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1. 

INTRODUCTION 

INTRODUCTION AND SUMMARY 

plans to control certain existing sources of certain pollutants. On 
I G: 

-" November 17, 1975 (40 FR 53340), EPA implemented section Ill(d) by 
!.‘ 
' promulgating Subpart B of 40 CFR Part 60, establishing procedures and 

pg. f: :.- requirements for adoption and submittal of State plans for control of 
B" 

?.. 'designated pollutants" from 

* ;:, pollutants are pollutants whi 
!C. && 

"designated facilities." Designated 

ch are not included on a list published 

ct (;!ational Ambient Air Quality Standards) g<: under section 108(a) of the A 
Fs 
x I * 
$ or section 112(b)(l)(A) (Hazardous Air Pollutants), but for which 

E' 
standards of performance for new sources have .been established under 

section Ill(b). 
&. 

A designated facility is an existing facility which 

V' 
_i emits a designated pollutant and which would be subject to a standard 
&‘ _ I 
,: $ 

of performance for that pollutant if the existing facility were new. 
1‘ 

p& 
Standards of performance for five categories of new sources in 

.;: ,. 

;;- Section Ill(d) of the Clean Air Act, 42 U.S.C. 1857c-6(d), as 
@4 
$..: eMtended, requires EPA to establish procedures under which States submit 

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 

l-1 
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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 facilitit 

After publication of a final guideline document for the pollutant 

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

plans for control of that pollutant from designated facilities. Withir 

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 aftep 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 pollutant 

l-2 



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

bnstrated (referred to as "welfare-related pollutants"). For 

kllth-related pollutants, emission standards and compliance times in 

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

)Irslon guidelines and compliance times in EPA's guideline documents. 

1 provided in Subpart B, States may apply less strinoent requirements 

$!#r particular facilities or classes of facilities when economic 

Lctors or physical limitations make such application significantly 

)re reasonable. 

$<*! 
-, 2 For welfare-related pollutants, States may balance the emission 

&idelines, times for compliance, and other information provided in 

guideline document against other factors of public concern in 

@@tablishing emission standards, compliance schedules, and variances, 

rovlded that aooropriate consideration is aiven to the infnrmatinn ..- . . . . -. . ..-- .-.. 

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

t& subpart B and that all other requirements of subpart B are met. 
~ 

%ihere sources of pollutants that cause only adverse effects to crops 

~$'.~e located in non-agricultural areas, for example, or where residents 
&: 
@%4f a comnunity depend on an economically marginal plant for their 
(5 "i;L , 
,zzllvelihood, such factors may be taken'into account (in addition to 
:,i h-' 
g-those that would justify variances if a health-related pollutant 
g 
$pMere involved). Thus, States will have substantial fl.exibility to 
j: 
'.,consider factors other than technology and cost in establishing plans 

;,' fir the control of welfare-related pollutants if they wish. 

I, 
H:"- 
I, For reasons discussed in section 2 of this document, the 
e: 
: Mmlnistrator has determined that fluoride emissions from ohosohate 

l-3 



,. .__ _- . -.. ..~ - 
fertilizer plants may cause or contribute to endangerment of the 

public welfare but that adverse effects on public health have not 

been demonstrated. As discussed above, this means that fluoride 

emissions from phosphate fertilizer plants will be considered a 

welfare-related pollutant and tile States will have greater 

flexibility in establishing plans for the control of fluoricies than 

would be the case if public ilcalt; might be affected. 

This guideline document prov i des a brief description of the 

phosphate fertilizer industry, the five manufacturing categories 

for which fluoride emission guidelines are established, and the 

nature and source of fluoride emissions. Also, information is provit 

regarding the effects of airborne fluorides on health, crops, and 

animals, 

Emphasis has been placed on the technical and economic evaluati 

of control techniques that are effective in reducing particulate and 

gaseous fluoride emissions, with particular emphasis on retrofittinq 

existing plants. Some costs were seldomly 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 

.with db;n~~~~-b~e~-~h~~ission guidelines. These-retrofits are 

called retrofit models and are presen,ted in Section 6.1.3.1. 

The emission guidelines and the control equipment on which 

they are based are discussed in Sections 7 and 8. The environmental 

l-4 



: mt of the emission guidelines is presented and discussed in 

SI 9. The remainder of this introductory section summarizes 

Ptlon presented in subsequent sections. 

ALTH AND WELFARE EFFECTS OF FLUORIDES 

luoride emissions from phosphate fertilizer plants have been 

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

c health for purposes of section 111(d)]. The daily intake of 

{de inhaled from the ambient air is only a few hundredths of a 

a very small fraction of the total intake of the average' 
\ 

If a person is exposed to ambient air containing about 

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

average concentration that is projected in the vicinity of a 

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

ptal daily intake from this source is.calculated to be about 150 

Tbls is very low when compared with the estimated daily intake 

t 1200 pg from food, water and other sources for the average 

Also, the intake of fluoride indirectly through standard 

.:Chains is insignificant. Fluorides are not passed i nto dair,y 

ts and are only found in farm produce in very small amounts. 

Fluorides do, however, cause damage to livestock and vegetation 

"thr immediate vicinity of fertilizer plants. Inqestion of 

Fldes by livestock from hay and forage causes bone lesions, 

MSS and impairment of appetite that can result in decreased 

#bt gain or diminished milk yield. It can also affect developing 

In young animals, causing more or less severe abnormalities 



in permanent teeth. Exposure of plants to atmospheric fluorides can 

result in accumulation, foliar lesions, and alteration in plant 

development, growth, and yield. 

-113 F~UORIDES’AND THEIRCONTROL 

For purposes of standards of performance for new stationary 

sources (SPNSS) and the attendant requirements of section 111(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 Figure 6-l. 

owes much of its success to its greater fluoride absorption capability 

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

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

are available which have acceptable turnaround periods'. One design 

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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Most of the scrubbers tested were the spray CrOSsflow 

I;ed type, but a few venturi were tested. 

I;,,lissioh guidelines for existing phosphate fertilizer manufacturing 

Table l-2 gives the fluoride emission levels that may be 

Mhltfvod by application of best adequately demonstrated technology to 

Wtstincl facilities , including five manufacturing processes and the 

these! omission guidelines with the ranges shown for well-controlled 

Adoption of these controls would result in fluoride emission 

VoWlate (GTSP) production facilities to around go percent for 

run-of-pile triple superphosphate (ROP-TSP) plants. Overall nationwide :, I‘ 4 & i =,. -;:z:$.+"k, 
~~~~~'~ (rrl~sions would be reduced by about 75 percent. 3. “&~X 
i i .i C& f Jr ) %, 1~ i ,+,i: 
,: .- > ‘i The emission levels of Table l-2 are identical to the standards j r_ ' : .-ev;r$:C i :. $.+.~L .*i:,. ..h-;&,,; of purformance for new stationary sources (SPNSS) since the best '~<~~'+~,~"J$.l" 

.- ~,~~g~~: 
..-.. .i &?~"';- rdaquci tely demonstrated technology applicable is the same type of 

i, p&i& 
. ;*>,y gy. control equipment. The justification for application of this equipment 

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

gntl cliscussed more completely in Section 8. (IJote that all units 

Oxpr*c:,sed as "tons" are-defined as short tons.) 
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TABLE l-l '- PERFORMAXE OF AQUEOUS SCRUBBER EMISSION CONTROL EQUIPMENT - 
IN PHOSPHATE FERTILIZER MANUFACTURING PLANTS. 

Fluoride Source Fluoride Emissions from Control Equipment __.- 

g TF/kg of P205 input 
I-- - 

, 

Industry-!Jidc l?anae Best-Controlled ihw Plant Segment 

Wet-Process 'Phosphoric Acid 0.01 - 0.30 ! 0.001 - 0.0095 

Superphosphoric Acid 

Submerged Cornbtistion 

Vacuum Evaporation 

Diammonium Phosphate 

Triple Superphosphate 
(run-of-pile - ROP) 

. . 

0.06 

2.5 x l.O-3 

0.03 - 0.25 

0.10 - 0.30 

Granular Triple Superphosphate 0.10 - 0.30 

2.05 x 1O'4 - 7.5 x 10e4 

0.0125 - 0.03. _ 

0.015 - 0.1505 

I 0.02 - 0.135 

Granular Triple Superphosphate 
Storage 2.5 x 1O-4 - 7.5 x 1oF4, 0.25 x 1O-4 - 2.75 x 1O-4 

*UnSts are g'TF,!hr/kg of P205 stored. 



Process Source 
of Fluorides 

Emission Guidelines 

Total Fluorirltt$ - wel:qht,psr unit nf p2ns inp.u't . 

Wet-Process Phos- 
phoric Acid 

.zzG%L lbs/ton ' 
. 

O..Ol 0.02. - - 

Superphosphoric Acid 

Diammonium Phosphate 0.03 

0.01 ,. ’ 

0.06 

Triple Superphosphate 
(ROP) 

0.1 
;' 

0.2 * 

Granular Triple 
Superphosphate 0.1 . 0.2 1 

g/hr kilogram lbs/hr ton* 

Granular Triple 
Superphosphate Storage 2.5 x 1O'4 5x1o-4 

*These denominator units are in terms of P2O5 stored. 



1.5 COMPLIANCE TrHES 

The compliance times for installation of a wet scrubber are give 

in Table 1-3, 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 requ 

for fabrication and shipping. The fabrication time is virtually beyar 

the control of either the customer or the air pollution control 

official. For this reason, a range of elapsed time must be understooc 

for fabrication. The compliance time can exceed 78 weeks and dependr 

upon availability of materials of construction, labor factors, work 

TABLE l-3 

COMPLIANCE TIMES FOR INSTALLATION OF WET SCRUBBER FOR 
A WET PROCESS PHOSPHORIC ACID PLANT 

Milestone Elapsed Time, Weeks 

Submit final control plan 6 
to Agency 

Award scrubber contract 26 

Initiate skrubber 
installation 

52 

Complete scrubber 
installation 

72 

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

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

l-10 
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, II i li,~,:x~;on shown in Table 1-4 provides a major portion of 

,1 t L 1 0 iT; for the emission guidelines. The costs in the 

,, 1' II~'~~-;veu from retrofit models (section 6.1.3.1). The capitai 

j 1 I.,(J~ costs shown in Table l-4 represent emission controls 

~~~~JI~rate process. 

!,I I ~;-a; expenditures for emission controls of a process 

,I Ii' -into account the control costs allocated to its feed 

I. Il. -r~ibie i-5 summarizes retrofit control costs for fertilizer 

I./IP capacities shown. These costs (see Table 7-1) include 

'! 11, \~I'I)/\ plant control costs according to the amount of acid 

hi' i:xaiipie, the ROP piant control cost includes the control 

iNI! I iIt: 330 tons/day of wet process phosphoric acid required to 

'1~ 1l'lj of ROP, both on a P2O5 basis. Therefore, the annualized 

I / II.,LS) as a percent of sales, differ from those shown in 

'1 1 except for the WPPA plant taken alone. The greatest unft 

<I',,. -;s for the combination of processing and storage of GTSP. 

l ijctrcent of GASP production is believed to be already 

,1,IIi.ly controlled while five of eight storage facilities may 

8') I~C retrofitted if the States establish emission standards as 

,I 1~1. 6s the emission guideiines. This would not have a qreat 

, (III C;iSP manufacture. About 60 percent of DAP plants would 
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TABLE 1-4 ECONOMIC ASSESSMEYT OF FLUORIDE EYISSION GUIDELINES FOR EXlSTINfY 
PttOSPftATE FERTILIZER YANUFACTURING FACILITIES.* 

Process Source of 
Fluorides 

L 

Wet-Process 
Phosphoric Acid 

isuperpfiosphoric 
/Acid 

_ - I 
;;s 

I Di ammoni um 
~Phosphate 
, 
/Triple Super- 
IPhosphate (ROP) 

I ,Granular Triple 
/Superphosphate 

;Granular Trip'le 
isuperphosphate 

/Storage 

Annualized 
C;niz;o;a;gt 

.19 - .23 

.14 

.37 

.43-.74 

.4B 5.07 25 0.1 

.42 4.52 70 

L 

2.5 x 1O-4 
*** 

Capital Control 
Cost of Eauiumen!! 
$/Annupab ton of 

7 r; 

1.39 - 1.65 

1.15 

4.44 

4.42 - 7.59 40 0.1 

Percent of Plants 
. Not Meetins This 

Emission Guideline 

47 

21 
: 

5 
. 

60' 

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

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

.k** Units are grams F/hr/kiloqram of P 0 stored. This facility is 
assumed to accompany a 400 short t8n5,P205/day GTSP plant. 

. . 

, Applicable 

0.005 

0.03 



TABLE l-5 

SUMMARY OF RETROFIT CONTROL COST REQUIREMENTS FOR VARIOUS PHOSPHATE FE.RTILIZER MANUFACTURING PROCESSES* 

End Product 
Phosphoric Superphosphoric 

1 
Acid Acid DAP 

Design Rate, 
tons/day 
(P205 Basis) 

Capital Control Cost, 
$/annual ton P2U5 

I 
Sales Price I 
($ per ton product) 

Annualized Costs 

Unit Basis 
($ per ton product) 

As a % of 
Sales Price 

500 500 

1.39 - 1.65 1.39 - 1.65 2.67 2.67 

105 105 152 152 

.20 - .24 .20 - .24 .52 .52 

0.2 0.2 0.3 0.3 

*Costs and prices are at 1974 levels 

300 300 

5.96 

\ 

145 

. i 

ROP-TSP 

550 

5.33 - 8.50 

126 

0.5 - 0.8 

GTSP i 

j 

10.50 I 

1 i 

130 1 

j 
I 

1.29 i 



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

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

sales. 

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

are moderate. Annualized costs as a percent of sales are smal 

showing that all the control costs can be readily recovered. 

Cyclonic spray and venturi scrubbers, alone, do not have 

1, 

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 scrubbee; 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 C 

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 system which 

is judged to be the best tiirijen costs are taken into account, and they 

are identical to the SPES. 

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 plants 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 requlations, 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/m'). 

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 
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to tile 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 ug/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 

th.e 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 

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

process. Raising the allowable emission levels would have only a 
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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 P2OB for 115 days/year. Although 

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

incremental energy demand into 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 with the emission guidelines for existing 

phosphate fertilizer plants have been judged not to be of such 

magnitude to require analysis 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 asseslslsvent is required. 

1.7 REFERENCES 

1. Private communications, George B. ,Crane and Teller Environmental 

Systems, Inc., December 13, 1974. 

2. Biologic Effects of Atmospheric Pollutants; Fluorides. National 

Academy of Sciences. Washington, D. C. Contract No. CPA 70-42. 

1971. 

l-17 



3. Beck, Leslie L., Technical Report: An Investtgation of the Best 

, 

Systems of Emission Reduction for the Phosphate Fertilizer 

Industry. U. S. Environmental Protection Agency, Office of Air 

Quality Planning and Standards, Research Triangle Park, North 

Carolina. April 1974. 

: 

l-18 



gp+ 

‘a-$. ;_ :g$,, 2.1 INTRODUCTION 
: f.--,. : . .: 1 .: '; In accordance with 40 CFR 60.22(b), promulqated 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 for purposes of section Ill(d) of the Clean 

Air Act. 

The Administrator first considers potential health and welfare 

effects of a designated pollutant in connection with the establishment 

of standards of performance for new sources of that pollutant under 

section Ill(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 endangerment of public health or welfare" [see section _ 

111(b)(l)(a)]. Because 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 "health- 

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 

HEALTH AND WELFARE EFFECTS OF FLUORIDES 

2-l 



welfare-related pollutants than is provided for plans invo lving 

health-related pollutants. 

In determining whether a designated pollutant is health-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 pol3utant may be a precursor; 

(4) any synergistic effect with other pollutants; and (5) potential 

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

food chains). 

It should be noted t,hat the Administrator's determination 

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

l(d) does not affect the degree of control for purposes of section 11 

represented by EPA's emiss 

the preamble to Subpart B, 

ion guidelines. For reasons discussed in 

EPA's emission guidelines [pike 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-melated or welfare- 

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

of flexibility that will be available to the States in establishinq 

plans for control of the pollutant, as indicated above. 
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2.2 EFFECT OF FLUORIDES ON HUMAN HEALTH.l 

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 (pg) 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 ug. 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 
.___ -  - - I . .  .  - -  

to control community observations. 
- - - - . . -_ . .  .  __ __.,. .-..-_. 

Crippling fluorosis resultinq from 

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

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 usuallv 

come in contact with fluoride concentrations exceeding the recommended 

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

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

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

fluoride 

fluoride 

fluorine. 
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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 

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

the food used by the people was locally produced. Selection, processinl 

and cooking of vegetables, grains and fruits gives a much lower fluoridl 

intake in human diets than in that of animals grazing on contaminated 

pasture. 

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 eqqs from 

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, atmosnheric 

fluoride represents only a very small portion of the body fluoride 

local ani m 

from unpo i 

deposited 

als contain very little more fluoride than the same foods 

soned animals. This is due to the fact that fluorine is 

in the bones almost entirely. 
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,'.A EFFECT OF FLUORIDES ON ANIMALS.1 

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 

I'ntake of such animals. \ 

The available evidence indicates that dairy cattle are the 
-.-_C_C-- -.--- 

domestic animals most sensitive to fluorides, and protection of 
~. ~. .,. ._..,-. I--.---- I_c_L .------ 

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

stock. 

Ingestion of fluoride from hay and forage causes bone lesions, 

'1 anleness I) 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. liowever, 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 the-v are fed. 
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Fluoride-containing dusts can be non-injurious to vegetation 

but contain hazardous amounts of fluoride in terms of forage for 

farm animals. Phosphate rock is an example of a dust that seemingI? 

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 phospha 

Fluoride injury quidkly 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 

fkorlne. 

2.4 EFFECT OF ATMOSPHERIC FLUORIDES ON VEGETATIOd 

The previous sections state that atmospheric fluorides are 

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

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

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

~jr is its effect on vqget@ion and its accumulation in forase 

_ --_- 

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--emi&.ions 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 developnent, 

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

may 5e classed as sensitive, intermediate, and resistant. Sensitive 

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

.Vasses such as sweet corn and sorghum. Resistant plants include 
l . 
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several deciduous trees and numerous vesetable and field crops. 4x t 

forage crops are tolerant or only moderately susceptible. In 

addition to differences among species and varieties, the duration of 

,'X,)osure, stage of development and rate of growth, and the environmental 

conditions and agricultural practices are important factors in 

dotermining 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 folfar necrosis on sensitive 

species, or an dCCUI?‘IUlatiOn 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 (ug/m3). 

Examples of plant f'luoride exposures that relate to leaf 

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

Varieties Of sorghum and the-'leT<-Fextant varieties Fcorn and 
_.__ _.I 

tomatoes are particularly susceptible to damage by fluoride ambient 

air concentrations projected in the immediate vicinity of fertilizer 

facilities (See Table 9-5). 

Z.!' THE EFFECT OF .'<-XSPHERIC FLUORIDES ON MATiRIALS 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 where 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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Plant 'Coticeritration'and Time* 

Sorghum 

Corn 

Toma to 

'Alfalfa 

Table 2-l..EXAMPLES OF HF CONCENTRATIONS AND EXPOSURE DURATIONS REPORTED 
TO CAUSE LEAF DAMAGE AND PDTENTIAL REDUCTION IN CROP VALUES2 

Most sensitive'varieties'i.most resistant varieties 
.: 

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

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

10 ppb.(4.6 ,o/m3 for 100 days - 700 ppb (321 ,g/m3) for 6 days * . 
. . 

L 

100 ppb (45.8 vg/m3) for 120 days - 700 ppb (321 ug/m3) for 10 davs 

*Concentrations are expressed in terms of parts p 
concentration in micrograms per cubic meter (pg/m 5 

r billion rppb) with the equivalent 
) given in parenthesis. 

-- __ 

. . 



rse, 

dent 

'erti 

:trol 

1 

cause extensive damage 

concentrations of this 

izer facility properly 

equipment for abating 

to many species of vegatation. However, 

magnitude are improbable provided that 

maintains and operates some type of 

fluori de emissions. 

2.5.2 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 interior brick 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 ph'osphate 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. 
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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 
L\/ -/----------__--A---- _-- _.-... - .-... ~.. - -...--- .- ~_-_ - __--.---.- __- 

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. 

2.7 
-. 

1. 

2. 

3. 

4. 

5. 

-.- L. __ _ 
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;. ?iiOSPHATE FERTILIZER INDUSTRY ECONOMIC PROFILE AND STATISTICS 

i I INDUSTRY STRUCTURE 

The phosphate fert 

( tit,;:1 1 cti-1 industry that 

t ~i~~;Illodities bearing the 

;i!rI.~rsh--for crop produc t 

lizer industry is a segment of the agricultural 

s devoted to the production and marketing of 

basic nutrients--nitrogen, phosphorous, and 

-ion. From the perspective of end-use products, 

IIII: scope of the agricultural chemical industry includes ammonia, 

8111rllonium nitrate, urea, ammonium phosphates, nitrophosphates, mixed plant 

;CJO& (in varying N-P-K combinations), superphosphates, phosphoric acid, 

c~r~c; potash. The phosphate production segment of the agriculturai chemical 

Ir:dustry begins with the mining of phosphate rock; proceeds with the basic 

t.hemical production of phosphoric acid and its subsequent processing to 

diammonium phosphate (DAP), superphosphoric acid (SPA), and tripie super- 

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

blends of fertilizers are formuiated 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 compete 

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. 

LIPK 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. 
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The basic chemical producers, which are the focus of this 

analysis, are generally 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 fertil.izers, by purchasing and shipping grains and other 

agricultural products to regional centers, and by providin 

supplies and services. Finally, there are firms engaged i 

production that derive the main portion of their revenues 

unrelated activities, such as steel manufacture, pipeline 

etc. 

g necessary 

n fertilizer 

from totally 

construction, 

Generally, the basic chemical producers own the sources of 

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

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

as follows: 

TEN 

TABLE 3-1 

LARGEST PHOSPHATE ROCK PRODUCERS' 

Firm 

International Minerals & Chemicals 

1Jillianis Co. (was Continental Oil Co.) 

Mobil Chemical Company 

Occidental Chemical Company 

American Cyanamid Corp. 

U.S.S. Agrichemicals 
3-2 

Production 
(1000 Short Tons) 

8,000 

6,500 

5,900 

3,750 

3,650 

3,640 



TABLE 3-1 (CONTINUED 

Firm 
Production 

(1000 Short Tons) 

:,wift & Company 3,000 

jcxas Gulf, Inc. 3,000 

Yitauffer Chemical Company 2,500 

K(lrdinier, Inc. (was Cities Service Co.) 2,000 

Total 41,940 

U.S. Production 50,640 

Percent of total production of ten 
firms 

argest 
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 PRODUCERS2 

Firm 
Production Capacity 

(1000 Short Tons P$& 

CF Industries 

Freeport Minerals Co. 

Gardinier , Inc. 

Farmland Industries 

Beker Industrial Corp. 

Texas Gulf Inc. 

Olin Corporation 

W.R. Grace & Co. 

U.S.S. Agri-Chemicals Inc. 

Occidental Chemical Co. 

Total 

U.S. Production 

Percent of total production of ten 
largest firms 

3-3 

880 

750 

544 

455 

411 

346 

337 

315 

266 

247 

4,551 

6,370 

71% 



A review of the above tabulations reveals vertical 

integration from the mine through the c!~rnic~l nrprluction 

within several corporations. Each of the precedinn 

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 industry, as they purchased 

the fertilizer assets of Hooker Chemical (Occidental Petroleum) and El 

Paso Products Company. 

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 classificati 

wet-process phosphoric acid, superphosphoric acid, triple superphosphate, 

and ammonium phosphates. 

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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Company Location 

Allied Chem. Corp. 
Union Texas Petroleum Div. 

Agricultural Dept. 

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

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

b.' 
h 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 

Geismar, La. 

Helena, Ark. 

Fort Madison, Iowa 

Conda, Idaho 1972 

Marseilles, Ill. 1962 
Taft, La. 1965 

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

Bartow, Fla. 1961 
Plant City, Fla. 1965 

Date on Stream _- Annual Capacity 
(Thousands of Tons P205) 

- 

1967 

1967 

1968 

160 

50 

225 

125 (adding 125) 

105 
185 (adding 31)) 

659 
250 (adding 375) 



Company 

Conserv Inc. 

Farmland Indust., Inc. 

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

Gardinier, Inc. 

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

International Minerals and 
0 
b 

Chemicals Corp. 

Mississippi Chem. Corp. 

Mobil Oil Corp. 
Mobil Chem. Co. 

Agricultural Chemicals, Div. 

North Idaho Phosphate Co. 

Occidental Petroleum Corp. 
Occidental Chem. Co., subsid. 
Occidental of Florida Div. 
Western Div. 

--~ 

TABLE. 3-3-. 

(CONTIMUED) 

Location Date on Stream 

Nichols, Fla. 1973 150 

Greenbay, Fla. 1965 500 

Uncle Sam, La. 1968 750 

Tampa, Fla. 

Bartow, Fla. 

New Wales, Fla. 

Pascagogla, Miss. 

Depue, Ill. 

Kellogg, Idaho 

White Springs, Fla. 
Lathrop, Calif. 

Annual Capacity 
IThousands of Tons P&l 

1961 490 

1962 315 (adding 250) 

1975 (600) 

1958 130 

1966 130 

1960 30 

1966 225 350 
1954 17 (adding (adding 23) 



Company Location Date on Stream An fi u a i ;2paci cy 
(Thousands of Tons p205) 

Olin Corp. 
Agricultural Chems. Div. Pasadena, Tex. 1965 230 (adding 14) 

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

Hanford, Calif. 1972 10 (adding 10) 

Royster Co. 

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

w I v Stauffer Chem. Co. 
Fertilizer and Mining Div. 

Mulberry, Fla. 1968 

Pocatello, Idaho 1962 

140 

145 (adding 80) 

Pasadena, Tex. 
Salt Lake City, Utah 

Aurora, N. C. 

1966 

Texas Gulf, Inc. 
Agricultural Div. 

954 

966 

60 
65 

350 ('adding 350) 

Union Oil Co. of California 
Collier Carbon SC Chemical 

Corp., subsid. 

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

Nichols, Calif. 1 961 8 

Bartow, Fla. 1964 95 
Ft. Meade, Fla. 1962 190 

Valley Nitrogen Producers, Inc. Helm, Calif. 1959 35 (adding 83) 
Edison, Calif. 1966 8 

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

TOTAL 6,293 (adding 2,690) 



Company 

TABLE 3-4 

PRODUCTION CAPACITY OF SUPERPHOSPHORIC ACID (1973) 4y5 

Location Date on Stream Annual Capacity 
(Thousands of Tons P205) 

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

Geismar, La. 1967 127 

Beker Indust. Corp. 
Agricultural Products Corp., Conda, Idaho - 45 
subsid. 

Farmland Indust., Inc. Greenbay, Fla. 1971 138 
w 

do Internat'l Minerals & Chem. Corp. Bartow, Fla. 1963 
1967 

52 

l!$ 

North Idaho Phosphate Co. Kellogg, Idaho 1964 11 

Occidental Petroleum Corp. White Springs, Fla. 1966 69 
Occidental Chem. Co., subsid. 

Occidental of Florida Div. 

32 (add ing 23) J. R. Simplot Co. 
Minerals and Chem. Div. 

Pocatello, Idaho 1964 

Stauffer Chem. Co. 
Fertilizer and Mining Div. 

Pasadena, Tex. 1966 22 
Salt Lake City, Utah - 34 

Process & 
Remarksa 

submerged 
combustion 

vacuum 

vacuum 

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

vacuum 

submerged 
combustion 

vacuum 

vacclum 
vacuum 
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TABLE 3-5 
PRODUCTION CAPACITY OF TRIPLE SUPERPHOSPHATE (1973) 

4-7 

Compaq 

Beker Indust. ,Corp. 
Agricultural Products 

Corp., subsid. 

Borden inc. 
Borden Chem. Div. 

Smith-Doug1 ass 

CF Indust,, Inc. 
w I Plant City Phosphate 

0" Complex 

Conserv Inc. 

Farmland Indust., Inc. 

Gardinier Inc. 

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

Location 

Conda, Idaho 

Piney Point, Fla, 

Plant City, Fla. 

Nichols, Fla, 

Greenbay, Fla. 

Tampa, Fla. 

Bartow, Fla. 1954 
1958 

390 
275 
i;i;5 

ROP and granular 

Joplin, MO, 1953 100 ROP 

Date on 
Stream 

Annual Capacitya 
jlhousands of Tons .Product) 

1974-75 (340) 

1966 70 Granular 

1965 530 (adding 400) 

1973 280 

1965 190 

1952 395 
1972 350 

733 

Product 

ROP d granulate 
portion of pro- 
duction 

ROP 

Granular 

ROP and granular 



Company 

Mississippi Chem, Corp. 

Occidental Petroleum Corp. 
Occidental Chem. Co., 

subsid., 
Occidental of Florida 
Div. 

Pascagoula, Miss. 1972 

White Springs, Fla.'1966 

Royster Co, 

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

Mulberry, Fla. 1968 

Pocatello, Idaho 1954 

Stauffer Chem, Co. 
Fertilizer & Mining Div. 

Salt Lake City, 
Utah 

Texas Gulf, Inc. 
Agricultural Div. 

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

The Williams Companies 
Agrico Chem. Co., subsid. 

7Nitr 3-5 

(COiiTIfiUED) 

Location Date on 
Stream 

Aurora, N.C. 

Fort Meade, Fla. 

South Pierce, Fla. 

1954 

1966 

1962 

1965 

Annual Capaci tya 
(Thousands of Tons Product) 

300 

460 

210 

120 

35 

370 (adding 130) ROP and granular 

295 Granular 

TOTAL 4,970 (adding 870) 

ROP- qrqnulate 
portion of pro- 
ductSon 

Product 

Granular 

Granular 

ROP 

ROP- granulate 
portion of pro- 
duction 
ROP- granujate 
portion of pro- 
duction 

aCapacities are for gross weight, 



TABLE 3-6 

PRODUCTION CAPACITY OF AMMONIUM PHOSPHATES (1973)4-6 

Company Location 

Allied Chem. Corp. 
Union Texas Petroleum Div. 

Agricultural Dept. 

American Plant Food Corp. Galena Park, Tex. 

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

w Beker Indust. Corp. 
I 
;u" 

Agricultural Products Corp., 
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 

Geismar, La. 

Helena, Ark. 

Conda, Idaho 1972 270 DAP 

Marseilles, Ill. 
Taft, La, 

1962 200 DAP 
1965 395 (adding 70) DAP 

Piney Point, Fla. 1966 130 
Streator, Ill. 90 

Luling, La. 1965 385 DAP 

Bartow, Fla. 1961 1,000 DAP 
Plant City, Fla. 1974 (390) DAP 

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

1967 150 . DAP, leased to 
Brewster 
Phosphates 

Mostly mixtu\es 1966 175 

1967 150 DAP and mixtures 

Mostly mixtures 



Company 

Conserv Inc. 

Farmland Indust., Inc. 

First Mississippi Corp. 

Gardinier Inc. Tampa, Fla. 

iJ W. R. Grace & Co. I --1 Agricultural Chems. Group 
w 

Internat'l Minerals & Chem. 
Corp. 

Bartow, Fla. 

Bartow, Fla. 1962163 

New Wales 1975 

Fontana, Calif. 1955 Kaiser Steel Corp. 

Location 

Nichols, Fla. 

Greenbay, Fla. 
Joplin, MO. 

Fort Madison, Iowa 

Date on Strear 

1973 

1965 
1954 

'1968 

195Q 

1966 

200 MAP 

390 OAP 
245 Mixtures 

495 D&P and 
Mixtures 

525 DAP, YAP 

235 DAP, MAP 

5D Feed grade 
DAP and YAP 

(499 DAP and F14P 

25 Switches 
between 
ammonium sill. 
fate and DAP 



TABLE 3-6 

(CONTINUED) 
Annual Caoacitva 

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. Kellogg, Idaho 

c I 
z Occidental Petroleum Corp. 

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

Plainview, Tex. 

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

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

Royster Co. Mulberry, Fla, 

J. R. Sirnplot Co. Pocatell o, Idaho 
Minerals and Chem. Div. 

Date on Stream (Thousands of'Tons"Product) Remarks 

1964 110 Yostly mixtures 

1958 630 Mostly mixtures 

1966 240 !IAP 

- 40 - 45 

1965 65 DAP, MA?, and 
mixtures 

1966 575 (adding 350) DA? 
165 Mostly mixture 

25 Mostly mixture 

800 Mostly mixture 

1973 -- !?AP 
. 

1968 270 DAP 

1961 190 (.adding 50) DAP and MAP 



Company 

Standard Oil Company of Calif. 
Chevron Chem. Co., subsid. 

- I$, E : . - 

--‘--t -. 
__ I _ 8.:~. 

; 
- ,. ,_ _ - ~ _. ; ; - 

.,‘. ‘..,-. _ .* 

Location Date on Streat-; (Thousands of Tons" Frc~ductj ?~.vari:s __II - -__._- -_.- ---I _,.^ --.----_ _ - ,_~_.L_I-- -.-, - . ..--- 

Fort Madison, Iowa 
Kennewick, Wash. 
Richmond, Calif. 

Pasadena, Tex. ' 
Salt Lake City, Utah 

Muscle Shoals, Ala. 

1962 
1959 
1957 

Stauffer Chem Co. 
Fertilizer & Mining Div. 

Tennessee Valley Authority 

1966 
1965 

200 Mixtures 
75 Mixtures 

100 Mixtures 

135 Mostly DAP h I 
65 Mostly DAP & ! 

1966 33 Solid ammoniur 
polyphosphater 

Texas Gulf, Inc. Aurora, N. C. 1966 220 DAP 

G: 
Agricultural Div. 

I 
-I 
u. Union Oil Co. of California Nichols, Calif. 1957 55 Most1.y mixture 

Collier Carbon and Chem. Corp. 
subsid. 

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

Cherokee, Ala. 1962 245 DAP & mixture 

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

Arizona Agrichemical Corp., Chandler, Arizona 
subsid. 

1960 10 8-24-O 
1959 140 (adding 150) YAP & mixture, 
1967 60 Yap, 16 - 20 

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 (Fl.AP 
ammonium phosphate sulfate and ammonium phosphate nitrate. 



FIGURt 3-l 
TRIPLE SUPERPHOSPHATE AND AMMONIUM PHOSPHATE PLANT LOCATIONS 
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As might be expected, the majority of the plants are located either nc 

the phosphate rock deposits of Florida, Idaho, and Utah; the sulfur depos: 

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 PZO5; IO 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 

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 

(SPNSSQ for the phosphate fertilizer industry. Table 3-5 presents statisr 

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

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 

Table 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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fcle length appears to be 6 to 7 years. During the 1965 to 1972 cycle, 

,,>;pansion peaked in 1969. Slackened demands prompted price cutting 

,rrld eventual temporary shutdown of some facilities. At the end of the 

(ycie, supply of plant capac 

For additional insight 

,rtiiization, Table 3-7 lists 

ty came in balance with production. 

nto-the cyclic trend of capacity 

operating ratios for phosphoric acid and 

~IIarnmonium phosphate production. 

TABLE 3-7 

PRODUCTION AS PERCENT OF CAPACITY8 

Year 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

WPPA DAP 

100 

92 

80 

77 

69 

84 

96 

96 

89 

89 

83 

82 

72 

63 

66 

56 

54 

78 

96 

96 

-- 

-- 

Uuring 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 IX , 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 piojected 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 is consulme 

in the form of animal feed supplements, most phosphate production from 

wet-process phosphoric acid ends up in fertilizers. 

Historical data are presented for U.S. consumption in Table 3-8. 

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

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

of 6.5 percent compounded annually from the base year 196C. However, 

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

tons (P205) in i960 to 621,000 tons (P205) in 1973.g The gap in 

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

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

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

phosphoric acid and diammonium 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 ieaSt 

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 sjtowed while the demand for 

UAP has grown steadily. Almost all direct application materials are 

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

more rapidlv than total consumption. Additional factors contributing 

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

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 

grandutated 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 inh-jbit 

the precipitation of imputities during shipping, as most NPK 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 P205) 3 P 

.P--.-----c-.c, -- 

Total 
Year Consumption Mixtures v---e Direct Application Materials _ -- ,____I__._il 

Diammonium 
Phosphatesa 

Normal Triple Ammonium 
Superphosphate Superphosphate Phosphate?- 

1960 2572 2033 35 103 185 171 

1961 2645 2069 63 100 203 188 

1962 2807 2219 110 97 217 205 

1963 3073 2474 177 98 220 205 

1964 3378 2705 244 93 289 216 

1965 3512 2816 302 95 309 204 

1966 3897 3111 418 94 413 221 

1967 4305 3503 451 86 432 224 

1968 4452 3579 608 79 487 227 

1969 4666 3724 724 72 585 207 

1970 4574 3709 726 62 546 184 

1971 4803 3943 814 55 556 179 

1972 4873 4007 884 44 577 174 

1973c 5072 4200 35 569 



Consumption of superphosphoric acid is only recently beginning to 

I>xpand. To date, it has been used primarily for the production of liquid 

I(Jrtilizers with some secondary end-use in the production of animal feed 

S~~ppl ements. Data for consumption is limited. Superphosphoric acid con- 

,,lrmption is currently estimated at only 15 percent of overall phosphate 

, ilrisumption. 

Several reasons are presented to explain the expected expansion of 

.,il)erphosphoric acid consumption. Technology has made it possible to 

ilr.oduce a product which eliminates the problems of sludge formation en- 

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

yield per unit P205 applied from liquid fertilizers has been claimed. 

irdnsportation costs per ton of P205 are less for liquid; than for solid 

Icsrtilizers. 

The implications of the shifting patterns in the industry in 

rxlsponse 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. 

i.!, FUTURE TRENDS 

The phosphate fertilizer industry has experienced dynamic growth 

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

Ilrocess phosphoric acid, triple superphosphate, and ammonium phosphates 
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Year 

TABLE 3-9 

U.S. PRODUCTION OF THREE COMMODIT ES 
5 

IN THE 
PHOSPHATE INDUSTRY, 1950-1973 4 

Wet Process Triple 
Phosphoric Acid Superphosphate 

1950 299 

1955 775 

1960 1,325 

1961 1,409 

1962 1,577 

1963 1,957 

1964 2,275 

1965 2,896 

1966 3,596 

1967 3,993 

1968 4,152 

1969 4,328 

1970 4,642 

1971 5,016 

1972 5,594b 

1973 5,621b 

(Thousand tons of P205 

309 

707 

986 

1,024 

960 

1,113 

1,225 

1,466 

1,696 

1,481 

1,387 

1,354 

1,474 

.1,503 

1,659 

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 

I aIncludes diammonium phosphate, monammonium phosphate, ammonium 
phosphate sulfate, ammonium phosphate nitrate, and other phosphate 
fertilizers. 

b 
I Preliminary. 
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:rom 1950 to 1973. During this period, wet-process phosphoric acid 

lids 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 '960. Table 3-3 lists announced con- 

iJtruction of wet acid plants through '975. 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 '976 to 1980.15 

Documentation of superphosphoric acid production is very limited. 

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

riot report production figures. The Fertilizer Institute reports 

I,roduction in its Fertilizer Index but privately concedes that its 

[Jublished figures for the years of '969-197' are below estimates of 

Jctual production. 

A 40 percent saving in freight costs per unit weight of P205 is 

realized when phosphoricacid is shipped in the concentrated super- 

acid form. l6 Anticipated growth for superphosphoric acid is largely 

due to this reduced shipping cost and the availabi1it.y of merchant 

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

construction through 1975 

13 percent. Rapid growth 

By definition, ammoni 

from ammonia, phosphoric a 

will increase existing capacity by approximately 

during the remainder of the decade is expected. 

urn phosphates are products manufactured directly 

cid, and sometimes other acids, in contrast 

to those ammoniated phosphates that are produced in NPK granulation piants froc 

ammonia and run-of-pile triple superphosphate. "Diammonium" phosphates 
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include 16-48-O (N, P205, 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 U-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. Ultimate11 

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 

p(lrcent increase in triple superphosphate production capacity, however, 

thi; apparent growth does not take into consideration the possible 

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

phosphate production should experience an average annual growth of 4 

pcarcent from 1975 to 1980. 
i5 

There appears to be a trend toward larger production facilities in 

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

yt'irrs and older plants are generally replaced by larger ones employing 

IIIC latest proven technology. A number of small experimental plants 

lltlve been built that produce such products as ultraphosphoric acid (83 * 

i)l:rcent P205), ammonium polyphosphate (15-61-O, NPK content) and high 

*lrlalysis superphosphate (54 percent P205) but this experimental technology 

11~1s not yet beei 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 Chemical Marketing 

Reporter published by Snell Publishing Company of New York. These 

prices are not firm indicators of actual prices paid, however, since 

discounts, variability in credit terms to buyers, and service fees 

combine to determine the realized price available to the producer. 

The long term profiles of wholesale prices for granular triple 

superphosphate and diammonium 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 Section 7. 
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TABLE 3-10. SlM?ARY OF LIST PRICES AS OF JULY 1974 AND BASIS FOR PHOSPHATE OUOTATIONJg 

Commodity 
Price 

(8 per actual ton) Production Quality 

Wet-process phosphoric acid (WPPA) $105 52-54% P205 

Superphosphoric acid (SPA) $150 - $158 70% P205 

Diammonium Phosphate (DAP) $145 - $165 18%N 
46% P205 

Run-of-Pile Triple Superphosphate $38 - $86.50 46% P205 min 

Granular Triple Superphosphate $55 - $91 46% P205 min 

Quotation Basis 

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

Same as WPPA 

Bulk Delivered, Railroad 
car lots, F.O.R. 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 P2O5 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. 
4 

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 /':rab Nations 

possess 50 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 

cost rates. 
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TABLE 3-11 
UNITED STATES AND WORLD CONSUMPTION OF PHOSPHATE FERTILIZER3 

Fiscal 
Year 

1950 

1955 

1960 

1965 

1970 

1975 

Consumption of Phosphate Fertilizer Million Short Tons P20, 

U.S. World 

1.950 6.45 

2.284 8.33 

2.572 10.52 

3.512 15.03 

4.574 20.40 

5.800* 

*Estimated 
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TABLE 3-12 

WORLD RESERVES OF PHOSPHATE ROCK 2o 

Country 

French Morocco 23,500 

U.S. 16,250 

U.S.S.R. 8,500 

Tunisia 2,240 

Algeria 1,120 

i3razil 670 

Peru 500 

Egypt 220 

Togo 130 

Spanish Sahara 110 

Islands - Pacific & Indian Ocean 45 

Senegal 45 

Other Countries 800 

Million Short Tons P205 
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4, PHOSPHATE FERTILIZER PROCESSES 

4.1 INTRODUCTION. 

The phosphate fertilizer industry uses phosphate rock as its 

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

the p;roduction 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 jnto fertilizer products and"industria1 chemicals. 

The primary objective of the various phosphate fertilizer processes 
\ 

is to convert the fluorapatite (Calo(P04)CF2) in phosphate rock to soluble 

P205, 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 nutrientphosphatC, The most cOllPnon method 

of making the P20S content of phosphate rook available to plants is 

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

Table'4i1 lists the available P205 content of several phosphate 

fertj l‘<'ie&e: , Available P205 is defined as the percent solubie"PzOS 

'in a neutral citrate sol'ution. 
.~ -- -.---- ~~_ ~_. .iA._llL-- 
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FIGURE 4-l. MAJOR PHOSPHATE ROCK PROCESSING STEPS ' 
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TABLE 4-1. P205 CONTENT OF PHOSPHATE FERTILIZERS2 

FERTILIZER PERCENT SOLUBLE 2205 

Normal Superphosphate 16 - 22 

Triple Superphosphate 44 * 47 

Monammonium Phosphate 52 

ijiammonium Phospha'z 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). Calcium 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 d ihydrate processes, however, since they require more severe 

operating conditions, higher temperatures , and a greater degree of controj. 
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The overa reaction in the dihydrate processes is described by t/w 

following equation. 

3 CA,* (P04), F2 + 3QH2S04 + SiO2 + 58H20 -+ 30CaS04 ' 2 H20 + 

18H3P04 + H2SiF6 

In practice, 93 or 98 percent sulfuric acid is normally used for 

digestion of the rock. Calci"um sulfate precipitates, and the liquid 

phosphoric acid is separated by filtration. 

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 sing1 e tank reactor that has been divided 

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

baffles is used to promote mixing nf the reactants. 
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The single-tank reactor (Dorr-Oliver design) illustrated in 

Figure 4-2 consists of two concentric cylinders, Reactants 

are added to the annulus and digestion occurs in this outer compart- 

ment. The second (central) compartment provides retention time for 

gypsum crystal growth and prevmts Shnrt-circllit,ing nf 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 growt! 

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 

I WATER 

RECYCLE 
FROM FILTER 

FIGURE 4-3. FLOW DIAGRAM 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 concentratfons interfere with the reaction 
4 

by causing depos il;ion of calcium sulfate on unreacted rock, 

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 ions 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 

water, To minimize evaporation costs, it is important to use as Tix.tYi; 

wash water as is consistent with practical P O- recoveries, 2s 

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 
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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 tise 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 illustrate#s 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 

dewatering 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 cycie. 

* 111 many plants a heated barometric condenser water is used. 
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CAKE O!SLODGlkC 
AH3 LISCtIARGING 

FIGURE 4-4. OPERATING CYCLE OF ROTARY HORIZfNTAL 
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 
1 
the boiling point of the acid rises sharply above this concentration, 

6 
-.._.-... - -_ _ ,_~ . . . _.~ .~. _____ -- -._.___ ~__.. -.-. .-- .___. I..) ---- 

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 commercial 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. 

TA8LE 4-2 

COMPONENTS OF TYPICAL WET-PROCESS ACID' 
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4,s SUPERPHOSP~ORIC 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 poiyphosphates such as pyro- 

phosphoric acid (H4P207j9 tripolyphosphoric acid (85P3010)B tetra- 

polyphosphoric acid (H6P4013), etc. Pure orthophosghoris*acid __I-- 

converts to polyphosphates when the P90, concentration exceeds 63.7 1 - 

percent.' Concentrating above this level dehydrates orthophosphoric -- 

acid to form polyphospnates. Superphosphoric acid can have a minimum 

of 65 percent P205 which represents an orthophosphoric concentration of 

just over iOO percent, Commercial 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' 

Orthophosphoric 
Acid 

Concentration of Commercial 
Acid, % P205 54 

H3P04 equivalent, % 75 

Pounds P205/gal 7.1 

Percent of P205 as Polyphosphates . 0 

Viscosity, CP 
at 100°F 92 
at 200°F 4 

Superphosphoric 
Acid 

76 

105 

12.2 

51 

400 
45 
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Superphosphoric acid has 
---- -_ 

a number of advantages over the bEore 
_...-- - ---~-- 

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 P205 results when superphosphoric acid is transporteli 
9 

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 iess corrosive than orthophosphoric 

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

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

acid, we t -process phosphoric acid contains appreciable quantities 

of impur i ties 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 comerciai processes are ~;sed for the production of super- 

phosphoric acid: submerged combustion and vacuum evaporation. The 

submerged combustion process was pioneered by the TWA; @hydration 

.' .-. of the acid is accomplished by bubbling hot combustion gas through a LOO 
~.~I_.~ 

*. 
.; .A' 

.'*f*, the' acid. 
.,? : \ _. 
., ? . .'.*, ',; ,,' ._ 
.'. 
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The hot gases are supplied by burning natural gas in a 

separate chamber. The combusti'on gases are diluted 

with air to maintain a gas temperature of 1700°F for intro- 

duction into the acid evaporator. Figure 4-5 depicts an 

acid evaporator and Figure 4-6 the general process. After 

passage through the acid, the hot gases are sent to a sepa- ,_ ,._ _., __ .- -. ,.__"_ "_ _. __..-- .___ -- __.__ .,___ . --.-- .-.. ----1-._. -. .__, . _. .~-.-. --- 

rator to recover entrained acid droplets and .then to .em.ission 

control equipment. 
-. ," --.- _- . . . . -__, -. 

Clarified acid containing 54 percent P205 is continuously 

fed to the evaporator from storage, and acid containing 72 percent 

P205 is withdrawn from the evaporator to product holding 

tanks, Cooling is accomplished by circulating water through 

stainless steel cooling tubes in the product tanks. The process 

can be controlled by regulating the natural gas and air flows to 

the combustion chamber, the dilution air to the combustion stream, 

or the amount of,acid fed to the evaporator, 

FIGURE 4-5, TVA EVAPORATOR FOR PRODUCING SUPERPHOSPHORIC 
ACID 
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GASES 



SEPARATOR 
CONTROLS 

TEMPERING 
FUEL AIR 

t 
EVAPORATOR \ 

i 

e. 

' HF 
1 i 

I - -- 

72% ACID 
---- PROD& 2 

{ KATER STORAGE 
p. '- 
F; 
t? ;r 
ii 

ACIDCOOLER 

FIGURE 4-6. SUBMERGED COMBUSTION PROCESS FOR PRODUCING 
SUPERPHOSPHORIC ACID 
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In addition to the TWA process* a number of other submerged 

ion processes have been deveioped. Among them are the 

Carson and Chemical Process, the Albrignt and Wilson Process, 

idei;tal Agricultural Chemicals Process, and the Armour Process. 

J-j-& "i &a;?.- tcr process produces superpnosphoric acid of about 83 percent 

P2G5 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-phoqhoric acid to superphosphoric ..------- ..-- - ..___I__.._.._____. __------ .--.-- 

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

phosphoric acid by vacuum evaporation: 

I. The falling film evaporation process (Stauffer Chemical 

Co.) and 

2. The fdrced circulation evaporation process (Swenson 

Evaporator Co.), 

Feed acid clarification is required by both processes. Clarification 

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

settling. 

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

high-vacuum concentrators with high-pressure steam to concentrate at-id 

to 73 percent P205 and both introduce feed acid into a large voiume 

of recycling product acid to maintain a highly concentrated process 

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

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

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

respectiveiy. The Stauffer process adds 54 percent feed acid to 

the evaporator recycle tank where it mixes with concentrated product 
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FIGURE 4.7 STAUFFER EVAPORATOR PROCESSif 
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EVAPORATOR i t 

To ejectors 

Superbhosphoric discharge acid 
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FIGURE 4-8 SWENSON EVAPORATOR PROCESS lo 
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acid, This mixture 3s pumped to the top of the evaporator and 

distributed to the inside wall of the evaporator tubes. The 

acid film moves down aiong 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 evaporato:p 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 DI[A?VlONIUti PHOSPHATE MANUFACTURE. 

Diammonium phosphate is obtained by the reaction of ammonia ___--- -..-. __- ----- 

with phosphoric acid. In addition to containing the avaiiable 
L-- --, .---. ___,, _ -- ., ."r,. .-..-..,---.; 

phosphate of triple superphosphate, diammonium phosphate has the 

advantage of containing 18 percent nitrogen from ammonia, 



acid has increased as it continues to replace normai superprlos?6cLi c; 

used in bulk blends as these increase -il. popularity. 

The increased use of diammonjum phospb~te is attributable to 

several factors. It has a high water sojuj-ji~jty, tljgi; anajys<s 

(18 percent nitrogen and 46 percent avai:ac?e 2205)S good pti6ysic&; 

characteristics, and Tow production cost. In additioz, the qhosijnat~ 

content of diammonium phosphate (46 percent) is as high as tripSee 

superphosphate, so by comparison, the 48 units of n;'trosen can be. -- "._.--_ ~- 

shipped at no cost, 

The TVA process for the production of diammonium phospi7ate 

appears to be the most favored witch several variations of the origiilCl. 

design now in use, A flow diagram of the basic process <s shown in 

Figure 4-g. 

Anhydrous ammonia and phosphoric acid {aLout 40 percent 's?G,; 

are reacted in the preneutraiizer using a NH3 / H3204 mole ratf~ 

of 1.35. The primary reaction is as fol'iows: 

2 NH3 + H3P04 + (NH4)2 H204 (4-a 

The use of a I. 35 ratio of N/-i3 / H3PO 4 allows evaporation to C watei- 
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FIGURE 4-9, TVA DIAMPIONIUM PHOSPHATE PROCESS. 



content of 18 to 22 percent without t!\ickening of the DkP siurry to 

a nonflowing state. The sltirry flows into the ammoniator-granula-cor 

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

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

ammonia under the rolling bed of solids, it is i?eCE?SSarjr to feed excc' 

ammonia to the granulator to achieve a 2,ci inoie ratzlo. Excess 

ammonia and water vapor driven off by ti-tg neat of reaction are ilSrectCi: 

to a scrubber which uses phosphoric acia as the scrubb-r'ng Siqtiid, The 

ammonia is almost compi;etely recovered by the phosphoric acid sci-ubbir; 

liquid and recycled to the preneutralbzer, Selidification occurs 

rapidly once the mole ratio has reached 2.0 making a iow soljds recycik, 

ratio feasible. 

Granulated dfamionium phosphate js next 

then screened, Undersfzed and crushed avers 

se~si to the drier, 

ized matekia ? are 

recycled to the granuiator. 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 diamonium phosphate. The 

single step drm process is designed so that the entire neutralizatim 

reaction occurs in the granulator drum - phosphoric acid is fed 

directly onto a roiling bed of fl'nes whiie the an~~onia is injected 

under the bed, In the case of the Dorr-01iver design, a two-stage 

continuous reactor is used for the neutral$zation step. The reaction 

slurry is then combined w$th recyce ed fines in a pugmill, 
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4.5 TRIPLE SUPERPHOSPHATE MANUFACTURE AND STORAGE. 

Triple superphosphate, also referred to as concentrated 

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 P205. 

Like diamnonium 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. 11 It is used in a variety of ways - large amounts are 

incorporated into high analysis blends, some are ammoniated, but 

the majority are applied directly to the soil. 

4.5.1 Run-of-Pile Triple Superphosphate Manufacture and Storage 

Figure 4-10 is a schematic diagram of the den process for the 

manufacture of run-of-pile triple superphosphate. Phosphoric 

acid containing 52 - 54 percent P205 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 mixer which 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 react i 

fol lowing 

on that takes place during mixing is represented by the 

equation: 
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Cal0 t’P0416 F2 + 14H3P04 + lOH20 + 10CaH4(P04)2 l H20 + 2HF 

After mixing, the slurry is directed to a "den" where 

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 b6x 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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The solidified slurry which exits frola the den is not a 

finished product. It must be cured - usually for 3 weeks or more - 

to allow the reactions to approach completion. The final curing stage 

is depicted in Figure 4-10 by the conveying of product to the sheltered 

storage pile. 

4.5.2 Granular Triple Superphosphate Manufacture and Storage 

Two processes for the direct production of granular triple 

superphosphate will be briefly presented. A third process uses 

cured run-of-pile triple superphosphate, treats it with water and 

steam in a rotary drum, then dries and screens the product. A 

large amount of granulated triple superphosphate is produced by 

this method but product properties are not as good as that 

produced by other processes. 

Ttie TVA one-step granular process is shown in Figure 4-12, In 

this process, phosphate rock, ground to 75 percent below 200 mesh, 

and recycled process fines are fed into the acidulation drum along 

with concentrated-@&q&k acid and steaar.' Tk use u$ stem kelps 

accelerate the reaction and ensure an even distribution of moisture in 

the mix. The mixture is discharged into tke granulator where.solidifi- 

cation occurs, passes t)rrwgh a rotary cooler, end is screened. Over- 

sized material is crushed and returned with undersized material to 

the process, The reaction for the process is the same as that of 
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The Dow-01 iver slurry granulation process is shown in 

Figure 4-13, IR this process, phosphate rock, ground to an 
- . ----- .__ ._. 

apQropriate fineness is nlxsd with phosphoric rctd (39% P205) in a 

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

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

&lunger), 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 isN.returnedl to the GTSP production 

plant. Material within tp&ification Is stilpped-as product. 

. 

* Plany 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 I 
-- -. ._ -. - __, 

the various phosphate fertilizer processes, fluorides - which are largely -~' 

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

and were chosen for regulation as discussed in Section 1.2. 

Gaseous fluorides mitted from phosphate fertilizer processes 

are primarily silicon tetrafluoride (SiF4) and hydrogen fluoride 

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

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

3&,* (P04~)6F2,f~~3~H;S04 + 'Si02 + 58H2b + - -.---_---~-- (4-U 

3Q@jS04 l 2 Ii+ + 18 M3P04 + H2SiF6 

Under the existing conditions of temperature and acidity, 

excess fluosilicic acid decomposes as follows: 

'ZsiF6(l) + SiF4(g) + 2HF(g) 

Actually, the mole ratio of hydrogen fluoride to-siT?con tetra- 

fluoride in the gases emitted during the decomposition of phosphate 
.--. .- .--. ._. __- __ ._._ ._ 

rock change with conditions (e.g.;, the amount of excesg-silica' 
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in the reaction mixture) and is seldom equal to the stoiihib- 

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

fluoride evolved will react to form SiliCOft tetrafluoride~ according 

to equation 5-2: 

4HF + SiO 2 + 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, diamnonium phosphate, or triple superphosphate. 

Fluoride mf#&ons‘:from superphosphoric acid and dianmonium 

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.-~~~~~~~~o~~-~~ according to the 

following reaction2: 

2CaF2 + 4H3P04 + SiOi-4 SiF4 t 2CaH4(P04j2 l 2H20 (54 

Scrubbing with water is an effective fluoride control technique 

hecause of the high water solubility of most gaseous fluorides. v...---" -__-_.. _.- 

.: ?$ 5-2 
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This straight-forward approach is somewhat complicated, however, 

by the presence of :sflicon tetrafluoride. Silicon tetrafluoride will 

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

acid (l-l2 SiF6) as indicated by equation 5-4: 

3SiF4 + 4 H20 -c 2H2SiF6 + 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 

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

temperature, it is a solid,' 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.partAcalate from some fertilizer processes. 

FWt%c~late emissions can be effectively controlled by using 

, $ploq~s in combination .wtth water scrubbers. .- 

5.2 UNCONTROLLED FLUORIDE EHISSIONS. 

5.2.1 Emissions from Wet-Process Phosphoric Acid Manufacture 

Fluoride emissions from we+~cess~ticid~manufacture are 

gaseous silicon tetrafluoride and mn fluoride. The reactor 

is the major source of fluoride emissions from the process accounting 

for as much as 90 percent of the fluorides emitted from an uncontrolled 

5-3 

: 
E 



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. Table 5-l lists reported 

emission factors for the various sources. Fluoride emissions will varv 

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

'Table-S-1 Fluoride Emissions from an Uncontrol ed 
Wet-Process Phosphoric AcSd Plant % 

Source Evolution Factor 
(lbTF/ton P205) 

Reactor 0.04 - 2.2 

Filter 0.01 - 0.06 

Yiscellaneous(filtrate feed and up to 0.26 
seal tanks, hotwells, etc.) 

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,WW in the reactor, the 

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

slurry tirougha 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 areater 

than indicated in Table 5-l. 
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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 introduced to the filter. These locations 

are usually hooded and vented to the digester scrubber. 

A third source of fluoride emissions is the mult$ple effect 

evaporator used to concentrate the phosphoric acid from 30 percent 

P2O5 t0 54 percent P2O5. It has been estimated that 20 to 40 percent 

of the fluorine originally introduced into the process with the rock 

is vaporized during this operation.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 emission source for this operation. 

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

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

of fluosilicic 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 fluosilicic 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 fluoride emissfonsmmkm b& significant.and are often 
. 

duct& to a scrub&~. 
_---. --- 
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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. F'1uorine 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/l00 # Feed Rock 

Feed 3.9 

Fluoride Output # F/lOC # Feed Rock 

- Product acid 1.0 

Gypsum 1.2 

Barometric condensers 1.67 

Air* 0.03 

1. 
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 

g.ypsum slurry is already in the insoluble for;?1 before being sent to. 

the pond. - 
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& 
:’ 5 5.2.2 ,;3issicns Fran Su~er$xsp>oric Acid ::anufacture 

* 5.2.2-l Submerged combustion process 

Tke direct contact evaporatcr is the major source of fluoride 

emissions from the submerged combustion process. Fluoride 

evolution is in the for? of siliccn tetrafluoride and hydrogen fl LIO- 

ride :/it!? a substantial portion as the latter. The amount of 

fluorides evolved will depend cn the fluoride content cf the feed 

acid and the final concentration of phosphoric acid produced. Feed 

2cid containing 54 percent P2?5 has a typical fluoride content {as F) 

c;f from 0.4 to 3.8 percent. 7 

Control of evaporator off-gases is complicated by the presence of 

large amounts of entrained ?iiosphoric acid - amounting to as nuch as 

5 percent of the P2c15 input to the concentrator. ' 1.n entrainmen+ . . c 

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

entrained acid exits the separator, i7owver, and tends tc form a diffi- 

cult:0 control acid aerosol. The formation o f this aerosnl can be 
: 

knimized by reducing t?e temperature of tl?e combustion Tases Sefcre 

they contact the acid.9 

The acid sump and product holding tank are secondary sources of 

fluoride er,:issi&s from the submerged combustion process. These 

Emission points are identified in Figure 4-G. Uncontrolled emissions 

fro5 the submerged cor;lbustion process range frop 13 to 22 pcuncls of 

fluoride ?er ton of F2?5 input. 10 
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5.2.2.2 Vacuum evaporation process 

Tile barometric condenser hct~ell , the evaporator recycle tank, 

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

emissions from the vacuum evaporation process. These emission ooints 

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

evolved during evaporation are absorbed by the coolin? water in the 

barometric condensers resultin? in a negligible emission to the 

atmosphere from this source. !!oncondensables are eiected from the 

condenser system and sent to the hotwell alone! with the :ondenser. 

water. This resulzs in the hotwell becoming the major source of 

emissions frcm tiie process. The evaporator recycle tank and %he 

oroduct cooling tank are lesser sources of fluoride emissions. 

-Total emissions from an uncontrolled plant are estimated at 9.005 pounds 

per ton P205 input. 11 

5.2.3 Ecissions from Uiammonium Phosphate Vanufacture. 

Fluorides are introduced into the SAP brocess Gth the wet process 

phosphoric atid feed and are also evclved from the phosphoric acid 

scrubbing solution used to recover ammonia. Met process acid which 

has been concentrated to 54 percent P2C5 t,ypically coMains 0.4 to 0.2 

nercent fluorides (as F) while filter acid (26-30% P2CG) :/ill contain c 

from 1.8 to 2.0 percent. 12,13 ?Closnhoric acid ccntaininr about 47 

percent ?205 - obtained by mixinr! 54 percent acid from the evaporators 

>:iti? filter acid - is ususllv used in the DAD 3rocess. 'iltar acid 

is used for ammonia recoverv. 
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tiajor sources of fluoride emissions from dianwniu- nksnbate 

giants include tiie reactor: nranulatcr, dryer, cooler, screens and 

mills. The locations nf these emission points are deoictec! in 

Figure 4-3. Ventilation streams ,from these sources are combined 

fcr purposes of control accordinn to the foliokYnc scheme: 1) 

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

gases. 

Fluorides and ammonia are the major emissions from both the 

reactor and the granulatcr. ?eactor-granulator oases are treated 

for ammonia rec0ver.y in a scrubber that uses ?hosPhoric acid as 

the scrubber liquid. The phosphoric acid reacts with the ammonia and 

A.1 L, L I= resulting y-aduct is recycled back to the Frocess. Fluorides . 

can be striooed -from the ohosnhoric acid and a seccndarl/ scrubber is 

usually wcuired for fluoride control. Removal of evolved Cluc?ric!es 

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

late. 
4. 
Drier emissions consist of ammonia, fluorides, and 'oartiwlate. 

Gases are sent through a cyclone for woduct recovery before beinq 

treated for amonia or fluoride removal. .'ddition?.l fllJ'?rides can 

be z;tripoed from the phosphoric acid scrubbinq if amrlcnia rocovcr.v is 

practiced. 

Emissions from the screens, mills, and cocler consist orimarily 

of particulate and gaseous flucrides. 1\.11 oases are treated for 

Froduct recovery before enterin? fluoride control eouiw-znt. rvnluti~n 

of fluorides from the oroduction of r'iawoniw- nilos?hgte is about 2.3 

7ounds of fluorides ?er ton nf P ? 
25 

fro17 t;:e reactor and cranulator, 
!. 



and 0.3 Founds of fluoride ner ton of D2P5 from the drver, cooler 

and screens. 
14 

5.2.4 Emissions from Tri;rle Sunerohnsnhate Yanufacture and Ttoraoe 

5.2.4.1 Run-of-nile triple sunorahosohate 

Fluorides can be released from both the nhosphnric acid and the 

phosnhate rock during the acidulation reaction. ilaior sources of 

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

transfer convevors, and storaae piles. These emission ncints are 

shown in Figure 4-i9. 

The nixino cone, curino belt, and transfer convevors are t\loicallv 

hooded with ventilation streams sent, to a common fluoride control 

system. Storaoe buildinos are usual1.v sealed and ventilated bv 

aooroximately five air chancres ner !lour. 
15 The ventilation stream 

from the storage facility ma.v either be combined with the mixer 

and den gases for treatment or sent tn separate controls. 

Fluoride emissions are nrimarilv silicon tetrafluoride - from 

35 to 55 percent of the total fluorid, n content of the acid and rock 

is volatilized as silicon tetrafluoride. 
16 ??a,ior sources of fluoride 

are the mixing cone, curing belt, nroduct conveyors. and s%nrane 

facilities. Distribution of emissions amonn these sources Gil varv 

denendinn on the reactivitv nf the rock and the snecific noeratinn con- 

ditions emploved. Emissions from the cone, curinn belt, and con- 

veyors can aCCclUnt for as much as 90 nerccnt nf tile trtcl Flunrides 

released. 17 Converselv, it has been claimed that annrnxim?tel\/ O'! 

5-10 



percent ?f ';i;e 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 apnreciable quantities and 2) the feed 
I 

acid and 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 mixing tanks, the blunger, the drier, and the 

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

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

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

The acidulation drum and granulator (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 approxJmately 21 18 of fluorides per ton of P2O5 input. 



, . 
1 

GTSP storage facilities can emit both particulate and gaseous 

fluorides. Uncontrolled emissions are estimated to be three oounds 

per ton of P205 input. 
18 

5.3 TYPICAL CDRTROLLED FLUORIDE EMISSIONS 

5.3.1 Emissi ons from Wet-Process Phosphoric Acid Manufacture 

Almost a 11 existing wet-process phosphoric acid plants are eauipped 

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 P205 input, however, emission factors as high as 0.60 pounds fluoride 

per ton P205 have been reported for a few poorly controlled plants. 
19,zo 

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

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

ar-8 either;ufficiently controlled at present to meet the SPNSS 

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

P2% input to the process or will be required to attain that level 

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

based on the following: 1) a41 wet-process acid plants located in 

Florida are required to meet an emission standard equivalent to the SPN! 

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

assumed td by@ instUed spray-crossflow packed bed scrubbers or their 

ewivahnt ra 8 p8rt of the orlglnal design. 



5.3.2 Emissions from Superphosphoric Acid Manufacture 

Two types of 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 iow 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 10e4 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 mr more additional scrubbers for fcluoride control. 
22 

Emission from an existing facility weee reported at 0.12 pounds 

fluoribr per ton P#5.23 

5.3.3 Emissions from DlaRIRanium Phosphate knufacture 

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 

cQIy#), bt 86t t#pfcrl. Only about 15-20 percent of the instal- 

lations contacted by EPA during the development of the SPNSS were 



equip?d with spray-crossflow packed bed scrubbers or thejr eauiva- 

lent for fluoride removal. Fluoride emissions ranee from g.os to 9.5 

2*. 
oounds per ton P255 deDendino uwm the degree of control orovided. 

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 production facilities and 

73 percent of .the storage facilities are eauipyed v:ith some form of 

control. 25 '. Emiss-rons from those plants which control bo';h nrcduction 

and storage areas *:an range frcm 0.2 to 3.1 Tounds of fluoride oer 

ton of P2C5 innut depending unon the ,de?ree of control provided. 
26,27 

Plants wit;) uncontrolled storage facilities could emit as much as 12.7 

- pounds of fluoride per ton of P2C5 incut. .".t least C? percent 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) 

Existi& State regulations will require 75 oercent cf the industv 

to meet an emission standard of 5.20 pound fluoride per ton P2?5 bv 

July 1975. Emission factors for the industry ranae fror, 9.29 to 0.V 

nounds per ton P2c'5. 28 

5.3.4.3 Granular triple suoerohosphate (storage 1 
Approximately 75 percent of the CTSP storage facilities are 

thought to be equipped with some form of control. 2s Poorlv con- 

Cuoride per hour per ton of P2q,5 in storsre. 
?‘! 

Fe1 

storage facilities can reduce emissions to less t”lan 

1 -ccntrrl! 

5 x 10 -4 

trolled buildings can release as nuch as 15 x l? -4 munck of 

ied 

qounc!s 
i 
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fluoride per hour per ton of P2n5 in storage- 
30 It is estimated 

that 33 percent of $12 controlled buildings CoIJld reet C"ESS w&ion 
". 

level .23 

5.4 GYPSUM POND EMISSIONS 

I L r wet process phosphoric acid plant produces gypsum in slurry 

form, ,according to the chemical reaction indicated in equation 4-l. 

The reaction also volatilizes fluorides which are largely absorbed 

in scrubber and condenser :Jater and is then sent With the gvosum to 

large storage ponds, known as gypsum ponds or "gyp' ponds. ?ver 70 

percent of the fluorine ccntent 6 the rock used in the wet-acid 

process may pass over to the g;'p pond. If the same plant also pro- 

duces DhP or TSP, a large par t of the fluorine content of the phosphoric 

acid Gil also pass to the gyp pond through the use of water scrubbers 

in tilese additional processes. Thus, 85 percent or more of the fluo- 

rine originally present in the phosphate rock may find its way to the 

go ,':yd. 

Tile >/ater of the gyp pond is ncrmally acid, havir:g a p!! ar-u:!C 

1.5 . This acidity is .probably due to inclusion of phosphoric acid in 

t/12 TLiasbed gypsum from the gypsum filter. It is impractical to remove 

all of the acid from the filter cake by ?!ashino. 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 

pond does not continue rising, i-gt 

due to precipitation cf cx71'3:: c: 

xter. 35 

iiydrogen 

I?e fluoride concentration of a given 

tends to stabilize. Ti~is ma!1 'i? 

cium silicofluoridcs in the pcnd 

Tliere ;~;oulcf k an equilibrium invclvin? tiiPsf3 cor?lexes, 

ion, and soluble or volatile dissolved fluorides. 
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It has been observed that the above concentrations of fluoride 

exert .a partial pressure out of yv~ mnd water and that volatile 

fluorities tend to evolve fror ov? ponds. Eased on !qet nrocess 

nhosnhoric acid production, plants have gyp nonds of surface areas 

in the range of 0.1-0.4 acres per daily ton of Q2C5. 34 This means 

that a larqe plan t may have a 9yn pond with surface area of X0 acres 

or more. 

Emission factors have been estimated, measured and calculated for 

yyp ponds. These factors varv from about 0.2.to 10 lbs F/acre dav. 31-34 

The most comprehensive work on qyn pond emission factors is that 

recently done in EPA Grant No. R-8o9951). 34 The exnerioental and 

mathematical procedures are ouite dhtailed and the entire report should 

_ be examined by those needing to understand the methods use?. The 

partial pressure of fluorides out of actual Fond water was determined 

in the laboratory. The evaporation rates of dilute fluoride solutions 

were derived from known data for flat water surfaces, usino establis!led 

mass transfer principles. Also, ambient air fluorides were measured 
4, 

downwind of the same g.!.vp oonds which furnished the above water samqles 

,for fluoride partial pressure measurements. Finally, the contribution 

of the 9yp pond to the fluoride measurement at the downwind 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 mass transfer coefficient yrcviouslv 

developed. There were a total of 95 useable downwind measurevents for 
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tklo pond sites, and the estimated and t!le r;leasured do\GnGnd fluoride 

<concentrations shob:ed oood anrecpent. The calculated value rrf the 

ambient air fluorine concentration downb!ind of the ?ond *MS found 

to be statistically the same as the measured value. 

Some emission factors froc the above investication are riven in 

Table 5-3. Data at other temqeratures mav be found in the oriqinal 

reference. 

Table 5-3. FLUORIDE E!!ISSTQl\i F.cCTogS FQR YELECTED c,YW!"? n%!DS f.T 
?I°F; lbs/acre day.34 

Vind velocity 
at 16 ft elevation, 

m/set 

1 2 4 6 -- 

Dond 10 0.8 1.3 2.3 
6,400 pm F 

Pond 20 9.8 1.3 2.3 3.2 
12,000 p3r F 

For the two plants studied, the emission rates were nearly 

identical. There may be sipnificant differences if other nonds are 

considered, but more measurements would be required to establish this. 

The most effective r:a,v to reduce fluoride evolution from WD oonds 

would be to rqduce their fluoride martial pressure in some war'. The 

most effective method now kno\:n would be liming, to raise the I+. 

Liminq to a s!J of 6.1 has redbzed the nartial nressure of fluoride 3% 

fold.31 The indicated lime cost ldould be hioh for the case described, 

". ! 

:P 

I- hut this cost can Le reduced if a rethod can lx2 found to reduce 
rf 

phosnhoric acid loss to the ovp pond. 
I 
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6. CONTROL TECHNIQUES FOR FLUORIDES FROM PHOSPHATE FERTILIZER PROCESSES 

6.1 SPRAY-CROSSFLOW PACKED l3ED SCRUBBER 

6.1.1 Description 

The spray-crossflow packed bed scrubber has been accepted for 

several years as the mos t 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,_ferti.lizer industry to fully C_-~__. -_ - 

adopt the spray-crossflow packed bed scrubber can be traced primari1.y 

to concern about its operational dependability when treating effluent 

streams with a high solids loading. Such effluent streams can be 
.*.x 

handled by placing a venturi scrubber in series with and before a spray- 
.!' 

crossflow packed bed scrubber; the EPA has tested a number of,DAP and GTSP 

plants having this dual scrubber arrangement. Also, improvements in spfay- 

crossflow packed scrubber design have alieviated the initial problem of 

plugging and allow a greater solids handling capacity. The development 
L.---.. ..~ 

of stricter fluoride emission standards should provide incentive for more 

widespread use of this scrubber design. 

Figure 6-1 is a diagrammatic representation of the spray-crossflow 

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 $he 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 staqe 

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 bethe more dependable, ~ .__. ------.--.---- --- .._.._ .-. ~- .. . . . ^ _-... .--_ ----- _ .._.. ~. 

The crossfl,w,.deqjgnoperates with the gas-stream moyinaWntally_ _...._._.. .._- ----..- 

through the bed while the scrubbinq liquid flows verticaT.Ty throuqh ~ . . . . -' .- .^, ..----... _.. . . .- -- ____. ,- .- -.-- . L.,- ,,--_ 

tJe 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 

6-3 



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 th-an 3 or 4 feet in length, but this can 

be increased if necessary with little change in capital or operatincl ( 

Several types of ceramic and polyethylene packing are in use with 

Tellerettes probably the most common. Pressure loss through the scrul 

ranges from 1 to 8 inches of water with 4-to 6 being average. 193 

Recycled pond water is normally used as the scrubbing liquid 

in both the spray and packed sections. Filters are located in the 

water lines ahead of the spray nozzles to prevent plugging by suspendl 

solids. The ratio of scrubbing liquid to gas ranges from 0.02 to O.cL 

gpm/acfm depending upon the fluoride content - especially the silicorl 

tetrafluoride content - of the gas stream, 394 Approximately one-thir- 

of this water is used in the spray section while 

is used in the packing. 

The packed bed is designed for a scrubbing 1 

of about 4 or 5 pounds-per-square-inch (gauge). 

is available from the pond water recycle~$j&@% 

the remaining two-th 

iquid inlet pressurl, 

Water at this presslit 

.T'he spray section 

requires an inlet pressure of 20 to 30 pounds-per-square inch (qaucca‘ 

This normally necessitates the use of a booster pump. Spent scrubbil 

water is collected in a sump at the bottom of the scrubber and purnpcta' 

to the gypsum pond. 
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6.1.2 Emission Reduction 

The use of gypsum pond water as the scrubbing solution coo- 

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 

percent fluosilicic acid (ZOOO-12,500 ppm F) or most often, 5000- 

6000 ppm F? Decomposition of fluosilicic acid to silicon tetrafluoride 

and hydrogen fluoride results in the formation o-r‘ a vapor-liquid 

equilibrium that establishes a lower limit for the fl iroride 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-l presents equilibrium concentrations (y') calcu- 

lated from experimentally obtained vapor pressure data at three 

temperatures and several fluosi licit acikconcentrations. 

Table 6-1. CALCULATED EQUILIBRIUM CONCENTRATIONS OF FLUORINE IN 
THE VAPOR PHASE OVER AQUEOU SOLUTIONS OF FLUOSILICIC 

ACID 2 

, 
Fluosilicic acid 
content of solution (wt X) 

O.lC5' 
0.550 

i i 1.000 
d 2.610 
L 2.640 
[ 

/. 
5.050 

1 
7.470 
9.550 

I c 11.715 
i 14.480 I 
i” 

I c 

Total fluorine concentration 
in vapor phase (ppm F) 

50°C 60°C 70°C 

2.4 3.8 
3.8 4.4a 
4.4 7.1 

9.8a 
5.6 
8.2a 

12.4a 
'14.2" 
19.4a 

13.5 25.6 
19.1 34.6 

83.5 

10:5a 
15.4 
20.7a 

54:1a 
208.5 

aAverage based on several vapor pressure measurements. 
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J I'roviding that the solids loading of the effluent stream has 

been reduced sufficiently to prevent pluaging, 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 

installed at separate wet-process acid plants. 137 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 tqe 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 industry. Gypsum pond water was used as the scrubbing 

liquid. Emission rates ranged from 0.002 to 0.015 pounds fluoride 

(as F) per ton P2O5 input to the process. 

Table 6-2. SCRUBBER PERFORMANCE IN WET-PROCESS PHOSPHORIC ACID 
PLANTS8 

'lant 
4. 

Scrubber design 

spray-cocurrent packed bed 

spray-crossflow packed bed 

spray-crossflow packed bed 

spray-crossflow packed bed 

Fluoride emissionsa 
(lb F/ton P205) 

0.015 

0.006 

0.002, 0.012b 

0.011 

aAverage of testing results 

b Second series of tests 
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seen only limited service <n -.,.“..-‘--‘--.-.“’ -. -, _ _ _, _ .._ . ..-.._ 

Dlants and nme ,, _, _, __ ..c -..-- - -.__ 

Table 6-3 gresents 
-. .-.---.--...--_.._ - .._. . ill __ _, ___ ~_ 

performance data, collected during the deve?opment of SPNSS, for 

sorav-crossflow packed bed scrubbers treating effluent streams from 

diammonium phosphate, granular trinle superphosphate production, and 

granul'ar triple superphosohate storage facilities. In most cases, a 

preliminary scrubber (venturi or cyclonic) was used to reduce the 

loading of other pollutants (ammonia or solids) nrior 

the spray-crossflow packed bed scrubber. Gypsum cond 

the scrubbing solution except where indicated. Fluori 

from diammonium phosphate plants ranged from @..02? to 

to treatment in 

water was used as 

de emission rates 

0.039 oounds ner 

ton P2O5 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 P205 in storage. 

6.1.3 Retrofit Costs for Spray-Crossflow Packed 6ed Scrubbers 
ai. 

This section discusses the costs associated with retrofittin!! spray- 

crossflow packed bed scrubbers in wet-process ohosohoric acid, super- 

ph%phoric acid, dianmonium phosphate, run-of-pile triple superohosohate, 

and granular triple superphosphate 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. IJhere oossible, the retrofit 

model treatment is supplemented by retrofit cases - descrintions of soecific 

plants which have added spray-crossflow packed bed scrubbers to unorade 

their original contra! systems. 
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Type of 
facility 

DAP 

lJAP 

;TSP 

STSP 

XSP 
storage 

Table 6-3. SPRAY-CROSSFLOH PACKED BED SCRURDER PERFORMANCE 
IN DIAMMONIUM PHOSPHATE AND GRANULAS TRIPLE 

SUPERPHOSPHATE PLANTS9 

Sources controlled 

reactor, granulator, 3 venturi scrubbers 
drier, and cooler in parallelb 

reactor, granulator, 
drier, and cooler 

reactor, granulator, 
drier, and cooler 

reactor, granulator, 
drier, and cooler 

storage building 

'Averaqe of testing results. 

r 

Primary controls 

3 venturi s 
6 

rubbers 
in parallel 

3 venturi scrubbers 
in parallel 

process qases corn- ~ 
bined and sent to 2 
venturi scrubbers in 
parallel followed by 
a cyclonic scrubber 

T L 

i I 

I 

- 

Secondary controls Fluoride emissions" 
(lb F/ton P205) 

3 spray-crossflow 
packed bed scrubbers 
in parallel 

3 spray-crossflow 
Dacked bed scrubbers 
in parallel 

3 spray-crossflow 
packed bed scrubbers 
in parallel 

spray-crossflow 
packed bed scrubber 

0.034, n.n29c 

0.939 

Q.18, o.06c 

0.21 

c/i’ 
,’ /’ 

spray-crossflow 
packed bed scrubber 

r3.0W36d 

oWeak phosphoric acid scrubbing solution, 

'Second series of tests. 
d 



6il.3.1 Retrofit Models 
8 

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, however9 items 3 and 4 will require 

some discussion. In the case of item 3, a71 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 anciflary'materials and labor. 
10 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 

uf base construction - mild steel. 

6-9 



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. l1 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 

Pumps 1.76' 

Piping (except valves) 

Scrubbers 

2.00 

1.20 

Centrifugal fans 
4. 

Stack 

1.60 

1.50 

Ductwork 1.40 

The sum of the field installed equipment cost is the direct 

cost billed to a particular project. Other costs 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 cost9 and the contingency cost, as 

indicated in equation 6-l: 

I = D+0.35D+O.Z5D 

where I = total capital 

D= total direct cost 

The following assumptions were used in the development of cost 

estimates: 
. 

1. The purchase costs of scrubbers were determined from the most 

recent manufacturer quotations, users wherever possible, 

and the Industrial Gas Cleaning Institute. The purchase 

cost of ductwork, stacks, and centrifugal fans were derived 

4. from a manufacturer's published list prices. 12 The costs 

are 1974 estimates based, for the most part, on the use of 

corrosion resistent fiber reinforced plastics (FRP) as the 

material of construction. 

2. Installed costs for scrubbers, ductwork, stacks, and centri- 

fugal fans (including drivers) were derived by multiplying 

the purchase costs by the appropriate cost index from 

Table 6-4. An inherent assumption is that FRP is a base 
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construction material suitable for application of the 

listed indices. 

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 s.tainless steel construction. 

Cost estimates were obtained from the literature. l3 These 

costs, originally published in 1968, were increased 54 percent 

(7.5% per year) to update to 1974 costs. 

6. Costs for pump motors were obtained from the literature and 

adjusted for infl ction usir:g the same procedure described for 

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 

building", "curing belt hooding", and "structural steel sun,norts/ 

bldg." The costs for these items were pro-rated onthe 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, 

5 ('I + i)" 

R = (1 + j)" - 1 
P (6-z) 

where: P = 'capita? outlay (principal), 

R = periodic capital ctiarge, 

i = annual interest rate (l(X), and 

n = number of payments {TO) 

b. Maintenance and repair charge were assumed to be 3 

percent of the original investment. 

C. Taxes, insuranceJ 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 

4. 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. 

6-13 



Wet Process Phosphoric Acid Plant 

The model plant uses the Prayon process for the manufacture @f 

wet process phosphoric acid. Figure 6-2 presents a basic flow dia- 

gram of the operation. The reactor is a multicompartment unit (9 

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. 

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 settlirjl 

pond. Product acid from the reactor (30% P205) is stored before 

being sent to the concentration system. Three vacuum evaporators if 

Series are used to concentrate the acid to 54 percent P205. EvaDot 

off gases are treated in barometric condensers for removal of conrlr,l 

sables; a large percentage of the fluorides are also collected. 

Retrofit costs for some wet-process phosphoric acid plants 

could be substantially greater than those estimated for this plant. 

The retrofit model is of moderate complexity and includes all of ti, 

activities with which most installations are expected to become 

involved; however, increases in the gas volume being treated, addit 

to the scope df works and space limitations are all factors capabll 

of inflating the project cost above that estimated. Rodification?N 

to the plant drainage system and installation of a ventilation sys:~ 

6-14 



I I 

J 
_------_-- _--_____________ 

-_---_---__________________ I:.II:::-- 
. 7 
4 



for the filter are two items which have not been included within 

the scope of the model but which could be encountered by some plan! 

Costs will be estimated for two effluent stream sizes - 25,000 

and 35,000 scfm. The effluent stream from an actual 500 ton per dli 

plant could range from about 20,000 to 40,000 scfm depending prima)- 

on the digester design. 

Existing Controls (Case A) 

Existing controls consist of a cyclonic spray tower used to trls 

the digester and the filter ventilation streams. Gypsum pond watc,t 

is used as the scrubbing liquid. This scrubber has been in operal: 

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 fli 

rates are based on a combination of literature data, source test 

information, and control equipment design data. Fluoride removal 

efficiency of the cyclonic spray tower is 81 percent. Total emis<.' 

to the atmosphere from the sources listed in Table 6-5 are 7.3 ~CHII 

of fluoride per hour with existing controls. Several miscellaneolr 

sources of fluoride such as the flash cooler seal tank, the evapot 

hotwell, the filtrate sump, the filtrate seal tank, and the filtot 

acid storage tanks are uncontrolled. Emission rates from these 

sources are unknown. 
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Tehlo A-5. FLOcll RATES AND FLUORIbE C;GCE:;TRATIONS OF '#PA PLANT 
EFFL'JENT STiX;r.f% SZ'JT TC E;:ISTIK CI=l'jTR?LS (CASE .') 

Emission source 

Digester vent gas 

Filter vent gas 

Flow rate Fluoride concentration 14 

(scpq (mg/SCF) ( ynm) 

10,000 25 lQ50 

7,500 5.5 23” 

Retrofit Control; (Case A) 

The retrofit consists of the replacement of the cyclonic spray 

tower with a cr@ssflow pac.ked bed scrubber. Limitations imposed 

by the arrangement of existing equipment require the new scrubber 

to be installed at a site 50 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,Afiltrate sump, filtrate seal tank, and acid storage tanks) 

will be vented to the new unit which is designed to meet SPNSS 

requirements for b!et-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 vclumetric 

flow rates and the fluoride concentrations associated with the 

emission sources to be treated. 
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Emissicn source ilob" rate, 
(scwi) 

ftiigester vent gas I io,ooo 

jFilt er vent gas I 1 , 4 7,500 

I I7iscellaneous i 7,5c!* 

Fluoride concentrationT4 
(mg,/SCF) (3j)i-s) 

25 1 !w 

5.5 230 

0.3 13 

Figure 6-4 provides a v-iebc of the plant iayout follo~~/ing the ccm- 

pletion of the retrofit project. instailation of the new scrubber 

requires the rearrangement of the existinq ductwork and the addition 

of a new ventilation system to handle the miscellanecus sources. D 

new fan b:ill be required for the digester-filter ventilation system 

because of the higher pressure drop of the crossflo\.! packed bed scrub- 

ber. Treated gases will be exhausted from a nev!ly installed 75-foot 

tall stack. 

Scrubbing \:later will be obtained from existing plant water lines. 

A booster pump is required to provide 40 psiq r:ater for the spray 

section. Pond k:ater is assumed to have the properties shown in 

Table 6-7. Rll scrubbing water will be recycled to the gypsum pond in 

the existing plant drainage system. 
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Table 6-7. POND HATER SPECIFICATIONS15 

ksicn 
-----L - 

'and ?later pti 2.0 

Temp., "F 8C.O 

5'3 4' wt % 0.15 

'205) lit % 0.1 

i2SiF6 f wt X 0.63 

-luoride, wt % 0.5 

P"in. "!ax. 

1.2 2.2 

55 88 

0.25 1.0 

0.2 0.8 

Kajar r2trofi t items are listed in Table 6-8. 1\,11 ducting, piping, 

and motors are specified in terms of the nearest approyriate standard 

size. Table 6-2 presents typical operating conditions for the neb! 

scrubber and the estimated number of transfer units (NT(!) necessary 

to meet emission requirements. The NTU were calculated 

by using equation 6-3. 

A. 

NTU required = In 
Y2 - Y' 

Yl - Y' 

(6-3) 

Table 6-10 lists the estimated capital and annualized costs of the 

project. 
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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 
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Table 6-8. YAJO? RETR0FIT ITEMS FOR mm SPA PLpiT (CASE A) 

1. Ductwork required to connect existing digester-filter ventilation 

systern with retrofit scrubber - 50 feet of 36-inch duct. New 

ventilation system connecting miscellaneous sources with control 

s\x.tem Y 1 . Requirements are - 175 feet of g-inch duct, 5C! feet of 

lo-inch duct, 125 feet of 12-inch duct, 75 feet of If;-inch duct, 

100 feet of 20-inch duct, and 50 feet of 24-inch duct. 

2. Pipe connecting spray-crossflow packed bed scrubber with existing 

plant water iine - 150 feet of 6-inch pipe. 

3. Eooster pump for spray section - 190 gpm, 81 feet total dynamic 

head (TDH), 7.5 horsepower motor. 

4. Centrifugal fan for digester - filter ventilation .system - 

17,500 scfm, 620 feet TDH, 50 horsepower motor. Fan for miscel- 

laneous sources - 7,500 scfm, 660 feet TDH, 21! horsenower motor. 

5. Remova;' of cyclonic spray tol:rer and existing stack. 

6. Spray-crossflow packed bed scrubber. Unit will be reouired to 

reduce the fluoride concentration to C.13 mg/SCF (5.6 ppm) 

when using the pond water specified in Table 6-7 and treatina 

the gases listed in Table 6-6. 

7. Stack - 75-foot tall, 4-foot diameter. 
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Gas to Scrubber 

Fl OLI, SCFK 

Flow, CSCF?' 

Flow, ACFF: 

Temp., "F 

Hoisture, Vol. % 

Fluoride (as F), lb/hr 

Fluoride (as F), ppm 

Gas from Scrubber 

Flow, SCFH 

Flow, CSCFY 

Flow; ACFH 

Tern?., "F 

Yoisture, Vol. % 4. 

Fluoride (as F), lb/hr 

Fluoride (as F), ppm 

Fluoride Removal, wt % 

Estimated y', F?rn (see 
page 6-5) 

Estimated NTU required 

25,000 

22,725 

27,150 

116 

9.1 

38.7 

402 

24,400 

22,725 

25,700 

100 

6.5 

0.42 

5.6 

99 

0.85 

4.7 
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Table 6-10. RETROFIT COSTS FOR MODEL WPPA PLANT, CASE A 
(500 tons/day P2O5) November i974 

($) cost 

A. Direct Items (installed) 

1. Spray-crossflow packed bed scrubber 
2. 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 

58,900 
18,600 

2,400 
4,200 

14,300 
12,500 
15,800 

4,000 

130,700 

B. Indirect Items 

Engineering construction expense, fee,interest on 
loans during construction 
(50% of A) 

, sales tax, freight insurance. 
65,400 

C. Contingency 
/25% of A) 32,700 

D. Total Capital Investment 228,800 

E. Annualized Costs 

1. Capital (;harges 
2. Maintenance 
3. Operating labor 
4. Utilities 
5. Taxes, insurance, administrative 

37,300 
6,200 
2,000 
6,900 
9,100 

Total Annualized Costs 61,500 
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Existing Controls (Case 

The existing contra 

B) 
11 system is the same as described in case A; 

a cyclonic spray tobier is used to treat the digester and filter 

ventilation streams. Fluoride collection efficiency of the tower is 

81 percent. Yinor 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 FLUCRIDE CO!!CENTRPTIONS OF !:!PPA PLANT 
EFFLL;EiIT STRE%S SENT TO EXISTIKG CWTROLS (WE E) 

/Emission Source 
I 

:Digester vent gas 

[Filter vent gas 
! 
I 

Flow Rate 
(SCF?) 

20,000 

7,500 

Fluoride Concentration 1 
hg/SCF) (ppm; i 

zc! 840 

5.5 23D ' 
I 
1 

4 

Retrofit Controls (Case B) 

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 \r:ith a spray crossflow packed bed scrubber de- 

signed to handle the sources listed in Table 6-12. 
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Table 6-12. FLOW RATES ApJn FLlloPI?E CO14CENTRATIONS OF IJPPA PLAr!T 
EFFLUENT STREA,:.:S S,::T T2 rET!?FITTE” r’?F!T!‘CLS (ChSF R) 

mission Source ' Flow Pate j Fluoride Concentraticn j 
: (SCF?) i (mg/SCF) (ym) 
0 

Digester vent gas 1 2o,cmo 20 84!l : 
, I 

Filter vent gas : 7,500 5.5 230 

t 
'iscellaneous 

I 

! 
! 7,5m ] ,0.3 13 : 

A. list of major retrofit items is presented in Table 6-13 while 

operating condit;ons for the new scrubber are provided in Table 6-14. 

Estimated capital and annualized costs of the grcgram is listed in 

Table 6-15. Increasing the capacity of the system by lo,Qrr! SCFF' 

_ has resulted in a 20 percent increase in the capital cost of the 

program and a 21 percent increase in the annualized cost. 

Table 6-13. MAJOR RETROFIT ITEMS Fr)R MODEL WPPA PLANT (~;Hs;E C) 

1. Ductwork required to connect existing digester-filter ventilation 

syster?with retrofit scrubber - 50 feet of 4%inch duct. I!@ 

ventilation system connecting miscellaneous sources with control 

system - 175 feet of G-inch duct, 50 feet of 1%inch duct. 125 

feet of 12-inch duct, 75 feet of 16-inch duct, 1Kl feet of 2o- 

inch duct, and 50 feet of .?d-inch duct, 

2. Pipe connecting spray-crossflow packed bed scrubber with existinc 

plant kfater line - 150 feet of E-inch pine. 

3. Loos ter pump for spray section - 269 apr!, 81 feet total dynamic 

head (TDH), 10 horsepower motor. 
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Q. Centrifugal fan for digester -'filter ventilation system - 

27,500 scfu, 604 feet TW!, 75 horseaob!er motor. Fan for 

miscellaneous sources - 7,SlO scfm, 660 feet KG!, 29 horsenokfer 

motor. 

5. Pemoval of cyclonic snray to!l!er and existing stack. 

6. Spray-crossflow packed bed scrubber. Unit fill be required 

to reduce the fluoride concentration to 0.09 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. CPERPTING CC?!pITIfV!S F?R SPRAY-CROSSFLf$f PACKED RF9 
SCRCEE;ER FOR KOCEL \!PPA PLAFlT, CASE 2 

(590 tons/day P2C5) 

Gas to Scrubber 
Fl ow , SC FZ 
Flow, DSCFN 
Flop, ACFl1 

* Temp., OF 
Vcisture, vol. X 
Fluoride (as F), lb/hr 
Fluoride (as F), ppm 

Gas from Scrubber 
Flow, SCF!/I 
Flo\!, DSCF!! 
Flo\!, ACFK 
Temp., "F 
Xoisture, vol. % 
Fluoride, lb/hr 
Fluoride, ppm 
Fluoride removal, wt z 
Estimated y', ppm 
Estimated NTU required 
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35,000 
31,800 
37,690 
109 
9.1 
58.1 
529 

34,000 
31,890 
35,6Oc! 
95 
6.5 
0.42 
3.9 
99.3 
0.85 
5.2 



Table 6-7 5. RETROFIT COSTS FOR MODEL WPPA PLANT, CASE B 
(500 tons/day P2C5) Flovember 1974 

". 

A. Direct Items (installed) 

1. 
2. 

Spray-crosslow packed bed scrubber 
Ductwork 

3. Piping 
4. Pump and motor r 

2 
Centrifugal fans and motors 
Removal of old equipment 

7. Stack 
8. Performance test 

Total Oirect Items 

B. Indirect Items 

Engineering construction expense, 
loans during construction 

fee, interest on 

(50% of A) 
, sales tax, freight insurance. 

c.. Contingency' 
(25% of A) 

D. Total Capital Investment 

E. Annualized Costs 

:* 
Capital charges 

3: 
Maintenance 
Operattig labor 

4. Utilities 
5. Taxes, insurance, administrative 

Total Annualized Costs 

-I 

Cost (5) 

78,800 
20,000 

3,300 
5,300 

16,000 
12,500 
15,800 
4,000 

155,700 

77,900 

38,900 

272,500 

4;,;;; 

21000 
9,300 

10,900 

74,100 
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Superphosphoric Acid 

Two processes are currently available for the manufacture of 

superphosphoric acid - vacuum evaporation and submerged combustion. 

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 will be presented for yacuum 

evaporation plants because the low level of fluorl:de emissions from 

these facilities do not require control equipment in order to meet the 

emission guidelines. 

Existing submerged combustion plants are expected to continue 

operation with some expansion in capacity possible. Retrofitted control 

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. 

d 

The model plant uses the Occidental Agricultural Chemicals process 

for the production of superphosphoric acid. Desianed production capacity 

is 3UO tons per day P205. Figure 4-6 is a basic flow diaqram of the 

process. 

Wet-process acid containing 54 percent P205 is fed to the 

evaporator and concentrated product acid containino 72 percent P235 

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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Installation of tne 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 supplv. NO 
(I. 

additional fans will be required. Treated gases will be exhausted from 

the existing stack. Scrubbing water is to be recvcled to the ov~sum pond 

in the existing drainage system. 

A list of major items required for the retrofit oroject is 

presented in Table f-16. Table 6-17 provides operating conditions for 

the new scrubber. Retrofit cost estimates are listed in Table 6-18. 

1. 

2. 

3. 

4. 

5. 

6. 

Table 6-16. MAJOR RETROFIT ITEMS FOR MODEL SP.-\ PLANT 

Ductwork - modification of existing ducting to connect new snrav- 

crossfloN packed bed scrubber. Requirements are 190 feet of 30-inch 

duct. 

Line connecting scrubber to main pond water supply svstem - 150 

feet of 4-inch pipe. 

Centrizugal pump - 130 gpm,ll3 feet total dynamic head (TDtl), 7.5 

horsepower motor. 

Removal of impingement scrubber. 

Supports and foundations. 

Spray-crossflow packed bed scrubber. Unit is required to reduce 

the fluoride concentration to 0.09 mg/SCF (4 npm) when using pond 

water specified in Table 6-7 and treatinq qas stream described in 

Table 6-12. 
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Table 6-17. OPERATING CONDITIONS FOR SPRAY-CROSSFLOJ PACKED 
e BED SCRUBBER FOR MODEL SPA PLANT 

(300 Tons/DayP205) 

Gas to Scrubber 

Flow, SCFM 

Flow, DSCFM 

Flow, ACFM 

Temp., OF 

Moisture, vol. % 

Fluoride (as F), lb/hr 

Fluoride (as F), ppm 

Gas from Scrubber 

Flow, SCFM 

Flo\~, L'SCFM 

Flow, ACFM 

Temp., OF 

Moisture, vol. % 

Fluoride (as F), lb/hr 

Fluoride (as F), ppm 

Fluoride removal, wt % 

Estimated y', ppn 

4. 
Estjmated NTU required 

9,800 

9,110 

10,600 

115 

7.0 

3.9 

126 

9,409 

9,110 

9,760 

90 

3.0 

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 

A. Direct Items (installed) 

1. Spray-crossflow packed bed scrubber 
2. Ductwork 

:: 
Piping 
Pump and motor 

5. Removal of old equipment 
6. Performance test 

Total Direct Items 64,300 

B. Indirect Items 

Engineering construction expense, fee, interest on 
loans during construction 
(50% of A) 

, sales tax, freight insurance. 

C. Contingency 
(25% of A) 

0. Total Capital Investment 

E. Annualized Costs 
1. Capital charges 
2. Maintenance 
3. Operating labor 
4. Utilities 
5. Taxes, Insurance, administrative 

Total Annualized Costs 28,700 
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cost ($) 

37,500 
5,000 
1,900 
4,200 

12,500 
4,000 

32,600 

16,300 

114,000 

18,600 
3,000 
2,000 

700 
4,400 



tor are combined- and vented to a venturi scrubber for ammonia re- 

covery. \!eak phosphoric acid (30% P205) serves as the scrubbing 

liquid. Approximatel] 95 percent of the ammonia is recovered and 

recycled to the reactor. Fluorides stripped from the phosphoric 

acid in the venturi are removed by a cyclonic spray tolwer using 

gypsum pond water as tiic aLr.orbing solution. Fluoride removal 

efficiency is 74 percent. 

Diammonium Phcsphate 

This plant uses the TVA process for the production of dianmonium 

phosphate. A flokc diagram of the operation is provided in Fiqure 4-9. 

The model plant has a designed production capacity of approximately 

1080 tons per day diammonium phosphate (500 T/D PZC5). 

,h preneutralization reactor is used for the initial contacting 

of the anhydrous ammonia and the phosphoric acid. Completion of 

the reaction and solidification of the product occurs in the granula- 

tor. Effluent gases from the yreneutralization reactor and the granu- 

lator are treated for ammonia recovery and fluoride control-before 

being vented to the atmosphere. 

R gas-fired rotary drier is used to! remove excess moisture from 

the product. Grier flue gases are vented through dry cyclones for 

product recovery before being treated for ammonia removal. Air 

streams vented from accessory cooling and screening equipment are 

treated for particulate removal in dry cyclones before being exhausted. 

Existing Controls- 

Exhaust gases from the preneutralization reactor and the granula- 
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The drier flue gases are treated for product recovery before 

teingsent to additional controls. Collected particulate is re- 

cycled to the granulator. A venturi scrubber using weak phosphoric 

acid is used for ammonia 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, combined, 

and treated in a venturi scrubber for particulate removal. Meal: 

.phosphoric acid serves as the scrubbing solution. Col'lected DP.P is 

recycled to the reactor. Dianunonium phosphate particulate collected 

in dry cyclo@s is recycled to the granulator; that collected in the 

sorubber is-recycled to the reactor. 

Volwetric flow ra.tes-and 
_... 
fluoride concentrations associated 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 ammonia recovery 

scrubbers4' Total fluoride emissions from the sources identified in 

Table 6-19 are 4.96 pounds per hour with existing controls. 

Table 6-19. FLOW RATES AND FLUORIDE CONCENTRATIONS FOR 
DAP PLANT EMISSION SOURCES%18 

Emission source Flow rate Fluoride concentration 
(SCFY) (WSCF) bpm) 

Combined reactor-granula- 
tor vent gases 30,000 0.65 27 1 ! 

jSrier.pases 
I 

45,000 0.36 15 I I 

I 

I 
Cooler and .screening equip- 

:;nent vent gases 45,000 .0.36 15 I -..--.._ .- --___. --.- -- --_ 
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"~trnf~t Controls '.- 

The retrofit consists :f tke replacement of the c;,c'!o:?ic stray 

twer or, the reactor-granulator stream Gth c: spray-crossflw packed 

bed scrubber and the addition of sprall-crossflo:.: pac:<ec! bed scrubbers 

as -tail ~2s units to the drier and cooler streams. ~Z~fpSU:7i ;?cnd 

\!ater v;ill be useti as the scrubSing liquid. Pond v!ater is available 

at 80°F with the properties listed in Table 6-7. The control system 

is designed to conform with the fluoride emission guideline of 0.06 

pounds cf fluoride per ten P2?5 input - 1.25 sounds fluoride per hour. 

Existing controls are iocateci as depicted in Figure 6-6. The 

ai-rangenent of equipment is such that the spray-crossflow packed bed 

sc;-u>k:rs can be installed adjacent to the venturi scrubbers after 

ljiodarats alteration of the ductb!ork. A n-k! :'!ater line must be in- 

stalled to satisfy the increased demand caused by the retrofitted scrub- 

bers. A new fan will also be required for 50th the drier and the cooler 

stream to compensate for the pressure drop of the secondary scrubber. 
A. 

Treated 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 vie?/ of the plant lqout after the instai- 

lation of new controls. A list of major retrofit items is provided 

in Table 6-20. Table 6-21 presents operating conditions for the ~?;~a./- 

crossflop! packed bed scrubbers. Total capital cost and annualized 

cost estimates for the project are presented in Table 6-22. 
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Table 6-20. MAJOR RETROFIT ITEMS FOR MODEL DAP PLANT 

1. 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. 

2. Water line connecting gypsum pond with spray-crossflow packed 

bed scrubbers - 1200 feet of 16-inch pipe with a ZOO-foot bran1 

of 14-inch pipe and a 150-foot branch of 6-inch pipe. 

3. Two centrifugal pumps (one spare) - 2550 gpm, 105 feet 

total dynamic head (TDH), 125 horsepower motor. Booster pum? 

for spray section of both the drier and the cooler stream scrli 

345 gpm, 89 feet TDH, 7.5 horsepower motor. 

4. Two centrifugal fans - 45,000 scfm, 285 feet TDH, 50 horsepowl,' 

motor. 

5. Removal of cyclonic spray tower. 

6. Supports and foundations. 

7. Three spray-crossflow packed bed scrubbers. When using spec I' 

pond water and treating gases described in Table 6-19, scrul~l~ 

are required to obtain performance indicated in Table 6-21. 
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Table 6-21. OPERATING CONDITIONS FOR SPRAY-CROSSFLOW PACKEP 
BED SCRUBBERS FOR !?ODEL DAP PLANT 

(500 Tons/Day P205) 

Gas to scrubber 

Flow, SCFM 

Flow, DSCFN 

Flow, ACFM 

Temp., OF 

Moisture, vol. % 

Fluoride (as F), lb/hr 

Fluoride (as F), ppm 

Gas from scrubber 

Flow, SCFV 

Flow, DSCFM 

Flow, ACFM 

Temp., "F 

Moisture, vol. % 

Fluoride (as F), lb/hr 

Fluoride (as F), ppm 

Fluoride removal, wt % 

Estimated y', ppm 

Estimated NTU required 

Reactor- 
granulator 
stream 

30,000 

18,000 

34,000 

140 

40 

2.58 

27.1 

19,400 

18,000 

23,600 

100 

7 

0.44 

5.9 

83 

1.05 

1.69 

"6-41 

Dryer 
stream 

45,000 

29,200 

52,700 

160 

35 

2.14 

15.0 

31,500 

29,200 

38,400 

100 

7 

0.36 

3.0 

83.5 

1.25 

2.06 

Cooler 
stream 

45,000 

43,600 

49,600 

125 

3 

2.14 

15.0 

45,400 

43,600 

48,000 

100 

4 

0.45 

3.0 

79 

1.05 

1.94 



Table 6-22. RETROFIT COSTS FOR MODEL DAP PLANT 
(500 tons/day.P205) November 1974 

A. Direct Items (installed) 

:: 
Spray-crossflow packed bed scrubbers (3) 
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) 

L Contingency 
(25% of A) 

D. Total '-&pital-lmm&tint 

E. Annualized Costs 
1. wital charges 
2. Maintenance 
3. Operating labor 
4. Utilities 
5. Taxes, insmmce, administrative 

Total Annualized Costs 
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285,000 
16,700 
26,200 

418,900 



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 P205) 

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 

approximately thirty days is requ i 

completion. 

Two initial levels of control 

sent to storage. .A curing period of 

red to allow the reaction to po to 

will be assumed for the model RnP 

1 

triple superphosphate plant and retrofit costs estimated for each 

case. Most actual costs should fall somewhere between the two estimates. 

Existing Controls -(w @ 

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 been in'operation for approximately five years. 

Gypsum pond water serves as the scrubbing liquid for both the 

venturi and the spray tower. !\!ater is available at 8!J°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- 

ment design data. Fluoride removal efficiencies are 86 percent for 

the venturi treating the combined cone mixer - den gases and 71 percent 

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 CONCENTRATID!~S FCR RnP-TSP 
PLANT E!lISSICN SOURCESlg-21 

Emission .%urce 

Cqne mixer vent gases 

Curing belt (den) vent 
gases 

Storage building vent 
gases 

Retrofit Controls 

Flow Rate 
( SCFY) 

500 

24,500 

125,000 

Fluoride Concentration 
(mg/SCF) bm> 

I 
0.71 30 

a5 4000 

24 lop!! 

The proposed retrofit involves the replacement of the spray towrll 

with a spray-crossflow packed bed scrubber designed for g? oercent 

fluoride removal. Installation of the new scrubber \qill 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 P2@5 

input. 

F.!oderate rearrangement of the ductwork will be required to 

install the new scrubber. Existing controls are located as depicted 

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 2490 qnm 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.breakdown of the estimated 

co$ of the project is provided by Table 6-26. 

Table 6-24. MAJV'. RETPOFIT ITEMS FOP 'ln"EL !?r)P-TCP PL.NT (CASE !') 

7 Rearrangement of ductwork - removal of spray tower from service 

and connection of spray-crossflow packed bed scrubber and stack. 

PeqUireInentS are 59 feet Of g6-inch* duct. 

2. Water line connecting gypsum pond with spray-crossflow oacked 

bed scrubber - 1600 feet cf 16-inch pipe. 

*Not necessarily circular, but of equivalent cross-section21 area. 
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3. Two centrifugal pumps (one spare > - 2400 gpm, 76 feet total 

dynamic head (TDH), lOO-horsepok!er motor. 

4. Removal of spray tower. 

5. Centrifugal fan - 150,OCO SCFM, 355 feet TDt!, 2Whorsepower 

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 l'sted in Table 6-23. 

7. Stack - 75 fdet tall, 9 feet diameter. 

8. Supports and foundations. 

Table 6-25. OPERATING CONDITIONS FnR SPR4Y-CWSSFLOX PACKED 
EED SCRWBER FW f!nDEL PO!'-TSP PLfi"IT, Ca:F fl 

(55q Tons/Day P2O5) 

Gas to scgubber 
Flow, SCFM 
Flow, DSCFN 
Flow, ACFU 
Temp., "F 
Moisture, Vol. % 
Fluoride (as F), lb/hr 
Fluoride (as F), porn 

150,000 
145,500 
158,000 
100 
3.0 
439 
928 

Gas from scrubber 
Flow: SCFN 
Flow, DSCFM 
Flow, ACFFS 
Temp., "F 
Yoisture, Vol. % 
Fluoride (as F), lb/hr 
Fluoride (as F), ppm 
Fluoride removal, wt 7: 
Estimated y', ppm . 
Estimated !(TU required 

150,090 
145,500 
156,OW 
90 
3.0 
4.6 
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:/ P205) November 1974 

. . 

A. Direct Items (installed) 

:: 
3. 
4. 

ii: 
7. 
8. 

Spray-crossflow packed bed scrubber 
Ductwork 
Piping 
Pumps and motors 
Centrifugal fan and motor 
Removal of old equipment 
Stack 
Performance test 

294,000 
9,800 

28,800 
12,500 
44,000 

4,000 

Total Direct I terns 458,300 

B. 

C. 
‘. 

Contingency 
(25% of A) 114,600 

D. Total Capital Investment 802,100 

E. Annualized Costs 
1. Capital charges 
2. Maintenance 
3. Operating labor 
4. Utilities 
5. Taxes, insurance administrative 

Indi rect I terns 

Engineering construction expense, fee,interest on 
loans during construction, 
(50%. of A) 

sales tax,,freight insurance. 

Total Annualized Costs 214,900 
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Existing Controls (Case B) 

In this case, it is assumed that only the production area is 

originally equipped Mth controls. A Doyle scrubber is used to 

treat the combined ventilation streams from the mixing ccnk an,! 

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 69 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. FL2W RATES AND FLUORIGE C!NlCENTRATIC!~S OF EFFLUEYT 
STf?EAF:S SENT TO EX’I:TIIG C!NTROLS. 

I 

j 
'Emission Source 

! Flow Rate: Fluoride Concentration i 

(SCFF!) (mg/scf) (ml) j 
f I i 1 

&one mixer vent gases ! 500 Cl.71 I 3n 1 
! 

!Curing belt vent gases i 14,500 j 169 j 68no 

j 
t 

I 

ketrofit Controls (Case B) 

The hooding on the curing belt is in a poor state cf repair and 

will be replaced. A new hooding arrangement utilizing a flat 

stationary air tight top and plastic side curtains k!ill be used. 

The ventilation rate for the 5 1 Le t will be increased to 24,5Wl SCFM. 

This higher flow rate will necessitate the replacement of existing 
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ductwork and fans. The mixing cone will continue to be ventilated 

at a rate of 500 SCFK. 

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 SCFI-I. 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-crossfloLd packed bed scrubber designed for 

99.3 percent fluoride removal. Figure 6-9 .indicates the placement 

ill be emitted from a nezly of the retrofit scrubber. Treated gases w 

installed 75-foot stack. 

Gypsut~ 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 Tatlc !i-3Q. 
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Table 6-2c. IV,JOR RETROFIT ITEZS FOR KODEL ROP-TSP PLANT (CASE 6) 

1. GucWork - replacement of the curing belt ventilation system 

and installation of a storage building ventilation system. 

Curing belt ventilation system --175 feet of 42-inch duct 

with a 50 foot branch of 6-inch duct connecting the mixing 

cone. Storage building ventilation system - 150 feet of 96- 

inch duct with two 160-foot branches of 66-inch duct. 

2. 

3. 

4. 

5. 

6. 

Ilater line connecting gypsum pond with spray-cro.,sflo!;r packed 

bed scrubber - 1700 feet of 18-inch pipe. 

Two centrifugal pumps (onespare) - 3450 gpn, 74 feet 

total dynamic head (TDH), 125-horsepower motor. Booster pump 

for spray section - 1150 gpm, 81-feet TDH, 40-horsepower motor. 

Centrifugal fan for curing belt ventilation system - 25,000 

SCFM, 760 feet TGH, 75-horsepower motor. Fan for storage 

building ventilation system - 125,000 SCFH, 725 feet TDH, 

350 horsepower motor. 

Removal of - 1) 01~ hooding s;jsteR from cur 

2) T)oyle scrubber. 

ing belt and 

Installation of a new hooding system consisting of a rr:ooden a 

tight top and plastic side curtains on the curins belt. 
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7. 

. . 

8. 

, 

9. Stack - 75 feet tall, 9 foot diameter. 

10. 

Sealing of the storage building - roof monitor and sides of 

building. 

Spray-crossflo;/ 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. 

Supports and foundations. 

Table 6-29. OPERATIZG CONDITIONS FOR SPRAY-CROSSFLOW PACKED BE@ 
SCRUBBER FOR MODEL ROP-TSP PLANT, CASE B 

(550 Tons/Day .P205) 

Gas to Scrubber 
Floiii , SCFFI 150,000 
Flow, DSCFH 145,500 
Flow, ACFM 158,000 
Temp., OF 100 
I'ioisture, Vol. % 
Fluoride (as F), lb/hr 

4. Fluoride (as F), ppm 

Gas from Scrubber 
Flow, SCFI\1 
Flop;, CSCFM 
Flow, ACFM 
Temp., "F . 
bioisture, Vol. % 
Fluoride (as F), lb/hr 
Fluoride (as F), ppm 
Fluoride removal, wt % 
Estimated y', ppm 
Estimated NTU required 

3.0 
703 
1490 

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/da!/ P205) hovember 1974 

*- ($) cost 

A. Direct Items (installed) 

:: 
Spray-crossflow packed bed scrubber 
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 steel supports/bldg. 

Total Direct Items 

294,000 
89,200 
39,800 
48,200 
40,800 
26,700 
80,000. 
20,000 
44,000 

4,000 
100,000 

786,700 

B. Indirect Items 
Engineering construction expense, fee, interest on 
loans during construction, sales tax, freight insurance. 
(50% of A) 393,400 

C. Contingency 
(25% of A) 196,700 

D. Total Capital Investment 1,376,800 

E. Annualized Costs 

1. 'Capital"charges 
2. Maintenance 
3. Operating labor 
4. Utilities 
5. Taxes, insurance, administrative 

Total Annualized Costs 

224,400 
37,100 

4,000 
48,200 
55,700 

369,400 

*In costing this model, extensive use was made of a project report dated 

June 27, 1974, prepared by Jacobs Engineering company for J. R. Simplot 

co., Pocatello, Idaho. 
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fround phospfiate rock and $iospbric acid (39 perczr;-;: P2:15) are 

csntacted in a series pf reactors. The reaction mixture is then 

pumped to the granulator ::f;ere it is mixed !::ifi: recycled ma-itrial 

frc?; -Li-:e cyclone dust ccliectsrs and the screening s>erations to Trp- 
.- 

ducz product sized granules of triple superphosphate. A rotarjf 

drier is used to reduce the prociuct moisture content to abcut 3 per- 

cent. 

!lried triple suprpkphale is cooled and screened &fore jeing 

sent to storage. A curing period of 3 to 5 days is provided befere 

thz product is coxidered ready for ship?inG. Shipping cf GASP 

:'s on a seasonal basis, therefore: a large storage canaci+!l is re- 
“J 

c$red. The storage facility has a capacity of 25,000 tons of a 

triple superphosphate (11,500 tons P2Z5). This building is.venti- 

lated at a rate of 75,008 scfm using a roof monitor. 

Existfng Controls 

Zases vented from tile :-eat;Drs and the yanula-kor are combineti 

and treated in a t;:o-stage syste:,; consisting cf a venturi and a 

cy~lonic sprat' towr. G3'g u-1 :I, ? 3 n c.; kater serves as the scrubbing 

liquid in botil units. Pond beater is available at 86°F with a fiuc- * I 
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ride content of 0.5 percent. Additional properties are listed in 

Ta51,e 6-7. , Fluoride removal eff!'cienw is 8.5 percent for ii12 _. w \‘c\l-)- 

turi scrubber and 82 percent for the cyclcnic spra:* totIer. 

The drier gases are passed through cyclones for prcduct 

recovery and then treated for fluoride removal by a Tao-stage 

scrubbing system (venturi-cyclonic spray tok!er) similar to that de- 

scribed for the reactor-granulator cases. Fluoride collection is 85 

percent in the venturi and 86 percent in the q/clonic scrubber. 

Gypsum pond \nrater is used as the scrubbing liquid. 

iGscellanao!.s gas streams vented from the product coolin? 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 removal (cyclonic spray 

tower). Fluoride collection efficiency c;f the cyclonic spray tol:!er 

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. All values are estimates based cn 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 the storage building is presently,emitted 

uncontrolled. Table 6-31 lists the estimated volumetric flak! rate 

and fluoride concentration based on source test data. Fluoride 

emissions from the storage building are 13.2 pounds per hour. 
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Table 6-3 1. FL?!! !'ATES WE FLUXICE C';NCENTP,.r:TIOI;S FCP CTSP PL$.:;T 
EYISSIOP! SCUKES22-24 

/ 
Ei:lission source Flop rat2 

(SCFY) 
Fluoride concentration I 

(ng/SCF) (yl!?) f 

Eeactor-granulator gases 18,000 84 3500 1 

Drier vent gases 48,000 84 3500 
i 
f 

Cooler & screening equip- 51,000 16.8 7O!l 
ment gases i 
Storage building ventilation 75,000 1.3 

Retrofit Controls 

The retrofit project for the GTSP production facility involves 

t!;e replacement of the cyclonic ssra, 1' tower on the reactor-granula- 

tor stream and on the drier stream with a spra;+crossfloK packed bed 

scrub5er. A third spray-crossflow packed bed unit Gil be installed 

on the miscellaneous stream to provide seccndary 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 P2L5 

input. 

Figure 6-13 shows the position of existing controls. ?.etrofit 

plans call for the removal of the cyclonic spray towers treating the 

reactor-granulator and the drier gases and the installation of spray- 

crossflow packed bed scrubbers in the vacated areas. The soray- 

crossflw Packed beci scrubber for th Q miscellan2cus stream *;:ill 5.1~~ 

b2 located adjacent to the preliminary scrubber as indicated in 

Figure 6-11. 6-5: 
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FIGURE 6-10. EXISTING CONTROL EQUIP'IENT LAYOUT FOR MODEL GTSP PLANT. 
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FIGURE 6-11. RETROFIT CONTROL EQUIPflENT LAYOUT FOR MODEL GTSP PLANT. 



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 t!~ct 

reactor-granulator and the drier streams. Some minor alteration iii 

the piping arrangement will be required because of changes in the 

scrutber geometry. A l&inch line wiil be installed to provide 21(, 

gpm of water at 5 psig for the spray-crossflo!? packed bed unit @n ! 

miscellaneous stream and the packed sections of the secondary scr(rl 

bers on the reactor-granulator and the drier streams. Guplicate 

pumps, one on stand-by, will be provided for this service. In ali 

cases, the spent scrubbing liquid will be recycled to the gypsum 

pond using the existing plant drainage system. 

Some alteration of existing ductwork will be required to insLl 

the retrofit scrubbers. A new fan will be installed on the miscci 

stream to compensate for the pressure loss caused by the secondar. 

scrubber. 

Control of emissions from the GTSP storage facility requires 

the sealing of the roof monitor and the installation of 350 feet 

ventilation ducting. Ventilation air will be treated in a spray- 

cross ,fTow packed bed scrubber before being emitted. The unit -i*. 

designed to reduce fluoride emissions to 1.25 pounds per hour: a 1 
-.-__.. 

equivalent to: emission guideline under most conditions. All assIl 

fans, pumps* ps'piny, a;d ductwork must be installed. The existi/;, 
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Table 6-32. WU@R RETROFIT ITE!"S FOE ??DEL GTSP PLF.YT 

GTSP Production 

1. Rearrangement of ductwork - removal of existing cyclonic scrubbers 

on reactor-granulator and drier streams and connection of 

replacement spray-crossflow packed bed scrubbers. Installation 

of third spray-crossflok: packed bed unit on miscellaneous 

stream. Requirements are 150 feet of 60-inch diameter duct and 

50 feet of 42-inch duct. 

2. Neb: water line connecting gypsum pond with retrofitted scrubbers - 

A, 1200 feet of 16-inch pipe with ZOO-foot branch of 14-inch pipe 

to scrubbers treating the drier and miscellaneous streams and 159 

foot branch of 5-inch pipe to the reactor-granulator scrubber. 

3. Two centrifugal pumps, each 2160 gpm, 105 feet'total d;lnamic 

head (TDH), lOO-horsepower motor. 2ooster pump for spray 

secti on of spray-crossflow yacked bed scrubber on miscellaneous 

stream - 374 gpm, 89 fezt TDH, l&horsepower motor. 

6-61 

drainage system xi11 be used to recycle gypsum ?ond xater. 

Figwe 6-11 provides a vie?; of the ecuipxnt layout. 

Cl1 major retrofit items are tabulated in Table Z-31. 

Table 6-33 provides a list of operating conditions for the four 

retrofitted spray-crossflob: oacked bed scrubbers. Table 6-34 ore- 

sents the retrofit project costs. 



Table 6-32. !%33R RETROFiT ITEMS FOR F\!ODEL 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 parameter 

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- 

7. Supports and foundations. 

GTSP Storage 

? 
I . Sealing of roof monitor and installation of ducting - 350 fei, 

78-inch ducting for ventilation of building and connection CI 

scrubber. 

2. Nater 1 ine connecting gypsum pond with spray-crossflow paci:p, 

I. 

.i I bed scrubber - 1700 feet of 12-inch pipe. 

3. Centrifugal pump - 1730 gpm, 81 feet TDH, 60-horsepower mo'i[lf 

“. 
. Booster pump for spray section - 580 gpm, 89 feet TDH, 15- 

horsepower motor. 

4. Centr ifugal 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. 

6-63 



(WI Tons/r;s\l P n , .d 2r5) 

.-i ts Scrubbe) Froduction 

Fiw, SCF"! 

Fl O\'! ) l?SCF'" 

Flop::, KFI: 

Teyx, "F 

F;oisture, \eol . % 

Fluoride'(as F)9 lb/hr 

Fluoride (as F), ppn 

Gas fror;l Scrubber 

FloL SCF:! 

Flo~i, . ZSCFI:' 

Flco, RCF!: 

Temp., "F 

!?oisture, vol. % 

Fluoride (as F), lb/hr 

Fluoride,,(as F), ppm 

Fluoride removal, xt % 

Estimated :J’ , ppn 
Estimated ?TL! required 

R2actor 

18,009 

16:5F? 

l?,wlO 

110 

8.0 

2E! 

499 

16,85r! 

16,560 

17,500 

‘?(l 

2.0 

i .oo 

17.5 

96.5 

n ^5 . . I. 
3.38 
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!kier Cooler 

48,OOQ 51,OW 

44,i6r! ?8,451! 

52,509 54,900 

120 llc! 

8.0 5.0 

79.8 14.8 

525 92 

45,059 49,400 

44,169 48,459 

46,800 51,200 

90 PO 

2.0 2.0 

1.76 0.63 

11.5 3.9 

97.8 96.0 

c.35 Q.85 

3.90 3.39 

Storage 

\'entilatiorl 

75,')')c) 

74,4ET, 

77,lW 

87 

r1.7 

13.2 

54.1 

7ti,"V-! 

74,480 

75,lr)G 

85 

2.c 

1.25 

5.1 

30.5 

9.7 
3 /rc! :. . +.. 



A. 

C. 

D. 

i c. 

Table 6-34. RETROFIT COSTS FOR MODEL 
GTSP PLAYT (400 tens/day P205) November 1974 

Direct Items (installed) 

1. GTSP Production 
a. Spray-crossflow packed bed scrubbers (3) 
b. Ductwork 

:: 
Piping 
Pumps and motors 
Removal of old equipment 

F: Performance test 
g. Centrifugal fan and motor 

2. GTSP Storage 

t : 
Cross flow packed scrubber 
Ductwork 

:: 
Piping 
Pumps and motors 

e. Centrifugal fan and motor 
f. Structural steel supports/bldg. 

Z: 
Sealing of storage building 
Performance test 

Total Direct Items 
l 

Indirect 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 1,265,500 

Annualized Costs 

1. Capital charges 
2. Maintenance 
3. Operating labor 
4. Utilities 
5. Taxes, insurance, administrative 

Total Annualized Costs 

(9) 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 

723,100 

361,600 

180,800 

206,300 
33,800 

6,000 
40,600 
50,500 

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: 

1. A description of the process in use, 

2. Identification of the original fluori 

treated, 

de controls and sources 

3. A descriptic.1 of the retrofit project , and 

4. Retrofit costs. 

Case A. 

Case A involves the retrofitting of controls to a aranular triple 

superphosphate plant. This facilitv was built in 1953 usinq the Dorr- 

Oliver slurry granulation process. Annual production capacitv was orioinallv 

100,000 tons triple suoerphosphate 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 ma-jar modifications. 

Space limitations also exist in the area immediate1.y surroundin? the build- j 

ing and would affect any retrofit proiect. 



Original Controls 

Fluoride control was initially provided by a spray tower installed 

in 1353 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 spray tower while bFth 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.availa5le. 

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 cycloti-ic 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 

granulatzr 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 
0 

were also required. 

Designed fluoride removal efficiency is 99+ percent. Tests 

conducted by the Environmental Protectixl Aqency in June 1972 measured 

fluoride removal efficiencies rangin? UD to 99.6 percent. 
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Table 6-35. OPERATING CHARACTERISTICS OF SCRUBRERS IN RETROFIT C.&E 4 

Scrubber type 
I 

Scrubbing liquid 
to gas ratio (gal/SCF) 

Drier venturi 0.008 

Screen ventu,ri 0.006 

Cyclonic scrubber 0.907 

Spray-crossflow CL002 
packed bed scrubber 

Gas stream 
pressure drop(in. H20 

12-15 

8-13 

4-6 

2-6 

Retrofit Costs 

Total installed .cost qf the retrofit control equipment was $368,003, 

however, this does not include the cost of removing old eouipment or of 

adding new pond water supply and drainaqe systems. The annual operating 

cost isreported 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 Dorr4liver process for GTSP. Annual canacity is approximately 

200,000 tons triple superphosphate. Space limitations arc similar to those 

described in Case A. 
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Original Controls 

Emissions from the drier and ttle screening area were controlled 5~ 

a spray tower which had been installed as oart of the original plant 

design. Fluoride removal efficiency data is not available for this system. 

Reactor and granulator gases were ven,ted to tile atmosohere 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 parallel follo:;led 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 scrubbino liquid. 

Controls for the reactor and the granulator were not installed as a part of 

this proiect. 

The retrofit controls were added in 1972. All associated fans, pumas, 

: piping, and ductlng 'were installed as part of this project. F uoride removal 

i efficiency of the system is reported to be 99+ percent. 

[ Retrofit Costs 

Total installed cost for the retrofit controls was reported to be 

1 $760,000. Table 6-36 lists a breakdown of the cost. Demolition costs 

and the cost of adding ne\c pond water supplv and drainap? systers arc 

not included. I;o ooeratinn costs \a!ere provided. 
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Table 6-36. CASE B RETROFIT PROJECT COSTS 

I Itb -- 
Foundations 

Structural steel 

Blowers and motors 

Wet scrubbers 

Pumps, sumps and piping 

Ducts and stack 

E?ectrical and instruments 

Installed Cost 
(dollars) 

81,000 

52,000 

85,000 

218,000 

175,000 

102.00G 

47,000 
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G .2 VEi!TURI SCRUBBER 

6.2-i description 

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 characteristics. 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 flo\: 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 removal of entrained scrubbinq liquid. The maicr difference 

between t1:e designs is the source of motive power for oneratina the scrubber. 

In the cast of the gas actuated venturi, the ve1ocit.y of the gas stream 

provides the energy required for gas-liauid contacting. T:)e scrubbino 

liquid is introduced into the gas stream at the throat of the venturi 
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and is broken into fine droplets b,v the acceleratinn aas 

stream. Pressure drop across the scrubber is generallv high - from 

8 to 20 inches of water. A fan is required to compensate far 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 tu 8 inches of water can be developed at hioh liquid 

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 advantaae 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- 

actuated venturi depends mainly on the liquid stream velocity. 

Water actuated venturis find application orincioally as aas 
25 

absorption units. Their use is usually limited, however, to small 

gas streams with moderate scrubbing requirements. The water-actuated 

venturi is seldom used for gas flows greater than 5,090 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.b,y the 

Environmental Protection Agency, however, fluoride abscrption 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, RDP-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 PERFOR;?lANCE IN SUPERPHOSPHORIC ACID AND 
DIAMMONIUF: PHOSPHATE PLANTS 28 . . . . 

Vacuum evapora- barometric conden- water 
tion SPA ser, hotwell, and 

I 
actuated 

product cooling tank venturi 

reactor, granula- 3 gas 
tor, drier, and actuated 
cooler venturis 

aAverage of testing results 

1 G-74 

Scrubbing Fluoride emission\ ,' 
liquid 

i 
(lb F/ton P205) 
. 

ponc! 
water 

0.0009 

~ weal: acid 
(20-22X 

'2'5) 

0.129 



5.2.3 Zetrofit Costs for Venturi Scrub%rs 

I. 
This section evaluates the ccsSs j i-~cl ~26 ,k;j tl; k-etrpfit.)j ;?c 

venturi scru'vbers in a diammonium oi!csy,i-ate plant. Venturis 

migi?t be used to prcvid, n fluoride control for this source because 

of their high solids hantiling cayajilit\.'. Crtl v the . c ai t--'*yfj ';. rode 

ap$roach will be used to provide ccsts. 

The, model plant 1, 'c the same as described in section 6.1.3.1. 

To avoi:d repetition, only a summary of retrofit controls, a list 

1 

of major retrofit items, and a breakdozrn of costs :,411 be grzsented 

here. 

The general aspects of the retrofit project are t!le same as 

described in Section 6.1.3.1. Sas-actuated venturis i;rill i'e used 

as fluoride scrubbers on the reactor-granulator, tile drier, and 

tiE cooler streams. Pumping and fan requirements differ from those 

presented in section 6.1.3.1. An existing line ?:ill be used to 

supply part of the water requirement. Table 6-38 provides a list 
*. 

of major retrofit items required. Costs are presented in Table 

6-39. 

i-able G-38. !.t"JCR ?ET!?CFIT ITEX FOR YODEL CAP PLXT . '. 

1. Guctwork - removal of cyclonic spray to;::er from service and 

connection of three gas-actuated venturi scrubijers. ?eouire- 

ments are 100 feet of 60-inch duct and 50 feet of 54-inch duct. 

2. blater line connecting gypsum nond Gti; venturi scrubbers - 

12OQ feet of 16-inch pipe k:ith 20?-foot branch of l&inch 
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7 
d. 

4. 

5. 

6. 

7. Supp$rts and foundations. 

pipe and 150-foot branch of 6-inch Fi?e. 

Two centrifugal oumos (one sparej - 2550 gnm, 195 

feet total dynamic head (TDH), 150 horsenoeler motor. 

Three centrifugal fans: one for t!~e reactor-nranulator 

stream, one for the dri?r s,, +.-earn, and one for the cooler 

stream. Reactor-granulator fan - 30,030 scfm, 713 feet TDP, 

75 horsepower motor. Drier stream fan and cooler stream 

fan - 45,c)OG scfm, 713 feet TDt?, 125 horsepok'er motor. 

Removal of cyclonic spray tower. 

Three venturi scrubbers equipped With mist eliminator 

sections. When using specified pond water and treatin? 

gases described in Table 6-19, scrubbers are reouired to obtain 

performance indicated in Table 6-21. 
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Table 6-39. RETROFIT COSTS FOR MODEL DAP PLANT 
(500 Tons/Day P205) November 1974 

A. Direct Items (installed) 

1. Venturi scrubbers (3) , 

:: 
Ductwork 
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 (SO% of Aa) 

C. Contingency (25% of A.) 

D. Total Capital Investment 

E. Annualized Costs 
A. 

1. Capital charges 
2. Maintenance 
3. Operating labor 
4. Utilities 
5. Taxes, insurance, administrative 

Total Annualized Costs 

(S) cost 

181,700 
17,000 
26,500 
39,200 
38,400 
12,500 

4,000 

319,300 

159,700 

79,800 

558,800 

91,100 
15,000 

4,000 
31,000 
22,400 

163,500 
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5.3 SPRAY TXER SCRUBESER 

6.3.1 Description 

Spray towers provide the interphase contacting necessary for 

gas absorption by dispersing the scrubbing liquid in the gas phase 

in tile form of a fine spray. Several type.s of spray to!/<ers are in 

general use. The simplest consists of an empt;l 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 ,!ravity 

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 

scrubbing'liquid by utilizing centrifugal force to remove entrained ..k< -. . . . .,. :.: $.-..y- .,y',;..t.. ,': _ . ..A+ y ,.-., 
droplets... Figu,re 6-14 is a',.schematic diagram'of i"typical design. 

I :,. _- ," -; _,., .F.. ., :. - .--. I:, ".. ', :. 
In this case,.a~~tangential ,lnlet iq‘used to.impa$'the spinning -. ..A',... _ ._ 

motion to the 

gas flow prov i 

-- -,. 
gas stream. 

-. .: 
Water sprays are directed parallel to the 

ding crossf 10~ contacting of the gas and liquid streams. 

Pressure drops across the scrubber ranges from 2 to 8 inches of water. 

Solids handling capacity is high, >o:\rever, akor~tic;: capacit:! is 

limited to about two transfer units. 29,30 

6.3.2 Emission Reduction 

Fluoride removal efficiencies rang inq from 84 to 95 Fercent have 

been reported for cyclonic spray tozers treating wet acid plant 
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CORE GUSTER DISK++<!<--j ,<A 

FIGURE 6-14. CYCLONIC SPRAY TOWER SCRUBBER. 

_ _ - . .- - 

effluent nases. 31 Table 6-40 presents qerformance data cbtained b\t 

the EnvironRental Protection Anenc\l for cvclonic snra:J tfwerc installed 

in wet-process phosohoric acid: diannoniw oliosnhatc, and run-oc-pi19 

trip15 superphosphate plants. In nlost cases, the control s.vstep con- 

sisted of a primary venturi scrubber or c\/clonic s?rav tower followed 

by a secondar, \I cvclonic spra.v tol;ler. . Gypsur! Dond water was used as 

the scrubbing solution except where indicated. 

6.3.3 Retrofit Costs for Cvcl onic 57rav Towers 

This section will use t+e retrofit w?del annro3ch tn estimtc 

the costs involved with the ir,stallation of cwlonic snr3'1 twers in 

a 70"- TSD plant. Control svstems utilizin 0 r cvclnnic sorat/ towers are 

cao?t!le of ?rovidincl the collection e Fficiencv necessilrv t,n Feet 

the emission guideline of 0.2 pounds fluoride per ton P205 input. 



Table 6-40.- CYCLONIC SPRAY TOWER PERFORMANCE IN WET-PROCESS PHOSPHORIC ACID, 32 
DIAMMONIUM PHOSPHATE, AND RUN-OF-PILE TRIPLE SUPERPHOSHATE PLANTS 

. * 

rype of plant Sources controlled Primary controls Secondary controls bluoride emissionsa 
(lb F/ton P205) 

a 

4PPA reactor, filter, and two-stage cyclonic 
miscellaneous sources spray tower 

- 0.056 

1AP reactor, granulator, 3 cyclonic spray 2 cyclonic spray 0.380 
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 

(OP-TSP 

1OP-TSP 

mixing cone, den, venturi scrubber . cyclonic spray tower 0.194, 0.211h 
transfer conveyor, scrubber with packed 
and storage pile bed section 

mixing cone, den, 2 cyclonic spray. 2 cyclonic spray tower -0.125 
and storage pile tower scrubbers scrubbers in parallel 

in parallel 
\ 

aAverage of testing results 

bSecond series of tests 



I. Ti,e :otizl plant is tie cape as descri5ed in section C.l.?.l 

(Case F). Flow rates and fluoride concentrations of the various 

effluent streams are listed in fable 6-23. tyases vented from the 

cone mixer and den are presently treatec' in a 20,I)Xl cfr venturi. 

combined wit!1 the storage buildino ventjlation stream and sent to a 

spray tokier. The storage buildin? ventilation air is sent directlv 

tr! the spray tower. Total fluoride emissions are 127 nounds oer 

hour Cth existing ccntrols. 

The retrofit project involves the removal of the existinn scrubbers 

and the installation of a new control svstem consistina of oreliminarv 

cyclonic spray towers on the ventilation streams from the nroductinn 

and storage areas followed by a second,ary cvclonic sprav tower treatino 

the combined effluent streams. This system will reduce fluoride 

emissions to 4.G oounds per hour whit? is equivalent to the emission 

guideline. 

4?etrofit controls will be lccated as shown in Figure 6-15. '.pJ(j- 

eratc rearrangement of the ductwork is necessary to install the 

cyclonic spray towers. Two new fans iail be required because of the 

higher pressure drop associated with the retrofit svster. Existinn 

water lines and pumps will be use! to supn1.y the orelirinarv scrubbers. 

A l&inch line will be installed to nrovide 1725 gnm of nond water 

for the secondary scrubber. Soent scrubbind water b!ill be recvcled 

to the oynsum Fond in the existino drainane svstem. Treated oases 

!.;ill be emitted from a ne:;lly installed 7S foot stack. 
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Table 6-41 lists the major cost items involved in this retrofit 

project. Operating conditions for the three cvclonic snra.y towers are 

provided in Table 6-42. Retrofit costs are estimated in Table 6-43. 

Table 6-41. MAJOR RETROFIT ITEMS FOR MODEL ROP-TSP PLA!IT 

1. 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. 

2. h'ater 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. 

3. Centrifugal pump - 1725 gpm, 167 feet total dynamic head (TDH), 

125-horsepower motor. 

4. Removal of venturi and spray tower. 

5. 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 SCFM, 461 feet 

TDH, 175 horsepower motor.' 

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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7. Stack - 75 feet tall, 9 feet diameter. 

8. Supports and foundations. 

Table 6-42. OPERATING CONDITIONS FOR CYCLONIC SPRAY TGWER SCRU5BERS 
FOR YODEL RP-TSP PLANT 

(550 Tons/Day P2G5) 

Mixing cone and den Storage building COfWl 
ventilation stream ventilation stream sttw 

Gas to scrubber 

Flow, SCFM 25,900 125,000 
Flow, DSCFM 24,5DO 122,500 
Flow, ACFM 28,400 128,200 
Temp., OF 140 85 
Moisture,, Vol. % 2 2 
Fluoride (.as F), lb/hr 307 396 
Fluoride (as F), ppm 4,000 1,000 

Gas from scrubber 

Q 

Flow, SCFM 
Flow, DSCFM 
Flow, ACFM 
Temp., "F 
Moisture, ~01 
Fluoride (.as 
Fluoride (as 
Fluoride remo 

% 
i)., lb/hr 
FL wm 
val, wt % 

Estimated y'", ppm 
Estimated NTU required 

25,300 126,000 
24,500 122,501) 
27,500 128,500 

115 80 
3 3 

20.5 30 
260 76 

93 92.5 
0.8 0.8 
2.7 2.6 
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A. 

B. 

C. 

D. 

E. 

Table 6-43. RETROFIT COSTS FOR MODEL ROP-TSP PLANT 
(550 Tons/Dav P,O,) November 1974 L .I 

Direct Items (installed) 

1. 
2. 
3. 
4. 
5. 

F: 
8. 

Centrifugal spray tower scrubbers 
Ductwork 
Piping 
Pump and motor 
Centrifugal fans and motors 
Removal of old equipment 
Stack 
Performance test 

Total Direct Items 

Indirect Items 
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 charges 
2. Maintenance 
3. Operating labor 
4. Utilities 
5. Taxes, insurance, administrative 

Total Annualized Costs 

(3) 

Cost ($) 

300,000 
25,000 
29,100 
22,200 
54,400 
12,500 
44,000 

4,000 

491,200 

245,600 

122,800 

859,600 

140,lO:: 
25 ,JJ: 

6,000 
48:600 
34,500 

252,600 
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6.4 IMPINGEMENT SCRUBBER 

Impingement scrubbers are primarily particulate collection 

devices but they also possess some absorption capability and have 

been used with limited success to treat effluent streams from wet- 

process acid and diammonium phosphate plants. The Do.yle scrubber 

is the type most commonly used by the pictured in Figure 6-16 

fertilizer industry. 

FIGURE 6-16. DOYLE SCRUBBER. 

Effluent gases are introduced into the scrubber as shown in 

Figure 6-M. The lower section of the inlet duct is equipped with a 

axially located COW 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 high velocity-and unce: 

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 handling capacity is 

high, however, absorption capability is ver,y limited. 33 
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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 industr,y. 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-FSP retrofit example 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 Type of Scrubber Capacity Total Capital Annualized 
(tons/day Investment cost 
P&) 

DAP Spray-crossflow 500 $733,100 3194,100 
packed bed 

DAP Venturi 500 558,800 163,500 

ROP-TSP Spray-crossflow 550 8rj2,lGG 214,ssl 
packed bed 

ROP-TSP Cycl onic 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, 

delays 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 gui(ll 

line and may be modified as dictated by specific circumstances. 

Figure 6-17 identifies the various steps involved in the procuremc~r~ 

installation of a wet scrubber on a wet-process phosphoric acid plant. 

also provides an estimate of the total time requirement of the pro.iecl. 

estimating this time requirement, it was assumed that those activitie!, 

up to the finalization of control equipment plans and specifications II~I' 

completed prior to the initiation of the retrofit project. The indivlcI,l 

steps shown in Figure 6-17 are explained in more detail in Table 6-45. 
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FIGURE (j-17. TIME SCHEDULE FOR THE INSTALLATION OF A WET SCRUBBER ON A WET-PROCESS 
PHOSPHORIC ACID PLANT34 
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A-C 

A-B 

C-D 
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E-F 
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I -tI 

}I- I 
I-3 
2- ,i 

Dote of submittal of final control plan to opproprlote agency. 

Date of award of control device contract. 

Dote of initiation of onlite construction or Installation of cmlssion control equipment. 

6 

-z.ccL 
\ 

Ax!- 
\ 

Date by which on-site construction or Instolla~ion of emission control equipment Is completed. .72 

Dote by which final compliance is achieved. -JL- 

Preliminory investigation 

Source tests 

Evaluate control oIlernatives 

Commit funds for total program 

Prepore preliminary control plan and compliance 
schedule for agency 

Agency review : I.pproval 

Finalize plans and ,pccificationc 

Pro< (are cwlrol device bids 

Designation 

J-K 

K-L 

L-M 

K-N 

N-O 

O-P 

P-3 
3-M 

M-Q 

Q-4 
4 -5 

Review and approval of osembly drawings 

Vendor prepares fabrication drawings 

Fobricote control device 

Prepare engineering drawings 

Procure construclion bids 

Evaluate construction bids 

Award construction contract 

On-rite construction 

Inshxll control device 

Caplete construction (system tic-in) 

Startup, thokedwn, preliminary wwcc test 
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Table e-45. DESCRIPTION OF INDIVIDUAL ACTIVITIES IIMILVED IN THE PRQCUREYENT, INSTALLATION, AYD 

STARTUP OF CONTROL EOUIPMENT.35 

ACTIVITY 
CODE 

G-1 

ACTIVITY 
DESCRIPTION DETAILS OF ACTj.VITY AND ESTIWTED TIME REOUIREYEtiT 

Finalize plans and specification The control system is specified in suffient detail for 
control equipment suppliers and contractors to prepare 
bids. A final control plan summarizina this information 
is also prepared for submittal to the approoriate agency. 
Two to six weeks are allocated for this activitv. The 
variation is dependent on the magnitude and complexitv 
of the project. 

o-l 
ia 0 

1-H 

. 

Procure control device bids 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 quotations 
freauently do not match bid specifications, thereby requirinc 
further contacts with each bidder. 

H-I Evaluate control device bids The bids are evaluated and supoliers are selected. 
Two to five weeks are required for evaluatina control device 
bids. Small, privately owned firms will require little time, 
whereas in larqe coroorations, the bid evalua%ion procedure 
often involves several departments therebv increasinl the 
time reauirements. 

I,‘- 2 Award control device contract The successful bidder is notified and a contract is sioned. 
A minimum of two weeks should be allocated for oreparino 
the final contract oaoers and awardina contracts for the 
control device and other major comnonents. This activitv 
will take longer in larcle cornorations where examination and 
acloroval of ths contract bv several denartrents is required. 



Table &45‘r'(continued). DESCRIPTION OF INDIVIDUAL ACTIVITIES INVOLVED IN THE PROCUREMENT, 

INSTALLATION, AND STARTUP OF CONTROL EQUIPMENT. 
35 

ACTIVITY ACTIVITY 
CODE DESCRIPTION DETAILS OF'ACTIVITY'AND ESTI%TED TIME REQUIREMENT 

2-J 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 

K-L 

Review and approval of 
assembly drawings 

The client reviews the assembly drawings and gives aoproval 
to begin fabrication drawings. The client also uses the 
assembly drawings to prepare the necessary engineering 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. 

Vendor prepares fabrication 
drawings 

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. 
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Table 6-4§(continued). DESCRIPTION OF INDIVIDUAL ACTIVITIES IWOLVED IN THE PROCUREMENT, 

INSTALLATION, AND STARTUP OF CONTROL EOUIPMENT.35 

ACTIVITY ACTIVITY 
CODE DESCRIPTION DETAILS T)F ACTIVITY AND ESTIMATED TIME REOUIREMENT 

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 bv several departments prior 
to its submission to the successful contractor. Two 
weeks are allowed for this activity. 

0-l 
I 3-M 

ul 
0 

M-Q 

On-site construction 

Install control device 

This consists of site clearance, pouring of the foundation, 
erecting structural members, ductwork, and installation of 
auxi1iar.y equipment. Twelve weeks were estimated for this 
activity. 

This activit.y 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 i 
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 I!WOLVED IN THES;ROCURE!lENT, 

INSTALLATION, AND STARTUP OF CONTROL EQUIPMENT. 

ACTIVITY ACTIVITY 
CODE DESCRIPTION DETAILS OF ACTIVITY AND ESTMATED TIYE REQUIREMENT 

,rn I 
“p j 

4-5 

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 usuallv 
scheduled so that it will have the least imoact on the 
operation. The contractors responsibilitv usuallv ends 
at this point when the client and the vendors representativ 
accept the construction as beinp complete. Two to six week 
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 reouired. 

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 eiaht weeks for a la 
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-l are based upon the installation and 

operation of control equipment described in chapter 6.1.3. Install ation 

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 em 

in Table 1-2, but would also apply to the adopt 

fluoride emission regulations. 

ssion guidelines shown 

on of less stringent 

- 
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 regulations, they are related to unit production and product 

sales price (Table 7-l). Additional insight on potential impacts 

related to costs are given by a discussion on potential plant closures. 

Criteria 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 requlations 

is estimated. 

The information presented in this chapter is intended to assist 

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 7-1 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 at 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 bv cal- 

culating the changes in profits and cash incomes for all plants or 

firms in the industry if the necessary information were available. 

Diamonium 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 
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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) 

ll 

L 
Control Capital, $ 

Sales Price 
($ per ton 
product) 

Annualized Costs 

a. Total, $ 

b. Unit Basis 
($ per ton 
product) 

C. As a % of 
Sales Price 

Phosphoric 
Acid 

500 

Super- 
Phosphoric 

Acid 

300 

229,000 ' 264,000 
272,000 

105 152 

62,000 ' 
74,030 

69,000 

,20 - .52 
.24 

0.2 0.3 

DAP 

500 

ROP-TSP 
(Case A) 

550 550 400 

984,000 968,000 1,542,QOO 1,386,OOO 

145 126 126 130 

262,000 260,000 414,030 

.73 

0.5 

.66 

0.5 - 

ROP-TSP 
(Case B) 

1.05 

37QJOQ 

1.29 

.8 1.0 

GTSP 

S: lice: of Price Quotations - Chemical Marketing Reporter, November 4, 1974. 



from 5 to 6 percent of sales and approximately doubled these pe:*- 

centages in 1974. Against this level of profitability, control costs 

as shown in Table 7-1 appear to have minimal impact on a plant typical 

of this profit performance. As long as product prices are unrestricted 

(the Cost of Living Council removed price ceilings on domestic ferti- 

lizers on October 25, 1973) and plant utilization remains at the cur- 

rent level of approximately 90 percent, control costs could be ab- 

sorbed by the industry without any price increases. On the other hand, 

price increases to pay for the costs would be minimal. 

An objective of this analysis is to highlight where the implemen- 

tation of the emission guidelines might impose an economic 

burden upon plants. A scenario for possible plant closures could be 

presented in this fashion: overcapacity in spite of growing demand 

develops in a particular segment of the industry resulting in under- 

utilization at ratesnear 75 and 80 percent of'capacity. Prices 

and profits subsequently decline. In such a situation, plants 

would probably close; however, the question is to what extent would 

the impact of retrofit controls be responsible for plant closures. 

In section 7.3, criteria are presented which can be used to pinpoint 

the extent of ;jlant closures. 

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 existin 

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 

situ&ian: 
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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. 
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Guidelines for pinpointing plants as candidates for closure are 

presented as follows. First, new plants to replace existing plants 

of 'the comparable model size described in Table 7-1 would require soi)" 

$10 to $20 million. In no instance COUld the construction Of J new 

plant be a better alternative than retrofitting controls requiring 

the magnitude of capital, or even twice the values, shopm in Table 7~ I 

On the other hand, plants that have small or negative cash incomes 

prior to retrofitting would certainly close. Plants that have small 1' 

negative profits (after deducting depreciation charges) would eventC 

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 economic>'. 

of scale of production --less than 170,000 tons-per-year cap 

acity.' 

2. Old plants which generally have ou,lived their useful or 

economic lives--twenty years or 

3. Plants isolated fro3 raw materi 

phosphate plants that purchase 

ammonia. 

4. Plants likely to suffer from a 

more. 

als--particularly diamoniutit 

merchant phosphoric acid anti 

shift in the overal 1 market 

structure as a result of external forces. 

Financial data on an individual plant basis necessary to evalL:S!it 

the impact of retrofit controls are unfortunately unavailable. !lenI 

plant closures can be estimated only from a categorical approach, wIt18 
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classifies plants that possess characteristics of the nature of those 

discussed above. Any estimate of plant closures has to be presented 

\q,ith the usual qualifications. 

7.4 IMPACT ON THE INDUSTRY 

At the present time, the con.dition of the fertilizer ind-ustry 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 high inflation. When the Cost of Living Council lifted 

price ceilings on October 25, 1973, domestic prices heretofore con- 

strained by CLC immediately arose 60 percent on the average reflecting 

the foreign demand for domestic phosphate products. Demand for 

fertilizers to increase agricultural production and yields has been 

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 a't an annual rate of 5-6 percent. 2 

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- 

the period beginning in 1976-1977. H@W+jer, 

itting of existing plants for 

struction activity in 

during this slack per iod, retrof 
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controls will be required in accordance with implementation plans. 

Therefore, these retrofit projects should not hinder new construction. 

Rather than resulting in plant closures, requirements for retro- 

fitting fluoride emission control systems will probab1.y encourage some 

imyrovements of marginal plants. 

The nature of the impact of the Ill(d) regulations for the 

fertilizer industry will be geographical in scope. The state of 

Florida, where most of the industry is located, has adopted regula- 

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 greattist control cost - on a unit basis - for any process 

subject to standards is for the combination of processing ant: 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 addition:11 

retrofit controls, the impact upon the industr.y 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 CdpdLIiiY would be exnected to retrofit as (1 

result of Federal regulations. Control costs for this orocess, 
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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. 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 amotint 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 flwpirb. 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 fat 

resulting in oversupply and price-cutting. Triple 

does appear to be expanding rapidly in this area w 

ton-per-year plant coming on-stream in 1975-1976. 

lities, ultimately 

superphosphate capacity 

th a new 340,000 

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 industr.v is generally recognized as a capital 

intensive industry; in other words, labor requirements for productions 

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 activii 

and employment. 

For purposes of illustrating the 

emplo,yment, the shutdown of 1 to 3 tri 

in Section 7.4 might result in the 10s 

effects of plant closures on 

ple superphosphate plants citcci 

s of 10 to 50 jobs. 4 Onlv thoc.1, 

jobs directly associated with the triple superphosphate plants woul~l 

be affected. Employment in supporting activities such as rock mininil. 

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 hc 

cautionary after reviewing the historical chronic cyclic patterns 

of product shortages and oversupply. Assuming that oversupplv 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 1)tl 

a combination of expenditures for retrofitting both fluoride emission 
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controls and water eff1uen.b controls may result in as many as five 

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 psant 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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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 (considerinq 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. 

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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viewpoint, it is not unusual that this scrubber design is the best 

demonstrated control technology. 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. 

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. Co11 

trol of gas streams with high particulate loadings has caused a plugginll 

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 scrubber design have eliminated this problem. In 

addition, all current fluoride control technologies involve some type 01 

scrubbing system, and consequently, they share any plugging tendencies, 

as well as similar costs and energy requirements. With these consider11 

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-crossfl ow packed bed scrubbers instal!cis; 
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the units as part of the original plant design. 

that is #available is usually incomplete because 

management and lack of cost breakdowns. Retrofi t models 'were therefore 

Retrofit information 

of changes in plant 

developed t-6 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 model 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 problems, other than space limitations, were 

foreseen for the average plant. In all cases, the mannitude of the 

estimated retrofit costs is minimal as is discussed in Section 7. 

Table 9-l indicates the impact of the emission guidelincz; 

on annual U.S. fluoride emissions. Adoption of the emission guidelines 

would result in emission reductions ranging from 50 percent for GTSP 

storage facilities to 90 percent for ROP-TSP plants. Overall emissions 

from the affected facilities would be reaucerl by 75 percent. 

Environmental and energy cdsts 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 the emission guidelines in practically all cases. 

In the rare case where the partial pressure of fluoride out of pond water 

is high, the emission guidelines can still be met. The aliquot of water 

sent to the final section of scrubber packing may be fresh or limed water. 

This aliquot will only be a small fraction of the total water to the scrubber 

8-3 



and will contain only a small fraction of the total fluoride absorbed 

in the scrubber. This implies that no additional effluent need be 

created. Any solids generated by fluoride scrubbing (e.g., in the WPPA 

process) would go to the gypsum pond and cause no more than a 0.06 

percent increase in the amount of solids normally produced. 

The estimated total annual incremental electrical energy demand 

which would be created by fluoride control to meet the 

emission guidelines is only a.7 X lo6 KWHjyr. This is equivalent 

to the amount of energy required to operate only one 300 tons/day 

P205 SPA plant by the submerged combustion process 115 days/yr. 

8.2 EVALUATION OF INDIVIDUAL+SSION GUIDELINES 
a. 

8.2.1 Wet-Process Phosphoric Acid Plants 

Fluoride Emission Guideline 

0.01 grams of fluoride (as F-) per kilogram of P,O5 input to the I. . 

process. 

Discussio; -. .~.. -.---.- - 

The emission guideline is equal 

for new plants. Control to the level 

to the standard of performance 

of the guideline would require 

removal -of 99 -percent of the fluorides evolved from the wet-acid 

process. A spray-crossflow packed bed scrubber is capable of providing 

this collection efficiency. 
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Rationale 

The economic impact of the emission ouideline on the 

industry is negligible. Approximately 53 percent of the 

existing wet process acid plants, .?ccountinn for 7.c percent of the 

production capacity, arc .eithcr sufficiently controlled at present 

to meet an emission level of 0.01 grams-f/kilogram P2C5 or b!iTl be 

required to attain that level of control regardless of the proposed 

emission guideline. This estimate is based on the assumption that 

It since 1967 have installed controls 

level of 0.01 grams of fluoride 

all wet-process acid plants bui 

capable of meeting an emission 

The retrofit costs for those plants that are affected, approximately 

$23C,OOO 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. 

d. 

Relaxation of the guideline to allow emission increases of 50 to 

100 percent would not alqrwadditional 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 Emjssion (;uideli!E 

0.005 grams of fluoride (as F-) per kilogram of P205 input to the 

process. 

Discussion 

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 were quoted, 

including the spray-crossflow packed bed scrubber (1). Plants using 

11 the vacuum evaporation process (79 percent of the SPA industry) wi 

require no additional control. 
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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 P2O5) 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 P205 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 

packed bed scrubbers, added to any existing venturis, are capable of 
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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 allow the use of alternative 

scrubber technologies would increase fluoride emissions to the atmosphere 

by 49 tons per year, a 50 percent increase. 

Retrofit costs (733,000 for a 500 ton P205/day plant) are not 

considered excessive. Annualized cost, including capital charges, 

would amount to 0.5 percent of sales. 

Impact of applying the emission guideline on fluoride 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 P2O5 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 

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. 

The remaining 60 percent will be required to meet more stringent 

State regulations. 

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. 

Retrofit costs ($800,000 for a typical 550 ton P205/day plant 

to $1,371,000 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 P205 input to the process. 
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Discussion 

The fluoride emission guideline is equal to the standard of performance, 

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, 

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 P205 in 

storage. 

Discussion 

The fluoride emission guideline for existina 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 

f: 
. 1 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 

b-y the amounts indicated in Table 9-l. 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, 

GASP storege) e ither to make use of add itional informat ion or to com- 

pensate for the lack of necessary data. 
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Table i-1. ANNUAL U.S. FLUORIDE EMISSION REDUCTION DUE TO INSTALLATION 
OF RETROFIT CONTROLS CAPABLE OF MEETING EMISSION GUIDELINES 

Segment of Industry Estimated 1974 
Emissions (Tons F/Yr) 

Estimated Emissions Following Fluoride Fmission 
Installation of Retrofit Con- Reduction 
trols (Tons F/Yr) (% 1974 level) 

WPPA 

SPA 

DAP 

ROP-TSP 

GTSP 
Production 

Storage 

Overall 

217+ 58 73 

7.7' 3.5 55 

251 89 65 

599 70 88 

268 131 51 

119 39 67 

1,462 390 73 

L 



Table 9-2. TYPICAL 1974 FLUORIDE EMISSIONS SOURCE STRENGTHS BEFORE AND AFTER INSTALLATTnM nF 
RETROFIT EOMROeS"CAPABLE OF MEETING ‘~~DN‘~~IDECINES 

Type of Plant Capacity Emissions Before Retrofit* 
(Tons/Day P2O5) 

Emissions After Retrofit 
(Lb F/hr) (Lb F/hr) 

WPPA 500 4.8 .42 

SPA 
(Submerged combustion 

‘p process) 300 .75 w .12 

DAP 500 5.0 1.25 

ROP-TSP -- 550 89 4.6 

GTSP 
Production 

Storage 

400 17.2 3.34 

2000" 4 2 

* Based upon those sources that have mediocre control. 

** Tons GTSP stored for 5 days. 



As indicated i n Table 9-1, an overall fluoride emission reduction of nearIt 

75 percent can be achieved by jnstallation of retrofit controls capable of 

meeting the emission guidelines. The correspondinq reduction in 

typical fluoride emission source strengths is illustrated by Table 9-2. 

9.1.1.1 Atmospheric Dispersion of Fluoride Emissions 

A dispersion analysis <was made to compare ground-level fluoride 

concentrations downwind of a phosphate f 

after retrofit of controls. The diffus i 

day average fluoride concentrations and 

ertilizer complex, before and 

on estimates were based on 30- 

extended to distances from the 
9 

plant where fluoride concentrations were less than 0.5 pg/m'. A 30- 

day average ground-level fluoride concentration of 0.5 ,g/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. tlowever, these emis- 

sions fall within the range of emissions from actual plants. Specific 
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Product 

WPPA 

DAP 

TSP 

GTSP 

Table 5~3. EXISTING CONTROLS AND EMISSIONS 
FOR MUDEL PHOSPHATE FERTILIZER COMPLEX* 

I terns 
Controlled 

digester, filter, 
flash cooler seal 
tank; evaporator 
hotwell 

reactor-granulator, 
drier, cooler- 
screen 

cone mixer, den, 
storage bldg 

reactor-granu- 
lator, drier, 
cooler-screen 

* Based on complex not presently neeting guideline emissions. 

Gas Flow, 
SCFM 

Fluoride, 
1 bs/hr 

Stack I 
heiqht, I temp., gas velocity, ' 

ft/sec I 
i 

110,000 3.3 85 100 

182,000 26.7 60 90 

75,000 from 
' uncontrolled 

storage bldg 

112,000 

13.2 

22.6 

bldg. 
louvers 
@ 45 ft 

85 

85 

90 



Product 

WPPA 

DAP 

TSP 

GTSP 

I terns Gas Flow, Fluoride, 
Controlled SCFM lbs/hr 

Table &&+-- iRETROFIT CONTROLS AND EMISSIONS 
FORJJDEL-PHOSPHATE FERTILIZER COMPLEX 

Table 9%. 
plus filtrate 
sump and seal 
tank, plus 
acid storage 

same as Table 
9-3 

same as Table 
9-3 

storage build- 
ing 

same as 
Table g-3 

25,000 0.42 85 100 40 

96,000 1.25 85 100 30 

182,000 4.54 70 90 30 

76,000 

111,000 3.34 85 

2.00 

height, 
ft 

Stack 
temperature, 
OF 

gas velocity 
ft/sec 

70 85 40 

90 



fertilizer manufacturing units are pictured in Figures 6.3, 6.4, and 

elsewhere. All of these units were assembled to scale on a plot plan 

of the entire complex. From this olot plan the meteorologist could 

measure the distance relationships of sources and of interferences such 

as buildings and phosphate rock piles. The heights of these inter- 

ferences were also tabulated. Additional information used is shown in 

Tables 9-3 and 9-4. The former table indicates emissions from the 

fertilizer complex having existing mediocre emission controls. The 

latter table shows the emissions from the same sources after installation 

of good controls. Since the new WPPA facility of the retrofitted complex 

was considered to meet the emission guidelines, its effect is ignored 

in Table 9-4. 

The source data indicated that aerodynamic downwash was a problem 

at the facility modeled, particularly for wind speeds in excess of 3 or 

4 meters per second. At lower wind speeds, plume rise from some of the 

stacks could be significant. Plume rise factors were consequent1.v 

developed, which accounted for the plume rise at low wind speeds and 

downwash at higher speeds. Those factors were then incorporated into the 

dispersion estimates. 

The dispersion estimates were made through application of the 

Climatological Dispersion Model (CDM). The CDM provides estimates of 

long-term pollutant concentrations at selected ground-level receptors. 

The model uses average emission rates from point and area sources and a 

joint frequency distribution of wind direction, wind speed, and stability. 
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One year 0 f monthly stabil ity-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 values presented in 

Table 9-5 are representative of typical high 30-day average concentrations 

for any given year. 

Table 9-5 shows that the best technology retrofit controls made a largrb 

reduction in the ground-level fluoride concentrations which had existed whr>rl 

the m@diocre mhols were used on the four sources shown. At dTstances 

greater than about l-1/2 mile, the concentrations do not exceed 0.5 pg/m3, 

even in the most unfavorable months when the emi.ssion gui.deli,nes herei.n are 
applied. 

Table 9-5. ESTIMATED 30-DAY AVERAGE AMBIENT FLUORIDE CONCENTRATIONS 
M)WNWIND OF A PHOSPHATE FERTILIZER COMPLEX 

Fluor 

Existing Control! 

WPPA DAP TSP GTSl 

ide Sources 
I ‘ 

Estimated 30-Day Average 
Fluoride Concentration (ug/m3) 

2 1 3 1 5 1 10 1 15km 5 / After Retrofit r 
+ 

6 

WPPA DAP TSP GTSP 0.8 

9-8 

4 3 1.9 1.0 0.5 ' 
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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. T\:lo states, Iowa and Mississippi, limit emissions to 0.4# F/ton 

P205 with Montana setting a O.% F/ton P205 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 excess 
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Table 9-6. COMPARISON OF EHISSION GUIDELINES AND A STATE STANDARD 

Process Source of Percent of Florida Standard 
Fluorides Plants Probably for Emission 

Affected by State duly 1, 1975 Guidelines 
Guidelines Standard lbs/ton P2O5 input ..) 

Wet Process 
Phosphoric Acid 

Superphosphoric 
Acid 

26 

21 

0.02 0.02 

Best Avail- 0.01 
able Technology 

Diammonium 
Phosphate 60 0.06 0.06 

Triple Super- 
phosphate (ROP) 40 Belt & Den 0.05 0.2 

Storage 0.12 

Granular Triple 
Superphosphate 

Granular Triple 

25 0.15 0.2 

5 x 10-4* 
Superphosphate 
Storage 

*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 exclusively a function of rainfall conditions. 

EPA effluent limitations guidelines require that any gypsum pond water 

discharged to navigable waters when rainfall exceeds evaporation meet 

the limitations in Table 9-7. A two-stage lime neutralization procedure 

combined with settling is sufficient control to meet these limitations. 

Table 9-7. EPA EFFLUENT LIMITATIONS GUIDELINES FOR GYPSUM POND WATER' 

Aqueous 
Waste 
Constituent 

Maximum Daily Maximum Average of Daily 
Concentration Values for Periods of 

h/l > Dischar e Covering.30 
-Consecu ? 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 fluoride out of pbnd water makes it infeasible in some cases to reach 

SPNSS fluoride lintitations with a scrubber using pond water. An equili- 

bFium>fluoride concentration between 50004000 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.3 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 P205 WPPA plant.is presented below: 

Assumptions: 

1. 6427# phosphate rock = 1 ton P2O5. 

2. Phosphate rock is 35 weight percent Ca. 

3. Uncontrolled emissions of 58.1 #F/hr are reduced to 0.42 #F/hr 

by a-scrubber. (See retrofit model WPPA plant, case B). 

4. All of the F absorbed by the scrubber precipitates in the 

gypsum pond as CaF2. (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 . 2H20 

+ l8H3PO4 + H2SiF6. 

This reaction implies: 4O#Ca + 17?# gypsum. 

500 x 6427 x 0.35 x 172 
gypsum produced = = 201,510 

# gypsum/hr 
24 x 40 

From assumptions 3 and 4: 

F absorbed in scrubber = 58.1 - 0.42 # F/hr 

= 57.68 # F/hr 

Cat' + 2F- + CaF2 + 

CaF2 + = 57.68 x 78 
38 

= 118.4 # CaF2/hr 

% increase in solids = 118.4 x 100 
.201,510 

= 0.06 

This ex#pla 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 

(4-l) 

(5-l) 

_ar.m_uch a-s 100 feet rbov~ 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~jSSIW4-GUIDELINES. 

Power Requirements 
Power Requirements 

Capacity for Retrofit Controls 
APOWer 

A c...-urn.. 
Type of Plant (Ton/Day P205) 

for Existing Controls 
(HP) 

to Meet State Guide- 
lines (HP) (HP) (1 

0 crrer-qy 
(WH/Ton P205) 

WPPA 500 -90 140 50 1.8 

Y SPA 300 2 75 82.5 7.5 0.4 

DAP 500 565 800 235 8.4 

ROP-TSP 
(Case A) 

550 300 500 200 6.5 

GTSP 400 540 1100 560 25 



3Ca,O (PO4)6 F2 + 30H2S04 + SiO2 + 58H20 -t 30 CaS04 l 2H20 

t 18H3P04 + H2SiF6. 

(4-U 

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 

C2' + 2F- + CaF2 + (5-l) 

CaF2 + = 57.68 x 78 = 118.4 # 
38 

CaF2/hr 

% increase in solids = 118.4 x 100 
,201,510 

= 0.06 

This txanpla 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 

lagowing, followed by drying and piling techniques. Such piles are 

_ar.wch a-s 100 fact 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 MEETgJSSIOi\l,-‘GUIDECINES. 

- . Power Requirements 

_ Capacity 
rower KeqUirementS for Retrofit Controls 

Type of Plant (Ton/Day P205) 
for Existing Controls APOWer 

(HP) 
to Meet State Guide- 

(HP) 
A Energy 

lines (HP) (KWH/Ton P2O5) 

WPPA 500 .90- 146 50 1.8 

Y SPA 2 300 75 82.5 7.5 0.4 

DAP 500 565 800 235 8.4 

ROP-TSP 
(Case A) 

550 300 500 200 6.5 

GTSP 400 540 1100 560 25 



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 

Tables 9-8 and 9-9 should be considered approximate. 
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Fertilizer processing energy requirements presented in Table 9-9 

are primarily based upon material in reference (6). The types of 

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. 91'9. : INCREASE IN PHOSPHATC INDUSTRY ENERGY REQUIREMENTS RESULTING 
FROM INSTALLATION OF RETROFIT CONTROLS TO MEET EMISSION GUIDELINES 

.kltiiiiPlpT.FPII 

WPPA 

DAP* 

SPA* 

ROP-TSP" 

GTSP" 

L 

Existing energy 
requirements 
(KWH/Ton P205) 

225 1.8 0.8 

236 8.4 3.6 

782 0.4 0.05 

152 6.5 4.3 

305 25 8.2 

(KWH/Ton P205) 

*Existing energy requirements figu,res 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-B-along with production statistics in section 3. The totals incremental---: 
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Table 9-10. INCREASED ELECTRICAL ENERGY DEMAND BY THE PHOSPHATE INDUSTRY AS A RESULT OF INSTALLATION 
OF RETROFIT CONTROLS 

Fertilizer Process 

% of Production Capacity Incremental Electrical** 
1973 Production 

(Thousand Tons P205) 
Affected by State 
Guidelines Standard 

Energy Demand (Million 
KWWyr > 

WPPA 6,293 26 2.9 5* *I c i 

DAP 3,312 60 16.7 
‘p 
y' SPA 783 21 0.06 c 

.a 3 

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 Energy Demand = 38.7 x lo6 KWH/yr (<4 megawatts)* 



electrical energy demand resulting from installation of retrofit con- 

trols to m~1: qrlis~jn? ~t~@ltncs is err\rtPlla?ent to the energy required to 

operate one 300 ton/day P2O5 SPA plant !15 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 accuracy of projections based upon sing.le 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 naterials have been 

detected in the wastewater at Pertill'zer complexes, recyclfng of the pond 

water to the scrubber is not expected to contribute to this potential problem.' 

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 

-i----y emissi~~gul&i~nes lnicases. ROP-TSP plants can use...$c$&nic 

spray tower scrubbers to meet the emission guidelines, but at a higher 

cost than for a spray-crossflow packed bed scrubber (Table 6-44). 

Tables 6-37 and 6-40 show that the ROP-TSP standard is the only one 

substantiated by data which allows use of an alternative scrubber design. 

Use of either scrubber design for controlling ROP-TSP plants would result 

in similar environmental impacts. Except for ROP-TSP plants, raising 

the emission guidelInes to allou use of alternative scrubber designs 

would result in a 50 percent to 1000 percent increase in fluoride 

emissions without causing any beneficial environmental impacts. 



9.3 SOCIO-ECOI'iOXIC IMPACTS 

The phosphate fertilizer industry is generally recognized as a 

capital intensive industry; labor j-q -oeuirenents 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 ehacted 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 Ill(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 expansionar;! please with the construction 

of several new fertilizer manufacturing complexes. The construction 

rate is"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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