The industry description was expanded and a table showing the chemical 
analysis of vermiculite was added (memo only): 

The process description (memo and section) was expanded to  provide more 
details on the process, based on the new information received; 

The two process flow diagrams that appeared in the previous draft were 
replaced with a single diagram (memo and section) that more accurately 
depicts the process and includes the Source Classification Codes (SCC's) 
(six-digit codes only); 

Nine additional emission data sets from three new test reports are presented 
(memo only); 

The Results of Data Analysis (memo only) was completely rewritten to 
address the new data; and 

Six new emission factors were added (memo and section). 

Please let me know of any changes or comments. I think we should hold off 
on assigning new SCC's until after we receive the next round of comments. 



UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
Office of Air Quality Planning and Standards 

Research Triangle Park, North Carolina 2771 1 

JAN 2 7 1995 

M r .  Jeff Danneker 
Product Manager 
W.R. Grace and Company 
62 Whittemore Avenue 
Cambridge, Massachusetts 02140 

Dear Mr. Danneker: 

The Emission Factor and Inventory Group of the U. S. 
Environmental Protection Agency (EPA) is in the process of 
updating the document Compilation of Air Pollutant Emission 
Factors, Volume I: Stationary Point and Area Sources (known more 
commonly as AP-42). As part of this process, we are now seeking 
comments on the draft sections that are to be included in the 
next update of AP-42. 

Enclosed is a copy of the revised draft Section 11.28, 
Vermiculite Processing, and the corresponding background 
memorandum for the section. Following the previous industry 
review of the draft AP-42 section, we received copies of several 
emission test reports for vermiculite processing facilities. 
Consequently, we have made significant changes to the draft AP-42 
section. 
enclosed revised draft AP-42 section and background memorandum 
and sending us your comments. In addition, please feel free to 
distribute copies of these documents to other interested persons. 
We would appreciate a response to this request by March 8, 1995. 

The emission factors presented in AP-42 generally are based 
upon results from validated tests or other emission evaluations 
that are similar to EPA reference test methods. As a result, 
revisions to the emission factors presented in AP-42 must be 
supported by equivalent documentation. If you disagree with any 
emission factors presented in the enclosed AP-42 section or have 
additional supporting documentation, we would appreciate your 
providing either a copy of the documentation or information on 
how we can obtain copies of the supporting documentation. We 
would also appreciate specific comments on the Drocess 

We would appreciate your organization reviewing the 

description aid process- flow diagram presented In the enclosed 
draft AP-42 section. 



We look forward to receiving your comments. If you have 
questions or need additional time to respond, I can be reached by 
telephone at (919) 541-5407 or by fax at (919) 541-0684. 

Sincerely, 

Ronald E. Myers 
Emission Factor and Inventory Group 

Emissions, Monitoring, and 
Analysis Division 

2 Enclosures 

OAQPS/EFIG/EMAD:RMyers, m~ 455B. 4201 Bldg., 541-5407, MD-14 
(MRI/RMarinshaw/LKaufman/677-0249/Ol/25/95) 
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IDENTICAL LETTER SENT TO THE FOLLOWING ADDRESSEES: 

Mr. Robert L. Sansom 
General Partner 
Virginia Vermiculite, Ltd. 
Post Office Box 70 
Louisa, Virginia 23093 

Mr. John Stamberg 
Energy Ventures Analysis 
1901 North Moore Street 
Arlington, Virginia 22209 

Mr. P. M. Patterson 
Partner 
Patterson Vermiculite Company 
Route 1, Box 93 
Enoree, South Carolina 29335 

Mr. Walter Vess 
Quality Control Manager 
Carolina Vermiculite 
Post Office Box 98 
Woodruff, South Carolina 29388 

Mr. Larry Privett 
Operations Manager 
Strong-Lite Products Corporation 
Post Office Box 8029 
Pine Bluff, Arkansas 71611 

Mr. S. William Becker 
Executive Director 
State & Territory Air Pollution Program Administrators 
444 North Capital Street, NW, Room 307 
Washington, DC 20001-1514 

Mr. Howard L. Rhodes 
Director, Division of Air Resources 
Florida Department of Environmental Protection 
2600 Blair Stone Road 
Tallahassee, Florida 32399-2400 

Mr. James M. Salvaggio ' 
Director 
Pennsylvania Department of Environmental Resources 
Bureau of Air Quality Control 
Post Office Box 8468 
Harrisburg. Pennsylvania 17105-8468 



Mr. James A. Joy, I11 
Chief 
Bureau of Air Quality Control 
South Carolina Department of Health and 
Environmental Control 

2600 Bull Street 
Columbia, South Carolina 29201 



DRAFT 

This is preliminary material, in draft form, for purposes of review. This material must not be 
quoted, cited, or in any other way considered or used as final work. 

DRAFT AP-42 SECTION 11.28 

11.28 VERMICULITE PROCESSING 

11.28.1 Process Description'-g 

Vermiculite is the geological name given to a group of hydrated laminar minerals that are 
aluminum-iron-magnesium silicates and that resemble mica in appearance. The chemical formula for 
vermiculite is (Mg,Ca,K,Fe+2),(Si,A1,Fe+3)40,0(OH)2*4H20. When subjected to heat, vermiculite 
has the unusual property of exfoliating, or expanding, due to the interlaminar generation of steam. 
The six-digit source classification code (SCC) for vermiculite processing is 3-05-033. 

Vermiculite ore is mined using open-pit methods. Beneficiation includes screening, flotation, 
drying in rotary or fluid bed dryers, and expansion by exposure to high heat. All mined vermiculite 
is dried and sized at the mine site prior to exfoliation. Uses of unexpanded vermiculite are minor and 
include muds for oil-well drilling and fillers in fire-resistant wallboard. 

Crude Ore Processing 

Figure 11.28-1 is a process flow diagram for vermiculite processing. Crude ore from open- 
pit mines is brought to the mill by truck and loaded onto outdoor stockpiles. Primary processing 
consists of screening the raw material to remove the waste rock greater than 1.6 centimeters (cm) 
(518 inch [in.]) and returning the raw ore to stockpiles. Blending is accomplished as material is 
removed from stockpiles and conveyed to the mill feed bin. The blended ore is fed to the mill, where 
it is separated into fractions by wet screening and concentrated by gravity. All concentrates are 
collected, dewatered, and dried in a fluidized bed or rotary dryer. Drying reduces the moisture 
content of the vermiculite concentrate from approximately 15 to 20 percent to approximately 2 to 
6 percent. At least one facility uses a hammermill to crush the material exiting the dryer. However, 
at most facilities, the dryer products are transported by bucket elevators to vibrating screens, where 
the material is classified. The dryer exhaust generally is ducted to a cyclone for recovering the finer 
grades of vermiculite concentrate. The classified concentrate then is stored in bins or silos for later 
shipment or exfoliation. 

The rotary dryer is the most common dryer type used in the industry, although fluidized bed 
dryers also are used. Drying temperatures are 120" to 480°C (250" to 900"F), and fuel oil is the 
most commonly used fuel. Natural gas and propane also are used to fuel dryers. 

Exfoliation 

After being transported to the exfoliation plant, the vermiculite concentrate is stored. The ore 
concentrate then is conveyed by bucket elevator or other means and is dropped continuously through a 
gas- or oil-fired vertical furnace. Exfoliation occurs after a residence time of less than 8 seconds in 
the furnace, and immediate removal of the expanded material from the furnace prevents damage to the 
structure of the vermiculite particle. Flame temperatures of more than 540°C (1000°F) are used for 
exfoliation. Proper exfoliation requires a high rate of heat transfer and rapid generation of steam 
within the vermiculite particles. The expanded product falls through the furnace and is air conveyed 
to a classifier system, which collects the vermiculite product and removes excessive fines. The 

Mineral Products Industry 11.28-1 
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Figure 11.28-1. Process flow diagram for vermiculite processing 
(Source Classification Code in parenthesis) 

11.28-2 EMISSION FACTORS 



DRAFT 
furnace exhaust generally is ducted through a product recovery cyclone, followed by an emission 
control device. At some facilities, the exfoliated material is ground in a pulverizer prior to being 
classified. Finally, the material is packaged and stored for shipment. 

11.28.2 Emissions and 

The primary pollutant of concern in vermiculite processing are particulate matter (PM) and 
PM less than 10 micrometers (PM-IO). Particulate matter is emitted from screening, drying, 
exfoliating, and materials handling and transfer operations. Emissions from dryers and exfoliating 
furnaces include products of combustion, such as carbon monoxide (CO), carbon dioxide (Cod, 
nitrogen oxides (NOx), and sulfur oxides (SOx), in addition to filterable and condensible PM and 
PM-IO. 

Wet scrubbers are the most commonly used device to control dryer emissions. Fabric filters 
also are used at some facilities. The majority of expansion furnaces are ducted to fabric filters for 
emission control. However, wet scrubbers also are used to control the furnace emissions. Cyclones 
and fabric filters also are used to control emissions from screening, milling, and materials handling 
and transfer operations. 

Table 11.28-1 (metric and English units) summarizes the emission factors for vermiculite 
processing. 

Mineral Products Industry 11.28-3 
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Condensible 
oreanic PMc 

Draft Table 11.28-1 (Metric And English Units). 
EMISSION FACTORS FOR VERMICULITE PROCESSING' 

EMISSION FACTOR RATING: D 

Total PMd 

Process 

Ore dryer, with wet 
collector 
(SCC 3-05-033-3 

Concentrate screening, with 
cyclone 
(SCC 3-05-033-3 

Concentrate conveyor 
transfer, with cyclone 

(SCC 3 6 5 - 0 3 3 - 3  

Exfoliating furnace, with 
fabric filter 
(SCC 3 - 0 5 4 3 3 - 3  

Product grinding, with 
fabric filter 
(SCC 3-05433-J 

Filters - 
WMg - 
0.29' 

0.308 

3.0138 

O.3Zh 

O.lSm 

: PMb 

lblton 
- 

0.57' 

0.618 

0.0258 

0.63h 

0.37m 

- 
Iblton 

ND 

0.61g 

1.0259 

1 .ok 

0.37m 

. 

Iblton - 
lOOf 

NA 

NA 

ND 

NA 

aFactors represent uncontrolled emissions unless noted. Emission factors for drying in units of kg/Mg 
and Ib/ton of material feed; emission factors for other processes in units of kg/Mg and lb/ton of 
product. SCC = Source Classification Code. ND = no data. NA = not applicable. 

bFilterable PM is that PM collected on or prior to the filter of an EPA Method 5 (or equivalent) 
sampling train. 

CCondensible PM is that PM collected in the impinger portion of a PM sampling train. 
dTotal PM equals the sum of the filterable PM, condensible organic PM, and condensible 
inorganic PM. 

eReference 8. EMISSION FACTOR RATING: E. 
'References 8 , l l .  Factor represents uncontrolled emissions of C02. 
gReference 11.  For dried ore concentrate. 
hReference 10. 
jReference 10. Emissions may be largely due to volatilization of oil used in ore beneficiation. 
kSum of factors for filterable PM and condensible organic PM; does not include condensible 
inorganic PM. 

mReference 9. 

1 1.28-4 EMISSION FACTORS 
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REFERENCES FOR SECTION 11.28 

1. Calciners and Dryers in Mineral Industries--Background Information For Proposed Stanahrds. 
U. S .  Environmental Protection Agency. Research Triangle Park, NC. Publication 
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W. J. Neuffer, Trip Report For The September 30, 1980, Visit To W. R. Grace And Company, 
Enoree, South Carolina, ESD Project No. 81/08, U .  S. Environmental Protection Agency, 
Research Triangle Park, NC, October 6 ,  1981. 

Memorandum from A. J. Nelson, Midwest Research, Cary, NC, to W. J. Neuffer, U. S. 
Environmental Protection Agency, Research Triangle Park, NC, Site Visit--Virginia Vermiculite 
Limited, TreVilians, Virginia, June 8,  1983. 

Memorandum from A. J. Nelson, Midwest Research, Cary, NC, to W. J. Neuffer, U. S. 
Environmental Protection Agency, Research Triangle Park, NC, Site Visit: W. R. Grace & 
Company, Irondale. Alabama, June 29, 1983. 

Rotary Dryer Pam'culate Emissions Testing, Performed For Virginia Venniculire Limited, 
Boswell's Tavern, Virginia. RTP Environmental Association. Research Triangle Park, NC. 
November 1979. 

3. 

4. 

5. 

6 .  

7. 

8. 

9. Particulate Emission Compliance Test On Grinder Baghouse On August 8, 1989 At W. R. Grace 
& Company Kearney Exfoliating Plant, Enoree, South Carolina 29335. Environmental 
Engineering Division, PSI. Greenville, SC. August 24, 1989. 

10. Pam'culate Emissions Sampling, W. R. Grace Co., Dallas, lX7 April 2-4. 1990. Turner 
Engineering. Dallas, TX. April 10, 1990. 

11. Particulate Emissions Test Report For W. R. Grace, August 1991. RTP Environmental 
Associates, Inc. Greer, SC. August 1991. 
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MIDWEST RESEARCH INSTITUTE 
Suite 350 

401 Harmon Oaks Boulevard 
Caw, North Carolina 27513-2412 

Telephone (919) 6774249 
FAX (919) 6776065 

Date: 

Subject : 

From: 

To: 

April 6, 1993 
(Revised: January 24, 1995) 

Background Information for Proposed AP-42 
Section 11.28, Vermiculite Processing 
Review and Update of Mineral Products Industry and 
Metallurgical Sections of Chapters 11 and 12 of AP-42 
EPA Contract 68-D2-0159, Work Assignment 11-01 
MRI Project 4602-01 

Richard Marinshaw 

Ron Myers 
EPA/EMAD/EFIG (MD- 14) 
U. S. Environmental Protection Agency 
Research Triangle Park, N.C. 27711 

I. INTRODUCTION 

This memorandum presents the background information that 
was used to develop the proposed AP-42 Section 11.28 on 
vermiculite processing. A description of the industry is 
presented first. A.process description followed by a discussion 
of emissions and controls is then presented. Following these 
sections, a description o f  the references that were used to 
develop the draft section and the results of the data analysis 
are presented. Finally, the reference list is provided. The 
draft AP-42 section is provided as the attachment. 

11. DESCRIPTION OF THE 

Vermiculite is the geological name given to a group of 
hydrated laminar minerals that are aluminum-iron-magnesium 
silicates and that resemble mica in appearance. 
formula for vermiculite is: 

The chemical 

(Mgr Ca, K. Fe+2) (Si,Al, Fe+3) 4010 (OH) 2-4~20. 

When subjected to heat, vermiculite has the unusual property of 
exfoliating, or expanding, due to the interlaminar generation of 
steam. The Standard Industrial Classification (SIC) code for 
vermiculite mining is 1499, miscellaneous nonmetallic minerals, 
except fuels. For vermiculite processing, the SIC Code is 3295, 
minerals and earths, ground or otherwise treated. The six-digit 
Source Classification Code (SCC) for vermiculite processing is 
3 -05- 033. 

The world’s largest deposit of vermiculite, which is 
located near Libby, Montana, is no longer in operation. Other 



major vermiculite deposits are located near Enoree, South 
Carolina, and in the Republic of South Africa. Vermiculite is 
also mined and beneficiated at a mine in Louisa County, Virginia. 
Deposits of economic significance contain 25 to 95 percent 
vermiculite . 

Estimated world production of crude vermiculite in 1991 was 
523,000 megagrams (Mg) (576,000 tons), more than 80 percent of 
which came from five mines. The United States and Republic of 
South Africa account for most of the world production. Estimated 
U.S. production of crude vermiculite sold or used by producers in 
1991 was 168,000 Mg (185,000 tons), of which approximately 
136,000 Mg (150,000 tons) were exfoliated. 

Vermiculite ore is mined using open-pit methods. 
Beneficiation includes screening, flotation, drying in rotary or 
fluidized bed dryers, and expansion by exposure to high heat. 
All mined vermiculite is dried and sized at the mine site prior 
to exfoliation. Uses of unexpanded vermiculite are minor and 
include muds for oil-well drilling and fillers in fire-resistant 
wallboard. 

Vermiculite is commercially exfoliated by heating the 
presized crude vermiculite in a furnace chamber. The bulk volume 
of commercial grades increases 8- to 12-fold, but individual 
vermiculite particles may expand as much as 30-fold compared to 
the raw ore. The bulk density of exfoliated v rmiculite ranges 

per cubic foot [lb/ft I ) .  The chemical constituents of a typical 
sample of vermiculite are summarized in Table 1. 

from 64 to 160 kilogrys per cubic meter (kg/m 5 ) (4 to 10 pounds 

Exfoliated vermiculite was produced at 35 plants in 
27 States in 1989. The principal producing States were, in order 
of decreasing exfoliated vermiculite output, Ohio, California, 
South Carolina, Florida, New Jersey, Illinois, Texas, and 
Arkansas. The main uses of exfoliated vermiculite in 1990 were 
fertilizer carriers (22 percent), concrete aggregate 
(19 percent), horticultural uses .(13 percent), premixes 
(12 percent), block insulation (12 percent), loose fill 
insulation (9  percent), soil conditioners (5 percent), and 
plaster aggregates (1 percent). 

III. PROCESS  DESCRIPTION^^ 3-8n11-13 
A. Crude Ore Processinq 

Figure 1 is a process flow diagram for vermiculite 
processing. Crude ore from open-pit mines is brought to the mill 
by truck and loaded onto outdoor stockpiles. Primary processing 
consists of screening the raw material to remove the waste rock 
greater than 1.6 centimeters (cm) ( 5 / 8  inch [in.]) and returning 
the raw ore to other stockpiles. 
material is removed from stockpiles and conveyed to the mill feed 

Blending is accomplished as 
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I/ Compound I Weight percent 

Si02 38 to 46 

TABLE 1. CHEMICAL CONSTITUENTS OF  VERMICULITE^ 
I 

I 
M2°3 

MgO 

10 to 16 

16 to 35 

G O  

K 2 0  

1 to 5 

1 to 6 

E 9 0 3  

TiOZ 

6 to 13 

1 to 3 

bin. The blended ore is fed to the mill, where it is separated 
into fractions by wet screening and concentrated by gravity. All 
concentrates are collected, dewatered, and dried in a fluidized 
bed or rotary dryer. Drying reduces the moisture content of the 
vermiculite concentrate from approximately 15 to 20 percent to 
approximately 2 to 6 percent. At least one facility uses a 
hammermill to crush the material exiting the dryer. However, at 
most facilities, the dryer products are transported by bucket 
elevators to vibrating screens, where the material is classified. 
The dryer exhaust generally is ducted to a cyclone for recovering 
the finer grades of vermiculite concentrate. The classified 
concentrate then is stored in bins or silos for later shipment or 
exfoliation. 

The rotary dryer is the most common dryer type used in the 
industry, although fluidized bed dryers also are used. Drying 
temperatures range from 120° to 48OOC (250° to 900°F), and fuel 
oil is the most commonly used fuel. Natural gas and propane also 
are used to fuel dryers. 

B. Exfoliation 

After being transported to the exfoliation plant, the 
vermiculite concentrate is stored. The concentrate then is 
conveyed by bucket elevator or other means and dropped 
continuously through a gas- or oil-fired vertical furnace. 
Exfoliation occurs after a residence time of less than 8 seconds 

H20 8 to 16 

Otherb 0.2 to 1.2 
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Figure 1. Flow diagram for vermiculite processing 
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in the furnace, and immediate removal of the expanded material 
from the furnace prevents damage to the structure of the 
vermiculite particle. Flame temperatures of more than 54OOC 
(1000OF) are used for exfoliation. Proper exfoliation requires 
high rate of heat transfer and rapid generation of steam within 
the vermiculite particles. The expanded product falls through 
the furnace and is air-conveyed to a classifier system, which 
collects the vermiculite product and removes excessive fines. 
The furnace exhaust generally is ducted through a product 
recovery cyclone, followed by an emission control device. At 
some facilities, the exfoliated material is ground in a 
pulverizer prior to being classified. Finally, the material is 
packaged and stored for shipment. 

IV. EMISSIONS ANI) CONTROLS~~~-9811-13 

a 

The primary pollutants of concern in vermiculite processing 
are particulate matter (PM) and PM less than 10 micrometers 
(PM-10). Particulate matter is emitted from screening, drying, 
exfoliating, and materials handling and transfer operations. In 
addition, vermiculite ore may contain asbestos. However, other 
than vermiculite mined from the Libby, Montana, deposit, which is 
no longer in operation, the amount of asbestos found in 
vermiculite deposits is considered to be negligible. Emissions 
from rotary dryers and expansion furnaces include products of 
combustion, such as carbon monoxide (CO), carbon dioxide (C02), 
nitrogen oxides (NOx), and sulfur oxides (SO,), in addition to 
filterable and condensible PM and PM-10. 

Wet scrubbers are the most commonly used device to control 
dryer emissions. Fabric filters also are used at some 
facilities. The majority of expansion furnaces are ducted to 
fabric filters for emission control. However, wet scrubbers also 
are used to control the furnace emissions. Cyclones and fabric 
filters also are used to control emissions from screening, 
milling, and materials handling and transfer operations. 

V. DESCRIPTION OF REFERENCES 

This section describes the primary references that 
contained data on emissions from vermiculite processing that were 
used to develop the draft AP-42 section. Reference 1 is not 
described because it is a secondary reference, and the 
vermiculite processing emission data in Reference 1 are taken 
from Reference 6, which is the primary reference for the data. 
References 2 to 8 and 10 also are not described because they do 
not contain emission data. However, References 5 and 14 contain 
the process operating rates for the emission tests documented in 
Reference 12 and 13. 
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A. Reference 9 

This report documents measurements of filterable PM and C02 
from an oil-fired rotary dryer. The purpose of the emission test 
was to demonstrate compliance with State regulations. The test 
was conducted in 1979. Process rates were provided on the basis 
of raw material feed. The dryer emissions are controlled with a 
low-energy spray tower with a design pressure drop of 
1.2 kilopascals (5-in. water column). 

Particulate matter emissions were measured during three 
Method 5 test runs. 
concentrations in the exhaust was not specified in the report. 
Emission factors were developed for filterable PM and C02. 

methodology was sound, and no problems were reported, but the 
report lacked adequate documentation for a higher rating. The 
C02 data are rated C because the test method was not specified. 

The method used to measure C02 

The emission data for filterable PM are rated B. The test 

B. Reference 11 

This report documents measurements of filterable PM 
emissions from an exfoliated vermiculite grinder. Emissions from 
the grinder were controlled with a fabric filter. The test was 
conducted in August 1989 to demonstrate compliance with State 
regulations. 

Filterable PM emissions were measured using Method 5, and 
three test runs were conducted. Emission factors were developed 
for emissions of filterable PM from the grinder. The emission 
data are rated A. The test methodology was sound, no problems 
were reported, and the results were adequately documented. 

C. Reference 12 

This report documents measurements of filterable PM 
emissions from three gas-fired exfoliation furnaces. In 
addition, condensible organic PM emissions from two of the three 
exfoliation furnaces were quantified. Emissions from each 
furnace were ducted to separate fabric filters. Typical process 
rates for the furnaces tested were provided in Reference 5 on the 
basis of exfoliated vermiculite production. 
conducted in April 1990 to demonstrate compliance with State 
regulations. 

Emissions of condensible organic PM were quantified in 
order to evaluate how well two of the three furnaces combusted 
the residual oil that was used in the process of beneficiating 
the vermiculite ore. There was no evidence that the third 
furnace, which was a newer piece of equipment, was emitting 
uncombusted oil, and the stack for that furnace was not tested 
for condensible PM. 

The tests were 
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Filterable PM emissions were measured using Method 5. The 
report states that condensible organic PM emissions were 
quantified by means of a methylene chloride extraction of the 
Method 5 impinger contents, but no other details are provided on 
the analytical procedures. Three test runs were conducted. 

Emission factors were developed for emissions of filterable 
PM from all three furnaces and condensible organic PM from two of 
the three furnaces. The emission data are rated B. The test 
methodology was sound, and no problems were reported. However, 
the report lacked adequate documentation for a higher rating. 

D. Reference 13 

This report documents measurements of filterable PM 
emissions from a rotary dryer, a screening operation, and a 
concentrate conveyor transfer operation. Emissions from the 
dryer were ducted to a wet scrubber and cyclones were used to 
control emissions from the screening and conveyor transfer 
operations. Process rates for the dryer were provided on the 
basis of production. However, using the moisture contents of the 
dryer feed and product, feed rates were determined. The tests 
were conducted in August 1991 to demonstrate compliance with 
State regulations. 

Filterable PM emissions were measured using Method 5, and 
three test runs were conducted. Emission factors were developed 
for emissions of filterable PM from all four sources. The 
emission data are rated B. The test methodology was sound, and 
no problems were reported. However, the report lacked adequate 
documentation for a higher rating. 

VI. RESULTS OF DATA ANALYSIS 

Table 2 summarizes the emission data from the four test 
reports reviewed. 
emission factors, which are listed in Table 3, for AP-42 
Section 11.28. The following paragraphs describe how the data in 
Table 2 were used to develop the emission factors presented in 
the draft AP-42 section. The ratings assigned to each emission 
factor are based on the guidance provided in Reference 15. 

For vermiculite ore dryers, filterable PM data were 
available from two B-rated emission tests. The data from 
Reference 9 for a spray tower-controlled dryer averaged 
0.095 kilograms per megagram (kg/Mg) (0.19 pounds per ton 
[lb/tonl), and the data from Reference 13 for a dryer controlled 
with a wet scrubber averaged 0.48 kg/Mg (0.95 lb/ton). The test 
reports do not include adequate information on the dryers and 
control devices to help explain the difference between the two 
emission rates. Therefore, the data for both tests were averaged 
to yield an average emission factor of 0.29 kg/Mg (0.57 lb/ton) 
of ore feed for filterable PM emissions from vermiculite ore 

These data were used to develop the candidate 
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TABLE 3. SUMMARY OF EMISSION FACTORS FOR 
VERMICULITE PROCESSING. 

drying controlled with a generic wet collector. This emission 
factor is rated D because it is based on B-rated data from tests 
on a relatively small number of sources, and it is likely that 
the facilities do not represent a random sample of the industry. 

from a single emission test were available. Although the dryer 
exhaust was equipped with a spray tower, the emission factor is 
considered to represent uncontrolled emissions because spray 
towers are assumed to have negligible effects on C02 emissions. 
Because it is based entirely on C-rated data, this emission 
factor (50 kg/mg [lo0 lb/tonl of ore feed) is rated E. 

For dried vermiculite concentrate screening, data were 
available from one B-rated emission test (Reference 13) on 
screening operations controlled with a cyclone. The results of 
the test averaged 0.30 kg/Mg (0.61 lb/ton) for filterable PM 
emissions from dried vermiculite concentrate screening controlled 
with a cyclone. This emission factor is rated D because it is 
based on B-rated data from one test. 

For C02 emissions from vermiculite dryers, C-rated data 

For dried vermiculite concentrate conveyor transfer, data 
were available from one B-rated emission test of filterable PM 
emissions controlled with a cyclone. The emission factor based 
on these data (0.013 kg/Mg [0 .025 lb/tonl) is assigned a rating 
of D. 
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For vermiculite exfoliating, B-rated data were available 
from Reference 12 for fabric filter-controlled filterable PM 
emissions from three furnaces and fo r  condensible organic PM 
emissions from two furnaces. The results of these tests averaged 
0.45 kg/Mg (0.89 lb/ton), 0.38 kg/Mg (0.75 lb/ton), and 
0.12 kg/Mg (0.24 lb/ton) of exfoliated vermiculite produced for 
filterable PM, and 0.12 kg/Mg (0.25 lb/ton) and 0.24 kg/Mg 
(0.48 lb/ton) of exfoliated vermiculite produced for condensible 
organic PM. These groups of data were combined to yield average 
emission factors of 0.32 kg/Mg (0.63 lb/ton) for filterable PM, 
and 0.18 kg/Mg (0.37 lb/ton) for condensible organic PM. These 
emission factors also are rated D. 

For exfoliated vermiculite grinding, A-rated data were 
available from one emission test (Reference 11). The emission 
factor developed from this data, 0.18 kg/Mg (0.37 lb/ton) of 
ground material produced, is also rated D. 
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Attachment 
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DRAFT 

This is preliminary material, in draft form, for purposes of review. This material must not be 
quoted, cited, or in any other way considered or used as final work. 

DRAFT AP-42 SECTION 11.28 

11.28 VERMICULITE PROCESSING 

11.28.1 Process Des~ription''~ 

Vermiculite is the geological name given to a group of hydrated laminar minerals that are 
aluminum-iron-magnesium silicates and that resemble mica in appearance. The chemical formula for 
vermiculite is (Mg,Ca,K,Fe+Z)3(Si,A1,Fe+3)40,0(OH)2*4Hz0. When subjected to heat, vermiculite 
has the unusual property of exfoliating, or expanding, due to the interlaminar generation of steam. 
The six-digit source classification code (SCC) for vermiculite processing is 3-05-033. 

Vermiculite ore is mined using open-pit methods. Beneficiation includes screening, flotation, 
drying in rotary or fluid bed dryer?., and expansion by exposure to high heat. All mined vermiculite 
is dried and sized at the mine site prior to exfoliation. Uses of unexpanded vermiculite are minor and 
include muds for oil-well drilling and fillers in fire-resistant wallboard. 

Crude Ore Processing 

Figure 11.28-1 is a process flow diagram for vermiculite processing. Crude ore from open- 
pit mines is brought to the mill by truck and loaded onto outdoor stockpiles. Primary processing 
consists of screening the raw material to remove the waste rock greater than 1.6 centimeters (cm) 
(5/8 inch [in.]) and returning the raw ore to stockpiles. Blending is accomplished as material is 
removed from stockpiles and conveyed to the mill feed bin. The blended ore is fed to the mill, where 
it is separated into fractions by wet screening and concentrated by gravity. All concentrates are 
collected, dewatered, and dried in a fluidized bed or rotary dryer. Drying reduces the moisture 
content of the vermiculite concentrate from approximately 15 to 20 percent to approximately 2 to 
6 percent. At least one facility uses a hammermill to crush the material exiting the dryer. However, 
at most facilities, the dryer products are transported by bucket elevators to vibrating screens, where 
the material is classified. The dryer exhaust generally is ducted to a cyclone for recovering the finer 
grades of vermiculite concentrate. The classified concentrate then is stored in bins or silos for later 
shipment or exfoliation. 

The rotary dryer is the most common dryer type used in the industry, although fluidized bed 
dryers also are used. Drying temperatures are 120" to 480°C (250" to 900"F), and fuel oil is the 
most commonly used fuel. Natural gas and propane also are used to fuel dryers. 

Exfoliation 

After being transported to the exfoliation plant, the vermiculite concentrate is stored. The ore 
concentrate then is conveyed by bucket elevator or other means and is dropped continuously through a 
gas- or oil-fired vertical furnace. Exfoliation occurs after a residence time of less than 8 seconds in 
the furnace, and immediate removal of the expanded material from the furnace prevents damage to the 
structure of the vermiculite particle. Flame temperatures of more than 540°C (1000°F) are used for 
exfoliation. Proper exfoliation requires a high rate of heat transfer and rapid generation of steam 
within the vermiculite particles. The expanded product falls through the furnace and is air conveyed 
to a classifier system, which collects the vermiculite product and removes excessive fines. The 

Mineral Products Industry 11.28-1 
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Figure 11.28-1. Process flow diagram for vermiculite processing. 
(Source Classification Code in parenthesis) 
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DRAFT 
furnace exhaust generally is ducted through a product recovery cyclone, followed by an emission 
control device. At some facilities, the exfoliated material is ground in a pulverizer prior to being 
classified. Finally, the material is packaged and stored for shipment. 

11.282 Emissions and  control^'^^-^^ 

The primary pollutant of concern in vermiculite processing are particulate matter (PM) and 
PM less than 10 micrometers (PM-10). Particulate matter is emitted from screening, drying, 
exfoliating, and materials handling and transfer operations. Emissions from dryers and exfoliating 
furnaces include products of combustion, such as carbon monoxide (CO), carbon dioxide (COJ, 
nitrogen oxides (NO,), and sulfur oxides (SOx), in addition to filterable and condensible PM and 
PM-10. 

Wet scrubbers are the most commonly used device to control dryer emissions. Fabric filters 
also are used at some facilities. The majority of expansion furnaces are ducted to fabric filters for 
emission control. However, wet scrubbers also are used to control the furnace emissions. Cyclones 
and fabric filters also are used to control emissions from screening, milling, and materials handling 
and transfer operations. 

Table 11 28-1 (metric and English units) summarizes the emission factors for vermiculite 
processing. 

Mineral Products Industry 11.28-3 
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Process 

Ore dryer, with wet 
collector 
(SCC 3-05-033-3 

Concentrate screening, with 
cyclone 
(SCC 3-05-033-3 

Concentrate conveyor 
transfer, with cyclone 

(SCC 3-05-033-3 

Exfoliating furnace. with 
fabric filter 
(SCC 3-05-033--) 

Product grinding, with 
fabric filter 
(SCC 3-05-033-2 

Draft Table 11.28-1 Metric And English Units). 
EMISSION FACTORS FOR VERMICULITE PROCESSING' 

EMISSION FACTOR RATING: D 

W M g  

0.29' 

0.308 

0.0139 

0.32h 

0.18* 

1 Filterable PMb 

0.575 

0.618 

0.029 

0.63h 

0.37m 

Cond 
organ - 

W M g  

ND 

NA 

NA 

0.1d 

NA 

dble 
PM' 

Iblton 
- 

ND 

NA 

NA 

0.37j 

NA 
- 

Tota - 
kglMg 

ND 

0.308 

0.0138 

O S &  

0.18m 

- 

'Md - 
Ib/ton 

ND 

0.618 

0.025g 

1 .ok 

0.37m 

- 

kg/Mg Ib/ton 

NA NA 

'Factors represent uncontrolled emissions unless noted. Emission factors for drying in units of kg/Mg 
and Ib/ton of material feed; emission factors for other processes in units of kg/Mg and Ib/ton of 
product. SCC = Source Classification Code. ND = no data. NA = not applicable. 

bFilterable PM is that PM collected on or prior to the filter of an EPA Method 5 (or equivalent) 
sampling train. 

CCondensible PM is that PM collected in the impinger portion of a PM sampling train. 
dTotal PM equals the sum of the filterable PM, condensible organic PM, and condensible 
inorganic PM. 

eReference 8. EMISSION FACTOR RATING: E. 
'References 8 , l l .  Factor represents uncontrolled emissions of CO,. 
gReference 11. For dried ore concentrate. 
'Reference 10. 
'Reference 10. Emissions may be largely due to volatilization of oil used in ore beneficiation. 
kSum of factors for filterable PM and condensible organic PM; does not include condensible 
inorganic PM. 

"'Reference 9. 
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PO. Box 70 Louisa. Virginia 23093 (703) 967-2266 Fax (703) 967-2803 

February 22, 1995 

Mr. Ronald E. Myers 
Emission Factor and Inventory Group 
United States Environmental Protection Agency 
Office of Air Quality Planning and Standards 
Research Triangle Park, NC 2771 1 

Dear Mr. Myers: 

We have reviewed your letter of January 27, 1995 concerning AP-42 Emission Factors for 
vermiculite processing. We have a few minor comments: 

On page 11.28-3 in the next to last paragraph appears: "Fabric filters also used 
at some facilities." This sentence follows one that asserts that "Wet scrubbers are 
the most commonly used device to control dryer emissions." Together these 
sentences suggest fabric filters are used to control dryer emissions, but is that 
true? It is my understanding that only wet scrubbers are used after dryers. Fabric 
filters may be used elsewhere. 

On page 2 of the MRI document, the numbers say 35,000 tons of the 185,000 tons 
of crude vermiculite sold is not expanded. This represents 19%. Both the MRI 
and 1 1.28-1 documents conclude that uses of unexpanded vermiculite "are minor." 
Unexpanded products are very significant and 19% of output is minor. You 
may want to delete the two references to "are minor". 

Finally in footnote 8 on p. 11.28-5 the company is RTP Environmental Associates. 

( I )  

(2) 

(3) 

We appreciate the opportunity to review and comment on your AP-42 documentation. 

Sincerely yours, 

Robert L. Sansom 
President, Louisa Properties 

General Parnter 
Vermiculite Vermiculite, Ltd. 



P.O. Box 70 Louisa. Virginia 23093-0070 

M r .  Ronald E.  Myers 
Emission Factor  and Inventory Group 
United S t a t e s  Environmental P ro tec t ion  Agency 
Of f i ce  of A i r  Qual i ty  Planning and Standards 
Research Tr iangle  Park,  NC 27711 
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Promoting Health, Protecting the Environment 

D H E C  
Depamenl 01 Hwith and Environmental Control 

2600 Bull Street Columbia, SC 29201 

March 8, 1995 

Ronald E. Myers 
Emission Factor and Inventory Group 
Emissions, Monitoring, and Analysis Division 
Office of Air Quality planning and Standards 
US EPA 
Research Triangle Park, NC 2771 1 

Dear Mr. Myers: 

Your letter of January 27, 1995 requested review and comments on the revised draft Section 
1 1.28, Vermiculite Processing and the corresponding background memorandum for the section. 

Copies of your letter and the draft section were sent to staffwithin the Bureau of Air Quality who 
have responsibility for these emissions and comments were requested. After discussion with the 
concerned individuals we agree that the section is acceptable for publication. 

The Bureau provided source test reports used in developing the emission factors. We appreciate 
having had the opportunity to contribute to the development of the document as well as the 
opportunity to comment on the draft section. We look forward to the release of the Fifth edition 
Of Ap-42. 

Sincerely, 

@A&-Q.%A\- 
Bob Betterton, Manager 
Emission Inventory Section 
Program Development & Support Division 
Bureau of Air Quality 

n 
reeycledpapcr 



Department of 
Environmental Protection 

Lawton Chiles 
Governor 

Twin Towers Office Building 
2600 Blair Stone Road 

Tallahassee, Florida 32399-2400 
Virginia 6. Wetherell 

Secretary 

March 7, 1995 

Mr. Ronald E. Myers 
Emission Factor and Inventory Group 
Emissions, Monitoring, & Analysis Division 
United States Environmental Protection Agency 
Office of Air Quality Planning and Standards 
Research Triangle Park, North Carolina 27711 

Dear Mr. Myers: 

RE: Request for Comments - January 27 Revised Draft of 
Section 11.28, Vermiculite Processing, Volume I, AP-42 
Emission Factors 

The Department has reviewed the referenced document. 
The draft was also provided to Duval County‘s Local Program, 
since the only vermiculite processing facility was located 
in Duval County. This facility is no longer active. Based 
on the reviews, we have no comments to offer. 

Thank you for the opportunity to provide comments. If 
you have any questions or need further information, please 
contact Mr. Bruce Mitchell at (904)488-1344 or at the 
letterhead address. 

&/A Sincerely, 

Howard L. Rhodes, Director 
Division of Air Resources 

Management 

HLR/ bm/m 

“Protect, Conserve and Manage Florida’s Environment and Notural Resources” 

Printed an recycled paper. 
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P6 5505 
UCR 111 

R o k d  E. Qers 
Errdssion Factor and Inventory Group 
Errdssions, bnitoring, & Analysis D i m o n  
United States hvirornnental Protection kency 
Office of Air Q d i t y  Planning and Standards 
Research Triangle Park, North Carolina 27711 
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Department of 
Environmental Protection 

Twln Towen Om- Building 
2600 Blalr Stona Road 

Tallahawe, Florid+ 32399-2400 

March 7 ,  1996 

Mr. Ronald E. Myers 
m 8 s l O n  Factor and Inventory Group 
missioner Monitoring, h Analysis DiViBiOn 
United States Environmental Protection Agency 
Offica of A i r  Quality Planning and Standards 
Research Triangle Park, North Carolina 27711 

Dear Mr. Warm: 

Re: Request for Comments - January 27 Revised Draft of 
Section 11.28, Vermiculite Processing, VOlUmg I, AP-42 
Emission Factors 

The Department ha6 reviewed the referenced document. 
The draft was also proviaed to Duval County's. Local Program, 
shoe the only vermiculite processing facillty was located 
in Duval County. This facility is no longer active. Based 
on the reviews, we have no commente to offer. 

Thank you for the opportunity to prqvida comments. If 
you have any questions or need further mformation, please 
contact Nr. Bruce xltchell at (904)488-1344 or at the 
latterherd address. 

Howard L. Rhodes, Director 
Dlvlalon of A i r  Reeourcee 

Managanent 

"Protec& Conserve and Managt Florida's Environment and Notaro1 Rcrourccr" 

r n n d  M mvdd wr. 



UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
Office of Air Quality Planning and Standards 

Research Triangle Park, North Carolina 2771 1 

JUL 2 6  199U 

Mr. William S. Becker 
Executive 
State & Territory Air Pollution Program Administrators 
444 North Capital Street, NW, Room 307 
Washington, DC 20001-1514 

Dear Mr. Becker: 

The Emission Inventory Branch of the U. S. Environmental 
Protection Agency (EPA) is in the process of updating the 
document Compilation of A i r  Pollutant Emission Factors, Volume I: 
Stationary Point and Area Sources (known more commonly as AP-42). 
As part of this process, we are now seeking comments on the draft 
sections that are to be included in this update of AP-42. 

Chapter 11 of AP-42 addresses the mineral products industry 
and is one of the chapters being updated. Enclosed is a copy of 
the draft Section 11.28, Vermiculite Processing, and the 
corresponding background memorandum for the section. We would 
appreciate it if your agency would review the enclosed draft 
AP-42 section and background memorandum and would send us your 
comments. We would appreciate a response to this request by 
September 2, 1994. 

As you can see €rom the draft AP-42 section, the only 
emission data we have been able to locate on vermiculite 
processing are taken from a single emission test report. 
are aware of additional emission data that we could use to 
develop emission factors for vermiculite processing and 
exfoliating, we would appreciate your assistance in obtaining 
copies of the data. Please note that the emission factors 
presented in AP-42 generally are based upon results from 
validated tests or other emission evaluations that are similar to 
EPA reference test methods. We also would appreciate specific 
comments on the general process description presented in the 
enclosed draft AP-42 section, information on variations in 
vermiculite processing and exfoliating operations, and 
identification of specific air pollution emission points 
associated with vermiculite'processing and exfoliating. 
information on the vermiculite industry, including the location 
of exfoliation plants also would be helpful. 

If you 

General 
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We appreciate your cooperation and look forward to receiving 
your comments. If you have any questions or need additional time 
to respond to this report, I can be reached by telephone at 
(919) 541-5407 or by fax at ( 9 1 9 )  541-0684. 

Sincerely, 

Ronald E. Myers 
Emission Factors and Methodologies Section 

Emission Inventory Branch 

2 Enclosures 

OAQPS/TSD/EIB:RMYERS, RM 4558, 4201 Bldg. ,  541-5407, MD-14 
(MRI/RMari nshaw/LKaufman/677-0249/07/26/94) 



IDENTICAL LETTER SENT TO THE FOLLOWING ADDRESSEES 

Mr. William S .  Becker 
Executive 
State & Territory Air Pollution Program Administrators 
444 North Capital Street, NW, Room 307 
Washington, DC 20001-1514 
Mr. Becker 

Mr. Howard L. Rhodes 
Director, Division of Air Resources 
Florida Department of Environmental Protection 
2600 Blair Stone Road 
Tallahassee, Florida 32399-2400 
Mr. Rhodes 

Mr. James M. Salvaggio 
Director 
Pennsylvania Department of Environmental Resources 
Bureau of Air Quality Control 
Post Office Box 8468 
Harrisburg, Pennsylvania 17105-8468 
Mr. Salvaggio 

Mr. James A. Joy, I11 
Chief 
Bureau of Air Quality Control 
South Carolina Department of Health and 

2600 Bull Street 
Columbia, South Carolina 29201 

Environmental Control 



Date: 

Subject: 

From: 

To: 

MIDWEST RESEARCH INSTITUTE 
Suite 350 

401 Harrison Oaks Boulevard 
Cary, Nonh Carolina 27513-2412 

Telephone (919) 6770249 
FAX (919) 677M165 

April 6 ,  1993 
(Revised:' February 16, 1994) 

Background Information for Proposed AP-42 
Section 11.28, Vermiculite Processing 
Review and Update Remaining Sections of Chapter 8 
(Mineral Products Industry) of AP-42 
EPA Contract 68-D2-0159, Work Assignment 012 
MRI Project 3612 

Richard Marinshaw 

Ron Myers 

U. S. Environmental Protection Agency 
Research Triangle Park, N.C. 27711 

EPA/EIB/EFMS (MD-14) 

I. INTRODUCTION 

This memorandum presents the background information that 
was used to develop the proposed AP-42 Section 11.28 on 
vermiculite processing. A description of the industry is 
presented first. A process description followed by a discussion 
of emissions and controls is then presented. Following these 
sections, a description of the references that were used to 
develop the draft section and the results of the data analysis 
are presented. Finally, the reference list is provided. The 
draft AP-42 section is provided as the attachment. 

11. DESCRIPTION OF THE 

Vermiculite is the geological name given to a group of 
, hydrated laminar minerals that are aluminum-iron-magnesium 

silicates and that resemble mica in appearance. When subjected 
to heat, vermiculite has the unusual property of exfoliating, or 
expanding, due the interlaminar generation of steam. The 
Standard Industrial Classification (SIC) code for vermiculite 
mining is 1499, miscellaneous nonmetallic minerals, except fuels. 
For vermiculite processing, the SIC Code is 3295, minerals and 
earths, ground or otherwise treated. The six-digit Source 
Classification Code (SCC) for vermiculite processing is 3-05-033. 

The world's largest deposit of vermiculite, which is 
located near Libby, Montana, is no longer in operation. Other 
major vermiculite deposits are located near Enoree, South 
Carolina, and in the Republic of South Africa. Vermiculite is 
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also mined and beneficiated at a mine in Louisa County, Virginia. 
Deposits of economic significance contain 25 to 95 percent 
vermiculite. 

Estimated world production of crude vermiculite in 1991 was 
523,000 megagrams (Mg) (576,000 tons), more than 80 percent of 
which came from five mines. The United States and Republic of 
South Africa account for most of the world production. Estimated 
U.S. production of crude vermiculite sold or used by producers in 
1991 was 168,000 Mg (185,000 tons), of which approximately 
136,000 Mg (150,000 tons) were exfoliated. 

Beneficiation includes screening, flotation, drying in rotary or 
fluidized bed dryers, and expansion by exposure to high heat. 
All mined vermiculite is dried and sized at the mine site prior 
to exfoliation. Uses of unexpanded vermiculite are minor and 
include muds for oil-well drilling and fillers in fire-resistant 
wallboard. 

Vermiculite is commercially exfoliated by heating the 
presized crude vermiculite in a furnace chamber. The bulk volume 
of commercial grades increases 8 -  to 12-fold, but individual 
vermiculite particles may expand as much as 30-fold compared to 
the raw ore. 

Vermiculite ore is mined using open-pit methods. 

Exfoliated vermiculite was produced at 35 plants in 
27 States in 1989. The principal producing States were, in order 
of decreasing exfoliated vermiculite output, Ohio, California, 
South Carolina, Florida, New Jersey, Illinois, Texas, and 
Arkansas. The main uses of exfoliated vermiculite in 1990 were 
fertilizer carriers (22 percent), concrete aggregate 
(19 percent), horticultural uses (13 percent), premixes 
(12 percent), block insulation (12 percent), loose fill 
insulation (9 percent), soil conditioners ( 5  percent), and 
plaster aggregates (1 percent). 

III. PROCESS  DESCRIPTION^^ 3 

A. Crude 0 re Processinq 

Figure 1 is a flow diagram of vermiculite ore processing. 
Crude ore from open-pit mines is brought to the mill by truck and 
loaded onto outdoor stockpiles. Primary processing consists of 
screening the raw material to remove the waste rock greater than 
1.6 centimeters (cm) ( 5 / 8  inch [in.] ) and returning the raw ore 
to other stockpiles. Blending is accomplished as material is 
removed from stockpiles and conveyed to the mill feed bin. The 
blended ore is fed to the mill, where it is separated into 
fractions by wet screening and concentrated by gravity. All 
concentrates are collected, dewatered, and dried in a fluid bed 

' 
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OPEN PIT MINE 

Figure 1. Flow diagram for vermiculite ore pro~essing.~ 
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or rotary deer. The dryer products are separated by standard 
screens and are stored in bins or silos for later shipment or 
exfoliation. 

The rotary dryer is the most common dryer type used in the 
industry, although one fluid bed dryer is used. Drying 
temperatures are 120° to 480OC (250° to 900°F), and fuel oil is 
the most commonly used fuel. Natural gas and propane also are 
used to fuel dryers. 

B. Exfoliation 

Figure 2 depicts a typical vermiculite expanding process. 
Sized crude vermiculite is dropped continuously through a gas- or 
oil-fired vertical furnace. Exfoliation occurs after a residence 
time of less than 8 seconds in the furnace, and immediate removal 
of the expanded material from the furnace prevents damage to the 
structure of the vermiculite particle. Flame temperatures of 
more than 54OOC (1000OF) are used for exfoliation. Proper 
exfoliation requires a high rate of heat transfer and rapid 
generation of steam within the vermiculite particles. The 
expanded product falls through the furnace and is air-conveyed to 
a classifier system, which collects the vermiculite product and 
removes excessive fines. 

IV. EMISSIONS AND CONTROLS1f3-5 

The primary pollutants of concern in vermiculite processing 
are particulate matter (PM) and PM less than 10 micrometers 
(PM-10). Particulate matter is emitted from screening, drying, 
exfoliating, and materials handling and transfer operations. In 
addition, vermiculite ore may contain asbestos. However, other 
than vermiculite mined from the Libby, Montana, deposit, which is 
no longer in operation, the amount of asbestos found in 
vermiculite deposits is considered to be negligible. Emissions 
from rotary dryers and expansion furnaces include products of 
combustion, such as carbon monoxide (CO), carbon dioxide ( C O z ) ,  
nitrogen oxides (NO,), and sulfur oxides (SO,), in addition to 
filterable and condensible PM. 

Wet scrubbers are the most commonly used device to control 
dryer emissions. Fabric filters also are used at some 
facilities. The majority of expansion furnaces are ducted to 
fabric filters for emission control. However, wet scrubbers also 
are used to control the furnace emissions. No information is 
available on the type of emission controls used on screening, 
milling, and materials handling and transfer operations. 
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v. DESCRIPTION OF REFERENCES 
This section describes the primary references that 

contained data on emissions from vermiculite processing that were 
used to develop the draft AP-42 section. Reference 1 is not 
described because it is a secondary reference, and the 
vermiculite processing emission data in Reference 1 are taken 
from Reference 4 ,  which is the primary reference for the data. 
References 2, 3 ,  and 5 also are not described below because they 
do not contain emission data. 

A. Reference 4 

This report documents measurements of filterable PM and C02 
from an oil-fired rotary dryer. The purpose of the emission test 
was to demonstrate compliance with State regulations. The test 
was conducted in 1979. Process rates were provided on the basis 
of raw material feed. The dryer emissions are controlled with a 
low-energy spray tower with a design pressure drop of 
1.2 kilopascals (5-in. water column). 

Method 5 test runs. The method used to measure C02 
concentrations in the exhaust was not specified in the report. 
Emission factors were developed for filterable PM and C02. 

methodology was sound, and no problems were reported, but the 
report lacked adequate documentation for a higher rating. The 
C02 data are rated C because the test method was not specified. 

Particulate matter emissions were measured during three 

The emission data for filterable PM are rated B. The test 

VI. RESULTS OF DATA ANALYSIS 

Emission factors were developed from Reference 4 for 
filterable PM and C02 emissions from rotary vermiculite dryers. 
The PM emission data from this reference are rated B because the 
documentation was not adequate to justify a higher rating. The 
emission factor for controlled filterable PM emissions from 
rotary dryers is rated D because it is based on a single 
reference. 

The CO emission data are rated C, because the test method 
is not sped 3 ied. The emission factor for C02 emissions from 
rotary vermiculite dryers is rated E. 
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The emission factors developed for vermiculite processing 
are presented in Table 1. 

~ 

emaon factor 
E m a o n  

Data factor 
Rocess Conwl PoUutmt mns W M g  Iblton k d M g  Lb/ton “hng nbng 

Roury Spray PM 

Range Average No. of 

Fdterable 3 0.078-0.11 0.160.22 0.095 0.19 B D 

3 4542 91-125 50 100 C e co2 
dryer tow- 

aRcfcrencc 4; emieaion factor activity level based on rmtrri.l f d .  , 
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" AttacLent 

-_ DRAFT AP42 SECTTON 11.28 

11.28 VERMICULITE PROCESSING 

11.28.1 Process Description" 

Vermiculite is the geological name given to a group of hydrated laminar minerals that are 
aluminum-iron-magnesium silicates and that resemble mica in appearance. When subjected to heat, 
vermiculite has the unusual property of exfoliating, or expanding, due the interlaminar generation of 
steam. The sixdigit source classification code (SCC) for vermiculite processing is 3-05-033. 

Vermiculite ore is mined using open-pit methods. Beneficiation includes screening, flotation, 
drying in rotary or fluid bed dryers, and expansion by exposure to high heat. All mined vermiculite 
is dried and sized at the mine site prior to exfoliation. Uses of unexpanded vermiculite are minor and 
include muds for oil-well drilling and fillers in fire-resistant wallboard. 

Crude Ore Processing 

Figure 11.28-1 is a flow diagram of vermiculite ore processing. Crude ore from open-pit 
mines is brought to the mill by truck and loaded onto outdoor stockpiles. Primary processing consists 
of screening the raw material to remove the waste rock greater than 1.6 centimeters (cm) (98 inch 
[in.]) and returning the raw ore to stockpiles. Blending is accomplished as material is removed from 
stockpiles and conveyed to the mill feed bin. The blended ore is fed to the mill, where it is separated 
into fractions by wet screening and concentrated by gravity. All concentrates are collected, 
dewatered, and dried in a fluid bed or rotary dryer. The dryer products are separated by standard 
screens and are stored in bins or silos for later shipment or exfoliation. 

The rotary dryer is the most common dryer type used in the industry, although one fluid bed 
dryer is used. Drying temperatures are 120" to 480°C (250" to 90O0F), and fuel oil is the most 
commonly used fuel. Natural gas and propane also are used to fuel dryers. 

Exfoliation 

Figure 11.28-2 depicts a typical vermiculite expanding process. Sized crude vermiculite is 
dropped continuously through a gas- or oil-tired vertical furnace. Exfoliation occurs after a residence 
time of less than 8 seconds in the furnace, and immediate removal of the expanded material from the 
furnace prevents damage to the structure of the vermiculite particle. Flame temperatures of more 
than 540°C (1oOO"F) are used for exfoliation. Proper exfoliation requires a high rate of heat transfer 
and rapid generation of steam within the vermiculite particles. The expanded product falls through 
the furnace and is air conveyed to a classifier system, which collects the vermiculite product and 
removes excessive lines. 

11.282 Emissions and. 

The primary pollutant of concern in vermiculite processing are particulate matter (PM) and 
PM less than 10 micrometers (PM-IO). Particulate matter is emitted from screening, drying, 
exfoliating, and materials handling and transfer operations. Emissions from rotary dryers and 
expansion furnaces include products of combustion, such as carbon monoxide (CO), carbon dioxide 
(Cod,  nitrogen oxides (NOx), and sulfur oxides (SO,), in addition to filterable and condensible PM. 

Mineral Products Industry 11.28-1 



... 

OPEN PIT MINE 

Figure 11.28-1. Profess flow diagram for vermiculite ore professing? 

11.28-2 EMISSION FACTORS 
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Wet scrubbers are the most commonly used device to control dryer emissions. Fabric fiters 
also are used at some facilities. The majority of expansion furnaces are ducted to fabric filters for 
emission control. However, wet scrubbers also are used to control the furnace emissions. No 
information is available on the type of emission controls used on screening, milling, and materials 
handling and transfer operations. 

Table 11.28-1 summarizes the emission factors for vermiculite processing. 

REFERENCES FOR SECTION 11.28 

1. 

2. 

3. 

4. 

Calciners and Dryers in Mineral Industries--Background Informarion for Proposed Standards. 
U. S .  Environmental Protection Agency. Research Triangle Park, NC. Publication 
No. EPA45013425a. October 1985. 

Potter, M. J. Vem'culite in 1991, Mineral Indusny Surveys Annual Repon. Bureau of Mines. 
U.S. Department of the Interior. Washington, DC. August 5,  1992. 

Strand, P. R. and 0. F. Stewart. Vem'culite. lndusm'al Rock and Minerals, Volume I .  
Society of Mining Engineers. New York. 1983. 

Rotary Dryer Particulate Emissions Testing, Performed for  Virginia Vem'culite Lim'ted. 
Boswell's Tavern, Virginia. RTP Environmental Association. Research Triangle Park, NC. 
November 1979. 

11.28-4 EMISSION FACTORS 



.~ Table 11.28-1 (Metric Units). 
EMISSION FACTORS FOR VERMICULITE PROCESSINGa 

Filterableb 

EMISSION 
FACTOR 

Source 

Condensible PMC 

EMISSION 
FACTOR 

Rotary dryer with 
spray towerd 

PM 
. ..-. ~~. 

RATING PM-IO Inorganic Organic C02 RATING 

Filterableb 

Source EMISSION 
FACTOR 

ND I N D  I 50 1 E I I N D  I 0.095 I 

Condensible PM' 

EMISSION 
FACTOR 

'Factors represent uncontrolled emissions unless othetwise noted. ND = no data available. AI1 emission 

bFilterable PM is that PM collected on or prior to the filter of an EPA Method 5 (or equivalent) sampling train. 
'Condensible PM is that PM collected in the impinger portion of a PM sampling train. 
dReference 4. 

factors in the kglMg of material feed. 

PM 

Table 11.28-1 (English Units). 
EMISSION FACTORS FOR VERMICULITE PROCESSING' 

. ~ . ~ ~ ~ ~ .  ~~~~~ .. 

RATING PM-10 Inorganic Organic CO, RATING 

Rotary dryer with 

(SCC 3-05-033- 
spray tower d 0.19 D ND ND ND 100 E 

.Factors represent uncontrolled emissions unless otherwise noted. ND = no data available. All emission 

bFilterablc PM is that PM collected on or prior to the filter of 811 EPA Method 5 (or equivalent) sampling train. 
CCondensible PM is that PM coUected in the impingcr portion of a PM sampling train. 
dReference 4. 

factors in the lbltun of material fccd. 

Mineral Products Industry 1 1.28-5 



*. DRAFT AP-42 SECTION 11.28 

11 2 8  VERMICULITE PROCESSING 

11.28.1 Process Description14 

Vermiculite is the geological name given to a group of hydrated laminar minerals that are 
aluminum-iron-magnesium silicates and that resemble mica in appearance. When subjected to heat, 
vermiculite has the unusual property of exfoliating, or expanding, due the interlaminar generation of 
steam. The sixdigit source classification code (SCC) for vermiculite processing is 3-05-033. 

Vermiculite ore is mined using open-pit methods. Beneficiation includes screening, flotation, 
drying in rotary or fluid bed dryers, and expansion by exposure to high heat. All mined vermiculite 
is dried and sized at the mine site prior to exfoliation. Uses of unexpanded vermiculite are minor and 
include muds for oil-well drilling and fillers in fire-resistant wallboard. 

Crude Ore Processing 

Figure 11.28-1 is a flow diagram of vermiculite ore processing. Crude ore from open-pit 
mines is brought to the mill by truck and loaded onto outdoor stockpiles. Primary processing consists 
of screening the raw material to remove the waste rock greater than 1.6 centimeters (cm) (5/8 inch 
[in.]) and returning the raw ore to stockpiles. Blending is accomplished as material is removed from 
stockpiles and conveyed to the mill feed bin. The blended ore is fed to the mill, where it is separated 
into fractions by wet screening and concentrated by gravity. All concentrates are collected, 
dewatered, and dried in a fluid bed or rotary dryer. The dryer products are separated by standard 
screens and are stored in bins or silos for later shipment or exfoliation. 

The rotary dryer is the most common dryer type used in the industry, although one fluid bed 
dryer is used. Drying temperatures are 120" to 480°C (250" to 900°F). and fuel oil is the most 
commonly used fuel. Natural gas and propane also are used to fuel dryers. 

Exfoliation 

Figure 11.28-2 depicts a typical vermiculite expanding process. Sized crude vermiculite is 
dropped continuously through a gas- or oil-fired vertical furnace. Exfoliation occurs afkr a residence 
time of less than 8 seconds in the furnace, and immediate removal of the expanded material from the 
furnace prevents damage to the structure of the vermiculite particle. Flame temperatures of more 
than 540°C (1OOO"F) are used for exfoliation. Proper exfoliation requires a high rate of heat transfer 
and rapid generation of steam within the vermiculite particles. The expanded product falls through 
the furnace and is air conveyed to a classifier system, which collects the vermiculite product and 
removes excessive fin=. 

11.28.2 Emissions and 

The primary pollutant of concern in vermiculite processing are particulate matter (PM) and 
PM less than 10 micrometers (PM-10). Particulate matter is emitted from screening, drying, 
exfoliating, and materials handling and transfer operations. Emissions from rotary dryers and 
expansion furnaces include products of combustion, such as carbon monoxide (CO), carbon dioxide 
(C02), nitrogen oxides (NOx), and sulfur oxides (SOx), in addition to tilterable and condensible PM. 

Mineral Products lndustry 11.28-1 
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Figure 11.28-1. Process flow diagram for vermiculite ore processing? 

11.28-2 EMISSION FACTORS 
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Wet scrubbers are the most commonly used device to control dryer emissions. Fabric filters 
also are used at some facilities. The majority of expansion furnaces are ducted to fabric filters for 
emission control. However, wet scrubbers also are used to control the furnace emissions. No 
information is available on the type of emission controls used on screening, milling, and materials 
handling and transfer operations. 

Table 11 28-1 summarizes the emission factors for vermiculite processing. 

REFERENCES FOR SECTION 11.28 

1. 

2. 

3. 

4. 

Mciners and Dryers in Mineral Indusm'es--Background Informahon for Proposed Stnndards. 
U. S .  Environmental Protection Agency. Research Triangle Park, NC. Publication 
No. EPA450I3425a. October 1985. 

Potter, M. J. Vermiculite in 1991, Mineral Industry Surveys Annual Repon. Bureau of Mines. 
U.S. Department of the Interior. Washington, DC. August 5, 1992. 

Strand, P. R. and 0. F. Stewart. Vem'culite. Indusm'al Rocks and Minerals, Volume I .  
Society of Mining Engineers. New York. 1983. 

Rotary Dryer Pam'culate Emissions Testing, Performed for Virginia Vem'culite Limited, 
Boswell's Tavern, Virginia. RTP Environmental Association. Research Triangle Park, NC. 
November 1979. 

11.28-4 EMISSION FACTORS 



Filterableb Condensible PMC 

EMISSION 
FACTOR 

Source 

PM RATING PM-10 Inorganic Organic 

Rotary dryer with 
spray tower d 0.095 D ND ND ND 
(SCC 345433-3 

Table 11.28-1 (English Units). 
EMISSION FACTORS FOR VERMICULITE PROCESSING' 

EMISSION 
FACTOR 

CO, RATING 

50 E 

Source 

Rotary dryer with 
spray tower d 
(SCC 345433-_) 

Mineral Products Industry 11.28-5 

Filterableb Condensible PMc 

EMISSION EMISSION 
FACTOR FACTOR 

PM RATING PM-IO Inorganic Organic CO, RATING 

0.19  D ND ND ND 100 E 
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VIRGINLA VERMICULITE, LTD. 
T&LE: 71)3/n6-8900 

1901 N. MwN! Street, S d t ~  lZ00 Arliuglm, Virginia 22209-1706 FAX: 7031276-9541 

TEJACOPIER COVER PAGE 

419 
M: OdlwLUnw, TELECOPY R 54 I 0684 

0 

FRON c m  TELECOPY #: 703Lt769541 

NUMBER OF PAGES TRANSMIlTED (INCLUDING COVER PAGE): 
PLEASE PHONE IMMEDIATELY IF TRANSMISSXON IS INCOMPLETE. TBANK YOU. 

OPERATOR: PHONE; 703/276-8900 



MAyi84-1993 11:13 FROM 

May 4, 1993 

Mr. Ronald E. Myers 
Emissions Factors and Methodologies Section 
Emission Inventory Branch 
US, Environmental protection Agency 
mce of Air Quality Planning and Standards 
Research Triangle Park, NC 2771 1 

Dear Mr. Myers: 

1 received your p~oposed drafr yesterday. It asks fru our comments by tomorrow. This is 
unreasonable and surely not acceptable. 

Your document is full of cmus. You try to homogtnizc an industry that is not homogenous. 
You cite our stack test, but fait to lepon no asbestos was found in the particulates taken from 
the stack (see attachment). 

We had previously communicated to your agency (see attachcd cow sheets) regarding work by 
MRI on vermiculite. We strongly object to your use of emission data on South Carolina and 
Libby, Montana as applicable to our vermiculite. Libby is shut down. Of what r e l e v m  is i ts 
data? I rccomend AP42 continue lo exclude vermiculite. I can't see how threc plants, two in 
South Carolina and one in Virginia, al l  different in the ore used, justify the effort (obviously 
flawed) to arrive at a uniform emission factor. 

M o l ~ v c r  your definitions of asbestos and emission factars for the Enorcc plant need to be 
examined and cumcted in accordance with the June 2, 1992 CFR 1910 and 1926. If you have 
the need for technical information, please contact John Stamberg 703l276-8900. 

Enclosures 

. 

RO& L. sansom 
Presidem, Louisa Properties 

, CrennalPmer 
Virginia vermiculite. Ltd. 
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E. FOLGER TAYLOR.CHAIRMAN 
STAUNTON 

ELIZABETU H. HASSELL. VICE CHAIRMAN 
MARTINSVILLI 

EDGAR B. BOYNTON 
RICHMOND 

AXEL T. MATTSON 
YORKTMVN 

CARL C. REDINGER 
ALEXANDRIA 

COMMONWEALTH of VIRGINIA 
Sfate Air PoUution Control Board 

ROOM (IC%, NINTU smew orrum IIUIL~NG 

? B L E W € :  (g.! 76EzS78 
R1MMONO. VIRGINIA mt0 

W. R. YEYEl 
EXECUTIVE DIRECTOF 

July 7. 1980 

nr. Bobert L. Sanaom 
Virginia VeraicuLite, ttd. 
Energy and Enviromncntal Analysis, Inc. 
General Partner 
1111 N. 19th Street, Suite 609 
Arlington. Virginia 22049 

Deaf Me. 5ansmr 

Review of the particulate and asbestos d s s i o s s  test performed by €XP 
Bnvir6dmeota.l Associates on October 27, 1979 indicates that pur facil ity is in 
caoplfame wich the particulate emissions fequiremmts of the Virginia State Air 
Pollutloa Control Board. Tests  &ne by Walter C. McCrone Associates, Tnc. also 
indicate that w aabestiform minerials were present in those ore samples taken 
at the plant. 

Thank you for your patience in  uslt5n$ for our official  report on zhese 
t e s t s .  

Sinqeraly, 

W f  RCJ/ j l d  

cc: Mrector. Region N 

"An Equal Opporfuniv Employer" 



September 11. 1987 

Mr. Alfred E. Vervaert 
United States Environmental Protection Agency 
Offlce o f  Air Quality Plannfng and Standards 
Research Triangle Park, North Carolina 27711 

Dear Mr. Yervaert: 

I am enclosing herewfth our response to your questlons put t o  Viyllnla 
Vermiculite under Sectfon 112 of the Clean Air Act. ne have stamped selected 
pages "Confldentlal' and ask that they be so treated by EPA and i t s  
contractors. 

We are prepared to answer any questlons you may have regarding our response and 
apologize for any inconvenlence our response's delay, due t o  a mis-routlng of 
your June 16, 1987 letter, may have caused EPA. 

Sincerely yours, 

Robert L. Sansom 
President, Louisa Properties 

General Partner 
Virginia Vewiculfte, Ltd. 

Enclosure 
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FrOra: 

Yo: 

FINAL 
June 8 ,  1983 
(Final ized Ju ly  11, 1983) 

S i t e  V is i t -V i rg in ia  Vermicul i te Limited, Trev i l ians,  V i rg fn ia  
Calciners and Dryers f n  Mfneral Industrfes 
EPA Contract No. 68-02-3817; ESED Pro jec t  No. 81/08 
MRI Project  No. 77024 

W i l l i a m  J. kUffQr 
ESU)/ISB/SSAS (HD-13) 
U.S. Environmental Protect ion Agency 
Research Tr iangle Park, NC 27711 
(919) 541-5595 

I. Purpose 

The purpose o f  t h i s  s i t e  v i s i t  was to observe the operation of a 
r o t a y  vermicu l i te  dryer and the associated a i r  pollutfon control equipmnt 
at  V i r g i n i a  Venniculfte, Ltd. 

11. Place and Date 

Vi rg in la  Vermfculite, L imited 
Trev i l ians,  VirginSa 
(703) 967-2266 
My 11, 1983 

111. Attendees 

v i r g i n f a  vermicul i te.  L imited 

Robert Sansm, President, Louisa Propert les 
General Partner o f  VTrginia V e m f c u l i t e  
lltl North 19th St., Su i te  505 
Ar l ington, Va. 22209 
(703) 276-8900 (Energy Ventures Analys5s) 

John Sansom. Plant Manager, Trevi l ians.  Va. 

U.S. Environmental Protection Awnq 

G i l  b o d ,  EPWISB 

Midwest Research I n s t i t u t e  

W i l l i a m  H. Maxuell, MRI/Ralejgh 
Any J. Nelson, MRi/Raleigh 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
Office of Air Quality Planning and Standards 

Research Triangle Park, North Carolma 2771 1 

2' n c * 2  ;=: 
F d 

APR 19Q3 %< 

Mr. August Sisco 
Acting Executive Secretary 
Vermiculite Association 
600 South Federal Street, Suite 400 
Chicago, Illinois 60605 

Dear Mr. Sisco: 

As you may know, the Emission Inventory Branch of the U. S. 
Environmental Protection Agency (EPA) is in the process of 
updating the document Compilation of Air Pollutant Emission 
Factors, Volume I: Stationary Point and Area Sources (known more 
commonly as AP-42). As part of this process, we are now seeking 
comments on the draft sections that are to be included in this 
update of AP-42. 

and is one of the chapters being updated. 
the draft Section 8.28, Vermiculite Processing, and the 
corresponding background memorandum for the section. We would 
appreciate it if you or one of your associates would review the 
enclosed draft AP-42 section and memorandum and would send us 
your comments. It would also be helpful if you could distribute 
copies of the enclosed section and memorandum to members of your 
association for their review. Unfortunately, we are on a very 
tight schedule, and it is important that we have all comments by 
May 5, 1993. 

The emission factors presented in AP-42 generally are based 
upon results from validated tests or other emission evaluations 
that are similar to EPA reference test methods. As a result, 
revisions to the emission factors presented in AP-42 sections 
must be supported by equivalent documentation. 
with any emission factors presented in the enclosed AP-42 section 
or have additional supporting documentation, we would appreciate 
your providing either a copy of the documentation or information 
on how we can obtain copies of the supporting documentation. 

Chapter 8 of AP-42 addresses the mineral products industry 
Enclosed is a copy of 

If you disagree 
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We appreciate your cooperation and look forward to receiving 
your comments. 
telephone at (919) 541-5407 or by fax at (919) 541-0684. 

If you have any questions, I can be reached by 

Sincerely, 

Emission Factors and Methbdologies Section 
Emission Inventory Branch 

Enclosure 



MIDWEST RESEARCH INSTlTUTE 
Suite 351 

401 Harrison Oaks BouleMrC 
Caw, North Camlina 27513-2412 

Telephone (919) 6770242 
FAX (919) 6774065 

Date: April 6, 1993 

Subject: Background Information for Proposed AP-42 Section 8.29, 
Diatomite Processing 
Review and Update Remaining Sections of Chapter 8 
(Mineral Products Industry) of AP-42 
EPA Contract 68-D2-0159, Work Assignment 012 
MRI Project 3612 

From: Richard Marinshaw 

To: Ron Myers 
EPA/EIB/EFMS (MD-14) 
U. S. Environmental Protection Agency 
Research Triangle Park, NC 27711 

I. INTRODUCTION 

This memorandum presents the background information that was 
used to develop the proposed AP-42 Section 8.29 on diatomite 
processing. A description of the industry is presented first. A 
process description followed by a discussion of emissions and 
controls are then presented. Finally, the reference list is 
provided. The draft AP-42 section is provided as the attachment. 

11. INDUSTRY DESCRIPTION1-3 

Diatomite is a chalky, sedimentary rock consisting mainly of 
an accumulation of skeletons formed by diatoms, which are single- 
celled microscopic aquatic plants. The skeletons are essentially 
amorphous hydrated or opaline silica but occasionally include 
some alumina. The Standard Industrial Classification (SIC) code 
for diatomite mining is 1499 (miscellaneous nonmetallic minerals, 
except fuels), and the SIC code for diatomite processing is 3295 
(minerals and earths, ground or otherwise treated). The 
six-digit Source Classification Code (SCC) for  diatomite 
processing is 3-05-026. 

size, shape, and structure of individual diatom skeletons and the 
packing characteristics of a mass of the particles. Diatgms 
range in diameter from about 10 micrometers (pm) (4 x 10- inch 
[in.]) to over 500 pm (0.02 in.) and generally have a spiny 
structure with intricately pitted surfaces. Contact between 

The unique physical properties of diatomite derive from the 
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particles is -chiefly at the outer points of the irregular 
surfaces. 
with 

material exceptional filtering and thermal characteristics. 

on different performance characteristics determined by empirical 
tests. Processed diatomite powders are classified into three 
general types based on production methods. These types are 
(1) natural, which is produced by simple milling, drying, and air 
classification, (2) calcined, or pink, which results from further 
heat treatment of the natural, and ( 3 )  flux-calcined, or white, 
which is from a similar heat treatment of the natural with the 
addition of a fusible alkali salt. These process designations do 
not translate directly into the market classifications. The 
major processed diatomite products are powders and aggregates of 
various sizes and grades. Diatomite products are used primarily 
as filter aids and filters. 

Ground diatomite is a microscopically porous material 
n apparent density of 80 to 255 kilogry per cubic meter 

(kg/m 4 (5 to 16 pounds per cubic foot [lb/ft I ) ,  giving this 

Diatomite products are separated into various grades based 

Because calcined diatomite has a number of unique physical 
properties, it has diversified uses. The widest domestic use for 
diatomite (72 percent in 1991) is as a filter aid for separating 
suspended solids from fluids. The greatest growth potential for 
diatomite use is in this area of application because of increased 
emphasis on water purification and the removal of objectionable 
impurities in manufactured products and reusable process fluids. 
Diatomite is processed into filter aids for all types of food and 
nonfood processing applications. 
applications are in the filtration of dry cleaning solvents; 
pharmaceuticals; beer, whisky, and wine; raw sugar liquors; 
antibiotics; industrial, municipal, and swimming pool waters; 
fruit and vegetable juices; lube, rolling mill, and cutting oils; 
jet fuels; organic and inorganic chemicals; and varnishes and 
lacquers. 

extender for paint, paper, asphalt products, and plastic. 
Fillers accounted for 14 percent of diatomite production in 1991. 
Other uses of diatomite include abrasives, absorbents, catalysts, 
fertilizer coatings, insulation, and lightweight aggregates, 
which collectively consumed 14 percent of U . S .  production in 
1991. 

All domestic diatomite production comes from California, 

The more commonly known 

The second largest use of diatomite is as a filler or 

Nevada, Oregon, and Washington, with California accounting for 
more than half of the total national production. Total domestic 
production of diatomite in 1991 was 610,000 megagrams (Mg) 
(671,000 tons). 
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III. PROCESS  DESCRIPTION^^ 3 
Most diatomite deposits are found at or near the surface and 

can be mined by open pit methods or quarrying. 
in the United States is all open pit, normally using some 
combination of bulldozers, scraper-carriers, power shovels, and 
trucks to remove overburden and the crude material. In most 
cases, fragmentation by drilling and blasting is not necessary. 
The crude diatomite is loaded on trucks and transported to the 
mill or to stockpiles. Figure 1 shows two alternative flow 
diagrams for diatomite processing. 

consists of crushing and drying. Crude diatomite commonly 
contains as much as 4 0  percent moisture, and in many cases 
contains over 60 percent. 
(normally done by a hammermill) is followed by simultaneous 
milling-drying, with suspended particles of diatomites being 
carried in a stream of hot gases. Flash and rotary dryers are 
used to dry the material to approximately 15 percent moisture. 
Typical flash dryer operating temperatures range from 70" to 
43OOC (150O to 800°F). The suspended particles exiting the dryer 
pass through a series of fans, cyclones, and separators to a 
baghouse. These sequential operations separate the powder into 
various sizes, remove waste impurities, and expel the absorbed 
water. These natural milled diatomite products are then bagged 
or handled in bulk without additional processing and are used 
principally for fillers and uses other than filter aids. 

heat treatment in gas- or fuel oil-fired rotary calciners, with 
or without a fluxing agent. Typical calciner operating 
temperatures range from 650° to 1200°C (1200" to 2200°F). For 
straight-calcined grades, the powder is heated to the point of 
incipient fusion in large rotary calciners, and thus, in the 
strict technical sense, the process is one of sintering rather 
than calcining. The material exiting the kiln then is further 
milled and classified. 
the particle size distribution for filter aid applications in 
which medium flow rates are required; it results in a product 
with a pink cast. 
iron in the raw material, becomes more intense with increasing 
iron oxide content. 

Diatomite mining 

The processing of uncalcined or natural-grade diatomite 

Primary crushing to aggregate size 

For filtration uses, natural grade diatomite is calcined by 

Straight calcining is used for adjusting 

The color, which is caused by the oxidation of 

Further adjustment of particle size is brought about by the 
addition of a flux, usually soda ash, before the calcining step. 
The addition of fluxing agent sinters the diatomite particles and 
increases the particle size, thereby allowing increased flow rate 
during liquid filtration. The resulting products are called 
"flux-calcined." Flux-calcining produces a white product that is 
believed to be formed by the conversion of the iron to complex 
sodium-aluminum-iron silicates rather than conversion to the 
oxide. Further milling and classifying follow calcining. 
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IV. EMISSIONS AND CONTROLS1n3 

Although no data on emissions from diatomite processing were 
available for the preparation of this memorandum, assumptions 
concerning diatomite emissions can be made based on the raw 
material and types of processes used in the industry. The 
primary pollutant of concern in diatomite processing is 
particulate matter (PM) and PM less than 10 pm (PM-10). 
Particulate matter is emitted from crushing, drying, calcining, 
classifying, and materials handling and transfer operations. 
Emissions from dryers and calciners include products of 
combustion, such as carbon monoxide ( C O ) ,  carbon dioxide (C02), 
nitrogen oxides (NO,), and sulfur oxides (SO,), in addition to 
filterable and condensible PM. Table 1 summarizes the results of 
a trace element analysis for one type of finished diatomite. 
These elements may constitute a portion of the PM emitted by the 
sources listed above. 

Wet scrubbers and fabric filters are the most commonly used 
devices to control emissions from diatomite dryers and calciners. 
No information is available on the type of emission controls used 
on crushing, classifying, and materials handling and transfer 
operations. 

REFERENCES 

1. Calciners and Drvers in Mineral Industries--Backsround 
Jnf orma tion for ProQosed Standards, EPA-450/3-025a, U.S. 
Environmental Protection Agency, Research Triangle Park, NC, 
October 1985. 

2. L. L. Davis, Diatomite in 1991. Mineral Industrv Survevs, 
Annual ReDOrt, Bureau of Mines, U.S. Department of the 
Interior, Washington, DC, April 7, 1992. 

3. F. L. Kadey, "Diatomite", Industrial Rocks and Minerals, 
Volume I, Society of Mining Engineers, New York, 1983. 
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TABLE 1. 'I 

El emen ta 
Antimony* 
Arsenic* 
Barium 
Beryl1 ium* 
Bismuth 
Boron 
Bromine 
Cadmium* 
Cerium 
Cesium 
Chlorine 
Chromium* 
Cobalt * 
Copper 
Dysprosium 
Erbium 
Europium 
Fluorine 
Gadolinium 
Gallium 
Germanium 
Gold 
Hafnium 
Holmium 
Indium 
Iodine 
Iridium 
Lanthanum 
Lead* 
Lithium 
Lutetium 
Mangane s e 

LCE ELEMENT CO1 

PPmb 
2 
5 

30 . I 
c0.5 
100 
20 
2 
10 
5 

400 
100 

5 
40 
cl 
c0.5 .. I 
50 
c1 
5 

c10 
c0.5 
co.5 
c0.2 
c0.5 
1 

c0.5 
10 
2 
I 

c0.2 
60 

'ENT OF FINISHE 

Element 

Mercury* 
Molybdenum 
Neodymium 
Nickel * 
Niobium 
Osmium 
Palladium 
Platinum 
Praseodymium 
Rhenium 
Rhodium 
Rubidium 
Ruthenium 
Samarium 
Scandium 
Selenium* 
Silver 
Strontium 
Tantalum 
Tellurium 
Terbium 
Thallium 
Thorium 
Thulium 
Tin 
Tungsten 
Uranium 
Vanadium 
Ytterbium 
Yttrium 
Zinc 
Zirconium 

DIATOMITE 

PPm 
0.3 
5 

20 
120 

5 
c0.5 
c1 
c2 
2 

c0.5 
c0.5 
10 
c1 
2 

20 
10 
c0.5 
20 
20 
c2 
c0.2 
c0.5 

5 
0.2 

c1 
c0.5 
5 

200 
c0.5 

100 
c10 
20 

aHazardous air pollutants are indicated by an asterisk ( * ) ,  
bc indicates below detection limit. 



Attachment 

DRAFT AP-42 SECTION 8.29 

8.29 DIATOMITE PROCESSING 

8.29.1 Process Description'.2 

Diatomite is a chalky, sedimentary rock consisting mainly of an accumulation of skeletons 
formed by diatoms, which are singlecelled microscopic aquatic plants. The skeletons are essentially 
amorphous hydrated or opaline silica but occasionally include some alumina. The Standard Industrial 
classification (SIC) d e  for diatomite mining is 1499 (miscellaneous nonmetallic minerals, except 
fuels), and the SIC code for diatomite processing is 3295 (minerals and earths, ground or otherwise 
treated). The sixdigit Source Classification Code (SCC) for diatomite processing is 3-05-026. 

Most diatomite deposits are found at or near the surface and can be mined by open pit 
methods or quarrying. Diatomite mining in the United States is all open pit, normally using some 
combination of bulldozers, scrapersarriers, power shovels, and trucks to remove overburden and the 
crude material. In most cases, fragmentation by drilling and blasting is not necessary. The crude 
diatomite is loaded on trucks and transported to the mill or to stockpiles. Figure 8.29-1 shows two 
alternative flow diagrams for diatomite processing. 

The processing of uncalcined or natural-grade diatomite consists of crushing and drying. 
Crude diatomite commonly contains as much as 40 percent moisture, and in many cases contains over 
60 percent. Primary crushing to aggregate size (normally done by a hammermill) is followed by 
simultaneous millingdrying, in which suspended particles of diatomite are carried in a stream of hot 
gases. Flash and rotary dryers are used to dry the material to approximately 15 percent moisture. 
Typical flash dryer operating temperatures range from 70" to 430°C (150" to 800°F). The 
suspended particles exiting the dryer pass through a series of fans, cyclones, and separators to a 
baghouse. These sequential operations separate the powder into various sizes, remove waste 
impurities, and expel the absorbed water. These natural milled diatomite products are then bagged or 
handled in bulk without additional processing and are used principally for tillers and uses other than 
filter aids. 

For filtration uses, natural grade diatomite is calcined by heat treatment in gas- or fuel oil- 
fired rotary calciners, with or without a fluxing agent. Typical calciner operating temperatures range 
from 650" to 1200°C (1200" to 2200°F). For straight-calcined grades, the powder is heated to the 
point of incipient fusion in large rotary calciners, and thus, in the strict technical sense, the process is 
one of sintering rather than calcining. The material exiting the kiln then is further milled and 
classified. Straight calcining is used for adjusting the particle size distribution for filter aid 
applications in which medium flow rates are required; it results in a product with a pink cast. The 
color, which is caused by the oxidation of iron in the raw material, becomes more intense with 
increasing iron oxide content. 

Further adjustment of particle size is brought about by the addition of a flux, usually soda 
ash, before the calcining step. The addition of fluxing agent sinters the diatomite particles and 
increases the particle size, thereby allowing increased flow rate during liquid filtration. The resulting 
products are called "flux-calcined." Flux-calcining produces a white product that is believed to be 

03/93 Diatomite Processing 8.29-1 
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Figure 8.29-1. Alternate process flow diagrams for diatomite processing.' 
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formed by the conversion of the iron to complex sodium-aluminum-iron silicates rather than 
conversion to the oxide. Further milling and classifying follow calcining. 

8.29.2 Emissions and 

The primary pollutant of concern in diatomite processing is particulate matter (PM) and PM 
less than 10 micrometers (PM-IO). Particulate matter is emitted from crushing, drying, calcining, 
classifying, and materials handling and transfer operations. Emissions from dryers and calciners 
include products of combustion, such as carbon monoxide (CO), carbon dioxide (Cq), nitrogen 
oxides (NO,), and sulfur oxides (SO,), in addition to filterable and condensible PM. Table 8.29-1 
summarizes the results of a trace element analysis for one type of finished diatomite. These elements 
may constitute a portion of the PM emitted by the sources listed above. 

Wet scrubbers and fabric fdters are the most commonly used devices to control emissions 
from diatomite dryers and calciners. No information is available on the type of emission controls 
used on crushing, classifying, and materials handling and transfer operations. 

Due to a lack of availability, no emission factors for diatomite processing are presented. 

03/93 Diatomite Processing 8.29-3 



TABLE 8.29-1. TRACE ELEMENT CONTENT OF FINISHED DIATOMITE~ 

ElemenP 

Antimony* 
Arsenic* 
Barium 
Beryllium. 
Bismuth 
Boron 
Bromine 
Cadmium* 
Cerium 
Cesium 
Chlorine 
Chromium* 
Cobalt. 
Copper 
Dysprosium 
Erbium 
Europium 
Fluorine 
Gadolinium 
Gallium 
Germanium 
Gold 
Hahium 
Holmium 
Indium 
Iodine 
Iridium 
Lanthanum 
Lead * 
Lithium 
Lutetium 
Manganese* 

PPmb 

2 
5 

30 
1 

100 
20 
2 

10 
5 

400 
100 

5 
40 

< 1  
< O S  

1 
50 

< I  
5 

< 10 
< O S  
< 0.5 
< 0.2 
< O S  

1 
< O S  
10 
2 

' 1  
<0.2 
M 

i 0 . 5  

Element 

Mercury* 
Molybdenum 
Neodymium 
Nickel* 
Niobium 
Osmium 
Palladium 
Platinum 
Praseodymium 
Rhenium 
Rhodium 
Rubidium 
Ruthenium 
Samarium 
Scandium 
Selenium' 
Silver 
Strontium 
Tantalum 
Tellurium 
Terbium 
Thallium 
Thorium 
Thulium 
Tin 
Tungsten 
Uranium 
Vanadium 
Ytterbium 
Yttrium 
Zinc 
Zirconium 

'Listed hazardous air pollutants indicated by an asterisk (*). 
b <  indicates below detection limit. 

oom 

0.3 
5 

20 
120 

5 
< 0.5 
< 1  
< 2  

2 
< 0.5 
< 0.5 
10 

< I  
2 

20 
10 

< O S  
20 
20 

< 2  
<0.2 
< 0.5 

5 
0.2 

< 1  
< O S  

5 
200 
< 0.5 
100 

< 10 
20 
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1. Calciners and Drve rs in Mineral Industries-Backmound Information for PrOOOSed S tandards, 
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F. L. Kadey, "Diatomite", Industrial Rocks and Minerals. Volume 1, Society of Mining 
Engineers, New York, 1983. 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
Office of Air Quality Planning and Standards 

Research Triangle Park, North Carolina 2771 1 

APR 1993 

, Mr. Michael Potter 
The Branch of Industrial Minerals 
U. S. Bureau of Mines 
8910 Seventh Street, NW, MS 5209 
Washington, D.C. 20241-9384 

Dear Mr. Potter: 

As you may know, the Emission Inventory Branch of the U. S. 
Environmental Protection Agency (EPA) is in the process of 
updating the document Compilation of Air Pollutant Emission 
Factors, Volume I: Stationary Point and Area Sources (known more 
commonly as AP-42). As part of this process, we are,now seeking 
comments on the draft sections that are to be included in this 
update of AP-42. 

and is one of the chapters being updated. 
the draft Section 8.28, Vermiculite Processing, and the 
corresponding background memorandum for the section. We would 
appreciate it if you or one of your associates would review the 
enclosed draft AP-42 section and memorandum and would send us 
your comments. Unfortunately, we are on a very tight schedule, 
and it is important that we have all comments by May 5, 1993. 

upon results from validated tests or other emission evaluations 
that are similar to EPA reference test methods. As a result, 
revisions to the emission factors presented in AP-42 sections 
must be supported by equivalent documentation. If you disagree 
with any emission factors presented in the enclosed AP-42 section 
or have additional supporting documentation, we would appreciate 
your providing either a copy of the documentation or information 
on how we can obtain copies of the supporting documentation. 

Chapter 8 of AP-42 addresses the mineral products industry 
Enclosed is a copy of 

The emission factors presented in AP-42 generally are based 



We appreciate your cooperation and look forward to receiving 
your comments. If you have any questions, I can be reached by 
telephone at (919)  541-5407 or by fax at (919) 541-0684. 

Sincerely, 

' Ronald E. Myers 
Emission Factors'and Methodologies Section 

Emission Inventory Branch 

Enclosure 



MIDWEST RESEARCH INSTITUTE 
Suite 350 

401 Harrison Oaks Boulevard 
Caw. North Carolina 275i3-2412 

Telephone (919) 677-0249 
FAX (919) 677-0065 

Date: 

Sub j ect : 

From: 

To: 

April 6, 1993 

Background Information for Proposed AP-42 Section 8.28, 
Vermiculite Processing 
Review and Update Remaining Sections of Chapter 8 
(Mineral Products Industry) of AP-42 
EPA Contract 68-D2-0159, Work Assignment 012 
MRI Project 3612 

Richard Marinshaw 

Ron Myers 

U. S. Environmental Protection Agency 
Research Triangle Park, N.C. 27711 

EPA/EIB/EFMS (MD-14) 

I. INTRODUCTION 

This memorandum presents the background information that was 
used to develop the proposed AP-42 Section 8.28 on vermiculite 
processing. A description of the industry is presented first. A 
process description followed by a discussion of emissions and 
controls is then presented. Following these sections, a 
description of the references that were used to develop the draft 
section and the results of the data analysis are presented. 
Finally, the reference list is provided. The draft AP-42 section 
is provided as the attachment. 

11. DESCRIPTION OF THE 

Vermiculite is the geological name given to a group of 
hydrated laminar minerals that are aluminum-iron-magnesium 
silicates and that resemble mica in appearance. 
to heat, vermiculite has the unusual property of exfoliating, or 
expanding, due the interlaminar generation of steam. The 
Standard Industrial Classification (SIC) code for vermiculite 
mining is 1499, miscellaneous nonmetallic minerals, except fuels, 
and for vermiculite processing, the S I C  Code is 3295, minerals 
and earths, ground or otherwise treated. The six-digit Source 
Classification Code (SCC) for vermiculite processing is 3-05-033. 

near Libby, Montana, was recently shut down. Other major 
vermiculite deposits are located near Enoree, South Carolina, and 

When subjected 

The world's latest deposit of vermiculite, which is located 

..,. 
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in the Republic of South Africa. Vermiculite is also mined and 
beneficiated at a mine in Louisa County, Virginia. Deposits of 
economic significance contain 25 to 95 percent vermiculite. 

523,000 megagrams (Mg) (576,000 tons), more than 80 percent of 
which came from five mines. The United States and Republic of 
South Africa account for most of the world production. Estimated 
U.S. production of crude vermiculite sold or used by producers in 
1991 was 168,000 Mg (185,000 tons), of which approximately 
136,000 Mg (150.000 tons) were exfoliated. 

Vermiculite ore is mined using open-pit methods. 
Beneficiation includes screening, flotation, drying in rotary or 
fluidized bed dryers, and expansion by exposure to high heat. 
All mined vermiculite is dried and sized at the mine site prior 
to exfoliation. Uses of unexpanded vermiculite are minor and 
include muds for oil-well drilling and fillers in fire-resistant 
wallboard. 

Estimated world production of crude vermiculite in 1991 was 

Exfoliated vermiculite was produced at 35 plants in 
27 States in 1989. The principal producing States were, in order 
of decreasing exfoliated vermiculite output, Ohio, California, 
South Carolina, Florida, New Jersey, Illinois, Texas, and 
Arkansas. The main uses of exfoliated vermiculite in 1990 were 
fertilizer carriers (22 percent), concrete aggregate 
(19 percent), horticultural uses (13 percent), premixes 
(12 percent), block insulation (12 percent), loose fill 
insulation (9 percent), soil conditioners ( 5  percent), and 
plaster aggregates (1 percent). 

Vermiculite is commercially exfoliated by heating the 
presized crude vermiculite in a furnace chamber. The bulk volume 
of commercial grades increases 8- to 12-fold, but individual 
vermiculite particles may expand as much as 30-fold compared to 
the raw ore. 

III. PROCESS DESCRIPTION~J 3 

A. Crude Ore Processing 

Figure 1 is a flow diagram of vermiculite ore processing. 
Crude ore from open-pit mines is brought to the mill by truck and 
loaded onto outdoor stockpiles. Primary processing consists of 
screening the raw material to remove the waste rock greater than 
1.6 centimeters (cm) (5/8 inch [in.]) and returning the raw ore 
to other stockpiles. Blending is accomplished as material is 
removed from stockpiles and conveyed to the mill feed bin. The 
blended ore is fed to the mill, where it is separated into 
fractions by wet screening and concentrated by gravity. All 
concentrates are collected, dewatered, and dried in a fluid bed 
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1. Flow diagram for vermiculite ore processing. 3 
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or rotary dryer. The dryer products are separated by standard 
screens and are stored in bins or silos for later shipment or 
exfoliation. 

The rotary dryer is the most common dryer type used in the 
industry, although one fluid bed dryer is used. Drying 
temperatures are 120° to 480OC (250O to 900°F), and fuel oil is 
the most commonly used fuel. Natural gas and propane also are 
used to fuel dryers. 

B. Exfoliation 

Figure 2 depicts a typical vermiculite expanding process. 
Sized crude vermiculite is dropped continuously through a gas- or 
oil-fired vertical furnace. Exfoliation occurs after a residence 
time of less than 8 seconds in the furnace, and immediate removal 
of the expanded material from the furnace prevents damage to the 
structure of the vermiculite particle. Flame temperatures of 
more than 54OOC (lOOO°F) are used for exfoliation. Proper 
exfoliation requires a high rate of heat transfer and rapid 
generation of steam within the vermiculite particles. The 
expanded product falls through the furnace and is air-conveyed to 
a classifier system, which collects the vermiculite product and 
removes excessive fines. 

IV. EMISSIONS AND C O N T R O L S ~ ~ ~ - ~  

The primary pollutant of concern in vermiculite processing 
is particulate matter (PM) and PM less than 10 micrometers 
(PM-10). Particulate matter is emitted from screening, drying, 
exfoliating, and materials handling and transfer operations. In 
addition, vermiculite ore contains asbestos, which can constitute 
a significant portion of the PM emissions. Much of the asbestos 
is removed when the ore is beneficiated. As a result, screen and 
mill dust contains a much higher asbestos content than the raw or 
processed vermiculite. Thus, fugitive dust emissions also are 
likely to contain a significant asbestos content. Emissions from 
rotary dryers and expansion furnaces include products of 
combustion, such as carbon monoxide (CO), carbon dioxide (COz), 
nitrogen oxides (NO,), and sulfur oxides (SO,), in addition to 
filterable and condensible PM. 

Wet scrubbers are the most commonly used device to control 
dryer emissions. Fabric filters also are used at some 
facilities. The majority of expansion furnaces are ducted to 
fabric filters for emission control. However, wet scrubbers also 
are used to control the furnace emissions. No information is 
available on the type of emission controls used on screening, 
milling, and materials handling and transfer operations. 
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V. DESCRIPTION OF REFERENCES 

This section describes the primary references that contained 
data on emissions from vermiculite processing that were used to 
develop the draft AP-42 section. Reference 1 is not described 
because it is a secondary reference, and the vermiculite 
processing emission data in Reference 1 are taken from Reference 
4, which is the primary reference for the data. References 2 and 
3 also are not described below because they do not contain 
emission data. 

A. Reference 4 

This report documents measurements of filterable PM and C02 
from an oil-fired rotary dryer. The purpose of the emission test 
was to demonstrate compliance with State regulations. The test 
was conducted in 1979. Process rates were provided on the basis 
of raw material feed. The dryer emissions are controlled with a 
low-energy spray tower with a design pressure drop of 
1.2 kilopascals (5-in. water column). 

Method 5 test runs. 
concentrations in the exhaust was not specified in the report. 
Emission factors were developed for filterable PM and C02. 

methodology was sound, and no problems were reported, but the 
report lacked adequate documentation for a higher rating. The 
C02 data are rated C because the test method was not specified. 

Particulate matter emissions were measured during three 
The method used to measure C02 

The emission data for filterable PM are rated B. The test 

B. Reference 5 

This report presents the results of a study to determine the 
fiber and asbestos content of raw and processed vermiculite. The 
study was sponsored by EPA, and the purpose was to provide 
information to be used in assessing the risk to the population 
exposed to asbestiform minerals from vermiculite at each of the 
various stages of its commercial distribution. The study was 
conducted in 1980 and 1981. 

Nonexfoliated and exfoliated vermiculite samples were taken 
from the various stages of processing from three major domestic 
vermiculite mines and beneficiating plants in Montana and South 
Carolina. The samples were analyzed for fiber content using 
optical microscopy, X-ray diffraction, and transmission electron 
microscopy. The average asbestiform fiber contents of the 
samples are summarized in Table 1. The results indicate that 
more asbestiform fibers are associated with the finer size grades 
of vermiculite--the dust samples had highest asbestiform fiber 
content. 
reduces asbestiform fiber content of the vermiculite 
significantly. The results also indicate that the asbestiform 

This conclusion implies that the beneficiation process 
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TABLE 1. ASBESTIFORM FIBER CONTENT OF VERMICULITE’ 

Grad8 4 

Grade 5 
Head feed 
Grade 3, 
exfoliated 
Ungraded 

Average asbestifom fiber contenp I I 

0.5-1 2.5 11 < 0.3 C 

0.2-0.5 8 39 1.3 < I  
d 4.5 7.8 0.3 < 1  
d 11.7 C C C 

d 0.83 8.5 < 0.3 0.0027 

Deposit 
location 

Head feed 
mill dust 
screen dust 
extractor 
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fiber content of Montana vermiculite deposits is considerably 
higher than that of the South Carolina deposits. 

report could not be used to develop asbestos emission factors. 
However, the data can be used in combination with PM emission 
rates to provide order of magnitude estimates of asbestos 
emissions from vermiculite ore processing. 

Because the report does not contain emission data, the 

VI. RESULTS OF DATA ANALYSIS 

Emission factors were developed from Reference 1 for 
filterable PM and C02 emissions from rotary vermiculite dryers. 
The PM emission data from this reference are rated B because the 
documentation was not adequate to justify a higher rating. The 
emission factor for controlled filterable PM emissions from 
rotary dryers is rated D because it is based on a single 
reference. 

The C02 emission data are rated C, because the test method 
is not specified. 
rotary vermiculite dryers is rated E. 

are presented in Table 2. 

The emission factor for C02 emissions from 

The emission factors developed for vermiculite processing 

ROCUS 

Rotary 
dryer 

Emission factor 

NO. Range Avenge Emission 
of Data factor 

conmi Pouutam NM kgmg Iblton k s M  Iblton rating rating 

SPnY PM 
Filterable 3 0.0784.11 0.160.22 0.095 0.19 B D . '  

tower 
c 4  3 45-62 91-125 M LOO C E 
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Interior, Washington, DC, August 5, 1992. 
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.* Attachment 

DRAFT AP-42 SECTION 8.28 

8.28 VERMICULITE PROCESSING 

8.28.1 Process Description 

Vermiculite is the geological name given to a group of hydrated laminar minerals that are 
aluminum-iron-magnesium silicates and that resemble mica in appearance. When subjected to heat, 
vermiculite has the unusual property of exfoliating, or expanding, due the interlaminar generation of 
steam. The Standard Industrial Classification (SIC) code for vermiculite mining is 1499, 
miscellaneous nonmetallic minerals, except fuels, and the SIC code for vermiculite processing is 
3295, minerals and earths, ground or otherwise treated. The sixdigit source classification code 
(SCC) for vermiculite processing is 3-05-033. 

Vermiculite ore is mined using open-pit methods. Beneficiation includes screening, flotation, 
drying in rotary or fluid bed dryers, and expansion by exposure to high heat. All mined vermiculite 
is dried and sized at the mine site prior to exfoliation. Uses of unexpanded vermiculite are minor and 
include muds for oil-well drilling and fillers in fire-resistant wallboard. 

Crude Ore Processing 

Figure 8.28-1 is a flow diagram of vermiculite ore processing. Crude ore from open-pit 
mines is brought to the mill by truck and loaded onto outdoor stockpiles. Primary processing consists 
of screening the raw material to remove the waste rock greater than 1.6 centimeters (cm) (5/8 inch 
[in.]) and returning the raw ore to stockpiles. Blending is accomplished as material is removed from 
stockpiles and conveyed to the mill feed bin. The blended ore is fed to the mill, where it is separated 
into fractions by wet screening and concentrated by gravity. All concentrates are collected, 
dewatered, and dried in a fluid bed or rotary dryer. The dryer products are separated by standard 
screens and are stored in bins or silos for later shipment or exfoliation. 

The rotary dryer is the most common dryer type used in the industry, although one fluid bed 
dryer is used. Drying temperatures are 120" to 480°C (250" to 900"F), and fuel oil is the most 
commonly used fuel. Natural gas and propane also are used to fuel dryers. 

Exfoliation 

Figure 8.28-2 depicts a typical vermiculite expanding process. Sized crude vermiculite is 
dropped continuously through a gas- or oil-fired vertical furnace. Exfoliation occurs after a residence 
time of less than 8 seconds in the furnace, and immediate removal of the expanded material from the 
furnace prevents damage to the structure of the vermiculite particle. Flame temperatures of more 
than 540°C (1OOO"F) are used for exfoliation. Proper exfoliation requires a high rate of heat transfer 
and rapid generation of steam within the vermiculite particles. The expanded product falls through 
the furnace and is air conveyed to a classifier system, which collects the vermiculite product and 
removes excessive fines. 

03/93 Vermiculite Processing 8.28-1 
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Figure 8.28-1. Process flow diagram for vermiculite ore processing3 
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8.28.2 Emissions and C o n t r o l ~ ~ ? ~ - ~  

The primary pollutant of concern in vermiculite processing is particulate matter @M) and PM 
less than 10 micrometers (PM-IO). Particulate matter is emitted from screening, drying, exfoliating, 
and materials handling and transfer operations. In addition, vermiculite ore contains asbestos, which 
can constitute a significant portion of the PM emissions. Table 8.28-1 presents average ashestiform 
fiber content of vermiculite samples taken from three vermiculite processing plants at two locations. 
As the table indicates, the asbestiform fiber content of the screen and mill dust is much higher than 
the content of the processed vermiculite, indicating that much of the asbestos is removed through 
beneficiation. For the same reason, fugitive dust emissions are likely to be relatively high in asbestos 
content. Emissions from rotary dryers and expansion furnaces include products of combustion, such 
as carbon monoxide (CO), carbon dioxide (COZ), nitrogen oxides (NOx), and sulfur oxides (SOx), in 
addition to filterable and condensible PM. 

Wet scrubbers are the most commonly used device to control dryer emissions. Fabric filters 
also are used at some facilities. The majority of expansion furnaces are ducted to fabric filters for 
emission control. However, wet scrubbers also are used to control the furnace emissions. No 
information is available on the type of emission controls used on screening, milling, and materials 
handling and transfer operations. 

Table 8.28-2 summarizes the emission factors for vermiculite processing. 

REFERENCES FOR SECTION 8.28 

1. T S ,  in 
EPA450/34Za, U.S. Environmental Protection Agency, Research Triangle Park, NC, 
October 1985. 

2. M. J. Potter, Vermiculite in 1991. Mineral Industrv Su rvevs Annual ReDon, Bureau of Mines, 
U.S. Department of the Interior, Washington, DC, August 5,  1992. 

3. P. R. Strand and 0. F. Stewart, "Vermiculite", Industrial Rocks and M inerals. Volume I, 
Society of Mining Engineers, New York, 1983. 

Rotarv Dryer Particulate Emissions Testine. Performed for Vueinia Vermiculite Limited. 
Boswell's Tavern. Vireinie, RTP Environmental Association, Research Triangle Park, NC, 
November 1979. 

4. 

5.  collect^ is and Characte rization of Vermiculite Samoles for Fiber Content and Asbestos 
Contam m, Midwest Research Institute, prepared for the Oftice of Pesticides and Toxic 
Substances,.U.S. Environmental Protection Agency, Washington, DC, September 27, 1982. 
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TABLE 8.28-1. ASBESTIFORM FIBER CONTENT OF VERMICULITE' 

.Based on multiple analyses by two laborstories on noncxfoliatsd and exfoliated aamples. 
%ne no longer in operation. 
CNo data available. 
dNot applicable. 
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SOUrCC (SSC) Filterableb Condensible PMc 

PM PM-10 Inorganic Organic C$ 

Rotary dryer with spray towe8 0.095 D e e e 50 E 
(3-05-033-3 - 

TABLE 8.28-2 (METRIC UNITS) 
EMSSION FACTORS FOR VERMICULITE PROCESSING' 

All Emission Factors in the kg/Mg of Material Feed Unless Noted 
Ratings (A-E) Follow Each Emission Factor 

source (SSC) Filterableb Condensible PMc 

PM I PM-10 I Inorxanic I Orpanic Co2 

Rotary dryer with spray towe# 
(3-05-033-3 

0.19 D e e e 100 E 
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.p sr., 
UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

Office of Air Quality Planning and Standards 
Research Triangle Park, North Carolina 2771 1 

Mr. Michael Potter 
The Branch of Industrial Minerals 
U. S. Bureau of Mines 
8910 Seventh Street, NW, MS 5209 
Washington, D.C. 20241-9384 

Dear Mr. Potter: 

As you may know, the Emission Inventory Branch of the U. S. 
Environmental Protection Agency (EPA) is in the process of 
updating the document Compilation of Air Pollutant Emission 
Factors, Volume I: Stationary Point and Area Sources (known more 
commonly as AP-42). As part of this process, we are now seeking 
comments on the draft sections that are to be included in this 
update of AP-42. 

and is one of the chapters being updated. Enclosed is a copy of 
the draft Section 8.28, Vermiculite Processing, and the 
corresponding background memorandum for the section. We would 
appreciate it if you or one of your associates would review the 
enclosed draft AP-42 section and memorandum and would send us 
your comments. Unfortunately, we are on a very tight schedule, 
and it is important that we have all comments by May 5, 1993. 

upon results from validated tests or other emission evaluations 
that are similar to EPA reference test methods. As a result, 
revisions to the emission factors presented in AP-42 sections 
must be supported by equivalent documentation. If you disagree 
with any emission factors presented in the enclosed AP-42 section 
or have additional supporting documentation, we would appreciate 
your providing either a copy of the documentation or information 
on how we can obtain copies of the supporting documentation. 

Chapter 8 of AP-42 addresses the mineral products industry 

The emission factors presented in AP-42 generally are based 



We appreciate your cooperation and look forward to receiving 
your comments. If you have any questions, I can be reached by 
telephone at (919) 541-5407 or by fax at (919) 541-0684. 

Sincerely, 

Ronald E. Myers 
Emission Factors and Methodologies Section 

Emission Inventory Branch 

Enclosure 

OAQPS/TSD/EIB:RMyers, rm 455B, 4201 Bldg., 541-5407, MD-14 
(MRI/RMarinshaw/LKaufman/677-0249/04/12/93) 



UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
Office of Air Quality Planning and Standards 

Research Triangle Park, North Carolina 2771 1 

Mr. August Sisco 
Acting Executive Secretary 
Vermiculite Association 
600 South Federal Street, Suite 400 
Chicago, Illinois 60605 

Dear Mr. Sisco: 

As you may know, the Emission Inventory Branch of the U. S. 
Environmental Protection Agency (EPA) is in the process of 
updating the document Compilation of Air Pollutant Emission 
Factors, Volume I: Stationary Point and Area Sources (known more 
commonly as AP-42). As part of this process, we are now seeking 
comments on the draft sections that are to be included in this 
update of AP-42. 

and is one of the chapters being updated. Enclosed is a copy of 
the draft Section 8.28, Vermiculite Processing, and the 
corresponding background memorandum for the section. 
appreciate it if you or one of your associates would review the 
enclosed draft AP-42 section and memorandum and would send us 
your comments. It would also be helpful if you could distribute 
copies of the enclosed section and memorandum to members of your 
association for their review. Unfortunately, we are on a very 
tight schedule, and it is important that we have all comments by 
May 5, 1993. 

The emission factors presented in AP-42 generally are based 
upon results from validated tests or other emission evaluations 
that are similar to EPA reference test methods. As a result, 
revisions to the emission factors presented in AP-42 sections 
must be supported by equivalent documentation. If you disagree 
with any emission factors presented in the enclosed AP-42 section 
or have additional supporting documentation, we would appreciate 
your providing either a copy of the documentation or information 
on how we can obtain copies of the supporting documentation. 

Chapter 8 of AP-42 addresses the mineral products industry 

We would 
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We appreciate your cooperation and look forward to receiving 
your comments. If you have any questions, I can be reached by 
telephone at (919) 541-5407 or by fax at (919) 541-0684. 

Sincerely, 

Ronald E. Myers 
Emission Factors and Methodologies Section 

Emission Inventory Branch 

Enclosure 

OAQPS/TSD/EIB:RMyers, rm 455B. 4201 Bldg., 541-5407, MD-14 
(MRI/RMarinshaw/LKaufman/677-0249/04/12/93) 
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THE V E ~ I C U L I T E  ASSOCIATION, INCORPORATED 
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C H I C A G O ,  IL 6 0 6 0 5  
P I j O N E  3 1 2 / 9 2 2 - 6 2 2 2  
FAX: 3 12 / 92 2.2 7 3 4 

February 17, 1992 

Mr. Ron Myers 
Emission Inventory Branch (MD-14) 
U.S. Envirnmental Protection Agency 
Research Triangle Park 
North Carolina 27711 

Dear Mr. Myers: 

The VA president, Ned GUmble, asked me to 
send you a copy of our membersh5p directory. 
You'll find it enclosed. 

' ncerely?;? Mu+ 
Executive Secregry 

E U R O P E A N  O F F I C E  
R A B O S T R A A T  94 

9000 G E N T  
B E L G I U M  

F A X 3 2 - 9 1  253980  

T O  A D V A N C E  A N D  D I F F U S E  T H E  K N O W L E D Q E  A N D  U S E  O F  V E R M I C U L I T E  
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The Vermiculite Association 
600 S. Federal St., Suite 400 

Chicago. Illinois 60605 
312/9226222 

Darla Boudjenah 
Executive Secretary 

FAX: 312/922-2734 

TBE PERLXTE CORPORATION 
200 E. Dutton’s Mill Road 
Chester, PA 19014 
215/494- 1422 

Telex: 831614Perlite Cher 
Fax: 215/494-3882 

Herbert A. Stein 

PERLEXASSOCIATES 
Links View House (Dept. M44AJ 
8 Fulwith Avenue 
HARROGATE 
England N. Yorks. HG2 8HR 
+ 44-423-879208 
Fax: + 44-423-870025 

Brlan L. Dunsby - principal 

PYROK. INC. 
18735 RembrandtTerr. 
Dallas, TX 75287 

Fax: 214/306-3280 

Philip J, Malarkey 
Howard Podolsky 

214/306-0623 

REPPEL. B.V. 
Perlite/Vermlcullte/Lewfs 
Postbus 102 
3300AC Dordrecht Holland 
+ 3 1-78- 174400 
Fax: +31-78-171006 
Telex: 29180 

Anton Reppel 
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CHATFIELD TECHNICACCONSULT~GLIMI~D 1 
207 1 Dlckson Road 
Mlssissauga. Ontario WB 1Y8 
Canada 

Fax: 416/896-1930 

I 

I I 416/896-7611 

What Is  Included In 
The Membershlp Fee? . 

Dr. Eric J. Chaffteld 
Greg M. Lewis 

DAVYMClCEE (STOCKTOM LIMITED 
Ashmore House, Richardson Road 
Stockton onTees. Cleveland 
England TS 18 3RE 
+ 44-642-60222 1 
Fax: + 44-642-340050 
Telex: 587151 

MartinA Groszek 
Andrew Nleld 

I 

MINERACAPPLICATIONS RESEARCH 
ASSOCIATES 
P.O. Box 58983 
Salt Lake City, UT 84158-0983 
801/359-7526 

I 
I 
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James R. Hindman. Ph.D. 
Albert Pi. Crawford 

NEDERLANDSEVERhfICULITE 
MAATSCHAPPLJB.V. 
Moezelhavenweg 13 
1043 AM Amsterdam 
+ 31-20-1 10826 
Fax: +31-20-118146 
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Bob de Boer 

The Vermlculite Association (VA) is the international or- 
ganlzatlon representing mining companies. manufactur- 
ers, suppllersofequlpmentormaterialsandconsultantsto 
UlevermfculiteIndustry. TheVAwasfoundedln 1948. It's 
mlsslon Is to advance and dlffuse the knowledge and use of 
vermlcuUte. Skmajor suppllersof crude ore &e currently 
members of the VA along with many key expanders. 

How Can You Beneflt From 
Membership in the VA? 

TheVermicullte Association Is Involved in awlde range of 
activities from whlch Its members can benefit. We offer: 

The opportunity to Join wlth other expanders. 
miners and Industry suppllers at our Annual 
MeeUng. The Annual MeeUng I s  the perfect 
forum for the exchange of Information and offers 
you the addluonal benefit of rubbing elbows with 
your peers. 

Partlclpation in thedevelopment and dtstribu- 
tion of promotional and technical bulletins and 
brochures on various applications of vermlculite. 
Members have an opportunity to participate h 
the development process and to use these 
materials In thelr own sales efforts. 

Monltorlng servlces of key governmental and 
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Membership classifications 

Membershlp in the VennicUllte Association Is open to mln- 
Ing companies. manufacturers and exfoIiators. suppllers 
ofequipmentormateds and consultants tothe Industry. 

'lhe types of membershlp a m b l e  In the V A m :  

REGULARMEMBER 

A person flrm, organlzatlon or colporation actlvety 
engaged h the manufacture or exfollatlon ofvermlcullte. 

Annual Dues: $750 

MDJINGlldEMBER 

A person. flrm. organization or corparatlon actively en- 
gaged In the m l n g  ofvermlcullte for commercial sales, or 
acthrely engaged as a sales agent or broker for such a 
mlnlngoperatlon. Companiesengaged in miningvermicu- 
Ilteforthelrownexcluslveinternaluseshallnotbeconsid- 
ered minhg members. 

AnnualDues: $1,500 

ASSOCIATE MEMBER 

A person, firm. oganizatlon or corporation acitvety en- 
gaged In supplying equipment or materials, other than 
crude ore, used by Regular Members, or those actlvely 
engaged in the technical or scientific advancement of 
vermiculite and I t s  uses, or those who use vermicullte for 
commercial purposes and who indivldualty or Jointly can 
not be a member in any other category. 

Annual Dues: $300 

Want More Information? 

ASSOCIATE MEMBERS . 

~~ ~ 

Call us at 312/922-6222 ifyou have further membershlp 
questions or if you desire more lnformatlon. 
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NISSHO IWAI AMERICAN CORPORATION 
Rockfeller Center 
121 1 Aven.uk. of the Americas 
NewYork. NY 10036-8880 
2 12/704-6825 

Y. Hikima 

SHAWAVERMICULITE 
P.O. Box 110 Nyzura 
Harare, Zimbabwe 
+ Harare 48567 
+ Mine 237 Nyazura 

C.E. Upshon 
D. Mitchell 

VIRGINIAVERBlICULITE LTD. 
P.O. Box 70 
Loufsa. VA 23093 

FAX: 7031967-2803 
703/967-2266 

John Sansom 
Ned Gumble 

FRED CHILDS 
Vermiculite Consultant 
Lingholm, Blackheath 
Guildford. Surrey 
GU4 8RD England 
+ 44-483-892251 
Faxalso: + 44-483-892251 
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F & S ALLOYS AND MINERALS CORP. 
650 Third Ave. 
NewYork. NY 10158 

FAX: 2121557-8457 
Telex: WUD 125297 

212/490- 1356 

WUI 62800 

Leslie W. Thombury 
W.G. Holroyd 

W.R. GRACE & CO. -Corn. 
62 WhittemoreAvenue 
Cambridge, MA 02 140 

FAX: 6171547-7663 
61 7/876- 1400 

P.M. Keeffe 
D.J. Pesek 
G.E. Poling 

MONOLITE JOINT VENTUFZ 
3750 Sweetwater Road 
Dillon. MT 59105 
4061683.2238 

Paul Dusenbury 
Lowell Thomas 

NISSHO IWM CORPORATION 
2-4-5Akaskaka. Minato-Ku 
Tokyo 107 
Japan 
+ 03-588-3 174 
Fax: +03-588-4224 
Telex: 22233 MCTK 

T. Jitsu 
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Verlite Company 

Vice President 
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Ned Gumble 
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Peter Lederer 
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Directors 
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J.P. Austin Associates 

Fred Childs 
Vermiculite Consultant 

Brian Dunsby 
P e r k  Consultants 

Paul M. Keeffe 
W . R  Grace & Co. 

Jim Miller 
Strong-Lite Products Corp. 

Charles Phillips 
DupreVermiculite Ltd. 

Anton Reppel 
Reppel B.V. 

B&ce Schundler 
The Schundler Co. 

Coen J. BiJl 
Isoleermaterialenind. Pull B.’ 
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"+" at beginning of Phone and FAX numbers 
indicates hternatlonal access code 

MINMC MEMBERS 

AMERIcANvERMIcuLITEcoRP. 
22 Executlve Park Drive 
Atlanta, CA 30329 

REGULAR MEMBERS 

AGmKAL 
MoshovHabonirn 
M.P.O. HofHarcarmel 
Israel 30845 
+ 972-6-3905 15 
Fa: + 972-6-397542 

Yoel Chazan 

W E L L  MINERAL AB 
Hammarbyvagen 27A 
P.O. Box234 
s-12102 
Johanneshov. Sweden 
+ 46-8789-1600 
Fax: + 46-8-7149965 
Telex: 19338 alsel s 

LeifRonnholm 
George Ljungdahl 

ANITOX CORPORATION 
P.O. Box 1929 
Buford. GA 30518 
404/945-6741 
Fax: 404/945-8414 
Telex: 229814 

Bob Bland 
John Nix 
Charles Rllllng 

6 

404/32 1-5309 
Fax:404/321-0833 G 

Laura Henderson {, 

COMETALS. INC. 
One Penn Plaza. Ste. 4901 

' NewYork. Ny 10119-0118 
: 2121760-1200 

Telex: ITR424087 CMC UI 
I 

Joel T. Wineburgh 
' John Rothschild 

EUCATEX MINERACAO NORDESTE S A  
Av. FranciscoMatarazm 584/612 
Sao Paulo. BrazllO5001 
+55-11-66-9149 
Fa: + 55-1 1-825-2858 
Telex: 55-1 1-81370 

Gerard Duchene. Director Technology R & D 

ALSO 

12 East 49th St.. Suite 2104 
? NewYork,NY 10017 
/I 212/750-8610 

Fax: 212/750-7897 
i 

William F. Monck 

I 

15 



V.I.L. VERMlCULITE. mc. 
1775-52eAvenue 
Lachine, Quebec H8T2Y1 
514/631-4251 
Fax: 514/631-4254 

Peter Lewis. President 
Jean Yves Piche'. G/M 

VERI,ITECOMpANY 
P.O. Box 16457 
Tampa, FL 33687-6457 
813/621-2065 
Fax: 8 13/62 1-4261 

Richard Schmelzer. Jr. 

VERWCAAG 
Irn Buhl l79  
5254 Bozen 
Switzerland 
+ 4 1-64-66 1766 
Fax: + 41-64-661872 

H.P. Sie$ried 

VERlbflCULITEINDUSTRIALCORP. 
31 Moffet St.. P.O. BOX 13566 
Pittsburgh, PA 15243 
4121344-9900 
Fax: 412/344-9909 
Telex: 710-664-4273 

Cynthia B. Nugent 
Nadine E. Bognar 
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ASFALTEX S A  
Angll31 
Barcelona 080 17 
S P h  
+34-3-2044900 
Fax: +34-3-20-57156 

Jose Orriols 
J u a n  Orrlols 

J.P. AUSTINASSOCMTES. INC. 
300 Mt. LebanonBlvd. 
Pittsburgh. PA 15234 
412/563-3300 
Fax: 412/563-6731 

Paul Austin 
Bll1 Cooper 

BROUKCOMPANY 
1367 S. Kingshighway Bhrd. 
St. Louis, MO 631 10 
3 14/ 533-9022 
Fax: 314/533-1683 

Jody Brouk 
John Brouk 

DUPREVERMICULITE 
(A Divlsion of Mlcroflne 
Minerals Ltd.) 
Tarnworth Road 
H E m I U I .  
England SG13 7DL 
Hertford+ 44-992-582541 
Fax: Hertford + 44-992-553436 

Charles V. Phillips 
DavidTUbury 
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EFISOL SA. 
5 Rue du Dome 
Paris, France 751 16 
+ 47555322 
Fax: +47043543 

Maximiltan Wtcki 
Honore Etienne 

FAZZINI GROUP OF COMPANIFS 
23-25 Wentworth St. 
Greenacre NSW 2 190 
Australia 
+61-2-642-4745 
Fax: +61-2-742-5164 

L.A. Fazzinl 
L.G. Velesld 

GRO-PROD. INC. 
1078 Route 46 
Clifton, N J  07012 
2011473-0300 
Fax: 2011471-3332 

Michael S. Marrnon, President 

IN'DUSTRIJA POHISTVABREST 
C.4. maja 18 
61380 Cerknica SLOVENIJA 
Yugoslavia 

Fax: +38-61-791-309 
Telex: 3 1167 

Darko Lesar 
Zdravko Zabukovec 

+38-61-791-200 

STRONG-LITE PRODUCTS, COW. 
P.O. Box 8029 
PltleBluff,AR 71611 

Fax: 501/536-1033 

William A Strong 
Jim Miller 
Steve Newman 

50 1 /%6-3453 

THERMICEtEFRACTORIESINC. 
First & Mound 
Girard. IL 62640 
21 7/627-2 101 
Fax:217/627-2185 

Max N. Om 
Stephen Raines 

THERMICA LTD. 
Stoneford House, Chamberlain Road 
Stoneferry. Hull HU8 8HH 
England 

Telex: 9401 115 1 

-+ 44-482-29618 
Fax: + 44-482-227723 

R Graham Neflson 
F. Jim Wtllson 

THERM-O-ROCK, INC. 
P.O. Box 429. Pine Street 
New Eagle. PA 15067 
412/258-3670 

Edward J. Dobkin 
I. Todd DobMn 
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THESCHUNDLERCOMPA" 
P.O. Box 249 
Metuchen. NJ 08840 
908/287-2244 
Fax: 908/287-4185 

Bruce Schundler 
Jeff Schundler 

SHOWAVERMICULITE CO.. LTD. 
NO. 302 OakB~flding. 2-16-15. 
Yoyogi, Shibuya-ku. 
Tokoya, 151 
Japan 
+3320-2770 
Fax: +3320-2768 

Mitsuo Gyotoku. President 
Yoshikazu Miyamoto. Vice President 

SILVAPERLLIMITED 
Albion Works 
Ropery Road 
Gainsborough, Lincs DN2 1 2QB - 
England 
+ 44-427-810231 
Fax: + 44-427-810837 

Barrie J. Faullmer 

SKAMOL A/S 
Ostergade 58-60 

Denmark 
' 7900 Nykoebing Mors 

+45-9772-1533 
Fax: + 45-9772-4975 
Telex: 66680 SKAMOL DK 

Kai Gehlert 
Eivlnd Pilgaard 

12 

I s O L A - K K I N E R A L w 0 ~ ~ -  
Wilhelm Zimmermann GmbH 
Poststr. 34 
4322 Sprockhovel2 
Nordrhein-Westfalen 
+ 49-2339-7041-7043 
Fax: + 49-2339-3308 
Telex: 8239244 

Johannes-Wflhelm ZimmeImann 

ISOLEERMATERIALE"D. PULLB.V. 
Utrechtsestraatweg 222 P.O. Box 15 
Rhenen 3910AA Rhenen 
The Netherlands 
+31-8384-1oO1 
Fax: + 31-8384-2088 
Telex: 37214 

Coen J. BiJl 

JAMES RIVER LIMESTONE Co. INC. 
P.O. Box617 
Buchanan. VA 24066 
800/365-6648 
Fax: 703/254-2219 

Kevin Mann  - VP GM Consumer Prods Dlv. 
Drew Stiebeling - Sales Rep 

KOOS. INC. 
4500Thirteenth Ct. 
Kenosha. WI 53140 
414/654-5301 
800/558-5667 
Fax: 414/654-6287 

Peter Lederer 
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MATHIOS REFRACTORIES 
Epldauron 5. Rentis 
Piraeus 182-33 
Greece 
+ 01-4913502 
Fax: + 01-4903949 
Telex: 213398 

Mathios K. Vannls 
Mathios N. Dmt r los  

MINEBRAMINERIOS BRASILEIROS 
MINERACAO E INDUSTRIALIZACAO LTDA. 
Rua Haddock Lobo. 578-20 
andar-con]. 2 1 
Sao Paulo. S.P. 

Telex: 11/31.956 

Lauro Morandi 
Urames Plres dos Santos 

+55-11280-4433 
Fax:+ 55-1 1262-6097 

NEUCKATEL PTY LTD. 
(A Dlvlslon of Laporte Group 
Australia Ltd.) 
363 Wentworth Ave., Pendle Hffl 
Sydney, N.S.W. 2145 
Australia 

Fax: + 61-2688-4283 
+ 61-2636-7444 

Rex J. Wright 
Robert Gallo 
Peter Watson 

P.V.P. INDusTRIE8 INC. 
P.O. Box 103 
9819PennimanRoad 
North Bloomfleld. OH 44450 
216/685-4701 
Fa: 2 16/685-47O9 

Paul G. Dunlavey, Vlce President 

il P-0 V ~ w c m I m  Co.,  IN^. 
Hwy 221 South 

11 Woodruff, SC 29388 
‘v 803/969-2329 

/iJ 

Niles Ray Brown. Sr. 
Edna B. Brown 

PATTERGONVERMICULITE COMPANY 
Rt. 1 Box93 
Enoree. SC 29335 
803/969-2650 

W A  Patterson 
T.M. Patterson 

PROGETHA- Dammstoffwerk Gmbh & Co. KG 
Hufelsenstr. 14/P. Box 800349 
Hattingen 

Germany 
+232421177 
Fax: +2324 25670 
Telex: 8 229 992 pgh d 

BRD D-4320 

Dr. C.F. Gethmann 
Dip1 - Oec Gerhard Stahl :t 

21 
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’. WTP ,EwvLksnmeniaII Associatqs 
Air Measurement and Control i 
P.O. Box 12564 
Research Triangle Park, N.C. 27709 
Telephone (919) 471-K356 

WTP ,Ew~:ksnmeniaII Associatqs 
Air Measurement and Control 

Research Triangle Park, N.C. 27709 
Telephone (919) 471-K356 

P.O. Box 12564 

P A R T I C U L  

. 

R O T A R Y  D R Y E R  
T E  E M I S S I O N S  T E S T I i i G  

PERFORMED FOR: 

VIRGIHIA MRlMICULITE LIMIT3 
&XWEU’S TAVERN, VIRGINIA 

i 

. .. 



INTRODUCTION 

The Virginia  Vermiculite mining operation i n  Boswell's Tavern, Virginia,  

employs a rotary dryer t o  burn and evaporate the  f l o t k t i o n  medium used 

t o  separate  vennicul i te  from undesirable mica ind s i l i c a t e  deposi ts .  

?he exhaust gases from the rotary dryer  a r e  drawn by an induced f an  
through a low eff ic iency cyclone i n  series with a cy l ind r i ca l  water 
spray tower with a wire mesh demister; combustion waste gases a re  then 

vented t o  the  atmosphere. 

RTP Environmental Associates performed p a r t i c u l a t e  and asbestos emis- 
s ions  t e s t i n g  a t  t h e  waste gas s tack  of t h i s  r o t a r y  dryer.  The t e s t i n &  

objec t ives  were t o  determine t h e  t o t a l  process p a r t i c u l a t e  emissions on 
a lbs /hr  bas i s  and q u a l i t a t i v e  asbestos measurements of the p a r t i c l e s  
emitted from t h e  ro t a ry  dryer. 
were co l lec ted  from three locat ions:  (1) raw ore feed i n t o  p l a n t ,  (2) 

vermiculite feed i n t o  dryer,  and.(3)  r o t a r y  dryer  exhaust. These three 
samples w i l l  be analyzed by Walter C.'McCrone Associates,  Inc. 

p a r t i c u l a t e  emissions procedures compiled with the  A u y s t  18, 1977 
Federal Reference Method 5 and the  April  21, 1977 Commonwealth of 

Virginia  t e s t i n g  requirements. 

Three samples f o r  Psbestos determination 

All 

Test procedures a t  Virginia Vermiculite were observed by representat ives  
of  the Virginia  S t a t e  Air Pol lut ion Conirol Board. 

were Ward Butler,  Air Pollut ion Control Office;  Nick Buckholtr, D iv i s ion  
of  Compliance; and Renaldo Jenkins,  Engineering Division. 

These representat ives  

1 



TESTING METHODOLOGY 

A l l  sampling and a n a l y t i c a l  procedures are those recommended by the  

United S t a t e s  Environmental Protect ion Agency and the  Commonwealth o f  

Virginia .  Complete d e t a i l s  of  t h e  equipment and procedures used a re  
described i n  Appendix C. 

Method 1 was used t o  de tern ine  t h e  number and locat ion of  t h e  sampling 

poin ts .  Three 
p o r t s  were cut i n t o  t h e  stack (see Figure 1 and 2) so t h a t  t he  ccn te r  of 
each a rea  could be t e s t e d .  
giving a t o t a l  t es t ing  time of 60 minutes for each t e s t  run on t h e  

s tack .  

The dryer  exhaust s tack  was divided i n t o  12  equal a reas .  

Every poin t  was sampled for f i v e  minutes, 

Veloci ty  measurements were made i n  accordance with Method 2. Molecular 
weights for t he  stack gases were determined by Method. 3 procedures. 
P a r t i c u l a t e  emissions were determined using Method 5 a n a l y t i c a l  and 
sampling procedures. 

The two process feed samples (asbestos  determination) were co l lcc ted  via  
in t e rmi t t en t  grab samples, while t h e  dryer  exhaust asbes tos  sanple  was 
co l lec ted  using t h e  EPA Nethod S sampling t r a i n  with a 0.5 un Mil l ipore  

f i l t e r .  
f o r  sample ana lys i s .  
separa te  enclosure with t h i s  r epor t .  

These samples were s e n t  t o  I:'alter C McCrone Associates ,  Inc. 

The r e s u l t s  of  t hese  analyses  will be sen t  a s  a 

A l l  sampling equipment used was manufactured by Kutcch Corporation or 
RTP Environmental Associates.  
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PROCESS DESCRIPTION 

The Vi rg in i a  Vermiciilite mining operat ion removes c l ay ,  mica, and s i l i c a t e  
depos i t s  from vennii..ulite laden o r e  a t  a s i t e  i n  Boswell's Tavern, Virginia .  
Clay depos i t s  a r e  rrmoved by a water s l iming procedure; t h e  mica and s i l i -  
c a t e s  are sepa ra t ed  from the  vermicul i te  by f l o t a t i o n  i n  a mixture o f  # 2  

f u e l  o i l  and o t h e r  chemicals. The vermicul i te  i s  then d r i ed  i n  t h e  r o t a r y  
d rye r  and divided i n t o  two commerical grades. 

P a r t i c u l a t e  emissions from t h e  r o t a r y  d rye r  are cont ro l led  by a low energy 
water spray  tower. 
inches o f  water. 
being emit ted from t h e  tower. 
t h e  process  opera t ion .  

The pressure  drop across  t h e  tower is l e s s  than f i v e  
A wire demister prevents  excess en t ra ined  water from 

The following block diagram i l l u s t r a t e s  



The r o t a r y  d rye r  normally opera tes  a t  a process  feed r a t e  o f  e igh t  t ons  
p e r  hour. The m a x i m u m  opera t ing  capac i ty  i s  r a t e d  a t  10 tons  p e r  hour, 
but numerous d i f f i c u l t i e s  a r i s e  as t h i s  feed r a t e  i s  maintained. The 
dryer  u t i l i z e s  C 2  f u e l  o i l  as a f u e l ;  t h i s  fue l  is ra ted  a t  138,000 B N  
per ga l lon  wi th  a 0 . 3  percent  s u l f u r  conten t .  
useage is  60 ga l lons  p e r  hour with a maximum useage of  75 gal lons  p e r  hour. 

The normal opera t ing  f u e l  

6 



TABLE 3 

SUMARY OF TEST RESULTS 

TEST' 1 2 3 

Date 

Stack Temperature (OF) 

Percent Isokinet ic  (4) 

Stack Flowrate (SDCFM) '* 

Gas Sampled (SDCF)** 

Filter Catch (mg) 

Particulate  Emissio 

10/27/79 

131 

103.5 

10,764 

46.8 

49 .3  

1.50 

10/27/79 

133 

92.0 

11,202 

43.3 

47.1 

1.61 

10/27/79 

130 

101.3 

10,123 

43.1 

46 .S 

1.44 

'TEST 1:  Particulate Emissions Test (11:20-12:34) 

TEST 2 :  Particulate  Emissions Test (13:12-14:21) 
TEST 3: Particulate Emissions Test (14 :48-15 :54) 

+*6S°F, 29.92 in .  Hg 
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SLPFLUY OF RESULTS 

The Reference Method 5 procedures given i n  t h e  August 18, 1977 Federal 
Reg i s t e r  has been adopted as t h e  p a r t i c u l a t e  compliante t e s t i n g  method 

i n  t h e  S t a t e  o f  Virginia .  *Confirmation o f  t h e  approved methodology was 

made through hk. Thomas Creasy of t h e  Vi rg in i a  S t a t e  Air Resources 

Board. 

The r o t a r y  d rye r  process r a t e  var ied  throughout t h e  t e s t i n g  regime. 
summary of t h e  process r a t e s  occurr ing dur ing  the compliance t e s t i n g  is 
shown below. 

A 

TABLE 1 

PROCESS FEED RAES 

Time 

11:30 

12:oo 
I 2  : 30 

1:oo 
1:30 
2:oo 
2:30 
3:OO 
3:30 
4:OO 

- Process Rate 

6.62 
8.27 
9.45 
8.27 
6.62 

7.35 
8.27 

11.05 
8.27 

' 9.45 

~ 

Virgin ia  S t a t e  p a r t i c u l a t e  emission compliance regula t ions  s t a r e  t h a t  
p a r t i c u l a t e  emissions must not  exceed a s p e c i f i e d  l i m i t  "E" ca lcu la ted  

from t h e  equat ion E = 4.10P 0'67 where E = emission r a t e  i n  lbs/hr and P 



TI\ 

I( 

I process weight r a t e  i n  tons/hr ( t h i s  equation i s  val id  up to a process 
weight r a t e  of 30 tons /hr ) .  The average process feed r a t e  drrring each 
part iculate  t e s t  and its representative par t iculate  emission l i m i t  are 
given i n  Table 2. 

- 

TABLE 2 

PARTICULATE EMISSION LIMITS 

Tes t  
Number 

1 
2 

3 

Process Rate Emission L i m i t  
(Ton f hr) ( lb jhr )  

8.11 16.7 
7.41 15.7 
9.19 18.1 

~ 

Table 3 gives the individual  t e s t  summpries for the pa r t i cu la t e  compliance 

t e s t s  performed on the  dryer exhaust stack. 

Visible emissions determinations were attempted by Ward Butler  of the 

State Air Pollut ion Control Board and Robert Y. Purcell of  Rl? Environ- 

mental Associates. 
conditions prevented M accurate estimate. 

Both personnel agreed t h a t  the existing nr,teorological 




