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1.0 ABSTRACT

This report contains background information on the hydrofluoric acid manu

factu.ring industry. This information was obtained in the open technical literature

and through visits to several typical plants.

The economic profile of the indust~r indicates there will be no growth in

the next five years.

General description of manufacturing process emission sources, rates and

controls are the main part of the report. State and local emission regulations

and emission source sampling and analysis methods are also discussed.

The background information has been used in a simple emission projection

model eXodel IV) to determine the emission reductions that could be achieved by

the applicatio:1 of ~ew Source Performancl: Standards.

•
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2.0 EXEC~TIVE SU:~Y

Industry's Economic Profile

In the Cnited States at the present time, there are 9 hydrofluoric acic

(HF) plants in operation. Two are located in Louisiana, 2 in Texas and I each

in California. Kentucky, New Jersey, Ohio. and West Virginia. According to 1977

figures, the industry produced 268,000 tons of hydrofluoric acid. while 1975

data showed the annual capacity to be 369.00U tons. In recent years almost all

HF produced is in the anhydrous form. Xajor HF uses are fluorocarbon production

(39%), aluminum industry production (27%). and with the remaining being used for

uranium enrichment. petroleum alkylation. stainless steel pickling and miscellaneous.

:he fluorocarbon aerosol ban resulted in a 20% reduction in HF production.

The volume of HF manufacture will be the scune for at least the next 5 years.

\'Ibile new plants are not planned two plants are expected to be closed by mid

1979. The rest of the industry will increc:Lse the utilization of their capacity

to compensate for the difference.

HF Manufacturing Process

HF is manufactured from fluorspar and sulfuric acid in a rotary kiln according

to the endothermic reaction:

CaFz + H2S04 .. CaS04 + 2 HF

The product anhydrite is either slurried and transferred to a gypsum pond. or

neutralized and recoveree i~ the solid £o~. HF gases are first scrubbed and

cooled. and almost all HF is recovered in a condenser. The remaining HF and

impuriti.es are scrubbed in an acid scrubber while fluosilicic acid can be re

covered in a water scrubber. Almost all processes used a tail gas scrubber

before v·er.ting the gas to the atmosphere. Crude HF is distilled to a high

purity for a ~urther use.
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Four major variations of HF manufacture are:

1. Buss Process

2. Typical Process (described by EPA)

3. Aluminum Fluoride Manufacture Process

4. Patented Process

HF can be recovered from a phosphate rock using silicon tetrafluoride (a by

product), but the process is in the early stages of development.,

Emission Sources and Rates

There are few sources of air emissions in a HF manufacture plant. The maj or

source of particulate emission is fluorspar drying and handling. T~e literature

suggests that the spar emission rate is elbout 20 lb/ ton and emission data from

typical plants indicate that this emission factor is realistic. The only point

source of gaseous emission is from the telil gas scrubber. The emissions consist

of small amounts of HF, SiF4 and S02. The HF manufacturing process model shows

that uncontrolled soluble fluoride emission is 52 lb F/ton of HF. Controlled

emissions using a gas scrubber with 90% e~fficiency amount to 4 lb F/ton HF.

Total annual emission of soluble fluoridE~ from HF manufacture after currently

used l::ontrol is 700 tons F/year. The projection for the year 2000 shows 5300

tons Nyear based on 6;; yearly growth. Since this growth is probably unrealistic,

this emission projection appears to be high.

Fugitive fluoride emissions are expe:cted from process upsets, HF handling

and the gypsum pond (with pH of 1).

The emission inventory for HF manufalcturing plants is too unreliable to

develop actual emission factors.

-3-



Control of Emissions

Particulate emissions for spar drying .and handling are controlled with

fabric filters and wet scrubbers. The best control appears to be the use

of a fabric filter with 99% efficiency. Th~! gaseous emissions are controlled

.....ith wet scrubbers. The best control technique is the use of a packed

tower with about 5 transfer units using al~3.line scrubbing liquid which can

achieve an efficiency of 99% for removal of HF, SiF4 and 502. HF fugitive

emissions from a kiln under upset conditions are best controlled with a stand-by

caustic scrubber. Liming of the gypsum pond to obtain a pH of 6 would prevent

any HF or SiF~ emission.

State and Local Emission Regulations

Although hydrofluoric acid manufacturing is regulated under the permit and

particulate regulations of the states w~ere operations exist, no state has yet

adopted regulations which specifically address HF production. Rather, states

treat HF manufacturing as a process indust~r for purposes of air pollution control

regulations. An analysis of state regulaticms indicates that process weight

and/or fluoride emissions standards apply tC) virtually all HF plants.

Emission Source SamDling and Analysis

Sampli~g and analysis methods for criteria pollutants, particulate, 502' ~ox

are covered under EPA Methods 5. (17). 6 and 7. Total fluoride is covered under

EPA :lethod 13. IRe experience indicates that a simplified sampling train can be

used for gaseous fluoride emissions measuren~nt. Remote Optical Sensing

of Emiss:i.ons (ROSE) has been developed by EPA's Environmental Sciences Research

Laboratol:-y/RTP. This technique is well suited for the measurement of ambient

f:'uoride concentrations, and it distinguishE~s between HF and SiF4.
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Emission Reduction With NSPS

Results of the Model IV calculation indicate that there would be no reduction

in 1987 emission if NSPS are implemented. This is due to the projected lack of

increase in production volume. Review of emissions control on an industry-wide

basis shows that most plants are using best control technology. Since some

plants have better controls in one area and some in the other NSPS would bring

the plants on an equal level. It appears that fluoride emission would be reduced

by 20-30% if best control technology was applied to all plants.

-5-



3. a CONCLUSIONS AJ.'ID RECOMMENDATIONS

3.1 Conclusions

1.. No growth is expected in the HF manufacturing industry in the next 5
years. The growth after that is unpredictable but will be probably
below 6% annually (an average fo,r last 3 decades).

2.. There are 4 variations in HF man.ufacture that are described in this
report.

3.. HF manufacturing has 2 major sou.rces of emission: Particulate emis
sions from spar drying and tail gas from the HF absorpt.ion train.

4.. The best control for particulate: emissions are fabric filters and wet
scrubbers for tail gas containing HF t SiF~ and 502.

5,. The quantitative data on gaseous emissions containing fluorides are
virtually non-existent due to the lack of regulations.

6.. It is unclear whether the fluorspar should be included in the fluoride
emissions and what is its effect: on vegetation, animals and man.

7,. The major problem in HF I!Ianufact.uring is corrosion which can result in
HI' emissions. Good maintenance i.s essential for proper operation.

8.. The major benefit of NSPS for this industry would be to equalize
emissions controls throughout the industry resulting in overall 20-30%
reduction in fluoride emission i.n the existing plants.

3.2 Recommendations

In order to obtain a better understar:lding of HF manufacture environmental

problems the following are recommended:

L

3,.

Xeasure fluoride concentrations in tail gas from HF manufacture.

Quantify fugitive emissions in Fff manufacture.

Determine fluorspar effects and whether they should be considered
fluorides or particulates.

-6-



4.0 HYDROFLUORIC ACID MA!'WFACTURING INDUSTRY - ECONOMIC PROFILE AND STATISTICS

4.1 Industry Size and Geographic Location

Hydrofluoric acid. (HF) manufacturing is a segment of the inorganic chemical

industry under the Standard Industrial Classification (SIC) 2819 - Industrial

Inorganic Chemicals.

In the United States at the present time, there are 11 hydrofluoric acid

plants in operation. Three of these are located in Louisiana, three in Texas and

one each in California, New Jersey, Ohio, West Virginia and Kentucky. Figure 4-1

illustrates the approximate locations and relative size of each plant as deter

~ined by 1975 annual capacity statistics.

The terI:1 "HF Manufacturing Plant" needs some clarification. All HF manu

facturing facilities are a part of large chemical plants and only 20 to 90

employees out of several hundred are involved in HF production. In several

plants HF is a lir~ in a production chain consisting of H2S04 - HF - fluoro

carbon.s. In several plants all HF manufactured is used within the plant.

According to 1917 actual data determined from the industry 268,000 tons of

hydrofluoric acid were produced for inteI'11al use and for outside consumption.

In spite of t~e aerosol controversy. fluorocarbon production consumed about 39~~

of the total hydrofluoric acid supply. TI1e aluminum industry accounted for

about 272%. The remainder of the hydrofluoric acid supply was utilized for

uranium enrichment (64), stainless steel pickling (2%), alkylation of olefins

(.:./;) and miscellaneous application (22%). [Table 4-1 presents the annual capa

city for each plant.]
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Figure 4-1 Location and Relative Capacity of
Hydrofluoric Acid Manuafacturers
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TABLE 4-1

HYDROFLUORIC ACID MANUFACTURING PLANTS IN THE UNITED STATES

Source: 1977 Directory of Chemical Products, U.S.A. Chemical Information
Services, Stanford Research Instttute

1. Allied Chem. Corp.
Induat. CheIDs. Div.

2.
3.

4.

5.

6.

7.

8.

9.

PRODUCER

Speei~lt7 Chems. Div.
,\luminum Co. of .\merica
Ashland Oil, Inc.

I~hland Chem. Co., dive
Lehigh Valll!y ..hem. Co. dive

E. 1. du Pont de tlemours & Co.. Inc.
Biochems. Dept.

Essex Chem. Corp.
Chems. D{v.

Kaiser Aluminum & Chem. Cor,.
Kaiser Chems. Div.

Kl!wanee Induat., Inc.
Harshaw Chemical Co .• subside

Indust. Chems. Dept.
Pennwalt Corp.

Inorganic Chem. Div.
Stauffer Chem. Co.

lndust. Chem. Div.

l~OCAT!ON

1. Baton Rouge La.
2. Claymont Del.
3. Geismar. La.
4. Nitro" W. Va.
S. Pittsburg. Calif.
6. Marcus Hook, Pa.

Point Comfort. Tex.

La Porte. Tex.

Paulsboro, N.J.

Gralllercy. La.

Cleveland. Ohio

Calvert City. Ky.

Greens R3you. Tex.

ANNUAL CAPACITY
j'TIlOUSANDS OF TONS)

20
25
45
15
12

n.a.
55

5

100

11

50

18

25

18

TOTAL 399

IN OPERATION
SINCE

1946

1'J67
1959
1952

1961

1964

1972

1949

Sources: Chemical Xarketing Reporter. ~ovember 17, 197~) and c01lllllUnication with industry.

Commen1:S:

Contacts ~.;i th the industry indicate that 3 of above plants
Claymont, and the Ashland plant) no longer manufacture HF.
total annual capacity without these plants is 369 thousand

(Allied Chemical's,
Consequently,

tons per year.

2. Actual total 1977 production (obtained under confidentiality agreement) is
268 thousand tons. The discreplancy is the result of erroneous annual
capacity listing and capacity's underutilization.
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4.2 Capacity Utilization and Consumption

The existing hydrofluoric acid plants have been underutilizing their capacity

for the past several years. In 1977 the annual capacity of the industry totaled

369,000 tons. while total production amounted to 268,000 tons, or 73% of total

capacity.

The major users of all of the marketed hydrofluoric acid are the aluminum

and fluorocarbon industries. In aluminum manufacturing, the hydrofluoric acid

is not used directly in the smelting process, but goes into producing aluminum

fluoride and synthetic cryolite from reaction with alumina and caustic soda,

respectively. These products together with bauxite are then used in the molten

~ath which undergoes electrolysis to produce aluminum. 2 An estimated 56 pounds

of hydrofluoric acid are required to produce 1 ton of aluminum. Table 4-5 in

Section 4.3 shows the production/consumption figures for the aluminum industry.

Fluoride production accounted for 42% of the total hydrofluoric acid supply

in 1976. 2 Inorganic fluorides are manufactured for utlization as preservatives,

insecticides, catalysts, fluxes, for steel pickling and for use in fire extin

guishers. Hydrofluoric acid is used in the manufacture of elemental fluorine

gas which in turn is used to manufacture uranium hexafluoride sulfur hexafluoride,

halogen fluorides and emulsified perfluorochemicals. The organic fluorides,

~hich utilize the rest of the available hydrofluoric acid, are manufactured for

production of various chlorofluorocarbons. These fluorocarbons are widely used

as refrigerants, aerosol propellants, resins, solvents and elastomers. 3

The geographic location of the hydrofluoric acid plants is significant in

dete~ining the potential effects of atmospheric fluorides on plants and ani

mals. Table ~-2 gives population statistics for 1 and 5 mile circles around

-10-



each plant. The farm st:atistics give an indication of the amount of agricu1

t:ura1 activity in the vicinity of each plant which may be subject to fluoride

emissions.

Based on the number of employees involved in HF manufacture and actual

production data, one can calculate that about 1.5 employees are needed to

produce one thousand tons/year of anhydrous HF. This adds up to a total of 402

employees (nationwide) in HF manufacture.
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TABLE 4-2

POPULATION STATISTICS
(based on TELE/SITE and contacts with the industry)

EHPLOYEES POPULATION FARM POPULATION
PLANT LOCATION IN HF MANUF. 0-1 MILES 1-5 MILES 0-1 MILES - 1-5 MILES

Texas

Alcoa Point Comfort 5-1 ° 8,386 0 21

DuPont La Porte 90 13 41,335 0 4

Stauffer Greens Bayou n.a.* 2,454 105,894 ° 20

Louisana

Allied Geismar 15 a 5,312 a 64

Allied Baton Rouge 30 1,375 178,292 0 285

Kaiser Gramercy n.a. ° 11,851 0 87

California

Allied Pittsburg 25 28 41,079 0 56

Kentuckv

Pennwalt Calvert City 41 a 4,145 0 32

New Jersev
d

Essex Paulsboro n.a. 8,084 158,884 5 169

Ohio

Harsha'W Cleveland 20 16,631 479,543 17 216

~{. Virginia

Allied ~itro 25 1,972 39,904 1 12

*n. a. = not availab Ie.
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4.3 ~ndustry Growth Trends

The production of industrial inorganic chemicals depends upon a wide range

of economic activities and does not rely on one specific sector of the economy.

Presently, the largest consumers of hydrofluoric acid are the fluorocarbon

and aluminum industries, accounting for 42% and 32% of the total hydrofluoric

acid usage in 1976. 2 A good indicator of the hydrofluoric acid production

trend is the consumption of acid-grade fluorspar used in its manufacture.

Table 4-3 illustrates the production trend from 1972 through 1977.

TABLE 4-3

HYDROFLUORIC ACID PRODUCTION

1972 _ 1977(2,3,4,5,6,7,8)

,
1972 I 1973 1974 1975 I 1976 1977

Acid-Grade
I
l

(Short Tons) 752,728 803,999 838,211* 673,626 631,300 560,519

6ithdrawn
H~ From
I ~ 248,879 269,153 281,620 229,247 202,644 182,690'p d d Svstem, ro uce
j(Short Not

Tons) Withdrawn
I I Fromi I I
I I System 93,270 96,301 99,385 84,138 I 85,518 i 73,000 I

*Derived by assumng 2.2 1b acid-grade fluorspar - 1 1b hydrogen
fluoride

Early in 1975 a controversy arose concerning the use of fluorocarbon aero-

sols and their possible effect on the ozone layer of the stratosphere. As a

result of the controversy, fluorocarbon ae~rosol sales decreased as did the demand

for the hydrofluor~c acid used in their ffidlnufacture. In April of 1977, the

Food Drug Administration (FDA) and Consume:r Product Safety Commission (CPSC)

stated the need for warning labels to be placed on all products containing

fluorocarbon propellants. Following this action in ~fay of 197i the EPA along
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w-ith the FDA and the CPSC issued a set of rules which w-ould ban fluorocarbon

aerosol. propellants for nonessential uses by December 15, 1978 and would prohit

their shipment between states by April 15, 1978. 4 This ruling has had a signifi-

cant effect on hydrofluoric acid productioll since 1975. This controversy has

reduced the demand for HF by approximately 20%. The statistics for production

of the controversial fluorocarbon Fll and F12 for 1976 and 1977 are shown in

Table 4-4. An illustration of the reduction in fluorocarbon production is

the fact that three plants have been closed since 1975 and production at one

has declined 50%.

'I'ABLE '.-4

1976 - 1977 PRODUCTI~N OF
FLUOROCARBONS Fll and F12 3,4,5,6,7)

(MILLION POUNDS)

---
1st Qtr. 2nd Qtr. 3rd Qtr. 4th Qtr. Total

1976 1977 1977 1977 1977 1977
Hydrofluoric
Acid Consumed* 624 140 158 144 104 546

IFn & F12

IProduced 218 49 55 50 36 191

*Derived by assuming .35 Ibs HF = 1 lb fluorocarbon

Table 4-5 presents the production statistics for the aluminum industry from

1975 through 1977 and estimated production through 1982.



TABLE. 4-5

ALUHINlJM INDuSTRY PRODUCTION

1975 - 1982 (2,3,4,5,6,7)
(THOUSAND TONS)

I 1975 1976 1977 19801 I 1982
1 I

Hydrofluoric
Acid Consumed* 109 119 127 164 195

Aluminum
Produced 3,880 4,250 4,530 5,857 6,964

*Derived by assuming 56 1b HF a 1 ton aluminum
(v~a cryolite and aluminum fluoride)

7Assume 9% increase each year

The economic strength in HF manufacturing is that it will be indispensable to

the aluminum industry for rr:any decades despite the introduction of aluminum

process techniques that avoid HF.9

The major weakness is the enormous aluminum inventory surplus and the de-

pressed economy. These factors are expected to keep the aluminum supply loose

and production low for several years.

In conclusion it appears that HF maruJfacture will not increase for at least

5 years. Contacts with the indus-::ry revealed that 1982 production will stay

on t~e 1977 level with a total of 254,000 tons. Two plants are expected to be

closed by mid-1979. The rest of the industry will operate at a higher capacity

to compensate for the difference. Contacl:S with HF manufacturers also indicate

that no new facilities or modifications ar.e expected in the next 5 years. The

importation of HF is likely to increase.
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5.0 K~JROFLUORIC ACID M&~FACTURING PROCESS

5.1 Hvcirofluoric Acid Manufacturing Chemistry

H? Properties

In voluree of production, HF is the most important manufactured compound of

fluorine. 1 Both the anhydrous and aqueous acids are used directly or as inter

mediates but anhydrous acid is becoming a principal product.

Anhydrous HF is a colorless liquid or gas (bp 19.5°C), highly water soluble

and fuming strongly in contact with the atmosphere. The formula weight is 20.006,

but hydrogen bonding between molecules produces extensive polymerization, and

the liquid and gas show large departure from ideal behavior. As a matter of fact

HF is the most imperfect gas studied. 2 The physical properties of anhydrous HF

are shown in Table 5-1.

Fluorspar Properties

The preferred raw materials for the manufacture of HF in the United States

are acid grade fluorspar and sulfuric acid., The physical properties of fluorspar

are shown on Table 5-2. 3 The fluorspar is treated with sulfuric acid according

to the endothermic reaction:

Ca Fz + H2S0~ - Ca S04 + 2 HF

The reaction is believed to take place in a sequence of steps3

Ca Fz + Hz S04 - Ca (HS04.F.HF)

Ca (HS04 .F) + liF + Ca 504 + 2 HF

The ability of the reaction to proceed. to the maximum degree in co~mercial

operation is influenced by the purity and fineness of the fluorspar, the tempera

ture of the reaction. the time allowed for completion of the reaction. and the

intimacy of mixing of the acid and spar.
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TABLE 5··1

THE PHYSICAL PROPERTIES OF ~~YDROUS HYDROGEN FLUORIDE l

{ormula. '"eight (calcula.ted)
moleeular weight

saturated vapor, at boiliog point
saturated vapor, at 100°C

boiling point, at 1 atm
melting point
density

liquid. at 25°C
vapor, saturated, at 2S°C

vapor pressure, at 25°C
heat. of vaporization

boiling point, at 1 atm

heat of fU!ion. melting point
heat capacity, constant pressure

liquid, boiling point
vapor, at 25°C, 1 atm'

heat of {ormation
ideal gas, at 25°C"
~ energy of {orIDJl.tion

ideal gas, at 25°C"
entropy, ideal gas, at 2')°C"
critical temperature
critical p~ure
critical density
viscosity, at O·C
surface tension, at boiling poiot
refractive inde:<. 5893 A, at. 25°C
molar refractivity (58931, formuh wt)
conduetivitJ·, at O°C
dielectric comitant, at O°C
dipole moment, HI" molecule

20.006

is.24
49.08
19.51°C
-83.37°C

0.95iG g/cm'
3.553 g/Iiter
li.S psia

51609 c:1I/20.01 g
11785
48.93 C3l/g

12.2 cal/(20.01 g) (OC)
143 c:1I/(20.01 g) (Oe)

-64.9 kcal/20.01 g

-65.0 kca1l20.01 g
41.5 cal/(20.01 g)(OC)
ISS·C
941 psia
0.29 g/cm'
0.26 cP
8.G dyn/cm
1. 15i4
2.13 cm'
<1.6 X 10-' mho/cm
83.6
1.83 D

• From vapor pressure V'S temperature.
• From e&lorimetry.
• The enthaJpy chaoge for the reaction HI" (ideal gas) - HF (re:\! g:lS), 3.t ~jOC, l'\tm, ::-1 In

certain, &nd may exceed several kilocalories per mole (20).
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TABLE 5-2

THE PHYSICAL PROPERTIES OF FLUORSPAR (CaF2)

Molecular weight - 78.08

Xelting point l4l8°C

Boiling point 2513°C

Density - 3.18 g/cm 3

Solubility of CaF~ in Water

Gms. CaF2 per liter sat. sol.

0 0.013 (f1urospar)
15 0.015 (fluorspar)
18 0.016
18 0.018
18 0.015 (calcined)
25 0.018
25 0.016 (fluorspar)
25 0.040 (ph • 6.4)
40 0.017 (fluorspar)

Solubility of CaF2 in Acetic Acid

Gms. CaFz dissolved per 100 ce. in aqueous

0.5 Normal Cll £OOH.

40 ...•••...••• 0.0153
60 ...••.•....• 0.0178
80•...•......• 0.0206

100•••••••..•.• 0.0229

1.0 Normal Cll ;COOH.

0.0175
0.0203
0.0237
0.0264

2.0 Normal CH~COOH.

0.0192
0.0229
0.0267
0.0300

Solubilitv of CaF, in Hydrochloric Acid at 25°C

Normality
of ag. HCl

0.01
0.10
1.00

Gm. moles CaFZ
Dissolved per liter

0.00087
0.0053
0.0280

pH of
sat. sol.

2.02
1.05
0.04

Heat of Formation (Solid at 298°K - 290.3 Kca1/g mole)

Heat of Fusion - 7.10 Kcal/g mole

Heat of Vaporization - 83.0 Kcal/g mole

Entropy at 298°K - 16.4 eu.
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5.2 Typical Hydrofluoric Acid ~anufacturing Process

In reviewing the HF manufacturing process, a typical process schematic will

;,e discussed first, followed by four major variation of the process. The initial

intention. was to present a process schematic for each plant and describe its

process. However, since some companies cons:ider their process description and

schematic confidential, this was not feasibl~a.

The first step in HF manufacturing is spar drying. Most of the plants

import acid grade spar from ~exico, North Africa or Italy. The spar is received

in the particle size needed for reaction and can be wet (10i. moisture) or dry.

Al~ost all plants have spar drying facilities. Spar dryers are usually rotary

kilns internally heated and some employ an independent cooling kiln with a heat

recovery system.

Sul"furic acid, a second raw material for HF manufacturing, is frequently

manufactured at the same facility.

The schematic of a typical·HF manufacturing process is shown in Figure 5-1.

This ?rOCI=SS schematic applies in general to most HF manufacturing facilities.

In recent years almost all HF is manufactured. in anhydrous form; 70% acid is

manu£actul:ed by dilution of anhydrous HF with water. The process scher.latics 6.2

showing the manufacture of 80i. acid in strong acid absorbers and 50% HF in weak

acid absorbers are becoming obsolete.

7he reaction bet·....een spar and sulfuric acid in the kiln is endothermic and

in most cases heat is supplied to speed up the reaction. To effect a release of

over 98~~ of fluorine in the spar the reaction time is normally 30-60 minutes at

200-2S0°C with HF leaving the reactor at lOO-lSO°C.
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Since fluorine values dominate raw material costs, these factors are

O? ti::nized to give the ::la:d:num yield of hydrogen fluoride.

Acid-grade fluorspar is a finely ground flotation product having the

following typical specifications:

Screen analysis: 325 mesh. 1% on 100 n~sh, 12% on 200 mesh, 30% on 250

:nesh., 45% through

Ca72

5i02

S

H20

CaC03

miniI!:lum 97.5-98%

maximum 1. 0%

maximum O. 05%

maximum 0.1%

principal remainder

Silica is a highly objectionable contaminant, since each pound consumes 2.6 lb.

of fluorspar and 3.3 lb. of sulfuric acid by the reaction:

5i02 + 2 CaF2 + 2 H2S04 ~ SiF4 + 2 CaS04 + 2 H20

wnen hydrogen fluoride containing SiF4 is absorbed in water, a further loss

of fluorine values occurs by the reactiolLl:

SiF4 + 2 HF (aq) ~ HzSiF6(aq)

Carbonates are harmful in consuming sulfuric acid, in producing foaming in

the generator, and in contributing carbon dioxide to the gas stream where

it acts as a noncondensible dilutent to the hydrogen fluoride. Sulfur-bearing

minerals in fluorspar (e.g., galena, pyrites) may generate hydrogen sulfide

or sulfur dioxide, contaminating the hydrogen fluoride, and sometimes

causing deposits of sulfur in the gas-handling equipment.
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Table 5-3 gi'les an extensive list of fluor:ide reactions many of which can take

place i:1 HF manufacturing.

TABLE 5-3"

Reactions of Fluor'ides

I Formation of 'Silicon Tetrarluo,ride In An Acid ~Iedium
----------------~..:-...;;~---

1. CaF: + H~O. = CaSO. + 2 HF
2. 4 HF + SiO: = SiF. + 2 H.,O
3. 6 HF + SiO, = H~SiF. + 2 H,O
~. H.5iF. = Sir. + 2 HF

Form:ltion of Silicon TetratluoriJe in Thermal Processes

J.

6.
7.
8.

Xa:5iF. = 2 :'iaF + SiF.
CaF. + 1/2 SiO~ = C10 + 1/2 SiF.
CaF: + 3/2 ~:O, = C;aSiO, + 112 SiF.
C:IF: + 1/2 GSiO. = 3/2 C10 + 112 SiF.

Reac:ion, of Silicon Tetrai:luoride With Water

9. I 3 SiF. + 2 H,O = 2 H,SiF. + SiO.
10. I SiF. (g) + 2 KO (g) = SiO·, (,) + ~ HF (g)
-I---------;:;--~---:-=----:::-:-::----..,...,.-------

Form3tio~ of Boroll TrilluoriJe

11. 6 CaF. + 5 B:O: = ~ BF. + 3 Ca. B, O.
Formation 0-£ Hydro~en fluoride By Hydrolysis

12.
13.
H.
15.
16.
17.

CaF. + H,O = ColO + 2 HF
2 :'iaF + H:O = :\a:O + 2 HF
2/3 AIF. + H,O = 1/3 ..n.o. + 2 IfF
Car. + fLO + SiO. = GSiO. + 2 HF
Gr. + fLO + ALO, = Ca (AI0~): + 2 HF
:'Ia..\lF. + 2 KO = r"a A1O. + 2 NaF' +4 fIr

18.
19.
20,

_!-- f~o_r_n...;:la.;..li..:.o_n...;:o.;..(_Y.;..o;..:.la=.;t..:.il..:.e_;\...;:I..:.et...;:ol..:.I...;:F...;:I.;;.uo_r_iJ...;:c;.;,s _

CaF: + ~J5iO, = C.1!'iO. + 2 Nat'
C:lF, + K:'jn. = C:I:-iO. + 2 KF
GF, + :'Ia .. (:0, + :O;iO, = C.l:'iO. + CO. + 2 l'lIlF
C:lF. + ~iJ .\LO, = C.1<'\1O.>. + 2/3 AIF.
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The ratio of H2 S04 to CaF2 is seldom stoichiometric, since, depending '.lpon

the relative cost of the two, one is used in slight excess. Recent practice has

been tl:) use excess acid. Almost all plants use externally heated horizontal

kilns ,Nith spar fed continuously at the fClrward end by a screw conveyor. Acid is

also added at the forJard end of the kiln, and anhydrite is removed through an

air IOlck at the opposite end. The anhydd.te is then either slurred and transferred

to system pond or recovered in the solid form. The gases emanating from the kiln

a~e removed at the front end of the kiln. The gases consisting of HF, H20, 502,

SiF4 , 502, H2S04 and particulate are'first treated in a precondenser or scrubber.

The purpose of the precondenser is to remc,ve particulate, water and sulfuric acid

and to cool down the gas stream. The HF v'apors are subsequently condensed in two

refrigerant-chilled shell and tube condensers. The crude condensed HF represents

almost 98% of production. It flows to intermediate storage tanks and is later

distilled. The uncondensed gases from con.densers enter a fresh H2S04 abso:cption

tower. The gas stream leaving the acid absorber contains most of the SiF4 and

enters two water scrubbers where fluosilicic acid is recovered. The gases are

then vented into the atmosphere or are introduced into a caustic scrubber. The

driving force for gas movement through the absorption train is prOVided by an

ejector.

The total pressure drop across the HF absorption train is 15-20 inches W.G.

The kiln is ~ept under negative pressure of 1/2 in W. G.

The crude HF obtained from the two condensers is distilled in two distillation

columns to a purity of 99.98% making it the purest chemical in regular commercial

distribution.
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5.3 Major Variations of Hydrofluoric Acid r!anufacturing Processes

Since it is not possible to present a specific HF manufacturing process

schemati.c and description for each individual plant, four major process variations

will be described. Only open literature information was used to describe these

variations. Three plants were visited in the course of this screening study:

Allied Chemical plants in Baton Rouge and Geismar, Lousiana and DuPont plant in

La Porte, Texas. Reports of trips to these plants contain some confidential

information and are not present in this report. The visit reports are a part of

the EPA's confidential files.

a. Buss Process 3

Figure 5-2 shows the process flow sheet for HF manufacturing using Buss

technology. Since the process is almost idEmtical to a typical HF process described

in ;;a=agraph 3.2, only specifics of the pro(:ess will be discussed.

One of the special features of this prclcess is the use of a premixer called

Ko-Kneader developed by the Buss Co. of Basle, Switzerland.
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Figure 5-2 Process Flowsheet for the Manufacture of Hydrofluoric Acid3
Using Buss Technology

l.
2.
3.
4.
5.
~o.
7.
8.

Premixer (Ko-kneader)
Rotary kiln
Precondenser
Primary scrubber
1st condenser
2nd condenser
Storage tank
Absorption tower (H2 S04)

9.
10.
ll..
12:.
13.
14.•
15.
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Tne incorporation of the Ko-Kneader provides a series of important advantages over

conventional HF processes, namely:

3y :,)~~ucting the first, most corrosive portion of the reaction

in a relatively small piece of equipment (about 6-ft. long by

1 ft. in diameter as compared with the 55 by 8 ft. reaction

kiln), the initial investment and replacement cost of corrosion

resistant-alloy parts is kept low and the parts are physically

easy to replace.

2. The thorough mixing of sulfuric acid and spar accelerates the

subsequent reaction in the kiln, increasing plant capacity as

.much as 30% for a given kiln ~;ize.

3. A much smaller excess (or even stoichiometric amounts) of

sulfuric acid can be used, ·since separation of the two components

is no longer possible after leaving the KG-kneader and a local

shortage of sulfuric acid is avoided. This results in better

quality HF and in an anhydritE! quality suitable for further

processing.

4. Due to the perfectly homogeneCtus mixture of sulfuric acid and

spar substantially lower tempe~rature can be employed in the

kiln, whereby: (a) the sulfuric acid has a lower vapor pressure

and contaminates the HF streaIIl to a lesser extent and (b) the

kiln is subjected to much less: chemical attack.

The other specific feature of the Buss process is that it results in a by

product ar.hydrite and not in the gypsum pond slurry used in most other processes.

Figure 5-3 shows an anhydrate recovery flowsheet. 3
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Figure 5-3 Anhydrite Recovery Flowsheet 3
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The anhydrite leaves the kiln through a seal screw. It contains a

small amount of unreacted sulfuric acid which is neutralized with lime.

An accelerator is added and anhydrite i,s ground to the standard commercial

fineness. The anhydrite can be marketed as a high strength building material

or a soil conditioner.

Three plants are believed to use the Buss process.
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b. Tvnical Process 7
t

Figure 5-4 shows a schematic of an Exemplary Process used by EPA in the

study for effluent limitation guidelines and ~ew Source Performance

Standards. It is believed that fou:r or five plants use this process.

The flow diagram is similar to that for the Buss Process, major differences

being that no premixer is used and that anhydrite is slurried and transported

to the gypsum pond. Another differl:!nce is that fluosilicic acid is not

recovered in this process so lower Si02 content can be tolerated in

spar. It might also result in SiF4 emissions. All HF is recovered as

anhydrous in both t~e Exemplary and Buss Process. The tail gas emission

volume froo this process is considerably lower than that from the Buss

Process.

c. Aluminum Fluoride }1anufacturing Process

Aluminum fluoride is one of the ma}n products in which HF is used as a

raw materiaL In a typical AlF3 process gaseous HF emanating from the

kiln is contacted directly with hyd:rated aluminum in a fluidized bed

reactor. So:ne plants use all HF together with impurities for AlF3

production, while other isolate a portion of gaseous HF as anhydrous

using an absorption train similar to that used in a typical process.

In the case when all HF is used in gaseous form for AlF3 production, it

is questionable if it can be considered an HF manufacturing plant. In

such case only two steps used in a typical HF manufacturing plant,

namely spar drying and its reaction with H2S04 in the kiln, are utilized.

It is believed that at least three plants utlize this process.
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d. Patented Process

In the patented process fluorspar is reacted with a mixture of sulfuric

acid, sulfur trioxide, and watE~r vapor at a temperature low enough

to allow liquid H2S0~ to condense on and to react with CaF2 but high

enough so that CaF2 particles do not become sticky. The temperature

of reaction can be closely controlled and the resulting anhydrite can

be readily withdrawn from the reactor. The heat for reaction (between

spar and H2S04) is provided through reaction of steam and S03. An

additional benefit of this process is that the use of heat transfer

surfaces and attendant problems has been eliminated.
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5.4 Recovery of Fluoride Value From Phosphate Rock

~'!ost phosphate rock used in the manufacture of phosphate fertilizer con-

tains 3-5% fluorine in the form of the mineral fluorapatite (Ca3(P04)3F). When

this rock is treated by either acid or thermal processes, fluorine is released

as SiF~.. Many studies to produce HF from this source have been made 9 but two

hurdles exist:

,....
.,....

SiF4 cannot be conveniently converted into HF.

Collection of SiF4 for an economic capacity is expensive. A proposed
process 10 starts by reacting silicon tetrafluoride with recycled
ammonium fluoride solution to form ammonium flousilicate.

lihen this solution is neutralized with ammonia, silica precipitates and

more ammonium fluoride is fo~ed.

The ammonium fluoride solution (except that recycled) is evaporated to a

salt concentration of 94-95%, 'When some conversion to ammonium bifluoride,

NH4HF2, takes place by vaporization of ammonia. The evaporation continues until

a salt concentration of 98% is reached, when the mixture solidifies at about

IOO°C. The solid mixture of ammonium fluoride and bifluoride, containing 60% of

fluorine, is decomposed with 93-95% sulfuric acid at 180-190°C. Ammonium bisul-

fate is the principal component of the residue; this can be converted to ammonium

sulfate by neutralizing with ammonia.

The economics of this process depend ,on a low-cost supply of silicon tetra-

fluoride, a premium market for precipitated silica (proposed, for example, as

reinforcing pigment for rubber), and a local market for ammonium sulfate. The

process is handicapped by a large filtratilon and evaporation load.
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The alternative way to recover the fluoride value from phosphate rock is to

use waste fluosilicic acid. H2SiF6 is fInned in the phosphate fertilizer

plants' scrubber towers in which SiF4 hydrolyzes:

3 SiF4 + 2 H20 ~ SiOz + 2 Hz SiF6

Two procedures to recover HF from H2 SiF6 can be used. 11 The first

procedure is direct hydrolysis of H2 SiF6 ~~cording to the following reactions:

HZ SiFs + 2 HzO ~ SiO, + 6 HY

'rhe reaction is carried out when H2 SiF6 is volatilized in a flash

vaporizer and the vapors are passed through a quartz tube externally heated

to IOOO°C. A water cooled copper condensler is used to recover HF.

'rhe results of a laboratory study showed that direct hydrolysis at

elevated temperatures •....as subj ect to many mechanical difficulties, and

that corrosion of construction materials was a serious problem. Elimination

of S102 from the HF product was generally poor.

The second procedure, showing more promise, is hydrolysis of lime 

neutralized Hz SiFs . Neutralization proceeds in two steps:

Hz SiF6 + Ca (OH)2 ~ Ca SiFs + 2 H20

Ca SiF6 + 2 Ca (OH)z - 3 CaF2 + Si02 + 2 H20

~ore Si02 is needed to satisfy the following reaction:

CaF2 + SiO: + H20 ~ Ca Si03 + 2 HF

The apparatus used for hydrolysis of lime - neutralized Hz SiFs is

sho.,.;n in Figure 5-5. 11

To operate the system, a charge of 2 1/2 to 3 kilograms of pellets

is ?laced in the reactor tube, foming a bed about 16 to 20 inches deep

in the zone of maximum heat. The reactor and flash vaporizer are brought

up ~o temperature; the vaporizer is heate~d to 450°C and the reactor heat2c,
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for most of the tests, to 1,OOO°C, measured at the outside surface of the reactor

tube. \-Jhen operating temperatures are attained, the flow of water was started to

the vaporizer at the desired rate. This causes a temporary drop in the vaporizer

temperature, but recovery is usually complete within 15 minutes. The condensed

HF product is collected in a polyethylene container. Samples are taken periodically

and analyzed for fluorine and 5i02 content. The test is usually terminated when

80 to 90 percent of the available fluorine l~s been removed from the reactor

charge and the solution becomes increasingly dilute.

Reaction characteristics of steam-hydrolysis of lime-neutralized Hz SiFs are

as follows:

1. Addition of iO to 100 percent of the calculated 5iOz requirement has
little effect on hydrolysis rate or HF concentration.

2. The HF concentration increases with increasing reaction temperature
over the investigated range 950° to 1,lOOoe.

3. The HF concentration increases with decreasing water feed rate.

4. The 5i02 content of the condensed HF product does not exceed 1.8 per
cent of the fluoride content, and is usually much lower.

The conclusion of the survey of processes for HF production from phosphate

rock is that they are still in the early stages of development. It will probably

take decades before such processes can be de~veloped into a full scale production.

HF manufacturing e from spar will probably remain the most economical process

for years to come.
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6.0 EHISSION SOURCES AX!) RATES IN rtF PRODUCTION A.."ID MAJ.'W'FACTURING

6.1 Sources and ~ature of Point Source and Fugitive Emissions

There are very few sources of air emissions in a HF manufacturing plant.

The major sources and pollutants can be divided into three categories:

1. Spar drying and handling

Spar is received by barges and tank cars and is unloaded into stor
age areas or silos. In addition to the main storage si10(s), most
plants have a separate spar use silo which normally contains one
day's supply. Spar unloading results in fugitive emissions which can
be substantial under windy conditions. If spar is stored outdoors
in a stack, this is a potential source of fugitive emissions.

The main emission of spar occurs during the spar drying. The gas
volumetric flow rate from the dryer is in the order of 2,000-13,000
ACFM. The emission consists of spar as a fine particulate and com
bustion gases since the rotary kiln dryers are most frequently inter
nally fired. Both natural gas and No. 2 fuel oil are used for firing
so that S02, NO x ' and CO can be_present in the emission stream. The
e:TIissions from the dryer are controlled ~vith bag filters; only one
plant uses a high energy Venturi scrubber. Dry spar is stored in
silo(s) which are, as a rule, also controlled with a bag filter,
frequently the sane one used for control of the dryer.

2. HF manufacturing

Almost all HF-producing facilitil~s have only one point source from
HF manufacturing (consisting of kiln and absorption train). Since
the potential pollutant HF is thl~ desired product, it is in the best
interest of the plant to recover all HF. Consequently, HF gas is
precooled, removed in refrigerant cooler, treated with sulfuric acid,
and finally scrubbed with water. The emissions in the tail gas (after
the fi:lal scrubber) contain small quantities of HF, SiF4, and 502.
The amounts of these compounds dl~pends on the process and its varia
tion.

a. Buss Process

In this process, a caustic scrubber is usually employed as a
final control step. Since fluosilicic acid is recovered in
this process, most of the S:i.Ft.. is remoV'~d before entering the
final scrubber. Caustic should have 99% efficiency in remov
ing HF.
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b. EPA Exemplary Process

7he process described as the EPA Exemplary Process uses different
scrubbi~g media in a final scrubber. Depending on whether the
scrubber liquid is acidic gypsum pond water, plain water or
caustic solution, the efficiency can vary from 70% to 99%. Since
fluosilicic acid is not, as a rule, recovered in this process,
SiF4 may be a major pollutant. The emissions might be parti
cularly high when acid scrubbing is used and when spar contains
high percentages of 5i02 (over 0.5%) The tail gas volumetric
flow rate in this process is smaller than in the Buss Process
and runs in the order of hundreds of ACFM. A typical tail gas
exhaust stack is shown in l:gure 6-1. There is a possibility
of HF emissions from acidic pond water; this will be discussed
under water pollution in Section 6.4. The emissions from spar
handling and drying are similar to those trom cne tiuSS ~rocess.

c. A1F3 ~~nufacturing Process

There is no tail gas in this process if all HF is used for AIF3
production in a fluidized bed reactor. When HF isolation is
used, emissions are similar to those from the Exemplary Process.
Spar handling and drJing emissions are similar to those described
for the other processes.

d. Patented Process

In this process the tail gas is scrubbed with limed water, so
low HF emissions are expected. SiF4 emissions could be high
since fluosilicic acid is not recovered. 502 content in the
tail gas could be high because of S02 evolution in the reactor.
Spar handling and drying emissions do not vary from the other
processes.

In addition to tail gases, reaction kilns are potential sources of HF

emissions. ~o~ally the kiln operates under n~~tive pressure but, under upset

conditions caused by a plugged absorption train or incorrect spar-H2S04 ratio,

it can enit HF. ~any plants have an emergency scrubber or a bypass to the final

scrubber which is operated under upset conditions.

:I. HF Handli:lg and Other Fugiti'J'e Sources

Almost all liP isolated in manufacturing is in the anhydrous form. If
7O~~ is the des:' red product. it is ob tained by mixing anhydrous HF ~';l t.:.
water. The liF emissions from this source are frequently controlled by
a wet scrubber using pure water as a scrubbing liquid.
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Anhydrous and aqueous HF is store.d in the storage vessels and trans
ferred to tank cars or trucks for transportation. If not properly
controlled, the loading process i.s a possible source of fugitive
emissions. At least one plant wa.s found where this was a major source
of intermittent HF emissions causing complaints from the neighbors.

Leaks throughout the HF plant can. be another source of fugitive
emissions caused by the corrosive: nature of HF. HF plants have an
unusually high ratio of maintenan.ce to operating personnel and good
maintenance was pointed out as a key to successful HF manufacturing.

A significant unknown in HF plant ?tr emissions is the gypsum pond.
In cases when pond liquid is acidic, it could be a source of fugitive
HF and SiF 4 emissions.

6.2 Controlled and Uncontrolled Emission Rates

As a first step in the determination of emission rates from HF manufactur-

ing, TRe obtained printouts for all eleven HF manufacturing facilities in the

~ational Emission Data System (~EDS) and the Compliance Data System (CDS). Both

computerized data bases were of little help in this project. NEDS contains

little quantitative data most of which is out of date and unreliable. Most

quantitative information is listed as confidential and cannot be presented in

this report. CDS contained no quantitative information.

Figure 6-21 sho,.s a schematic of HF manufacturing indicating major emission

streams and emission rates. This process model assumes that the only HF fluoride

emission stream is tail gas. No spar emissions from the dryers have been esti-

mated in this model but another study 5 indicates that maximum emissions after

control would not exceed 20 lb!ton. The ~ission factor ranking shown in

Table 6-·1 is relativelv low indicating that these factors must be considered

questiorlabIe .
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TABLE 6-1

DfISSION FACTOR RA..'n<ING FOR HYDROFLUORIC ACID 4

Emission Data

0-20

3

Process Data

0-10

5

Engineering Analysis

0-10

3
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The soluble fluoride emission evaluation factor is 52 lb F/ton HF. It

must b€~ mentioned here that there are problems in evaluating fluoride emissions

by avai.lable sampling methods. If Method 13 is used as a means of determining

fluoride emissions, both gaseous and solid fluorides would be measured. It

appears that any evaluation of fluoride emissions should also include the spar

stream.

Fi.gure 6-3 shows the controlled process model in which the tail gas is

scrubbed. The soluble fluoride emission is estimated to be 4.1 lb F/ton HF.

Fugitive emissions have not been est~nated but indications are they might

be high. The State of Louisiana regulatory agency Emission Inventory Question

naire shows that fluoride fugitive emissions are of the same order of magnitude

as controlled ones. One indication of fugitive emissions is ambient fluoride

concentration. The Texas Air Control Board sampled HF property line ground

levels at one location and discovered that plant downwind HF concentration is

2-10 ppb higher than upwind.

6.3 Annual Emission Rates and Plant Inventories

Table 6-2 shows the annual estimated soluble fluoride emissions from HF

production. The basis for calculations is available emission factors and an

expected annual growth rate of 6%. This projected growth rate is undoubtedly

much too high since the production capacity for 1977 is about the same as it

was in 1970. The projected production for the year 1982 obtained from industry

shows that no growth is expected.

Table 6-3 shows the emission invento~1 for HF manufacturing plants. An

attem?t was ~de to develop emission factors based on a plant's emission inven

tory but data are too scarce, variable, and are too unreliable to draw valuable

conclusions.
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TABLE 6-2

SOLUBLE FLUORIDE ENISSIONS FROM HF PRODUCTION 1
CSased upon a 6% annual growth factor)

1970 2000

liF Prc)duction
(106 tons/year) o. 31~ 2.60

Soluble Fluoride
Evo.lut:ion Factor 52 j2
(lb F/ton liF)

Soluble Fluoride
E:nission Factor 4.1 4.1
Olith Current Practi~e

(lb F/ton HF)

Soluble Fluoride
Emissi.on Factor TN·i th 0.52
99% Centrol
(lb F/ton liF)

Soluble Fluoride
Evolution 8.84 67.6
(10 3 tons F!year)

Soluble Fluoride
Emission ~Ni th 0.70 5.33
Current Practice
(10 3 ton F/year)

Soluble Fluoride
E:nission '..lith 0.68
991: Control
10 3 ton F/year)
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In conclusion, an emission of 20 lb/ton of spar is realistic and in line

with findings during plant visits and contacts with the industry. An emission

of 4 lb/ton of soluble fluorides also appears to be realistic.

6.4 ~psum Pond Emissions

Host HF manufacturers slurry anhydritE~ and transfer it to gypsum ponds. The

gypsum ponds have been investigated in the phosphate fertilizer industry and

were found to be a significant source of fluoride emissions and a source of radio

active isotopes which can be leached into aquifers. Figure 6-4 shows the waste

water recycling used in an EPA Exemplary Plant6 where all process and scrubber

wastewaters are recycled. The waters used to slurry and remove anhydrite and

scrubber water are fed to a pond system after being treated with caustic or soda

ash and lime to precipitate fluorides and adjust the pH. In the pond system,

the insolubles are settled out and waters clre then reused.

Table 6-4 shows waste products from H!~ manufacturing at the Exemplary Plant.

Only cooling water is discharged from this facility. Neutralization of sulfuric

and hydrofluoric acid wastes with lime, followed by removal of precipitated

CaS04 and CaF2 in settling ponds, reduces fluorides to 18 mg/l and calcium sul

fate to approximately 2,000 mg/l in treated water streams. Lime treatment of

the isolated wastes and settling pond remo,ral of precipitate reduces the fluor

ine content of this small stream to approximately 10 mg/l. No fluoride emission

is expe<:ted from the gypsum ponds which are~ neutralized to pH 6-7. However,

contacts with HF !!'.anufacturing plants indicates that some ponds have a pH of

1. In that case, HF and SiF4 emission is possible. Measurement of fluoride

enission rate is recommended.
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TABLE 6-4

WASTE PRODUCTS FROM HF HANUFACTURING Pwu~TS 6

(Based on Estimates for the E?A Exemplary Plant)

';.]aste Product
Product

1. CaSOl+
2. H2 S04
3. CaFz
4. HF
5. HzSiF6
6. Si02
7. S02,
8. HF

Process Source

Kiln (reactor)
Kiln (reactor)
Kiln (reactor)
Kiln (reactor)
Scrubber
Kiln (reactor)
Scrubber
Scrubber

Avg. kg/kkg (lb/con)

3,620 (7,240)
110 (220)

63 (126)
1.5 (3)

12.5 (25)
12.5 (25)

5 (10)
1 (2)

Total Quant.ity
cu m/day (gpd) l/kk3(gal/con) Recycled

Cooling
(river water)

Slurry and
Scrubber

3,270 (864,000)

3,270 (864,000)

90,140 (21,600)

90,140 (21,600)
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7.0 CONTROL OF 81ISSIONS FROM HF ~WFACTURE

E:nissions from HF manufacture can be divided into three categories:

1. Particulate emissions from spar handling and drying

2. Gaseous emissions from the HF absorption train (tail gas)

3. Fugitive emissions from process, HF loading, and gypsum pond.

7.1 Particulate Emission Control

The largest source of particulate emission in HF manufacture is the spar

dryer. The secondary sources of spar are storage silos and transport of solid

materials. These emissions can be controlled with wet or dry gas cleaning

devices. Table 7-1 shows the advantages and disadvantages of both methods as

applied to a broad range of particulate matter.

Out of 9 plants, 8 are using the d~y method applying cyclones and bag-

houses. A typical baghouse used in a HF manufacturing plant is shown in Fig-

gure 7--1.

Figure 7-2 shows a typical baghouse with pulsed air cleaning frequently

used in spar emission control.

In selecting the baghouse for spar control, the major parameter is air to

cloth ratio.

Fj~gure 7-3 shows a kiln venturi scrubber system similar to one that can be

used OIl a spar dryer. In the selection of the wet scrubber for particulate

control, one should consider the following factors 4 :

1.. Particulate characteristics: physico-chemical properties

2. Carrier gas characteristics: temperature, pressure, humidity, etc.

3.. Process factors: gas flow rate, particulate concentration, pressure
drop, etc.

4. Opera~ional factors: floor space, materials of construction.
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TABLE 7-1

ADVANTAGES &DISADVANTAGES OF WET &DRY AIR &GAS CLEANING DEVICESl

.:'..D'JANTAGES:

DRY WET

l. Recover product dry l. Gases &particles col-
lected together

2. Freedom from corrosion
2. Soluble materials may

3. Less storage capacity be readily collected
required for waste

3. High temperature gases
4. Insoluble materials> 0.05 ~m cooled

may be collected with high
efficiency 4. Corrosive gases and mists

may be neutralized
5. Recirculation of treated gas

may be possible if the gas 5. Eliminate fire or explo-
is resoirable. sion hazard.

DISADVANTAGES:

DRY-
1. Hygroscopic materials may

cake

2. Dust exposure to mainten
ance personnel

3. High temperature; costly
construction

4. Not tolerate acids or cor
rosive mists

5. Secondary dust disposal
problem

WET

1- May require recrystalli-
zation for soluble parti-
cles

2. Easily pumped but may need
sludge pond

3. Dissoluble particle recovery
requires liquid filter

4. Particles < l~m not easily
collected

5. Freezing problems

6. Liquid entrainment in effl u-
ent frequent problem

7. Cleaned air may not be
suitable for recirculation.
high dewpoin~ causes condi-
tion.
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Figure 1-2: T}1':'cal BaghotLse ......ith ?ul.sed Air Claan:i:lg 1
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Figure 7-4 shows the relationship between collection efficiency and

-
particl~ size in Venturi scrubber.

On.iy one HF manufacturing plant uses a high energy Venturi scrubber for

spar c.ontrol.

The review of control technology for spar emission shows that best control

technc1logy is the use of fabric filters. The efficiency of fabric filters used in

spar control is about 99%. A high energy venturi with a pressure drop of 20-40

in WG would have a comparable efficiency. The drawback of scrubbers is that they

do not recover spar in usable form and cr~aate wastewater problems.

7.2 Gaseous Emission Control

The major source of gaseous emission from HF manufacture is tail gas from

the absorption train. The major pollutan1:s are HF, SiF4 and 8°2. The best

technique for control of these gaseous pollutants is absorption.

The absorption of tail gas is usually accomplished in a packed tower

shown in Figure 7-5. The tail gas is contacted with scrubbing liquid in a

counter current fashion. To increase the mass transfer the tower is filled

".rith packing. The gas on its way from bulk gas to bulk liquid and to final

elimination has to overcome three resistances 5 :

1. Diffusion through gas phase filcl
2. Diffusion through liquid phase film
3. Chemical reaction rate.

Anyone or a combination of the three resistances can be the rate controlling

step. Because of the great solubility of HF and SiF4 in water, the gas film

resistance would be expected to be controlling.
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In such cases and with packed towers, it is usually found thato:

Kg " GO.S

wnere Kga = mass transfer coefficient, lb moles/(hr)(cu ft)(atm)

G = gas mass flow rate. lb m4:>les/(hr)(sq ft)

Therefore,

~I
°T

where NT = number of transfer units

Z = tower height, ft

Thus, the number of transfer units obtainable would be controlled by the height

of the tower. However, the number of transfer units usually increases as the

liquid mass flow rate is increased.

Table 7-2 shows HF absorption data in various wet scrubbers. 6 An import-

ant consideration in pollutant removal is the performance of equipment. It

is sometimes difficult to compare the performance of two basically different

types of equipment in terms of mass flow l~ates. height of transfer unit or

mass transfer coefficients. The perfo~at1ce of equipment has been studied in

terms of the number of transfer units. TIle effect of liquid and gas flow rates

is expressed in terms of theoretical power consumed per unit of gas flow rate,

as Fower consumption as such is usually of more economic concern than liquid or

gas mass flow rate. Such relations are mainly a matter of convenience and do

not necessarily have a theoretical basis. Figure 7-6, 7-7 and 7-8 6 show the

relationship between number of transfer units and power consumption in absorp-

tion of HF, SiF4 , and 502'
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'L1Ulc 7-1: HyJrogen Fluoride Absorpliull Data
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The absorption of sulfur dioxide is analogous in many respects to the

absorption of gaseous fluorides, and the relative performance of equipment

should be similar. It was shown that the number of transfer units obtainable

on grid towers is controlled principally by tower height and is only slight

ly affected by power expended on the liquid and gas phases. The performance

of cyclone spray scrubbers is primarily a function of power expended in the

liquid phase and is essentially independent of the power expenditure in the

gas phase. Performance of Venturi scrubbers, on the other hand, depends

largely on the power expended in the gas phase but is slightly affected by

liquid power expenditure. These results are useful in characterizing the

dominant factors i~ the performance of E!quipment used in the absorption of

gaseous fluorides.

Nearly all usable data from the absorption of hydrogen fluoride are based

upon application of spray towers. The performance of this equipment appears

to be dominated by the power expended on the liquid phase, as was the case with

the cyclone scrubber. Significant diffe~rences in performance among the various

spray towers in use were found. i\Tet-cell washers require a higher power con

sumption than simple spray towers with the same performance.

The perfortlance of spray towers absorbing silicon tetrafluoride is not

consistent with simple gas absorption. One possible explanation is that

mists are formed in the tower, which are collected primarily in the entrain

ment separators just prior to emergence from the tower. The mist is probably

rathE!r coarse, however, because high-po..·er consuming devices such as jet

scrubbers do not exhibit substantially better performance than the low

?ower-consumi~g spray towers.



In an HF manufacturing plant, the packed tower is most frequently used for

emission control.

One important factor in packed tower design is the type and size of pack-

ir.g since it determines the efficiency, pressure drop, and flow rates at which

the flooding will occur. In the air pollution control application of the

packed tower, rather low concentration of g~3es in the air stream are usually

encountered. Tnerefore, there is generally no need for a higher liquid flow

rate than that required for complete irrigation.

The quantities which are ordinarily fixed before a packed tower is de-

signed are:

1. Volumetric air flow rate, composition and temperature of
entering gas.

2. Composition and temperature of entering liquid (but not
flow rate).

3. Pressure.

4. Heat gain or loss.

Under these circumstances, it can be shown that the principal variables

still remaining are:

1. The liquid flow rate (or liquid/gas ratio).

2. Height of packing (retention timE!).

3. The fractional absorption of anyone component.

Any two of these last, but not all three, may be arbitrarily f L"{ed by

a given design. The fractional absorptioIl of HF, SiF 4 , and S02 depends on

the liquid used in the packed tower. ThrE!e types of liquid are used in the
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HF industry: acidic gypsum pond water, neutral plant water, and an alkaline

liquor containing lime or caustic. The efficiency of the equipment depends on

the choice of scrubbing liquid. There are no reliable data on fluoride removal

efficiency but it appears that acidic liquid would have an efficiency of 60 to

90%, neutral water about 90%, and caustic up to 99%. Consequently, a packed

tower with about 5 transfer units and an alkaline scrubbing liquid with a pH

of about 10-11 presents the best available control technology.



7.3 Fugitive Emission Control

The major source of fugitive spar emission is usually the spar pile. Under

windy conditions, spar can become airborne and drift beyond the plant property

line especially when the pile is being worked. The best control for spar emis

sion is to keep it in a storage building or silos. Less effective techniques

are to cover the pile with a tarp or use dtlSt suppressing chemicals. Fugitive

emissions of spar in plant transport are bE~st-controlled by baghouses. The

conveyor lines should be kept under negati're pressure to prevent emission.

The reactor kiln is under 1/2 to 1 in., wg negative pressure under normal

operating conditions. Under upset conditions, the kiln can become a source

of concentrated HY emissions. }fust plants practice one of twc control alter

natives. The first is to have a standby scrubber connected to a kiln. The

scrubber is usually a packed bed with caustic as a scrubbing liquid. The gas

stream is separated from the scrubber by a rupture disc which is ruptured man

ually ill case of emergency. Some plants ha,ve a provision to short-circuit the

absorption train and go directly to the final scrubber in case of emergency.

The standby scrubber is a better concept and represents the best available

technology. Only 2 or 3 plants have no provision to control kiln fugitive

emissions. Most of the gypsum ponds used i.n HF manufacture are either

neutralized with lime or have an excess of lime resulting in a pond pH of

10-11. A few plants have acidic ponds with a pH of 1 which can be a source

of HY and SiF4 emission. The best method for control of acidic ponds is liming.

Once the pH of pond water is brought to 5-7, no fluoride emissions are expected.

The second alternative is to use dry anhydrite treatment similar to the Buss

Process ..
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Another source of HF fugitive emissimls is tank car loading and unloading.

Figure 7-9 shows the emission control during tank car unloading. At least one

plant is known to have HF fugitive emission problems during tank car loading/

unloadi.ng.

7.4 Summary of Best Control Technology

There is no one single plant that uses the best control technology on all

emissicln sources. Some plants have better control on one source; some on another.

It appears that implementation of New Sour,ce Performance Standards would result

in equalizing control efforts throughout industry. Table 7-3·summarizes the

best a,railable control technology for HF manufacturing plants. Since fluoride

is not a criteria pollutant NSPS would make it a designate pollutant and

regulat:ion would apply to existing facilities. If the best control technology

were practiced in all plants the overall fluoride emissions would be reduced

by 20-30%.
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TABLE ]·-3

BEST CONTROL TECHNOLOGY IN HF MANUFACTURE

Source: Pollutant Control Equipment Efficiency
%

Spar d.ryer Spar Fabric filter 99
particulate

Spar handling Spar Storage building or silo 99
and storage fugitive plus fabric filter

Tail gas HF, SiF4, S02 Caustic scrubber 99

Kiln upset HF, SiF4, S02 Caustic scrubber 90

Gypsum pond HF, SiF 4 :Liming 99+
if acidic

HF loa.dingl HF :MCA* Procedure 99+
unloading

HF dilution HF Caustic scrubber 99

*MCA - Manufacturing Chemists Association
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8.0 STATE AND LOCAL ElISSION REGULATIONS

The following sections discuss the state and local regulations

applicable to HF manufacturing and summarize these regulations. The

values in this section are given in the units that appear in the regulations.

8.1 ,?ummary Of Applicable Emission Regulations

Although hydrofluoric acid manufactu:ring is regulated under the

permit and particulate regulations of the states where operations exist,

no states have adopted regulations which specifically address HF production.

Rather, states treat HF manufacturing as il process industry for purposes

of air pollution control regulations. As such, eight types of control

requirements apply depending upon the particular jurisdiction:

1. General process weight limitati()Us, typically using the following
equation:

E = 4.10 (p)0.67 where P < 30 t()Us/hr

E = [55.0 (p)O.ll] - 40 where P > 30 tons/hr

wnere

E represents allowable emission rate (lb/hr) and P represents
process weight rate (tons/hr)

2. i1ass particulate emissions limitations. These are generally
expressed in terms of allowable grains or pounds of particu
late per standard cubic foot.

3.. Control efficiency limitations. The States of Ohio and New
Jersey use this approach.

4. Control based upon the stack gas flow rate. Texas uses this
type of regulation.

5. Visible e~issions limitations. These are applicable in
virtually all states studied.
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6. Fugitive emissions limitations. These apply in most states
studied.

7. Ambient and emissions limitatiom; for fluorides. These apply
in three of the states covered b:r this study: Kentucky,
Louisiana, and Texas.

8. "Catch-all" provisions. A number of states have such provi
sions which are intended to cont1~01 toxic or hazardous emis
sions on a case-by-case basis.

The conclusion drawn from this analysis of State regulations is that

process weight: and/or fluoride emissions sl:andards apply to HF manufacturing

in virtually all states where operations exist. The level of enforcement of

these regulations is moderate and no State agency indicated that emissions

from this industry was a top agency priority.

8.2 List of Regulations Applicable to thE~ Hydrofluoric Acid
Manufacturing Industry

Tables 8-1 through 8-9 present the State and local regulations on parti-

culate emissions, process weights, visiblE~ emissions, fugitive emissions,

fluoride standards, and other related areclS. Table 8-10 summaries the state

regulations on allowable fluoride emission.
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. U=UNCONTROLED ~~s RATE OF EMISSION 1b/hr

NOTE: AFTER JULY 1, 1975, CURVE P-l APPLIES IN ALL CASES
WHERE THIS REQUIRE11ENj IS DEEMED APPLICABLE.

Figure 8-1: Ohio Collector Efficiency Curve4
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E = EFFLUENT GAS VOLUME. dry scfm

7:;15 GRA?H TAANSL~TE:S AS FOLLOWS:

(i) 0.04 GKAINS PER DRY STANDARD CUBIC FOOT.
wHEN THE EFFLUENT GAS VOLUME IS LESS THAN
150,000 DRY STANDARD CUBIC FEET PER MINUTE:.
(ii) THE RATE DETERMINED :3Y THE FORMULA:
A =6000E-1, WHE?£:

A = ALLOWABLE EMISSIONS IN GRAINS PER DRY
STANDARD CUSIG FOOT, AND
E = EFFLUENt GAS VOLUME IN DRY StANDARD P:K
CUSIC F~~ PER MINUtE,
WHEN E IS EQUAL TO OR GR8~TER THAN 150,000
BUT LESS T~AN 300,000.
(iii) 0.02 GRAINS PER DRY STANDARD CUBIC
FOOT, W~EN THE EFFLUENT GAS VOLUME IS
GREATER THAN 300,800 DRY STANDARD CUBIC
FE~ PER MINUTE.

Figlire 8-2: P~nnsyl'n:nia Allowable Emissions Curve
for Sources ~ot Listed i:J. Section 123.136
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Effluen~ now Ra.~e

acfm

1,000

2,000

4,000

6,000

8,000

10,000

20,000

40,000

60,000

80,000

100,000

200,000

400,000

600,000

800,000

1,000,000

Ra~e of Emission

Ib/hr

3.5

5.3

8.2

10.6

12.6

14.5

22.3

34.2

44.0

52.6

60.4

92.9

143.0

184.0

219.4

252.0

In~e...~ola~ion and ext:rapola~i.011 of the dat:a in ~his t:~~le shall be
accomplished by the use of ~he equa~1on E • 0.048 qQ. vhere E is
t:he allowable e:ission rate in Ib/hr and q is the stack effluent
f1,ow Tate in ach.

Figure 8-3: Texas Allowable Particulate Emission
Rates for Specific Flow Rates 7
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a. th. IClud d.c1area that conc.ntl'atlun. 01 a.aeoua Inoraantc fluoride
c...."ound. I" th. u ....ph.. r •• calculatad aa UF, In e.ce'a 01,

4.S ppb tor .ny U-hour pula"
1. S ppb for .ny 24-ho.. r period
2.0 pl'b for any l-day per 10"
1.0 ppb 101 .0' lO-d.y p.rlad

Th••••1.'111 .llovabla fluorld•••Ie.lon rate which .a, be a.d. Ir••
I u.ek on ... prop.rty to coaply vlth ch. emlaelon U .. tt .. t lorth III thle
"aulatlon .., b. calclilared b, Sliteon'. t:qu4Uoll vhlch h.. baea aodUI."
to conelder the cl'ltlcel vlnd epe." and 'to corre.pon" Co e J-hour air
'''1'1.. The aquattone ..eed fol' fluoride tor cold an" I~t ecacka .1'.1

I. rol' •• It atack aa. for te.p.l'atur... of l ••e than 12S deara.e r.

Qe ...laston ru. lbel/.r.
Y•••tack exit velocity. fc/.ec.
d•• e.lt .caek dl.d.t.r. ft.
h•• phydcll .tack h.I,"e, ft.

(Se. Gra"h I.)

b.

by vol ..... at 160 _ lIa and 2S da,ra•• C av.u.e conatllute undeell'
.bla lev.l •• vh.. thar tha eoureee era fro.. natural ,au••e or frOta the
.ctlvltt... of ••n••nd th.t ••t.te 01 .11' pollution e.tet. vh.n con
ca"tratlons 01 an, ,,,.el)u. Inor,enlc Iluorld. cOIDpound. c.lcul.ced a.
IIF, exc.... a"y of tha.a level••

Th. loerd lunher decluo. tbac concentntlu". 01 Inoraan'c fluortde
co_pou"da In loug. locat.d In a t,p. D la"d "" area, Includlna In
or8.u(e Iluoride co..pound. both eb.orbcd (n and dcpo.lc." on loraa••
calclliated aa Iluorld. (on, In ••c••a of .ny of the lollovlna level.
I"d'c.u the pteaeuca 01 undulubla leveh In th. erea In which the
lor8g. I••1'00lIl, vhethel' tha aourc•••ra Iro.. natural c.uaee or fr_
th. ectlvltla. 01 a.n. and that e ataU 01 all' pollution ••hu vhen
concentullon. of Inor.anlc fluorld. c_,'ollnd., calculeted aa fluorld.
Jun, uceed '"y of the apectlled levelel

(a) All land u'a type.

Qa • S.I • 10-SY 01 J• •

IIh.r.1

__---'-I

[::J --09

ror edt .cack .e. for t_p.raturu ar..ter t"an US de,ree. f,

Qe ...Iaeloo rete. lila/hr •
Y•••clck e.lc Yeloclt,. fc/.ec.
d•• ealt .tack dl..ater. ft.
h•• phydcal .teck .......c. ft.

AT • t_perecura dltferaue.. betweeo atack 8111 and the ....t
door ce.pereturu of 90·P. (5\0·&) Ie auuaod In pre
parln. dl.perelon 11"1'""

T•• 'Ceclt a.lt te.rer.ture Jn ·'.nkln••

I
CO
CO
I

(I) An evera.e of 40 parc. per _Ill loft by ... Ia"t b.aed Oft ea.pl••
taken one•• aonth over a pertod of 12 conaecuclv. c.lend.r
aunth•• or

(2) An .ver••e of 60 part. per .Ililon by wllaht ba.... on •••ple.
taken ollce a IIOnth over a p.rlod of thl'e, conaecuch. c.lendar
AlOnthsl or

(1) An ~v.tal. of 80 p•• ta par atillon b, wet,lit b•••d On •••pl••
t.ken once • .anth OVlr I p.rlod 01 tuo con.ecutlYe c.lendlr
• onthe.

To ••• Iat In a.ecln, thl ...blent air quality .tlndard., chI 1011'''

h.reby eaublhhea e 1I.It on the ..1..lon of ....ou. Inorlanlc fluorld.
cOIIIpo',nd•• calculaud a. Dr. "hlch .., be .ade fro••n, proput, not til
e.ce.d 6 p.rt. p.1' billion b, vol.... Qyer.,. durlnl a period ot ) conllCU
ttv. hour.. Th. contribution ot Inora.olc fluor'dl co.pounda by I
Iinah propeuy .hall lie ....ure. by the .Ufhrellc. b.twlUIn lhe upvlnd
level and the dowu.. lnd level of looraa.le fluoride co..pound. for chi
properly. or b, .cack .~plln. c.lcul.ted Co a downwind concentretlon.

2.

(a) All lend type.

Q•• 1.21 • IO-~V d• •

vheral

f·, •0.82 (~:) d. h.J

Figure a-5:

(S.e Craph 2.)

Texas Fluoride Standards
(Key Excerpts from Regulation III) 7
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TABLE 8-10

Sm~L~Y OF STATE REGLLATION ON ALLOWABLE FLUORIDE EMISSIONS

ALLOwABLE E}!ISSION ~~TE

4.10 (p)0.67

4.10(C)~i67 P < 30 tons/hr
l55(P)' -40 P ~ 30 tons/hr

Same as Above

~o

No

No

Yes

STA:.~DARDS '

I

A; ~o.....ol.
~~uu,).

"i1{e

:b•. ;:.., ~.r.!

a....4 ~n

~ v~.:,u..,.

;)~r ~C::l

i"urc. " ••
."'.;~" :101'11

iOlUelit

(S".cd.ara '::1.
::, ;J.r :'!lIUI.'

..It. 4:.J.... 01.
e''Ill''.IO.

~.t.

:l:l •. ~rv.j
.e•••d oa
~9"'". ,di
-:ler.:c·, JC
~~ll.c::OIllI

P"'fl'rt: .. l
.... 11l.1'~ IU.
:ro. soW'cs

:>perauon
,~bll. ~... hr. I

S~~ATE CO)!PANY 1 LOCATION

Cal:'::ornia Allied i Pittsburg
(Bay Area)

I

!

! Kentucky Penwalt Calvert City

Louisiana Allied/ Baton Rouge/
Kaiser Geismar/Gramercy

~e~J Jersey essex Paulsboro

Yes*

!O or ~... 01] 5 ~.·j()O cr :ha ) 5
~t'O JLJ ,oj. vel'} ( J

:000 .0.1 J~. ~C9 ') J

i ;~~~ ,., ~..t., ;~:g l:~'~ ~; ~
r-'----~-----~---------_+--------.;..;7'.;..'-'"iJ-') _"..:."_"_:."_...;.;O~_' + ---j

1. Ohio I' Harshaw Cleveland 4 .10 (P ~i
67

P < 30 tons/hr
I l53(P) • -40 P ~ 30 tons/hr
j

Allied ~rcus Hook 0.02 to 0.04 grams per dry
SCF depending upon the

effluent gas valume
Yes

Texas Alcoa/
Dupont/

Stauffer

Point Comfort/
La Porte/

Green Bayou

E = 0.048 q 0.62 '..,here "E"
is the allowable emission
rate in lbs/hr and "q" is

the stack effluent flow rate
in ACFM

Yes*'"

""",,s t

, Virginia
Allied Nitro No applicable process we.

limitations
No

*The City of Cleveland has regulations for HF operations phrased in terms of pounds
of HF per :OGe of product nanufactured, blended or stored. For manufacturing the limit
is 0.4 los HF/to:1 of antydrous HF produced. The limits for blending and scorage are 0.15
a:1d 0.45 Ibs HF/ton HF blended or stored, respectively.

**See Tables 8-3 through 3-5.
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8.3 Definition of Plant Modification

The Clean Air Act defines a llmodifica'tion" as

" ....•. any physical change in, or change in the method
of operation of, a stationa:ry source which increases
the amount of any air pollutant emitted by such source
or '.which results in the emission of any air pollutant
not previ.ously emitted. (HOD (a) (4)).

EPA NSPS regulations (40 CFR 60) implement the modification concept by

narrowing its applicability to specific facilities within an entire source. As

such, the regulations define a modificatio1rl as any physical or operational

change to an existing' facility which resul'ts in an increase in the emission rate

of any pollutant covered by a new source performance standard.

Typical examples of a modification within an HF plant would be:

1. Use of different packing in the scrubber.

2. Change in liquid to gas ratio in the scrubber.

3. Higher H2S04 to spar ratio.

The determination of whether a physic.al or operational change will

increase the emission rate is based, wherever possible, on AP-42 emission

factors. However, where AP-42 factors do J:lot yield a clear-cut answer,

material balances, continuous monitoring data or manual emission tests must

be employed. In cases where emission rate changes are difficult to determine

or where industry-specific guidance is necl~ssary the Administrator has

the authority to promulgate industry-specific definitions of what constitutes

a ~odification for any particular facility in that industry. Regardless of

the definition or ::!.e:t:hod employed, however., compliance with all applicable

?erformance standards must be achieved within 180 days after completion of

the modification.
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l:nder EPA regulations, a modification was not deemed to occur if the

sourcE~ owner was able to offset an emission rate increase by reducing emissions

elsewhere within the plant. This bubble concept allows a plant operator ~vho

altered an existing facility in a way tha't increased its emissions to avoid

application of the standards by decreasing emissions from other facilities

within the plant. This concept was rejecl:ed in the recent case of ASARCO. INC.

v. EPA 11 ERC 1129 (D.C C.R., 1978) and ~'A is currently in the process of

removing this provision from the regulaticlOs.

It should be pointed out that the modification section of the NSPS regulations

specifically exempt several types of acti,rities including:

1. Routine maintenance, repair or replacement;

2" An increase in production rate a.ccomplished without a capital
expenditure;

3.. An increase in the hours of operation;

4., Use of an alternative fuel or raw material if, prior to the date
any standard under the part becomes applicable to that source type,
as provided by s60.l, the existing facility was designed to accom
modate that alternative use;

5. The addition or use of any system or device whose primary function
is the reduction of air pollutants. except when an emission control
system is removed or is replaced by a system which the Administrator
determines to be less environmentally beneficial;

6. The relocation or change in ownership of an existing facility.

-95-



8.4 References *

1.. Copy of applicable regulations sent from the Bay Area Air Pollution
Control District in San Francisco, California.

2.. Environment Reporter - State Air Laws, pp. 386:0501 et. seq.

3.. Environment Reporter - State Air Laws, pp. 391:0501 et. seq.

4.. Environment Reporter - State Air Laws, PP. 476:0501 - 476:0541

5. Copy of applicable regulations sent from the City of Cleveland

6. Environment Reporter - State Air Laws, pp. 491:0541 - 491:0741

7. Environment Reporter - State Air Laws, pp. 521:0521 - 521:0581

8. Environment Reporter - State Air Laws, pp. 546:0501 et. seq.

9. Environment Reporter - State Air Laws, pp. 451:0501 et. seq.

*~OTE _. All literature references were verified through the applicable state
and local air pollution control agencies.
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9.0 HF K~FACTURE EMISSION SOURCE S&~~LING ~~ ANALYSIS

There are three major groups of pollutants that can be encountered in

SF ma:aufac~ure.

Particulates, ?rioarily CaF2·

2. Fluorides, primarily flY and SiF4 .

3. Combustion related pollutants: SO , NO , and CO.x x

Table 9-1 presents a list of identifi~d pollutants in HE manufacture

and summarizes sampling and analysis techniques.

Determination of the emission rates is basically the same for all of the

potentially emitted pollutants. It is necessary to measure ~he concentration

of t~e pollutant by analyzing a sample which is representative of that in the

duct or stack and which is characteristic of normal process operating condi-

tions. It is also necessary to measure the volumetric flow rate of the gases

in thE: duct or stack at the time of sampling. The substance mass emission rate

is then calculated from the measured concentration and volumetric flow rate.

Tte following sections contain concise descriptions of the recommended

sampling and analysis methods for the emissions from the HY manufacturing

process. Not all methods have documented precision and accuracy and this

information is provided only as available in the literature or determined

by the contractor.
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TABLE 9-1 SA~LI~G k~D ANALYSIS TEC&~IQUES FOR THE EMISSIONS FOR HF

POLLUT.';:~'I

Particulate,
CaF2., CaS04,
fugitive
~i02, .C~C03
:tmpur:tt:tes.

Total Fluorides,
HF, SiF4

Sulfur dioxide
502

Car:,on Monoxide
CO

Xitn:>gen oxides
~Ox

SAMPLING TECHNIQUE

Isokinetic with
collection on glass
fiber filters. Methods
5 or 17.

Isokinetic with membrane
filter and impingers with
distilled water
Hethod 13.

Simplified Train

Remote sensing

Sampled at conSl:ant rate
through midget bubbler
containing isopropanol and
~idgec impingers co~taining

hydrogen peroxide.
~1ethod tl.

Integrated bag or
continuous

Grab sample collected into
evacuated flask containing
a dilute sulfuric acid
hydrogen peroxide absorbing
solution
Method 7.
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&~ALYSIS TECHNIQUE

Gravimetric Method
5 or 17.

SPADNS - Zirconium
Lake or specific
ion electrode.

SPADNS - Zirconium
Lake or specific
ion electrode.

Infrared absorption
and Emission Spectroscopy.

Barium-thori!:
filtration

NDIR (~on-dispersive

infra-red)

Colorimeteric using
phenoldisulfonic acid

(PD5) procedure.



9.1 Particulates

!'articulate emission rates can be mE~asured using the sampling and analy-

sis techniques specified by ~ethod 5 - Determination of Particulate Emissions .

from Stationary Sources l or ~ethod 17 - Determination of Particulate Emissions

from Stationary Sources (Instack Filtration :fethod) • 2 Sampling and analysis

procedures i.:l both methods are essentially the same, the only difference

being the location of the filter. Method) has a filter located outside the

stack and thus the sample stream temperature must be maintained above the con-

densation point. Diagrams of the sampling trains for Methods 5 and 17 are

presented in Figures 9-1 and 9-2, respecti.vely.

9.2 Total Fluorides

The fluorides emission from HF manufacture expected to be in gaseous

fon consist of HF and SiF4.

'The emission rates of total fluorides can be measured using the samp-

ling and analysis techniques specified in either Method 13 - Determination of

Total Fluoride Emissions from Stationary Sources - SPADNS Zirconium Lake

3
Method or Method 13 B - Dete~ination of Total Fluoride Emissions from Sta-

tionary Sources - Soecific Ion Electrode Method2 The sample collection 5y5-

te~ and technique are similar to those of Method 5 for particulate.

Upon completion of sampling, the filtE!r, impinger catch, probe wash and

impinger ~'ash are placed in a sample containE!r. The weight of total fluorides

collected is determined either by the SPADNS Zirconium Lake colorimetric ~ethod

or by a specific ion electrode. To obtain the emission rate, the weight of the

total fluorides is divided by the sample voll~e corrected to standard condi-

t:'ons and :nultiplied by the volumetric flow rate in the duct corrected to 5tan-

dard conditions.
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Analysis by the SPADNS Zirconium Lake c.olorimetric method of twenty repli

cate stack emission samples with a concentra.tion range of 39 to 360 mg/l resulted

in a relative standard deviation of 3 per cent. A phosphate rock standard with

a certified value of 3.84 per cent fluoride was measured to have an average value

of 3.88 percent fluoride based on 5 determin.ations. The accuracy of fluoride

electrode measured has been reported to be in :he range of 1 to 5 per cent in

the concentration range of 0.04 to 80 mgtl. The collection efficiency of

Method 13 sampling train is presented in reference 4.
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9.2.1 TRC's Experience with Fluoride Sampling and Analysis

At the end of August. 1977, TRC and EPA carried out the field program

at CF Industries plant near Bartow. Florida., The purpose of the program 'vas to

validate the ROSE (Remote Optical Sensing of Emission) for the measurement of

fluoride emission from the gypsum pond and to estimate the fluoride emission

::ate.

During the field program wet sampling/analysis was employed to determine

fluoride emission at various points around the gypsum pound. The schematic of

the sampling station is shown in Figure 9-3.

The results obtained during the field program were somewhat inconclusive

and some questions were raised about the applicability of the simplified sampling trai~.

Consequently, the calibration of the sampli'ng train and fluoride analysis was

carried out in controlled lab conditions to determine methods. precision and

accuracy.

The ROSE method is based on absorpotion of hydrogen fluoride (HF) in O.IN

aqueous solution of sodium hydroxide and subsequent spectrophotometric

determin;:ition of dissolved Euoride (using t:he SPADNS method). The experimental

arrangement is shown in Figure 9-4.

The experimental arrangeI:1ent incorporat:ed a dynamic dilution system in

which a stream of known concentration of HF was mixed with a stream of air

taken from outside the building. Mixing occurred in a 7.5 ft. long section

of a ?olyvinyl chloride duct 6 inches in diaI:leter. Air velocity in the duct

was 2,000 ft/min. The gases were absorbed ....·ith five impinger trains operated

simultaneously. Each impinger train consisted of two impingers in series

followed by a flow meter and a gas volume meter.

The influence of the following parameters on accuracy and precision

w·ere studied:
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Traverse Sanpli~g S~ation
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-sampling time (1 hr. to 2.5 hrs.)

-concentration of HF (50 ppb. 20 ppb)

-effect of inpinger type (Greenberg Smith, standard tip)

-effect of tubing used in train assembly (Tygon, polypropylene)

-length of tubing used in train assembly (Tygon. polypropylene)

-presence of ice around the impingers

-liquid volume in the impingers (100, 80, 60, 40 ml in the
first impinger, 100 ml in the second impinger)

-gas sampling rate through the 1train (21, 26. 36, 47 l/min)

Ibe maximum number of identical test:; was four, corresponding to four

sampling trains operating simultaneously under the same conditions. The basic

precision and accuracy of the method were determined in this way. Standard

deviation was calculated for each group of four tests. The error for each

group was expressed as a difference betwe~~n the HF concentration as analyzed

and the HF concentration as prepared. HF concentration as prepared was

considered the true concentration.

Standard deviation of the results for groups of four simultaneous

experiments ranged from 14% to 27%, with 18% as the average value. The

error ranged from l~; to 35%, with an average value of 18%, and was

positive for all the groups of experiments.

Differer.t sampling conditions were often used for each of the four

sinultaneously operating sampling trains. Ibis provided a faster way for

evaluation of the effect of individual sa~~ling variables on method accuracy

and precision. A variable was considered to have no effect when the

differ·ence between the concentration of HF as analyzed and as prepared were

within the experimental error.

T..Jithin experimental error, none of the variables investigated in this

study IN'aS found to have an effect on the aLccuracy and precision of the

method.

-106-



Over 90% (most frequently close to 100%) of the total HF absorbed in

trains was absorbed in the first impinger whenever the initial liquid volume

in the first impinger was above 40 mls. The only exception was noted when

the sampling rate through the impingers was reduced to 21 l/min. Then

81% HF was absorbed in the first impinger. These preliminary results thus

indicate that a reduction in sampling rate may reduce absorption efficiency

?robably due to less intense turbulence.

The conclusion of this study is that a simplified sampling train can be

used for relatively simple and reasonably reliable determination of fluorides.

It is recommended for field work when high accuracy is not required and the

emission stream contains only gaseous fluorides.
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9.2.2 Remote Sensing of Fluoride Emissions

During recent years, EPA IS EnvironmentcLl Sciences Research Laboratory

at Research Triangle Park (ESRL!RTP) has beEm developing remote sensing tech-

niques for gaseous pollutants. In the course of the measurement of fluoride

emissions for a gypsum pond, described in SE~ction 9.2.1, the ROSE System was

used for identification of the fluoride species evolving from the pond. The

major ad'vantages of the ROSE System over wet sampling/analysis areS:

a. It gives a long path (up to 1 km) average concentra
tion. This makes it a perfE~ct tool for fugitive
emission measurement.

h. It provides practically real time measurement requir
ing no sample handling.

c. It can distinguish between ElF and SiFI+.

ROSE is a high-resolution IR spectrometer system. It utilizes a Fourier-

transform interferometer to cover the 1.7-15 micron spectral region. This

system has been installed in a van and can be used in the long-path absorption

mode with a remote light source, or in a single-ended mode to observe emission

signals from gases at elevated temperatures. All components necessary to ob-

tain plotted spectra in the field are contai.ned in a van. 6

The cain parts of the ROSE System are shown in Figure 9-5.

For absorption ~easurements over paths up to several kilometers, a Dall-

Kirkham f/5 telescope with a 30 cm diameter primary mirror is used to colli-

mate energy from a light source. Originally, a 15000K blackbody was used as

the sourc:e. Presently, a 1000 watt quartz-i.odine lamp, which provides sig-

nificantly more energy in the near IR and ne:arly as much energy in the middle

IR as corlpared with the blackbody, is used. Generally, the light source and

telescopE: system is installed in a small tru.ck and driven to a desired loca-

tion; a small generator powers the light source.

The remainder of the ROSE System has been installed in a 28-foot van. A

telescope identical to that described above collects energy from the remote light
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source through a port in the side of the van. To measure the signal from warm

gases exiting a smoke stack, an elliptically shaped flat mirror (mounted on

a platform attached to the van) reflects energy through the port into the

telescope. The telescope focuses energy at the aperture of the interferometer.

The interferometer and peripheral equipment is a standard Nicolet Instrument

Corporation ~odel 7199 RT-IR System configured to fit into the van. Major

components consist of a computer with 40K me.mory, dual-density disc with

4.8 million, 20-bit word capacity, teletype, paper tape reader, oscilloscope

interactive display unit, and a high-speed d.igital plotter.

The interferometer itself is mounted on. the telescope support structure.

All other systems (except the plotter) are arranged in two 19-inch relay racks.

Two bea~splitters, KBr and CaF2' are currently available for use in the

interferometer. A dual element, sandwich type detector is mounted in a

liquid nitrogen dewar. For the 6000 to 1800 cm-l region rnSb is used and

HgCdTe is used from 1800 to 600 cm-l , with the two regions scanned separately.

Power for the ROSE system, including heating or air conditioning, is

supplied by a 10 kw generator. During operation of the system, the generator

is 10werE~d from the van to the ground using ,an electrically-operated ~vinch.

This proc.edure is necessary to avoid electril:al and mechanical interference

with the operation of the interferometer. TI~e entire system, including

remote light source, can be placed in operation at a field site in about one

hour under normal conditions. Auxiliary equipment carried in the van

includes a weather station for recording wind velocity and temperature and a

laser range-finder for measuring path lengths.

The first field use of the ROSE interferometer system was at a phosphate

fer~ilizer piant gypsum pond. A series of these ponds are used at fertilizer

plants for 'wastewater treatment. The ponds, which are generally rectangular
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in shape with boundary dimensions as long as a kilometer, are particularly suitable

for long-?ath measurements. The particular environmental problem presented by

these ponds is that they give off gaseous fluorides. In past studies using wet

chemistry sampling methods, it had been possible to measure only total fluorides.

Analysis of the pond chemistry indicates that expected gaseous fluorides would

be SiFI~ and/or HFo Thus a study was undertaken at the C. F. Industries

fertil:tzer plant near Bartow, Florida, to determine specifically which gaseous

fluorides are emitted from the ponds.

A series of measurements were made at various locations around several

ponds with path lengths ranging from 500 to 1000 meters. Typical spectra

obtained are shown in Figure 9-6. The upper spectrum was taken over a 900 meter

path at: a location known to be free of HF. The middle spectrum was taken

over an 860 meter path across a gypsum pond. Both spectra were taken with a

resolution of 0.125 cm-1 (molecules cm-2)-1 and a half-width of 0.04 cm- I ; the

HF concentration was deter.nined using the equivalent-width method. The

calculations were carried out with an existing computer program. For the

HF 1ine~ shown, the path-averaged concentration was determined to be 45 ppb.

(It was not possible to calibrate the HF spectrum with the sample cell

method since our gas handling system is not resistant to HF.) ~l.bsorption

due to the SiF4 fundamental band centered at 1031.5 cm-l could not be

detected. Calibration spectra indicated that 0.5 ppb of SiF4 would have

produced about 4 percent absorption over all 860 meter path, and this value

1.5 ::a~en as a reasoL1abl:~ lc~:er sensitivity limit.

Contact uith regulatory agencies and HE' manufacture plants revealed no

data on fluoride emissions from gypsum ponds. Although gypsum ponds used

in HF manufacture probably generate less fluorides than phosphate fertilizer

manufacture, measurement should be carried out to determine the environmental

impact. Lse of the ROSE System and simplified sampling train is recommended

for the measurement program.
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10.0 E:~NIRO~"MENTAL EFFECTS OF FLUORIDE EMISSIONS

Fluorine is considered a welfare-related rather than a health-related

pollutant because it has no significant effect on human health in the concentrations

round i.n the atmosphere even under the most adverse conditions. However, atmospheric

concentrations which can exist around proc1:!sses emitting fluorine compounds can

adversely affect plants and animals, which may pose an indirect threat to our

economy and general welfare.

In. nature, fluorine is widely distributed in minerals such as fluorspar

and fluoropatite, the prime constituent of phosphate rock. Atmospheric

fluorin.e contaminants are emitted primarily from heavy chemical industries

which utilize fluorine compounds as catalysts or fluxes. The major sources

of these pollutants are phosphate fertilizl:!r, aluminum and steel plants, and

manufacturers of fluorinated plastics and fluorinated hydrocarbons. The

effects of fluorides on vegetation have been known since the late 1800's, but

it was not until the rapid industrial expal~sion of the 1940's that its effects

were recognized as significant. l

10.1 Vegetation Effects

The severity of injury sustained by vE~getation exposed to fluoride con-

taminants is dependent primarily on the fOl~ taken by the pollutant. Fluoride

is taken up by absorption into the plant tissues, usually through the leaves,

where it flows toward the margins and accunmlates. This gradual accumulation,

combined with the length of exposure and total fluoride concentration in the

ambient atmosphere, determines the degree of injury. Gaseous compounds are

probabl:r responsible for most plant damage since they are easily absorbed. Most

research to date has dealt mainly with expc1sure to gaseous fluorides such as

hydrogen flt1oride, fluorine, silicon tetrafluoride or fluorosilicic acid.

Fluoride in partic'...11al:e form is hazardous only when it is soluble and therefore

able to be absor:,ed into the plant tissues. l

-113--



Susceptibility

Although all plants naturally contain varying amounts of fluorine, certain

species a~re more susceptible to its effects than others. There are many factors

involved in a plant's reaction to fluorides, often making it difficult to

determine the exact cause of injury. CertaitL environmental factors such as

rainfall, temperature and winds may result itL ~njuries which are almost

impossible to distinguish from pollution damage. 3 Table 10-1 is an example

of the pollutant concentrations affecting both sensitive and resistant varieties

of some e,:onomically important crops.

TABLE 10-12

HYDROGEN FLUORIDE CONCENTRATIONS
AND EXPOSURES FOR SENSITIVE AND

RESISTANT PLANT SPECIES

Sensitive Varieties Resistant Varieties
Plant Concentration I Exposure Concentration ExPosure I

Corn 2 ppb 10 days 800 ppb 4 Hrs

Tomato 10 ppb 100 days 700 ppb 6 days

Alfalfa 100 ppb 120 days 700 ppb 10 days

Sorghum • 7 ppb 15 days 15 ppb 3 days

~ost forage crops are fairly tolerant as are several species of vegetables and

deciduous trees. Some species sensitive to fluoride are certain conifers,

fruits, berries and grasses. These sensitive varieties generally exhibit damage

at concentrations between 0.5 ppb and 1.2 ppb for several consecutive days. 4 In

comparison, 5-10 ppm of fluoride are normally accumulated by plants in the

absence of an atmospheric fluoride source. 1
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Injuries

?robably the most apparent effect of fluoride on vegetation is necrosis

or tip-burn. This injury is characterized by discoloration around the edges

of th.e leaves caused by the accumulation of fluoride in these areas. This

is the most economically significant impact of fluoride contamination.

Although necrosis does not necessarily ha~ the vegetation, the concentra

tions may be too high to be safely ingested by antmals.~ In addition, if

the marketed portion of a plant is visibly damaged, it could result in great

~conomic loss, even enough actual injury to the plant may be slight. l

Exposure of vegetation of fluorides may also result in abnormalities or

a decrease in reproductivity. Studies have shown abnormalities in growth

including reduced leaf size, longer needles in Douglas Fir, and decreased tree

growth. ~ost effects which limit or redu.ce growth are accompanied by visible

inju~r; however, if the exposure to the fluoride source occurs late in the

growing season, there may be little or no effect on the vegetation. 3

10.2 Effect on Farm Animals

Atmospheric fluorides pose an indirect hazard to farm animals in their con

~a:nination of forage crops by absorption and accumulation in the vegetative tissues.

Generally, the effects of fluoride contamination are felt only on farms situated

near CL fluoride-emitting facility or industries with inferior emission control

systeuls. Since the inhalation of industrial emissions contributes very little

to the: total intake of atmospheric fluorides, soluble fluorides are more harmful

to farm animals than the dust from phosphate rock or limestone. 4

The fluorine ingested by animals is deposited almost entirely in the bones.

While adult animals normally have concentrations of about 500 ppm in their bones,

it tak'es concentrations of 5000 ppm beforE~ visible signs of the pollutant's

ef~ects are apparent. 3
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The studies performed on farm animals to date have revealed a sequence in

"Which thE~ effects of fluoride contamination appear. These are:

• Dental lesions, primarily in the incisors
• Hyperostosis, or bone overgrowth
• Lameness
• Loss of appetite
• Decrease in milk production
• Reduced reproduction

The last two effects are believed to occur from the decreased food intake caused

by the loss of appetite. In one study performed, cattle were fed forage con-

taining 600-1200 ppm of fluoride, resulting in a 50% decrease in food consumption

due to their loss of appetite. Economically, this is the most serious effect

of fluori.de contamination in farm anima1s. 4

A continuous intake of 40-50 ppm of fluoride eventually results in the

destructi.on of incisors, meaning inhibited grazing and great economic loss.

However, this damage occurs slowly; thus the economic impact would not reach

its maxiIIlum until exposure had continued for about five years. Dental injury

would also not be :nore like.ly to occur in young animals, and would not be

expected in adults. 4 Table 10-2 lists the fluorine which can be ingested

safely by livestock.

TABLE 10-Z'"'

SAFE LEVEL OF FLUORINE IN LIVESTOCK FEED

Animal

Dairy Cattle
Beef Cattle
Shel:p
Swine
Chi,:ken
Turkey

Source
SolublE~ Fluoride

(ppm)

30-50
~·0-50

70-100
70-100

150-300
300-400
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60-100
65-100

100-ZOO
100-ZOO
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Fortunately, animals having high fluoride concentrations in their bones do

not have contaminated meat or milk. Their loss of appetite will affect

their production, but the pollutant is nlJt passed on. Nursing calves do not

suffer from fluorosis (abnormal calcific.ation of the teeth) until they begin

grazing contaminated forage. 2

10.3 Effects in }fun

Regardless of the source of the fluoride its effects are essentially

the s,ame; hyperos tosis and fluorosis. Generally these conditions occur only in

growing children. 3

The current threshold limit value fell' hydrogen fluoride is 3 ppm, while

the limit for particulate fluoride is 2.5 mg/m 3• Owing to these occupational

limits, persons seldom are exposed to suc:h concentrations, and very few cases

of adverse effects from atmospheric fluoride occur, even in proximity to

industrial sources. The maximum daily cClncentration inhaled near fertilizer

facilities is about 150 ~g which is insignificant when compared to concentra

tions of 1200 ~g received from food and ....·ater. 2

In man, the airborne fluorides are absorbed through the skin and from the

respiratory tract and are accumulated in bones and teeth. The more soluble

fluorine compounds are absorbed from the gastrointestinal tract into the blood

much n~re readily than less soluble compounds. These are the forms that will

accumulate in the bone st::-uctures.2 Studies have revealed that the body is able

to absorb 87% of calcium fluoride from cryolite, 62% of sodium fluoride, and

37% of calcium fluoride derived from bonemeal. About half of the absorbed

:::"J.Jride is exc.reted, with the remainder being accumulated in the bones.3

Since research done to date indicates that airborne fluorides not not

present a direct threat to man except from uncontrolled occupational exposures.
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Their significant impact to man lies in the potential for economic loss by

contamination of plants and animals.

10.4 Other Effects

Fluoride is capable of etching glass at concentrations of 590 ppb for a

period 0;: 9 hours and pronounced etching occurs at concentrations of 790 pp1

for 14.5 hours. However, severe damage seldom or never occurs due to the

emission regulations imposed 011 industry. 4

Fluorides also have a damaging effect on the high silica brick lining of

furnace walls used in aluminum processing. 4

Hydrogen fluoride is especially significant in the reactions between

fluorides and silicon compounds which result in damage to ceramics and glass. 3

However, it is very difficult to isolate the effects of fluorides from other

background pollutants.
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11.0 EMISSION REDUCTION WITH NEW SOURCE PERFORMANCE STANDARDS

11.1 introduction

:lodel IV is a methodology developed by EPA's Emissions Standards and

Engineeri.ng Division which quantitatively estimates the anticipated impact of ne\o7

or revised standards of performance in reducing atmospheric emissions. Model IV

mathemati.cally relates emission producing activities, such as industrial growth,

and offsetting emission control activities such as existing regulations, NSPS,

and the Clean Air Act. The resulting net emissions are projected for target

years.

Using Model IV, the differential in atmospheric emissions that could be

expected with and without NSPS can be expressed and the potential for additional

controls evaluated. For example, a maximum ,emission differential or NSPS impact

tvould be observed for an industry for tvhich ,a stringent standard of performance

tvas technically feaSible, but for tvhich ther,e were no existing state emission

limitations. On the other hand, a minimum o:r zero emission differential NSPS or

impact tvCluld be observed for an industry if ,a standard of performance repre

senting best cont~ol technology was generally equal to existing state regula

tions. NPS tvould have few beneficial effects in the latter case in reducing

emissions.

IRC in a 1976 EPA report1 developed Model IV data and results for approxi

mately 190 industrial catagories, including hydrofluoric acid.

Utilizing the best available 1978 data, TRe has updated the Hodel IV

input variables to calculate the estimated iJnpact of instituting New Source

Perfo~r.lce Standards based on best available control technology.
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~ 1. 2 ~lodel IV - Backgrour.d lnf orma tion

The i:npact of r.eT,v or revised standard of performance is expressed in ~[odel IV

as

ifuere:

(T - T...T)s ,~

T .. emissions under baseline year control regulations.
s

T~ = emissions under new or revise:d standards of performance.

Factors such as increased production capacity, construction to replace

obsolete capacity, control technology, and present allowable emissions are

used to develop the above relationship. Table 11-1 defines these parameters

used in the ~odel IV equations. From the input variables, T and T thes N,

total emissions in the ith year under baseli.ne year regulations and revised

standards of performance, respectively, are calculated, where:

T .. E K (A-B) + E K (B+C)s s s

TN= ¥ (A-B) + V (B+c)

Ts - TN = K (B+C) (Es - ~)

(11-1)

(11-2)

(11-3)

Other related equations are:

1) Assumption of compound growth B .. A r(l+Pf.) i_I] (11-4)

C = A r(l+P ) i_I] (11-5 )
c

2) Assumption of simple growth (11-6)

C .. Ai P
c:

~~ere i = elapsed time in years.
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3) baseline year emissions (11-8)

4) ~ncontro11ed emissions T = E K (A-B) + E K (B+C)u u u (11-9)

5) For pollutants regulated under Sec. lll(d) of the Clean Air Act.

(11-10)

Where E11 (d)= allowable emissions as re~quired by Section lll(d)

Giro = total emissions in ith year under Section lll(d)

For these calculations the baseline year is defined as· 1977 and the

ith year, 1987.
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TABLE 11-1

HODEL IV I~PUT VARIABLES

T = total emission in i th year under ~aseline year regulations
s

(tons/yr)

T~= total emission in i th year under ne....· or revised NSPS which

have been promulgated in the j th yea.r (tons!yr)

T = ~total emissions in i th year assuming no control (tons!yr)u

T = total emissions in baseline year und.er baseline year regula
A

tions (tons!yr)

K= l:lormal fractional utilization rate e,f existing capacity,

.assumed constant during time interva.l

A= "baseline year production capacity (production units!yr)

B= production capacity from construction and modification to

replacement obsolete facilities (prc,duction units!yr)

c= production capacity from construction and modification to

increase output above baseline year capacity (production

units!yr)

?B= construction and modification rate to replace obsolete capacity

(decimal fraction of baseline capad.ty!yr)

P = construction and modification rate to increase industry capacity
C

(decimal fraction of baseline capacity/yr)

ES= allowable emissions under existing regulations (mass/unit capacity)
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~= allowable emissions under standards c)f performance (mass/unit capacity)

~= emissions with no control (mass/unit capacity)

thFor the purpose of this study, the i year is defined as 1987 and the

jth year, 1977.



11.3 I~dustrial Factors

K is the nonl".al fractional utilization rate of existing capacity. The

fluorocarbon ban and aluminum inventory surplus have affected the producti. n

of hydrofluoric acid and this significant decrease is reflected in K Factcr.

In the baseline year, 1977, production of hydrofluoric acid was 74% of

capacity, based on production and capacity daL~ for the HF industry. In

the following five year span, plants projeet a small or zero increase in

production. In aci~ition, major HF production facilities in Louisiana

and :exas will be ceasing operations, and in 1982 utilization of 70% of

the industry capac~ty is projected. The estirr~ted K Factor for the entire

1977-1987 period is 73%.

Pc Factor

p ~ the const<c~cti.or. ra:e to inc::oease il1.o1].stry capacity, is expected
'-',

to bE: zero du::ing the t(~n =~'?ar period 1977--1987. The 1977 baseline capacity

of 369 thousa~ds :ons 0:· nydi.of1uoric a~id is not expected to be exceeded

during the perioo.

Factor

As with PC'?B the c8nstruction and nooification rate to replace, ,

obsolete capacity is projected to be zero during 1977-1987.

A Factor

The A Factor is the 1977 baseline year capacity. As previously

stated, the 1977 cacacity for the hydrofluoric acid industry is 369

thousands tons of a~hydrous HF.
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as:

Assuming 99% particulate ren~val efficiency,

E = 3500 lb./ton 100% HF
u

For allowable emissions, the average process weight rate is calculated

96 ton acid
day

x 3500 lb. fluorspar
ton acid

x day
24 hr.

:::I J4,OOO/lb./
fluorspar hr.

Allowable particulate emissions are determined for each state based

on the above process weight rate and weighted according to the fractional

capacity occurrence for 1977. Allowable emissions were calculated to be

19.5 Ib./hr. It should be noted that West Virginia has no particulate

regulations for the HF industry based on an. inconsistency in the state air

pollution law.

E is calculated for 19.5 lb./hr. and 96 tons of acid per day to be
s

4.9 Ib./ton acid. However, 35 lb./ton HF is the best control technologically

feasible. Therefore, E = E. as control regulations can only be set as
s ~

low as current technology will permit.
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Exit gas streams from the HF process are scrubbed with jets and sprays

to remove S02 and fluoride emissions. The estimated removal efficiency for

sulfur dioxide by the scrubber is 96% - 99%. Therefore,

~ = 0.1 lb./ton 100% HF

TIle allowable sulfur dixoide emissions from process systems vary from

state to state. ';Jest Virgina, Louisiana, Ohio and New Jersey limit sulfur

dioxide process emissions to 2000 ppm. Other states do not have any appli-

cable regulations. Assuming an average k:;.ln emission flow rate of 5000 scfm

and an average capacity of 96 tons of acid/day for each of the eleven (11)

existi:lg HF plants, the allowable sulfur dioxide emissions can be calculated

for the regulated states. For Louisiana, New Jersey, West Virginia, and Ohio,

E e;uals 25 lb./ton 100% HF.
s

TIlese limits for E are greater than E Therefore, for all states
s u.

the allowable 502 emissions are equal to uncontrolled S02 process emissions

and E = E
5 U.

?artic1..:late Emissions

?c.rticulates are released during the drying of fluorspar. Literature

values are noe available specifically on particulate emissions for uncontrolled

sources in hydrofluoric acid manufacture. However, use of a baghouse can

achieve 99% particulate removal. In addition, particulate emissions for a

well-cClntroiled plant have been estireated at 20 lb./ton fluorspar. 2 Using

3500 1:,. fluorspar/ton 100% HF, best available controlled emissions with

a baghouse are:

E~ 35 Ib./ton 100% HF
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11.4 Emission Factors

Acid Production

Hydrofluoric acid is produced by the reaction of fluorspar with sulfuric

acid in a rotary kiln. One ton of anhydrolls HF requires 3500 lb. fluorspar

:l2~; Car.: ~ and 6400 lb. H2 S04 • While the grade of HF acid produced vanes,

95% anhydrous and 5% 70% grade acid is typ1.c"\l of plant production.

Fluoride Emissions

Cncontrolled fluoride emissions from a rotary kiln have been estimated

at 50 lb./ton of acid. 2

Therefore. E = 50 lb./ton acid.
u

The best available control technology for control of fluoride emissions

is use of a wet scrubber j with a removal efficiency over 99%. E~ for the

controlled emissions of fluorides is estimated at .2 lb./ton acid.

As there are no regulations for fluoride emissions (other than ambient air

limitations), the allowable emissions of luorides, E , is equal to the uncon
s

trolled emissions. Therefore,

E = E = 50 lb/ton acid.s u

Sulfur Oxide Emissions

Wh::.1e the sulfuric acid in the hydrofluoric acid reaction produces a

calcium sulfate slurry, sulfur in acid grade fluorspar creates sulfur

dioxide emissions.

Fluorspar is approxi~ately 0.03% sulfur content, assuming 3500 lb.

fluorspa.r produces one ton of anhydrons HF, 1.05 lb. S or 2.1 lb. 802

are emitted per ton of lOO~~ hydrofluoric ac:id. Therefore,

u
2.1 Ib./ton 100% HF
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11.3 Results of Model IV Calculations

Table 11-2 sUffiIllarizes the Model IV industrial and emission factors

:or the hydrofluoric acid industry.

TABLE 11-2

MODEL IV INDUSTRIAL &~ EMISSION FACTORS - HYDROFLUORIC ACID

emission factors growth rates industry capacity
Pollutant I E ~ E K P

B Pc A B Cu s
lb/ton 100% HF !yr /yr ton/yr 100% HF

Fluorid,=s 50 0.2 50 73% a a 369xl0 3 a 0

Sulfur oxides 2.1 0.1 2.1 73% 0 0 369xlo 3 a a

Particulates 3500 35 35 73% 0 0 369xl0 3 a 0

I
I

Utilizing the input parameters outlined in Table 11-2, the 1987 impact

of new source performance standards, Ts - TN' was calculated to be zero

for the hydrofluoric acid industry. This is due to the projected lack of

increase in production capacity, a result of the fluorocarbon ban and aluminum

inventory surplus.

In addit:'on, a review of emissions control on an industry-wide basis

indicates that most plants are currently utilizing best control technology

(e.g. - baghouse and scrubbers). There is not enough data on HF and

fugitive emissions to draw a clear conclusion on plant emissions, but it

appears that little pollution reduction would be achieved by retrofitting

existing plants.
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12.0 ~IST OF CONTACTS

Plants

ALLIED cm:MICAL

Corporate

Mr. M. C.. Mosher
Supervisor
Environmental Administration
Industrial Chemicals Division
Allied Chemical
POBox 1139 R
Morristown, N J 07960
Telephone: (201)455-3888

Mr. W. M.. Reiter, P.E.
Director~ Pollution Control
Corporate Environmental Services
Allied Chemical
l' 0 Box 1057 R
Morristown, ~ J 07960
Telephone: (201)455-6159

Baton Rouse, LA

Mr. M. Lapari - Environmental Supervisor
Mr. D. Templet - Production Manager
Specialty Chemicals Division
Allied Chem:i..cal
POBox 2830
Baton Rouge, LA 70821
Telephone:

Pittsburg, CA

~. F. G. Nicar, ?lant Manager
Industrial Chemicals Division
Allied Chemicals
~ichols !toad
Pittsburg, CA 94565
!eleohone:(4lS)4S3-3292

'1' ... V..,).tro. N.--=-
Contact through M. C. Mosher
Corporate Office
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Mr. Anthony J. Stewart
Division Patent Council
Industrial Chemicals Division
Allied Chemicals
Law Department
Corporate Headquarters
POBox 1057 R
Monistown, N J 07960
Telephone: (201)455-4033

Geismar, LA

Mr. W. J. Dessert, Superintendent
Process & Environmental
Engineering
Agricultural Division

Mr. H.L. Arnold, Plant ~~nager

Allied Chemical
Geismar Complex
POBox 226
Geismer, LA 70734
Telephone: (504)642-8311



DUPONT

Con"rate

:1.r. R. H. l10rgan
Environmental .~fairs-N-653i

Petrochemical Depar~ment

E. I. DuPon~ De ~emours ~ Co., Inc.
1007 ~rke~ Stree~

~lUm1ngt:on, DE 19898
Telephone: (302)774-7662

La Porte, n

Mr. R. H. Johnson
Environmental Coordinator
Biochemicals Depar~ent

E. I. DuPont de Nemours & Co., Inc.
Houston Plant
POBox 347
La Porte, !X 77571
Telephone: (713)471-2771

~. A.R. Ceperley
.\rea Supervisor-Technical

Mr. C. ToO. Tice
Enginee~-Technical

Biochemical Department
E. I. DuPont de Nemours & Co., Inc.
Houston Plant
POBox 347
La Porte, TX 77571
!elephone:(7l3)47l-277l

Mr. s . .J. Gunsel
Manager, Pollution Con~rol

Mr. Joseph Berish
Directo~t' of Environmental Conerol
The Har:shaw Chemical Company
1945 E. 97th Street
Cleveland, OR 44106
Ielephone:(216)721-8300
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ALCOA

Corporate

:Ir. P. R. Atkins
:tanager-Environmental Control
Aluminum Company of America
1501 Alcoa Building
Pittsburgh, PA 15219
Ielephone:(412)S53-3805

Poine Comfort, IX

Mr. J. C. Mayfield
Mr. A. A. Rambikur
Op~rations Environmental Control

Superintendent
Aluminum Company of America
Sta,ee Highway 35
Point Comfort, IX 77978
Ielephone:(512)987-2631



ESSE:{

Cor'::lorate

}!r. R. i.jagner
V~ce ?residant of O~erations

Ess~~ Chemical Corporation
140: Broad Street
Clifton, N J
!elephone:(20l)773-6306

Paulsboro, N J

~. James Ferguson
Plant Supervisor
Essex Chemical Corporation
100 Thomas Lane
Paulsboro, N J
!eleohone:(609)423-20S0

UlSER

~r. R. W. Curtis
Chief. Environmental Engineer
Kaiser Aluminum & Chemical Corporation
POBox 337
Gracercy, LA 70052
relephone:(502)395-7l21

Mr. G. P. Dalrymple
Supervisor, Environmental Affairs
Pennwalt Corporation
Calvert City, KY 42029
Telephone: (502)395-7121
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ST.-\UFFER

Corporate

Mr. E. C. Conant

T. Sa~Ters

Stauffer Che~ical Company
Westport, CT 06880
Telephone: (203)222-3000

Greens Bayou, IX

Mr. G. W. Fry
Plant Manager
Industrial Chemical Division
Stauffer Chemical Company.
1632 Haden Road
Houston, L{ 77015
Telephone: (713)453-7175



STATE & LOCll REGUUTORY AG~CIES

TEXAS

~. 1'. Palmer
C~rpus Chriscy Office
::e:<as Air C.Jntrol Board
1305 Shoreline Blvd, iF124
C.J~us Christi, IX
:el;(512-883296l

Mr. W• ~ • Allen
T~<as Air Control Board
8520 Shoal Creek Blvd
Austin, IX 78758
Tel: (512)451-5711

LOUISV..NA

}Ir. G. ~lonbodungen

Louisiana Air Pollucior. Control COmI:1issic):l
Bacon Rouge, LA
Te1:(504) 568-5120

CAl.IFOR..'lL~

~. w. deBoisblanc
Bay Area Air Pollution Control District
939 Ellis Street
San Francisco, CA 94109
!el:(4:S)77l-6000

Mr. A. F. DiGenni
State elf ~ew Jersey
Depart:ent of En~rironmental Protection
100 La:-.Jin Road
Cherry aill, ~ J 08034
Tel: (609)795-7390
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Mr. G. Speller

~. P. Peec
Texas Air Control Board
Air Quality Control Region 7
5555 West Loop, Suite 300
Bellaire, LC 77401
Tel: (512)451-5711



STATE & LOCAL REGULATORY AGENCIES (con't)

OHIO

Mr. I,ian Ang
Ohio EPA
Division of Air Pollution Control
2735 Broadway Avenue
Cleveland, OH
Tel: (216)664-3508

WEST VUGINIA

Mr. D. Stone

~. R. Weiser
West Virginia Air Pollution
Control Commission
1558 'Washington Street, East:
Charlest~n, WV 25311
!el:(304)348-3286

Mr. S. M. Murt'hy

J. T. Smither
Commonyealth of Kentucky
Depart~ent of ~atural Resources &

Environmental Protection
Frankfort, KY 40601
!el:(S02)504-3382
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