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1. INTRODUCTION AND SUMMARY 

I 1.1 INTRODUCTION 

Section Ill(d) of the Clean Air Act, 42 U.S.C. 1857c-6(d), as 

amended, requires EPA to establish procedures under which States submit 

plans to control certain existing sources of certain pollutants, On 

November 17, 1975 (40 FR 53340), EPA implemented section Ill(d) by 

promulgating Subpart B of 40 CFR Part 60, establishing procedures and 

requirements for adoption and submittal of State plans for control of 

"designated pollutants" from "designated facilities." Designated 

pollutants are pollutants which are not included on a list published 

under section 108(a) of the Act (,iational Ambient Air Quality Standards) 

or section 112(b)(l)(A) (Hazardous Air Pollutants), ,but for which 

standards of performance for new sources have been established under 

section Ill(b). A designated facility is an existing facility which 

emits a designated pollutant and which would be subject to a standard 

of performance for that pollutant if the existing facility were new. 

Standards of performance for five categories of new sources in 

the phosphate fertilizer industry were promulgated in the FEDERAL 

REGISTER (40 FR 33152) on August 6, 1975, to be incorporated into the 

Code of Federal Regulations under 40 CFR Part 60. New subparts T, U, 

V, W, and X were added to set standards of performance for fluoride 

emissions from new plants manufacturing wet-process phosphoric acid '- 

(WPPA), superphosphoric acid (SPA), diammonium phosphate (DAP), 

triple superphosphate (TSP), and for storage facilities used in the 

manufacture of granular triple superphosphate (GTSP). The States, 

therefore, are required to adopt fluoride emission standards for 



existing phosphate fertilizer plants which would be subject to the 

standards of performance if they were new. 

Subpart B of 40 CFR Part 60 provides that EPA will publish a 

guideline document for development of State emission standards after 

promulgation of any standard of performance for a designated 

pollutant. The document will specify emission guidelines and times 

for compliance and will include other pertinent information, such as 

discussion of the pollutant's effects on public health and welfare 

and a description of control techniques and their effectiveness and 

costs. The emission guidelines will reflect the degree of emission 

reduction attainable with the best adequately demonstrated systems of 

emission reduction, considering costs, as applied to existing facilities. 

After publication of a final guideline document for the pollutant 

in question, the States will have nine months to develop and submit 

plans for control of that pollutant from designated facilities. Within 

four months after the date for submission of plans, the Administrator 

will approve or disapprove each plan (or portions thereof). If a 

state plan (or portion thereof) is disapproved, the Administrator will 

promulgate a plan (or portion thereof) within six months after the 

date for plan submission. These and related provisions of subpart B 

are basically patterned after section 110 of the Act and 40 CFR Part 

51 (concerning adoption and submittal of state implementation plans 

under section 110). 

As discussed in the preamble to subpart B, a distinction is drawn 

between designated pollutants which may cause or contribute to 

endangerment of public health (referred to as "health-related pollutants") 

l-2 



and those for which adverse effects on public health have not been 

demonstrated (referred to as "weTfare-related pollutants"). For 

health-related polbutants, emission standards and compliance times in 

state plans must ordinarily be at least as stringent as the corresponding 

emission guidelines and compliance times in EPA'S guideline documents. 

As provided in Subpart B, States may apply less stringent requirements 

for particular facilities or classes of facilities when economic 

factors or physical limitations make such application significantly 

more reasonable. 

For welfare-related pollutants, States may balance the emission 

guidelines, times for compliance, and other information provided in 

a guideline document against other factors of public concern in 

establishing emission standards, compliance schedules, and variances, 

provided that appropriate consideration is given to the information 

presented in the guideline document and at public hearing(s) required 

by subpart B and that all other requirements of subpart B are met. 

Where sources of pollutants that cause only adverse effects to crops 

are located in non-agricultural areas, for example, or where residents 

of a cotmnunity depend on an economically marginal plant for their 

livelihood, such factors may be taken‘into account (in addition to 

those that would justify variances if a health-related pollutant 

were involved). Thus, States will have substantial flexibility to 

consider factors other than technology and cost in establishing plans 

for the control of welfare-related pollutants if they wish. 

For reasons discussed in section 2 of this document, the 

Administrator has determined that fluoride emissions from phosphate 
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Emphasis has been placed on the technical and economic evaluation 

of control techniques that are effective in reducing particulate and 

gaseous fluoride emissions, with particular emphasis on retrofittinq 

existing plants. Some costs were scldomly available and were 

fragmentary. Therefore, the cost basis for adoption of State 

standards based on the emission guidelines is instead developed by 

engineering cost estimates on a hypothetical phosphate fertilizer 

plant complex where assumed mediocre controls are replaced 
I . .  

q; 

with controls based on the emission guidelines. These retrofits are 

called retrofit models and are presented in Sect ion 6.1.3.1. 

The emission guidelines and the control equ ipment on which 

they are based are discussed in Sections 7 and 8. The environmental 
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assessment of the emission guidelines is presented and discussed in 

Section 9. The remainder of this introductory section summarizes 

information presented in subsequent sections. 

1.2 HEALTH AND WELFARE EFFECTS OF FLUORIDES 

Fluoride emissions from phosphate fertilizer plants have been 

determined to be welfare-related [i.e. no demonstrated impact upon 

public health for purposes of section Ill(d)]. The daily intake of 

fluoride inhaled from the ambient air is only a few hundredths of a 

milligram - a very small fraction of the total intake of the average 

person. If a person is exposed to ambient air containing about 

eioht micrograms (pg) of fluoride per cubic meter, which is the 

maximum average concentration that is projected in the vicinity of a 

fertilizer facility with only moderate control equipment (Table 9-5), 

his total daily intake from this source is calculated to be about 150 

us* This is very low when compared with the estimated daily intake 

of about 1200 pg from food, water and other sources for the averaqe 

person. Also, the intake of 

food chains is insignificant 

products and are only found 

fluoride indirectly through 

. Fluorides are not passed 

in farm produce in very smal 

standard 

nto dairy 

amounts. 

Fluorides do, however, cause damage to livestock and vegetation 

in the immediate vicinity of fertilizer plants. Inqestion of 

fluorides by livestock from hay and forage causes bone lesions, 

lameness and impairment of appetite that can result in decreased 

weight gain or diminished milk yield. It can also affect developing 

teeth in young animals, causing more or less severe abnormalities 



development, growth, and yield. 

1.3 FLUORIDES AND THEIR CONTROi 

For purposes of standards of performance for new stationary 

sources (SPNSS) and the attendant requirements of section Ill(d), 

emissions of "total fluorides," rather than specific fluorides are 

limited. Total fluorides means molecular fluorine and all compounds 

of fluorine measured by reference methods identified in subparts T, 

U, V, W, and X and specified in Appendix A of 40 CFR, Part 60, or by 

equivalent or alternative test methods. 

Good control of fluoride emissions from phosphate fertilizer 

manufacturing operations is achievable by water scrubbers which are 

properly designed, operated, and maintained. The most satisfactory 

scrubber for general use is the spray crossflow packed 

scrubber. Other scrubbers, such as the venturi and the cyclonic 

spray tower can give satisfactory results when used in series. The 

spray-crossflow packed scrubber, shown diagramatically in Fiqure 6-1, 

owes much of its success to its greater fluoride absorption capability 

and its relative freedom from solids plugging. This pluqging has qiven 

some trouble in the past in DAP and GTSP plants, but current designs 

are available which have acceptable turnaround periods'. One desiqn 

involves a venturi ahead of, and integral with, the scrubber. 

A description of the performance of water scrubbers in fluoride 

emission control is given in Table l-l. The industry-wide range of 

control is given by a variety of scrubbers and is discussed in Chapter 
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6. The scrubber data associated with best control technology were 

obtained from EPA sponsored tests conducted during the development 

of SPNSS. Most of the scrubbers tested were the spray crossflow 

packed type, but a few venturi were tested. 

1.4 EMISSION GUIDELINES 

Emission guidelines for existing phosphate fertili 

facilities for control of fluoride emissions are descri 

Section. Table l-2 gives the fluoride emission levels 

achieved bY application of best adequatelY demonstrated technology to 

zer manufacturing 

bed in this 

that may be 

existing facilities, including five manufacturing processes and the 

storage facilities for granular triple superphosphate. Comparison of 

these emission guidelines with the ranges shown for well-controlled 

plants (Table l-l) shows that equivalent control of fluoride emissions 

can be achieved by application of best adequately demonstrated technolorly 

for either new or existing sources. 

Adoption of these controls would result in fluoride emission 

reductions ranging from about 50 percent for granular triple super- 

phosphate (GTSP) production facilities to around 90 percent for 

run-of-pile triple superphosphate (ROP-TSP) plants. Overall nationwide 

emissions would be reduced by about 75 percent. 

The emission levels of Table l-2 are identical to the standards 

of performance for new stationary sources (SPNSS) since the best 

adequately demonstrated technology applicable is the same type of 

control equipment. The justification for application of this equipment 

to existing as well as new sources is summarized in Section 1.6.1 

and discussed more completely in Section 8. (Ilote that all units 

expressed as "tons" are defined as silort tons.) 
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TABLE l-l PERFORMAKE OF AQUEOUS SCRUBBER EMISSION CONTROL EQUIPMENT 
IN PHOSPHATE FERTILIZER MANUFACTURING PLANTS. 

Fluoride Source 

Wet-Process Phosphoric Acid 

Superphosphoric Acid 

Submerged Combustion 

Vacuum Evaporation 

Diammonium Phosphate 

Triple Suoerphosphate 
(run-of-pile - ROP) 

Granular Triple Superphosphate 

Granular Triple Superphosphate 
Storage 

Fluoride Emissions from Control Equipment 

g TF/kg Of P2O5 input 

Indus try-!Jic!e Panae 'Best-Controlled rlew Plant Segment 

0.01 - 0.30 0.001 - 0.0095 

0.06 

2.5 x l.O-3 2.05 x lO’4 - 7.5 x 10F4 

0.03 - 0.25 0.0125 - 0.03 

0.10 - 0.30 0.015 - 0.1505 

0.10 - 0.30 0.02 - 0.135 

2.5 x lO-4 - 7.5 x 10-4* 0.25 x lO-4 - 2.75 x lO-4 

*Units are g TF/hr/kg of P205 stored. 



Process Source 
of Fluorides 

Wet-Process Phos- 
phoric Acid 

Superphosphoric Acid 

Diammonium Phosphate 

Triple Superphosphate 
CROP) 

Granular Triple 
Superphosphate 

Emission Guidelines 

Total Flunrides - weinh%.pw- uni.t nf P7n5 inp.tit 
. 

lbs/ton 

0.01 0.02' c - 

0.005 0.01 

0.03 0.06 

0.1 
0.2 

g/hr kilogram lbs/hr ton* 

Granular Triple 
Superphosphate Storage 2.5 x 1O'4 5 x 1o-4 

*These denominator units are in terms of P2O5 stored. 



The compliance times for installation of a wet scrubber are given 

in Table l-3, which is derived from Figure 6-17. Milestones in the 

compliance schedule are also shown. The first milestone can increase 

to 18 weeks if justifiable source tests must be run and control 

alternatives evaluated. This is rather unlikely, since the spray- 

crossflow packed scrubber is the one most widely specified for new 

controls. The interval between milestones two and three is that required 

for fabrication and shipping. The fabrication time is virtually beyond 

the control of either the customer or the air pollution control 

official. For this reason, a range of elapsed t 

for fabrication. The compliance time can exceed 

upon availability of materials of construction, 

TABLE l-3 

ime must be understood 

78 weeks and depends 

labor factors, work 

COMPLIANCE TIMES FOR INSTALLATION OF WET SCRUBBER FOR 

Milestone Elapsed Time, Weeks 

Submit final control plan 6 
to Agency 

Award scrubber contract 26 

Initiate scrubber 
installation 

52 

Complete scrubber 
installation 

72 

Final compliance achieved 78 

backlogs, and many other things. If a given fertilizer complex has 

to install several scrubbers, the total time for compliance may exceed 



that for only one scrubber. In practice, enforcement officials should 

try to consider each plant on a case-by-case basis and should require 

proof for the time requirements claimed for each milestone. 

1.6 ASSESSMENTS 

1.6.1 Economic 

The information shown in Table l-4 provides a major portion of 

the justification for the emission guidelines. The costs in the 

table were derived from retrofit models (section 6.1.3.1). The capital 

and annualized costs shown in Table l-4 represent emission controls 

for each separate process. 

Actual total expenditures for emission controls of a process 

have to take into account the control costs allocated to its feed 

materials. Table l-5 summarizes retrofit control costs for fertilizer 

plants of the capacities shown. These costs (see Table 7-l) include 

prorated WPPA plant control costs according to the amount of acid 

used. For example, the ROP plant control cost includes the control 

cost for the 330 tons/day of wet process phosphoric acid required to 

make 550 TPD of ROP, both on a P205 basis. Therefore, the annualized 

control costs, as a percent of sales, differ from those shown in 

Table l-4, except for the WPPA plant taken alone. The qreatest unit 

basis cost is for the combination of processing and storage of GTSP. 

About 75 percent of GTSP production is believed to be already 

sufficiently controlled while five of eight storage facilities may 

need to be retrofitted if the States establish emission standards as 

stringent as the emission guidelines. This would not have a areat 

effect on GTSP manufacture. About 60 percent of DAP plants would 
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TABLE l-4 ECONOMIC ASSESSMENT OF FLUORIDE EYISSION GUIDELINES FOR EXLSTING 
PKQSPHATE FERTILIZLR blANUFACTURINr, FACILITIES.* 

Process Source of 
Fluorides 

Wet-Process 
Phosphoric Acid 

;Superphosphoric . 
(Acid 

I Diammonium 
Phosphate 

Triple Super- 
Phosphate (ROP) 

Granular Triple 
Superphosphate 

Granular Triple 
Superphosphate 
Storage 

Annualized 

.w 

.19 - .23 

.14 

.37 

.43-.74 

.48 

.42 

Capital Control 
Cost of Eauipmen!? 
$/Annual ton of 

P?OC 

1.39 - 1.65 

1.15 

4.44 

4.42 - 7.59 

5.07 

4.52 

Percent of Plants 
Not Meeting This 

Emission Guideline! 

47 

21 

60 

40 

25 

70 

* Derived from EPA retrofit models at 1974 prices and costs. 

** Based upon total annual production at capacity for 330 days/year. 

'*** Units are grams F/hr/kilogram of P O5 stored. This facility is 
assumed to accompany a 400 short t 6 n P205(day GTSP plant. 

Applicable 
Emjssion 
-Guideline 

grams/kilogram P2O5 input 

0.01 

0.005 

0.03 

0.1 

0.1 

2.5 x lO-4 
*** 



TABLE l-5 

SUMMARY OF RETROFIT CONTROL COST REQUIREMENTS FOR VARIOUS PHOSPHATE FERTILIZER MANUFACTURING PROCESSES* 

End Product 
i 

Phosphoric 
Acid 

Superphosphoric 
Acid 

300 
Design Rate, 
tons/day 
(P205 Basis) 

Capital Control Cest, 
$/amial ton P205 1.39 - 1.65 2.67 

Sales Price 
($ per ton product) 

1 
105 

I 
152 

Annualized Costs 

Unit Basis 
(8 per ton product) 

As a % of 
Sales Price 

.52 

0.3 

DAP 

500 550 

5.96 5.33 - 8.50 

145 126 

.73 

0.5 

ROP-TSP 

0.66 - 1.05 

0.5 - 0.8 

10.50 

130 

1.29 

1.0 

GTSP. 

400 

*Costs and prices are at 1974 levels 



possibly need to be retrofitted. Although this segment of the industry 

requires the most control effort, control costs are only 0.5 percent of 

sales. 

The capital retrofit costs shown in Table l-5, while significant, 

are moderate. Annualized costs as a percent of sales are small, 

showing that all the control costs can be readily recovered. 

Cyclonic spray and venturi scrubbers, alone, do not have more 

than about two transfer units, whereas the spray-crossflow packed 

scrubber (SCPS) is furnished in the 5-9 transfer unit.range. The 

former controls would require two or more scrubbers in series to 

achieve the performance of one spray-crossflow packed scrubbeer This 

scrubber multiplication would cost more in comparison to the SCPS 

and would not be selected for high degrees of fluoride removal when 

costs are taken into account. Having made this choice, there is no 

reason to design short of the SPNSS. A SCPS being designed to achieve 0.08 

lbs F/ton for DAP can achieve 0.06 lbs TF/ton if designed with a little 

additional packing. Therefore, the fluoride emission guidelines 

given in Table l-l reflect the performance of a control systenl which 

is judged to be the best w;Ien costs are taken into account, and they 

are identical to the SPIISS. 

If the States establish emission standards as stringent as the 

emission guidelines, the financial impact upon most existing plants 

will be moderate, as. shown in Tables l-4 and l-5. The only plants 

likely to be financially burdened will be: small plants of less than 

about 170,000 tons per year capacity; plants that are 20 years or more 

of age; and p&ants isolated from raw materials, i.e. certain DAP plants 

that purchase merchant phosphoric acid and ammonia. 
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1.6:2 Environmental 

The environmental assessment provided here is an assessment of 

the difference between two degrees of control: 1) the reduction in 

fluoride emissions resulting from application of the emission 

guidelines and 2) the normal reduction in fluoride emissions resulting 

from State Implementation Plans (SIP), local regulations, etc. 

The adoption of fluoride emission standards would have a 

beneficial impact upon air quality. Installation of retrofit controls 

similar to those described in section 6.1.3.1 can reduce fluoride 

emissions from existing sources by amounts ranging from 50 percent 

for GTSP to 88 percent for ROP-TSP plants. The projected 

average nationwide emission reduction that would result from applica- 

tion of the emission guidelines is 73 percent or 1070 tons F/year. 

The method of deriving these results is described in section 9.1.1. 

The removal of fluoride pollutants from fertilizer plant emissions 

would have a.beneficial effect on the environment. The threshold 

average concentration of fluoride in foliage that results in harmful 

effects to animals when ingested is 40 ppm. The available data 

suggest that a threshold for plant deterioration (foliar necrosis) 

on sensitive plant species is also 40 ppm. As discussed in detail 

in Chapter 2, an accumulation of fluoride in foliage of more than 40 

ppm would result from exposure to a 30 day average air concentration 

of gaseous fluoride of about 0.5 micrograms per cubic meter (pg/m3). 

In order to evaluate potential ambient concentrations of fluoride, 

atmospheric dispersion estimates were made for a typical phosphate 

fertilizer complex. Groundlevel fluoride concentrations were compared 

for mediocre controls and for controls essentially similar 



to the emission guidelines shown in Table l-2. At a distance 

of about 2.5 kilometers (Table 9-5) from the complex, the 30-day 

average fluoride ground-level concentration was 3.5 ,g/m3 for the 

mediocre controls, and it was 0.5 ,g/m3 for the good 

retrofit controls. The conclusion is apparent that for protection 

of public welfare (i.e. foliage, animals, etc.) mediocre 

controls are effective for protection of property beyond 15 km (9.3 

miles) and best controls are effective beyond 2.5 km (1.5 miles) 

relative to the fertilizer facility location. 

Increased or decreased control of fluorides would not change 

the volume of aqueous waste generated in a phosphate fertilizer 

complex. Gypsum pond water is used and re-used, and a discharge is 

needed only when there is rainfall in excess of evaporation. 

Any solid waste generated by scrubbing fluorides would be in 

the form of fluorosilicates of CaF2 in the gypsum ponds. Section 

9.1.3 shows that the increase in solids discharged to the gypsum 

pond due to scrubbing in a WPPA plant is only about 0.06 weight 

percent, a negligible amount. The total fluoride solids increase 

from a fertilizer complex to the gypsum pond would be nearer four 

percent of the gypsum discharge, but much of this is from sources 

other than scrubbing and certainly cannot be charged to small 

increments in emission standards. 

1.6.3 Energy 

Energy requirements for State controls based on the 

emission guidelines, in excess of existing controls, would be small 

I 

and varying from 0.4 to 25 KWH per ton P2O5, depending on the 

process. Raising the allowable emission levels would have only g 



small effect on these power figures. Section 9.1.4 estimates the 

total incremental energy demand for the phosphate fertilizer industry. 

This total incremental electrical energy demand that would result from 

installation of retrofit controls to meet State standards based on the 

guidelines is estimated as 27 x lo6 KWH/yr, which is energy enough to 

operate one SPA plant of 300 tons/day P2O5 for 115 days/year. Although 

this energy number can be only an approximation, it puts the 

incremental energy demand i nto perspective and shows- that it is very 

small compared to the total annual energy demand for the industry. 

1.6.4 Inflation 

The costs associated wi th the em ission guidelines for existing 

phosphate fertilizer plants have been judged not to be of such 

magnitude to require analysi s of the inflationary impact. Screening 

criteria have been developed by EPA to be used in the impact analysis. 

These criteria have been outlined in an Agency publication and include: 

(1) National annualized cost of compliance. 

(2) Total added production cost in relation to sales price. 

(3) Net national energy consumption increase. 

(4) Added demands or decreased supplies of selected materials. 

Should any of the guideline values listed under these criteria be 

exceeded, a full inflationary impact assesmnt is required. 
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In accordance with 40 CFR 60.22(b), promulgated on November 17, 

1975 (40 FR 53340), this chapter presents a summary of the available 

information on the potential health and welfare effects of fluorides 

and the rationale for the Administrator's determination that it is a 

welfare-related pollutant 

Air Act. 

for purposes of section Ill(d) of the Clean 

rst considers potential health and welfare 

ollutant in connection with the establishment 

2. HEALTH AND WELFARE EFFECTS OF FLUORIDES 

2.1 INTRODUCTION 

The Administrator fi 

effects of a designateh p 

of standards of performance for new sources of that pollutant under 

section 111(b) of the Act. Before such standards may be established, 

the Administrator must find that the pollutant in question "may 

contribute significantly to air pollution which causes.or contributes 

to the endangermen~t of public health or welfare" [see section 

111 b)(l Ml. B ecause this finding is , in effect, a prerequisite 

to the same pollutants being identified as a designated pollutant 

under section Ill(d), all designated pollutants will have been 

found to have potential adverse effects on public health, public 

welfare, or both. 

As discussed in section 1.1, Subpart B of Part 60 

distinguishes between designated pollutants that may cause or 

contribute to endangerment of public health (referred to as "bealth- 

related pollutants") and those for which adverse effects on public 

health have not been demonstrated ("welfare-related pollutants"). 

In general, the significance of the distinction is that States 

have more flexibility in establishing plans for the control of 



lving welfare-related pollutants than is provided for plans invo 

health-related pollutants. 

In determining whether a designated pollutant is bbalth-related 

or welfare-related for purposes of section Ill(d), the Administrator 

considers such factors as: (1) known and suspected effects of the' 

pollutant on public health and welfare; (2) potential ambient 

concentrations of the pollutant; (3) generation of any secondary 

pollutants for which the designated pollutant may be a precursor; 

(4) any synergistic effect with other pollutan,ts; and (5) potential 

effects from accumulation in the environment (e.g., soil, water and 

food chains), 

It should be noted that the Administrator's determination 

whether a designated pollutant is health-related or welfare-related 

for purposes of section Ill(d) does not affect the degree of control 

represented by EPA's emission guidelines. For reasons discussed~ in 

the preamble to Subpart B, EPA's emission guidelines [like standards 

of performance for new sources under section Ill(b)] are based on the 

degree of control achievable with the best adequately demonstrated 

control systems (considering costs), rather than on direct protection 

of public health or welfare. This is true whether a particular 

designated pollutant has been found to be health-welated or welfare- 

related. Thus, the only consequence of that finding is the degree 

of flexibility that will be available to the States in establishing 

plans for control of the pollutant, as indicated above. 



fluorine. 

2.2 EFFECT OF FLUORIDES ON HUMAN HEALTH.1 

2.2.1 Atmospheric Fluorides 

The daily intake of fluoride inhaled from the ambient air is 

only a few hundredths of a milligram - a very small fraction of the 

total intake for the average person. If a person is exposed to 

ambient air containing about 8 micrograms (vg) of fluoride per cubic 

meter, which is the maximum average concentration that is projected 

in the vicinity of a fertilizer facility with only mediocre control 

equipment (Table 9-5), his total daily intake from this source is 

calculated to be about 150 pg. This is very low compared with the 

estimated daily intake of about 1200 pg from food, water, and other 

sources for the average person. 

Few instances of health effects in people have been attributed 

to community airborne fluoride, and they occurred in investigations 

of the health of persons living in the immediate vicinity of fluoride- 

emitting industries. The only effects consistently observed are 

decreased tooth decay and slight mottling of tooth enamel when compared 

to control community observations. Crippling fluorosis resultinq from 

industrial exposure to fluoride seldom (if ever) occurs today, owinq 

to the establishment of and adherence to threshold limits for exposure 

of workers to fluoride. It has never been seen in the United States. 

Even persons occupationally exposed to airborne fluoride do not usually 

come in contact with fluoride concentrations exceeding the recommended 

industrial threshold limit values (TLV). The current TLV for hydrogen 

fluoride is 3 parts per million (ppm) while that for particulate 

fluoride is 2.5 milligrams per cubic meter (mg/m3) expressed as elemental 



There is evidence that airborne fluoride concentrations that 

produce no plant-injury contribute quantities of fluoride that are 

negligible in terms of possible adverse effects on human health and 

offer a satisfactory margin of protection for people. 

Gaseous hydrogen fluoride is absorbed from the respiratory tract 

and through the skin. Fluoride retained in the body is found almost 

entirely in the bones and teeth. Under normal conditions, atmosoheric 

fluoride represents only a very small portion of the body fluoride 

burden. 

2.2.2 Ingested Fluorides 

Many careful studies, which were reviewed by the National Academy 

of Sciences, have been made of human populations living in the vicinity 

of large stationary sources of fluoride emissions. Even in situations 

where poisoning of grazing animals was present, no human illness due 

In some of these areas much of to fluor ide poisoning has been found. 

the food used by the people was local 

and cook ing of vegetables, grains and 

intake in human diets than in that of 

pasture. 

ly produced. Selection, processina, 

fruits gives a much lower fluoride 

animals grazing on contaminated 

In poisoned animals, fluorine levels are several thousand times 

normal in bone, and barely twice normal in milk or meat. Calves and 

lambs nursing from poisoned mothers do not have fluorosis. They do not 

develop poisoning until they begin to graze. Meat, milk and eggs from 

local animals contain very little more fluoride than the same foods 

from unpoisoned animals. This is due to the fact that fluorine is 

deposited in the bones almost entirely. 
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2.3 EFFECT OF FLUORIDES ON ANIMALS! 

In areas where fluoride air pollution is a problem, high- 

fluoride vegetation is the major source of fluoride intake by livestock. 

Inhalation contributes only a negligible amount to the total fluoride 

intake of such animals. 

The available evidence indicates that dairy cattle are the 

domestic animals most sensitive to fluorides, and protection of 

dairy cattle ,from adverse effects will protect other classes of live- 

stock. 

Ingestion of fluoride from hay and forage causes bone lesions, 

lameness, and impairment of appetite that can result in decreased 

weight gain or diminished milk yield. It can also affect developing 

teeth in young animals, causing more or less severe abnormalities 

in permanent teeth. 

Experiments have indicated that long-term ingestion of 40 ppm 

or more of fluoride in the ration of dairy cattle will produce a 

significant incidence of lameness, bone lesions, and dental 

fluorosis, along with an effect on growth and milk prOdUCtiOn. 

Continual ingestion of' a ration containing less than 40 ppm will give 

discernible but nondamaginq effects. However, full protection 

requires that a time limit be placed on the period during which high 

intakes can be tolerated. 

It has been suggested that dairy cattle can tolerate the 

ingestion of forage that averages 40 ppm of fluoride for a year, 

60 ppm for up to 2 months and 80 ppm for up to 1 month. The usual 

food supplements are low in fluoride and will reduce the fluoride 

concentration of the total ration to the extent that they are fed. 
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fluorine. 

Fluoride-containing dusts can be non-injurious to vegetation 

but contain hazardous amounts of fluoride in terms of forage for 

farm animals. Phosphate rock ;s an example of a dust that seemingly 

has not injured plants but is injurious to farm animals. This was 

made evident forty years ago when an attempt was made to feed 

phosphate rock as a dietary supplement source of calcium and phosphate. 

Fluoride injury quickly became apparent.2 Phosphate rock is used 

for this purpose today, but only after defluorinating by heat treat- 

ment. Phosphate rock typically contains up to about 4 weight percent 

2.4 EFFECT OF ATlflOSPHERIC FLUORIDES ON VEGETATION.' 

The previous sections state that atmospheric fluorides are 

1 not a direct problem to people or animals in the United States, but 

,that animals could be seriously harmed by ingestion of fluoride from 

forage. Indeed, the more important aspect of fluoride in the ambient 

air is its effect on vegetation and its accumulation in foraqe 

1 that leads to harmful effects in cattle and other animals. The 

hazard to these receptors is limited to particular areas: industrial 

sources having poorly controlled fluoride emissions and farms located 

in close proximity to facilities emitting fluorides. 

Exposure of plants to atmospheric fluorides can result in 

accumulation, foliar lesions, and alteration in plant development, 

growth, and yield. According to their response to fluorides, piants 

may be classed as sensitive, intermediate, and resistant. Sensitive 

plants include several conifers, several fruits and berries, and some 

.grasses such as sweet corn and sorghum. Resistant plants include 
q 
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several deciduous trees and numerous vegetable and field crops. REi t 

forage crops are tolerant or only mqderately susceptible. In, 

addition to differences among species and varieties, the duration of 

exposure, stage of development and rate of growth, and the environmertal 

conditions and agricultural practices are important factors in 

determining the susceptibility of plants to fluorides. 

The average concentration of fluoride in or on foliage that appears 

to be important for animals is 40.ppm. The available data suggest 

that a threshold for significant foliar necrosis on sensitive 

species, or an dccumulation of fluoride in forage of more than 40 ppm 

would result from exposure to a 30-day average air concentration of 

gaseous fluoride of about 0.5 micrograms per cubic meter (pg/m3). 

Examples of plant fluoride exposures that relate to leaf 

damage and crop reduction are shown in Table 2-1.2 As shown, all 

varieties of sorghum and the less resistant varieties of corn and 

tomatoes are particularly susceptible to damage by fluoride ambient 

air concentrations projected in the immediate vicinity of fertilizer 

facilities (See Table 9-5). 

2.5 THE EFFECT dF '\-XJSPHERIC FLUOR 
* 

IDES ON MATERIALS OF CONSTRUCTION. 

2.5-l Etching of Glass2 

It is well known that glass and other high-silica materials 

are etched by exposure to volatile fluorides like HF and SiF4. Some 

experiments have been performed whet-6 panes of glass were fumigated 

with HF in chambers. Definite etching resulted from 9 hours ex- 

posure at a level of 590 ppb (270 ug/m3). Pronounced etchi~ng resulted from 

14.5 hours exposure at 790 ppb (362 ug/m3). Such levels would, of 
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Sorghum 

Most sensitive'varieties 'L.moSt resistant varieties 

0.7 ppb (0.32 pg/m3) for 15 days - 15 ppb (6.9 pg/m3) for 3 days 

Corn 2 ppb (0.92 pg/m3) for 10 days - 800 ppb (366 pg/m3) for 4 hrs. 

Tomato 10 pptd4.6 w/m3 for 100 days - 700 ppb (321 pg/m3) for 6 days . . 

‘Alfalfa 100 ppb (45.8 img/m3) for 120 days - 700 ppb (321 pg/m3) for 10 davs 

*Concentrations are expressed in terms of parts p r billion (ppb) with the equivalent 
concentration in micrograms per cubic meter (pg/m 0 ) given in parenthesis. 



course, cause extensive damage to many species of vegatation. However, 

ambient concentrations of this magnitude are improbable provided that 

a fertilizer facility properly maintains and operates some type of 

control equipment for abating fluoride emissions. 

2.52 Effects of Fluorides on Structures 

At the relatively low gaseous concentrations of fluorides in 

emissions from industrial processes, 1UUU ppm or less, tne damage 

caused by fluorides is probably limited mostly to glass and brick. 

Occasionally, damage to the interiorvbrick lining of a stack has 

been attributed to' fluorides. 

Considerable experience is available on corrosion in wet process 

phosphoric acid plants, where the presence of fluoride increases the 

3-5 corrosive effects of phosphoric acid. . This experience applies to 

the liquid phase; the effects of fluoride air emissions need more 

study. Entrained crude phosphoric acid:will corrode structural 

steel and other non-resistant materials that it settles on, The 

corrosive effects of "fumes" from the digestion of ptiosphate rock 

have been acknowledged and good design and maintenance practices 

for plant structural steel have been outlined.6 More information is 

needed about effects of gaseous fluorides in low concentration outside 

of the mill. It is usually difficult to separate the corrosive 

effects of airborne fluorides from those of other local and back- 

ground pollutants. 



2.6 RATIONALE 

~ Based on the information provided the preceding sections of 

this chapter, it is clear that fluoride emissions from phosphate 

fertilizer facilities have no significant effect on human health. 

Fluoride emissions, however, do have adverse effects on livestock 

and vegetation. Therefore the Administrator has concluded that 

fluoride emissions from phosphate fertilizer facilities do not 

contribute to the endangerment of public health. Thus fluoride 

emissions are considered a welfare-related pollutant for 

purposes of section Ill(d) and Subpart B of Part 60, 
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3. PHOSPHATE FERTILIZER INDUSTRY ECONOMIC PROFILE AND STATISTICS I 

3.1 INDUSTRY STRUCTURE 

The phosphate fertilizer industry is a segment of the agricultural 

chemical industry that is devoted to the production and marketing of 

commodities bearing the basic nutrients--nitrogen, phosphorous, and 

potash--for crop production. From the perspective of end-use products, 

the scope of the agricultural chemical industry includes ammonia, 

ammonium nitrate, urea, ammonium phosphates , nitrophosphates, mixed plant 

foods (in varying N-P-K combinations), superphosphates, phosphoric acid, 

and potash. The phosphate production segment of the agricultural chemical 

industry begins with the mining of phosphate rock; proceeds with the basic 

chemical production of'phosphoric acid and its subsequent processing to 

diamnonium phosphate (DAP), superphosphoric acid (SPA), and triple super- 

phosphate (TSP); and culminates at the retailer level where the numerous 

blends of fertilizers are formulated to satisfy the diverse interests of 

consumers. There are three basic types of retailers - the granular NPK 

producers (manufacturers of chemical formulations), the liquid fertilizer 

manufacturers, and the mechanical blenders (dry bulk). These groups compe' 

with each other in some markets (mixed fertilizers). 

The basic chemical producers in the industry sell merchant phosphoric 

acid and products derived from phosphoric acid, such as SPA, DAP, and TSP. 

NPK producers can therefore buy from a choice of raw materials to produce 

a specific product. For example, the typical NPK plant operator can buy 

DAP or produce it from wet-process phosphoric acid. Therefore, some com- 

petition can be expected among the various phosphate concentrates. I 



The basic chemical 

analysis, are generally 

producers, which are the focus of this 

not identifiable as single product firms. 

Very few firms are totally dependent on fertilizer production for their 

business. Most fertilizer production is conducted as a subsidiary 

activity in well diversified, often-times large, corporations. These 

firms are chemical manufacturers or petrochemical companies. Some 

companies are farm cooperatives , vertically integrated from production to 

marketing, in geographic areas in which they are economically based. 

These latter firms are primarily engaged in serving farm customers by 

retailing fertilizers, by purchasing and shipping grains and other 

agricultural products to regional centers, and by providing necessary 

supplies and services. Finally, there are firms engaged in fertilizer 

production that derive the main portion of their revenues from totally 

unrelated activities, such as steel manufacture, pipeline construction, 

etc. 

Generally, the basic chemical producers ownthe sources of 

their raw materials (phosphate rock mines). According to 1970 

production statistics, the ten largest firms in rock mining are ranked 

as follows: 

TABLE 3-l 

TEN LARGEST PHOSPHATE ROCK PRODUCERS' 

I Firm 
Production 

(1000'Short Tons) 

International Minerals & Chemicals 8,000 

Williams Co. (was Continental Oil Co.) 6,500 

Mobil Chemical Company 5,900 

Occidental Chemical Company 

American Cyanamid Corp. 

U.S.S. Agrichemicals 

3,750 

3,650 

3,640 
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TABLE 3-1 (CONTINUED) 

Production 
Firm (1000 Short Tons) 

Swift & Company 3,000 

Texas Gulf, Inc. 3,000 

Stauffer Chemical Company. 2,500 

Gardinier, Inc. (was Cities Service Co.) 2,000 

Total 41,940 

U.S. Production 50,640 

Percent of total production of ten largest 
firms 83% 

Based on the production of wet-,process phosphoric acid, the 

cornerstone of the basic chemical production in the phosphate fertilizer 

industry, the ten largest firms in terms of 1972 production are as follows: 

TABLE 3-2 

TEN LARGEST PHOSPHORIC ACID PRODUCERS' 

Production Capacity 
Firm (1000'Shoft‘Tons P&l 

CF Industries 880 

Freeport Minerals Co. 750 

Gardinier , Inc. 544 

Farmland Industries 455 

Beker Industrial Corp. 411 

Texas Gulf'Inc. 346 

Olin Corporation 337 

W.R. Grace & Co. 315 

U.S.S. Agri-Chemicals Inc. 266 

Occidental Chemical Co. 247 

Total 4,551 

U.S. Production 6,370 

.Percent of total production of ten 71% 
largest firms 

/ 
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A review of the above tabulations reveals vertical 

integration from the mine through the chsmic?l ?rr\?uction 

within several corporations. Each af the precedino 

phosphate rock producers owns basic chemical production facilities 

directly, or through equity interest in chemical producing companies. 

CF Industries and Farmland Industries are integrated from the chemical 

production stage forward to the ultimate retailing of fertilizers. 

Freeport Minerals is strong in ownership of sulfur reserves, an 

important raw material for production of phosphoric acid. Beker 

Industries is a newcomer into the fertilizer industrv. as they purchased 

the fertilizer assets of Hooker Chemica 

Paso Products Company. 

1 (Occidental Petroleum) and E 1 

3.2 EXISTING PLANTS 

The United States is the world's leading producer and consumer of 

phosphate fertilizer with an annual consumption of nearly 20 percent of 

the world's total.3 Phosphate fertilizers are produced by several 

processes and consumed in various product forms. Plant statistics are 

available for those processes of interest under the following classifications: 

wet-process phosphoric acid, superphosphoric acid, trip 

and ammonium phosphates. 

le superphosphate, 

Tables 3-3 through 3-6 list the company, location, year brought on 

stream, and annual production capacity of all wet-process phosphoric 

acid, superphosphoric acid, triple superphosphate, and ammonium phosphate 

facilities in the United States. Figures 3-l and 3-2 show the geographic 

distribution of these plants. 
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TABLE 3-3 

PRODUCTION CAPACITY OF WET-PROCESS PHOSPHORIC ACID (1973) ~4’5 

Company 

Allied Chem. Corp. 
Union Texas Petroleum Div. 

Agricultural Dept. 

Arkansas Louisiana Gas Co. 
Arkla Chem. Corp., subsid. 

Atlantic Richfield Co. 
ARC0 Chem. Co., Div. 

W 

in Beker Indust. Corp. 
Agricultural Products Corp., 

subsid. 
National Phosphate Corp., 

subsid. 

Borden Inc. 
Borden Chem. Div. 

Smith-Douglass 

CF Indust., Inc. 
Bartow Phosphate Complex 
Plant City Phosphate Complex 

Location 

Geismar, La. 

Helena, Ark. 

Fort Madison, Iowa 

Conda, Idaho 

Marseilles, 111. 
Taft, La. 

Piney Point, Fla. 1966 165 
Streator, 111. 1953 25 

Bartow, Fla. 
Plant City, Fla. 

Date on Stream Annual Capacity 
(Thousands of Tons P205) 

1967 160 

1967 50 

1968 225 

1972 125 (adding 125) 

1962 105 
1965 185 (adding 30) 

1961 650 
1965 250 (adding 375) 



TABLE 3-3 

(CONTINUED) 

Company Location 

Conserv Inc. Nichols, Fla. 

Farmland Indust., Inc. Greenbay, Fla. 

Freeport Minerals Co. 
Freeport Chem. Co., Div. 

Uncle Sam, La. 

Gardinier, Inc. Tampa, Fla. 

W. R. Grace & Co. 
Agricultural Chems. Group 

Bartow, Fla. 

International Minerals and New Wales, Fla. 
W 

b 
Chemicals Corp. 

Mississippi Chem. Corp. Pascagoula, Miss. 

Mobil Oil Corp. 
Mobil Chem. Co. Depue, 111. 

Agricultural Chemicals, Div. 

North Idaho Phosphate Co. Kellogg, Idaho 

Occidental Petroleum Corp. 
Occidental Chem. Co., subsid. 
Occidental of Florida Div. White Springs, Fla. 
Western Div. Lathrop, Calif. 

Date on Stream 
Annual Capacity 

(Thousands of Tons P2Q-) 

1973 

1965 

1968 

150 

500 

750 

1961 

1962 

1975 

1958 

1966 

1960 

1966 
1954 

490 

315 (adding 250) 

(600) 

130 

130 

30 

225 (adding 350) 
17 (adding 23) 



Pennzoil Co. 
Pennzoil Chem., Inc., subsid. 

Royster Co. 

J. R. Simplot Co. 
Minerals and Chem. Div. 

W 

L Stauffer Chem. Co. 
Fertilizer and Mining Div. 

Texas Gulf, Inc. 
Agricultural Div. 

Union Oil Co. of California 
Collier Carbon & Chemical 

Corp., subsid. 

United States Steel Corp. Bartow, Fla. 1964 
USS Agri-Chemicals, Div. Ft. Meade, Fla. 1962 

Valley Nitrogen Producers, Inc. 

The Williams Companies South Pierce, Fla. 1965 280 
Agrico Chem. Co., subsid. Donaldsonville, La. 1974 (400) 

TABLE 3-3 

(CONTINUED) 

Location Date on Stream 

Pasadena, Tex. 1965 230 (adding 14) 

Hanford, Calif. 1972 10 (adding 10) 

Mulberry, Fla. 1968 

Pocatello, Idaho 1962 

140 

145 (adding 80) 

Pasadena, Tex. 1966 
Salt Lake City, Utah 1954 

Aurora, N. C. 1966 

60 
65 

350 (adding 350) 

Nichols, Calif. 1961 8 

Helm, Calif. 1959 
Edison, Calif. 

35 (adding 83) 
1966 8 

Annual Capacity 
(Thousands of Tons P,O,) 

TOTAL 6,293 (adding 2,690) 



TABLE 3-4 

PRODUCTION CAPACITY OF SUPERPHOSPHORIC ACID (1973) 4’5 

Company Location Date on Stream Annual Capacity Process & 
(Thousands of Tons P205) Remarksa 

Allied Chem. Corp. 
Union Texas Petroleum Div. 
Agricultural Dept. 

Beker Indust. Corp. 
Ag;t;;ltural Products Corp., 

. 

Farmland Indust., Inc. Greenbay, Fla. 1971 138 vacuum 
w 
c!o Internat'l Minerals & Chem. Corp. Bartow, Fla. 1963 

1967 i: 
139 

vacuum: acid 
is rediluted 
and used 
captively to 
make feed 
phosphates 

Geismar, La. 1967 127 

Conda, Idaho 45 vacuum 

North Idaho Phosphate Co. Kellogg, Idaho 1964 

Occidental Petroleum Corp. White Springs, Fla. 1966 
Occidental Chem. Co., subsid. 

Occidental of Florida Div. 

J. R. Simplot Co. 
Minerals and Chem. Div. 

Pocatello, Idaho 1964 32 (adding 23) vacuum 

Stauffer Chem. Co. Pasadena, Tex. 1966 
Fertilizer and Mining Div. Salt Lake City, Utah - 

11 

69 

22 
34 

submeraed 
combustion 

vacuum 

submerged 
combustion 

vacuum 
vacuum 



TABLE 3-4 

(CONTINUED) 

Company Location Date on Stream Annual Capacity Process & 
(Thousands of Tons P205) Remarks 

Texas Gulf, Inc. 
Agricultural Div. 

Aurora, N. C. 1967 
1970 :; 

vacuum 

lx (adding 82) 

aManufactured from wet process phosphoric acid 

TOTAL 783(addinq 105) 



TABLE 3-5 4-7 
PRODUCTION CAPACITY OF TRIPLE SUPERPHOSPHATE (1973) 

Company 

Beker Indust. Corp. 
Agricultural Products 

Corp., subsid. 

Borden Inc. 
Borden Chem. Div. 

Smith-Douglass 

CF Indust., Inc. 
Y Plant City Phosphate 
A 
0 

Complex 

Conserv Inc. 

Farmland Indust., Inc. 

Gardinier Inc. 

W. R. Grace & Co. 

Location 

Conda, Idaho 

Piney Point, Fla, 

Plant City, Fla. 

Nichols, Fla. 

Greenbay, Fla. 

Tampa, Fla. 

Bartow, Fla. 
Agricultural Chems. Group 

Joplin, MO. 

Date on Annual Capacitya 
JThousands of Tons Product) Stream 

1974-75 (340) 

1966 70 

1965 530 (adding 400) 

1973 280 

1965 190 

1952 395 
1972 

1954 390 
. 1958‘ 275 

a5 

1953 100 

Product 

Granular 

ROP - granulate 
portion of pro- 
duction 

ROP 

Granular 

ROP and granular 

ROP and granular 

ROP 



Company 

Mississippi Chem. Corp. 

Occidental Petroleum Corp. 
Occidental Chem. Co., 

subsid., 
Dctidental of Florida 

. 

Royster Co, 

J.R. Simplot Co. 
Minerals & Chem. Div. 

Stauffer Chem. Co. 
Fertilizer & Mining Div. 

Texas Gulf, Inc. 
Agricultural Div. 

United States Steel Corp. 
USS Agri-Chemicals, Div. 

The Williams Companies 
Agrico Chem. Co., subsid. 

TABLE 3-5 
JCDNTINUED) 

Location Date on Annual Capacitya 
Stream QhouSdnds of Tons Product) 

Pascagoula, Miss. 1972 300 

White Springs, Fla. 1966 460 

Mulberry, Fla. 1968 210 

Pocatello, Idaho 1954 120 

Salt Lake City, 
Utah 

1954 35 

Aurora, N.C. 1966 370 (adding 130) ROP and granular 

Fort Meade, Fla. 1962 295 

South Pierce, Fla. 1965 

Product 

TOTAL 4,970 (adding 870') 

Granular 

Granular 

ROP 

ROPdgranulate 
portion of pro- 
duction 
ROP-,granu!ate 
portion of pro- 
duction 

Granular 

ROP- rlranlllate 
portion of pro- 
duction 

aCapacities are for gross weight. 



TABLE 3-6 

PRODUCTION CAPACITY OF AMMONIUM PHOSPHATES (1973)4-6 

Company 

Allied Chem. Corp. 
Union Texas Petroleum Div. 

Agricultural Dept. 

American Plant Food Corp. 

Arkansas Louisiana Gas Co. 
Arkla Chem. Corp., subsid. 

W 
Beker Indust. Corp. 

I A Agricultural Products Corp., 
N subsid. 

National Phosphate Corp., 
subsid. 

Borden Inc. 
Borden Chem. Div. 
Smith-Douglass 

Brewster Phosphates 

C F Indust., Inc. 
Bartow Phosphate Complex 
Plant City Phosphate Complex 

Location 
Annual Capacitya 

Date on Stream (Thousands of Tons Product) Remarks 

Geismar, La. 

Galena Park, Tex. 

Helena, Ark. 

Conda, Idaho 

Marseilles, Ill. 
Taft, La. 

Piney Point, Fla. 
Streator, Ill. 

Luling, La. 

Bartow, Fla. 
Plant City, Fla. 

1967 150 DAP, leased to 
Brewster 
Phosphates 

1966 

1967 

175 

150 

Mostly mix&es 

DAP and mixtures 

1972 270 DAP 

1962 
1965 

200 DAP 
395 (adding 70) DAP 

1966 130 
90 Mostly mixtures 

1965 385 DAP 

1961 
1974 

1,000 DAP 
(390) DAP 



Company 

Conserv Inc. 

Farmland Indust., Inc. 

First Mississippi Corp. 

Gardinier Inc. 

c3 W. R. Grace & Co. I 4 
w Agricultural Chems. Group 

Internat'l Minerals 81 Chem. 
Corp. 

Kaiser Steel Corp. 

TADLE3-6 

(CONTINUED) 

Location 

Nichols, Fla. 

Greenbay, Fla. 
Joplin, MO. 

Fort Madison, Iowa 

Tampa, Fla. 

Bartow, Fla. 

Bartow, Fla. 1962/63 

New Wales 1975 

Fontana, Calif. 1955 

Date on Stream 

1973 

1965 
1954 

1968 

1959 

1966 

Annual Capacitya 
(Thousands of Tons Product) Remarks 

200 

390 
245 

495 

525 DAP, MAP 

235 DAP, MAP 

50 

(490) 

25 

MAP 

DAP 
Mixtures 

DAP and 
Mixtures 

Feed grade 
DAP and YAP 
DAP and YAP 

Switches 
between 
ammonium sul- 
fate and DAP. 



TABLE 3-6 

(CONTINUED) 

Company 

Lone Star Gas Co. 
Nipak, Inc., subsid. 

Location 

Kerens, Tex. 

Mississippi Chem. Corp. Yazoo City, Miss. 

Mobil Oil Corp. Depue, Ill. 
Mobil Chem. Co. 
Agricultural Chemicals Div.“ 

Monsanto Co. Trenton, Mich. 
Monsanto Indust. Chems. Co. 

North Idaho Phosphate Co. Kel 1 ogg , Idaho 

ci I 
z Occidental Petroleum Corp. 

Occidental Chem. Co., subsid. 
Occidental of Florida Div.White Springs, Fla. 
Western Div. Lathrop, Calif. 

Plainview, Tex. 

Olin Corp. 
Agricultural Chems. Div. Pasadena, Tex. 

Pennzoil Co. Hanford, Calif. 
Pennroil Chem., Inc. subsid. 

Royster Co. Mulberry, Fla, 

J. R. Simplot Co. Pocatello, Idaho 
Minerals and Chem. Div. 

Annual Capacitya 
Date on Stream (Thousands of Tons Product) Remarks 

1964 110 Mostly mixtures 

1958 

1966 

630 

240 

Mostly mixtures 

DAP 

- 40 - 45 

1965 65 DAP, MAP, and 
mixtures 

1966 575 (adding 350) DAP 
165 Mostly mixtures 

25 Mostly mixtures 

1973 

800 Mostly mixtures 

rw 

1968 

1961 

270 DAP 

190 (adding 50) DAP and MA? 



Company 

TABLE 3-6 
(CONTIN%D) 

Location 
Annual Capacity? 

Date on Stream (Thousands of Tons Product) Remarks 

Standard Oil Company of Calif. 
Chevron Chem. Co., subsid. Fort Madison, Iowa 

Kennewick, Wash. 
Richmond, Calif. 

Stauffer Chem Co. 
Fertilizer & Mining Div. 

Tennessee Valley Authority 

Pasadena, Tex. 
Salt Lake City, Utah 

Muscle Shoals, Ala. 

Texas Gulf, Inc. Aurora, N. C. 
W 

Agricultural Div. 
I 

s tinion Oil Co. of California Nichols, Calif. 
Collier Carbon and Chem. Corp. 
subsid. 

1966 220 DAP 

1957 55 Mostly mixtures 

United States Steel Corp. 
USS Agri-Chemicals, Div. 

Cherokee, Ala. 1962 245 DAP & mixtures 

Valley Nitrogen Producers, Inc. Bakersfield, Calif. 
Helm, Calif. 

Arizona Agrichemical Corp., Chandler, Arizona 
subsid. 

1960 
1959 
1967 

10 8- 24 - 0 
140 (adding 150) MAP & mixtures 

60 "lap, 16 - 20 - fl 

The Williams Companies Donaldsonville, La. 
Agrico Chemical Co., subsid. 

1969 700 (adding 840) DAP 

TOTAL 10,288 (adding 2,340) 

aCapacities are for gross weight of product and includes diammonium phosphate (DAP), monammonium phosphate (YAP), 
ammonium phosphate sulfate and ammonium phosphate nitrate. 

1962 
1959 
1957 

1966 
1965 

1966 

200 
1:: 

135 
65 

33 

Mixtures 
Mixtures 
Yixtures 

Most1.v DAP 8 M.4P 
Mostly DAP & MAP 

Solid ammonium 
polyphosphates 
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AS might be expected, the majority of the plants are located either near 

the phosphate rock deposits of Florida, Idaho, and Utah; the sulfur &posits 

of Texas and Louisiana; or the farming outlets, 

As of 1973, there were 34 operating wet-process phosphoric acid 

plants with an annual capacity of 6,435,OOO tons of P205; 10 super- 

phosphoric acid facilities with an annual capacity of 783,000 tons of 

P205; 15 triple superphosphate facilities with an annual capacity of 

4,970,OOO tons of product, and 44 ammonium phosphate facilities with an 

annual capacity of 10,280,OOO tons of product. 4-6 The production capacity 

attributed to wet-process acid plants in Table 3-3 is about 80 percent 
I 

of the total United States phosphoric acid production. The balance is 

produced from elemental phosphorous made by the furnace method, which is 

not covered by the standards of performance for new stationary sources 

(SPNSS~ for the phosphate fertilizer industry. Table 3-5 presents statistics 

for facilities producing both run-of-pile triple superphosphate and granular 

triple superphosphate; it is estimated'that between 60 and 70 percent of 

the total capacity is associated with granular TSP. Approximately 70 

percent of the production capacity of ammonium phosphates listed in 

Ta,ble 3-6 can be attributed to diammonium phosphate. 

3.3 CAPACITY UTILIZATION 

The phosphate fertilizer industry has followed a cyclic pattern 

of capital investment in new plants. This pattern is demonstrated by 

the graphs for phosphoric acid and ammonium phosphate production 

presented in Figures 3-3 and 3-4. As shown in the graphs by the 

.duration between peak utilization (operating near 100 percent), the 
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cycle length appears to be 6 to 7 years. During the 1965 to 1972 cycle, 

Year WPPA 

1965 100 

1966 92 

1 967 80 

1 968 77 

1 969 69 

1 970 84 

1 971 96 

1 972 96 

1 973 89 

1 974 89 

1 975 83 

1976 82 

expansion peaked in 1969. Slackened demands prompted price cutting 

and eventual temporary shutdown of some facilities. At the end of the 

cycle, supply of plant capacity came in balance with production. 

For additional insight into:.the cyclic trend of capacity 

utilization, Table 3-7 lists operating ratios for phosphoric acid and 

diammonium phosphate production. 

TABLE 3-7 

PRODUCTION AS PERCENT OF CAPACITY8 

DAP 

72 

63 

66 

56 

54 

78 

96 

96 
-- 

-- 

-- 

-- 

During mid-1973, the industry was operating near capacity. Idle 

plants that had been shutdown during the 1968-1970 recession were being 

refurbished for production. Beker Industries is one example of a firm 

that purchased idle phosphate facilities from petroleum companies for 

acid and ammonium production. New plant construction, as announced 
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by Agrico Chemical and IMC, will not provide significant additions 

to supply of phosphates until 1975 or 1976. By inspection of the 

profiles in Figures 3-3 and 3-4 and the operating ratios presented 

in Table 3-7, planned plant capacity for phosphoric acid seems 

sufficient through 1976; ammonium phosphate capacity, on the other 

hand, will have to be increased to cope with the projected demand. 

3.4 CONSUMPTION PATTERNS 

For an understanding of the historical consumption patterns of 

WPPA, SPA, DAP, and TSP, an overview of consumption of all phosphate 

fertilizers is presented. Although some superphosphoric acid 

in the form of animal feed supplements, most phosphate product 

wet-process phosphoric acid ends up in fertilizers. 

is consumed 

ion from 

Historical data are presented for U.S. consumption in Tab 

Liquids and solids (bulk and bagged) are all included in these 

le 3-8. 

data. 

Total consumption includes phosphate values derived from wet-process 

phosphoric acid to produce triple superphosphate, and phosphate rock 

reacted with sulfuric acid to produce normal superphosphate. 

Overall, the growth trend in total consumption has been at a rate 

of 6.5 percent compounded annually from the base year 1960. However, 

normal superphosphate production has declined steadily from 1,270,OOO 

tons (P205) in 1960 to 621,000 tons (P205) in 1973.' The gap in 

phosphate values generated by the decline in NSP has been mostly taken 

up by diamnonium phosphate production, as well as wet-process phosphoric 

acid, the intermediate product. Hence, consumption of wet-process 

phosphoric acid and diamnonium phosphate production have grown at a 

more rapid rate than total consumption of phosphates. 
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The two other major categories presented in Table 3-8 separate 

the basic chemicals that are applied directly to the soil from those 

that receive further processing into mixtures; foods containing at least 

two of the nutrients basic to plant growth. Some duplication of reporting 

is evident in the statistics as some undetermined amount appears twice, 

in "mixtures" and "direct applications". 

Review of the data in Table 3-8 shows that the demand for 

normal superphosphate has decreased drastically in recent years. 

During this same time period, the use of ammonium phosphates (other 

than DAP) and triple superphosphate have slowed while the demand for 

DAP has grown steadily. Almost all direct application materials are 

now DAP or GTSP. Demand for these materials appears to have grown 

more rapidlv than total consumption. Additional factors contrjbuting 

to this trend are the rise of bulk blending operations and intensive 

cultivation [emphasis on increased yield per acre). 

Farmers have lately realized that mechanical blends of grandulated 

concentrates do just as well as a grandulated, chemically produced 

NPK food and are available at lower costs. A shift from normal 

superphosphate and run-of-pile triple superphosphate production to the 

grandulated concentrates, DAP, and GTSP, is occurring. 

The shift in product usage has also been accompanied by a shift 

in raw materials for NPK plants. Run-of-pile triple superphosphate 

has been replaced by wet-process phosphoric acid as a raw material. 

Improvement in phosphoric acid technology has made it possible to inhibit 

the precipitation of impupities during shipping, as most WK plants 
. 

are far removed from the areas of acid production. 
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TABLE 3-8. U.S. PHOSPHATE CONSUM TION, 1960-1973 
(1000 tons P P205) 3 

Year 

1960 

1961 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973c 

Total 
Consumption 

2572 

2645 

2807 

3073 

3378 

3512 

3897 

4305 

4452 

4666 

4574 

4803 

4873 

5072 

Mixtures 

2033 

2069 

2219 

2474 

2705 

2816 

3111 

3503 

3579 

3724 

3709 

3943 

4007 

4200 

Direct ApplicationMaterials 

Diammonium 
Phosphatesa " 

-Normal Triple Ammonium 
Superphosphate Superphosphate Phosphatesb 

35 103 185 171 

63 100 203 188 

110 97 217 205 

177 98 220 205 

244 93 289 216 

302 95 309 204 

418 94 413 221 

451 86 432 224 

608 79 487 227 

724 72 585 207 

726 62 546 184 

814 55 556 179 

884 44 577 174 

35 569 

aIncludes grades 18-46-O and 16-48-O 
bIncludes grades 11-48-0, 13-39-0, 16-20-0, Zl-53-O,'and 27-14-O 
'Preliminary 



Consumption of superphosphoric acid is only recently beginning to 

expand. To date, it has been used primarily for the production of liquid 

fertilizers with some secondary end-use in the production of animal feed 

supplements. Data for consumption is limited. Superphosphoric acid con- 

sumption is currently estimated at only 15 percent of overall phosphate 

consumption. 

Several reasons are presented to explain the expected expansion of 

superphosphoric acid consumption. Technology has made it possible to 

produce a product which eliminates the problems of sludge formation en- 

countered during shipping and storage of wet-process acid. Increased crop 

yield per unit P,O, applied from liquid fertilizers has been claimed. 

Transportation costs per ton of P2O5 are less for liquid; than for solid 

fertilizers. 

The implications of the shifting patterns in the industry in 

response to demands for cheaper, better quality products are as follows: 

1. Granular concentrates will continue to expand in production; 

these include DAP and GTSP. 

2. Run-of-pile TSP production will decline and be replaced by 

GTSP and DAP. 

3. Superphosphoric acid will have the largest growth rate of all 

phosphate commodities. 

3.5 FUTURE TRENDS 

The phosphate fertilizer industry has experienced dynamic growth 

in recent years. Table 3-9 provides production statistics for wet 

process phosphoric acid, triple superphosphate, and ammonium phosphates 

3-25 



Year 

1950 

1955 

1960 

1961 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

U. 

TABLE 3-9 

S. PRODUCTION OF THREE COMMODIT 
w 

IN THE 
PHOSPHATE INDUSTRY, 1950-1973 

Wet Process Triple 
Phosphoric Acid Superphosphate 

(Thousand tons of P2O5) 

299 309 
775 707 

1,325 986 

1,409 1,024 

1,577 960 

1,957 1,113 

2,275 1,225 

2,896 1,466 

3,596 1,696 

3,993 1,481 

4,152 1,387 

4,328 1,354 

4,642 1,474 

5,016 11,503 

5,594b 1,659 

5,621b 1,716b 

Ammoniaa 
'Phosphates 

269 
370 

536 

1,081 

1,376 

1,747 

1,633 

1,844 

2,092 

2,395 

2,577 

2,665b 

aIncludes diammonium phosphate, monammonium phosphate, ammonium 
phosphate sulfate, ammonium phosphate nitrate, and other phosphate - ..s. 

. 
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from 1950 to 1973. During this period, wet-process phosphoric acid 

has shown a strong steady growth because of its role'as an intermediate 

in the production of ammonium phosphates, triple superphosphate, and 

other phosphate products. Production of wet, acid has grown at an average 

annual rate of 14 percent since 1960. Table 3-3 lists announced con- 

struction of wet acid plants through 1975. This new construction will 

increase total capacity by 41.6 percent. An average annual growth rate 

of 6.0 percent is expected for the period from 1976 to 1980.15 

Documentation of superphosphoric acid production is very limited. 

The usual reporting groups, such as Department of Commerce and TVA, do 

not report production figures. The Fertilizer Institute reports 

production in its Fertilizer Index but privately concedes that its 

published figures for the years of 1969-1971 are below estimates of 

actual production. 

A 40 percent saving in freight costs per unit we?ght of P2O5 is 

realized when phosphoricacid is shipped in the concentrated super- 

acid form. '6 Anticipated growth for superphosphoric acid is largely 

due to this reduced shipping cost and the availability of merchant 

grade wet-process acid will be a major factor affecting expansion. Announced 

1Y 

. 

construction through 1975 will increase existing capacity by approximate 

13 percent. Rapid growth during the remainder of the decade is expected 

By definition, ammonium phosphates are products manufactured direct 

from ammonia, phosphoric acid, and sometimes other acids, in contrast 

1Y 

to those ammoniated phosphates that are produced in NPK granulation plants from 

ammonia and run-of-pile triple superphosphate. "Diammonium" phosphates 
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include 16-48-o (N, P206, and K20 content) and 18-46-o grades. Monam- 

monium phosphates are 11-48-o. These two generic products are produced 

strictly from ammonia and phosphoric acid; other ammonium phosphates are 

produced from a mixture of ammonia, phosphoric acid, nitric acid, and 

possibly sulfuric acid. 

The growth of ammonium phosphates has been more rapid than that of 

triple superphosphates - 20 percent annual growth since 1960 - because 

of several inherent advantages of ammonium phosphates (see Section 4.4). 

New construction through 1975 will increase production capacity by 22.7 

percent. Annual growth from 1975 to 1980 is projected at 6 percent.15 

Production of triple superphosphate has grown at an average annual 

rate of 4 percent since 1960. Triple superphosphate is produced by 

two methods; the den method and the granulator method. The den method 

produces a material (run-of-pile) that is non-uniform in particle 

size. This material is stored, pulverized, and shipped to NPK plants 

for ammoniation. The granulator method produces a granular product that 

is sold to bulk blender retailers for mixing or for direct application 

(as a 0-46-O fertilizer) to the soil. 

No statistics are available as to the breakdown of run-of-pile 

versus direct granulator production. In the industry, run-of-pile 

production by the primary producer may be granulated and sold as GTSP 

to bulk blender retailers as a direct application fertilizer. Ultimately, 

essentially all run-of-pile production becomes granulated, either by the 

primary producer or by the NPK plant. Only granulated TSP is expected 

to be of importance in the future. 
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Announced new construction through 1975 will result in a 17.4 

percent increase in triple superphosphate pro duction capacity, however, 

this apparent growth does not take into consi deration the possible 

closings of existing run-of-pile facilities. Granular triple super- 

phosphate production should experience an ave rage annual growth of 4 

percent from 1975 to 1980. 
15 

There appears to be a trend toward larger production facilities in 

the phosphate fertilizer industry. Average plant life is from 10 to 15 

years and older plants are generally replaced by larger ones employing 

the latest proven technology. A number of small experimental plants 

have been built that produce such products as ultraphosphoric acid (83 

percent P2O5), ammonium polyphosphate (15-61-0, NPK content) and high 

analysis superphosphate (54 percent P2O5) but this experimental technology 

has not yet been applied to large scale production. All indications are 

that the phosphate fertilizer industry will continue to grow rapidly 

throughout the 1970-1980 decade. 

3.6 PRICES 

Price competition in the fertilizer industry has been very intense 

historically because of the large number of participants in all facets 

of manufacturing-- basic chemical producers, manufacturers of mixed 

fertilizers, blenders, and retailers. No one chemical producer can be 

said to be a price leader. The participation of farm cooperatives in the 

manufacturing segment of fertilizers , including the basic chemicals, un- 

doubtedly has been a steadying factor on prices, minimizing cyclic 

fluctuations. 
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List prices are available for (agricultural grade) wet-process 

phosphoric acid, triple superphosphate (run-of-pile and granular), 

diammonium phosphate, and superphosphoric, acid in the 

Reporter published by Snell Publishing Company of New 

prices are not firm indicators of actual prices paid, 

discounts, variability in credit terms to buyers, and 

Chemical Marketing 

York. These 

however, since 

service fees 

combine to determine the realized price available to the producer; 

The long term profiles of wholesale prices for granular triple 

superphosphate and diarnnonium phosphate are presented in Figure 3-5. 

The estimates of prices realized by manufacturers are plotted against the 

ranges of listed quotations for the same products for 1971 and 1972. 

The spreads in prices reflect the difference in quotations by various 

manufacturers at any given time. No long term profiles of prices are 

available for wet-process phosphoric acid, superphosphoric acid, and 

triple superphosphate. 

July 1974 phosphate fertilizer list prices are presented in 

Table 3-10. The prices presented later in the text (Table 7-l) reflect 

estimated averages for November 1974 developed from a more recent 

economic study. These averages reflect more closely prices realized 

by the producers and will be used in measuring the economic assessment 

of emission guidelines in Sectton 7. 
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TABLE 3-10. SUMMARY OF LIST PRICES AS OF JULY 1974 AND BASIS FOR PHOSPHATE QUOTATION1g 

Commodity 

Wet-process phosphoric acid (WPPA) 

Superphosphoric acid (SPA) 

Diammonium Phosphate (DAP) 
Y w N 

Run-of-Pile Triple Superphosphate 

$150 - $158 

$145 - $165 

$38 - $86.50 

Granular Triple Superphosphate $55 - $91 

Price 
$ per actual ton) 

$105 

Production Quality I Quotation Basis 

52~54% P2O5 

70% P205 

18%N 
46% P205 

46% P205 min 

46% P2O5 min 

Delivered in Tanks, 
F.O.B. Florida works 

Same as WPPA 

Bulk Delivered, Railroad 
car lots, F.O.B. Florida 

Same as DAP 

Same as DAP 



3.7 WORLD STATISTICS ON P2O5 

The levels of crop yields per acre have greatly increased during 

the past generation. This increase has depended upon the generous 

application of fertilizers containing the elements phosphorus, nitrogen, 

and potassium. No two of these elements together could maintain high 

crop levels; therefore, plentiful application of P205 will continue to 

be necessary even to maintain food production at its current level. 

Table 3-11 shows U.S. consumption of phosphate fertilizer expressed 

as P205 and the corresponding consumption for the entire world is given 

for comparison. The data from the reference are adapted to this table 

and are rounded off. 

Phosphate fertilizer is made almost entirely from phosphate rock 

and this is the only practical source for the quantities required. 

Table 3-12 shows the total known world reserves of phosphate rock. 

The United States has 30 percent of the supplies which are considered 

mineable and beneficiable by current technology. The Arab Nations 

possess SO percent of world reserves and the Soviet Union has an 

additional 16 percent. It must not be inferred that reserves within 

a country are uniform in quality; the higher grades are mined first, and 

successfully poorer grades follow at increased energy consumption and 



UNITED STATES AND WORLD CONSUMPTION OF PHOSPHATE FERTILIZER' 

Fiscal 
Year 

1950 

Consumption of.Phosphate Fertilizer Million Short Tons P205 

U.S. World 

1.950 6.45 

TABLE 3-11 

1955 2.284 8.33 

~ 1960 2.572 10.52 

1 1965 3.512 15.03 

1970 4.574 20.40 

1975 5.800* 

*Estimated 
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TABLE 3-12 

WORLD RESERVES OF PHOSPHATE ROCK *' 

Country 

French Morocco 23,500 

U.S. 16,250 

U.S.S.R. 8,500 

Tunisia 2,240 

Algeria 1,120 

Brazi 1 670 

Peru 500 

Egypt 220 

Tow 130 

Spanish Sahara 110 

Million.Short.Tons P,O, 

Islands - Pacific & Indian Ocean 45 

Senegal 45 

Other Countries 800 
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4. PHOSPHATE FERTSLIZER PROCESSES I 

4.1 INTRODUCTION, 

The phosphate fertilizer industry uses phosphate rock as its 

major raw material. After preparation, the rock is used directly in 

the production of phosphoric acid, normal superphosphate, triple 

superphosphate, nitrophosphate, electric furnace phosphorous and 

defluorinated animal feed supplements. In addition to those products 

made directly from phosphate rock, there are others that rely on 

products produced from phosphate rock as a principal ingredient. 

Figure 4-l illustrates the major processing steps used to transform 

phosphate rock into fertilizer products and industrial chemicals. 

The primary objective of the various phosphate fertilizer processes 

iS to convert the fluorapatite (Ca10(P04-)6F2) in phosphate rock to solubl 

P2O5, a form readily available to plants. Fluorapatite is quite 

insoluble in water and, in most farming situations,.is of little 

value as a supplier of nutrient phosphate, The most colRnon method 

of making the P2O5 content of phosphate rock available to plants is 

by treatment with a mineral acid - sulfuric, phosphoric, or nitric. 

Table 4-l lists the available P205 content of several phosphate 

fertilizers. Available P,O, is defined as the percent soluble P90K 

in a neutral citrate solution. 
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FIGURE 4-l. MAJOR PHOSPHATE ROCK PROCESSING STEPS ' 

t 

Defluorination =c ANIMAL FEEDS 

FKRTILIZKRS: 

PHOSPRATE Grinding L Direct Application 

Acidulation (H2SO4) 

Acidulation (RNO-J) 

Acidulation (H3PO4) 

Normal Superphosphate 

Nitric Phosphates 

Triple Superphosphate 

Ammonium Phosphates 

Direct Application 

1 Phosphoric 1 

Elemental 
Phosphorus Various 

INDUSTRIAL AND 
_ FEED CHEMICALS 
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TABLE 4-l. P205 CONTENT OF PHOSPHATE FERTILIZERS2 

,FERTILIZER PERCENT SOLUBLE P,Oc 

Normal Superphosphate 16 - 22 

Triple Superphosphate 44 - 47 

Monamnonium Phosphate 52 

Diammonium Phosphate 46 

4.2 WET PROCESS PHOSPHORIC ACID MANUFACTURE. 

Phosphoric acid is an intermediate product in the manufacture 

of phosphate fertilizers, It is subsequently consumed in the 

production of triple superphosphate, ammonium phosphates, complex 

fertilizers, superphosphoric acid and dicalcium phosphate, 

Most current process variations for the production of wet- 

process phosphoric acid depend on decomposition of phosphate rock by 

sulfuric acid under conditions where gypsum (CaS04 . 2H20) is 

precipitated. These variations are collectively referred to as 

dihydrate processes since the calcium sulfate is precipitated as 

the dihydrate (gypsum). Calciun sulfate can also be precipitated 

in the semihydrate (Ca SO4 l l/2 H20) and anhydrite (CaS04) forms. 

Processes which accomplish this are commercially less important than 

the dihydrate processes, however, since they require more severe 

operating conditions, higher temperatures, and a greater degree of contra 

4-3 



The overall reaction in the dihydrate processes is described by the 

following equation, (4-l) 

3 CA., (PO.), F, + 30H,SO, + SiO, + 58H,0 + 30CaS0, ' 2 H,O + 

l8H3PO4 + H2SIFS 

In practice, 93 or 98 percent sulfuric acid is norma 

digestion of the rock. Calcium sulfate precipitates 

phosphoric acid is separated by filtration, 

lly used for 

, and the lfquid 

Several variations of the dihydrate process are currently in use 

by the phosphate fertilizer industry. The Dorr-Oliver, St, Gobain, 

Prayon, and Chemico processes are among the better known designs, 

Fundamentally, there is little difference among these variations - 

most differences are in reactor design and operating parameters. 

Figure 4-2 presents a flow diagram of a modern wet-process phosphoric 

acid plant, 

Finely-ground phosphate rock is continuously metered 

into the reactor and sulfuric acid is added. Because 

the proper ratio of acid to rock must be maintained as closely as 

possible, these two feed streams are equipped with automatic controls. 

Some years ago, plants were built with several separate reaction 

tanks connected by launders, which are channels for slurry flow. The 

tendency now is to use a single tank reactor that has been divided 

into several compartments, In most of these designs, a series of 

baffles is used to promote mixing of the reactants. 



1 - I+ - t 
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The single-tank reactor (Dorr-Oliver design) 

Figure 4-2 consists of two concentric cylinders, 

are added to the annulus and digestion occurs in 

ment. The second (central) compartment provides 

this outer compart- 

retention time for 

gypsum cr.ystal growth and WEvents shnrt-circuit,ing of rock. 

The Prayon reactor has been a widely used design. This process 

variation involves the use of a rectangular, multicompartment attack 

tank - typically 10 compartments - as indicated in Figure 4-3. The 

compartments are arranged in two adjacent rows with the first and 

tenth located at one end of the reactor and the fifth and sixth at 

the other. In operation, digestion of the rock occurs in the first 

four compartments, the next four provide retention time for the growth 

of gypsum crystals, the ninth supplies feed for the vacuum flash 

cooler, and the tenth receives the cooled slurry from the flash 

cooler and splits the flow between the filter and a recycle stream. 

BAROMETRIC 
CONDENSER 

b 
c 

I WATER 

I_ 
-wLP* I\CI” 

22% P$, 
RECYCLE 

FROM FILTER 

FIGURE 4-3. FLOW DIAGfUWl FOR PRAYON REACTOR3 
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Proper crystal growth depends on maintaining sulfate ion 

concentration within narrow limits at all points in the reaction 

slurry. The proper sulfate ion concentration appears to be slightly 

more than 1.5 percent. Lower levels give poor crystals that are 

difficult to filter; higher concentrations interfere with the reaction 

by causing deposition of calcium sulfate on unreacted rock.4 

Good reactor design will prevent sudden changes of sulfate ion concen- 

tration, will maintain the sulfate ion concentration and temperature 

near optimum, and will provide sufficiently long holdup time to allow 

growth of large, easily filterable crystals without the formation of 

excessive crystal nuclei. 

Impurities in small amounts often have a marked effect on crystal 

growth when they are present in a medium where crystallization is 

taking place, Usually this impurity effect is detrimental. Such 

impurities are likely to cause crystal fragmentation, small crystal 

size, or a shift to needles or other hard-to-filter forms. 

Concentrated sulfuric acid is usually fed to the reactor. If 

dilute acid is used, its water content must be evaporated later. The 

only other water entering the reactor comes from the filter-wash 

wateri To minimize evaporation costs; it is important to use as little 

wash water as is consistent with practical P 0 recoveries, 
25 

Considerable heat of reaction is generated in the reactor and 

must be removed, This is done either by blowing air over the hot 

slurry surface or by vacuum flash cooling part of the slurry and 

4-7 



sending it back into the reactor, Modern plants use the vacuum 

flash cooling technique illustrated in Figures 4-2 and 4-3. 

The reaction slurry is held in the reactor for up to 8 hours, 

depending on the type rock and the reactor design, before being sent 

to the filter, The most common filter design in use is the rotary 

horizontal tilting-pan vacuum filter shown in Figures 4-2 and 4-4. 

This type unit consists of a series of individual filter cells mounted 

on a revolving annular frame with each cell functioning essentially 

like a Buchner funnel. Figure 4-4 illustrates the operating cycle 

Of a rotary horizontal tilting-pan filter. 

Product slurry from the reactor is introduced into a filter cell 

and vacuum is applied, After a dewatering period, the filter cake 

undergoes 2 or 3 stages of washing with progressively weaker solutions 

of phosphoric acid, The wash-water flow is countercurrent to the 

rotation of the filter cake with heated fresh water* used for the 

last wash, the filtrate from this step used as the washing liquor for 

the preceding stage, etc. 

After the last washing, the cell is subjected to a cake 

dewaterfng step and then inverted to discharge the gypsum. Cleaning 

of the filter media occurs at this time, The cell is then returned 

to its upright position and begins a new cycle. 

* In many plants a heated barometric condenser water is used. 
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FEED SLURRY 

/ 

CAKE DiSLODGlNQ 
AND MSCNARGIffi 

FIGURE 4-4. OPERATING CYCLE OF ROTARY RORIZONTAL 
TILTING PAN FILTER5 

The 32 percent acid obtained from the filter generally needs 

concentrating for further use, Current practice is to concentrate 

it by evaporation in a two or three-stage vacuum evaporator system. 

Wet process acid is usually not concentrated above 54 percent, because 

the boiling point of the acid rises sharply above this concentration, 6 

Corrosion problems also become more difficult when concentration 

exceeds 54 percent. In the evaporator, illustrated in Figure 4-2, 

provision is made for recovery of fluoride as fluosilicic acid. This 

recovery feature is not necessary to the evaporation and its 

inclusion is a matter of economics. Many evaporation plants have not 

installed this device, 
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Table 4-2 shows a typical analysis of connnercial wet-process 

phosphoric acid. In addition to the components listed in Table 4-2, 

other trace elements are commonly present, Impurities, those listed 

in Table 4-2 as well as trace elements, affect the physical properties 

of the acid, Commercial wet-process acid has a higher viscosity than 

pure orthophosphoric acid of the same concentration, This tends to 

increase the difficulty of separating the calcium sulfate formed 

during acidulation of the phosphate rock. 

TABLE 4-2 

COMPONENTS OF TYPICAL WET-PROCESS ACID7 

I 

Component 

‘2’5 
CA 

Fe 

Al 

Mg 

Cr 

V 

H20 and other 

Weight, % 

53.4 

0.1 

1.2 

0.6 

0.3 

0.01 

0.02 

37.56 

Component Weight, % 

Na 

K 

F 

so3 
Si02 

C 

solid 

0.2 

0.01 

0.9 

1.5 

0.1 

‘0.2 

2.9 
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4.3 SUPERPHOSPHORIC ACID MANUFACTURE, 

Superphosphoric acid (also referred to as polyphosphoric acid) 

is a mixture containing other forms of phosphoric acid in addition 

to orthophosphoric acid (H3P04). At least one-third of the P205 

content of superphosphoric acid are polyphosphates such as pyro- 

phosphoric acid (H4P207), tripolyphosphoric acid (H5P30lU). tetra- 

polyphosphoric acid (H6P4013), etc. Pure orthophosphoric acid 

converts to polyphosphates when the P205 concentration exceeds 63.7 

percentB8 Concentrating above this level dehydrates orthophosphoric 

acid to form polyphosphates. Superphosphoric acid can have a minimum 

of 65 percent P205 which represents an orthophosphoric concentration of 

just over 100 percent. Carmercial superphosphoric acid, made by 

concentrating wet-process or furnace orthophosphoric acid, normally 

has a P205 concentration between 72 and 76 percent! Table 4-3 compares 

the properties of 76 percent superphosphoric acid to 54 percent ortho- 

phosphoric acid, 

TABLE 4-3. COMPARISON OF ORTHOPHOSPHORIC TO SUPERPHOSPHORIC ACID' I 

Orthophosphoric Superphosphoric 
Acid Acid 

Concentration of Commercial 
Acid, % P2O5 54 76 

H3P04 equivalent, % 75 105 

Pounds P205/gal 7.1 12.2 

Percent of P2O5 as Polyphosphates 0 51 

. visctp& ;P 
0 12 400 

at 200°F 4 45 
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ef the'acid. 

Superphosphoric acid has a number of advantages over the more 

dilute forms of phosphoric acid, the foremost being economy in 

shipping, Since phosphoric acid of any concentration is usually 

transported at the same price per ton, a 40 percent savings in freight 

per unit weight of P2O5 results when superphosphoric acid is transported 

instead of ordinary phosphoric acid? Superphosphoric acid may be 

diluted to orthophosphoric acid at its destination, 

In addition to freight savings, superphosphoric acid offers 

several other advantages. It is less corrosive than orthophosphoric 

acid, iwhich reduces storaae.costs. Finally, the con- 

version of wet-process acid has a special advantage. Unlike furnace 

acid, wet-process phosphoric acid contains appreciable quantities 

of impurities which continue to precipitate after manufacture 

and form hard cakes in pipelines and storage containers. When wet- 

process acid is converted to superphosphoric acid, the polyphosphates 

sequester the impurities and prevent their precipitation. Therefore 

shipment and storage of wet-process acid is far more attractive after 

conversion to superphosphoric acid. 

Two comnercial-processes are used for the production of super- 

phosphoric acid: submerged combustion and vacuum evaporation. The 

submerged combustion process was pioneered by the TVA; dehydration 

of the acid is accomplished by bubbling hot combustion gas through a pool 
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In addition to the TVA process, a number of other submerged 

combustion processes have been developed, Among them are the 

Collier Carbon and Chemical Process, the Albriqht and Wilson Process, 

the Occidental Agricultural Chemicals Process, and the Armour Process. 

The latter process produces superphosphoric acid of about 83 percent 

P205 which is sometimes referred to as ultraphosphoric acid. The 

Occidental and TVA designs are currently in use in the United States. 

Vacuum evaporation is by far the more important commercial 

method for concentrating wet-process phosphoric acid to superphosphoric 

acid. There are two commercial processes for the production of super- 

phosphoric acid by vacuum evaporation: 

1. The falling film evaporation process (Stauffer Chemical 

Co,) and 

2, The forced circulation evaporation process (Swenson 

Evaporator ~ZO.), 

Feed acid clarification is required by both processes. Clarification 

combination of ageing and is usually accomplished by settling or by a 

settling. 

In general, both processes are similar in operation. Both use 

high-vacuum concentrators with high-pressure steam to concentrate acid 

to 70 percent P2O5 and both introduce feed acid into a large volume 

of recycling product acid to maintain a highly concentrated process 

acid for lower corrosion rates. In both systems, product acid 

is pumped to a cooler before being sent to storage or shipped. 

Figures 4-7 and 4-8 show the Stauffer and Swenson processes 

respectively. The Stauffer process adds 54 percent feed acid to 

the evaporator recycle tank where it mixes with concentrated product 



FIGURE 4.7 STAUFFER EVAPORATOR PROCESS" 
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acid. This mixture is pumped to the top of the evaporator and 

distributed to the inside wall of the evaporator tubes. The 

acid film moves down along the inside wall of the tubes receiving 

heat from the steam on the outside. Evaporation occurs and the 

concentrated acid is separated from the water vapor in a flash 

chamber located at the bottom of the evaporator. Product acid flows 

to the evaporator recycle tank and vapors to the barometric condenser. 

To insure minimum P205 loss, the separator section contains a mist 

eliminator to reduce carryover to the condenser. 

The Swenson process, uses acid in the tube side of a forced 

circulation evaporator (Figure 4-8). Feed acid containing 54 percent 

P205 is mixed with concentrated acid as it is pumped into the 

concentrator system. As the acid leaves the heated tube bundle 

and enters the vapor head, evaporation occurs and the acid disengages 

from the water vapor. The vapor stream is vented to a barometric con- 

denser while the acid flows toward the bottom of the vapor head tank 

where part of it is removed to the cooling tank and the remainder is 

recycled to the tube bundle. 

4.4 DIAMMONIUM PHOSPHATE MANUFACTURE. 

Diammoniumphosphate is obtained by the reaction of ammonia 

with phosphoric acid, In addition to containing the available 

phosphate of triple superphosphate, diammonium phosphate has the 

advantage of containing 18 percent nitrogen from ammonia, 
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The importance of diamnonium phosphate produced by wet-process 

acid has increased as it continues to replace'normal superphosphate as 

a direct application material, The shift to diamnonium phosphate is 

most evident on the supply side, Ammonium phosphate production now 

exceeds 2.7 million tons of P205 a year while normal superphosphate 

production has, declined 32 percent since 1968 to 0.6 million 

tons, 
11 

Increasing amounts of diammonium phosphates are also being 

used in bulk blends as these increase in popularity. 

The increased use of diammonium phosphate is,attributable to 

several factors, It has a high water solubility, high analysis 

(18 percent nitrogen and 46 percent available P205), good physical 

characteristics, and low production cost, In addition, the phosphate 

content of dianmonium phosphate (46 percent) is as high as triple- 

superphosphate, so by comparison, the 18 units of nitrogen can be 

shipped at no cost. 

The TVA process for the production of diamnonium phosphate 

appears to be the most favored with several variations of the original 

design now in use. A, flow diagram of the basic process is shown in 

Figure 4-g. 

Anhydrous ammonia and phosphoric acid (about 40 percent P,O,) 

are reakted ii the preneutralizer using a NH3 / H3P04 mole ratio 

of 1.35. The primary reaction is as follows: 

2 NH3 + H3P04 + (NH4)* HP04 (4-Z) 

The use of a 1.35 ratio of NH3 / H3P04 allows evaporation to a water 
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a nonflowing state, ,The slurry flows into the ammoniator-granulator 

and is distributed over a bed of recycled fines. Ammoniation to the 

required mole ratio of 2.0 takes place in the granulator by injecting 

ammonia under the rolling bed of solids. It is necessary to feed excess 

ammonia to the granulator to achieve a 2.0 mole.ratio. Excess 

ammonia and water vapor driven off by the heat of reaction are direCted 

to a scrubber which uses phosphoric acid as the scrubbing liquid. The 

ammonia is almost completely recovered by the phosphoric acid scrubbing 

liquid and recycled to the preneutralizer. Sol 

rapidly once the mole ratio has reached 2.0 mak 

ratio feasible. 

idification occurs 

ing a low solids recycle 

content of 18 to 22 percent without thickening of the DAP slurry to 

Granulated diamnonium phosphate is next sent to the drier, 

then screened. Uhdersized and crushed oversized material are 

recycled to the granulator. Product sized material is cooled and 

sent to storage. 

In addition to the TVA process, a single-step drum process 

designed by the Tennessee Corporation and the Dorr-Oliver granular 

process are used for the manufacture of diamnonium phosphate. The 

single step drum process is designed so that the.entire neutralization 

reaction occurs in the granulator drum - phosphoric acid is fed 

directly onto a rolling bed of fines while the ammonia is injected 

under the bed. In the case of the Dorr-Oliver design, a two-stage 

continuous reactor is used for the neutralization step. The reaction 

slurry is then combined with recycled fines in a pugmill. 
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following equation: 

4-21 

4.5 TRIPLE SUPERPHOSPHATE MANUFACTURE AND STORAGE. 

Triple superphosphate, also referred to as concent*ated 

superphosphate, is a product obtained by treating phosphate rock 

with phosphoric acid. According to the grade of rock and the 

strength of acid used the product contains from 44 - 47 percent 

available P2O5. 

Like diaamnoniun phosphate, the importance of triple super- 

phosphate has increased with the declining use of'normal super- 

phosphate, Triple superphosphate production now is around 1.7 million 

tons of P205 which is more than double that of normal super- 

phosphate." It is used in a variety of ways - large amounts are 

incorporated into h'fgh analysis blends, some are amnoniated, but 

the majority are applied directly to the soil, 

4.5.1 Run-of-Pile Triple Superphosphate Manufacture and Storage 

Ffgure 4-10 Is a schematic diagram of the den process for the 

manufacture of rB'- yll-oGpiie triple superphosphate, Phosphoric 

acid containing 52 - 54 percent P2O5 is mixed at ambient tempera- 

ture with phosphate rock, which has been ground to about 70 percent 

minus 200 mesh. The majority of plants in the United States use the 

TVA cone mfxer'whfch is shown in Figure 4-11. This mixer has 

no moving parts and mixing is accomplished by the swirling action 

of rock and acid streams introduced simultaneously into the cone. 

The reaction that takes place during mixing is represented by the 
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solidification occurs. Like mixers, there are a number of den 

designs, one of the most popular continuous ones being the Broadfield, 

This den is a linear horizontal slat belt conveyor mounted on rollers 

with a long stationary box mounted over it and a revolving cutter at 

the end. The sides of the stationary box serve as retainers for the 

slurry until it sets up, 

FIGURE 4-11, TVA CONE MIXER 
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FIGURE 4.12. TVA ONE-STEP PROCESS FOR 
GRANULAR TRIPLE SUPERPHOSPHATE 
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The Dorr-Oliver slurry granulation process is shown in 

Figure 4-13. In this process, phosphate rock, ground to an 

appropriate fineness is mixed with phosphoric acid (39% P205) in a 

series of mixing tanks. A thin slurry is continuously removed, mixed 

with a large quantity of dried, recycled fines in a pugmill mixer 

(blunger), where it coats out on the granule surfaces and builds up 

the granule size. The granules are dried, screened, and mostly (about 

80 percent) recycled back into the process. Emissions from the drier 

and screening operations are sent to separate cyclones for dust removal 

and collected material is returned to the process. 

After manufacture, granular triple superphosphate is 

sent to storage for a short curing period, Figure 4-14 illustrates 

the activities in the storage building. After 3 to 5 days,* during 

which'some fluorides evolve from the storage pile, the product is 

considered cured and ready for shipping. Front-end loaders move the 

GTSP to elevators or hoppers where it is conveyed to screens for size 

separation, Oversize material is rejected, pulverized, and returned 

to the screen. Undersize material is returned to the GTSP production 

plant, Material within specification is shipped as product, 

* Many plants observe a shorter curing time. 
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5. EMISSIONS 

5.1 NATURE OF EMISSIONS, 

In assessing the environmental effect of the emissions from 

the various phosphate fertilizer processes, fluorides - which are largely 

emitted in gaseous form, were considered to be the most significant 

and were chosen for regulation as discussed in Section 1.2. 

Gaseous fluorides emitted from phosphate fertilizer processes 

are primarily silicon tetrafluoride (SfF4) and hydrogen fluoride 

(HF)l. The origin of these gases may be traced to the reaction 

between phosphate rock and sulfuric acid represented by equation 4-1. 

3Ca10 P0416F2 + 30H2S04 + Si02 + 58H20 + 

30CaS04 ’ 2 H20 + 18 H3P04 + H2SiF6 

(4-l 1 

Under the existing conditions of temperature and acidity, 

excess fluosilicic acid decomposes as follows: 

H,SiF,/,\ -c SiLI,\ + 2Hh (5-l 1 I 

Actually, the mole ratio of hydrogen fluoride to silicon tetra- 

fluoride in the gases emitted during the decomposition of phosphate 

rock change with conditions (e.g., the amount of excess silica- I 
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in the reactIon mfxtuye) and is seldom equal to the stoidhtd- 

metric value, At high levels of excess silica, the hydrogen 

fluoride evolved will react to form silicon tetrafluoride according 

to equation 5-2: ' 

4HF + Si02 -t SiF4 + 2H20 (5-2) 

At low concentrations of silica, emissions will be rich in 

hydrogen fluoride, 

Not all of the fluorides are driven off during the digestion 

of the phosphate rock. A certain amount is retained in the product 

acid depending upon the type of rock treated and the process used. 

These fluorides can be emitted during the manufacture of super- 

phosphoric acid, dianmnonium phosphate, or triple superphosphate. 

Fluoride Wasions from superphosphoric acid and diamnonium 

phosphate processes depend solely on the fluoride content of the 

feed acid. In the manufacture of triple superphosphate, fluoride 

emissions can also be attributed to the release of fluorides from 

the phosphate rock. Calcium fluoride and silica in the rock react 

with phosphoric acid to form silicon tetrafluoridi according to the 

I followins reaction‘: 

2CaF2 + 4H3P04 + SiOd ,G SiF4 + 2CaH4(P04)2 l 2H20 (5-3) 

I Scrubbing with water is an effective fluoride control technique 

because of the high water solubility of most gaseous fluorides. 
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This straight-forward approach is somewhat complicated, however, 

by the presence of 'silicon tetrafluoride, Silicon .tetrafluoride will 

react with water to form hydrated silica (Si(OH)4) and fluosilicic 

acid (H2 SiF5) as ,indicated by equation 5-4: 

3SiF4 + 4 H20 + 2H,SiF, + Si(OH)4 (5-4) 

Hydrated silica precipitates forming deposits on control equipment 

surfaces which plug passageways and tend to absorb additional 

silicon tetrafluoride, The nature of the precipitate, in the 

presence of hydrogen fluoride, is temperature dependent. Below 

125OF, the precipitate is in the form of a gel. Above this 

temperature, it is a solid,3 Control systems should be designed 

to minimize plugging and to allow removal of silica deposits. 

Entrainment of scrubbing liquid must be kept to a minimum to 

prevent the escape of absorbed fluorides, Fluorides can also 

be emitted as particulate from some fertilizer processes. 

Particulate 

cyc,lones in combination wtth water scrubbers. 

emissions can be effectively controlled by using 

5.2 UNCONTROLLED FLUORIDE EMISSIONS. 

5.2.1 Emissions from Wet-Process Phosphoric Acid Manufacture 

Fluoride emissions fromwet-process acid-manufacture are 

gaseous silicon tetrafluoride and wrogen fluoride. The reactor 

is the major source of fluoride emissions from the process accounting I 

for as much as 90 percent of the fluorides emitted from an uncontrolled 
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plant.4 Additional sources are the filter, the filtrate feed and 

seal tanks, the flash cooler seal tank, the evaporator system 

hotwell, and the acid storage tanks. Tab1 e 5-l lists reported 

emission factors for the various sources. Fluoride emissions will vary 

depending upon the type of rock treated and the process used. 

.Table‘S-1 Fluoride Emissions from an Uncontrol ed 
Wet-Process Phosphoric Acid Plant I 

I Source Evolution Factor I 
‘(lbTF/ton P205 

-~ ~--w 
Reactor 

i 

Filter 

iscellaneous(filtrate feed and 
seal tanks, hotwells, etc.) 

0.04 - 2.2 

0.01 - 0.06 

up to 0.26 

Modern reactors emit fluorides from two sources; the reaction 

vessel and the vacuum flash cooler. The primary source is the 

reactor tank, where silicon tetrafluoride and hydrogen fluoride are 

evolved during the digestion of the phosphate rock. 

To prevent an excessive temperature rSse in the reactor, the 

heat of reaction is removed by cycling a portion of the reaction 

slurry through a vacuum flash cooler. Vapors from the cooler are 

condensed in a barometric condenser and sent to a hot well while 

the non-condensables are removed by a steam ejector and also vented 

to the hot well. This arrangement is illustrated in Figure 4-2. 

The majority of the fluorides evolved in the flash cooler are 

absorbed by the cooling water in the barometric condenser. If air 

cooling is utilized, fluoride evolution can be considerably greater 

than indicated in Table 5-1. 
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The filter is the second largest source of fluoride emissions. 

Most of the fluorides are evolved at the points where feed acid 

and wash liquor are fntroduced to the filter. These locations 

are usually hooded and vented to the digester scrubber. 

A third source of fluoride emissions is the multiple effect 

evaporator used to concentrate the phosphoric acid from 30 percent 

P205 to 54 percent P205, It has been estimated that 20 to 40 percent 

of the fluorine originally introduced into the process with the rock 

is vaporized during this operatfon,5 Most of these fluorides are 

collected in the system's barometric condensers. The remainder 

exit with the non-condensables and are sent to the hot well 

which becomes the emfssfon source for thfs operation, 5 

In the plant design illustrated in Figure 4-2, the vapor stream 

from the evaporator is scrubbed with a 15 to 25 percent solution 

of fluosilfcfc acid at a temperature at which water vapor, which would 

dilute the solution, is not condensed. The water vapor is then 

removed by a barometric condenser before the non-condensables are 

ejected from the system. Almost all of the fluoride is recovered 

as by-product fluosflicic acid. 

In addition to the preceding sources of fluoride emissions, 

there are several minor sources, These include the vents from such 

points as sumps, clarifiers, and acid tanks. Collectively, these 

sources of fluorfde emissions can be significant and are often. 

ducted to a scrubber. 
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Table 5-2 illustrates a typical material balance for the 

fluorine originally present in nhosphate rock. It should be 

noted that the. results in any given wet-process acid plant may differ 

considerably from those shown in the table. Fluorine distribution 

will depend upon the type of rock treated, process used, and kind of 

operation prevailing. 

TABLE 5-2 

TYPICAL MATERIAL BALANCE OF FLUORIDE IN MANUFACTURE 
OF WET-PROCESS PHOSPHORIC ACID 

Fluoride Input # F/100 # Feed Rock 
c 

Feed 3.9 

Fluoride Output # F/lOC # Feed Rock 

Product acid 1.0, 

Gypsum ,l .2 

Barometric condensers 1.67 

Air* 
>. 0.03 

Total 3.9 

*Typical emission from an uncontrolled plant. 

Fluoride-bearing water from the barometric condensers as' well as 

the gypsum slurry is sent to the gypsum pond. In the gypsum pond, 

silica present in the soil converts hydrogen fluoride to fluosilicates 

Limestone or lime may be added to ponds to raise the pH and ,convert 

fluoride to insoluble calcium fluoride. Fluoride associated with the 

gypsum slurry is already in the insoluble form before being sent to 



5.2.2 , Mssions from Suserphospl:oric kid :lanufacture 

5.2.2.1 .Submerged combustion process 

Tke direct contact evaporator is the major source of fluoride 

emissions from the submerged combustion process. Fluoride 

evolution is in the for! of silicon tetrafluoride and hydrogen fluo- 

*ide wit!? a substantial portion as the latter. ' The amount of 

'luorides evolved will depend on the fluoride content of the feed 

acid and the final concentration of ?hosphdric acid nrcduced. Feed 

:cid containing 54 percent P21‘5 has a typical fluoride content (as F) 

jf from 0.4 to 3.8 percent.7 

Control of evaporator off-gases is complicated 5-v the presence of I 

large amounts of entrained phosphoric acid - amounting to as nuc!~ as 

5 percent of the P,Q, input to tke concentrator.8 I:n entrainment 

separator is used to recover acid and recycle it to the process. Sme 

entrained acid exits the separator, howver, and tends to forr;; a diffi- 

cult:0 control acid aerosol. The formation of this aerosnl can 62 

minimized by reducing the temperature of the combustion gases before 

they contact the acid.' 

The acid sump and product holding tank are secondary sources of 

fluoride emissidns from the submerged combustion process. T[lese 

emission points are identified in Figure 4-6. !lncontrolle< emi ssidns 

froo the submerged co!k.ustion process range frop 13 to 22 pcun$s of 

fluoride ?er ton of P2"5 input. 10 
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5.2.2.2 Vacuum evaporation process 

Tile >arowtric condenser !io%Jell, the evaporator recycle tank, 

and the product cooling tank are the three‘sources of fluoride 

emissions from the vacuum evaporation 3rocess. These emission Qoints 

are identified in Fioures 4-7 and 4-8. Yost of the fluorides 

evolved during evaporation are absorbed by the coolin? e:ater in the 

barometric condensers resultin? in a negligjble emission to the 

atmosphere from this source. Yoncondensables are e.iected from the 

condenser system and sent to the hotwell alone with the zondenser. 

water. This resuli;s in the hotwell beconino the ma.ior source of 

emissicns frcm the process. The evaporator recycle tank and the 

oroduct cooling tank are lesser sources of fluoride emissions. 

-Total emissions from an uncontrolled plant are estimated at 3.005 onunds 

per ton P205 input. 11 

5.2.3 Ecissions from Diammonium Phosphate Vanufacture. 

Fluorides are introduced into the Z0.P orocess with the wet process 
n. 

phosphoric acid feed and are also evclved from the pllosohoric acid 

scrubbing solution used to recover ammonia. Wet process acid which 

has been concentrated to 54 percent P2C5 typically coMains 0.4 to 0.S 

percent fluorides (as F) while filter acid (26-30s P o?) *:/ill contain 22 

from 1.8 to 2.0 percent. 12,13 !?osqhoric acid ccntainiw about 43 

percent P205 - obtained by mixinr! 54 percent acid from the eva?oratcrs 

>:it? filter acid - is usuallv used in the !XD yrocess. rilter acid 

ij used for awonia recover-v. 
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Yajcr sources of fluoride emissio'ns from dian?oniu- nhosnhate 

giants include ti;e react9r: nranulatcr, dryer, cooler, screens and 

mills. The locations nf these emission points are deoictnd in 

Figure 4-3. Lentilation streams <from these sources are combined 

fcr nurnoses of control accordinn to the fo1lnCnq scheme: 1) 

reactor-granulator asses, 2) dryer qases, and 3) cooler and screenins 

eases. 

Fluorides and ammonia are the major emissions from both the 

reactor and the granulatcr. Reactor-granulator pases are treated 

for ammonia recovery in a scrubber that uses nhosohoric acid as 

ti7e scrubber liquid. The yhosnhoric acid reacts with the ammonia and 

t : w resulting product is recycled back to the process. Flurrides 

can be stripped from the ohoso!wric acid and a secondary scrubber is 

usually required for fluoride control. Penoval of evolved C1unric!e~ 

can be coeolicated by their reaction with ammonia to form a oarticu- 

late. 

'3rier emissions consist of ammonia, fluorides, and ‘7,articulate. 

Gases are sent through a cyclone for oroduct rewvery befcre beinq 

treated for ammonia or fluoride removal. .'ddition?l flllqrides can 

be stripped from the phosphoric acid scrubbinq if ammonia recovery is 

practiced. 

Emissions from the screens, miils, and cooler consist nriraril;! 

of particulate and gaseous f ltrcrides. ':ll qases are treated for 

product recovery before enterin?. n fluoride control equi3mcnt. Kvnlutir\n 

of fluorides from the oroducti?n of Cliawoniul- ?llrTsoh;lte is qhout :!.3 

nounds of fluorides ?er ton r?f P ? 
25 

frw t'x reactor and cranulator, 
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I and O-3 oounds of fluoride oer ton of 02c)5 from the drver, cooler I 

and screens. 14 

5.2.4 Emiss ions from Triple Sunerohas9hate tlanufacture and %-Wade 

5.2.4.1 Run-of-nile triple superohosohate 

Fluorides can be released from both the nhosnhnric acid and the 

phosnhate rock during the acidulation reaction. tlainr sources of 

fluoride emissions include the mixinn cone, curino belt (den), 

transfer convevors, and storaoe niles. These emission. nc,ints are 

shown in Figure 4-i9. 

The mixino cone, curino belt, and transfer convevors are tvnicallv 

hooded with ventilation streams sent to a common fluoride control 
. 
system. Storane buildincrs are usual1.v sealed and ventilated bv , 

yroxiiate1.y five air chancres per hour. 15 The ventilation stream 

from the storage facil itv ma.v either be combined with the mixer 

'and den gases for treatment or sent tn separate controls, 

,Fluorid+? emissions are yimarily silicon tetraf?uoride - %I*, 

35 to 55 percent of the total fluwide content of the acid and rock 

is volatilized as silicon tetrafluoride. 16 f?a.ior sources of flunride 

are the mixing cone, curing belt, nroduct convevors, and stnrane 

facilities. Distribution of emissions anonn these sources Gil varv 

dependincl on the reactivitv o f the rock and the snecific noeratinn con- 

di tions employed. Emissions from the cone, curinn belt, and con- 

vevors can account for as much as 99 nerccnt nf t;~e tot.21 fluorides 

releas.ed. '7 Converselv, it has been claimed that annrnximatel\r 09 
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percent 3" the fluoride emissions from certain ROP plants are from 

the storage area. Emissions from the storage area depend on such 

factors as the turnover rate and the age and quantity of POP-TSP 

in storage. 

Evolution of fluorides from ROP-TSP production and storage has 

been estimated at 31 to 48 pounds per ton of P2C5. This estimate 

is based on the following assumptions: 1) silicon tetrafluoride is 

the only fluoride emitted in appreciable quantities and 2) the feed 

acidrand rock contain typical amounts of fluorine. 

5.2.4.2 Granular triple superphosphate 

Manufacture 

The major sources of fluoride emissions from granular triple 

superphosphate plants using the TVA one step process are the 

acidulation drum, the granulator, the cooler, and the screening and 

crushing operations. Major sources of emissions for the Dorr-Oliver 

process include the mixinq tanks, the blunger, the drier, and the 

screens. These emission ooints are indicated in Figures 4-12 and 

4-13. In addition to gaseous forms, fluorides are emitted as 

particulate from the granulator, blunqer, dryer, screens, and mills. 

The acidulation drum and qranulator (TVA process) and the 

mixing tanks and blunger (Dorr-Oliver process) account for about 38 

percent of the fluoride emissions, the drier and screens account for 

50 percent, and the storage facilities account for the remainder. 18 

It has been estimated that an uncontrolled production facility would 

emit approximately 21 pounds of fluorides per ton of P205 input. 18 
\ 



Storage 

GTSP storage fat 

fluorides. Uncontrol 

per ton of P205 input 

ilities can emit both particulate and qaseous 

led emissions are estimated to be three oounds 

18 . 

5.3 TYPICAL CONTROLLED FLUORIDE EMISSIONS 

5.3.1 Emissions from Wet-Process Phosphoric Acid Manufacture 

Almost all existing wet-process phosphoric acid plants are equipped 

acid plants - accounting for 74 percent of the production capacity - 

are either sufficiently control1 ed at present to meet the SPNSS 

emission level of 0.02 pounds of total fluorides (as F) per ton of 

P205 input to the process or wil 1 be required to attain that level 

by July 1975 to satisfy existing State regulations. This estimate is 

based on the following: 1) all wet-process acid plants located in 

ide 

20 

to treat the reactor and filter gases. .A large number of installa- 

tions also vent sumps, hotwells, and storage tanks to controls. 

Typical emissions range from 0.02 to 0.07 pounds of fluoride per ton 

of P2O5 input, however, emission factors as high as 0.60 pounds fluor 

per ton P2O5 have been reported for a few poorly controlled plants. 19 

It is believed that approximately 53 percent of the wet-process 

Florida are required to meet an emission standard equivalent to the SPNSS 

as of July 1975 and 2) all wet process plants built since 1967 are 

assumed to have installed spray-crossflow packed bed scrubbers or their 

equivalent as a part of the original design. 
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5.3.2 Emissions from Superphosphoric Acid Manufacture 

Two types qf processes are used for superphosphoric acid 

manufacture; the vacuum evaporation (VE) process and the direct 

contact evaporation (DCE) or submerged combustion process. Emissions 

from the VE process are very low in comparison to the DCE process. 

Emissions from a VE process using a water actuated venturi to treat 

hotwell and product cooler vent gases have been reported to range 

from 4.1?X 10T4 to 15 X 10m4 pounds fluoride per ton P205 input. 
21 

However, uncontrolled emissions from this process are also less than 

the 0.01 pound per ton of P205 input emission guideline. 

Since most of the existing superphosphoric acid plants use the VE 

process, approximately 78 percent of these plants are currently 

meeting the emission guideline, 

Since the DCE process has much higher emissions, the emission 

guideline was established at 0.01 lb. F/ton P205 input. 

This guideline is consistent with the level of emission control 

ach&vable by application of best control equipment to a DCE process. 

Typical controls used are a primary scrubber for removal of entrained 

acid and one br more additional scrubbers for fluoride control. 
22 

Emission from an existing facility ueee reported at 0.12 pounds 

fluoride per ton P205. 23 

5.3.3 Emissions from Diamnonium Phosphate Manufacture 

Most existing plants are equipped with ammonia recovery 

scrubbers (venturi or cyclonic) on the reactor-granulator and 

drier streams and particulate controls (cyclones or wet scrubbers) 

on. the. cooler stream. Additional scrubbers for fluoride removal are 

comnon, but not typical. Only about 15-20 percent of the instal- 

lations contacted by EPA during the development of the SPNSS were 



equipped with spray-crossflow packed bed scrubbers or their eauiva- 

lent for fluoride removal. Fluoride emissions rancle from Il.06 to 0.5 .-..- .-. .~~ I. 

Dounds per ton P2C5 dependino ur?on the degree of control orovided. 
24. 

5.3.4 Emissions. from Triple Superphosphate Manufacture and Storage 

5.3.4.1 ROP triple superphosphate (manufacture and storage) 

All run-of-pile triple superphosphate oroduction facilities and 

70 percent of .the storage facilities are equipped !:lith save form of 

control. 25 Emissions from those plants which control bofh ?rcduction 

and storage areas ,:an range frcm 0.2 to 3.1 younds of fluoride oer 

ton of F2C5 innut dependinp unon the .degree of control provided. 26,27' 

Plants with uncontrolled storage faciljties could emit as much as 12.7 

- pounds of fluoride per ton of P2C5 inhut. .".t least 67 oerdent of the 

industry will be required to meet State emission standards enuivalent 

to the SPNSS by July 1975. 

5.3.4.2 Granular triple superphosphate (manufacture) 

Existit?g State regulations will require 75 oercent of the industrv 

I 

to meet an emission standard of 0.20 pound fluoride Per ton P2?5 bv 

July 1975. Emission factors for the industry ranqe frown 0.2q to 0.60 

-- .._ J1- --.- A-- n r. 28 nounas per LU~I r2c5. 

5.3.4.3 Granular triole SuDerohosphate (storage) 

&Jproximately 75 oercent of the ?TSP stqraqe facilities are 

thought to be equipped with some fcrm of control. 
2s Poorlv c on- 

trolled buildings can release as nuch as 15 x 10-4 7ounds of 

fluoride per hour per 'on of P2',5 in storare. 
?r! 

Kell-ccntrc! 

storage facilities can reduce emissions to less t"lan 5 x 10 
-4 

ied 

qounds 
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*.thai 33 percent of tile controlled buildings covl d tY?et :,“I,,>: WI~SIOI; I 

level . 
23 

- rnhlrr --L--Z-- 

5.4 GYPSUM POND EMISSIONS 

,r, b!et process phosphoric acid Flant produces ~ppsun! in slurr;: 

form, according to the chemical reaction indicated in equation 4-1. 

The reaction also volatilizes fluorides which are largely absorbed 

in scrubber and condenser ylater and is then sent with the q.r?sur? to 

large storage ponds, known as gypsum ponds or "gyr)" ponds. ?ver 70 

percent of the fluorine ccntent oT the rock us,ed in the ivet-acid 

,process may pass over to the gy? pond. If the same plant also Fro- 

duces iIAP or TSP, a large part of the fluorine content qf the phosphoric 

acici will also pass to the gyp pond through the/use of water scrubbers 

in these additional processes. Thus, 85 percent or more of the fluo- 

rine originally present in the phosphate rock may find its way to the 

fluoride per !iour per ton of P205 in storage. 
30 It is estimated 

Tiia water of the gyp pond is normally acid, k:avir;q a pc! ar-u:!cl 

1.5. This acidity is .probably due to inclusion of phosphoric acid in 

,the :+ashed gypsum from the gy;sur? filter. It is impractical to remove 

all of file acid from the filter cake by !/ashin?. For this reason, 

gyp ponds around the country have bee;! found to have a fluoride concen- 

tration of 2@00-12,500 ppm. 31-34 Tl!e fluoride concentration of a given 

pond does not continu? rising, i-?It tends to siabilizo. Tllis xq/ $9 

due to precipitation cf c9r.:~l:-z: calcium silicofluoridcs in the pc!ld 

5-rater. 35 There :~oulcl i'e an equilibrium invclviny tli?se cor?lexes, 

hydrogen ion, and soluble or volatile dissolved fluorides. 



It has been observed that the above concentrations of flboride 

exert 'a partial pressure out 04 gyp Q,otid water and that volatile 

fluorides tend to evolve from gyp ponds. eased on wet process 

ohos?horic acid production, plants have gyp ponds of surface areas 

in the range of 0.1-0.4 acres per daily-ton oi P2C.5. 34 This peans 

that a large plant may have a qyp pond with surface area of 290 acres 

or more. 

Emission factors have been estimated, measured and calculated for 

gyp ponds. These factors vary from about 0.2.to 10 lbs F/acre da.v.31'34 

The most comprehensive work on gyp pond emission factors is that 

recently done in EPA Grant No. R-8M950. 3r! .The exneripental and 

mathematical procedures are quite detailed and the entire report should 

. be examined by those neediny! to understand the methods used. The 

partial pressure of fluorides out of actual vend water was detemined 

in the laboratory. The evaporation rates of dilute fluoride solutions 

were derived from known data for flat water surfaces, usinn establis~ied 

mass transfer principles. Also, ambient air fluorides were measured 

downwind of the same gyp Donds which furnished the above cater samqles 

for fluoride partial pressure measurements. Finally, the contribution 

of the gyp pond to the fluoride measurement at the downwin& sensor 

was calculated, using a variant of the Pasquill diffusion eauation. 

The source strength in this equation was, nf course, calculated 

with the partial pressure data and cass transfer coefficient ?rcviouslv 

developed. There were a total of 95 useable downwind measureTents for 



.two pond si.tes; and the estimated and the measured downwind fluoride 

*concentrations showed clood agreement. The calculated value ~4 the 

ambient air fluorine concentration downwind of the pond 71a.s found 

to be statistically the sane as the neasured value. 

Some emission factors fror'the above investicjation are oiven in 

Table 5-3. Data at other temoeratures mav be found in the orioinal 

reference. 

Table 5-3. FLUORIDE E!?ISSIOK FACTORS FCV? YFLECTED GY*!W P%!DS ,?T 
93°F; lbs/acre day.34 

Gnd velocitv 
at 16 ft elevation, 

m/set 

1 2 4. 6 -- 

Pond 10 0.8 1.3 2.3 
6,4DO ppm F 

Pond 20 9.8 1.3 2.3 3.2 
12,000 pyrr: F 

For the two plants studied, the emissi,on rates were near1.v 

identical. There may be significant differences if other aonds are 

considered, but more measurements would be recruired to establish this; 

The most effective xa.v to reduce fluoride evolution from nvo oonds 

would be to rqduce their fluoride martial pressure in some wa:'. The 

most effective method now known would be liming, to raise the PP. 

Liming to a pV of 6.1 has reduced the nartial oressure of fluoride 21)- 

fold.31 The indicated lime cost lJould be hiah for the case described, 

but this cost can Le reduced if a rethod can be found to reduce 

phosphoric acid loss to the ovy! pond. 
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6. CONTROL TECHNIQUES FOR FLUORIDES FROM PHOSPHATE FERTILIZER PROCESSES 

6.1 SPRAY-CROSSFLOW PACKED BED SCRUBBER 

6.1.1 Description 

The spray-crossflow packed bed scrubber has been accepted for 

several years as the most satisfactory fluoride control device available 

for wet-process phosphoric acid plants.' Most wet-process acid plants 

built since 1967 probably have installed this scrubber as part of the 

original design. During this same time, however, the spray-crossflow 

packed bed design has seen less general use in processes other than wet 

acid manufacture. The reluctance of the fertilizer industry to fully 

adopt the spray-crossflow packed bed scrubber can be traced primarily 

to concern about its operational dependability when treating effluent 

streams with a high solids loading. Such effluent streams can be 

handled byilacing a venturi scrubber in series with and,,before$ spray- 

crossflow packed bed scrubber; the EPA has tested a number of,DAP 'and GTSP 

plants having this dual scrubber arrangement, Also, improvements in sptay- 

crossflow packed scrubber design have alleviated the initial problem of 

plugging and allow a greater solids handling capacity. The development 

more incentive for of stricter fluoride emission standards should provide 

widespread use of this scrubber design. 

Figure 6-1 is a diagrammatic representation of the spray-crossf low 

packed bed scrubber. It consists of two sections - a spray chamber and 

a packed bed - separated by a series of irrigated baffles. Scrubber 

size will depend primarily upon the volume of gas treated. A typical 

unit treating t$e effluent streams from a wet acid plant (20,000 scfm) 

is 9 feet wide, 10 feet high, and 30 feet long.2 
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All internal parts of the scrubber are constructed of 

corrosion resistant plastics or rubher-lined steel. Teflon can be 

used for high temperature service. General maintenance consists 

of replacement of the packing once or twice a year. Expected life 

of the scrubber is 20 years. 

Both the spray and the packed section is equipped with a qas 

inlet. Effluent streams with relatively high fluoride concentrations - 

particularly those rich in silicon tetrafluoride - are treated in the 

spray chamber before entering the packing. This preliminary scrubbing 

removes silicon tetrafluoride thereby reducing the danger.of plugginq 

the bed. At the same time, it reduces the loading on the packed stage 

and provides some solids handling capacity. Gases low in(silicon~. tetra- 

fluoride can be introduced directly to the packed section. 

The spray section accounts for approximately 40 to 50 percent 

of the total length of the scrubber. It consists of a series of 

countercurrent spray manifolds with each pair of spray manifolds followed 

by a system of irrigated baffles, The irrigated baffles remove pre- 

cipitated silica and prevent the formation of scale in the spray chamber. 

Packed beds of both cocurrent and crossflow design have been 

tried with the crossflow design proving to be the more dependable, 

The crossflow design operates with the gas stream moving horizontally 

through the bed while the scrubbing liquid flows vertically through 

the packing. Solids tend to deposit near the front of the bed where 

they can be washed off by a cleaning spray. This design also allows the 
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use of a higher irrigation rate at the front of the bed to aid in 

solids removal. The back portion of the bed is usually operated dry 

to .provide mist elimination. 

The bed is seldom more than 3 or 4 feet in length, but this can 

be increased if necessary with little change in capital or operatinq cost,' 

Several types of ceramic and polyethylene packing are in use with 

Tellerettes probably the most common. Pressure loss through the scrubber 

ranges from 1 to 8 inches of water with 4 to 6 being average. '93 

Recycled pond water is normally used as the scrubbing liquid 

in both the spray and packed sectl'ons. Filters are located in the 

water lines ahead of the spray nozzles to prevent plugging by suspended 

solids. The ratio of scrubbing liquid to gas ranges from 0.02 to 0.07 

gpm/acfm depending upon the fluoride content - especially the silicon 

tetrafluoride content - of the gas stream,394 Approximately one-third 

of this water is used in the spray section while the remaining two-thirds 

is used in the packing. 

The packed bed is designed for a scrubbing liquid inlet pressure 

of about 4 or 5 pounds-per-square-inch (gauge). Water at this pressure 

is available from the pond water recycle system, The spray section 

requires an inlet pressure of 20 to 30 pounds-per-square inch (gauge). 

This normally necessitates the use of a booster pump. Spent scrubbing 

water is collected in a sump at the bottom of the scrubber and pumped 

to the gypsum pond. 
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6.1.2 Emission Reduction 

The use of gypsum pond water as the scrubbing solution com- 

plicates the task of fluoride removal regardless of the scrubber 

design. Gypsum pond water can be expected to contain from 0.2 to 1.5 
I 

percent fluosilicic acid (2000-12,500 ppm F) or most often, 5000- 

6000 ppm F.5 Decomposition of fluosilicic acid to silicon tetrafluori 

and hydrogen fluoride results in the formation of a vapor-liquid 

equilibrium that establishes a lower limit for the fluoride concentra 

tion of the gas stream leaving the scrubber. This limit will vary 

with the temperature, pressure, and fluosilicic acid concentration of 

the water. Table 6-1 presents equilibrium concentrations (y') calcu- 

lated from experimentally obtained vapor pressure data at three 

temperatures and several fluosilicic acid.concentrations. 

Table 6-l. CALCULATED EQUILIBRIUM CONCENTRATIONS OF FLUORINE IN 
THE VAPOR PHASE OVER AQUEOU SOLUTIONS OF FLUOSILICIC 

ACID 2 

Fluosilicic acid Total fluorine concentration 
content of solution (wt %) in vapor phase (ppm F) 

50°C 60°C 70°C 

0.105. 2.4 3.8 0.550 3.8 4.4a 10.5 -a 

1.000 4.4 15.4 
2.610 
2.640 5:6 

2 20.7a 

5.050 8.2a 
12.4a 

14:2a 54:1a 
7.470 19.4a 208.5 
9.550 13.5 25.6 
1.715 19.1 34.6 
4.480 83.5 

aAverage based on several vapor pressure measurements. 
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Providing that the solids loading of the effluent stream has 

been reduced sufficiently to prevent plugging, the fluoride removal 

efficiency of the spra.v-crossflow packed bed scrubber 'is limited 

only by the amount of packing used and the scrubbing liquid. Efficiencies 

as high as 98.5 and 99.9 percent have been measured for scrubbers I 
137 installed at separate wet-process acid plants. _ Table 6-2 lists the 

levels of fluoride control reached by several wet acid plants tested 

by the Environmental Protection Agency during the development of 

SPNSS . All plants used a sprav-packed bed type scrubber to control 

the combined emissions from the reactor, the filter, and several 

miscellaneous sources and were felt to represent the best controlled 

segment of the industr.y. Gypsum pond water was used as the scrubbing 

liquid. Emission rates ranged trom 0.002 to u.015 pounds fluoride 
4 

(as F) per ton P2O5 input to the process.. ! 
'. 

Table 6-2. SCRUBBER PERFORMANCE IN WET-PROCESS PHOSPHORIC ACID 
PLANTS8 

4. Fluoride emissionsa 
'lant Scrubber design (lb F/ton.P205) 

A spray-cocurrent packed bed 0.015 

B spray-crossflow packed bed 0.006 

C spray-crossflow packed bed 0.002, 0.012b 

D. spray-crossflow packed bed 10.011 

aAverage of testing results 

b Second series of tests 
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their original contra! systems. 
P - 

Spray-packed bed t,ype scrubbers !lave seen only limited service in 

diammonium phosphate and granular triple superohosphate plants and none 

at all in run-of-pile triple superpi:osohate plants. Table 6-3 presents 

performance data, collected during the development of SPNSS, for 

soray-crossflow packed bed scrubbers treating effluent streams from 

diammonium phosphate, granular trinle super-phosphate production, and 

granular triple superphosnhate storage facilities. In most cases, a 

preliminary scrubber (venturi or cyclonic) was used to reduce the 

loading of other pollutants (ammonia or solids) nrior to treatment in 

the spray-crossflow packed bed scrubber. Gy~sun pond water l+Jas used as 

the scrubbing solution except where indicated. Fluoride emission rates 

from diammonium phosphate plants ranged from @..OZ? to 0.039 nounds oer 

ton P205 input, while emissions from granular triple sunerrhosohate nro- 

duction facilities ranged from 0.06 to 0.18 pounds oer ton P205. Granular 

triple superphosphate storage facility emissions were measured at 0.?0036 

pounds per hour per ton of P20S in storage. 

6.1.3 Retrofit Costs for Spray-Crossflow Packed Bed Scrubbers 
d. 

This section discusses the costs associated with retrofitting spray- 

crossflow packed bed scrubbers in wet-process ohosohoric acid, super- 

phosphoric acid, diammonium phosphate, run-of-pile triple superohosohate, 

and granular triple super-phosphate plants. Two separate approaches - 

retrofit models and retrofit cases . are used to present cost information. 

The retrofit model approach is meant to estimate costs for an average or 

typical installation. No specific plant is expected to conform exactly 

to the description presented in these models. Is!here possible, the retrofit 

model treatment is supplemented by retrofit cases - descrintions of soecific 

plants which have added spray-crossflow packed bed scrubbers to m-trade 



Type of 
facility 

1AP 

hAP 

GTSP 

GTSP 

GTSP 
storage 
zl 

Table 6-3. SPRAY-CROSSFLOW PACKED 9ED SCRURUER PERFORVANCE 
IN DIAMMONIUM PHOSPHATE AND GRANULA? TRIPLE 

SUPERPHOSPHATE PLANTS9 

Sources controlled 

reactor, granulator, 
drier, and cooler 

reactor, granulator, 
drier, and cooler 

reactor, granulator, 
drier, and cooler 

reactor, granulator, 
drier, and cooler 

storage building 

Primary controls 

3 venturi scrubbers 
in parallelb 

3 venturi s rubbers 
in parallel & 

3 venturi scrubbers 
in parallel 

process qases corn- _ 
bined and sent to 2 
venturi scrubbers in 
parallel followed by 
a c,yclonic scrubber 

Secondary controls 

3 spray-crossflow 
packed bed scrubbers 
in parallel 

3 spray-crossflow 
oacked bed scrubbers 
in parallel 

3 spray-crossflow 
packed bed scrubbers 
in parallel 

spra.y-crossflow 
packed bed scrubber 

spray-crossflow 
packed bed scrubber 

"Average of testing results. 
b Weak phospiloric acid scrubbinq solution. 

'Second series of tests. 
d Emission rate is in terms of hounds r per hour per ton of P206 ii storaqo, 

Fluoride emissions" 
(lb F/ton P205) 

0.034, 9.029c 

0.939 

$18, c).OGC 

0.21 

D.09936d 



6il.3.1 Retrofit Models 

General Procedure 

Each'retrofit model provides the following information: 

1. A brief description of the process in use, 

2. A description of existing fluoride controls and the sources 

treated, 

3. A description of the retrofit project (including the reduction 

in fluoride emissions achieved), and 

4. A breakdown of estimated retrofit costs. 

Items 1 and 2 are self-explanatory, however, items 3 and 4 will require 

some discussion. In the case of item 3, all retrofit systems are designed 

to meet SPNSS emission levels. A scaled plot plan of a model phosphate 

fertilizer complex was used to estimate piping, ductwork, pumps, and fan 

requirements. 

The procedure used for development of/costs is a module approach, 

starting with the purchase cost of an item - such as a pump, scrubber, 

fan, etc. - and building up to a field installed cost by using an 

appropriate factor to account for ancillary'materials and labor. lo For 

example, a pump of mild steel construction costing $10,000 is projected 

to $17,600 field installed. The installation cost index in this case 

is 1.76 and the installation cost is $7,600. If the pump were built 

of stainless steel, the purchase cost would be $19,300 but the installa- 

tion cost would remain at $7,600 since it is calculated for the element 

of base construction - mild steel. 



The'purchase cost of the various items on an equipment specifica- 

tion list drawn up for each model plant were derived from literature, 

manufacturer's bulletins,,telephone quotations from suppliers, and 

a report prepared by the Industrial Gas Cleaning Institute. 
11 Scrubber 

costs were obtained by combining designer, manufacturer and user estimates. 

Purchase costs were scaled up to field installed costs by using an 

appropriate installed cost index. Table 6-4 is a list of the cost indices 

assumed for this analysis. 

Table 6-4. INSTALLED COST INDICES .- il 

Item Installed cost index 

* 

Pumps 1.76' 
'. 

Piping (except valves) 2.00 

Scrubbers 1.20 

Centrifugal fans 1.60 
4 

Stack 1.50 

Ductwork 1.40 

The sum of the field installed equipment cost is the direct 

cost billed to a particular project. Othercosts such as general 

engineering;procurement of goods and services, equipmental rentals, 

field supervision, labor burdens, contractor fees, freights, insurance, 

sales taxes, and interest on funds used in construction are included 

in the catch-all category of indirect costs. In this study, the indirect 

cost is assumed to be 35 percent of the direct cost. In addition, a 
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contingency factor is included in a capital project to account for 

unforeseen expenditures. Due to the nature of the type retrofit 

projects studied in this document, a factor of 25 percent of direct 

costs has been incorporated in the capital estimates. The total 

capital requirement of a project therefore is equal to the sum of 

the direct cost, the indirect cost, and the contingency cost, as 

'indicated in equation 6-l: 

I ,= D+0.35D+0.25D 

where I = total capital 

D = total direct cost 

The following assumpti ons were used in the deve 

estimates: 

1. 

opment of cost 

The purchase cost S of scrubbers were determ ned from the most 

recent manufacturer quotations, users wherever possible, 

and the Industrial Gas Cleaning Institute. The purchase 

cost 

from 

are 1 

of ductwork, stacks, and centrifugal fans were derived 

a manufacturer's published list prices. 
12 The costs 

974 estimates based, for the most part, on the use of 

corrosion resistent fiber reinforced plastics (FRP) as the 

material of construction. 

Installed costs for 

fugal fans (includi 

the purchase costs 

scrubbers, ductwork, stacks, and centri- 

ng drivers) were derived by multiplying 

by the appropriate cost index from 

Table 6-4. An inherent assumption is that FRP is a base 

6-11 



1 3. Demolition costs were estimated from contractor quotations to be 

$2500/8-hour day. 

4. Piping costs were derived for a corrosion resistant material 

called Permastrand. 

5. Pumps were assumed to be of stainless steel construction. 

Cost estimates were obtained from the literature. l3 These 

costs, originally published 

(7.5% per year) to update to 1974 costs. 

in 1968, were increased 54 percent 

6. Costs for pump motors were obtained from the literature and 

adjusted for inflation usirg the same procedure described for 

1 
pumps. 13 

7. Special compensatory factors for construction costs were 

incorporated into the ROP-TSP and GTSP storage facilities. 

Such factors appear under the headings of "sealing of storage 

buildiqg", "curing belt hooding", and "structural steel supports/ 

bldg." The costs for these items were pro-rated on the basis 

of a recent engineering project study for a fertilizer producer. 14 

8. Cost for performance tests were based on a telephone survey of 

independent contractors. 
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9. Annualized Costs 

a. Capital charges are 16.3 percent of the total capital 

outlay. This was derived from the capital recovery 

factor equation, 

i (1 + i)" 
R 

= (1 + i)" - 1 
P b-2) 

where: P = capital outlay (principal), 

R = periodic capital 'charge, 

i = annual interest rate (lo%), and 

n = number of payments (10) 

b. Maintenance and repair charge were assumed to be 3 

percent of the original investment. 

C. Taxes, insurance, and administrative costs were assumed 

to be 4 percent of the original investment. 

d. Operating labor costs were estimated at $2,000 per 

year for the simple operation (phosphoric acid plant 

44. and GTS storage) $4000 for the more difficult operations 

(DAP, ROP, and GTSP processing).15 

e. Utilities (electricity only) were based on a rate of 

$0.015 per kw-hr and 7,900 hours operation per year. 
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Wet Process Phosphoric Acid Plant 

The model plant uses the Prayon process for the manufacture of 

l 
wet process phosphoric acid. Figure 6-2 presents a basic flow dia- 

gram of the operation. The reactor is a multicompartment unit (g 

Filtering and washing of the by-product gypsum is accomplished 

with a Bird-Prayon tilting pan filter. The separated gypsum is re- 

moved from the filter, slurried with water, and pumped to a settling 

pond. Product acid from the reactor (30% P205) is stored before 

being sent to the concentration system. Three vacuum evaporators in 

series are used to concentrate the acid to 54 percent P205. Evaporator 

off gases are treated in barometric condensers for removal of conden- 

sab es; a large percentage of the fluorides are also co llected. 

Retrofit costs for some wet-process phosphoric acid plants 

cou d be substantially greater than those estimated for this plant. 

The retrofit model is of moderate complexity and includes all of the 

activities with which most installations are expected to become 

compartments) with a designed production rate of 500 tons per day 

p2°5* Temperature control for the reactor is provided by a vacuum 

flash cooler. Under normal conditions, the reactor is maintained 

at a temperature of 160-180°F and produces an acid containing 30 

percent P205. 

involved; however, increases in the gas volume being treated, additions 

to the scope of work, and space limitations are all factors capable 

of inflating the project cost above that estimated. Modifications 

to the plant drainage system and installation of a ventilation system 
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Costs will be 

and 35,000 scfm. 

plant could range 

for the filter are two items which have not been included within 

the scope of the model but which could be encountered by some plants. 

estimated for two effluent stream sizes - 25,000 

The effluent stream from an actual 500 ton per da,y 

from about 20,000 to 40,000 scfm depending primarily 

on the digester design. 

Existing Controls (Case A) 

Existing controls consist of a cyclonic spray tower used to treat , 

the digester and the filter ventilation streams. Gypsum pond water 

is used as the scrubbing liquid. This scrubber has been in operation 

for eight years. Figure 6-3 shows the location of the unit. 

Volumetric flow rates and fluoride concentrations associated 

with the various emission sources are listed in Table 6-5. The flow 

rates are based on a combination of literature data, source test 

information, and control equipment designdata. Fluoride removal 

efficiency of the cyclonic spray tower is 81 percent. Total emissions 

to the atmosphere from the sources listed in Table 6-5 are 7.3 pounds 

of fluoride per hour with existing controls. Several miscellaneous 

sources of fluoride such as the flash cooler seal tank, the evaporator 

hotwell, the filtrate sump, the filtrate seal tank, and the filter 

acid storage tanks are uncontrolled. Emission rates from these 

sources are unknown. 
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Tahla 6-c; * FI Cibl RATFq ANn FI II!-lRTLFI C;F!CE::TRATIONS OF :!PPA PLAI'JT 

Emission source Flow rate ' Fluoride concentration" 
(SCFY) (mg/SCF) (porn) I 

I I I l/l ‘I 

Diqester vent gas 10,DOO 25 lQ5D 

Filter vent gas 7,500 5.5 23" 

Petrofit Control; (Case A) 

The retrofit consists of the replacement of the cyclonic spray 

tower with a cr@ssflow packed bed scrubber. Limitations imposed 

by the arrangement of existing equipment require the new scrubber 

to be installed at a site 5C feet from the one previously occupied 

by the tower. Gypsum pond water will be used as the scrubbing liquid. 

Several miscellaneous sources (flash cooler seal tank, evaporator 

hot well,nfiltrate sump, filtrate seal tank, and acid storage tanks) 

will be vented to the new unit which is designed to meet SPNSS 

requirements for wet-process phosphoric acid plants (0.02 pounds 

fluoride per ton P205 input). This corresponds to an emission rate 

of 0.42 pounds fluoride per hour. Table 6-6 summarizes the volumetric 

flow rates and the fluoride concentrations associated with the 

emission sources to be treated. 
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Table 6-6. FL3)J R,“-,TES ,“!;IJ FLI’ORIPE CQ!~CEMTRATIONS !IF !JPPA PLANT. 
EFFL”F.?!T STDF”b-‘C sF.“!T T” “Y’QFITTE? Cn?!TF’“!-Y (CCSF: 4) .- 

Emissicn source 

T 
I Figester vent gas 

1 Filter vent gas 

I iliscellaneous 

+ 

Flow rate, Fluoride concentration 14 

(SCFIli) (mg/SCF) bw) 

10,000 25 705n 

7,500 5.5 230 

7,5Q? 0.3 13 

Figure 6-4 provides a vie\! of the plant layout folloGng the ccm- 

pletion of,the retrofit project. Installation of the new scrubber 

requires the rearrangement of the existing ductwork and the addition 

of a new ventilation system to handle the miscellanecus sources. P 

neo fan will be required for the digester-filter ventilation system 

because of the hiqher pressure drop of the crossflow packed bed scrub- 

ber. Treated gases will be exhausted from a newly installed 75-feat 

tall stack. 

Scrubbing water will be obtained from existing plant water lines. 

A booster pump is required to provide 40 psiq k:ater for the spray 

section. Pond water is assumed to have the properties shown in 

Table 6-7. All scrubbing water will be recycled to the gypsum pond in 

the existing plant drainage system. 
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Table 6-7. POND WATER SPECIFICATIONS15 

Pond Plater pH 

Temp., "F 

SQ4, wt % 

P2O5' \Jt % 

H2SiF6, wt % 

Fluoride, wt % 

Design 

2.0 

80.0 

0.15 

0.1 

0.63 

0.5 

F"in. "lax. 

1.2 2.2 ,, 

55 88 

0.25 1.0 

0.2 0.8 

L 

Kajar retrofit items are listed in Table 6-8. nil ducting, piping, 

and motors are specified in terms of the nearest aporooriate standard 

size. Table 6-g presents typical operating conditions for the new 

scrubber and the estimated number of transfer units (NTU) necessary 

to meet emission requirements. The NTU were calculated 

by using equation 6-3. 

NTU required = In 
Y2 -Y' 

(6-3) 

q-y’ 

where: y2 = fluoride concentration of gas stream at the 
scrubber inlet 

y1 = fluoride con-entration of gas stream at the 
scrubber outlet 

y' = fluoride concentration cf gas stream in 
equilibrium with entering liquid stream 

Table 6-10 lists the estimated capital and annualized costs of the 

T 



la Ductwork required to connect ex 

system with retrofit scrubber - 

ventilation system connecting mi 

system. Requirements are - 175 

scellaneous sources 

feet of g-inch duct 

lo-inch duct, 125 feet of 12-inch duct, 75 feet of 

when using the pond water spec 

the gases listed in Table 6-6. 

7. Stack - 75-foot tall, 4-foot d 
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Table 6-9. GPERATI NC- COKPITIONS F 

Gas to Scrubber 

Flow, SCFC? 

Flow, DSCFY 

Flow, ACFF: 

Temp., "F 

Hoisture, Vol. % 

Fluoride (as F), lb/hr 

Fluoride (as F), ppm 

25,000 

22,725 

27,150 

116 

9.1 

38.7 

492 

Gas from Scrubber 

Flow, SCFf4 24,400 

Flow, CSCFM 22,725 

Flow, ACFfI 25,700 

Temp., OF 

Koisture, Vol. % 

100 

6.5 

Fluoride (as F), lb/hr 

Fluoride- (as F), ppm 

0.42 

5.6 

Fluoride Removal, wt % 99 

Estimated y', p?rn (see 
page 6-5) 

0.85 

Estimated NTU required 4.7 
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A. 

8. 

(500 tans/day P205) November 1974 

Direct Items (installed) 

:* 
Spray-crossflow packed bed scrubber 
Ductwork 

3: Piping 
4. Pumps and.motor 
5. Centrifugal fan and motor 
6. Removal of old equipment 
7. Stack 
8. Performance test 

Total Direct Items 

Indi rect I terns 

Engineering construction expense, fee?interest on 
loans during construction, sales tax, freight insurance. 
(50% of A) 

Contingency 
[25% of A) 

Total Capital Investment 

Annualized Costs 

1. Capital I;.harges 
2. Maintenance 
3. Operating labor 
4. Utilities 
5. Taxes, insurance, administrative 

Total Annualized Costs 
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Existing Controls (Case, 6) 

'The existing control system is the same as described in case A; 

a cyclonic spray tower is used to treat the digester and filter 

ventilation streams. Fluoride collection efficiency of the tower is 
, 

81 percent. liner miscellaneous sources of fluoride are uncontrolled. 
\ 

Volumetric flow rates and fluoride concentrations of the various 

effluent streams being controlled are listed in Table 6-11. Emissions 

from the sources listed are currently 11.0 pounds of fluoride per 

hour. 

Table 6-11. FLOW RATES.AND FLUORIDE CONCENTRbTIONS OF WPPA PLANT 
EFFLUEfiT STREAMS SENT TO EXISTING CONTROLS- (CASE 6) ' 

Emission Source 
I 1 

I 1, 

/Digester vent gas 

I 
Filter vent gas 

Flow Rate 
(SCF!?) 

20,000 

7,500 

,Retrofit Control's (Case B) 

Fluoride Concentration 
(mg/SCF) (fwm) 

‘. 20 840 

5.5 230 

Details of the retrofit project remain the same as in the initial 

case. The cyclonic spray tower treating the digester-filter gases 

will be replaced with a spray crossflow packed bed scrubber de- 

signed to handle the sources listed in Table 6-12. I 
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Table 6-12. FLOW RATES AUn FLl"'!?IpE CONCENTRATIONS OF !*1PPA PLANT - , _ _ -_ _, 
EFFLUENT STRE#.;S S'-::T TC P.ETR!!FITfE" C!?"T!?OLS (CASE K) 

, 

mission Source i Flow Rate 
; (SCF!:) 

1 Fluoride Concentration 
i bw/SW 

1 
(porn) : 

! 
Digester vent'gas / 20,990 / 20 840 i 

Filter vent gas [ 7,500 
I I 

t 5.5 230 t i 
Yiscellaneous 1 7,500 i 0.3 13 1 

I 1 i 
! 

i 
h 

A. list of major retrofit items is presented in Table F-13 while 

operating condo 'tions for the new scrubber are provided in Table 6-14. 

Estimated capital and annualized costs of the program is listed i,n 

Table 6-15. Increasing the capacity of the system by lfl,qfY) SCFh' 

has resulted in a 20 percent increase in t .capital cost of the 
"PJ-= 

" program and a 21 percent increase in the annualized cost. 

Table 6-13. MAJOI? RETROFIT ITEMS FOR MODEL WPPA PLANT (CHS;E D) 

1. Ductwork required to connect existing digester-filter ventilation 

systei'with retrofit scrubber - 50 feet of d&inch duct. I!ew 

ventilation system connecting miscellaneous sources with control 

system - 175 feet of 9-inch duct, 50 feet of ID-inch duct. 125 

feet of 12-inch duct, 75 feet of 16-inch duct, lnr) feet of 2o- 

inch duct, and 50 feet of ?-inch duct. 

I 2. Pipe connecting spray-crossflow packed bed scrubber with existins 

" plant water line - 150 feet of S-inch pine. 

3. Coostcr pump for spray section - 269 apn, 81 feet total d,vnamic 

head (TDH), 10 horsepower motor. 



B. Centrifugal fan for digester -,filter ventilation system - 

' 27,500 scfm, 604 feet TN!, 75 horse?ok!er motor. Fan fnr 

miscellaneous sources - 7,5qO scfm, 660 feet TDH, 20 horsenok!er 

m&or. I 

5. Removal of cyclonic spray t&er and existing stack. 

6. Spray-crossflop! packed bed scrubber. Llnit will be required 

to reduce the fluoride concentration to 0.00 mg/scf (3.9 ppm! 

when-using the pond water specified.in Table 6-7 and treating 

the gases listed in Table 5-11. 

7. -Stack - 75 foot tall , 5 foot diameter. 

Table .6-14. CPERATING CONDITIOf'!S FC)R SPRAY-CROSSFLOW PACKED BE!J 
SCRUBBER FOR KODEL SIPPA PLAHT, CASE B 

(500 tons/day P2C5) 

Gas to Scrubber 
Flow, SCF:1 35,OOO 
Flow, DSCFM 31,800 
Flow, ACFFl 37,600 

*, Temp., OF 109 
Koisture, vol. % 0.1 
Fluoride (as F), lb/hr 58.1 
Fluoride (as F), ppm 529 

Gas from Scrubber 
Flow, SCFM 34,000 
Flo\:!, DSCF!' 31,890 
Flop, ACFK 35,600 
Temp., "F 95 
I:oisture, vol. $ 6.5 
Fluoride, lb/hr 0.42 
Fluoride, ppm 3.9 
FluoridP removal, wt X 99.3 
Estimated y', ppm 0.85 
Estimated NTU required 5.2 
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Table 6-15. RETROFIT COSTS FOR MODEL WPPA PLANT, CASE B 
(500 tons/day P205) November 1974 

. . 

A. Direct Items (installed) 

1. Spray-crosslow packed bed scrubber 
2. Ductwork 
3. Piping 
4. Pump and motor 
5. Centrifugal fans and motors 
6. Removal of old.equipment 
7. Stack 
8. Performance test 

Total Direct I terns 

B. Indirect Items 
-. 

; 

Engineering constructionexpense, fee; interest on 
loans during construction, sales tax, freight insurance. 
(50% of A) ., ,I. 

B,,: i&nti:ngefiqr II(' 
(25% of A) ) 

D. Total Capital Investment 

E. Annualized Costs " 

1. Capital charges 
2. Maintenance 
3.‘ Operattng labor 
4. Utilities 
5. Taxes, ,insurance, administrative 

Total Annualized Costs 
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-rwo proces;es are currently available for the manufacture of 

superphosphoric acid - vacuum evaporation and submerged cosbustion. 

All, but two of the existing U.S. production facilities use the vacuum 

evaporation process and it is believed that new facilities will 

favor vacuum evaporation. No retrofit model 

evaporation plants because the low level of. 

these facilities do not require control equipment in order to meet the 

emission guidelines. 

will be presented for vacuum 

fluoride eq3ssions from 

Superphosphoric Acid 

Existing submerged combustion plants are expected to continue 

operation with some expansion in capacity possible. Retrofitted cantrol 

equipment may be needed to meet the emission guidelines for this type 

of process. A retrofit model is presented for a plant using the 

submerged combustion process in order to 'estimate the costs of applying 

control equipment. The costs are developed based upon control equip- 

ment designed to meet the fluoride emission guideline of 0.01 pounds per 

ton of P205 input. 

4. 

The model plant uses the Occidental Agricultural Chemical 

for the production of superphosphoric acid. Designed producti 
. 
1s 300 tons per day P205. Figure 4-6 is a basic flow diaqram 

process. 

5 process 

on capacity 

of the 

Wet-process acid COntainin 54 percent P205 is fed to the 

evaporator and concentrated product acid containing 72 percent p2g5 

is withdrawn. The acid is maintained at its boiling point bv intro- 

ducing a stream of hot combustion gases into the acid pool. 'Gaseous 
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effluent from the evaporator is cooTed by direct contact with weak 

phosphoric acid feed in the evaporator vapor ou%let duct, treated for 

olwroRoric acid recovery, qiven additional cooling, and treated for fluoride 

rmval. 

Existing Cont rols 

-- - 

Exhaust gases from the evaporator are treated for the recovery 

of entrained acid before being sent to fluoride controls. The phosphoric 

acid recovery system consists of an initial cyclonic separator followed 

by a baffled spray duct and a second cyclonic separator. Weak phosphoric 

acid (30% P2O5) ic used as the scrubbing liquid in the spray duct. 

Fluoride controls consist of 3 spray chambers in series followed 

by an impingement scrubber. The spray chambers are baffled and each 

_ is followed by an entrainment separator. Pond water is used as the 

scrubbing liquid in all cases. Emissions to' the atmosphere are 1.56 

pounds of fluoride per hour with existing controls. 
16 

Retrofit Contl rols 

The retrofit cost projection is based on replacement OP the 

impingement scrubber.with a spray-crossflow packed bed scrubber. Since 

available space is usually limited, the new unit is assumed to be 

installed at the site previously occupied by the impingement scrubber. 

Figure 6-5 provides a schematic diagram of the plant following 

completion of the retrofit project. 

Gypsum pond water will be used as the scrubbing liquid. Pond water 

characteristics are listed in Table 6-7. Retrofitted controls are 

designed to reduce flucride emissions to 0.01 pounds fluoride/ton P$ 35' 
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additional fans will be required. Treated gases will be exhausted from 

the existing stack. Scrubbing water is to be recvcled to the o.vDsum pond 

in the existing drainage system. 

A list of major items required for the retrofit project is 

presented in Table E-16. Table 6-17 provides operating conditions for 

the new scrubber. Retrof it cost estimates are listed in Table 6-18. 

Table 6-16. MAJOR RETROFIT ITEMS FOR MODEL SPA PLANT 

1. Ductwork - modification of existing ducting to connect new spra.y- 

c'rossflow packed bed scrubber. Requirements are 100 feet of 30-inch 

duct. 

2. Line connecting scrubber to ma in pond water supply system - 150 

feet of 4-inch pipe. 

3. Centrizugal pump - 130 gpm,113 feet total dynamic head (TDH), 7.5 

horsepower motor. 

4. Removal, of impingement scrubber. 

5. Supports and foundations. 

6. Spray-crossflow packed bed scrubber. Unit is required to reduce 

the fluoride concentration to 0.09 mg/SCF (4 npm) when using Dond 

water specified in Table 6-7 and treatinq gas stream described in 

Installation of the spray-crossflow packed bed scrubber will 

require moderate alteration of existing ductwork and construction of a 

new pipe line,connecting the scrubber to the existing water supp1.v. No 
. . 



Table 6-17. OPERATING CONDITIONS FOR SPRAY-CROSSFLObJ PACKED 
' BE0 SCRUBBER FOR MODEL SPA PLANT 

(300 TonslDayPp05) 

Gas to Scrubber 

Flow, SCFN 

Flow, DSCFVl 

Flow, ACFM 

TemD.. "F 

9,800 

, 9,110 

10,600 

115 

Moisture, vol. % 7.0 

Fluoride (as F), lbjhr 3.9 

Fluoride (as F), ppm 126 

Gas from Scrubber 

Flow, SCFM 

Flo\~, DSCFM 

Flow, ACFM 

Temp., OF 

9,409 

9.,110 

.9,760 

90 

Moisture, vol. % 

Fluoride (as F), lb/hr 

Fluoride (as F), ppm 

Fluoride removal, wt % 

Estimated y', ppm 

Estimated NTU required 

3.u 

',, 0.12 

4.0 

96.7 

0.85 
3.7 
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Table 6-18. RETROFIT COSTS FOR MODEL SPA PLANT 

(300 tons/day P205) Plovember 1974 

($) cost 

A. Direct Items (installed) 

1. Spray-crossflow packed bed scrubber 
2. Ductwork 
3. Piping 
4. Pump and motor 

2 
Removal of old equipment 
Performance test 

Total Direct Items 

B. Indirect Items 

Engineering construction expense, fee, interest on 
loans durina construction, sales tax, freight insurance. 
(50% of A) 

C. Contingency 
(25% of A) 

D. Total Capital Investment 

E. Ann,ualized Costs 
1. Capital charges 
2. Maintenance 
3. Operating labor 
4. Utilities 
5. Taxes, insurance, administrative 

,37,500 
5,000 
1,900 
4,200 

12,500 
4,000 

64,300 

32,600 

16,300 

114,000 

18,600 
3,000 
2,000 

700 
4,400 

Total Annualized Costs 
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gure 4-9. 

mately 

ones before being exhausted. 

on reactor and the granula- 



The drier flue gases are treated for product recovery before 

being, sent to additional controls. Collected particulate is re- 

cycled to the granulator. A venturi scrubber using weak phosphoric 

acid is used for amm0ni.a recovery. Ammonia removal efficiency is 

approximately 94 percent, No additional scrubbing is practiced. 

Air streams vented from product cooling and screening equip- 

ment are sent through dry cyclones for product recovery, combi,ned, 

and treated in a venturi scrubber for particulate removal. Weal: 

.phosphoric acid serves as the scrubbing solution. Col'lected DAP is 

recycled to the reactor. Diammonium phosphate particulate collected 

in the lected in dry Cyclopes is recycled to the granulator; that co1 

s,crubber is.recycled to the reactor. 

Volumetric flow rates and fluoride concentrations assoc iated with 

the three major emission sources are presented in Table 6-19. The 

values listed are,estimates based on source test results and data ob- 

tained from a recent contract study of control equipment costs (5). 

Fluoride concentrations presented for the reactor-granulator and the 

drier gas streams are values at the outlet of the ammo,nia recovery 

scrubbers.d' Total fluoride emissions from the sources identified in 

Table 6-19 are 4.95 pounds per hour with existing controls. 

Table 6-19. FLOW RATES AND FLUORIDE CONCENTRATIONS FOR 
DAP PLANT EMISSION SOURCESl7,18 

Emission source Flow rate 
(SCFY) 

Fluoride concentration 
h/SW (wm) 

Combined reactor-granula- '1 
tor vent gases 30,000 0.65 27 

Srier.gases 45,000 0.36 15 

Cooler and .screening equio- 
vent vent gases . ' 45,000 .0.36 15 ~...__ _^___. .1.. _-_- _-_ 
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The retrofit consists sf the replacement of the q*c?onic spray 

to:!er cn the reactcr-~ranulatol- stream Gth c: spray-crossflo?! packed 

bed scrubber and the addition of spray-crossflo!;: packed bed scrubbers 

as tail gas units to the drier and cooler streams. GJrpsum pond 

r-!ater vii11 be used as the scrubbing liquid. Pond v!ater is available 

at 80°F with the properties listed in TaOle 6-7. The control system 

is designed to conform with the fluoride emission guideline of 0.06 

pcunds cf fluoride per ton P2f5 input - 1.25 pounds fluoride per hour. 

Existing ccntrols are located as depicted in Ffgure 6-6. The 

arrangement of equipment is such that the spray-crossflow packed bed 

sc;-uS:rs can be installed adjacent to the venturi scrubbers after 

moderate alteration of the ductk!ork. A nis water 1 in2 sust 52 in- 

stalled to satisfy the increased demand caused by the retrofitted scrub- 

bers. A new fan will also be required for both the drier and the cooler 

stream to compensate for the pressure drop of the secondary scrubber. 

Treited gases will be exhausted from the existing stack. Spent scrub-. 

bing water is to be recycled in the existing drainage system. 

Figure 6-7 provides a viel;r of the plant layout after the instal- 

lation of new controls. A list of major retrofit items is provided 

in Table 6-20. Ta5le 6-21 presents operating conditions for the spray- 

cross-Flow packed bed scrubbers. Total capital cost and annualized 

cost estimates for the project are presented in Table 6-22. 

?.etrofit Controls 
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1. 

2. 

3. 

4. 

5. 

6. 

7. 

Table 6-20. MAJOR RETROFIT ITEMS FOR MODEL DAP PLANT 

Three spray-crossflow packed bed scrubbers. When using specified 

pond water and treating gases described in Table 6-19, scrubbers 

are required to obtain performance indicated in Table 6-2 I1 . 

Ductwork - removal of cyclonic spray tower from service and 

connection of three spray-crossflow packed bed scrubbers. \ 

Requirements are 100 feet of 60-inch duct and 50 feet of 54- 

inch duct. 

Water line connecting gypsum pond with spray-crossflow packed 

bed scrubbers - 1200 feet of 16-incf pipe with a 200-foot branch 

of 14-inch pipe and a 150-foot branch of 6-inch pipe. 

Two centrifugal pumps (one spare) - 2550 gpm, 105 feet 

total dynamic head (TDH), 125 horsepower motor. Booster pump 

for spray section of both the drier and the cooler stream scrubber - 

345 gpm, 89 feet TDH, 7.5 horsepower motor. 

-Two centrifugal fans - 45,000 scfm, 285 feet TDH, 50 horsepower 

motor. 

Removal of cyclonic spray tower. 

Supports and foundations. 
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Table 6-21. OPERATING CONDITIONS FOR SPRAY-CROSSFLOW PACKED 
BED SCRUBBERS FOR MODEL DAP PLANT 

(500 Tons/Day P,O,) 
L J 

Gas to scrubber 

Flow, SCFM 

Flow, DSCFFI 

Flow, ACFM 

Temp., "F 

Moisture, vol. % 

Fluoride (as F), lb/hr 

Fluoride (,as F), ppm 

Gas from scrubber 

Flow, SCFM 

Flow, DSCFM 

Flow, ACFM 

Temp., OF 

Moisture, vol. % 

Fluoride (as F), lb/hr 

Fluoride (as F), ppm 

Fluoride removal, wt % 

Estimated y', ppm 

Estimated NTU required 

Reactor- 
granulator 
stream 

Dryer 
stream 

Cooler 
stream I 

30,000 45,000 45,000 

18,000 29,200 43,600 

34,000 52,700 49,600 

140 160 125 

40 35 3 

2.58 2.14 2.14 

27.1 15.0 15.0 

19,400 31,500 

18,000 29,200 

23,600 38,400 

100 100 

7 7 

0.44 0.36 

5.9 3.0 

83 83.5 

1.05 1.25 

1.69 2.06 

45,400 

43,600 

48,000 

4 

0.45 

3.0 

79 

1.05 

1.94 
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Table 6-22. RETROFIT COSTS FOR MODEL DAP PLANT 
(500 tons/day P2O5) November 1974 

A. Direct Items (installed) 

1. Spray-crossflow packed bed scrubbers (3) 
2. Ductwork 
3. Piping 
4. Pumps and motors 
5. Centrifugal fans and motors 
6. Removal of old equipment 
7. Performance test 

Total Direct Items 

B. Indirect Items 

Engineering construction expense, fee, interest on 
loans during construction, sales tax, freight insurance. 
(50% of A) 

C. Contingency 
(25% of A) 

D. Total Capital Investment 

E. Annualized Costs 
1. Cppital Charges 
2. Maintenance 
3. Operating labor 
4. Utilities 
5. Taxes, insurance, administrative 

Total Annualized Costs 

6-42 



Run-of-Pile Triple Superphosphate 

The plant uses the conventional TVA cone process for the pro- 

duction of run-of-pile triple superphosphate. Rated production 

capacity is approximately 1200 tons of triple superphosphate per day 

(550 T/D P2O5). Actual production averages approximately 800 tons 

of triple superphosphate per day. 

Figure 4-10 provides a flow diagram of the operation. Ground 

phosphate rock is contacted with phosphoric acid (54 percent P2O5) 

in a TVA cone mixer. The resultant slurry is discharged to the den 

where solidification of the product occurs. Cutters are used to 

break up the product before it is sent to storage. A curing period of 

approximately thirty days is required to allow the reaction to go to 

completion. 

Two initial levels of control will be assumed for the model ROP 

triple superphosphate plant and retrofit costs estimated for each 

case. Most actual costs should fall somewhere between the two estimates. 

Existing Controls (Case A) 

In this case, it is assumed that the plant is in a relatively 

good state of repair, that necessary ducting and piping changes are 

moderate, and that the existing ventilation system does not require 

modification. Replacement'of an existing scrubber is assumed to be 

the major item in the retrofit program. 

Gases vented from the cone mixer and the den are currently treated 

in a 20,000 cfm venturi, combined with the storage building ventila- 

tion stream, and sent to a spray tower. The storage building ventila- 
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tion air is sent directly to the spray tower. This control system 

has beenin'operation for approximately five years. 

Gypsum pond water serves as the scrubbing liquid for both the 

venturi and the spray tower. !?rater is available at 80°F with a fluo- 

ride content (as F) of 0.5 weight percent. Additional information 

regarding the scrubbing liquid is provided in'Table 6-7. 

Ventilation flow rates and fluoride concentrations for the 

various sources are listed in Table 6-23. The values listed in this 

table are estimates based on source test results and control equip- 

luoride removal efficiencies are 86 percent for 

the combined cone mixer - den gases and 71 percent 

ment design data. F 

the venturi ,treating 

for the spray tcwer;. Total fluoride emissions from'the production 

and'storage facilities are 127 pounds per hour. 

Table 6-23. FLOW RATES AND FLUORIDE CONCENTRATIONS FOR ROP-TSP 
" PLANT EMISSION SOURCES194 

Emission Source 

Cqne'mixer'vent gases,' 

Curing belt (den) vent 
gases 

Storage building vent 
gases 

Retrofit Controls 

Flow Rate 
(SCFM) 

500 

24,500 

125,000 

Fluoride Concentration 
(mg/SCF) bpm)' 

0.,71 

95 

24 

.., 30 

4000 

1009 

The proposed retrofit involves the replacement of the spray tower 

with a spray-crossflow packed bed scrubber designed for 99 nercent 

fluoride removal. Installation of the new scrubber will reduce 
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fluoride emissions to 4.6 pounds per hour. This emission level is 

equivalent to the emission guideline of 0.2 pounds fluoride per ton P205 

input. 

'F!oderate rearrangement of the duct\!ork will be required to 

install the new scrubber. Existing controls are located ss deoicted 

in Figure 6-8. The spray tower'will be removed and the spray-cross- 

flow packed bed scrubber installed in the vacated area. A. new fan 

will be required to compensate for the higher pressure drop of the 

spray-crossflow packed bed scrubber. Existing water lines and pumps 

will be used to supply gypsum pond water at 40 psiq to the spray 

section. A 16-inch line will be required to supply 24?0 qpm of water 

at 5 psig for the packed bed. Spent scrubbing water is to be re- 

cycled to the gypsum pond in the existing drainage system. .Treated 

gases will be emitted from'a newly installed 75 foot stack. 

Table 6-24 lists the major cost items involved in the retrofit 

project. Operating conditions for the spray-crossflow packed bed 

scrubber are presented in Table 6-25. A'breakdo~n of the estimated 

co$ of the project is provided by Table 6-26. 

Table 5-24. MAJf’C RETPOFIT ITEMS FOP bln"EL !?T)P-TSP DLA?IT (CASE A) 

1 Rearrangement of ductwork - removal of spray tower from service 

and connection of spray-crossflow packed bed scrubber and stack. 

Pequirements are 5r) feet of g6-inch* duct. 

2. water Tine connecting gypsum pond with spray-crossflow oacked 

bed scrubber - 1600 feet cf 16-inch pipe. 

qot necessarily circular, but of equivalent cross-sectional area. 
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3. Two centrifugal pumps (one spare) - 2400 gpm, 76 feet total 

dynamic head (TDH), 100-horsepower motor. 

4. Removal of spray tower. 

5. Centrifugal fan - 150,000 SCFM, 355 feet TDI!, 200-horsepower 

motor. 

6. Spray-crossflow packed bed scrubber. Unit is designed to 

handle 158,000 acfm. Using pond water at specified conditions, 

'scrubber must reduce fluoride concentration to 0.23 mg/scf 

(9.7 ppm) when treating streams listed in Table 6-23. 

7. Stack - 75 fzet, tall, 9 feet diameter. 

8. Supports and foundations. 

Table 6-25. OPERATING CONDITIONS FOR SPR,4Y-C!?OSSFLOW PACKED 
BED SCRUBBER FOP f!ODEL POP-TSP PLAFIT, CBCF fi 

(55~ Tons/Day P205! 

A 

Gas to scrubber 
Flow, SCFM 
Flow, DSCFM 
Flow, A,CF!l 
Temp., "F 
Moisture, Vol. % 
Fluoride (as F), lb/hr 
Fluoride (as F), ppm 

Gas from scrubber 
Flow: SCFI.1 
Flow, DSCFM 
Flow, ACFI? 
Temp., "F 
:loisture, Vol. % 
Fluoride (as F), lb/hr 
Fluoride (as F), ppm 
Fluoride removal, wt $5 
Estimated y', ppm . 
Estimated NTU required 

150,000 
145,500 
158,000 
,100 
3.0 
439 
928 

150,OOO 
145,500 
156,000 
$0 

E 
9:7 
!w.!? 
0.8 
4.7 
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Table 6-26. RETROFIT COSTS FOR MODEL ROP-TSP PLANT, CASE A 
(550 tons/da;) P2O5) November 1974 

($) cost . . 

A. Direct Items (installed) 

1. Spray-crossflow packed bed scrubber 
2. Ductwork 
3. Piping 
4. Pumps and motors 
5. Centrifugal fan and motor 
6. Removal of old equipment 
7. Stack 
8. Performance test 

Total Direct I terns 458,300 

B. Indirect I terns 

ingency 
of A) 

1 Capital Investment 802,100 

E. Annu alized Costs 
1. Capital charges 
2. Maintenance 
3. Operating labor 
4. Utilities 
5. Taxes, insurance administrative 

Engineering construction expense, fee,interest on 
loans during construction, sales tax,.freight insurance. 
(50% of A) 

C.. Cont 
(25% 

D. Tota 

Total Annualized Costs 
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294,000 
9,800 

33;300 
31,900 
28,800 
12,500 
44,000 

p,ooo 

229,200 

114,600 

130,POO 
21,700 

4,000 
26,500 
32,000 

214,900 



Existing Controls (Case 8) 

In this case, it is assumed that cnl:, the production area is 

originally equipped vrith controls. A Doyle scrubber is used to 

treat the combined ventilation streams from the mixin? ccn,; a:'! 

the den. Ventilation flow rates and fluoride concentrations for 

these sources are presented in Table 6-27. Fluoride removal efficiency 

of the Doyle scrubber is approximately 59 percent. Emissions from the 

production area are 95.2 pounds of fluoride per hour with existing 

controls. 

The ROP-TSP storage area is currently uncontrolled. Estimated 

fluoride emissions from this source are 198 pounds per hour. 

Table 6-27. FLOW RATES AND FLUORIDE CONCENTRATIONS OF EFFLUENT 
STREAMS SENT TO EX’I:TING C3NTROLS. 

Emission Source Flow Rate; Fluoride Concentration 
I 

1 

(SCFP?) : (mg/scf) I (ppm) ! 

i (Cooe mixer vent gases : 5og 0.71 1 3r! 

ICuring belt vent gases i 14,500 I 
/ j 

160 68M 

i 

1 
i I 

cetrofit Controls Case B 

The hooding on the curing belt is in a poor state of repair and 

will be replaced. A new hooding arrangement utilizing a flat 

stationary air tight top and plastic side curtains will be used. 

The ventilation rate for the belt will be increased to 24,500 SCFM. 

This higher flow rate will necessitate the replacement of existing 
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Control of emissions from the storage area requires the 

sealing of the building (roof monitor and sides) and the installation 

of a ventilation system designed to handle 125,000 SCFN. All 

associated fans, pumps, piping, and ductwork must be installed. The 

ventilation stream from the storage area will be combined with the 

effluent stream from the production area and sent to controls. Flow 

rates and fluoride concentrations associated with the various emission 

sources are the slme as listed in Table 6-23. 

Fluoride emissions must be reduced to 4;6 pounds per hour in 

order to meet the emission guideline of 0.2 pounds fluoride per ton 

P205 input. This will be accomplished by removing the Doyle Scrubber 

and installing a spray-crossflow packed bed scrubber designed for 

99.3 percent fluoride removal. Figure 6-9 .indicates the placement 

of the retrofit scrubber. Treated gases will be emitted from a newly 

installed 75-foot stack. 

Gypsum pond water will be used as the scrubbing liquid. Pond 

water characteristics are listed in Table 6-7. An 18-inch line will 

be installed to supply the required 3450 gpm of pond water. Spent 

scrubbing water is to be recycled to the gypsum pond in an existing 

drainage system. 

Table 6-22. identifies the major cost items involved in the 

retrofit project. Operating conditions for the new scrubber are 

listed in Table 6-20 Estimated costs are provided in Table 6-3o. 

G-50 



I 

ez 
WI0 

f 

/ 
i‘ 

i / 
/’ / 

i 
:i 

/ 

, 

- 
I 1 

6-51 



c KAJOR RETROFIT ITEMS FOR MODEL ROR-TSR PLANT (CASE B) 

1. Ductwork - replacement of the curing be1.t venti 

and installation of a storage building ventilat 

lation sys tern 

ion system. 

-inch duct 

the mixing 

Curing belt ventilation system --175 feet of 42 

with a 50 foot branch of 6-inch duct connecting 

cone. Storage building ventil,atjon system - 150 feet of 96- 

inch duct with two 160-foot branches of 66-inch duct. 

2. hater line connecting gypsum pond with spray-cro.,sflo!;r packed 

bed scrubber - 1700 feet of 18-inch pipe. 

3. Two centrifugal pumps (onespare) - 3450 9pm, 74 feet ,' 

total dynamic head (TDH), 125-horsepower motor: Booster pump 

for spray section - 1150 gpm, al-feet TDH, 40-h,orsepower motor. 

4. Centrifugal fan for curing belt ventilation system - 25,000 

SCFM, 760 feet TDH, 75-horsepower motor. Fan for storage 

building ventilation system - 125,000 SCFfS, 725 feet TDH, 

350 horsepbwer motor. 

5. Remova 1 @f - 1) 014 hooding system from curing belt and 

2) zoy le scrubber. 

6. Install ation of a new hooding system consisting of a wooden air- 

tiaht too and elastic side curtains on the curino belt. 
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7. Sealing of the storage building - roof monitor and sides of 

8. 

9. 

10. 

building. 

Spray-crossflo,i packed bed scrubber. Unit is designed to 

handle 158,000 ac,fm. Using pond water at specified conditions, 

scrubber must reduce fluoride concentration to 0.23 mg/scf 

(9.7 ppm) when treating streams listed in Table 6-23. 

Stack - 75 feet tall, 9 foot diameter. 

Supports and foundations. 

Table 6-29. OPERATIMG CONDITIONS FOR SPRAY-CROSSFLOW PACKED BE@ 
SCRUBBER FOR MODEL ROP-TSP PLANT, CASE B 

(550,Tons/Day P,O,) I 

Gas to Scrubber 
Flow, SCFEI 
Flow, DSCFM 
Flow, ACFM 
Temp., OF 
P'loisture, Vol. % 
Fluoride (as F), lb/hr 

1. Fluoride (as F), ppm 

150,000 
145,500 
158,000 
100 

E 
1490 

Gas from Scrubber 
Flow, SCFM 
Flopi, GSCFM 
Flow, ACFM 
Temp., OF 
Cloisture, Vol. % 
Fluoride (as F), lb/hr 
Fluoride (as F), ppm 
Fluoride removal, wt % 
Estimated v', ppm 
Estimated hTU required 

150,000 
145,500 
156,000 
90 
3.0 
4.6 
9.7 
99.3 
0.8 
5.1 
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Table 6-30. RETROFIT COSTS FOR MODEL ROP -TSP PLANT, CASE B* 
(550 tons/day P2O5) November 1974 

A. Direct Items (installed) 

1. Spray-crossflow packed bed scrubb : 
2. Ductwork 
3. Piping 
4. Pumps and motors 
5. 'Centrifugal fans and motors 
6. Curing belt hooding 
7. Sealing of storage building 
8. Removal of old equipment 
9. Stack 

10. Performance test 
11. Structural steal supports/bldg. 

Total Direct Items 

B. Indirect. Items 
Engineering construction expense, fee, interest on 
loans during construction,'sales tax, freight insurance. 
(50% of A) 

C. Contingency 
(25% of A) 

D. Total Capital Investment 

196,700 

1,376,800 

E. Annualized Costs 

1. Capital"charges 
2. Maintenance 
3. Operating labor 
4. Utilities 
5. Taxes, insurance, administrative 

224,400 
37,100 

4,000 
48,200 
55,700 

Total Annualized Costs 369,400 

‘In costing this model, extensive use was made 

June 27, 1974, prepared by Jacobs Engineering 

co., Pocatello, Idaho. 
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294,000 
89,200 
39,800 
48,200 
40,800 
26,700 
80,000. 
20,000 
44,000 

4,000 
100,000 

786,700 

393,400 

of a project report dated 
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T:ie ;:. .,,odE;i p1 ai?‘; USZS tiie Ycrr-Gi i ver ;3iAOc2SS ;Fsr the production 

of granular triple superphosphate. I'esigned produc'iion ca;;s.citjt -is " 

875 tons of triple su?erphosphate ger bay (400 T/2 ? f ). 
2'5 Figure I 

4-13 zrovides a schematic diagram of the operation. 

Sround ?hospiiate rock and phosphoric acid (39 percent P2L5) are 

ccntacted in a series of reactors. The reaction mixture is then 

pumped to the granulator >:here it is nixed !::iii: recycled Dakrial 

froa $2 cyclone dust ccllcctcrs and th; screening qerations to ?ro- 

duc2 product sized granules of triple superphos#ate. k rotary 

drier is used to reduce the product moisture content to abcut 3 per- 

cent . 

Dried triple superphospha+ LL is cooled and screened before being 

sent to storage. A curing period of 3 to 5 d@s is provided before 

the product is co;lsidered ready for shipping. Shipping cf GTSP 

is GII a seasonal basis, therefore, a large storage capacity is re- 

q$ red. The storage facility has a capacity of 25,000 tons of a 

triple superphosphate (11,500 tons P2C5). This building is.venti- 

lated at a rate of 75,00C scfm usina a roof monitor. 

Existing Controls 

sases vented from the reactors and the granulator are combined 
I 

and treated in a t;:o-stage syste:: consistins of a venturi and a 

cyclonic spray tower. ~yasu;:! pond :!ater serves .as the scrubbing 

liquid in both un'ts. Pond j:ta",er is. available at 80°F Gth a flu+ 
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ride content of 0.5 percent. Additional properties are listed in 

Table 6-7. , Fluoride removal eff!'ciency 's 86 percent for tha ven- 

turi scrubber and 82 percent for the cyclcnic sr;raJ' tower. 

The drier gases are passed through cyclones for prcduct 

recovery and then treated for fluoride removal by a tl:!o-stage 

scrubbing system (venturi-q/clonic spray tok!er) sirqilar to t!iat de- 

scribed for the reactor-granulator cases. Fluoride collection is 85 

percent in the venturi and 86 percent in the cyclonic scru5ber. 

Gypsum pond water is used as the scrubbing liquid. 

Wscellanzo!.s gas streams vented from the product cooling and 

screening operations are a third source of emissions from the GTSP 

production facility. These streams are combined and treated for 

product recovery (dry cyclone) and fluoride rsmoval (cyclonic spray 

tower). Fluoride collection efficiency of the cyclon,ic spray tower 

is 87 percent. 

Existing controls have been in operation for five years. Flow 

rates and,fluoride concentrations for the various emission sources 

are listed in Table 6-31. ,411 values are estimates based on a com- 

bination of source test results and published data. Total fluoride 

emissions from the production facilities are 31.0 pounds per hour. 

Ventilation air from t 

uncontrolled. Table 6-31 

and fluoride concentration 

emissions from the storage 

he storage building is presently emitted 

lists the estimated vclumetric flop rate 

based on source test data. Fluoride 

building are 13.2 pounds per hour. 
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Table 6-31. FL'J!! FATES AND FLUXICE C~NCENT!-%TIONS FL72 GTSP PL;.:,;T 
EYISSIO~! SCURCES2~-24 

I Edssim source Floz rat2 
(SCFY) 

Fluoride concentration 
(Klcj/SCF) (p?) 

Peactor-granulator gases 18,000 84 3500 

Drier vent gases 48,000 84 3500 

Cooler & screening equip- 51,000 16.8 700 
ment gases 

Storage building ventilation 75,000 1.3 54 

Retrofit Controls 

The retrofit project for the GTSP production facility involves 

the replacement of the cyclonic spray tower on the reactor-granula- 

tor stream and on the drier stream with a spray-crossflow packed bed 

scrubber. A third spray-crossflow packed bed unit k:ill be installed 

on the miscellaneous stream to provide secondary scrubbing. The 

n& control system is designed to reduce fluoride emissions from the 

production operation to 3.34 pounds per hour. This emission rate is 

equivalent to the emission guideline of 0.2 pounds fluoride per ton P205 

input. 

Figure 6-13 shows the position of existing controls. Detrofit 

plans call for the removal of the cyclonic spray towers treating the 

reactor-granulator and the drier gases and the installation of spray- 

crossflow ?acked bed scrubbers in the vacated areas. The soray- 

crossflo!\' packed beci scrubber for tht Q miscellaneous stream ?!ill 31s~ 

be located adjacent to the preliminary scrubber as indicated in 

Figure 6-11. 6-57 
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Existing pumps, fans, piping and ductwork will be utilized 

wherever possible. The existing piping system will be used to 

supply water to the three preliminary scrubbers and the spray 

sections of the secondary (spray-crossflow packed) scrubbers on the 

reactor-granulator and the drier streams. Some minor alteration in 

the piping arrangement will be required because of changes in the 

scrubber geometry. A 16-inch line will be installed to provide 2160 

gpm of water at 5 psigj for the spray-crossflo\d packed bed unit on the 

miscellaneous stream and the packed sections of the secondary scrub- 

bers on the reactor-granulator and the drier streams. Duplicate 

pumps, one on stand-by, will be provided for this service. In all 

cases, the spent scrubbing liquid will be recycled to the gypsum 

pond using the existing plant drainage system. 

Some alteration of existi,ng.ductwork will be required to install 

the retrofit scrubbers. A new fan will be installed on the miscellaneous 

stream to compensate for the pressure loss caused by the secondary 

scrubber. 

Control of emissions from the GTSP storage facility requires 

the sealing of the roof monitor and the installation of 350 feet of 

ventilation ducti,ng. Ventilation air will be treated in a spray- 

cross ,flow packed bed scrubber before being,emitted. The unit is 

designed to reduce fluoride emissions to 1.25 pounds per hour; a rate 

equivalent to,emission guideline under most conditions. All associated 

fans, pumps, piping, and ductwork must be installed, The existing plant 
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drainage system will be used to rec;!cle 3ypsum ?ond b!ater. 

Figure 6-11 provides a vie?/ of the equipxnt layout. 

Cl1 major retrofit items are tabulated in Table 5-32. 

Table 6-33 provides a list of operating conditions for the four 

retrofitted spray-crossflob: packed bed scrubbers. Table 6-34 pre- 

sents the retrofit project costs.' 

Table 6-32. KAJOR RETROFIT ITE!"S FOP. f!CDEL GTSP PL,'?!T 

GTSP Production 

1. Rearrangement of ductwork - removal of existing cyclonic scrubbers 

on reactor-granulator and drier streams and connection of 

' replacement spray-crpssflow packed bed scrubbers. Installation 

of.third spray-crossflo\p: packed bed unit on miscellaneous 

stream. Requirements are 150 feet of 60-inch diameter duct and 
'. 

50 feet of 42-inch duct. 

2. ties water line connecting gypsum pond with retrofitted scrubbers - 

', 1200 feet of 16-inch pipe with 200-foot branch of 14-inch pipe 

to scrubbers treating the drier and miscellaneous str 

foot branch of 5-inch pipe to the reactor-granulator 

earns and 150 

scrubber. 

d:lnamic 3. Two centrifugal pumps, each 2160 gpm, 105 feet'total 

head (TIN), lOO-horsepower motor. Booster pump for spray 

section of spray-crossflow Facked bed scrubber on rt?iscellaneous 

stream - 374 gpm, 89 fe.zt TM, l&horsepower motor. 
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Table 6-32. MAJOR RETROFIT ITEMS FOR MODEL GTSP PLANT (cont.) 

4. Centrifugal fan for miscellaneous stream - 51,000 scfm, 

356 feet TDH, 75-horsepower motor. 

5. Removal of cyclonic scrubbers on reactor-granulator and 

miscellaneous streams. 

6. Three spray-crossflow packed bed scrubbers. Design parameters 

are provided in Table 6-33. Using pond water at specified 

conditions, the scrubbers are required to meet the indicated 

emission levels when treating the gases described in Table 6-31. 

7. Supports and foundations. 

GTSP Storage 

1. Sealing of roof monitor and installation of ducting - 350 feet of 

78-inch ducting for ventilation of building and connection of 

scrubber. 

2. Water line connecting gypsum pond with spray-crossflow packed 

bed scrubber - 1700 feet of 12-inch pipe. 

3. Centrifugal pump - 1730 gpm, 81 feet TDH, 60-horsepower motor. 

Booster Pump for spray section - 580 gpm, 89 feet TDH, 15- 

horsepower motor. 

4, Centrifugal fan - 75,000 scfm, 630 feet TDH, 200 horsepower 

motor. 
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Table 6-32. MAJOR RETROFIT ITEMS FOR MODEL GTSP PLANT (cant). 

5. Spray-crossflow packed bed scrubber. Using specified pond 

water, scrubber must reduce fluoride concentration of venti- 

lation stream to 0.13 mg/scf (5.1) when treating the gases 

described in Table 6-31. 

6. Supports and foundations. 

7. Stack - 50 feet tall, 6 foot diameter. 
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Flow, SCFE? 

Flow, CSCF!! 

Flop;, ACFf.1 

Temp., OF. 

!:oisture, vol. % 

Fluoride (as F), lb/hr 

Fluoride (as F), ppm 

Gas from Scrubber 

Fl ow ) SCF!I . 

Flab,, DSCFP? 

Flow, ACF'j I I 

Temp., OF 

!?oisture, vol. % 

Fluoride (as F), lb/hr 

Fluoride,(as F), ppm 

Fluoride removal, wt % 

Estimated JJ’, ppm 

Estimated NTU required 

Table 6-33. OPERA.TING CDNDITIONS FOP SPPAY-CROSSFLOW 
PACKEO BED SCRUBEERS FDP. C1CDEL GTSP PLANT 

.(400 Tons/Day P,?,) 

Z?s to Scrubber Production Storage 

Reactor Drier Cooler Ventilation 

18,DDc) 48,000 51,000 75,I)DO 

16,560 44,16!! 48,450 74,480 

19,400 52,5OD 54,900 77,100 

111) 120 110 87 

8.0 8.0 5.0 0.7 

'28 79.8 .14..8 13.2 

499 525 92 54.1 

. 

16,850 

16,560 

17,500 

90 

2.0 

1.00 

17.5 

96.5 
'7 "5 . . 

3.38 

45,050 

44,160 

46,800 

90 

2.0 

1.76 

11 .5 

49,4(x! 

48,450 

51,200 

PO 

2.0 

0.63 

3.9 

96.0 

9.85 

3.39 

97.8 

0.95 

3.90 

76,!00 

74,480 

78,100 

85 

2.0 

1.25 

5.1 

90.5 

n.7 

2.4: 
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Table 6-34. RETROFIT COSTS FOR MODEL 
GTSP PLANT (400 tons/day P2G5) November 1974 

A. Direct Items (installed) 

1. GTSP Production 

i: 
Spray-crossflow packed bed scrubbers (3) 
Ductwork, 
Piping 

i: Pumps and motors 
e. Removal of old equipment 
f. Performance test 

Centrifugal fan and motor 
2. &SP Storage 

Cross flow packed scrubber 
i: Ductwork 

Piping 
i: Pumps and motors 

Centrifugal fan and motor e. 
f. Structural steel supports/bldg. 

1: ,Performance test 
Sealing of storage building 

Total Direct Items 723,100 

B. Indirect Items 

Engineering construction expense, fee, interest on 
loans during construction, sales tax, freight insurance. 
(50% of A) 

C. Contingency 
(25% of A) 

D. Total Capital Investment 

E. Annualized Costs 

1. Capital charges 
2. Maintenance 

206,300 

3. Operating labor 
33,800 

4. Utilities 
6,000 

'5. Taxes, insurance, administrative 
40,600 
50,500 

Total Annualized Costs 

($1 cost 

261,000 
22,800 
26,200 
35,900 
18,000 

4,000 
14,400 

150,000' 
56,600 
27,800 
19,400 
23,000 
50,000 
10,000 

“. 4,000 

361,600 

180,800 

1,265,500 

337,200 
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6.1.3.2 Retrofit Case Descriptions 

General Procedure 

This"section describes two actual cases in which control 

systems containing spray-crossflow packed bed scrubbers were added to 

existing production facilities. Each case description provides the 

following information: 

iption of the process in use, 

ication of the original fluoride controls and sources 

1. A descr 

2. Identif 

treated 9 

3. A descr iptic;i of the retrofit project, and 

4. Retrofit costs. 

Case A- ., 

Case A involves the retrof 

superphosphate plant. This fat 

ittinq of controls to a clranu lar triple 

ilitv was built in 1953 usinq the Dorr- 

tv was orioinallv Oliver slurry granulation process. Annual production capaci 

100,000 tons triple superphosphate but improvements in slant desian have 

almost doubled,this value. 

The production equipment is housed in a structure which also contains 

a second granular triple superphosphate plant and a run-of-pile triple 

superphosphate plant. All available soace within the building is in use and 

any rearrangement of equipment or ducting would require major modifications. 

Space limitations also exist in the area immediately surroundin? the build- 

ing and would affect any retrofit project. 



Original Controls 

Fluoride control was initially provided by a spray tower installed 

in 1953 as part of the orioinal plant design. Gypsum pond water was used 

as'the scrubbing liquid. Ventilation streams from the drier and the 

product screens were sent to the sprpy tower while both reactor and 

granulator gases were vented directly to the atmosphere. The spray 

tower was improved in 1964 by the addition of more sprays and a mist 

elimination section. Performance data for this system is not.availabTe. 

Retrofit Controls 

The spray tower was removed in 1966 as part of a retrofit project 

<and replaced by a three stage scrubbina system. Gases vented from the drier 

(60,000 acfm) and the- screens.(40,000 acfm) are now treated in seoarate,,venturi 

scrubbers, combined, passed through a cycloriic scrubber, and finall!! 

treated in a spray-crossflow packed bed scrubber. operating characteristics 

of these units are listed in Table 6-35. Pond water serves as the 

scrubbing liquid for the entire s.ystem. 'Controls for the reactor and the 

granulat$r were not added at this time. , 

All associated fans, pumps, piping, ductwork, and stacks were installed 

as part of the retrofit project. New pond water supply and drainage svstems 
4 

were also required. 

Designed fluoride removal efficiency is 99+ percent. Tests 

conducted by the Environmental Protectian Aqency in June 1972 measured 

fluoride removal efficiencies ranging UD to 99.6 percent. 

c-67 



Table 6-35. OPERATING CHARACTERISTICS OF SCRUBRERS IN RETROFIT CASE A 

Scrubber type Scrubbing liquid 
to gas ratio (gal/SCF) 

I -~. Drier venturi 
'I 

0.008 

Screen venturi 0.006 

'Cyclonic scrubber OIDO7 

Spray-crossflow Loo2 
packed bed scrubber 

,. I. ,' 

Gas stream 
pressure drop(in. H20 

12-15 

8-13 

4-6 . 
2-6, _' 

Retrofit Costs ,~ 
',, 

Total installed koit &the retrofit'~~o&ol ,'eiuipment' was $368,009, 

huNever, this does not include the cost of removing old eouipment or of 

adding new pond water.supply and drainage systems. The annual operating 

cost is'reported to be $51,000. 

Case B 

Case 'B is similar to Case A in most respects. The facility involved ". 

is a' granular triple superphosphate plant built in 1953. This plant also 

uses the Dorr-Oliver process for GTSP. Annual canacity is approximately 

200,000 tons triple superphosphate. Space limitations arc similar to those 

described in Case A. 



Original Controls 

Emissions from tne drier and the screening area +!2r2 controlled bv 

a spray tower which had been installed as part of the original plant 

design. Fluoride removal efficiency data is not available for this system. 

Reactor and granulator gases wer e vented to tile atmosphere without -treatment. 

Retrofit Controls 

The retrofit project consisted of the removal of the spray tower and 

its replacement by a system similar to that described in Case A. Controls 

are in three stages - 3 venturis in pa.rallel follol;Jed by a cyclonic scrubber 

and a spray-crossflow packed bed scrubber. Effluent streams from the drier 

and the screens are treated in separate venturis, combined with the gases 

from the third venturi, and sent to the remaining controls. The third 

vetlturi treats gases from either an adjacent wet acid plant or a nearby 

run-of-pile triple superphosphate plant. Designed capacity of the control 

system is 115,000 acfm. Gypsum pond water serves as the scrubbing liquid. 

Controls for the reactor and the granulator were not installed as a part of 

this projffct. 

piping, and ductlng 'were 

efficiency of the system 

The retrofit controls were added in 1972. All associated fans, pumps, 

installed as part of this project. Fluoride remova 1 

is reported to be 99+ percent. 

Retrofit Costs 

Total installed cost for the retrofit controls was reported to be 

$760,000. Table 6-36 lists a breakdown of the cost. Demolition costs 

and the cost of adding neb! pond water supplv and drainace systems are 

not included. ;;o oneratinn cvsts P!ere provided. 



I, 1 
Table 6-36. CASE B RETROFIT PROJECT COSTS 

a 
. . 

tern I Insta71 ed.Cost - V-P... 
I (doll'ars) 

Foundations 81,000 

Structural steel 52,000 

Blowers and motors, 85,000 

Wet scrubbers . . 218,000, 

Pumps, sumps,and piping 175,000 

Ducts and stack 102,000 

Electrical and instruments 47,000 

,.. 
c + . 

.'... _' 
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6.2 VEi!TURI SCRUBBER 

6.2.1 tiescription 

Venturi scrubbers are primarily particulate collection devices, 

however, they are also applicable to gas absorption work and are in 

widespread use throughout the phosphate fertilizer industry. They are 

particularly well suited for treating effluent streams containing large 

amounts of solids or silicon tetrafluoride because of their high solids 

handling capacity and self-cleaninn cllaracteristics. Operational reliability 

and low maintenance requirements are major reasons for the ponularity of 

this scrubber design. 

A venturi provides a high degree of gas-liquid mixing but the 

relatively short contact time and the cocurrent flow of the scrubbing 

liquid tend to limit its absorption capabilities. When treating effluent 

streams requiring a high degree of fluoride removal, venturis are often 

used as the initial component in a multiple-scrubber system. 

Two types of venturi scrubbers , gas actuated and water actuated, are 

in general use. In both cases, the necessary gas-liquid contacting is 

obtained from velocity differences between the two pha.ses and turbulence 

in the venturi throat. Both types also require the use of a mist elimination 

section for rer,:oval of entrained scrubbing liquid. The maicr difference 

between the designs is the source of motive power for oneratina the scrubber. 

In the casti of the gas actuated venturi, the velocity of the gas stream 

provides the energy required for gas-liauid contacting. The scrubbing 

liquid is introduced inio the gas stream at ti:e throat of the venturi 



and is broken into fine droplets by the accelerating qas 

stream. Pressure drop across the scrubber is generally high - from 

8 to 20 inches of water. A fan is required to compensate for this 

loss in gas stream pressure. Figure 6-12 provides a schematic 

diagram of a gas actuated venturi. 

A water acutated venturi is pictured in Figure 6-13. In this 

case, the scrubbing liquid is introduced at a high velocity through 

a nozzle located upstream of the venturi throat. The velocitv of the 

water streams is used to pump the effluent gases through the venturi. 

Drafts of up to 8 inches of water can be developed at hiah liouid 

flow rates. 
25 

The removal of the fan from the system makes the water actuated 

venturi mechanically simpler, more reliable, and less costly 

than the gas actuated type. An additional advatitpoe is its relative 

26 
insensitivity to variations in the gas stream flow rate. Gas 

actuated venturis rely upon the gas stream velocity for the energy 

for gas-liquid contacting, therefore, variations in the aas flow 'can 

greatly aff,ect scrubber efficiency. The performance of the water- 

liquid strealr velocity. 

ication princiually as qas 

lly ljrr,ited, however, to small 

actuated venturi depends mainly on the 

Water actuated venturis find appl 
25 

absorption units. Their use is usua 

gas streams with moderate scrubbing requirements. The water-actuated 

venturi is seldom used for gas flows greater than 5,300 acfm because 

of the large water requirements. 
26 
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6.2.2 Emission Reduction 

No wet-acid plant using a venturi scrubber was tested'by the 

Environmental Protection Agency, however, fluoride absorption efficiency 

ranging from 84 to 96 percent have been reported for water-actuated 
27 

venturis treating wet-acid plant effluent gases. Performance data was 

obtained for venturi scrubbers installed in superphosphoric acid and 

diammonium phosphate plants. This information is presented in Table 6-37. 

Several additional plants (DAP, GTSP, ROP-TSP) were tested at which venturi 

scrubbers were used as the preliminary scrubber in a two or three stage 

system. Performance data for the overall systems are presented in Tables 

6-3 and 6-40. 

Table 6-37. VENTURI SCRUBBER PERFORFlANCE IN SUPERPHOSPHORIC ACID AND 
DIAMMONIU!: PHOSPHATE PLANTS 28 

Type of plant 

Vacuum evapora- 
tion SPA 

DAP 

Sources controlled T 

I 

barometric conden- 
ser, hotwell, and 
product cooling tat 

reactor, granula- 
tor, drier, and 
cooler 

Control 
system 

water 
actuated 
venturi 

3 gas 
actuated 
venturis 
in para- 
llel 

Scrubbing 
liquid 

pond 
water 

weal: acid 
(20-22% 

'2'5) 

'luoride emissionsa 
lb F/ton P2O5) 
-. 

0.0009 

0.129 

aAverage of testing results 



6.2.3 Retrofit Costs for !rentu:-i Scrubbers 

This secticn evaluates L;., +$Q cos:s ir;vclv& Gtl,: retrofittiny 

venturi scrubbers in a diammonium phosybate plant. Yenturis 

might, be used to provide fluoride control for this source because 

of their high solids handling capabi.litv. Cnlv the re':rrf-i'; model 

approach will be used to provide ccsts. 

The model plant is the same as described in section 6.1.3.1. 

To avoid repetition, only a summary of retrofit controls, a list 

of major retrofit items, and a breakdo?:n of costs ::!ill be presented 

here. 

The general aspects of the retrofit project are t!le same as 

described in Section 6.1.3.1. Gas-actuated venturis Gll be used 

as fluoride scrubbers on the reactor-granulator, the drier, and 

the cooler streams. Pumping and fan requirements differ from those 

presented in section 6.1.3.1. An existing line zill be used to 

supply part of the !t/ater requirement. Table h-38 provides a list 

0;'major retrofit items required. Costs are presented in Table 

6-39. 

Table 6-33. W'JCR RETRCFIT ITEXS FOR YODEL DAP PLA::T 

Ductwork - removal of cyclonic spray Wrer from service and 

connection of three gas-actuated venturi scrubbers. Reouire- 

ments are 100 feet of SO-inch duct and 50 feet of 54-inch duct. 

!Jater line connecting g.ypsum pond :h'ith venturi scrubbers - 

1200 feet of 16-inch pipe Gth ZOC-foot branch of 14-inch 
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3 J. 

4. 

feet-total dynamic head (TDK), 150 horsepower motor. 

Three centrifugal fans 

stream, one for the dr 

: one for the reactor-granulator 

izr stream, and one for the cooler 

stream. Reactor-granu lator fan - 30,030 scfm, 713 feet TDV, 

75 horsepower motor. Drier,streae fan and cooler stream 

fan - 45,900 scfm, 713 feet TDH, 125 horsepower motor. 

5. 

6. 

Removal of cyclonic spray tower. 

Three ventu&.'scrubbers 'equipped with mist eliminator 

When using specified pond water and treatino sections. 

gases descr 

performance 

ibed in Table 6-19, scrubbers are reouired to dbtain 

indicated in Table 6-21. 

7. Suppo;rts and foundations. 
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Table 6-39. RETROFIT COSTS FOR MODEL DAP PLANT 
(500 Tons/Day P,O,) November 1974 

(S) cost 

A. Direct Items (installed) 

1. Venturi scrubbers (3) 
2. Ductwork 
3. Piping 
4. Pumps and motors 
5. Centrifugal fans and motors 
6. Removal of old equipment 
7. Performance test 

Total Direct Items 319,300 

B. Indirect I terns 
Engineering construction expense, 
fee, interest on loans during 
construction, sales tax, freight 
insurance (50% of Al) 

C. Contingency (25% of A.) 

D. Total Capital Investment 558,800 

E. Annualized Costs 
4. 

1. Capital charges 
2. Maintenance 
3. Operating labor 
4. Utilities 
5. Taxes, insurance, administrative 

Total Annualized Costs 163,500 

181,700 
17,000 
26,500. 
39,200 
38,400 
12,500 

4,000 

159,700 

79,800 

91,100 
15.000 

4;ooo 
31,000 
22,400 
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6.3 SPRAY TOI:!ER'SCRUBBER 

6.3.1 Description 

Spray towers provide the interphase contacting necessary for 

gas absorption by dispersing the scrubbing liquid in the gas phase 

in the form of a fine spray. Several types of spray towers are in 

general use. The Simplest consists of an empty tower equipped with 

liquid sprays at the top and a gas inlet at the bottom. Scrubbing 

liquid is sprayed into the gas stream and droplets fall by olravity 

through a upward flow of gas. This design has the advantages of a 

very low pressure drop and an inexpensive.construction cost but it can 

provide only about one transfer unit for absorption. 29 Entrainment of 

scrubbing liquid is also a problem. 

Cyclonic spray towers eliminate the excessive entrainment of 
.i_. 

scrubbing liquid by utilizing centrifugal force to remove entrained 

droplets... Figure 6-14, is a schematic diagram of a typical design. 

In this ,casg;;a tangenti& in-let ic'used to impart the spinning 

motion to the gas stream. Water sprays are directed parallel to the 

gas flow providing crossflow contacting of the gas and liquid streams. 

Pressure drops across the scrubber ranges from 2 to 8 inches of water. 

Solids hanciling capacity is high, >oxever, aLsdr?tio:: ca?acit!! is 

limited to about two transfer units. 29,30 

6.3.2 Emission Reduction 

Fluoride reRova1 efficiencies ranging from 84 to 95 Fercent have 

been reported for cyclonic sp-ay tozers treatin? wet acid Flant 

6-78 



CLEAN LAS OUT 

CORE BUSTER DISK 

OUT 1~’ 

FIGURE 6-14. CYCLONIC SPRAY TOWER SCRUBBER., 

effluent nases. 31 Table 6-40 presents qerformance data cbtained bv 

the Environmental Protection 8crenc.v for cvclonjc snrE.\/ tpv!ers inst;tlled 

in wet-process nhosohoric acid, diammonium phosnha%e, and run-oc-pile 

trinlg' supernhosphate plants. In most cases, the control system con- 

sisted of a primary venturi scrubber or cyclonic s?rav tok+er follobjed 

by a secondary c.vclonic spray tower. Gvnsum oond water was used as _ 

the scrubbing solution except where indicated. 

6.3.3 Retrofit Costs for Cvclonic ??rav Towers 

This section will use the retrofit model annroach to estimate 

the costs involved with the irstallation of cvclonic sr)rav towers in 

a 70P-TSP Plant. Control svstems utilizinc c~Iclnnic .sQrav toklers are 

canable of providing the collection efficiencl/ necessarv %o meet 

the emission guideline of 0.2 pounds fluoride per ton P205 input. 
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Table 6-40. CYCLONIC SPRAY TOWER PERFDRMANCE IN WET-PROCESS PHOSPHORIC ACID, 32 
DIAMMONIUM PHOSPHATE, AND RUN-OF-PILE TRIPLE SUPERPHOSHATE PLANTS 

'ype of plant Sources controlled Primary controls Secondary controls 'luoride emissionsa 

s 
(lb F/ton P205) 

IPPA reactor, filter, and two-stage cyclonic 
miscellaneous sources spray tower 

0.056 

)AP reactor, granulator, 3 cycloni'c spray 2 cyclonic spray 
drier, and cooler tower scrubbers in tower scrubbers in 

parallel. Scrub- parallel treating 
bers treating re- reactor-granulator 
actor-qranular 

- and drier gases 
and drier gases 

use weak (28-30% 
P2O5) acid 

0.380 

?OP-TSP mixing cone, den, venturi scrubber cyclonic spray tower 0.194,, 0.211b 
transfer conveyor, scrubber with packed 
and storage pile bed section 

XOP-TSP mixing cone, den, 
and storage pile 

2 cyclonic spray. - 2 cyclonic spray tower 0.125 
tower scrubbers scrubbers in parallel 
in parallel 

aAverage of testing results 

bSecond series of tests 



. . Ti-ie nodal plant is tile sare as describeti in section G.l.?..l 

(Case rs). Flow rates and fluoride concentrations of the various 

effluent streams are listed in Table 6-23. Gases vented from the 

cone mixer and den are presently treated in a ZO,O!NI cfm venturi, 

combined with the storage buildino vLn Q tilation stream and sent to a 

spray tower. The storaoe buildino ventilation air is sent directly 

to the spray tower. Total fluoride emissions are 127 oounds oer 

hour with existin? controls. 

The retrofit project involves the removal of the existinr! scrubbers 

and the installation of a new control svstem consistins of oreliminarv 

cyclonlc 'spray .tob:ers,on the ventilation streams from ,the production 

and storage areas followed by a secondary cvclonic sprav tower treatino 

the combined effluent streams. This system will reduce fluoride 

emissions to 4.6 oounds per hour which is equivalent to the emission 

guideline. 

Retrofit controls will be located as shown in Figure 6-15. Yod- 

erate rearrangement of the ductwork is necessary to install the 

cyclonic spray towers. Two new fans will be required because of the 

higher pressure drop associated with the retrofit svstem. Existino 

water lines and pumps will be use! to supo1.y the orelirinarv scrubbers. 

A 14-inch line will be installed to orovide 1725 gem nf oond water 

for the secondary scrubber. Spent scrub5ina rfater will be recvcled 

to the oyosum pond in the existincr drainage s\lstem. Treated oases 

Gil be emitted from a nel,dly installed 75 foot stack. 

~ 
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provided in Table 6-42. Retrofit costs are-estimated in Table 6-43. 

Table 6-41. MAJOR RETROFIT ITEMS FOR MODEL ROP-TSP PLANT 

1. 

2. 

3. 

4. 

5. 

6. Three cyclonic spray tower scrubbers. When using pond water 

specified in Table 6-7 and treating the effluent streams described 

in Table'6-23, scrubbers are required to obtain the performance 

indicated in Table 6-42. 
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Rearrangement of ductwork - removal of venturi and spray tower 

from service and connection of three cyclonic spray towers and 

stack. Requirements are 50 feet of 42-inch duct and 125 feet 

of 96-inch duct. 

Water line connecting gypsum pond with cyclonic spray tower 

treating the combined effluent streams from the production and 

the storage area - 1600 feet of 14-inch pipe. 

Centrifugal pump - 1725 gpm, 167 feet total dynamic head (TDH), 

125-horsepower motor. 

Removal of venturi and spray tower. 

Centrifugal fan for the storage building ventilation system - 

125,000 SCFM, 514 feet TDH, 250 horsepower motor. Centrifugal 

fan for the combined effluent streams - 150,000 SUM, 461 feet 

TDH, 175 horsepower motor. 



7. Stack - 75 feet tall, 9 feet diameter. 

8. Supports and foundations. 

Table 6-42. OPERATING CONDITIONS FOR CYCLONIC SPRAY TOWER SCRUBBERS 
FOR MODEL ROP-TSP PLANT 

(550 Tons/Day P205) 

Mixing cone and den Storage building Combined 
ventilation stream ventilation stream streams 

Gas to scrubber 

Flow, SCFM 
Flow, DSCFM 
Flow, ACFM 
Temp., OF 
Moisture, Vol. % 
Vuoride (as F),, lb/hr 
Fluoride (as F), ppm 

Gas from scrubber 

Flow, SCFM 
Flow, DSCFM 
Flow, ACFM 
Temp., OF 
Moisture, yol. % 
Fluoride (as F), lb/hr 
Fluoride (as F)., ppm 
Fluoride removal,'wt % 
Estimated y'?, 
Estimated NTU !!&ired 

25,000 
24,500 
28,400 

140 

30: 
4,000 

25,300 
24,500 
27,500 

115 

20.: 
260 

0': 
2:7 

125,000 150,000 
122,500 145,500 
128,200 154,000 

85 85 
2 3 

396" 50.5 
1,000 107 

126,000 
122,500 
128,500 

80 
3 

3: 
92.5 

0.8 
2.6 

150,000 
145,500 
153,000 

80 

4.: 
9.7 

09k 
2:5 
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Table 6-43. RETROFIT COSTS FOR MODEL ROP-TSP PLANT 
(550 Tons/Day P205) November 1974 

A. Direct Items (installed) 

1. Centrifugal spray tower scrubbers (3) 
2. Ductwork 
3. Piping 
4. Pump and motor 

2: 
Centrifugal fans and motors 
Removal of old equipment 

7. Stack 
8. Performance test 

Total Direct Items 

300,000 
25,000 
29,100 
22,200 
54,400 
12,500 
44,000 

4,000 

491,200 

B. Indirect Items 
Engineering construction expense, 
fee, interest on loans during 

'construction, sales tax, freight 
insurance (50% of A.) 

C. Contingency (25% of A.) 

D. Total Capital Investment 

245,600 

122,800 

859,600 

E. Annualized Costs 

1. Capital charges 
2. Maintenance 
3. Operating labor 
4. Utilities 
5. Taxes, insurance, administrative 

140,100 
23,400 

6,000 
48:600 
34,500 

Total Annualized Costs 252,600 
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6.4 IMPINGEMENT SCRUBBER 

Impingement scrubbers are primarily part 

devices but they also possess some absorption 

iculate collection 

capability and have 

been used with limited success to treat effluent streams from wet- 

process acid and diammonium‘ phosphate plants. The Doyle scrubber 

pictured in Figure 6-16 is the type most commonly used by the 

fertilizer industry. 

FIGURE 6-16. DOYLE SCRUBBER. 

Effluent gases are introduced into the scrubber as shown in 

Figure 6-16. The lower section of the inlet duct is equipped with a 

axially located cone that causes an increase in gas stream velocity 

prior to its impingement on the surface of the pond. The effluent 

gases contact the pool of scrubbing liquid at a hiqh velocity:and under- 

go a reversal in direction. Solids impinge on the liquid surface and 

are retained while absorption of gaseous fluorides is promoted by the 

interphase mixing generated b.v impact. Solids hand1 

high, however, absorption capability is ver.y limited . 
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6.5 SUMMARY OF CONTROL OPTIONS 

Sections 6.1 through 6.4 have examined the operational charac- 

teristics of several scrubber designs commonly used in the phosphate 

fertilizer industry. Only the spray-crossflow packed bed scrubber is 

capable of providing the degree of fluoride control required to meet 

SPNSS emission levels in all cases. In certain cases, cyclonic spray 

tower scrubbers will meet the standards, but only at a higher cost as the 

ROP-TSP retrofit examole illustrates (Table 6-44). Although retrofit 

costs for installing venturi scrubbers in a DAP plant were lower than 

those for spray-crossflow packed bed scrubbers, there is no data 

available which substantiates that a venturi scrubber alone can achieve 

SPNSS emission levels. The primary value of venturi scrubbers in 

fluoride control is their higher solids handling capacity. This feature 

is exploited in several spray-crossflow packed bed scrubber designs 

which incorporate a preliminary venturi scrubber. 

Table 6-44. ESTIMATED TOTAL CAPITAL INVESTMENT AND ANNUALIZED COST 
FOR DAP AND ROP-TSP RETROFIT MODELS USING SPRAY-CROSS- 

FLOW PACKED BED AND ALTERNATIVE SCRUBBERS. 
November 1974. 

Facility 

DAP 

Type of Scrubber Capacity Total Capital Annualized 
(tons/day Investment cost 
p+L$ 

Spray-crossflow 500 $733,100 $194,100 
packed bed 

DAP 

ROP-TSP 

ROP-TSP 

Venturi 500 558,800 163,500 

Spray-crossflow 550 
packed bed 

8iii2,lGG 214,sso 

Cyclonic spray 550 859,600 252,600 
tower 
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6.6 DESIGN, INSTALLATION, AND STARTUP TIMES 

This section discusses the time required to procure and install 

a wet scrubber on a phosphate fertilizer operation. Actual time 

requirements can vary tremendouSly depending upon such factors as 

space limitations, weather conditions, lack of available utilities, 

delay9 in equipment delivery, and lack of engineering data. The 

information presented in this section,-has to a limited extent, 

attempted to take such,factors into consideration. Since these 

estimates are general, however, they should be used primarily as a guidet 

line and may be modified as dictated by specific circumstances. 

Figure 6-'17 identifies the various steps involved in the procurement and 

installation of a wet scrubber on a wet-process phosphoric acid plant. It 

also provides an estimate of the total time requirement of the project. In 

estimating this time requirement, it was assumed that those activities leadina 

up to the finalization of control equipment plans and specifications had been 

completed prior to the initiation of the retrofit project. The individual 

steps shown in Figure 6-17 are explained in more detail in Table 6-45. 



FIGURE fj:17. TIME SCHEDULE FOR THE INSTALLATION OF A WET SCRUBBER ON A WET-PROCESS 
PHOSPHORIC ACID PLANT34 

- = Activity and duration in weeks 
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Tabld (j-45, DESCRIPTION OF INDIVIDUAL ACTIVITIES IiWOLVED IN THE PROCUREMENT, INSTALLATION, AND 
STARTUP OF CONTROL EQUIPMENT.35 

ACTIVITY 
CODF 

ACTIVITY 
DESCRIPTION DETAILSOF ACTIVITY AND ESTIMATED TIME REOUIREMENT 

G-l Finalize plans and specification 

1-H Procure control device bids 

H-I 

I-2 Award control device contract 

Evaluate control device bids 

The control system is specified in suffient detail for 
control equipment suppliers and contractors to prepare 
bids. A final,control plan surranarizing this information 
is also prepared for submittal to the appropriate agency. 
Two to six weeks are allocated for this activity. The 
variation is dependent on the magnitude and complexitv 
of the. project. 

Transmittal of specifications for the control device and 
request for bids from suppliers. 
A minimum time of four weeks is required to procure bids 
on small ,jobs. A maximum of twelve weeks should be allowed 
for large non-standard units. Initial vendor guotati~ons 
frequently do not match bid specifications, thereby requiring 
further contacts with each bidder. 

The bids are evaluated and suppliers are selected. 
Two to five weeks are required for evaluating control device 
bids. Small, privately owned firms will require little time, 
whereas in large corporations, the bid evaluation procedure 
often involves several departments thereby increasing the 
time requirements. 

The successful bidder is notified and a contract is siqned. 
A minimum of two weeks should be allocated for preparing 
the final contract papers and awarding contracts for the 
control device and other major components. This activity 
will take longer in large corporations where examination and 
approval of the contract by several departments is required. 



Table G-45-,(continued). DESCRIPTION OF INDIVIDUAL ACTIVITIES INVOLVED IN THESP;OCUREYENT, 

INSTALLATION, AND STARTUP OF CONTROL EQUIPMENT. 

ACTIVITY ACTIVITY 
CODE DESCRIPTION DETAILS OF'ACTIVITY AND ESTIWATED TIME REQUIREMENT 

Vendor prepares shop drawings The vendor prepares the assembly drawings for the 
control device. For the smaller and more common types of 
control equipment, standard shop drawings which applv to 
several control equipment size ranges may be used with the 
appropriate dimensions underlined or otherwise indicated. 
For larger devices, it may be necessary to prepare drawings 
specifically for the project at hand. The drawings are 
mailed to the client for his approval prior to initiating 
fabrication drawings. Depending on the complexity and 
originality of the design, the time required by the vendor 
to submit assembly drawings could vary from few weeks to 
few months. Two to six weeks are estimated for this activity. 

J-K Review and approval of 
assembly drawings 

K-L Vendor prepares fabrication 
drawings 

The client reviews the assembly drawings and qives approval 
to begin fabrication drawings. The client also uses the 
assembly drawings to prepare the necessary engineerinq drawings. 
One to two weeks are sufficient for review and approval of 
assembly drawings. The longer time is required for any delay 
in approval as a result of revisions and modifications. 

Upon receipt of approval from client to proceed with con- 
struction of the control device, the vendor prepares fab- 
rication or shop drawinqs which will be used in the manu- 
facturing and assembling of the control equipment. Three 
to eight weeks are normally required for this task. 



Table 645(continued). DESCRIPTION OF INDIVIDUAL ACTIVITIES INVOLVED IN THE y;OCUREMENT, 

INSTALLATION, AND STARTUP OF CONTROL EQUIPMENT. 3 

ACTIVITY ACTIVITY 
CODE DESCRIPTION ‘.DETAICS OF.ACTIVITY AND ESTIMATED TIME REQUIREMENT 

K-N Prepare engineering drawings This is the time which is required bv the'client 
(or his consultant) to prepare an engineering 
drawings-package for use by the construction company 
for installing foundations, structures, ductwork, 
electrical outlets and any other items not supplied wi 
the control device. The drawings will also show the 11 
and tie-in of the control device. Estimated engineeri 
for the project in question is 10 weeks. 

L-M 
4‘ a N 

Fabrication of control 
device 

Procure construction ,bids 

th 
ocation 
ng time 

On small size control devices which can be shop assembled, 
this activity represents the fabrication, assembly, and 
delivery of the control unit to the site. On large field 
erected control devices, the time shown for this activity 
indicates the fabrication and delivery of the first components 
to the site. Delivery of the remaining components continues 
throughout the construction phase. The duration of this 
activity should be estimated after consultation with manufac- 
turers of the appropriate air pollution control device. Es- 
timate time requirement for this project is 24 weeks. 

The bid package specifying the scope of work and specifications 
of materials and including the drawings are mailed to selected 
contractors. Durinq this period, the contractors prepare their 

piping, utilities, 
weeks should be al 
contractors. 

bids for needed material and labor 
and control equ i 

located for ob_ta i 

to install all ductwork, 
pment. A minimum of four 
ning bids from the 



Table. 6-45(continued). DESCRIPTION OF INDIVIDUAL ACTIVITIES INVOLVED IN THE PROCUREMENT, 

INSTALLATION, AND STARTUP OF CONTROL EQUIPMENT.35 

ACTIVITY ACTIVITY 
CODE DESCRIPTION DETAILS OF ACTIVITY'AND ESTIMATED TIME REQUIREMENT 

O-P Evaluate construction bids Construction bids are evaluated and the successful 
bidder selected. Two weeks are estimated for this 
activity. 

P-3 Award construction contract Construction contract is prepared. In large corporations, 
it is reviewed and aoproved by several departments prior 
to its submission to the successful contractor. Two 
weeks are allowed for this activity. 

m I 3-M On-site construction This consists of site clearance, pouring of the foundation, 
z erectinq structural members, ductwork, and installation of 

auxi1iar.y equipment. Twelve weeks were estimated for this 
activity. 

M-Q Install control device This activity is essentially an extension of the preceding 
construction work. The time is primarily allocated for 
installation of a shop assembled (or modular) control device. 
In case of field erected unit, it represents the time which is 
required to complete the installation of the remaininq com- 
ponents as they arrive on site. The installation time for 
this case is estimated to be six weeks. 



Table 6-45 (continued). DESCRIPTION OF INDIVIDUAL ACTIVITIES INVOLVED IN THE-PROCUREMENT, 

INSTALLATION, AND STARTUP OF CONTROL EQUIPMENT. 35 

ACTIVITY ACTIVITY 
CODE DESCRIPTION DETAILS OF ACTIVITY AND ESTIMATED TIME REQUIREMENT 

Q-4 Complete construction 
(system tie-in) 

Tying the control device into the process requires that 
the process be shut down. This shut down is usually 
scheduled so that it will have the least imoact on the 
operation. The contractors responsibil i tv usuallv ends 
at this point when the client and the vendors representative 
accept the construction as being complete. Two to six weeks 
are allocated for tie-in. In large installations where the 
process cannot be conveniently shut down at the end of 
construction phase, longer times ma.v be reauired. 

4-5 Start up, shakedown, 
source test 

The process is brought back on-line and any unforeseen 
problems with the control system are resolved during this 
time. Source testing may be performed to determine if 
performance of the system is acceptable. Depending on the 
type of control device installed, start up, shake down, and 

-preliminary source testing would require from two weeks for 
small and simple installation to about eiqht weeks for a large 
and complicated system. _ 
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7. ECONOMIC IMPACT 

7.1 INTRODUCTION 

This section describes the economic impact of adopting regulations 

that require control of fluoride emissions from existing wet-process 

phosphoric acid, superphosphoric acid, diammonium phosphate, run-of-pile 

triple superphosphate, and granular triple superphosphate facilities. 

The costs shown in Table 7-1 are based upon the installation and 

operation of control equipment described in chapter 6.1.3. Installation 

of other, less efficient control equipment is not expected to result 

in any significant reduction in the economic impact incurred. The 

capital costs and annualized costs of installing control equipment 

represent expenditures needed to achieve the emission guidelines shown 

in Table l-2, but would also apply to the adoption of less stringent 

fluoride emission regulations. 

The economic impacts have been developed on a process-by-process 

basis since the national or industry-wide impact will be dependent 

upon the collective actions of the states. To provide a perspective 

on the significance of the costs incurred by adopting fluoride 

emission regulati ons, they are related to unit production and product 

sales price (Tab1 e 7-l). Additional insight on potential impacts 

rel ated to costs are given by a discussion on potential plant closures. 

Cri teria are presented that describe circumstances that could result 

in plant closures, and the number of closures within the industry 

that would result if all states adopted fluoride emission requlati ons 

is estimated. 

The information presented in this chapter is intended to assi st 

states in deciding on the advisability of adopting fluoride regulations. 
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It is not expected that these emission guidelines would be 

appropriate for all existing facilities. 

7.2 IMPACT ON MODEL PLANTS 

The total capital investment and annualized control cost ob- 

tained from section 6.1.3.1 for each of the model facilities is 

presented in Table 7-l on a plant basis, on a unit product basis, and 

as a percentage of the product sales price. For purposes of this 

analysis, it is assumed that the wet-process acid plant sells all 

acid production a,t prevailing merchant acid prices. The estimated 

control costs for superphosphoric acid, diammonium phosphate, and 

triple superphosphate plants reflect the retrofit requirements of 

both the individual production facility and an associated wet-process 

acid plant which produces the required intermediate phosphoric acid. 

The captive acid plants are assumed to be sufficiently sized to 

supply the needs of the various production units. For example, the 

SPA plant is associated with a 300 ton P205/day acid plant while the 

DAP plant requires a 500 ton/day unit. Control costs for the captive 

units were obtained by prorating the costs developed for the model acid 

plants. 

A more detailed analysis of the potential financial effects of 

control costs upon the phosphate industry could be obtained by cal- 

culating the changes in profits and cash incomes for all plants or 

firms in the industry if the necessary information were available. 

Diammonium phosphate and granular triple superphosphate are the more 

popular products sold and their processing will incur the higher 

control costs on a unit basis. Industry statistics, representative 

of 1973 performance , indicate that after-tax profit margins ranged 
?I 
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TABLE 7-l 

SUMMARY OF RETROFIT CONTROL COST REQUIREMENTS FOR VARIOUS PHOSPHATE FERTILIZER MANUFACTURING PROCESSES 

End Product 

Design Rate, TPD 
(P205 Basis) 

U 

2.J 
Control Capital, $ 

Sales Price 
($ per ton 
product) 

Annualized Costs 

a. Total, $ 

b. Unit Basis 
($ per ton 
product) 

C. As a % of 
Sales Price 1 

Phosphoric 
Acid 

500 

229,000 
272,000 

105 

62,000 
74,000 

.20 - 

.24 

0.2 

Super- 
Phosphoric 

Acid 

300 500 

[OP-TSP 
ICase A) 

550 550 400 

264,000 984,000 368,000 1,542,QOO 1,386,OOO 

152 126 126 

69,000 

.52 

0.3 

145 

2G2,OOO 

.73 

0.5 

260,000 

.66 

0.5 

414,020 

1.05 

.8 

130 

37Q,300 

1.29 

1.0 

DAP 
ROP-TSP 
(Case B) 

Source of Price Quotations - Chemical Marketing Reporter, November 4, 1974. 

GTSP 



from 5 to 6 percent of sales and approximately doubled these per- 

of Living Council removed price ceilings on domestic ferti- 

October 25, 1973) and plant utilization remains at the cur- 

l of approximately 90 percent, control costs could be ab- 

the industry without any price increases. On the other hand, 

price increases to pay for the costs would be minimal. 

highlight where the implemen- 

impose an economic 

centages in 1974. Against this level of profitability, control costs 

as shown in Table 7-l appear to have minimal impact on a plant typical 

of this profit performance. As long as product prices are unrestricted 

(the Cost 

lizers on 

rent leve 

sorbed by 

An objective of this analysis is to 

tation of the emission guidelines might 

burden upon plants. A scenario for poss 

presented in this fashion: overcapacity 

ible plant closures could be 

in spite of growing demand 

develops in a particular segment of the industry resulting in under- 

utilization at rates‘near 75 and 80 percent of capacity. Prices 

situation, plants and profits subsequently decline. In such a 

would probably close; however, the question 

the impact of retrofit controls be responsib 

In section 7.3, criteria are presented which 

the extent of ;jlant closures. 

is to what extent would 

le for plant closures. 

can be used to oinooint 

7.3 CRITERIA FOR PLANT CLOSURES 

Reasons for closing a facility are usually traced to the absence 

of profitability for a specific site or facility. Managers of existing 

plants faced with increased capital requirements for continuity of 

operations will have to decide whether the incremental investment will 

"save" future cash income that otherwise would be lost by ceasing 

operations. Plant managers will have the following options in such a 

I situation : 



1. Undergo increased capital expenditures on the existing plant. 

2. Shut down the plant and discontinue business. 

3. Shut down the plant and replace it with a new plant. 

The selection of an option is based on an interest or opportunity 

cost for employing the required capital. There is usually a minimum 

return that a plant manager will accept for employing funds--interest 

cost for borrowing money or the interest cost of investing in short 

term obligations. Since there is a risk with employment of capital, 

businesses will require a higher rate of return for investing of 

funds. A familiar tool for analyzing investments involves the deter- 

mination of the sum of all future cash flow (income) streams over a 

projected time span discounted (with the appropriate interest rate) to 

the present. If.the sum of these discounted residuals exceeds intended 

cash outlay for investment, resulting in a positive term for net 

present value, than the investment will be a good choice. Conversely, 

if the discounted present value of projected cash flow streams results 

in a negative value, then the proposed investment will be rejected. 

The managerial tool of discounted cash flow analysis can be 

applied to the retrofitting of control equipment to existing plants 

in this manner. If the existing operations can only be continued in 

the future by meeting a standard, then the investing of the control 

capital has to be evaluated on the basis of the value of the future 

income derived from continuing the operation of the present plant. 

The merit of continuing operations after retrofitting a plant must be 

evaluated in retrospect with the alternatives of discontinuing operations 

and building a new plant. 



ing plants as candidates for closure are Guidelines for p inpoint 

presented as fo llows. First 

of the comparable model size 

, new plants to replace existing plants 

described in Table 7-T k/ould require SOVIe 

$10 to $20 million. In no instance could the construction of a new 

plant be a better alternative than retrofitting controls requiring 

the magnitude of capital, or even twice the values, shotm in Table 7-l. 

On the other hand,' plants that have small or negative cash incomes 

prior to retrofitting would certainly close. Plants that have small or 

negative profits (after deducting depreciation charges) would eventually 

become candidates for closure upon termination of their depreciation 

schedules and subsequent increased tax liability. 

-The type of plants that. would most likely face these circum- 

stances are the following: 

1. Small plants which generally suffer from the usual economies 

of scale of production-- less than 170,000 tons-per-year cap- 

acity.' 

2. Old plants which generally have .outlived their useful or 
4, 

economic lives--twenty years or more. 

3. Plants isolated from raw materials--particularly diammonium 

phosphate plants that purchase merchant phosphoric acid and 

ammonia. 

4. Plants likely to suffer from a shift in the overall market 

structure as a result of external forces. 

Financial data on an individual plant basis necessary to evaluate 

the impact of retrofit controls are unfortunately unavailable. !ience, 

plant closures can be estimated only from a categorical .approach, which 



classifies plants that possess characteristics of the nature of those 

discussed above. Any estimate of plant closures has to be presented 

with the usual qualifications. 

7.4 IMPACT ON THE INDUSTRY 

At the present time, the con'dition of the fertilizer industry is 

healthy. Prices and profits in 1974 were the highest the-y have been 

in years. The U.S.'industry has become a leader in phosphate processing 

technology and benefits from world trade in both rock and concentrated 

phosphates. This position became more pronounced recently, in spite 

of the fracture in the international monetary structure and con- 

current hish inflation. When the Cost of Living Council lifted 

price ceilings on October 25, 1973, domestic .prices heretofore con- 

strained by CLC irrnnediately arose 60 perbe?t on the average refiecting 

the foreign demand for domestic phosphate products. Demand for 

fertilizers to increase agricultural production and yields has tleen 

strong and will continue to be so, in spite of fluctuating international 

currency values. Projected long-term demand for phosphate nutrients 

is expected to grow at an annual rate of 5-6 percent.' 

Historically, the fertilizer industry has experienced cyclic 

patterns of overexpansion followed by plant shutdowns and product price 

cutting. New phosphoric acid plant expansion scheduled to come on 

stream in 1975-1976 may result in short term price declines until in- 

creases in consumer demand restores equilibrium with capacitv. In 

anticipation of overexpansion, producers will probably curtail con- 

struction activity in the period beginning in 1976-1977. Iiowwcr, 

during this slack period, retrofitting of existing plants for 



controls will be required in accordance with implementation plans. 

Therefore, these retrofit pro.jects should not hinder new construction. 

Rather than resulting in plant closures; requirements for retro- 

fitting fluoride emission control systems will probably encourage some 

improvements of marginal plants. ' 

The nature of the 

fertilizer industry wil 

impact of the 

1 be geograph ical in scope. The state of 

Florida, where most of the industry is located, has 'adopted regula- 

111(d) regulations for the 

tions for the existing industry that are equivalent In most instances 

to the emission guidelines. Most of the remaining states with phos- 

phate process facilities have no emission standards. 

The greatest control cost - on a unit basis - for any process 

subject to standards is for the combination of processing an< storage 

of granular triple superphosphate. However, 75 percent of the industry 

capability in GTSP production will be required to meet the 

emission guideline by July 1975 regardless of Federal action* Since 

a large portion of the production facilities will not require additional 

retrofit controls, the impact upon the industr.v doesn't appear severe. 

For run-of-pile triple superphosphate, the conclusion would be similar 

to the GTSP as some 60 percent of the industry will be adequately con- 

trolled because of state standards. 

The one segment of the industry where a wide-scale effort in 

retrofitting would be required is for diammonium phosphate plants. 

Some 60 percent of industry CdC)dCiiy would be exnected to retrofit a; a 

result of Federal regulations. Control costs for this orocess, 

7-8 



however, would amount to only 0.5 percent of sales. These costs alone 

are not sufficient to close any-plants. 

Diammonium phosphate plants which incur water abatement costs as 

great or greater than fluoride emission control costs would be likely 

candidates for plant closures. 3 There is no specific information 

concerning plants which may fall into this category. The only 

definitive statement that can be made is that those affected will 

be outside the state of Florida and may amount to 3 to 5 

plants, or approximately 10 percent of the total DAP manufacturing 

capacity. 

With regard to triple superphosphate plants, 1 to 3 plants (out- 

side Florida) may close as a result of implementing the recommended emission 

guidelines for control of aaseous flrrnridP. This is likely to occur 

in a geographical region where there is an oversupply of phosphate 

processing capacity. An abundant supply of low-cost sulfuric acid 

derived from non-ferrous smelters in the Rock.y Mountains area could be 

an incentive for construction of new phosphate facilities, ultimately 

resulting in oversupply and price-cutting. Triple superphosphate capacity 

does appear to be expanding rapidly in this area with a new 340,000 

ton-per-year plant coming on-stream in 1975-1976. 

Most of,the control costs associated with a TSP complex.are for 

the solids manufacture and storage. Therefore, the closure of a TSP 

facility as implied above does not mean that the entire complex 

will be shut down. The plant manager has several options--(l) sell 

merchant acid, (2) convert to mixed fertilizers, or (3) produce 

diammonium phosphate. However, if the same plant manager is faced 

with installing water abatement facilities, the overall abatement costs 

will affect the entire facility. 
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7.5 IMPACT ON EMPLOYMENT AND COMMUNITIES 

The fertilizer industry is generally recognized as a capital 

intensive industry; in other words, labor requirements for production 

work and plant supervision are small, relative to plant sales. 

Usually, those plants that may be affected by implementation of the 

emission guidelines are widely dispersed throughout the 

United States. Only in central Florida does the fertilizer industry 

represent a substantial portion of overall community economic activity 

and employment. 

For purposes of illustrating the effects of plant,closures on 

employment, the shutdown of 1 to 3 triple superphosphate plants cited 

in Section 7.4 might result in the loss of 10 to 50 jobs,4 Only those 

jobs directly associated with the triple superphosphate plants would 

be affected. Employment in supporting activities such as rock mining, 

phosphoric acid production, and transportation services would remain 

unaffected. 

7.6 SUMMARY 

An optimistic outlook for the phosphate fertilizer industry in 

the next few years has been presented, but such an appraisal must be 

cautionary after reviewing the historical chronic cyclic patterns 

of product shortages and oversupply. Assuming that oversupply con- 

ditions may occur in the next few years, some estimates of plant 

closures have been made. In the triple superphosphate sector of 

the industry, as many as three plants could close as a direct result 

of the states adopting the emission guidelines. In the diammonium phosphate 

a combination of expenditures for retrofitting both fluoride emission 
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controls and water effluent controls may result in as many as five I 

plant closures, or 10 percent of industry capacity. 

However, fluoride emission controls alone would not cause these 

closures. Associated costs for fluoride emission controls for wet- 

process phosphoric acid plants that do not have attendant DAP or TSP 

processes will not warrant plant closures. Similarly, costs for 

superphosphoric acid plants do not present any apparent problems. 

The number of predicted closures reflects the adoption of the 

emission guidelines by all states; therefore, it reflects the maximum 

number of closures that may occur. 
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Identification of the best demonstrated control technology was 

accomplished first. During the development of standards of 

performance for new facilities in the phosphate fertilizer industry, 

the spray-crossflow packed bed scrubber was found to represent the 

best demonstrated control for total fluoride emissions. Historically, 

the spray-crossflow packed bed scrubber was developed to control 

fluoride emissions from the phosphate fertilizer industry. From this 
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8. EMISSION GUIDELINES FOR EXISTING 
PHOSPHATE FERTILIZER PLANTS 

8.1 GENERAL RATIONALE 

These emission guidelines represent the same degree of control 

as is required by the standards of performance promulgated for new 

plants [wet-process phosphoric acid, superphosphoric acid, diammonium 

phosphate, run-of-pile triple superphosphate (production and storage), 

and granular triple superphosphate (production and storage)]. The 

emission guidelines were developed after consideration of the 

following factors: 

1. The degree of emission reduction achievable through the 

application of the best adequately demonstrated svstem of 

emission reduction (considering cost). 

2. The technical and economic feasibility of applying the 

best demonstrated technology to existing sources. 

3. The impact of adopting the emission guidelines on annual 

U. S. fluoride emissions. 

4. The environmental, energy and economic costs of the 

emission guidelines. 



viewpoint, it is not unusua 1 that this scrubber design is the best 

demonstrated control techno JWY. Many of the spray-crossflow packed 

bed scrubbers tested by EPA were retrofitted. For this reason, 

spray-crossflow packed bed scrubbers are recognized as the best 

demonstrated control technology for both new and, existing plants. 
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Alternative fluoride control technologies, such as the venturi 

and cyclonic spray tower scrubbers, can only provide approximately 

two transfer units for fluoride absorption unless two or more are used 

in series, at multiplied costs. Spray-crossflow packed bed scrubbers 

are not limited by the number of transfer units which they can provide; 

in practice, five to nine transfer units per scrubber are provided. Con- 

trol of gas streams with high particulate loadings has caused a plugging 

problem for spray-crossflow packed bed scrubbers in the past. However, 

use of a built-in venturi scrubber and other improvements in spray- 

crossflow packed bed scrubb*r design have el iminated this problem. In 

addition, all current fluoride control techn ologies involve some type of 

scrubbing system, and consequently, they share any plugging tendencies, 

as well as similar costs and energy requirements. With these considera- 

tions in mind, it is not unreasonable to base fluoride emission guide- 

lines on the one clearly superior scrubbing technology. 

Evaluation of the ,problems and costs associated with a retrofit 

project is complicated by the lack of actual data. Some of the 

facilities equipped with spray-crossflow packed bed scrubbers installed 



the units as part of the original plant design. Retrofit information 

that is #available is usual1 y incomplete because of changes in plant 
. . 

management and lack of cost breakdowns. Retrofit models were therefore 

developed td evaluate the technical and economic feasibility of in- 

stalling spray-crossflow packed bed scrubbers on existing WPPA, SPA, 

DAP, ROP -TSP, GTSP processing, and GTSP storage facilities. The retro- 

fit mode 1 approach was meant to estimate costs for an average plant and 

to clarify the technical problems involved in a typical retrofit pro- 

ject. No technical prob lems, other than space limitations, were 

foreseen for the average plant. In all cases, the maonitude of the 

estimated retrofit costs is minimal as is discussed in Section 7. 

Table 9-l indicates the impact of.the emission guidelines 

on annual U.S. fluoride emissions. Adoption of the emission guidelines 

would result in emission reductions ranging from 50 percent for I;TSp 

storage facilities to 90 percent for ROP-TSP plants. Overall emissions 

from the affected facilities would be reauced by 75 percent. 

Environmental and energy costs associated with the 

emission guidelines are minimal. With current spray-crossflow packed 

bed scrubber designs, gypsum pond water can be used as the scrubbing 

medium to meet tl!e emission guidelines in practically all cases. 

In 'the rare case where the partial pressure of fluoride out of pond water 

iquot of water 

6r limed water. 

ter to the scrubber 

is high, the,emission guidelines can still be met. The al 

sent to the final section of scrubber packing may be fresh 

This aliquot will only be a small fraction of the total wa 
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for new plants. Control 

removal of 99 -percent of 

process. A spray-crossf 
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Rationale 

The economic impact of the emission quideline on the 

industry is negligible. Approximately 53 percent of the 

existing wet process acid plants, Fccnuntiny for 74 percent of the 

production capacity, arc 2ither sufficiently controlled at present 

to meet an emission level of 0.01 grams,F/kilogram P2C15 or Gil be 

required to attain that level of control regardless of the proposed 

emission guideline. This estimate is based on the assumption that 

all wet-process acid plants built since 1967 have installed controls 

capable of meeting an emission level of 0.01 grams of fluoride 

p> 3 r V' irilograr;: P,(j, input as part of ';l;t! origin,1 plant d2sicjil. 

The retrofit costs for those plants that are affected, approximately 

$230,000 for a 500 ton P205/day facility, can be successfully absorbed 

within the existing cost structure. Annualized control costs for an 

average sized plant, including capital charges, amount to approximatelv 

0.2 percent of sales. 

rl, 

Relaxation of the guideline to allow emission increases of 50 to 

100 percent would not alJaadditiona1 control options or appreciably 

reduce retrofit costs for the following reasons: 

a. Only a packed bed scrubber is capable of providing the re- 

quired fluoride removal efficiency = 99 percent. A tenfold 

increase in the emission guideline would be required 
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to allow the use of other commonly used scrubber designs - 

venturis, cyclonic spray towers, etc. with 85-90 percent 

collection efficiency. 

b. Packed bed scrubber cost will not vary significantly with 

moderate changes in packing depth. The cost of additional 

packing to increase scrubber efficiency is minor compared 

to overall control costs. 

Estimated impact of the emission guideline on annual fluoride 

emissions is significant - 73 percent reduction. 

8.2.2 Superphosphoric Acid Plants 

Fluoride Emission Guideline 

0.005 grams of fluoride (as F-) per kilogram of P2O5 input to the 

process. 

iliscussion 

The emission guideline for existing SPA plants is equal to the 

standard of performance for new facilities. Control to the level of 

the guideline would require removal of approximately 90 percent of the 

fluorides now being emitted from SPA plants using the submerged 

combustion process. A spray-crossflow packed bed scrubber is capable 

of providing this performance. Three designers of control equipment 

have submitted proposals to one operator for control to the level of 

the emission guideline; venturi and other designs 

including the spray-crossflow packed bed scrubber 

the vacuum evaporation process (79 percent of the 

require no additional control. 

8-6 

were quoted, 

(1). Plants using 

SPA industry) will 



packed bed scrubbers, added to any existing venturis, are capable of 
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Rationale 

Impact on the industry is negligible. The two existing plants 

using the submerged combustion process could be required to add 

retrofit controls. 

Existing submerged combustion plants are capable of meeting 

the emission guideline by treating the exhaust stream from controls 

with a spray-crossflow packed bed scrubber. This scrubber can be 

added to any existing mist separators, baffles,,and spray chambers, 

as was assumed in the SPA retrofit model, Figure 6-5. 

Retrofit costs are expected to be acceptable ($114,000 for a 300 

ton per day plant). Annualized control costs, including capital 

charges, amount to only 0.3 percent of sales. 

Relaxing the emission guideline to allow a three-fold increase 

in emissions (0.015 grams F/kilogram P205) would be required to 

accommodate the use of venturis and cyclonic spray towers, if the 

retrofit costs are to remain about the same. 

8.2.3 Diammonium Phosphate Plants 

Fluoride Emission Guideline 

0.03 grams of fluoride (as F') per kilogram of P2O5 input to the 

process. 

Discussion 

The emission guideline for existing DAP plants is equal to the 

standard of performance for new facilities. Control to the level 

of the guideline would require removal of approximately 85 percent 

of the fluorides evolved from the DAP process. Spray-crossflow 



providing the required collection efficiency. As pointed out in section 

8.1, new designs for these scrubbers are available and are expected to 

overcome problems formerly associated with plugging by excessive particu- 

lates (2). 

Rationale 

Relaxing the emission guideline to al low the use of alternative 

scrubber technologies would increase fluor ide emissions to the atmosphere 

by 49 tons per year, a 50 percent increase. 

Retrofit costs (733,000 for a 500 ton P 0 /day plant) are not 
.2 5 

considered excessive. Annualized cost, including capital charges, 

would amount to 0.5 percent of sales. 

Impact of applying the emission guideline on f luoride emissions 

from U. S. DAP plants is significant - a 65 percent reduction (160 

tons/year. 

8.2.4 Run-of-Pile Triple Superphosphate Production and Storage Facilities 

Fluoride Emission Guideline 

0.1 gram of fluoride (as F-) per kilogram of P205 input to the process. 

Discussion 

The emission guideline is equal to the standard of performance for 

new facilities. Only 40 percent of the industry is directly affected by 

the emission guideline. 
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Compliance with a 0.1 gram F per kilogram P205 emission level 

would require collection of about 99.2 percent of the fluorides evolved 1 

from the process. This efficiency can be obtained by a two stage 

system using venturis and a spray-crossflow packed bed scrubber. 

Rationale 

Economic impact on the industry is moderate. Only 40 percent 

of the industry is directly affected by the emission guideline. 

ng 60 percent will be required to meet more stringent 

ations. 

No additional control options would be made available by relaxing 

the emission guideline by 50 to 100 percent. It would be necessary to 

triple the emission guideline to allow the use of a venturi or cyclonic 

spray tower as the secondary scrubber. 

Retrofi 

to $1,371,00 

t costs ($800,000 for a typical 550 ton P205/day plant 

0 for the extreme case) are not considered excessive. 

Annualized control costs, including capital charges, amount to 0.50 

to 0.80 percent of sales. Although these costs are more severe 

than retrofit costs for most other sources, they are expected to be 

manageable. 

The emission guideline would reduce annual fluoride emissions 

from existing ROP-TSP plants by 88 percent. 

8.2.5 Granular Triple Superphosphate Production Facilities 

Fluoride Emission Guideline 

0.1 gram fluoride (as F') per kilogram of P2O5 input to the process. 
I 
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for new facilities. Compliance with the emission guideline would require 

collection of about 99.6 percent of the fluoride evolved from the GTSP 

production process. This efficiency can be obtained by a two-stage system 

consisting of a venturi and a spray-crossflow packed bed scrubber. 

Rationale 

Economic impact of the emission guideline is moderate. Only 25 

percent of the industry is directly affected by the emission guideline. 

The remaining 75 percent will be required to meet more stringent State 

regulations. 

Relaxing the emission guideline by 50 percent would provide greater 

flexibility with regard to the development of a control strategy, 
I 

however, it would also allow the emission of an additional 66 tons of 

fluoride per year. A five-fold increase in the emission guideline would 

be necessary to allow the use of a venturi or a cyclonic spray tower as 

the secondary scrubber in all effluent streams. 

The estimated retrofit costs ($666,000 for a 400 ton P205/day 

plant) are not considered excessive. Annualized control costs amount 

to 0.52 percent of sales. 

The emission guideline would reduce annnual fluoride emissions from 

GTSP production facilities by 51 percent. 
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8.2.6 Granular Triple Superphosphate Storage Facilities 

Fluoride Emission Guideline 

2.5 X 1O-4 gram fluoride (as F') per hour per kilogram of P2O5 in 

. storage. 

Discussion 

The fluoride emission guideline for existinq granular triple 

superphosphate storage facilities is equal to the SPNSS. In order 

to meet this emission level, a typical facility would be required to 

remove approximately 90 percent of the fluorides evolved. Only 25 

to 35 percent of the industry currently has this degree of control. 

Twenty-five percent of the existing facilities are presently uncon- 

trolled. 

Rationale 

It is estimated that 50 percent of the industry would still be 

required to add retrofit scrubbers even if the allowable emissions 

were increased by 50 percent, 

The cost of retrofitting uncontrolled facilities would not vary 

significantly with moderate (50 percent) relaxation of the emission 

guideline. The major portion of the costs is associated with 

refurbishing the building and is exclusive of the control device 

itself. 
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3. Retrofit costs for uncontrolled facilities ($596,000 for a 25,000 

ton storage building) are not considered to be excessive. Such a 

facility would accompany a 400 ton P205/day GTSP production facility. 

Annualized control costs, including capital charges, would equal 0.4 

percent of sales. 

4. The emission guideline would reduce annual fluoride emissions 

from GTSP storage facilities by 67 percent. 
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9. ENVIRONMENTAL ASSESSMENT 

9.1 ENVIRONMENTAL ASSESSMENT OF THE EMISSION GUIDELINES 

9.1.1 Air 

Installation of retrofit controls similar to those described 

in section 6.1.3.1 could reduce fluoride emissions from existing sources 

by the amounts indicated in Table 9-1. Emission reductions range 

from 50 percent for granular triple superphosphate production facilities 

to 88 percent for run-of-pile triple superphosphate plants. All estimates 

are based on information presented in chapters 3, 5, and 6 of this study. 

The following procedure was used to arrive at the estimates listed 

in Tables 9-l and 9-2. The percentage of existing facilities (or capacity) 

attaining emission levels equivalent to SPNSS was estimated in Chapter.,5. 

The remainder of the existing facilities were assumed to emit at a rate 

midway between the SPNSS level and a level characteristic of a poorly 

controlled plant. The retrofit models were used as a source of 

information regarding poorly controlled plants. 

Total emissions following the installation of retrofit controls 

were estimated by applying the SPNSS level to the entire industry 

which is identical to the Ill.(d) emission guidelines contained herein. 

All estimates assume a 90 percent utilization of production capacity. 

This general approach was altered in certain instances (SPA, DAP, 

GTSP storage) either to make use of additional information or to com- 

pensate for the lack of necessary data. 
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Table: 9-l. ANNUAL U.S.. FLUORIDE EMISSION REDUCTION DUE TO INSTALLATION 
OF RETROFIT CONTROLS CAPABLE OF MEETING EMISSION GUIDELINES 

Segment of Indktry Estimated 1974 
Emissions (Tons F/Yr) 

Estimated Emissions Following Fluoride Emission 
Installation of Retrofit Con- Reduction 
trols (Tons F/Yr) (% 1974 level) 

WPPA 217 58 73 
SPA 7.7 3.5 55 

DAP 251 89 65 

ROP-TSP 599 7d 88 

GTSP 
Production 268 131 51 

Storage 119 39 - 67 

Overall 1,462 390 73 



Type of Plant Capacity Emissions Before Retrofit* Emissions After Retrofit 
(Tons/Day P2O5) (Lb F/hr) (Lb F/hr) 

WPPA 500 4.8 .42 

SPA 
(Submerged combustion 

a 24 process) 300 .75 .12 : 

DAP 500 5.0 1.25 

ROP-TSP 550 89 4.6 

GTSP 
Production 400 17.2 3.34 

Storage 2000* 4 2 

* Based upon those sources tllat have mediocre control. 

** Tons GTSP stored for 5 days. 



As indicated in Table 9-1, an overall fluoride emission reduction of nearly 

1s capable of 

in 
Table 9-2. 

75 percent can be achieved by Installation of retrofit contra 

meeting the emission guidelines. The corresponding reduction 

typical fluoride emission source strengths is illustrated by 

9.1.1.1 Atmospheric Dispersion of Fluoride Emissions 

A dispersion analysis was made to compare ground-level fluoride 

concentrations downwind of a phosphate fertilizer complex, before and 

after retrofit of controls. The diffusion estimates were based on 30- 

day average fluoride concentrations and extended to distances from the 

plant where fluoride concentrations were less than 0.5 ,g/m3. A 30- 

day average ground-level fluoride concentration of 9.5 q/m3 causes an 

accumulation of more than 40 ppm fluoride in cattle forage, and this 

concentration in their feed is a damage threshold for cattle. 

The fertilizer complex being investigated represents no actual plant, 

but contains all of the units discussed in Section 6.1.3.1 - Retrofit 

Models - except the submerged combustion-superphosphoric acid plant. 

The model used to calculate emissions from an existing complex after 

retrofit was assumed to contain an additional new and well-controlled 

WPPA plant. A railroad spur and WPPA storage facilities were also 

assumed with which acid could be shipped in or out of the complex. 

Emissions from this complex are not necessarily typical of the 

emissions used in the retrofit models of section 6, nor are they the 

same as the source strengths listed in Table 9-2. However, these emis- 

sions fall within the range of emissions from actual plants. Specific 



Table 9-3. EXISTING CONTROLS AND EMISSIONS 
FOR MODEL PHOSPHATE FERTILIZER COMPLEX* 

gas velocity, 
ft/sec 

30 

30 

1 

i / 
,/ 

30 

30 

Stack 
temp., 
OF 

Fluoride, 
lbs/hr 

Gas Flow, 
SCFM 

21,500 

Product I terns 
Controlled height, 

ft. 

60 WPPA digester, filter, 
flash cooler seal 
tank, evaporator 
hotwell 

100 10.8 

DAP reactor-granulator, 
drier, cooler- 
screen 

3.3 85 100 110,000 

182,000 

75,000 from 
' uncontrolled 

storage bldg 

112,000 

26.7 60 90 TSP cone mixer, den, 
storage bldg 

85 GTSP bldg. 
louvers 
@ 45 ft 

85 

13.2 

90 22.6 reactor-granu- 
lator, drier, 
cooler-screen 

* Based on complex not presently meeting guideline emissions. 



Table 9-4. RETROFIT CONTROLS AND EMISSIONS 
FOR-MODEL PHOSPHATE FERTILIZER COMPLEX 

?roduct 

rlPPA 

I terns Gas Flow, Fluoride, Stack 
Controlled SCFM lbs/hr height, temperature, gas velocity 

ft "F ft/sec 

Table 9-3, 25,000 0.42 85 100 40 
plus filtrate 
sump and seal 
tank, plus 
acid storage 

DAP same as Table 96,000 1.25 85 100 30 
9-3 

TSP same as Table 182,000 4.54 70 90 30 
9-3 

GTSP storage build- 76,000 2.00 70 85 40 
ing 

same as 111,000 3.34 85 

Table 9-3 I 

90 

I 

40 





One year of monthly stability-wind data from Orlando, Florida were 

utilized in the CDM dispersion estimates. The climatology of that lo- 

cation is representative of that at facilities of concern in this docu- 

ment. The CDM estimates are typical high 30-day average ambient fluo- 

ride concentrations. The results of the analysis are presented in 

Table 9-5. A more general review of 5-year summaries of monthly stability- 

wind data from the same location verified that the va lues presented in 

Table 9-5 are representative of typical hi gh 30-day a verage concentrations 

for any given year. 

Table 9-5 shows that the best technology retrofit controls made a large 

reduction in the ground-level fluoride concentrations which had existed when 

the mediocre controls were used on the four sources shown. 'At dfstances 

greater than about l-1/2 mile, the concentrations do not exceed 0.5 pg/m3, 

even in the most unfavorable months when the emission gui-deli,nes herein are 
applied. 

Table 9-5. ESTIMATED 30-DAY AVERAGE AMBIENT FLUORIDE CONCENTRATIONS 
DOWNWIND OF A PHOSPHATE FERTILIZER COMPLEX 

Fluoride Sources Estimated 30-Day Average 
Fluoride Concentration (pg/m3) 

Existing Controls After Retrofit 12 3 5 10 15 km 

WPPA DAP TSP GTSP 6 4 3 1.9 1.0 0.5 

WPPA DAP TSP GTSP 0.8 0.6 0.4 0.3 0.1 0.1 
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9.1.1.2 Emission Guidelines vs. a Typical Standard 

Ten states presently have regulations covering fluoride emissions 

from fertilizer plants in particular and fluoride emissions in 

general. Two states, Iowa and Mississippi, limit emissions to 0.4# F/ton 

P206 with Montana setting a 0.3# F/ton P206 limit. Iowa also has a 

100 # F/day maximum emission rate. Virginia and North Carolina have 

variable rates based upon production, levels. Four states have regula- 

tions based upon ambient concentrations and best control technology. 

Florida, the state having the most plants, also has the most thorough 

standard. Table 9-6 gives a comparison of the emission guidelines 

with the Florida standards. In all cases, the typical standard is as 

strict or more so than the emission guidelines. 

9.1.2 Water Pollution 

Increased or decreased control of gaseous water-soluble fluorides 

will not change the amount of liquid waste generated by the phosphate 

industry. Most control systems now in use utilize recycled process 

(gypsum pond) water as the scrubbing medium thereby eliminating the 

creation of additional effluent. Phosphate fertilizer plants do not need 

to discharge gypsum pond water continuously. The pond water is re-used in 

the process, and a discharge is needed only when there is rainfall in exce 
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Process Source of Percent of Florida Standard 
Fluorides Plants Probably for Emission 

Affected by State duly 1, 1975 Guidelines 
Guidelines Standard lbs/ton P205 input 

Wet Process 
Phosphoric Acid 26 0.02 0.02 

Superphosphoric 
Acid 21 Best Avail- 0.01 

able Technology 

Diammonium 
Phosphate 

Triple Super- 
phosphate (ROP) 

Granular Triple 
Superphosphate 

Granular Triple 
Superphosphate 
Storage 

60 0.06 0.06 

40 Belt & Den 0.05 0.2 
Storage 0.12 

25 0.15 0.2 

70 0.05** 5 x 10-4* 

*Units are lbs F/hr/ton of P205 stored. 

**Units are lbs F/hr/ton of P205 input to bldg. 



of evaporation.' For this reason, the volume of effluent from phosphate 

fertilizer plants is almost ex C 

EPA effluent limitations guide 1 

discharged to navigable waters 

the limitations in Table 9-7. 

lusively a function of rainfall conditions. 

ines require that any gypsum pond water 

when rainfall exceeds evaporation meet 

A two-stage 

combined with settling is sufficient contra 

Table 9-7. EPA EFFLUENT LIMITATIONS GUIDEL I NES FOR GYPSUM POND WATER' 

Aqueous 
Waste 
Constituent 

Maximum Daily 
Concentration 

(m9/1> 

ime neutralization procedure 

to meet these limitations. 

Maximum Average of Daily 
Values for Periods of 
Dischar e Covering 30 
Consecu 7 ive Days 

Phosphorus as (P) 105 35 

Fluoride as (F) 75 25 

Total Suspended 
nonfilterable solids 150 50 

The pH of the water discharged shall be within the range of 8.0 to 9.5 
at all times. 

The phosphate industry has voiced concern that the partial pressure 

of fl uori deout of pond water makes it infeasible in some cases to reach 

SPNSS fluoride limitations with a scrubber using pond water. An equili- 

brium,fluoride concentration between 5000-6000 ppm seems to be estab- 

lished in gypsum ponds - possibly because of a slow reaction between 

gypsum and soluble fluosilicates. 2,3,4 Even a pond with an apparent fluo- 

ride concentration of 12,500 ppm has fallen within this equilibrium range 

when the water was passed through a millipore filter.5 The excess fluoride 

can be attributed to suspended solids. Pond water containing about 6000 
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ppm of fluoride has a low enough partial pressure of fluoride to 

allow scrubber vendors to design to meet emission guidelines, In all 

cases, emission guidelines can be achieved with pond water 

if a well-designed spray-crossflow packed bed scrubber is used as the 

control device. 5 

I 9.1.3 Solid Waste Disposal 

Any solid waste generated by scrubbing fluorides would be in the 

form of CaF2 or similar precipitates in the gypsum ponds. The amount 

of precipitate formed is negligible in comparison to the amount of 

gypsum generated in producing wet process phosphoric acid, a required 

intermediate throughout the phosphate fertilizer industry. An example 

of the relative amounts of each of the solids produced in normal processing 

with scrubbers which meet emission guidelires for a 500 

tons/day P30E WPPA plant.is presented below: 
L. J 

Assumptions: 

1. 6427# phosphate 

2. Phosphate rock 

3. Uncontrolled em 

by a scrubber. 

rock = 1 ton P2O5. 

is 35 weight percent Ca. 

issions of 58.1 #F/hr are reduced to 0.42 #F/hr 

(See retrofit model WPPA plant, case B). 

4. All of the F absorbed by the scrubber precipitates in the 

gypsum pond as CaF,. (See Section 5.2.1, page 5-6). 

5. The plant capacity is 500 tons/day P2O5. 
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3Ca10 (P04)6 F2 + 30H2S04 + Si02 + 58H20 + 30 CaS04 l 2H20 (4-l) 

+ 18H3PO4 + H2SiF6. 

This reaction implies: 40#Ca + 172# gypsum. 

500 x 6427 x 0.35 x 172 
gypsum produced = 

24 x 40 

= 201,510 
# gypsum/hr 

From assumptions 3 and 4: 

F absorbed in scrubber = 58.1 - 0.42 # F/hr 

= 57.68 # F/hr 

Cat+ + 2F- -+ CaF2 + (5-l) 

CaF2 + = 57.68 x 78 
38 

= 118.4 # CaF2/hr 

% increase in solids = 118.4 x 100 
,201,510 

= 0.06 

This example illustrates that the increase in solids due only to 

scrubbing fluorides is negligible (0.06%). The disposal of the 

large volume of gypsum is by depositing in mined-out areas, and by 

lagooning, followed by drying and piling techniques. Such piles are 

as much as 100 feet above grade in some areas. 

9.1.4 Energy 

Changes in fluoride control electrical power requirements for the 

spray-crossflow packed bed scrubber retrofit models in Section 6 are 

presented in Table 9-8. Existing fluoride control power requirements 

were estimated from the pump and fan requirements for the assumed existing 
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Table 9-8. INCREMENTAL POWER REQUIREMENTS FOR FLUORIDE CONTROL DUE TO INSTALLATION OF RETROFIT 
CONTROLS TO MEET -aIISSION GUIDELINES. 

Power Requirements 
Power Requirements 

Capacity 
for Retrofit Controls 

for Existing Controls to Meet State Guide- APower A Enerqy 
Type of Plant (Ton/Day P205) (HP) lines (HP) (HP) (KWH/Ton P2O5) 

‘f SPA 300 75 82.5 7.5 0.4 
; 

DAP 500 565 800 235 8.4 

ROP-TSP 
(Case A) 

GTSP 

550 300 500 200 6.5 

400 540 1100 560 25 
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Tables 9-8 and 9-9 should be considered approximate. 

controls in the retrofit models. Power requirements for the retrofit 

controls were obtained by adding the power ratings of the specified 

retrofit fans and pumps to the existing power requirements and sub- 

tracting the power for any fans or pumps removed in retrofitting. 

The largest incremental power requirement for fluoride control 

is for GTSP. This can be attributed to installing a spray-crossflow 

packed bed scrubber for GTSP storage, a previously uncontrolled source 

in the retrofit model which generates a very large volume of air having 

a small concentration of fluoride. Raising the standard to allow larger 

emissions from GTSP storage would not greatly reduce these power require- 

ments. It would only allow the use of a scrubber with a fewer number of 

transfer units. A less efficient scrubber would not reduce the volume 

of gas to be scrubbed nor would it greatly reduce the amount of pond 

water required for scrubbing. Only the pressure drop through the scrubber 

would be reduced by raising the standard. In other words, raising the 

GTSP storage standard,by a factor of two would not reduce the power require- 

ments proportionately. 

Incremental increases in phosphate fertilizer processing energy 

requirements are given in Table 9-9; such increases will vary from 

plant to plant. Volumetric flow rates of fluoride-contaminated air 

sent to the scrubbers can vary by a factor of two or three for the same 

size and type of plant. Existing control schemes will also influence 

incremental power requirements by the extent to which their pumping 

and fan systems can be adapted. Therefore, the numbers presented in 



energy utilized by the various processes vary. For example, approximately 
/ 

50 percent of the energy required in GTSP processing can be attributed to 

the 3 gallons of fuel oil used per ton P2O5 processed while nearly all 

the energy used in the submerged combustion process for SPA comes from 

natural gas. All processing energy requirements listed in Table 9-9 

include electrical power required for rock crushing and pumping. 

Table 9-9. INCREASE IN PHOSPHATE INDUSTRY ENERGY REQUIREMENTS RESULTING 
FROM INSTALLATION OF RETROFIT CONTROLS TO MEET EHISSION GUIDELINES 

Fertilizer process 

WPPA 

DAP* 

SPA* 

Existing energy 
requirements 
(KWH/Ton P205) 

225 

236 

782 

152 

305 

Fluoride control 
incremental 
energy require- 
ments 
(KWH/Ton P,O,) 

1.8 

8.4 

0.4 

6.5 

25 

Percent 
increase in 
energy re- 
quirements 

0.8 

3.6 

0.05 

*Existing energy requirements figures include energy needed to process WPPA 
feed for process. 

Annual incremental electrical energy demand for fluoride control is 

presented in Table 9-10. These figures are based upon Tables 9-6 and 

9-8 along with production statistics in section 3. The total incremental 
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WPPA 6,293 26 2.9 

DAP 3,312 60 16.7 
W 
I 

z 
SPA 783 21 0.06 

ROP-TSP 783 40 2.0 

GTSP 1 ,460 47* 17.0 

*This is a fictitious average based upon a weighted average of GTSP production and storage 

statistics (see Table 9-6). 

**Total Incremental Electrical Energv Demand = 38.7 x lo6 KWH/yr (<4 megawatts). _I 



electrical energy demand resulting from installation of retrofit con- 

trols to WP~ pmissjnn ~17+1iYnp~ is e?!jv?!ent to the energy reo,u<red to 

operate one 300 ton/day P205 SPA plant 115 days/yr. It should be em- 

phasized that these numbers can be only approximations. As mentioned 

in the discussion of Tables 9-8 and 9-9, individual plant fluoride control 

energy and power requirements will vary. This variability necessarily 

constrains the accuracv of oro.iections based uoon sinale retrofit models. 

9.1.5 Other Environmental Concerns 

Due to the proposed method of fluoride control, namely, utilization 

of a spray-crossflow packed bed scrubber with pond water as the scrubbing 

medium, no other environmental concerns are anticipated. Scrubbing 

fluorides with gypsum pond water produces a closed system effect for 

phosphate fertilizer complexes. Although radioactive materials have been 

detected in the wastewater at fertili,zer complexes, recycli:ng of the pond 

water to the scrubber is not expected to contribute to this potential problema 

9.2 ENVIRONMENTAL IMPACT UNDER ALTERNATIVE EMISSION CONTROL SYSTEMS 

Analysis of the data tase on which the emission guidelines are based 

indicates that only the spray-crossflow packed bed scrubber can meet 

use cyclonic 

, but at a higher 

emission guidelines in all cases. ROP-TSP plants can 

spray tower scrubbers to meet the emission guidelines 

cost than for a spray-crossflow packed bed scrubber ( 

Tables 6-37 and 6-40 show that the ROP-TSP standard 

substantiated by data which allows use of an alternat 

Use of either scrubber design for controlling ROP-TSP 

Table 6-44). 

i s the only one 

i ve scrubbe r design. 

plants wou Id result 

in similar environmental impacts plants, ra ising 

the emission guidelines to allow use of alternative scrubber designs 

would result in a 50 percent to 1000 percent increase in fluoride 

emissions without causing any beneficial environmental impacts. 

. Except for ROP-TSP 
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9.3 SOCIO-ECONOMIC IMPACTS 

The phosphate fertilizer industry is generally recognized as a 

capital intensive industry; labor requirements for production work and 

plant supervision are small, compared to plant sales. Usually, those 

fertilizer facilities which may be affected by the emission 

guidelines are widely dispersed throughout the United States. Only in 
, 

central Florida does the fertilizer industry represent a substantial 

portion of overall community economic activity and employment, and 

Florida enacted emission standards effective July 1, 1975 which are 

at least as strict as the enission guidelines. Therefore, any potential 

plant closures as a result of the implementation of 111(d) regulations 

will produce minimal community effects in terms of job losses and sales 

revenues. 

Retrofitting existing plants for controls should not impede new 

plant construction programs. During the years 1973 through 1974, the 

phosphate industry entered an expansionary phase with the construction 

of several new fertilizer manufacturing complexes. The construction 

rate i4'expected to decrease after 1976 as these new plants come on- 

stream. Installation of retrofit controls will consequently occur during 

a period of slack construction activity and should not interrupt the 

long-term availability of phosphate fertilizers. 
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