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UTILIZATION OF WASTE FLUOSI LICIC ACID 

(In Two Sections) 

l. Laboratory Investigations 

by 

H. E. Blake, Jr., 1 W. S. Thomas, 2 and K. W. Moser 3 

ABSTRACT 

This report describes t wo proces ses for utilizing the wast e fluosilicic 
acid (H2 SiF6 ) generated by the manufacture of phosphatic fertilizers. The 
first process involves conversion of fluosilicic acid to an acid-grade fluor­
spar (CaF2 ) by first precipitating the silica with arrnnonia and filtering, and 
then r eacting the arrnnoniurn fluoride (N14F ) filtrate with Ca (OH) 2 • Over 95 
percent of the fluoride is converted to CaF2 • The second process involves 
neutralizing the H2 SiF6 with Ca(OH) 2 and silica and filtering and then vola­
tilizing HF from the dry precipitate by pyrohydrolytic action at 1,050° C. 
The HF-H2 0 vapors a re condensed and the fluoride precipitated as NaF•HF by 
addition of NaF to satura tion. Anhydrous HF is recovered from NaF·HF by pyrol­
ysis at 400 ° C. By this method, over 80 percent of the fluoride in H2 SiF6 is 
recovered as anhydrous HF. A cost evaluation of the two processes is included 
in Section 2 of this report. 

Preliminary tests on the synthesis of cell-grade aluminum fluoride (AlF3 ) 

from the rotary r eactor offgases and activated alumina showed that an 82-
percent AlF3 product could b e produced. 

INTRODUCTION 

This Bureau of Mines res earch was initiated to develop methods for the 
economic r ecovery of suitabl e fluorine compounds from waste fluosilicic acid. 

Recent data show tha t of the nearly 700,000 tons of CaF2 used annually in 
this country only about 200,000 tons are produced by U.S. mines. Other data 
estimate that the quantity of fluorine discarded or lost during the processing 
of phosphate rock approximates the annual fluorspar imports into the United 
States, and further, that the total fluorine contained in all the U.S. 
r e serves of phospha te rock is equival ent to about 900 million tons of 

1 Physical science technician. 
2 Chemist. 
3 Chemical engineering technician. 

All authors are with the Albany Metallurgy Research Center, Bureau of Mine s, 
Albany, Oreg. 
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fluorspar (l-.[), 4 Improved methods of recovery and conversion of this fluo­
rine resource into marketable fluorides could serve to lessen the country's 
dependence on foreign imports of fluorspar as well as reduce the cost of pro­
cessing domestic phosphate rock. 

Fluosilicic acid is formed when fluorine-bearing phosphate rock is 
treated by either a thermal or acid process, the fluorine being evolved as 
silicon tetrafluoride (SiF4 ) (_2_). Nearly all phosphate rock contains 3 to 5 
percent fluorine, which is present as the mineral fluorapatite (Ca3 (P04 ) 3 F). 
Most phosphate rock processors collect the volatilized SiF4 in scrubbing tow­
ers to prevent serious air pollution problems. The SiF4 represents a poten­
tially large fluorine resource as it hydrolyzes in the scrubbers according to 
the equation: 

These scrubber solutions have a concentration of from 18 to 24 per c ent f¼SiF6 

after separation of excess silica (Si02 ). Most of this H2 SiF6 is neutralized 
with lime and discarded into storage ponds to prevent pollution of local water 
sources. A small amount is used in fluoridation of municipal water supplies 
but this is a limited market. 

The difficulty in separating the fluorine from silicon has been the major 
obstacle to using H2 SiF6 as a principal source of fluorine or other fluoride 
salts. A recent patent GD describes a process for producing cryolite (Na3 AlF6 ) 

from H2 SiF6 • In this process, the silicon is precipitated with sodium carbon­
ate, and the resultant s odium fluoride (NaF) solution is reacted with sodium 
aluminate (NaAl~) to form cryolite. In another process, an Austrian firm has 
produced aluminum fluoride (AlF3 ) using H2 SiF6 as a source of fluoride (10). 
Previous investigations by the Bureau of Mines have included studies on deflu­
orination of phosphate rock by pyrohydrolysis (2), recovery of cryolite from 
silicious fluoride offgases (~), preparation of aluminum fluoride from dilute 
fluoride solution and alumina hydrate (l), and the separation of HF from 
HF-SiF4 -H2 0 mixtures (l). 

ACID-GRADE CaF2 FROM WASTE H2SiF6 

The process for making acid - grade CaF2 (at least 97.5 percent CaF2 ) from 
waste f¼SiF6 is based principally on two simple operations, (1) removing the 
silica and other occluded impurities by precipitation with armnonia and, 
(2) reacting the ~F filtrate with lime to form CaF2 accompanied by the evo­
lution of ammonia, which is available for recycle to the silica precipitation 
stage. The overall process can be represented by the following sequence of 
reactions: 

pH 9
(1) H2 SiF6 + 6 NH3 + 2 H20 > 6 ~F + Si~l 

(2) 6 ~F + 3 Ca(OH)2 + 3 H20---,,;,- 3 CaF2 l+ 9 H20 + 6 NH3j 

4 Underlined numbers in parentheses refer to items in the list of references at 
the end of this section. 
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FIGURE l. - Preparation of Acid-Grade Fluorspar. 

The fluosilicic acid used in this study was a crude product that had the fol­
lowing composition in grams per liter: 261 F, 66.5 Si, 4.5 P, 5.9 Ca, 1.11 
S04 , 0. 25 Fe, and 0.1 Al. The calcium hydroxide (Ca(OH) 2) used was of high 
purity containing less than 0.5 percent Si02 and MgO. Anhydrous ammonia gas 
was the neutralizing agent. 

A schematic flowsheet is presented in figure 1. 

Precipitation of Silica by Ammoniation 

Ammoniation of the li2SiF6 to precipitate Si02 was done in a 6-liter­
capacity stainless steel vessel. This vessel was water cooled and fitted with 
a pressure-tight cover and a sampling tap near the bottom. The stirring mech­
anism passed through the center of the cover and was fitted with a teflon bear­
ing and seal. A pressure of about 2 inches of mercury and a temperature of 
about 40° to 50 ° C was maintaine d during ammoniation. The NH3 was introduced 
near the bottom of the vessel whil e the H2 SiF6 solution was continually being 
stirred. The NH3 inlet was fitted with a valve so that air could be added as 
a dilutent at the beginning of the neutralization until a pH of about 6 was 
reached and the heat of reaction had subsided; the air was turned off and neu­
tralization completed with anhydrous NH3 to pH of about 9.0. The cover of the 
vessel was also fitted with a vent to a water scrubber that trapped any 
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unreact ed NH3 . Experimental data ( t able 1) showed th at a pH of about 9 was neces­
sary to precipitate all the silica and to f orm an easily filtered and wash ed pr e cip ­
itate. A suitabl e ammonia addition rate was abou t 45 li t ers per minut e , and about 
150 percent of stoichiometric NH3 was required under these conditions. Washing the 
precipitated Si(};i with dilute NH,,OH prevents peptization . Over 99 perc ent of th e 
silica can be removed and also over 99 percent of the fluoride recovered in the fil ­
trate as N14 F. 

TABLE 1. - Precipitation of Si02 b y ammoniation 

(Feed solution: 100 ml Ha SiF6 ; 14. 3 grams Si02 ) 

pH (±0.2) Si02 precipitated, pH (±0. 2) Si02 precipitated, 
percent percent 

2.0 9 . 0 7.5 71.0 
4.0 12 . 8 8 .0 90.1 
4.5 25.8 9.0 99.6 
6.0 60.5 9.5 99.4 

The dried silica precipitate contains nearly al l the calcium and phosphoru s 
that was in the crude H2 SiF6 • If this contaminant can be tol erated , th en the dried 
Si(};i might b e us eful as a byproduct for use in the paint, rubber, or ceramic indus ­
tries. Table 2 gives the t ypica l analyses of wet sil ica filter cakes from sev eral 
NH3 neutralizations of crude and purified HaSiF6 • Table 3 shows ammonia recov er y 
da ta. 

TABLE 2. - Analyses of Si02 filte r cakes 

Wet filter cake Analyses aft er ignition at 1,000° C 
Weight, Ha O, for 1 h our percent 

grams percent Si02 CaO P2~ Fluorine NH3 
506L 15 . 5 87 . 0 5 . 8 7. 0 <0 . 5 <0.2 
5ll1 16.0 87.3 5.5 7.2 < . 5 < .2 
5031 14.8 86.8 5 .9 7.1 < . 5 < .2 
5362 20 . 0 99 .1 . 3 . 4 < . 5 < . 2 
52g2 19.0 99. 0 . 2 . 5 < . 5 < . 2 
sir 17 .2 98.8 . 3 . 3 < . 5 < .2 

L Crude Ha S1F6 used. 
2 Purified H2 SiF6 u sed . 

TABLE 3. - Ammonia rec overy fr om ammoniation 

(Feed solution : 3, 000 ml H2 SiF6 -783 grams fluorine, 199. 5 grams silicon) 

Maximum Final, NH3 NH3 recoverv , L grams Percent 
temperatur e , pH us ed, Fil trate Wash 1 Wash 2 Total, accounted 

o C grams grams for2 

45 9.0 996 792 90.6 20.2 90 2 .8 90.6 
51 9. 2 1,043 852 75. 3 16.1 943.4 90 . 5 
49 9. 4 1,065 876 80.4 9.4 965.8 90.7 
45 9. 0 988 856 73.7 14. 3 954.0 96. 6 
60 9.3 1 013 756 63.6 10.6 830 . 2 81. 9 

iwash solution No. 1 contained 10 grams per liter of NH3 and i s included in 
''NH3 us ed " column. Wash solution No . 2 was plain water. 

2 Unaccounted for excess NH3 was lost during vacuum filtration. 
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Precipitation of Acid-Grade CaF2 From Nl4F Solution 

When the silica-free ~F filtrates from the neutralization step are 
reacted with Ca(OH)2, NH3 is evolved and CaF2 is formed as indicated in the 
following equation: i 

2 Nl4F + Ca(OH) 2 + H20 --~ CaF21 + [ 2 NH3 + 3 HaO] 

This reaction was carried out in the stainless steel neutralization vessel at 
about 70° to 75° C. The Ca(0H) 2 was added in the stoichiometric amount as a 
thick slurry with vigorous stirring to keep the solids in suspension until the 
reaction was completed in about 15 minutes. The wet ammonia vapors were drawn 
off by vacuum and vented to a water scrubber. These vapors were calculated to 
be about 80 percent NH3 and contained over 65 percent of the NH3 contained in 
the Nl4F filtrate from the silica precipitation step. Recycle of the ammonia­
rich vapors was not attempted in this investigation, but it is possible and no 
doubt necessary to do so for economic reasons. 

The CaF2 precipitates were readily filtered and washed. The slurries 
from the CaF2 reactor were usually in the range of 15 to 20 percent solids. 
The filter cakes contained about 20 percent moisture. Analyses of the filter 
cakes, dried at 150° C for about 2 hours, showed them to be acid-grade CaF2 
(~) . Analyses of the CaF2 product are shown in table 4, and fluorine and NH3 
data for the CaF2 precipitation step are shown in table 5. An overall fluo­
rine and NH3 accountability for the whole process is presented in table 6. 

TABLE 4. - Chemical analyses of CaF2 products, 
analysis , percent 

CaF2 Si02 CaC03 P20s Silicon H20 
97.6 0.68 1. 21 <0.1 <0.05 0.31 
97.9 .73 1. 36 <. l < .05 .26 
98.1 .56 1.06 < . l < .05 .18 
97.6 .66 1.43 < . l < .05 .33 
97.4 .94 1. 65 < . l <.05 . 28 

TABLE 5. - Fluorine and ammonia recovery from CaF2 precipitation 

NH4 F solution Dry CaF2 Fluorine Ammonia 

NH3 ' Fluorine, recovered, Fluorine Fluorine NH3 in NH3 
grams grams grams in CaF2 , recovered, solutions, evolved~ 

grams percent grams1 percent 
792 701 1,438 684 97.5 271 65.8 
852 688 1,410 674 98.0 238 72.1 
876 761 1,550 743 97.7 254 71. 0 
856 723 1,471 701 97.0 257 69.9 
756 709 1.439 684 96. 5 249 67.0 

1 Total grams of NH3 recovered in filtrate and three 100-ml washes. 
2 Calculated value from NH3 in solutions and NH3 in original Nl4F 

solution. 



6 

TABLE 6. - Fluorine and ammonia accountabilities for acid-grade 
CaF2 process 

(Feed solution: 3,000 ml H2 SiF6 -783 grams fluorine, 199.5 grams silicon) 

Fluorine balance Ammonia recovery 
Recovered Total NH3 NH3 in Total NH3 

Fluorine Fluorine in all fluorine Grams recovery in washes and recovered,
3in CaF2 , solutions, accounted used scrubber, discard, percent 

grams grams1 for, percent percent
2oercent 

684 79.8 97 .4 996 50.5 38.4 88.9 ., 
674 86.7 97.3 1,043 56.2 31.5 87.7 
743 21. 6 97.8 1,065 54.2 32.3 86.5 
701 59.3 97.1 988 57.8 34.9 92. 7 
684 73.5 97.2 1.013 46.7 31.8 78.5 

1 Includes fluorine in combined filtrates and wash solutions from all steps of 
process.

2 Difference between "percent fluorine accounted for" and 100 is amount fluo­
rine lost in handling and minor losses in discard solutions. 

3 Difference from 100 percent is amount lost to atmosphere. 

The preceding data show that waste fluosilicic acid can be processed to 
produce an "acid-grade" fluorspar with at least a 97-percent recovery of the 
contained fluoride and that most of the ammonia reagent required could be 
recovered for recycle. 

ANHYDROUS HF FROM WASTE FLUOSILICIC ACID 

The recovery of anhydrous HF from waste fluosilicic acid is more diffi­
cult than the conversion of this byproduct to CaF2 . However, a method has 
been developed that will produce HF meeting connnercial specifications (§). 
The process is based on heating a proportioned charge of Si02 , CaO, and fluo­
rine to about 1,050° C in the presence of water vapor to liberate fluorine as 
HF and then condensing the HF-H20 vapors. 

The addition of sodium fluoride (NaF) to the dilute HF solution to satu­
ration results in the formation of the relatively insoluble salt sodium biflu­
oride (NaF·HF ) . This compound is easily dissociated at about 400° C to NaF 
and anhydrous HF. The anhydrous HF is collected and condensed at a tempera­
ture of about 10 ° C. 

The following equations indicate the general reactions that govern the 
process: 

Neutralization 

H2 SiF6 + 3 Ca (OH)2 3 CaF2 + SiO;a + 4 H20 (1) 

i 
\_es

ti\o 
\.~s 

<31-0z 

3 CaF2 + 3 Si02 + 3 H20 
!::,, 

1,050° C 3 CaSi03 + 6 HF (2) 
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Overall Reaction 

H2 SiF6 + 3 Ca(OHh + 2 Si~ + 2 H20 l,050o C 3 CaSi03 (•) + [6 HF + 3 H,O] (-ii (2a) 

6 HF(a q ) + 6 NaF(aq) 6 [ NaF·HF] (a) t (3) 

t,
6 [NaF•HF](s) ~ 6 NaF (s) + HF (g )i (4)400 0 

Some NaHF2 from reaction 3 remains in solution because of its slight solubility, but 
this can be scavenged as shown in the following equation: 

6 NaHF2 + [Al203 -~o] --- 2 Na3 AlF6 l + 4 ~o (5) 

A schematic flowsheet is presented in figure 2. 

Equipment and Apparatus 

Because of the corrosive nature of dilute fluoride solutions and vapors, exten­
sive testing was done on a variety of materials under varying conditions of tempera­
tures and concentrations. The materials chosen for this laboratory investigation 
are not necessarily those that would be available or satisfactory for a large-scale 
extended operation, but do indicate the type of materials of construction which may 
be considered. 

Nickel and 316-type stainless steel were entirely suitable for the 6-liter mix­
ing vessel and steam generating apparatus. Monel or nickel was used for piping to 
transfer wet HF vapors at temperatures ranging from just over the dewpoint to about 
600° Cat the exit end of the rotary kiln used as the defluorination apparatus. 
Black iron was found to be completely inert to the anhydrous HF; however, type 446 
stainless steel (25 percent chromium and 75 percent iron) was relatively stable in 
contact with dilute HF vapors generated during pyrohydrolysis at an operating temper­
ature of 1,000° to 1,100° C. Thin-walled polyethylene tubing and bottles were used 
as the integral parts of the vapor-condensing apparatus and were satisfactory for 
temperatures under 100° C. Compressed asbestos gasket material was used to insure 
gas-tight connections where needed, and also as a bearing material for moving parts, 
particularly at the ends of the rotary reactor. 

The rotary kiln was an externally heated 446-stainless steel tube 6 feet long 
with a 4-inch I.D. and 3/8-inch wall. The kiln was fitted inside with four lifters 
parallel to each other and equidistant around the inside circumference. These lift­
ers aided in tumbling the pelletized feed so that new surfaces were continually 
exposed to the water vapor flowing countercurrently. The kiln was rotated by an 
electric motor driving through a 100-to-l transmission and a chain and sprocket. A 
sprocket was welded to the kiln and also served as a flat-bearing surface fitted to 
the hand-feeder. The opposite end also had a stainless steel flange that fitted 
tightly against the steam generator. These surfaces were covered with compressed 
gasket material and made a gas-tight seal when the kiln expanded because of heating. 
The kiln was sloped about 1/4 inch per linear foot away from the feed end. A 1-inch 
I.D. Monel pipe was inserted in the center and about half the length into the kiln 
to serve as an exit for the vapors, which were removed by vacuum through a water­
cooled scrubbing system. The kiln itself was heated by mounting it in two electric 
tube furnaces 3 fe e t long placed end to end. Temperatures were monitored by thermo­
couples and pyrometers mounted at strategic points. 
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FIGURE 2. - Preparation of Anhydrous HF. 

Steam was generated inside an externally heated copper or stainless steel 
tube into which was delivered the metered amount of water required for reac­
tion. The amount of water needed was determined by experiment to be on the 
average about 1.2 grams per gram of feed material. The HF-H.20 vapors were 
drawn into the water-cooled condenser-scrubber by vacuum supplied by water 
aspiration. All sections of the entire apparatus were adjustable to accommo­
date sudden expansion or contraction due to changes in temperature. 

The 400° C NaHF2 dissociation reactor was a 2-inch-I.D. black iron pipe 
mounted in a tube furnace; the entrance end was capped after loading the 
charge of bifluoride. Exit vapors were passed through a chilled copper coil 
that led to a steel pressure cylinder that was also chilled in a dry ice­
acetone bath. The pressure cylinder was designed so that it could be closed 
off and removed for weighing. 

The complete apparatus was mounted on slotted-angle steel frames for 
strong support and easy access to parts that might need adjustment or repair. 
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Charge Preparation and Defluorination 

Experiments had shown that a pH of at least 9.0 to 9.5 was necessary to 
completely precipitate all the Si02 and fluorine from H2 SiF6 (tab l e 7). Other 
exp eriments confirmed the fact expressed in equation 2 that a 1-to-l mol e 
r a tio of CaO/Si02 was nec e ssary to achi ev e a s a ti s fact or y deg r ee of de fluorina ­
tion by pyrohydrolysis (table 8) . Tabl e s 9 and 10 show the effect of tempera­
ture and water, respectively, on fluorine removal from charge mat erial. 

TABL E 7. - Eff ect of pH on precipitation of 
fluorine and Si02 , percent 

(Feed solution: 125 grams aque ous H2 SiF6 -

26.2 grams fluorin e , 6.3 grams silicon) 

pH Precipitated 
Fluorine. percent Silicon, percent 

6.0 88.9 88.4 
7.0 92.8 91. 9 
8.0 98.3 97.1 
9.0 99.9 99.7 
9.5 99.8 99.7 

TABLE 8. - Effect of Ca0/Si02 mole -ratio 
on defluorination 

(1,050 ° C, 1.2 ml H2 0 per gram of charge , 
25.2 grams fluorine in charge) 

Stoichiometric Si02 , Fluorine removed 
percent1 Grams Percent 

so 9.6 38.1 
75 14.3 56 . 6 
85 16.9 67.0 
95 22 . 6 89.5 

105 24.9 98.5 
120 24.6 97.6 

1 100 percent of stoichiometry is equal to a 
1-to-l mole-ratio of Si02 and Cao. 

TABLE 9. - Effect of temperature 
on defluorination1 

(Charge contains 100 grams-27.4 grams fluorine; 
1.2 ml/gram of charge) 

Tern erature 
700 
800 
900 

1,000 
1,100 
1 200 

0 C Fluorine removed 
13.1 
25.9 
59.1 
79.5 
93.0 
97.7 

ercent 

Static-bed tests. 
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TABLE 10. - Effect of water on 
defluorinationl 

(1,050° C; charge contains 100 grams-26.6 
grams fluorine) 

H2 0 used, ml/g Fluorine removed, percent 
of char e 

0.60 53. 7 
.80 71.0 

1.0 89. 0 
1. 2 96. 9 
1.4 95.5 

1 Static -bed tests. 

Based on the data from the preceding tables and reaction equations 2a, 
a series of tests was made in the rotary kiln to determine optimum feed rates 
and retention times for this apparatus. One liter (1,253 grams) portions of 
H2 SiF6 were neutralized with lime to pH 9.0 to 9.5 and the calculated stoichi­
metric amount of Si02 added. The slurry was thoroughly blended and filtered 
to remove excess moisture, and then the filter cakes were dried at about 
150° C. The wet filter cakes averaged about 35 percent moisture . After being 
dried, the cakes were ground and repulped to about 25 percent water and pel­
letized on a disk pelletizer to pellets of about 1/4 inch. The pellets were 
dried before use. Each of five batches was analyzed, and equal weights were 
charged to the kiln at varying rates while keeping other control variables 
constant. The results are tabulated in table 11. Normally the wet filter 
cake would be pelletized and fed to the defluorinator without drying. 

TABLE 11. - Effect of feed rate on defluorination 

Feed rate, Charge,G Discharge Defluorination, 
grams/minute1 fluorine, Weight, Fluorine , percent 

percent grams percent 
5 22 .4 713 2 .86 90.9 

10 22.6 722 3.81 87.9 
12 21.9 740 7.26 75. 6 
15 22.7 789 13.9 51. 5 
20 23 . 2 826 14.8 47 . 5 

1 All tests run at 1,050° C and H2 0 added at a ratio of 1.2 
ml/gram of charge. 

2 1 ,000 grams pellets used in each test. 

Another set of tests was run to determine the composition of the con­
densed vapors from the kiln. The condensates were then used to prepare anhy­
drous HF. These data are listed in table 12 and show high recoveries of lib­
erated fluorine and very little silicon contamination. 
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TABLE 12. - Analyses of condensates from rotary 
kiln defluorination tests 

(1,000-gram charge) 

Fluorine charged, Defluorination, Condensate 
grams percent1 Volume, Fluorine, Silicon, 

ml g/liter g/liter 
226 80.6 1,190 149.5 0.03 
231 86.3 1,089 170.5 . 04 
219 84.1 1 , 176 152.0 .07 
217 79.6 1 143 145.9 .03 

1 All tests run at 1,050° Cat a feed rate of 10 grams per minute 
and H20 flow rate of 1.2 ml per minute. 

Precipitation of Sodium Bifluoride and Cryolite Recovery 

One thousand milliliters of each of the four condensates were next saturated 
with sodium fluoride at room temperature to precipitate the HF as NaF•HF. The 
filtered precipitates were vacuum dried at 120° C. The amount of NaF added 
was somewhat empirical in that it was calculated from the requirement of the 
HF in solution plus an amount equal to the approximate solubility value for 
NaF in water. The NaF •HF that remained in solution was then reacted with alu­
mina to precipitate cryolite. Data are in tables 13 and 14. 

TABLE 13. - Precipitation of sodium bifluoride 

(1 ,000-ml solution) 

Fluorine, NaF added, Total fluorine Fluorine in Fluorine 
g/liter grams1 used, grams filtrate, recovery, 

grams2 percent 
149.5 360 312.5 26.1 91. 6 
170.5 405 353.5 28 . 6 91.9 
152.0 365 317.0 25.8 91.9 
145.9 355 306.9 24.6 92.0 

1 Added as a slurry to aid in mixing.
2Assumed to be solubility of NaF · HF in this system. 

TABLE 14. - Recovery of soluble NaHF2 as cryolite 

Fluorine in Al203 ·H20 Fluorine recovery as Na3 AlF6 

solution, added, grams1 Grams Percent 
grams 
26.1 13. 8 24.8 95.0 
28. 6 15. 0 26.0 90.7 
25.8 13.6 23.6 91.4 
24 .6 13.0 23.1 93.8 

1 Calculated according to stoichiometry. 
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Dissociation of Sodium Bifluoride 

Nearly complete recovery of the available HF in the bifluoride was read­
ily achieved by dissociation of NaHF2 at 400 ° C. However, th e economics of 
the process would depend to a large extent on the necessity to recycle the 
residual NaF dissociation product. Small-scale tests with pure reagents indi­
cated that the NaF could be recycled many times, but this was not the case 
with NaF that had been reacted with the HF condensate from the rotary kiln. 
The maximum number of recycles was three and sometimes two. After the second 
or third recycle, the residual NaF would melt or fuse and become unreactive. 
It was indicated that this was due to impurity buildup. Chemical analyses of 
the melted, dark-colored NaF showed the presence of iron, nickel, chromium, 
and some Si02 • This buildup of harmful impurities might be alleviated by use 
of other materials of construction. Dissociation data are shown in table 15, 
and anc•.lyses of the condensed HF are listed in table 16. 

TABLE 15. - Dissociation of NaHF2 at 400 ° C 

NaHF2 taken, Calculated HF Anhydrous HF HF 
grams in NaHF2 , recovered, recovered, 

grams grams percent 
480 149 148.0 99.1 
550 171 170.5 99.5 
485 150 148.6 98.9 
470 146 144.3 98.9 

TABLE 16. - Analyses of HF product (percent) 

HF H20 Iron Silicon Copper Nickel1 Chromium1 

99.4 0.25 <0.02 <0 . 05 <0.01 N. D. N.D . 
99.8 . 18 < .02 < .05 < .01 N. D • N.D. 
99.6 . 36 < .02 < .05 < .01 N.D. N.D. 
99.7 .20 < .02 < .05 < .01 N.D. N.D. 
1 N.D.--Not detected. 

Recycle of Fluorine-Depleted Pellets 

In consideration of the economic feasibility of the process, tests were 
made to determine if the kiln discharge material could be recycled as a source 
of silica and also as part of the Ca(OH) 2 for neutralization and precipitation. 
Test results showed that this discharge material could be used. Only about 
one-half as much lime and no additional silica were required for complete neu­
tralization and precipitation for 1 liter of 33 percent H2 SiF6 • In addition, 
much less waste material was generated, about 230 grams instead of nearly 800 
grams per test cycle when starting with 1 liter of 33 percent H2 SiF6 • To con­
firm the data, an extended defluorination campaign was conducted that included 
four recycle stages using the discharge from each previous run. The data are 
shown in table 17. 
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TABLE 17. - Recycle defluorination tests 1 

Ca (OH) 2 Char2:e2 Discharge Fluo-
H2SiF6 Fluo- needed Si02 to Fluo- Fluo- rine 

Test taken, ine, to stoichi- Weight, rine, Weight, rine, recov-
ml grams pH 9.5, ometry, grams per- grams per- ery, 

grams grams cent cent per-
cent 

Initial. ..... 3,000 783 1,743 720 2,750 24.5 1,925 7.04 79.8 
1st recycle . . 1,960 512 495 None 2,665 22.2 2,470 4.00 83.3 
2d recycle ... 1,500 392 165 None 2,400 18. 2 2,226 2.80 85.7 
3d recycle ... 1,500 392 525 None 2,000 19.2 1,693 3. 70 83.7 
4th recycle .. 1.500 392 330 None 2 454 22.1 2,220 3.65 84.5 
1 Each test was run at 1,050 ° C using 1.2 ml H2 0 per gram of charge.
2 Di fference between grams fluorine in H2 SiF6 taken and grams fluorine charged 

is that not all of the material was recovered in the initial test due to 
losses during pelletizing . 

This data shows that 1,000 ml of H2SiF6 required 581 grams of Ca(OH) 2 and 
240 grams of silica and that defluorination was 79.8 percent; but when th e 
discharge material was recycled, no silica and only 234 grams Ca(OH) 2 was 
required, and that defluorination averaged 84.3 percent. 

Summary of Anhydrous HF Process 

The HF-H20 vapors from the tests listed in table 17 were all condensed 
and analyzed for HF content and impurities. The average HF content of all the 
condensates was 152 grams per liter, which represented a recovery of over 99 
percent of the evolved fluorine. The silicon content was below 0.1 gram per 
liter. Some nickel and iron were present because of slight corrosion of the 
equipment, but they were considered relatively unimportant to this 
investigation. 

One liter of a composite mixture of the condensates from the recycle 
t ests was next taken through the remainder of the process and confirmed loss 
data on the earlier single tests. Average losses for each step are tabulated 
in table 18. On the basis of this investigation it is indicated that over 
80 percent of the fluorine in a waste fluosilicic acid solution can be recov­
ered as anhydrous HF. 

TABLE 18. - Average fluorine losses for anhydrous HF process 

Step Average fluorine loss, 
oercent of total 

Precipitation and neutralization .... 0.29 
Average handling loss ..•.........•.. 1.50 
Defluorination .•.•.....•••.•..•.•..• 15.7 
Condensation step .....•.•.•.•..••.•. . 25 
NaHF2 and cryolite precipitation.... .49 
NaHF2 dissociation ......•...•.....•. .90 

Total . ........................ . 19.13 
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ALUMINUM FLUORIDE FROM WASTE FLUOSILICIC ACID 

A brief investigation was made of the feasibility of converting the kiln 
offgases into cell-grade aluminum fluoride (AlF3 ) . The HF-R20 offgases were 
passed through a bed of 1/4-inch activated alumina at a temperature of about 
250° to 275° C. The gas-solid reaction would be as follows: 

Al203 (•) + [ 6 HF + ]½O] (, ) 250' t/275' C 2 AlF3 + 4 l½Ol 

The HF-R2 0 vapors were generated in the same way as in the anhydrous HF pro­
cess. Because of the brevity of this work, only one variable was studied and 
that was the effect on the reaction due to varying mole percentages of HF in 
the vapors passing through the charge. This was done by varying the water 
flow to the defluorination reactor. The data in table 19 show that AlF3 can 
be produced by this reaction but that optimum conditions were not necessarily 
attained. Further work on this system may be warranted. 

TABLE 19. - Aluminum fluoride from HF -R20 offgas 
and activated alumina 

HF in offgas, Grade AlF3 , Stoichiometric Evolved fluorine 
mole-percent1 percent2 HF usedd in AlF3 , percent 

oercent 
5.5 46.1 125 74.6 
8.6 53.6 200 53.1 

11.5 66.3 200 50.6 
12.9 69.4 250 51.4 
23.1 82.2 350 48.6 

1 Calculated value. 
2 Chemical and spectrographic analyses indicated no impuri­

ties other than unreacted alumina. 
3 Approximate values. 

CONCLUSIONS 

The data in this report show that waste fluosilicic acid can be readily 
converted into more salable products. 

When R2SiF6 is neutralized with ammonia, the silica is completely precip­
itated. The filtrate contains the fluorine as ammonium fluoride . If the fil­
trate is then reac ted with a stoichiome t ric amount of lime, the ammonia is 
volatilized, and CaF2 meeting acid-grade specification is precipitated. An 
average of about 85 percent of the ammonia can be recovered for recycle, and 
over 95 percent of the fluorine is recovered as CaF2 • 

A second product of importance that can be recovered from waste H2 SiF6 is 
anhydrous HF and byproduct cryolite. The recovery of HF is more difficult, 
and recovery of fluorine values tends to be lower than when CaF2 is the end 
product. The proc ess involves liberation of HF from a pelletized precipitate 
formed by neutralizing H2 SiF6 with lime and silica to a pH of 9.0 to 9.5, by 
the pyrohydrolytic action of H2 0 at about 1,050° C. It is this step that 
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tends to make the process more troublesome than the CaF2 process. Fluorine 
liberation is about 85 percent, and a relatively high temperature is required. 
However, after saturation of the condensed vapors with sodium fluoride, the 
resulting precipitate of NaHF2 can be dissociated into high-purity HF. The 
soluble NaHF2 can be treated for recovery of byproduct cryolite. 

Since HF can be generated from CaF2 , it would seem that the first process 
would be preferred since it is much simpler and more easily managed. However, 
it should be noted that the F equivalent in anhydrous HF commands a much 
higher price per ton than the F equival ent in acid-grade fluorspar. 

Preliminary tests indicated the technical feasibility of synthesizing 
cell-grade AlF3 by passing the dilute HF offgases from the anhydrous HF pro­
cess through a moderately heated bed of activated alumina. Only about half of 
the evolved HF reacted wi th the alimina under these conditions; but an 80 per­
cent AlF3 product was made in which the only impurity was unreacted alumina. 
However, the fluoride vapors passing through the reactor can be collected in 
water-scrubbers and recovered as cryolite by the addition of sodium aluminate . 
This AlF3 product should be of use in aluminum reduction cells since they 
require the periodic additions of both alumina and aluminum fluoride. 
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UTILIZATION OF WASTE FLUOSILICIC ACID 

(In Two Sections) 

2. Cost Evaluation 

by 

J, L. Reuss 1 and H, Dolezal 2 

ABSTRACT 

An evaluation was made to determine the economics of utilizing waste fluo­
silicic acid for production of (1) calcium fluoride, and (2) anhydrous hydro­
gen fluoride. Two versions of each process were considered and compared. The 
evaluation showed that both products could be produced and marketed competi­
tively. Lowest estimated product sales prices required to yield a 25-percent 
return on investment before taxes (discounted cash flow basis) was $339.34 per 
ton of hydrogen fluoride and $48.64 per ton of calcium fluoride. 

INTRODUCTION 

The objective of this Bureau of Mines evaluation was to determine the 
economic feasibility of recovering marketable fluoride products from waste 
fluosilicic acid (H2 SiF6 ) solutions. On the basis of data obtained from 
research described in Section 1, hypothetical processes were designed to pro­
duce either calcium fluoride or anhydrous hydrogen fluoride. Two versions of 
each process are considered. The calcium fluoride process is evaluated with 
and without production of byproduct silica. The hydrogen fluoride process is 
evaluated with and without recycle of calcine to increase recovery and reduce 
raw material costs. Development of designs for the hypothetical processes 
required minor alterations of the laboratory flowsheets to conform to the oper­
ating characteristics of production size equipment. Also, because the pro­
posed processes were not subjected to continuous pilot plant test programs, 
this estimate must be considered to be of a study nature only. 

Each of the four hypothetical plants considered in this evaluation would 
be located adjacent to existing phosphate fertilizer operations and are 
designed to process 200 tons of waste acid containing 53.15 tons of H2 SiF6 per 
day. 

1 Metallurgist. 
2 Research chemist. 

Both authors are with the Salt Lake City Metallurgy Research Center, Bureau 
of Mines, Salt Lake City, Utah. 
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To facilitate this evaluation the processes were divided into unit opera­
tions and both capital and operating costs are presented for each such unit. 
The method used for estimating costs, which is briefly described, should pro­
vide an accuracy of ±25 percent. After describing the methods of estimation, 
assumptions as to the nature of raw materials needed for the processes are 
outlined. The chemistry of each process is recounted briefly and the hypothet­
ical plant designed for the implementation of each process is described by 
following the flow of materials through the various processing steps. Esti ­
mated costs are presented in turn for each of the processes. 

CAPITAL COSTS 

Established fixed capital costs are based on the delivered cost of equip­
ment, and they are estimated separately for each item of equipment . These 
costs are for second quarter 1970 and correspond to a Marshall and Stevens 
average equipment cost index of 301. 

The total direct construction cost for each unit operation consists of 
the delivered cost of all equipment to be installed plus the cost of labor to 
erect it and the cost of additional construction required to support, house, 
protect, and make it operable. These various construction costs were esti­
mated by factors applied to the total delivered equipment cost. A miscellane­
ous cost item was added to cover minor equipment or construction that might be 
overlooked. 

Forty percent was added to the direct cost. This approximates the addi­
tion of 10 percent for field indirect expense plus the following percentages 
of successive resulting subtotals: 5 for engineering plus 5 for administra­
tion and overhead; 10 for contingencies; and 5 for contractor's fees. The 
field indirect cost covers field supervision, inspection, temporary construc­
tion, equipment rental, and payroll overhead. 

Interest during construction was obtained by multiplying the sum of all 
direct and indirect costs, including contingencies and fees, by the average 
interest rate for the period of construction. 

Where significant items of mobile, or not-installed equipment were 
required, the cost of this equipment becomes part of the total direct con­
struction cost for the unit operation (without construction factors). 

The fixed capital cost of general plant facilities was estimated as 10 
percent of the total fixed capital cost of the production units of the plant. 
These facilities include buildings and equipment for offices, laboratory, 
shops, and warehouses, plus fencing, roads, railroad spur, fire protection 
facilities, and safety equipment. 

The fixed capital cost of the plant utilities was estimated as 12 percent 
of the total fixed capital cost of the production units. Plant utilities 
include the cost of construction and equipment necessary to conduct them to 
the plant from an outside source, and to distribute them to the various build­
ings or operating units of the plant. 
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The working capital requirements were estimated as the sum of 1 month's 
supply of raw materials, 1 month's out-of-pocket expense, and 2 month's prod­
uct inventory . 

OPERATING COSTS 

Operating costs are estimated in two ways, (1) on the basis of charges 
against individual unit operations, and (2) on the basis of charges against 
the integrated plant. Costs obtained by the first method indicate how costs 
might be affected by possible modifications in the unit of operations. 

In estimating operating costs for unit operations, each unit was treated 
as though it were an independent operation charged with the operating costs of 
the plant utilities and general plant facilities on a basis prorated on their 
consumption and use. The estimated fixed costs for unit operations include 
only the taxes, insurance, and depreciation on the fixed capital cost for the 
operating unit. The utilities are charged at gross rates, which include the 
operating labor, maintenance, and fixed costs for the portions of the utili­
ties that are consumed in the operating units. The indirect costs include the 
operating labor, maintenance, and fixed costs for the general plant facilities 
and for that portion of the utilities that is consumed in the general plant 
facilities. 

The cost of raw materials are the same for both estimating methods. Ship­
ping costs were included in the cost of all raw materials with the exception 
of fluosilicic acid. Utility requirements were calculated for the unit opera­
tions and totaled for the integrated plant. Rates for the integrated plant 
are those charged by the utility companies. With added charges, these rates 
are higher for the unit operations. 

The direct labor and plant maintenance, payroll overhead, and operating 
supplies costs were estimated for the unit operations and these costs were 
totaled for the integrated plant estimate. Direct labor cost was based on a 
rate of $3.60 per hour and the cost of supervision was taken as 15 percent of 
this labor cost. Plant maintenance labor varies between 2 and 3 percent of 
the fixed capital cost without interest for the various unit operations. Main­
tenance labor supervision is 20 percent of the labor cost. The material cost 
was assumed to be equal to the labor cost. Payroll overhead was estimated as 
25 percent of the cost of labor and supervision for operation and maintenance. 
Operating supplies were assumed equal to 20 percent of the cost of maintenance. 

Indirect operating costs include the cost of maintaining the plant facili­
ties and utilities, the expense of accounting, control and research laborato­
ries, engineering, plant protection and safety, warehousing, shipping, and the 
executive and administrative offices. The indirect cost for the integrated 
plant was estimated as 40 percent of the cost of labor, maintenance, and oper­
ating supplies. With other prorated charges, the percentage is a little 
higher for the unit operations. 

Fixed costs include the annual cost of taxes, insurance, and depreci­
ation of the plant. Taxes and insurance combined were estimated as 2 percent 
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of the fixed capital cost without interest. Depreciation cost was estimated 
on the basis of straight-line depreciation over a life of 12.5 years (8 per­
cent per year). Such costs are higher for the integrated plant estimate where 
they include costs for plant utilities and facilities. 

SUMMARY OF COSTS 

The number of men employed for direct labor, capital costs for plants, 
and the annual operating costs with a percentage breakdown of operation sec­
tions of the plants are summarized in their respective sections. These summa­
ries also show the unit production costs and the selling price needed for 
assumed rates of return on investments of 20, 25, 30, and 35 percent before 
taxes. 

Such rates of return are calculated on a dis_counted cash flow basis in 
which all cash flows over the life of the operation are discounted to the 
present date and equated to the initial investment. This relationship, assum­
ing no salvage value of plant or equipment at the end of the operation, is 
shown by the following equation: 

_ [ <1 - i)n - 1] _w~- (1)p + W - R i (1 + i)n + (1 + i)n 

in which i is the annual rate of return on investment, n is the project life 
in years, Pis the fixed capital cost of the plant, R is the annual cash flow 
(annual return from sales plus annual cost of plant depreciation less manual 
operating cost), and Wis the working capital. 

RAW MATERIALS 

With the exception of fluosilicic acid, all of the raw materials used in 
these processes are purchased. The composition and availability of crude flu­
osilicic acid has been described in Section 1. Ammonia is used in gaseous 
form but is stored as a liquid. For all operations, pebble lime is used for 
the preparation of slaked lime slurry. Silica must be sized to below 200-mesh 
but does not have to meet glass manufacturers' standards of purity. The alu­
mina is a trihydrate (Al2 03 ·3 H2 0) such as that produced as an intermediate by 
bauxite processors. Sodium fluoride requirements are satisfied by using a 
97-percent salt. 

CALCIUM FLUORIDE PROCESS WITH SILICA RECOVERY 

In this process (fig. 3) the crude fluosilicic acid is neutralized with 
ammonia to form annnonium fluoride and precipitate silica. The silica is dried 
and bagged, and the ammonium fluoride solution is reacted with calcium hydrox­
ide to form calcium fluoride and generate ammonia for recycle. The calcium 
fluoride is filtered, dried, bagged, and sold as acid-grade fluorspar. This 
estimate is based on a fluorine recovery of 92.6 percent and an ammonia recov­
ery of 85.0 percent. The value of the silica byproduct is estimated to be $20 
per ton. 
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Waste fluosilicic 
NH 3 storageacid storage 

! 
Waste acid Recycle NH 3 

H2SiF6 53 .2 NH 3 NH 3 46 .3 
H20 146.8 10.2 H20 24.7--
Total 200.0 Total 7 1.0 

~ i 
! ,. ! 

Recycle filtrate 

NH 4 F 0.5 
NH 3 .6 NH 4 0H reactor 
H20 21.6--
Total 22. 7 

! 
l " 

Filter cake NH 4 F filtrate 
NH 3 0.1 

NH 3 19.3NH 4 F . I - Filter press -- NH 4 F 82.5
Si0 2 22.2 H20 175 .2 
H20 4 .5 Total 277.0 
Total 26.9 

i i 
To Si0 2 dryer To Ca F2 reactor 

FIGURE 3. - Material Balance, Ammoniation Operation, Calcium Fluoride Recovery Process 
(Tons Per Day). 

The process is divided into four major unit operations: (1) ammoniation, 
(2) silica drying and bagging, (3) calcium fluoride and annnonia recovery, and 
(4) calcium fluoride drying and bagging. Major equipment items for this pro­
cess are shown in table 20. Detailed material balance and fixed capital costs 
are shown in figures 3-6 and tables 21-24, respectively. The operating costs 
for each of the units are shown in table 25. The annual operating costs for 
the integrated plant are shown in table 26, and the summary of costs and oper­
ating personnel are shown in table 27. 
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Stack loss 
NH 3 0 . 1 
NH 4 F . I 
H20 4.5-
Total 4.7 

i 
Filter cake 

NH 3 0 . 1 Product 
NH 4 F . I - -Rotary dryer - Si0 2 22.2Si0 2 22.2 
H20 4.5 
Total 26.9 

FIGURE 4. - Material Balance, Silica Drying and Bagging Operation, Calcium Fluoride 
Recovery Process (Tons Per Day). 

TABLE 20. - Major equipment for the CaF2 processes 

Item Num- Horse- Size Capacity, each Purpose 
her power 

Rubber-lined tank ..•.••. 1 - 21 by 16 ft 40,000 gal H2 SiFs storage. 
Tank . ..........•..•..... 2 - 12 by 12 ft 1,335 cu ft NH3 storage. 
2-stage compressor .•...• 1 15 - 45 cfm NH3 compressor. 
Agitated tank, stainless 3 4.5 5 ft dia, 660 gal H2SiFs -NH3 

4~ ft deep reactor. 
Cooling tower . .......... 1 6.0 - 130 gpm Reactor cooling 
Filter press ..•.•.•.•.•. 2 - 200 sq ft 1.0 tph Si~ separation 
Rotary dryer1 •..•.•..••• 1 10 3 by 20 ft 1.5 tph Si02 dryer. 
Storage silo•..•...•.•.. 1 - 30 by 60 ft 15,000 cu ft CaO storage. 
Lime slaker ..•.•.•.•.... 1 11.5 - 150 tpd -
Agitated tank, stainless 4 12 6 ft dia, 174 cu ft Nl4F-Ca(OHh 

6~ ft deep reactor. 
Boiler ...••...•...•.•.•. 1 8 - 255 MBtu/hr Steam 

generation. 
Thickener •....•.•.•••... 1 .75 10 ft dia 550 cu ft CaF2 separation 
Disk filter ....•......•. 1 3.5 44 sq ft 6.0 tph CaF2 dewatering 
Rotary dryer ...••....... 1 100 10 by 24 ft 6.0 tph CaF2 dryer. 
1 Required only for process in which Si02 is recovered. 
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TABLE 21. - Fixed capital cost summary for 
annnoniation operation 

NUMoER MATERIAL LABOR TCJTAL 

DIRECT CONSTRUCTION CO~T 
STORE TANK H2SIF6 2 7 9UU • !70U. 2960 □ • 
ss AClu Fl:.Eu PUMP 6JLJ. C, • 6U O, 
STURAGE TANK <NH3) 2 361uU. 4 JOO• '+0 1+o u . 
COMPR[SS0~-2 STAuE l iS1.JUe lUO, 260 u , 
NH3 REACTOR ~X'+•~ 3 63uu. 91JU• 720 0 , 
PUMP 1.sx1.s 6UU • L). ouu. 
CUOLINli TOWER 6 2Uu • 900, 7 100 • 
FILT STORAGE TANK 19UO, 1 00, 2 000 . 
FILTER PRE.SS 2 15 80U, 2 "f uo, 1d200 • 
0 I APHR AGM PU11P l 2 '+UU, 1uo • 2500. 
STOKAG£ TANK 1 2SLiU • .:'.00, "7 IJLJ. 
BIN, FILTER tAK.E l 6(.IU, l OU• 70U, 

TOTAL 1U3 '+ UU, 1 (_I dUO • l 1"1200, 

FOU ND ATIONS ,06u t>20U, 

ST~UCTURES .oou t.20 0 , 
o U IL DI :~ u S , 3 ULi JlOu u . 
1 I~ 5 U L A T l O II. , OuLJ u. 
INS'TrtU r1U.TATION , 0 '1 Li "llJ O, 
ELECTRICAL }'.URK ,lSu !SSLtU, 
P I P I •~ C:i .2~u 2:i9U O , 

PA 1 I~ T 1 NG ,Ob.J l. 1 O fJ • 

MISCELLANl:.UUS , 1 u LJ 10 30 0 , 
TOTAL • 9t>U 1Ul3(JU, 

T u T A L O 1 RE C T CO l-1 S TR UC T I ON C O 5 T 2 1 =iSOD • 

INDIRECT CUST, CONTINGlNCY, ANU FlE o"ILI U 862ou. 
INTlREST UURI~G CONSTRU~TION • u 1a S"foU. 

TOTAL fIX~D CAPITAL COS T 30710 0 . 
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TABLE 22. - Fixed capital cost sununary for Si02 

drying and bagging operation 

NUMBE R MATERIAL TOTAL 

DIRECT CONSTRUCTION COST 
FEEDER, ROTAkY 26UU, 200, 2aoo. 
BELT CONVEYO R 53Uue 1 1 oa. 6'+00e 
DRYE R, 3X2uFT l 1 'i9 0U • J OOUe 1790 0 . 
Dl.JST COLLECTOR l l OJO , 2uu. 1200. 
THICKE NER BX7 1 J'i OU • so o. 390 0 . 
DIAP HRAGM PUMP l l3 0 Ue 100. l '+00 • 
OeF•PU MP IXl 3LJU, u. Jou. 
KlLN ulSCH CONV 73UO, lbOO, seo o. 
PRO STORAGE BIN 15 0 0, 2ou. 1100. 
i;AGGING MACHl NE bl UO, :>DO• SoOU, 

TOTAL 'i 2 7 uo • 7300, bUOU U, 

FOUNuATIO NS .u su J'+O □ • 
STRUCTURES ,06U 2600, 
BUILDl f"GS • 'i uu 17100. 
INSULATIO N .o oo a. 
INSTRUMENTATION • 0!.>U 2100. 
ELECTRICAL WORK .osu 210 0 , 
PIPI NG .o~u 2100. 
PAINTI NG ,015 600, 
MISCELLANEOUS ,lu u '+300, 

TOTAL ,8U5 3'+300. 

TOTAL DIRECT CO ~ Sl RU CTIU ~ COST 8~300, 
I NDIRECT COST, CONTI NGl ~CY, ANU FEE 337 □ 0. 

INTEREST OURlNb CONSTRU~TI U~ 2100. 

TOTAL FIXED CAPITAL COST 120100. 
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TABLE 23. - Fixed capital cost sunnnary for calcium fluoride 
and ammonia recovery operation 

NUMBER MATERIAL LAttOR TOTAL 

------------------·----------------------------------------------DIRECT CONSTRUCTION COST 
LIME STORAGE BIN 9000, 
LIME HOPPER l 32UU, 
t3UCK£T ELEVATOR 1 'illJU, 

VIBRATING FE£VER 1 1 lUU, 
CONST WT ft::EDER 1 2 20(.J, 

LIME SLAKER 1 2 ➔ •rnu. 

LIME SURGE TANK 1 13700, 
SLURHY PUMP 2. 21UO, 
LIME FEEOSYSTEM JOU, 
CAF2 REACTOf~ 3 9 7 [J(J, 

BOILER,125 LU I 68UU, 
FEED ••1\TER TANK l l'iUU, 
FEEU PUMP 1 60U • 
THICKENER,10 FT O, 1 ➔ 'i uu. 
DIAPHRAGM PUMP 1 13UU, 
PUMP 2uo. 
DISK FILTER 38LlU • 
'vAC PUMP 7uu. 
VAC RECEIVER JOX7 3 U u • 
fILTKATE PUHP,lXl Juu. 
CONV,oELT,l'i•IN !::>9ULi, 

STORAGE BIN 12Xl6 16UUe 
5,S, TANK "!!JOU• 
Gi:.AR PUMP "IUU • 
oL O i~ E fol 13UU, 

TOTAL 1U330l.1, 

----------
F O U 1-1 D A T l O N S ,07(.) 

STRUCTURES , OoU 
BUILDIN<;S , 'iUU 

INSULATION , O!:>u 

INSTt<UIJE.NTAT lCJN , O<;U 

ELECTRICAL WORK , 15 u 
P!PING .2~u 
PAINTING ,OiU 

MI SCELLAr~EOUS , 1 U u 
TOTAL ltl'iU 

----------TOTAL OlREtT CONSTRUCTION CO~T 
J~OlNECT COST, CONTINGENCY, AND FEE o"!OO 
INTEREST DURIN~ CONSTRUCTION • □ 18 

TOTAL FIXED CAPITAL COST 

1 1 U O • 10100, 
'iOOe 360U, 
900. 5000, 
100 • 12uu. 
'+00 • 260Uo 

2900, 2730(), 
}600, l!:i3ou. 

1uu. 2200. 
o. Joo. 

!500, 11200. 
7lJU • 7!:>0 0 , 
100. 1500, 
100 • 70Ll, 
700. 5100, 
100, 1 '+OD• 

u. 200. 
'i00 • 'i 20U • 
100. soo. 

□, Jou. 
a. Joo. 

12ou. 71 oo. 
200. 1800, 
soo. souo. 

0, '+OU, 
100 • l '+OU, 

13200, ll6SUJ, 

7200, 
0200, 

'i13oo. 
s2au. 
'+loo. 

1ssou. 
25800, 

2100. 
10300, 

117700, 

2.l'i200, 
93700, 

5900, 

lJJaoo. 
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TABLE 2~. - Fixed capital cost sunnnary for CaF2 

drying and bagging operation 

NUMBER MATERIAL LABOR TOTAL 

----------------------------------------------------------------~ DIRECT CONSTRUCTION COST 
TABLE. 
DRYER 
Of<YER 

FEEOER 
FEED BELT 
10 FT DIAM 

1 
1 
1 

2600, 
570U, 

77800. 

200. 
1 l 00 • 

15600, 

2800, 
6800, 

93 .. 00, 
KILN OISCH CONV 
STORAGE BIN 
BAGGING MACHINE 
BAG COt~VEYOR 

TOTAL 

souo. 
1600, 
s1uo. 
't700. 

1ossoo. 

1600, 
200. 
soo. 

1000. 
20200, 

9600, 
1800, 
5600, 
!:l7ou, 

125700, 

---------- ---------- ----------FOUNDATIONS 
STRUCTURES 
BUILOIN~S 

,060 
,060 
... oo 

8'100, 
630(.J • 

'i22U0• 
INSULATION 
INSTRUME.NTATION 
ELE.CTt<ICAL WORK 
PIPING 

,000 
• oso 
.oso 
.oso 

o • 
5JU 0 , 
5Jou. 
sJoo. 

PAINTING ,OiS 1600, 
MISCELLANEOUS 

TOTAL 
• 1 U U 
.sos 

lUSoo, 
8"t90U, 

----------TOTAL DIRECT CONSTHUCTION COST 
INDIRECT COST, C0NTINGl~CY 1 AND FEE 
JWTEREST DURING CONSTRUCTION 

---------- ----------210600, 
8 .. 20rJ, 

5JUO, 

---------- ---------- -------------------- ---------- ----------TOTAL FIXEO CAPITAL COST 30010LJ, 
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TABLE 25. - Annual operating cost of unit operations for CaF2 process with Si02 recovery 

------------------------------·--------------------------------------------------------AMMONIATlON 5102 DkYING CAF2 At-.D Nrd CAF2 DRYING 
AND BAGGIN<:i RECOVERY AND B>iGGING 

DIRECT C05T 
MATERIALS 

AM1'10NlA J2't9UU, 0. u. u. 
CAO u. o. 3723UO, U, 

(TOTAL MATERIALS I 32't9LJLJ,)( 0 • I ( 3723Lll.'J, I 0.) 

UTlLITlt.S 
t.LECTkICITY, 't 'tu VdLOIV) 271..lU • 1500, 't9uo, 650U, 
NATURAL GAS, CONSUMt.O o. 29UO, 1osuu, 9 'i OU• 

WATER 7200, o. 2'+00, o. 
(TOTAL 
TOTAL 

UTILITIES) 9900,)( 
3.3'+8UU, 

't 1tOO,I( 
't"IUO, 

1780U.I 
39UltJO, 

1590U,l 
15900, 

------------ ------------ ------------ ------------
DIRECT LABOR 

LABOf< 3,6(.Ju/MAN f-10 UR .359UU, l0.200 o 359UU, 2U2UU, 
SUPEfHISlON , 1SU S'-100, 3000, S'tUO, 30UU, 

TOTAL •,l3UU, :.!3200, 'tl30u, 23200. 

--·--------- ------------ ------------ ------------PL A;~ T MAlNTENAJ\iCE 
LAbUk y 1 (jU. 2900, 9tlUO, 7'i00e 
SUP(k'v'ISION .2ou 1auo. 600, 20UO, 1suu, 
MATt:RIALS 9 l u G • 2900, 9d00e 7'i0ue 

TOTAL 2L1.hlll, 6'tOU, 216UU, 16300, 
PAYROLL OVERHEAD , 2!;, u lJlUO, 6/UOe 13300. t!UUUe 
OPt.RATirJG SUPPLIE'.':i ,LUO 'iUlJu, 1300, i+300, 3.30U, 

------------ ------------ ------------ ------------ruTAL DIRECT COST 1H32UO, 'i2000e lf706UO, 667UU, 
11\ililr<l::CT COST 

ADMINISTRATION AJ\iD OVt:kHEAu 
UNITS • 'i '+ 368 29UuU, 13700, 300Llll, 19Ul.JU, 

------------ ------------ ------------ ------------Fl XEU COST 
TAAES A~D I l~SURANCE ,02u 6UUU, 2400, o6UlJ, S9uli, 
DEPRt.CIAT JON 12,500 Yk 2 4 6Li.i, 9600, 2670Ue 21fUUD, 

TOTAL JU6JU, 12000. J33UO, 299uu. 

N------------ ------------ ------------ ----------- ... 
TOTAL ANNUAL CU~T 'i728JU, 67JuU, 5339UO, 115oUU, -..J 
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TABLE 26. - Annual operating cost for CaF2 

process with Si02 recovery 

ANNUAL UNIT TOTAL OPERATION 
CONSUMPTlON COST DOLLARS PERCENT 

DIRECT COST 
MATERIALS 

AMMONIA 3570o0TON 9 1 • 00 
CAO 20685 ■ 010N 18 ■ 00 

(TOTAL MATERIALS! ( 

UTILITIES 
ELECTRICITY 1202,1231 MKWHR 10.00 
NATURAL GAS, CONSUMtu 5'+600,0 MCF • '+ 0 

(TOTAL UTILITIE:.S 
TOTAL 

DIRECT LABOR 
LABOR 3 ■ 60U/MAN 

SUPERVISION ■ 150 

TOTAL 

PLANT MAINTENANCE 
l. ABOf-1 
SUPERVISION ,200 

HOUR 

MATERIALS 
TOTAL. 

PAYROLL OVE:.RHEAD 
OPERATI Nu SUPPLIE:.S 

TOTAL DIRECT 
INDIRECT COST 

ADMINISTRATION AND 
OVERALL ■ '100 

FIXED COST 
TAXES AND INSURANCE 
DEPRECIATION 12.soo 

TOTAL 

TOTAL ANNUAL 

,25 0 
■ 200 

COST 

OVERhEAD 

■ 020 

YR 

OPERATING cOsT 

32'+900, 27 ■ 3o 

372300, 31,29 
69720 0 , 5th59) 

12000, 1 • 0 l 
21800 ■ 1 ■ 83 

33800 ■ 2•8'+) 
731000. 6 1 • '+ 3 

112200. 9 • 'i 3 
16800, I • 'i I 

129000, lo• 8 'i 

29200, 2 • 'i 5 
5900 ■ ■ So 

29200, 2 • '15 
6'+300 • 5. 'iQ 

'+1100, 3 • '15 
12900, 1,oa 

978300 ■ 82 ■ 21 

a2sou. 6 ■ 93 

25600, 2 • 15 
103600, 8,72 
129200 ■ 10 ■ 86 

ll9U000, 10U ■ U0 
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TABLE 27. - Summary of costs and operating personnel for 
CaF2 process with Si02 recovery 

l~UM8 £ R CAPITAL ANNUAL PERCENT UNIT PRO­
OF COST OPERATI NG ANNUAL DUCTION 

Ul"'ERATORS COST OPERATING COST,SILB 
COST CA f2 

AMMONlATlON 't • b 3071UU, 't728UO, 39.73 ,uui;'t't 
5102 DRYING AND ~AGGING 2,7 12l.J10U, 67/f.JU, Se69 ,OU121 
CAF2 ANO Nrl3 RtCOVERY 'I • lj 33J80U, S33YUU, 't't,87 .ou9s3 
CAfi u~YIN~ ANU ijAGuING 2,7 3UU1DU, 115600, 9, 71 .ou2u6 
fAClLIT!ES, lUePCT lDolOUe 
UTILITIES, 12,PCT 127tiOU, 

r---------------------------------------------TOTAL FIXLD CAPITAL 129fl000, 
WORKING CAPITAL 3't7uUU, 

lOTAL l6't20Uu, 1190UU0, IU0,00 

BYPl-<ODUCTS 156llJD, 
OPE I-< AT Ir~ G c. o s r LE!:iS bYPkuOUCT CRE.uITt OB 103.39 0 0, ,018'tb 

OB LESS DEP~f.Cl AT I ON, Ui.1 9 3 0 3 liO • 
RATE OF Rt.TURN .. ,200DLIU 
CASH FLOW = 357900,, () D ♦ CA Sfi FLOW .. 12882 00, ,ll230u 
RA TE OF t'il TURI'; • • 2S(J 0 Uu 
CASH FLO ti = 't31luu .. 0 0 ♦ CASH FL O'l'i .. 1 3 C, .2 (1 0 0 • ,02't32 
RAH. OF Rt.TUR N • o.3U00uu 
CASH FL O•• = S07800,, OD + CASH FLO W = l'+381UO, ,U2568 
RA TE Llf R[lURN .. ,3S OULJU 

CASH FLO IV = 585600,, OLJ + CASH FLO W = 1!:>lS'tCJO, . 0 2707 
SELLINc. PR IC t. I $ 63,2S o /TON 

RATE OF Rt.TUR N = .5096:.u 
CASH FLUl'I = 8't07UO,, Ou + CA SH fLO W = 1771UOO, ,03lb2 

https://DEP~f.Cl
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Cao unloading f----+ Lime slaking .-----. Condenser
and storage 

NH 4F filtrate Lime slurry Condensate 
NH 3 19.3 Co(OH) 2 75.9 NH 3 46 .3 
NH 4F 82.5 H 20 81 .2 H 20 24.7 
H20 175.2 Toto I 157.1 Total 7 1.0 
Total 277 .0 

l 
Vapori l ---

46.3I NH 3CaF 2 re oc tor 
H 20 24.7 I I 

-
--

! Total 71 .0 

To 
NH 4F reoc tor 

CoF2 coke ' 
Filtrate 

CoF2 80 .0 NH 3 7 .3 
NH 4F .4 I+-- Filtration :: NH4F 6.2 
NH3 .6 H 20 256.6 
H20 12.0-- Total 270.1 
Toto I 93.0 

Waste Recycle filtrate 

NH 3 6 .8 NH 4F 0 .5 
NH 4F 5.6 NH 3 .6 
H 20 235.0 H 20 21 .6 
Toto I 247.4 Total 22 .7 

i i 
To toils 

FIGURE S. • Material Balance, Calcium Fluoride and Ammonia Recovery Operation, Calcium 
Fluoride Recovery Process (Tons Per Day ) . 

Ammoniation 

Waste fluosilicic acid is n eutralized to a pH of 9.0 in three enc l osed 
a g itated r eactors op erating in s e ri e s. This r e action is exothermic, a nd t em­
p eratur e is maintained at 200 ° F by circulating cooling water through internal 
lead coils. The circulating wat e r is cooled in a 54,500 Btu minute cooling 
tower. Th e reactor operates on a positive pressure of 2.0 psig, and the reten­
tion time is 30 minutes. The discharge from the neutralization reactors is 
pumped through two plate and frame filters, ope rated alternately. Th e filter 
cake, a hydrated silica, is discharged into a bin, from which it is fed to th e 
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Stack loss 

NH 4 F 0.4 
NH 3 .6 
H20 12.0 
Total 13 .0 

i 
CaF 2 cake 

CaF2 80.0 Product 
NH 4 F .4 -- Rotary dryer -- CaF2 80.0NH 3 .6 
H20 12 .0 
Tota I 93.0 

FIGURE 6. • Material Balance, Calcium Fluoride Drying and Bagging Operation, Calcium 
Fluoride Recovery Process (Tons Per Day). 

drying operation. The filtrate, an annnonium fluoride solution, is pumped to a 
rubber-lined storage tank. 

Silica Drying and Bagging 

The wet filter cake is fed onto a belt conveyor that delivers it to a 
3- by 20-foot direct-fired rotary dryer operated at 150° C. The dried silica 
is conveyed to a storage bin, from which it is discharged into a weighing and 
bagging machine. Dryer exhaust gases are scrubbed in a wet dust collector. 
The solids are collected in a thickener and can be recycled to the silica 
filter. 

Calcium Fluoride and Armenia Recovery 

Pebble lime is received by rail and elevated into a storage silo from 
which it is fed to a standard lime slaker. The lime slurry and annnonium flu­
oride solution are both pumped to three enclosed agitated reactors arranged in 
series to provide a retention time of 45 minutes. Steam-heated lead coils are 
used to maintain the temperature of the reactors at 70 ° to 75° C, which is 
required for removal of the annnonia. The wet annnonia vapor is fortified with 
makeup annnonia and recycled to the ammonia operation. The reactor discharge 
slurry is stored in a 10-foot thickener, to provide reserve surge capacity, 
and pumped to a 4-foot-diameter disk filter (44 square f eet) for separation of 
the calcium fluoride. Part of the filtrate is used in the ammoniation opera­
tion for washing the silica filter cake and the balance is discharged to waste . 
The calcium fluoride filter cake is conveyed to the feed hopper for the cal­
cium fluoride drying and bagging operation. 
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Calcium Fluoride Drying and Bagging 

The filter cake is fed to a 10- by 24-foot indirect-fired rotolouver dryer. This 
type of drying system was selected to prevent decomposition of the calcium fluoride by 
overheating. After drying, the calcium fluoride is conveyed to a storage bin from 
which it discharges into a weighing and bagging machine. 

CALCIUM FLUORIDE PROCESS WITHOUT SILICA RECOVERY 

This process is identical to the first calcium fluoride process except for omis­
sion of the silica drying and bagging operation. The list of major equipment (table 20) 
is applicable to both calcium fluoride processes. Removal of the silica drying and bag­
ging operation does not affect the capital or operating costs of the other unit opera­
tions, but does influence the overall operating costs. The effect of these changes are 
shown in the annual operating cost of the integrated plant (table 28), and the summary 
of costs and operating personnel (table 29). 

TABLE 28. - Annual operating cost for CaF2 process without Si02 recovery 

ANNUAL UNIT TOTAL OPEl<ATION 
CONSUMPTION COST DOLLARS PEkCENT 

DIRECT COST 
MATERIALS 

AMMONIA 3S7O,OTON 9 1, 0() 32'1900, 28•~8 
CAO 2O68!:>,OTON 18,00 3723000 33o2t 

(TOTAL MATERIALS) ( 6972000 b2ol9J 
UTILITit.S 

ELECTRICITY 1087,81'10 MKNHR lOoOO 109000 0 '-17 
NATUkAL GAS, CONSUM£U 47600,0 MCF o 4 0 190000 1,7Q 

(TOTAL UTILITIES ( 299UOo 2067) 
TOTAL 7271000 t,4,86 ------------------DIRECT LABOR 

LABO~ 3o6UO/MAN HUUR 92000, 8 o 2 1 
SUPE~VlSION olSO 13800, 1023 

TOTAL 105800, 9 0 't '+ ------------------PLANT MAINTENANCE 
LABOR 26300, 2035 
SUPERVISION 0200 53000 0 47 
MATERIALS 26300, 2oJ5 

TOTAL 579O(Jo 5, 1 7 
PAYROLL OVERHEAD o2!:,U 3'+'+00, 3oO7 
OPERATING SUPPLIES olOO 11600, 1,u3------------------TOTAL DIRECT COST 936800, 83•!:17 

INDIRECT COST 
AD~INISTRATION AND OV£kHEAD 

OVERALL 0400 70100, 6,25 

------------ ------
FIXED COST 

TAXES A~D INSURANCE oO2Q 22200, 
DEPRECIATION 120500 Yk 91900, 

TOT AL 11'tlOOo 

------------ ------
TOTAL ANNUAL OP~RATING COST 1121000, 1OO,uo 
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TABLE 29. - Summary of costs and operating personnel for CaF2 

process without Si02 recovery 

NUMBER CAP IT AL ANNUAL PERCENT UNIT PRO­
Of COST OPERATING ANNUAL DUCTION 

OPERATORS COST OPERATING COST,S/LB 
COST CA f2 

Af-'1MON I ATION 'i. 8 307100. '+72100, '+2.11 ,008'+3 
.u u. o. ,oo .00000 

CAF2 AND Nh3 HECOVERY 'lo 8 333800, 533300. '+7,S7 .009!:>2 
CAF2 DRYING AND BAGGING 2.7 300100, 115600, 10•31 ,002U6 
FACILITIES, lOeP(T 9'+!00, 
UTILITIES, 12ePCT 11290 □ • 

TOTAL FIXED CAPITAL ll'+80UO, 
WuRK!t-.G CAPITAL 331000. 

TOTAL 1 2 • 3 l '17900U, 1121uoo. 100,uo .02uu2 

BYPRODUCTS u. 
OPERATING COST u.ss BYPRulJUCT CREDIT, Ob 1121000. .02uu2 

OB LESS OEPRE.ClATION, Uv 1029200. 
RATE OF RETURN • .2ooouu 
CASH FLU•~ = 322000 •• Q{) ♦ CASH FLOW a:; 1351200, ,ll2'+1J 
RA TE OF RETURN • ,250UU0 
CASH FLOI'• = 381:!SOO,, OD ♦ CASH FLO\/-, .. 1'+17700, , 0253..:: 
RATE Of RETURN .. ,3U00Uu 
CA S11 FLO iV .. 't5720U•t OD ♦ CASH FLOW = 1'+86'i00e ,ll26!>'+ 
RATE Of RETURN • • .35L)0Uu 
CASH FLOW = 52730 □•• OD ♦ CASH FLOW • 1S565UO. ,0277<; 

St.LL ING P~ICEt $ 6J,25 o /TOt~ 
RATE OF RETURN .. ,'199UdU 
CASH F LOvY = 7'+18 □ 0• 1 OD ♦ CASH FLOVt .. 177!000, .oJlb2 

HYDROGEN FLUORIDE AND CRYOLITE PROCESS WITHOUT RECYCLE OF CALCINE 

In this process shown in figure 2, the fluorine is precipitated from the crude 
fluosilicic acid solution by treatment with calcium hydroxide and silica. This pre­
cipitate is then filtered, balled, and subjected to steam hydrolysis in an indirect­
fired multiple hearth furnace at a temperature of 1,050° C. The steam and volatil­
ized fluorine are condensed as a silica-free aqueous hydrofluoric acid containing 
approximately 12 to 15 percent hydrogen fluoride. The nonvolatile materials from 
the defluorination operation combine to form a fluorine-depleted CaSi03 residue, 
which is discarded. 

The aqueous hydrofluoric acid from the defluorination operation is combined 
with sodium fluoride in an enclosed agitated reactor to produce sodium bifluoride 
(NaHF2 ). The discharge from the sodium bifluoride reactor is filtered and the cake 
is dried in a rotary dryer. After drying , the filter cake is heated to 400° C in an 
indirect-fired rotary kiln to decompose the sodium bifluoride into anhydrous hydro­
gen fluoride and sodium fluoride. The sodium fluoride is recycled to the sodium 
bifluoride reactor and the hydrogen fluoride is liquified for marketing. 



34 

In the reaction between sodium fluoride and aqueous hydrofluoric acid, 
all of the resulting sodium bifluoride does not precipitate, approximately 11 
percent of the sodium bifluoride remains in solution. To recover these fluo­
ride values, the filtrate from the sodium bifluoride filter is mixed with 
hydrated aluminum oxide to produce cryolite (Na3 AlF6 ). The cryolite precipi­
tate is subsequently filtered, dried, and bagged for sale to the aluminum 
industry. (A credit of $300 per ton byproduct cryolite is taken in this eval­
uation on the basis of prices published in Oil, Paint and Drug Reporter, 
July 27, 1970.) 

On the basis of data selected for this evaluation, the fluorine recovered 
from the crude fluosilicic acid solution is 79.0 percent; however, total fluo­
rine recovery including fluorine contained in the makeup sodium fluoride is 
80.6 percent. Distribution of total fluorine by products is as follows: 66.2 
percent as HF, 14.3 percent as Na3 AlF6 , 18.4 percent as waste calcine, and 1.0 
percent as waste solutions. 

This process is divided into five major unit operations: (1) raw mate­
rials preparation and storage, (2) acid neutralization and balling, (3) defluo­
rination, (4) anhydrous hydrogen fluoride by production and decomposition of 
sodium bifluoride, and (5) cryolite recovery. Major equipment items for this 

Waste fluosilicic Cao unloading Silica unloading 
acid storage and storage and storage 

' 
,, 

1• 

Waste acid Lime slaking 

H2S i F6 53. I CaO 62.1 S iii ca 

H 20 146.9 H 2 0 20.0 
-- Si0 2 44.0 

Total 200.0 Total 82.1 

,, 
Lime slurry 

Ca(OH) 2 82.1 
H20 219.2 
Total 301 .3 

,, -- -~ " 
I 

To neutralizing reactor 

FIGURE 7. • Material Balance, Raw Materials Preparation and Storage Operation, Hydrogen 
Fluoride Process Without Recycle of Calcine (Tons Per Day). 
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process are shown in table 30. A detail ed material balance and fixed capital 
cost are shown in figures 7 to 11 and tabl e s 31 to 35, respectively. The oper­
ating costs for each of the units are tabulated for comparison in table 36. 
The annual operating costs for the integrated plant are shown in table 37, and 
the surrnnary of costs and operating personne l a re shown in t able 38. 

TABLE 30. - Major equipment for hydrogen fluoride process 
without recycle of calcine 

Item Num- Horse­ Size Capacity, each Purpose 
ber power 

Rubber-lined tank...•... 1 - 21 by 16 ft 40,000 ga l H2 SiF6 storage. 
Storage silo ..•.•...•... 1 - 16 by 32 ft 4,210 cu ft Si02 storage. 
Storage silo ...•.•...•.• 1 - 30 by 60 ft 15,000 cu ft Cao storage. 
Lime slaker ••.•.•....•.. 1 11. 5 95 tpd 
Agitated tank, stainless 6 12 5 ft dia, 1,000 gal H2 SiFs -Si02 -CaO 

7 ft deep reactor. 
Cooling tower .....•.•... 1 10 365 gpm Reactor cooling 
Thickener •.•••.•..•••..• 1 1.0 14 ft dia. 1,235 cu ft PPT separation. 
Disk filter .•.•.•.••••.• 2 120 500 sq ft 7.0 tph PPT dewatering. 
Pelletizer dryer •.•...•• 1 40.0 7 by 120 ft 15.0 tph 
Bailer . ................ . 1 35 17. 0 mmBtu/hr Steam generator. 
Multiple hearth furnace. 3 225 23~ dia, 6.00 tpd Defluorinating. 

10 hearth 
Barometric condenser ...• 1 15 5~ by 8 ft 11.0 tph HF condenser. 
Cooling tower ...•...•... 1 60 1,300 gpm HF condensate 

cooler. 
Agitated tank, stainless 2 3.0 5 by 4~ ft 660 gal NaF -HF reactor. 
Thickener •......•...•... 1 1 12 ft 905 cu ft NaHF2 

separation. 
Disk filter •............ 1 60 500 sq ft 5.0 tph NaHF2 

dewatering. 
Dryer ...•...•.•.•...•... 1 25 5 by 48 ft 5.00 tph NaHF2 dryer. 
Rotary kiln .•.•...•..... 1 35 5 by 35 ft 5.0 tph NaHF2 decompo­

sition kiln. 
Agitated tank, stainless 3 4.5 5 by 4~ ft 660 gal Cryolite 

reactor. 
Thickener•.............. 1 1.0 14 ft 1,235 cu ft Cryoli te 

separation. 
Disk filter .•..........• 1 13 200 sq ft 0.75 tph Cryolite 

dewatering. 
Rotary dryer •. .•.•. •.•.. 1 5 2 by 16 ft 0.75 tph Cryolite dryer. 

Raw Materials Preparation and Storage 

The raw materials for this process include the crude fluosilicic acid 
which is stored in a 40,000 gallon rubber-lined tank, a finely sized silica 
and pebble lime, which are received by rail and elevated to 4,210 cubic feet 
and 15,000 cubic feet storage silos, respectively. The pebble lime is fed 
from this silo and slaked at the rate of 62.1 tons per day to produce a cal­
cium hydroxide slurry. 
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TABLE 31. - Fixed capital cost sunnnary for raw material 
preparation and storage operation 

--------------------------------------------~--------------------NUMBER MATERIAL LABOR TOTAL 

DIRECT CONSTRU(TlON COST 
UNLOAL> HOPPER 2 6300. 800, 1100. 
BUCKET ELEVATOR 2 8500. 1900. 1O'ioO • 
LI ME STOf-<AC:iE BIN 1 9000. l 100 • 10100. 
FEED•O• l'IE I GHT 2 660Ue 70 □• 7300. 
BELT CONVEYOR !>300. 1200. 6Soo. 
LIME SLAKER 
5LA~ED LIM£ MIXER 

22100. 
12900. 

2700• 
1soo. 

2't600, 
l 't"iQO • 

LIME FEED SYSTEM 300. o. 300, 
LIME SLURRY PUMP 1 liJOe I 00 • 1200. 
STOR E TANK H2SiF6 2790 □• 1100. 296 □□ • 
STORE BIN SILICA 'i6UO. 600. s200. 

TOTAL 1D'i600e 12300. 116900. 

---------- ---------- ----------FOUNUATIONS eO!::>U s200. 
STRUCTURES , 06U 6300• 
BUILDl hlGS • 1 U u 1osoo. 
INSULATION .ouu o. 
INSTRU MENTATION • 0 'i U '+20 □• 
ELECTRICAL WORK • 1 'i u 1 '+60 0 • 
PIPING • 1:, lJ 15700 • 
PAI NTI NG • oi u 2100 • 
MISCELLANEOUS • 1u u 1osuo. 

TOTAL e6olJ 69luu. 

T
I NDIRECT 
INT~REST 

OTAL DI
COST, 
DURING 

R
C
ECT CO NSTijLJ(TIO N 
ONTI NG~ NCY, 
CONSTRUCTION 

AN 

----------COST 
D FEE e4U O 

e Ul8 

---------- ----------lBbOOOe 
7"1'-+ □ 0 . 

'-+70 □• 

---------- ---------- -------------------- ---------- ----------TOTAL FIXED CAPITAL COST 2651ou. 

Acid Neutralization and Balling 

The crude fluosilicic acid solution and calcium hydroxide slurry are 
pumped to six 133-cubic-foot enclosed agitator reactors and mixed with silica 
fed from the storage silo. The reactors are operated in series and provide a 
1-hour retention time. This reaction is exothermic and the temperature is 
maintained at 200° F by circulating cooling wat er through internal lead coils. 
The circulating water is cooled in a 152,000 Btu minute cooling tower. The 
reactors are discharged into a thickener whose primary function is to absorb 
surges. Thickener underflow is processed with two 500-square-foot disk fil­
ters. The filtrate is discarded and the cake is conveyed to a storage bin 
from which it is further conveyed to a combination balling and drying kiln. 
This unit removes approximately 70 percent of the moisture and agglomerates 
the solids into balls suitable for feed to the defluorination furnace. 
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TABLE 32. - Fixed capital cost summary for acid neutralization 
and balling operation 

•w-•-••-••••--•••••••••--•••••••••••--•-••••••--•-•••••••••-••-•-
NUMBER MATERIAL LAHOR TOTAL 

DIRECT CONSTRUCTION COST 
PUMP, MECH SEAL ss 1 olJOe 0, 600, 
REACTOR, AGIT, ss 6 186UO, 28UO, 21'+00. 
COOLING TOWER 1 80u0. 160U, 9600. 
WATEK PUMP 2 2sou. 100, 2600, 
THICKEr~ER 1 SlUU, 800, 5900, 
PUMP, RUB(jER LINED 1 130U, 100, 1 '+00, 
OIAP~◄ RAGM PUMP 1 1900, 10(), 2000, 
CENTRIFUGAL PUMP 1 3U0, o, 300, 
DISC FILTER 2 't28UU, ', 300 • '+7100, 
PUMP 2 2100, 1OU, 2200. 
VACUUM PUMP 1 2.loUO, 2300, 2'+900, 
BLOvwER 1 l'HiO, 100 • 1500, 
BELT CONV£YUR FC 1 6100, 1200. 7300, 
STORAGE BIN 1 2700, 300, 3000, 
TABLE FEEO£R 1 .26u0, 200, 2800, 
BELT FEED 7900, 1000. 9500, 
KILN ROTARY 1 1 't't 2UO, 281:lOO, 173000, 
BELT CONVEYOR 1 3200, 600, 3800, 
BELT CONVEYOR 1o '+OD, 3300, 19700, 

TOTAL 2903UO, '+8300, 338600, 

FOUNDATIONS • UdU 23 2Q(J, 
STRUCTURES , 0 I u 20300, 
BUILDl r-JGS , '+ 0 U 1161 □ 0• 
INSULATION ,DOU o. 
INSTRUMENTATION ,OJU 870C..• 
ELECTRICAL WURK , 1 2 U 3'+8QU, 

PIPING ,2::iU 72600, 
PA INT 1 I~ G ,010 2900. 
MISCELLANEOUS ,lUU 29000, 

TOTAL leOoO 307600, 

---------- ---------- -------- .. -
TOTAL DIRECT CON::iTRUCTION COST 6'io2oo. 

INDlRECT COST, CONTINGENCY, AND FEE , 'tOO 258500, 
INTEREST OURINC:J CONSTRUCTION ,018 16300, 

---------- ---~------
TOTAL FIXED CAPITAL COST 921000, 
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TABLE 33. - Fixed capital cost sunmary for 
defluorination operation 

---------------~-------------------------------------------------NUMBER MATERlAL LABOR TOTAL 

DIRE.CT CONSTRUCTlON COST 
BEI.T CONVE.YOR 'i 226UO. '-!500 • 21100. 
STE AM 80 I Lt.:R 1 '+b300. 9700. ssoao. 
MULTI HEARTH FURNA 3 S962ou. 179200• 1 □ 7S"!oo. 

MULTICI.ONE. D•C• 1 16100. 1000. l770U, 
BELT CUNVEYOR 1 3300. 700. 'iOQO. 
Bt.LT CONVEYOR · 1 79UO. 1100. 9buo. 
DUST BIN l 600. 1 00 • 700. 
i>EL.T FEEDER 1 1300. 100. l '-1 oo • 
SCREr'i CONVEYOR 3 3'+00 • 100. '+l □□• 
BUCKt.T ELEVATOR 1 'ilOOe 900, 500 0 . 
STORAGE BIN+ GATE 1 3200. '+00, 3oou. 
TO WER COOLING 1 13300. 2700, 1600Ue 
PUMP Yw A TE.:R 2 3100. 600. 3700. 
TANK PLASTIC LINE 3 '+'i'iOO, 5300. '+9700, 
SOLUTION PUMP 3 5600. Joo. 5900, 
PACKED TO WER,PB L• 1 31:i □ U• aoo. 't6ou, 

TOTAL 107720CJ. 209300, 1286500. 

---------- ---------- ----------DUMP TRUCK 1770 □• □• 17700, 
TOTAL 17700. a. 17700, 

---------- ---------- ----------FOUNDATIONS • 0dU 8620 □• 

STRUCTURES •□ bU 6'+600 • 
BUii.DINGS • 1su 1616UUe 
INSULATION .ou o o. 
INSTRUMENTATION • O!)U 53900. 
ELECTRICAL WORK .osu 53900, 
PIPING .070 7S'+oo. 
PA INT 1 l·J G • 0 1 5 16200. 
MISCELLANEOUS • l UU 107700• 

TOTAL • S75 619500 • 

--·------- ---------- ----------TOTAL DIRECT CON~TRUCTION COST 1923700• 
I NDIRECT COST, CONTINGENCY, AND FEE e'iOO 76950 0 . 
INTEREST DURING CONSTRUCTION .u1a '+8500• 

TOTAL FIXED CAPITAL COST 27'+1700• 



---------- ---------- ----------

---------- ---------- ----------

---------- ---------- -------------------- ---------- ----------

39 

TABLE 34. - Fixed capital cost summary for anhydrous 
HF production operation 

-----------------------•-••••••-•R••-------~-------••••••--•----•NUMBER MATERIAL LABOR TOTAL 

--------------------------------------·----------------------~---DIRECT CONSTRUCTION COST 
REACTOR, AGIT, SS 2 '-1200, 60U, '-I 800 • 
THICKENER 1 sooo. 700, s100. 
DISC FILTER 1 21'-100, 2100. 23500, 
VACUUM PUMP 1 l i+SOO • 1'+00, 15900, 
~LOWE.R 1 900, 100, 1000. 
ROTARY KILN 1 37'-100, 7500, '-l'-1900, 
FAN 1 700, 100. 800, 
WET CYCLONE O•C• l 1000. 200. 1200. 
ROTARY KILN 1 '-13100, 21600. 6'+700. 
FAN l 7UUe 100. soo. 
ELECTROSTATIC PPTR 1 37LlUe '-100 • '-11 □□• 
H[AT EXCHANGER l 3900, 500, '+'-100 • 
HEAT 1::.XCHANGER 1 1suo. 200. 1700, 
REFRIG IJNlT 1 9000, 1300, 10300, 
BINS ANO HOPPERS s 10600, 1300, 11900, 
MATERIALS HANOLING 1 3 '-19900, 9300, 59200, 
PUMPS 7 'i9Li0e 300, s200. 

TOTAL 212'-IOO. :.+7 700, 260100, 

---------- ------~--- ----------FORK LIFT 62uU. D • 62 □ 0. 
TOTAL 6200, o, 6200, 

FOUNDATIONS ,080 17000. 
STRUCTURES e07U 1 '-1900 • 
BUILDINGS • '+WU 85000, 
INSULATION .ouu O, 
INSTRUMENTATION • (J ... u esoo, 
ELE.CTR1CAL WORK ,0130 11000. 
PIPING , 1o0 3'+000, 
PAINTI NG • 0 1 !:> J200. 
MISCELLANEOUS • l UU 21200. 

TOTAL • 9 'i !:, 200800. 

TOTAL DIRECT CONSTRuCTION COST '+671 □□ • 
I NDIRECT COST, CONTINGENCY, AND FEE • '+00 l868UO• 
INTEREST DURlN~ CONSTRUCTION • 0 l 8 1180U, 

TOTAL FIXED CAPITAL COST oos100. 
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TABLE 35. - Fixed capital cost sunnnary for cryolite recovery operation 

NUMBER MATERIAL LABOR TOTAL 

Dl~lCT CONSTRUCTION COST 
Ul-iLOAI) HOPPER 
BUCKET ELEVATOR 

3200, 
~2uu. 

5 TOH AGt. 1-3 IN ;UUO, 
FEED-0-WElGHT 1 3300, 
BELT cONVEYOf-< 1 78uU, 
1-<El\CTOR, SS 3 6200, 
STORAGE TANI\ 1 1 100 • 
GEAR PUMP 1 200, 
THICKENER l ::iOO(J • 

DIAPHRAGM PUMP 13i.JU, 
CENTRIFUGAL PUMP JULI• 

DISC FILTER 7700, 
VACUUM PUMP 3900, 
BLOlftER 300, 
FILTRATE PUMP Juo • 
BE.LT CONVEYOR l S3UO, 
STORAGt:: BIN l 2700, 
TAt3LE FEEDER l 2600, 
i:H.LT CONVEYOr< l 3500, 
ROTAkY KILN l 11200. 
FAN 1 200. 
ELECTROSTATIC PPTR 1 3 7uU • 
BUCl<.ET ELEVATOR 1 JSOU, 
STORAGE BIN 1 1000. 
BAGGING MACHINE 1 5000, 

TOTAL 86200, 

FORK LIFT 6200, 
TOTAL 6200. 

----------fOUNl)ATlONS ,oao 
STRlJCTURES , 07 U 

OUILOINGS • "+ uo 
INSULATION ,OUU 
INSTRUMENTATION , O"tO 

ELECTRICAL IVORK ,080 
PlPING , 16 0 

PAINTING ,015 
MISC£LLANEOUS , 1OU 

TOTAL • 9 't !::, 

TOTAL DIRECT CONSTRUCTION COST 
INulRECT COST, CONTINGENCY, AND FEE e'IOO 
INTE~EST DURING CONSTRUCTION •018 

"+DO• 
900, 
300, 
JOU, 

17 □ 0, 

900, 
100. 

u. 
700, 
100. 

o. 
800, 
't00, 

O, 
o. 

1 7.00 • 
300, 
200. 
800, 

2200, 
o. 

't00, 
'100, 
100. 
500, 

12700, 

□• 
O, 

3600, 
5100, 
3000, 
3600, 
9!:IQO • 
7100, 
1200. 
200. 

5700, 
1 't00, 
300, 

asou, 
'1300, 

300, 
300, 

6500, 
3000, 
2800• 
'i3QO, 

13'f00, 
200. 

I.! 1OD• 
3900, 
1 1 DO• 
ssao. 
9890 □ • 

620U, 
6200, 

6900, 
6000, 

3'1500, 
0, 

3 '+00, 
6900, 

13800, 
1300, 
8600, 

81"+00, 

186500, 
7'+600, 

't70Ll, 

---------- ---------~ --------~-
TOTAL FIXED CAPITAL COST 265800, 
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TABLE 36. - Annual operating cost of unit operations for HF process 

-----------------------------------------------------------------------·---------------------------RAW MAH.RIAL ACID NEUTo + OEFLUORINATE ANrlYDRUUS HF CRYOLITE 
PkEP, STOl-<E bALLiNG PRODUCTION RECOVERY 

DIRECT COST 
MATERIALS 

CA 0 3tl8lUUo o. 0• u. a. 
SILICA 6776UUo o. Oo 0. o. 
AL2U3,3H20 D • o. o. 0, 127700, 
NAF u. o. o. u. 1037'!00, 

!TOTAL MATERIAL~) 10b57UU,)1 0 • l I 0.) 0.) ( 116SI00,l 
UTILITIES 

£LECTRicITY, 'l'IU Ve\LO~) 2 1 U u • 219UO, 3'11UOo 13bUlJ, 3'100, 
NATURAL GAS, CONSUMt::L; u • 3't800, 130900, 157UCJ, 1 '100, 
I, ATE f.. lJUOU, '1600 o I '!SI.JO• 260 □• o. 

(TOTAL 
TOTAL 

UTILITIES) l!>IUUo)( 
JOb08lJOo 

613000)( 
61300, 

179500,l 
179500, 

319UUo)I 
J19UU 0 

'1800 • I 
1169900, 

------------ ------------ ------------ ------------ -----------· DIRECT LABOR 
LABOk 3o6U0/MAN HOUR 15700, f,3600 • 86100, 629UO, 78600, 
SUPERVISION • 150 2'100, 9500, 12900, 9'10U, 11800, 

TOTAL 1 cl 1 U U, 731000 990CJQ, 72300, 90<t00, 

------------ ------------ ------------ ------------ ------------PLANT MAINTENANCE 
LA t:lUI-< 52UI.J, 27100, 808UO, l96UU, 71300, 
SUPEt-:VISJON ,200 !Ou(;, S'!OO, 16200, 39UO, 1600, 
MAH.RIALS 5200, 27100, auaoo. 196UU, 7600, 

TOTAL 11 'tOU • 59600, 177800, '13100, 17200. 
PAYROLL OVERHE.AD .2~u olUO, 26'100, 'i9UOO, 2'1000, 25uoo. 
OP[RATING SUPF-LIES .~oo 2 3 01.J • 11900, 3!>6li0, 8600, 3'100, 

------------ ------------ ------------ ------------ ------------
TOTAL DIRECT cu::;T 1118700, 232300, S't0900, 1799(;(J, 1305900, 

INDIRECT COST 
AOMINISTRATION AND OVl:.1-<HEAIJ 

UN1T5 • 't5 7 I 9 l'tSOUo 66100, l't3000o !:,67UU, 50700, 

------------ ------------ ------------ ------------ ------------FIXED COST 
TAXES AND INSUl-<ANCE oU20 52uCJ, 18100, S39lJLJ, 1310G, 5200, 
uEPREClATION 12,500 Yk 212uo. 73700, 1.19300, !:i33iJU, 21300, 

TOTAL 26'tUO, 91800, 273200, 66'1UO, 26500, 

TOTAL ANNUAL CU~T ------------11S96U(J 0 
------------.3qo200, ------------957100, ------------303000, ---.---------1383100, 

~ ,... 
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TABLE 37. - Annual operating cost for 
HF process 

----------------·--------------------------------------------------------· ANNUAL UNIT TOTAL OPERATION 
CONSUMPTION COST DOLLARS PERCENT 

-------------------------------------------------------------------------· OlREC.T COST 
MATERIALS 

CAO 
SILICA 
AL203,3H20 
NAf 

(TOTAL 
UTILITIES 

ELECTRICITY 
NATURAL GAS, 

(TOTAL 
TOTAL 

DIRECl LABOR 

21560,0TON 
lS'iOCJ,OTON 

16'-t!:>,OTON 
2660,UTON 

MATERIALS) 

SJU'i,9966 MKWHR 
CONSUMED 'iJ8360,U MCf 

UTILITI£5 

LABOR 3,600/MAN HOUR 
SUPERVISION ,150 

TOTAL 

PLANT MAINTENANCE 
LABOR 
SUPERVISION ,200 
MATEriIALS 

TOTAL 
PAYROLL OVERHEAD 
OPERATING SUPPLIES 

TOTAL DIRECT 
INDIRECT COST 

ADMINISTRATION AND 
OVERALL •'iOO 

FIXED COST 
TAXES AND INSURANCE 
DEPRECIATION 12,500 

TOTAL 

TOTAL ANNUAL 

,25U 
,20u 

COST 

OV~kHEaD 

,020 
YR 

OPERATING (.OST 

18,00 
'i"!,OU 
77,60 

390,00 
( 

388100, 
677600, 
127700. 

1037'+00, 
2230800, 

9 • 2 S 
16.16 
3,vs 

2'+•7', 
53,20) 

10,00 
• ,, 0 

( 

5300CJ, 
175300, 
220Jau. 

2'+59100, 

------------

1•l6 
'i • 1 8 
s • ,, 'i ) 

58 • 6 Cf ------
306900, 

'16000, 
352900, 

------------

7,JZ 
1 • 1 0 
8 • 'i 2 ------

l'i0500, 
28100, 

l'iU50U, 
309100, 
13osou, 
61800, 

------------3313'+00, 

3.35 
ob7 

J•lS 
7,37 
3, 1 l 
l • 'i 7 ------

79,01 

289500, 

------------
o,9o ------

115800, 
'i 7'i30t.J • 
59UIOO, 

------------'ll9300lJ, 

2•16 
I I• J .3. 
1 'i • U7 ------

100.00 
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TABLE 38. - Sunnnary of costs and operating personnel 
for HF process 

NUMBER CAPITAL ANNUAL PERCENT UNIT PRO• 
OF COST OPERATING ANNUAL DUC TI ON 

CJPERATORS COST OPERATING COST,S/LB 
COST HF 

RAW MATERIAL PREP, STORE 2, 1 2bSlUU, 1159b00o l.7,66 ,05226 
ACID NEUT• • BALLING 8,5 921000, 390200. 9,31 ,017!:>8 
DEFLUOR I NA l£ 1 I • S 27'+17UU, 957100, 22083 ,0'+313 
ANHYDROUS HF PRODUCTION 8. '+ 66570u, 303 0 00, 7,23 ,01365 
CRYOLITE RECOVERY 10, 5 26!::,800 • 1383100, 32099 ,06233 
FACILITIES, lOoPCT '+85900, 
UTILITIES, 12,PCT 582800, 

--------------------------------------------·-TOTAL FIXED CAPITAL 59280000 
WORKl~G CAPITAL 11950000 

---------------------------------------------~ TOTAL • 'l l, U 7123000, '1193 0 DtJo 100,00 ,18896 

BYPRODUCTS 1260 [) 00, 
OPERATING COST LESS BYPRvuUCT CREUIT, OB 2933UOO, ol32l8 

Oij LESS DEPRECIATION, uu 2'158800, 
R~TE OF KlTUR N • ,2UOUUU 
CASH FLOW= 1559800,, OD+ CASH FLOW a '!018600, ,18110 
RATE. OF RETUR N • o2500UO 
CASH FLOW = 1877800,, OD ♦ CASH FLOW .. '+336600, ,195'13 
RATE OF RE.TURN • o3U00UU 
CASH FLOW • 2206500,, OD ♦ CASH FLOW • '1665300, o21U2'f 
RA TE OF RETURN .. ,3500UU 
CASH FLOW = 25'+300001 OD ♦ CASH FLOW = 5001800, ,225'+1 

Sl:.LLING PRICE, $ 'f9U, UO [) / TON 
RATE OF RlTURN .. o'll3'+33 
CASH FLOW = 2977700, 1 0 () + CASH FLOW = S't36SOO, ,2'½S.UO 

Defluorination 

The agglomerated feed from the previous unit is conveyed directly to a 
distributor that feeds three muitiple-hearth defluorination furnaces. These 
furnaces are 23.5 feet in diameter with 10 hearths and are heated by gas-fired 
radiation tubes. All metal parts are constructed of 446 stainless steel. A 
multiple hearth furnace was selected for this connnercial defluorination opera­
tion because an indirect fixed rotary kiln such as used in the laboratory 
could not be scaled to satisfy the needs of the operation. The feed is heated 
by a combination of radiant heat from the kiln's radiation tubes and direct 
heat from the superheated steam injected into the bottom hearth. Under these 
conditions, the fluorides in the feed are hydrolyzed and hydrogen fluoride is 
vaporized and ducted out of the kiln. The residual calcine is trucked to a 
disposal area for discard. 



.

44 

Feed To atmosphere 

H2S iF6 53 . 1 . 
Co(OH )2 82.1 
Si0 2 44 .0 Stoc k l oss 
H20 
Tota l 

366 .1 
545 .3 H20 94.7 

l 
Co ke ---

Neutra li z ing 
reacto r 

i--. F i ltrat ion f---tl 
CoF2 
Si0 2 
H20 

86.2 
66.1 

137.8 
1--t 

Ball ing 
dr y ing 

and 
k il n 

Tota l 290.1 

l 
F il t rate ,. 

CaF2 
H20 

0 .3 
254.9 

To de fl uo rin ati on 
kil n 

To ta l 255 . 2 

i
To was te 

FIGURE 8. - Materi a l Balance, Ac id Neutrali za ti on an d Ba lling Operati on, Hyd rogen 
F luori de Process With out Recycle of Ca lcine (Tons Per Day) . 

Vapors f r om the furnaces, consisting of st e am and hydrogen fluoride, are 
ducted to a barometric condenser and cooled with rec irculating condensate, 
which in turn is cool ed in a heat exchanger in conjunc tion with a 321 , 000-
Btu/minute cooling tower. Condensate from this operation is a silica-free 
solution containing 12 to 15 percent hydrogen fluoride. 

Anhydrous Hydrogen Fluoride Production 

The condensate f r om the defluorination operation i s pumped to two 
enclosed agi t ated reac tors where i t is combined with recycle and makeup s odium 
fluoride. These reactors are operated in series to provide a 20 -minute reten­
tion time . Reactor discharge is settled in a 14-foot thi ckener , which serves 
primarily as a reserve surge reservoir. Thickener underflow is pumped to a 
500 - square-foot disk filter. Filtrat~ together with thickener overflow, is 
pumped to the cryolite operation for recovery of the soluble sodium bifluoride . 
Filter cake is conveyed to a storage bin, from which it is fed to a 5 - by 48-
foot rotary dryer operated at approximately 150° C. The dried product is con­
veyed to ano t her storage bin from which it is fed to a 5- by 35 - foot indirect­
fired rotar y kiln operated at 400° C to decompose the sodium bifluoride. 
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Balled feed 

CaF2 86.2 
Si02 66.1 
H2 0 43. 1 
Total 195.4 

l 
Vapor 

Steam 

H2 0 167.5 
~ 

Def luorination 
ki In -----+ 

HF 
H2 0 

35.3 
194.7 

f-+ Condenser 

Tota I 230.0 

l l 
Calcine To 

CaF 2 17.3 NaHF2 reactor 
Si02 ,Ca0 115.6 
Tota I 132.9 

! 
To waste dump 

FIGURE 9. - Material Balance, Defluorination Operation, Hydrogen Fluoride Process 
Without Recycle of Calcine (Tons Per Day). 

The decomposition products from this kiln are sodium fluoride and anhy­
drous hydrogen fluoride. The sodium fluoride is recycled to a storage bin, 
from which is is fed to the sodium bifluoride reactors, and the anhydrous 
hydrogen fluoride is liquified by a 6-ton refrigeration unit and loaded into 
steel bottles for marketing. 

Cryolite Recovery 

The fluorine values contained in the filtrate from the sodium bifluoride 
filtration are recovered by mixing this filtrate with hydrated alumina to form 
insoluble cryolite. This reaction is accomplished in three enclosed agitated 
reactors, which are operated in series to provide a 30-minute retention time. 
These reactors are charged continuously with filtrate, pumped from the sodium 
bifluoride operation, and hydrated alumina, conveyed from a storage bin. Reac­
tor discharge slurry is settled in a 14-foot thickener whose main purpose is 
to provide reserve storage capacity. Cryolite in the thickener underflow is 
dewatered with a 200-square-foot disk filter. Filtrate joins the overflow 
from the thickener and is pumped to a waste disposal area. Cryolite filter 
cake is conveyed to a storage bin from which it is fed to a 2- by 16-foot 
rotary dryer operated at approximately 150° C. Dried cryolite is conveyed to 
a storage bin from which it is fed to a weighing and bagging machine. 
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Co nd en sate 
NaFHF 35.3 --

H2 0 194 . 7 NaF 7 .6 
Total 230.0 

l Fi It rate 

- NaHF2 I 1.2NaHF2 reactor Fi It ration 
H2 0 176.0 
Total 187 .2 l 

lCake 
H F(anhydrous) ,___ NaHF2 98.2Condenser To cryolite
HF 31 .7 H2 0 I 8.7 reactor 

Total 116.9 

l 
HF 

HF 

vapor 

31.7 
Decompositioni----

kiln --- Dryer ,..____ Stack 

H2 0 

loss 

18.7 

1 
NaF residue 

NaF 66.5 

FIGURE 10. • Material Balance, Anhydrous Hydrogen Fluoride Operation, Hydrogen Fluoride 
Process Without Recycle of Calcine (Tons Per Day). 

NoHF2 filtrate 
Al203•3H20 Stock Io ssNaHF2 I 1.2 

H20 176.0 4.7 H20 2 .2 
Total 187.2 

! 
! 

Cake 

Na 3AIF5 __. Na 3AIF 6 12.0 __.~ Fi It ro tio n Dryer 
reactor H20 2.2 

Total 14.2 

l 
Filtrate 

Na 3AIF6 0 .6 Na 3AIF5 

H20 177 . 1 12 .0 
Total 177.7 

1 
To waste 

FIGURE 11. • Material Balance, Cryolite Operation, Hydrogen Fluoride Process Without 
Recycle of Calcine (Tons Per Day). 
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HYDROGEN FLUORIDE PROCESS WITH PARTIAL RECYCLE OF CALCINE 

This process is identical to the first hydrogen fluoride process except 
that a portion of the calcine from the defluorination operation is used in the 
neutralization of the crude fluosilicic acid. This change eliminates 55.4 
percent of the calcium hydroxide and all of the silica previously required for 
this operation. It increases the recovery of fluorine from the crude fluosi­
licic acid from 79.0 to 92.3 percent. Total fluorine recovery, including the 
fluorine contained in the makeup sodium fluoride is increased from 80.6 to 
92.9 percent. Distribution of total fluorine in each product is as follows: 
76.6 percent as HF, 16.3 percent as Na3 AlF6 , 5.8 percent as waste calcine, and 
1.2 percent as waste solutions. 

Implementation of this process increases the bulk of solids handled in 
the neutralization and defluorination operations and necessitates an increase 
in the size of the processing equipment. Also, increased fluoride recovery 
necessitates larger equipment in the fluorine recovery operations. The major 
equipment items required for this process are shown in table 39. Changes in 
the equipment size can be determined by comparing this table with the one from 
the previous hydrogen fluoride process. The detailed material balance and 
fixed capital cost estimates for each of the 5-unit operations are shown 
sequentially in figures 12 to 16, and tables 40 to 44, respectively. The unit 

Waste fluosilicic CaO unloading Recycle calcine 
acid storage and storage storage 

' .. ' 
Waste acid Lime slaking Calcine 

H2 S i F6 
H 2 0 
Tota I 

53.2 
146.8 
200.0 

CaO 
H2 0 
Tota I 

27.4 
81.3 

108.7 

CaF2 17.7 
Si0 2 ,Ca0 154 .6 
Total 172 .3 

" 
Lime slurry 

Ca(OH) 2 36.2 
H20 72 .5 
Total 108.7 

,, - ' - -
,, 

To neutralizing reactor 

FIGURE 12. • Material Balance, Raw Materials Storage Operation, Hydrogen Fluoride 
Recovery Process-Calcine Recycle Alternate (Tons Per Day). 
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operating costs are tabulated for comparison in table 45. The annual operat­
ing costs are summarized in table 46, and the summary of costs 
personnel is shown in table 47. 

TABLE 39. - Major equipment for HF process with 
partial recycle of calcine 

Item Num- Horse­ Size Capacity, each 
her power 

Rubber-lined tank ..••.•• 1 - 21 by 16 ft 40,000 gal 
Storage silo •..•.••.•..• 1 - 14 by 28 ft 3,000 cu ft 
Storage silo •.•••.•.•.•. 1 - 30 by 60 ft 15,000 cu ft 
Lime slaker .•••......... 1 6 - 36 tpd 
Hannner mill .....•••.•..• 1 50 30 by 24 in 8.0 tph 

Agitated tank, stainless 10 20 5 ft dia, 1,000 gal 
7 ft deep 

Cooling tower........... 1 30 700 gpm 
Thickener. • . . . . . . . . . • . . • 1 1.0 14 ft dia 1,235 cu ft 
Disk filter ......•.•.•.. 3 180 500 sq ft 7.0 tph 
Pelletizer dryer .•..•..• 1 55 8 by 140 ft 20.0 tph 
Boiler.................. 1 55 31 nnnBtu/hr 
Multiple hearth furnace. 5 325 21~ ft dia, 5.0 tpd 

10 hearth 
Barometric condenser .... 2 22.5 5~ by 8 ft 8.0 tph 
Cooling tower .....•..... 1 90 1,870 gpm 

Agitated tank, stainless 2 4.0 5 by 7 ft 1,000 gal 
Thickener ....•.....•.•.. 1 1.0 16 ft 1,640 cu ft 

Disk filter ......•...... 1 60.0 500 sq ft 6.0 tph 

Dryer ......•.•.•.•...... 1 35 5 by 55 ft 6.0 tph 
Rotary kiln .........•.•. 1 40 5 by 40 ft 5.0 tph 

Agitated tank, stainless 3 6.0 5 by 5 ft 700 gal 

Thickener .•.•...•....... 1 1.0 18 ft 2,000 cu ft 

Disk filter ............ . 1 20.0 300 sq ft 0.75 tph 

Rotarv drver .....•.•.•.. 1 6 2 by 20 ft 0.75 tph 

and operating 

Purpose 

H2 SiF6 storage. 
Slag storage. 
CaO storage. 

Recycle residue 
pulverizer. 

H2 SiF6 -CaO-
CaSi03 reactor. 

Reactor cooling. 
PPT separation. 
PPT dewatering. 

Steam generator. 
Defluorinating. 

HF condenser. 
HF condensate 

cooler. 
NaF-HF reactor. 
NaHF2 

separation. 
NaHF2 

dewatering. 
NaHF2 dryer. 
NaHF2 decompo­
sition kiln. 

Cryolyte 
r ·eactor. 

Cryolyte 
separation. 

Cryolyte 
dewatering. 

Crvolvte dryer. 
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TABLE 40. - Fixed capital cost surrnnary for raw material 
preparation and storage operation, 

alternate HF process 

-------------------·---------------------------------------------NUMBER MATERIAL LAbOR TOTAL 

DIRECT CONSTRUCTION COST 
HO P PER, UNLOADING 1 3200. '100 • 360Lie 
BUCKET ELEVATOR 1 'I 300 • 900. s20 0 . 
Bl CAOH STORAGE 1 9000. l 100 • 10100. 
FEED O V.ElGHT 2 6600. 700. 7Ju o. 
SLAKER 1 LIME l l23UCie 1soo. l.380 □• 
MIXER SLAKED LIME 1 7200. 900. 810 0 . 
PUMP LIME SLURRY 1 I 1UO • 100 • 120 0 . 
LI M£ Ft.ED SYSTEM 1 300. o. Jo o. 
STORE TANK H2Slf6 1 279U0e 1700. 2'160 0 . 
PUMP s.s.1.~x1.s1 1 60Ue o. 600. 
5£LT CONVEYOR 1 5300. 1100. 6'100, 
HAMMER MILL 30X2'1 1 l020u. 2000, 1220 0 . 
BELT CONVEYOR 1 980 0 . 2000, 1180 CJ • 
BIN SLAG STORAGE 1 'I 6 0 0 • 600. 520 0 . 

TOTAL 102'100. 13000. 1151.fU0e 

---------- -------~-- ----------FOUf\iOA l IONS ,DbU 5100. 
STRUCTUt<ES e06 0 61 □□• 
bUILDI NGS • 1uu 1u200 • 
INSULATION .ouu o. 
lt-lSTHUMENTATION • O'i lJ 'I 1oo, 
ELECTRICAL WORK • 1 ii 0 l 'f 300, 
PIPING elbU lS'+00, 
PAINTING .02u 2000. 
MISCELLANEOUS .1uu 10200. 

TOTAL e6bU 67'+00, 

---------- ---------- ----------TOTAL DIRECT CO~STRUCTlO~ COST 182800, 
I NDIRECT COST, CONTINGENCY, AND FEE 7310 0 , 
INTEREST DURING CONSTRWlTION 'f 600 • 

---------- ---------- -------------------- ---------- ----------TOTAL FIXED CAPITAL COST 260500, 
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TABLE 41. - Fixed capital cost sunnnary for acid neutralization 
and balling operation. alternate HF process 

NUMBER MATERIAL LABOR TOTAL 

DIRECT CONSTRUCTION COST 
REACTOR SS 10 31000. 'i60 □, 35600• 
TOWER COOLING l 60 □ 0. 1600. 9600. 
PUMP 6XS lN WATER 2 2soo. 100, 2600• 
PUMP SLURRY 1 2300. 100, 2'+00. 
THICKENER l'+X8 FT l 5100. 800, 5900. 
PUMP CENTRIFUGAL 1 3UO, o. Joo. 
PUMP S IN DUPLEX 1 J6UO, 200. JBOO. 
DISC FILTER 10eSX7 J 65000, 6500• 11soo. 
PUMP FILTtUTE J 3200, 200, JlfOOe 
VACUUM PUMP l 28800, 2900. 31700, 
BLOIVER 2 2800. JOOe 3100. 
BELT CONVEYOR fC l 6100. 1200, 7300, 
BIN STORAGE 1 2700. JOO, JOOO. 
TABLE FEEDER 1 26UO, 200. 2soo. 
BELT FEED 1 79UO, 1600. 9SOO, 
KILN ROTARY 8Xl'i0 1 197100 .. J9'i00· 236Soo. 
BELT OUST 25FTXllf 1 3200. 600, 3800, 
BELT CONVEYOR 1 16'iU □, 3300, 19700, 

TOTAL J886CJOe 63900• 'iS2s00. 

FOUNDATIONS .0130 31100, 
STRUCTURES au70 27200. 
BUILDINGS • '+OU lSSlfQO, 
INSULATION .ooo o. 
INSTIWMENTATlON a03U 11100 • 
ELECTRICAL \'IORK • 120 '+6600 • 
PIPING • 2so 97200, 
PAINTING .01w 3900, 
MlSCE.LLANEOUS • 1 uu 38900. 

TOTAL 1,060 '+12000. 

TOTAL DIRECT CONSTRUCTION ----------COST ---------- ----------B6i+soo. 
INDIRECT COST, CONTJNG~NCY, AND FEE ,'iOO l't58QO, 
INTEREST DURING CONSTRUCTION ,018 21aoo. 

TOTAL FIXED CAPITAL COST 1232100, 
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TABLE 42. - Fixed capital cost summary for defluorination 
operation, alternate HF process 

NlJ Mti E R r1 A T E I< I A L TOTAL 

Oll-llCT CONSTt<UC T ION C05T 
tiE.L T CONVEYUR 6 3 3 '1U O • lJijQ(J. 4 U 7 Or_, • 
STEAM ijOlLE:.R l 6120U. 1:.::iou. 7.,40 0 . 
MULTI HEARTH FURN !:, 139/ 0 uU. 2 7 9 '+OU• 1676~0 [: , 
SCRE iV CONVEYOR !:, 1~suu. 3 4 0Ue l89U U, 
BUCKET ELEVATOR l 4 l UU • 9UU, ~ouo. 
BIN STORAGE l 32UO, '100 • 3 6U (., • 
FEEUER VIBRATING l l l U U • 1Ou• 120 c . 
MULTI CLONE 1 232UU, 2 300 • 2560 0 . 
BELT C0NV£YOI< l 33UU. 700, 'iOu o . 
t3ELT CONVEYOR 1 79UO. 16 □ 0. 9 sou, 
BIN DU~T 1 60U. l uU • 10 0 . 
BELT FEEDER 1 euo. 1110. 90G, 
TO Wt:k COOLING 1 l66UO, J3 □□• 199ou. 
PUMP t, ATER 2 4000. 200. 'i 200, 
TANK PLASTIC LINE 3 60200, 72 □□ • 67i.+ou. 
PUMI-' s,s. J 9700, 600. lUJUU, 
TOWER PH L l lH.D 2 l O 'iUU, 2100, 12500, 

TOTAL 16S27uUe 321'+00, 1974100, 

---------- ---------- ----------OUMP TRUCK 22guu. u. 22tlOU. 
TOTAL 22aou. o. 22800. 

---------- ---------- ----------FOUNDA'flON~ .ueu 132200, 
STRUCTURE.S , 0 6 u 992uu. 
BUILDINGS • l bu 2'i79UU, 
lNSULAllON .ouu o • 
lNSTRUMEl'lTATION • o ::iu 82000 • 
ELECTRICAL i'/ORK • osu 02600, 
PIPING ,U7U ll'=>70U, 
PAINTING .015 2 /.f 800, 
MISCt.LLANE.OUS • 1uu l6!:>30U. 

TOTAL ,5/~ 9Su30Ua 

----------- ---------- ----------TOTAL DIRECT C O •~S T R U C T 1 0 N COST 29'i720U. 
I ND I Rf.CT COST, (ONTINGt.NCY, AND FEE .400 117ei9U0e 
INTE.Rt.5T DURING CONSTRUCTION .010 7'+3o0. 

---------- ---------- -------------------- ---------- ----------TOTAL FIXc.u CAPIT~1. COST 4 200 "+00 • 
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TABLE 43. - Fixed capital cost sununary for anhydrous HF 
production operation, alternate HF process 

NUMoER MATE.:RlAL LABOR TOTAL 

----------------~------------------------------------------------DIRECT CONSTRUCTION COST 
RE.ACTOR s.s. 2 s1ou. sou. !>900 • 
THICKENER l 5700, 900, 6000, 
DISC FILTER l 21'+00, 2100. 2 3SOO • 
VACUU /1 PUMP 1 l 'i SuO • lLtUO, 159UO, 
~LOw'rt::R 1 9UU • lUU, 1000, 
KILN IHJTARY 1 '+1200. 82UD, 't9 'iOO, 
fAN DRAFT 1 800, l 00, 900, 
WET CYCLONE, DUST 1 1000. 200, 1200. 
KILN ROTARY l 't690Ue 2JS □ O• 70'+uo. 
f Al~ DkAfT 1 800, 1uo, 9UO, 
ELECT UUST COLL.1:.C T 1 J7UO, 'tOO • 'tloo, 
HEAT EXCHANGER l 'tlOU, SOD, 't6UO, 
tiE AT EXCHANGER 1 1sou, 20U, 1700, 
Rt.FRIGEl-<ATlON UNIT l 9000, 1300, 10300, 
BINS AND HOPPERS 6 11000, 1300, 12300, 
MATERIALS HANDLING 1 3 't 99()0, 7900, 57800. 
PUMPS 6 5000, 200, 5200, 

TOTAL 222sou. "19200, 271700, 

---------- ---------- ----------FORK LIFT 6200, O, 620 □ , 

TOTAL 6200, o. 6200, 

---------- ---------- ----------FOUNDATIONS .uao 178 □ 0. 

STRUCTlJKES .07u lS6UOe 
BUILDINGS , 'tUU 89000, 
INSULATION ,OU □ u. 
INSTRUMENTATION , O"IU 8900, 
E L E C T I~ 1 C A L WOl<K .oou 17800• 
PIPING ,l6U 35600• 
PAINTING ,015 33UO, 
MISCLLLANEOUS ,lllJ 22200. 

TOTAL • 9 'i5 

----------- ----- ... ---- 2102ou, 

----------TOTAL DIRECT CON~HWCTION COST 1ft3 8 l OD• 
INOIRE.CT COST, CONTINGt::.NCY, AND FEE , Af 00 195200, 
INTEREST OUR ING CONSTRi.JCTIOf\4 .u1a 123 □ 0. 

---------- ---------- -------------------- ---------- ----------TOTAL FI~t::D CAPITAL COST 69!:>600, 
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TABLE 44. - Fixed capital cost summary for cryolite recoverr 
operation, alternate HF pr ocess 

NUMt;Ek MATE RI AL TOTAL 

----------------------------------------------------------~------DI RE:.CT ( UN ST RU lTJ ON CO~ ! 
TA NK SlO R AGt.. 
PU MP C,[AI-.'. 

HOPPE:. k 
8UCK(T E.L EVATO t< 
blN ::,TO RAGL 
F t. f lJ O ,~E l Gh T 
l3£Ll (0 1-J VEYUh 
Rt.ACTO R 5•5• 
TH I C.: K t. l'i H < 
PU MP CENT RI FUGAL 
PU MP ,) l.J PL t. X 
DI SC fILT[ R VACUU M 
VACUU M PU MP 
BL0i',Ef-< 
PU MP FILTRATE. 
Bt.LT COtJVEY OR 
BI N STU l~ AGL 
1 ABLt. FEU1t.R 
8ELT (ONVEYUR 
KILN ROTARY'UIRECT 
FA ~ {) RAFT 
t.LECT DUST CULLECT 
BUO..t:.T ELlVATOR 
t:, l !i 5 T OR AG t 
IJAG MACH[l\i( 

TOTAL 

FORK LIFT 
TOTAL 

F0 UNlJATl0 NS e08U 

ST~UCTUf<ES • 0 I U 
f3l.J!L U I NG5 • ~uu 
INSi.JLATIO N .ouu 
INST~U MENTATION • 0 '1 u 
ELECTti I CA.l. wvuRK • 0 t; u 
P 1 P Irhi • 1~ u 
PAI NTI NG • 0 l S 
MI5CELLANE0U~ • l U U 

TOTAL • 9 1E, 

l !:> 0 U• 
2 Ll U. 

J2UUe 
'1 2 uU, 
27 UO . 
J3uu. 
78ul.J, 

.] bbl.J O , 

1 6SL.JU, 

3 Ut.J • 
l BuO, 
99U U, 
:i Ouu. 

Lj uu. 
5 ULJ, 

53UU, 
£ 7 LJO, 

£ 6UO • 
JSuu, 

li3 0 U, 
3uO. 

37UU, 
35UlJ, 
lOUu. 
snou. 

938uU. 

62 0 0. 
62GO. 

TUTAL DIHECT CO NST ~U CTIO N COST 
I NDlRECl COST, CO NTI NGi NCY, AND FEE e'iUO 
[NTl REST OUR[N~ CO NST RUCTIO~ ,Ul8 

300. 180 □ • 
o. 2uu. 

'iUU • 36(J0e 
9UO. S 1UlJ • 
JOG, 3 0 0 0 . 
JO O. 360 0 . 

1600. 9 'l 0 0 • 
l LIU()• 7t>O O e 
1ouo. 750 0 , 

t.J • JOU, 
100, 190 0 . 

I UDO, l 090 0 • 
500, ssuu. 

0. LIO U • 
u. st.J u . 

i I 00 • 6 "+LI O • 
300, Juuo. 
2ou. 28 00 , 
7 □ 0. 'i20l.Je 

; soo, 1 1rno u. 
0. 3ou, 

'+00 • 'i l 0 0 • 
'i 00 • 3'1'0 0 • 
100. l l UO • 
500. ssou. 

136 □ 0• 107'+ □ 0 • 

o. 6200. 
o. 620 □ • 

1s00. 
660 0 . 

J7Suo • 
o. 

3800, 
7SOO,

1suo o, 
1LIDO• 
9'+oO. 

8870 0 . 

2u2300. 
809 □ 0 . 

s100. 

---------- ---------· ----------
T0T~L flX[D CAPITAL COST 288300 • 
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TABLE 45. - Annual operating cost of unit operations for alternate HF process .i:-

--------------------------------------------------------------------------------------------------· RA V'i MATERIAL ACID NEUT, + DEFLUORINATE ANHYDROUS Hf CRYOLIH 
PREP, STORE BALLING PRODUCTION RECOVERY 

DIRECT COST 
MATERIALS 

CA 0 172600, 0, O, o, o. 
SILICA o. o. o. o. o, 
AL203,3H20 O, 0, o. o. 1'16700, 
NAF 0, o. O, 0, 1201200, 

(TOTAL MATERIALS I 172600,)( 0. ) ( 0.) 0.) ( 13'17900,1 
UTILITIES 

ELECTRICITY, 't'tO Vo(L.O W) 6'+00, 30000, '+2000, 150UO, 'f"tOO, 
NATURAL GAS, CONSUMELl o. 51800, 198300, 17500, 1600, 
WATER 19300, 'fl 00, 23600, 2600, O, 

(TOTAL UTILITIES) 2570U,)( 85900,)( 263900,) 35100,)( 6000, I 
TOTAL 198300, 85900, 263900, 35100, 1353900, 

------------ -----------~ ------------ ------------ -----------~ DIRECT LABOR 
LABOR 3,60 0 /MAN HUUR '15700, 63600, 86100, 62900, 78600, 
SUPEl<VISION • 1 so b9UO, 9500, 12900, 9'+00, 11800, 

TOTAL 5.l60U, 73100, 99000. 72300, 90'!00. 

PLANT MAINTENANCE ------------ ------------ ------------ ------------ ------------
LABOR 5100, 36300, 123800, 20500, 8500, 
SUPERVISION .200 1000, 7300, 2'!800, '+ l 00, 17 □ 0, 
MATEHIALS 5100, 36300, 123800, 20500, 8500, 

TOTAL 11200. 79900, 272'100, '+S100, 18700, 
PAYROLL OVERHE.AO • 2!:>0 1'+700, 29200, 61900, 2'+2UO, 25200, 
OPERATI NG SUPPLIES ,200 22UO, 16000, S'ISUO, 9000, 3700, 

TOTAL DIRECT COST 279000, ------------ ------------28'+100, 751700, 185700, l'191900, 
INDIRECT COST 

ADMINISTRATION AND OVERHEAD 
IUNITS 'f 6320 30600, 78300, 197700, 58500, 52200, 

FIXED CUST 
TAXES AND INSURANCE ,020 51UU, 2'1200, 82500, 13700, 5700, 
DEPRECIATION 12,SOO y t< 20800, 98600, 336000, S56UO, 23100, 

TOTAL. 25900, 122800, '+18500, 69300, 28800, 

------------335500, ------------ ------------ ------------ ------------TOTAL ANNUAL CO:':>T '+85200, 1367900, 3135UO, 1572900, 

https://OVERHE.AO
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TABLE 46. - Annual operating cost for alternate HF process 

ANNUAL UNIT TOTAL OPERATION 
CONSUMPTION COST DOLLARS PERCENT 

----------------------------------------------------------------------~---DIRECT COST 
MATERIALS 

CA 0 
SILICA 
AL203,3H20 
NAF 

(TOTAL 
UTILITIES 

ELECTRIC 1 TY 
NATURAL GAS, 

(TOTAL 
TOTAL 

DIRECT LABOR 

9590,0TON 
,OTON 

l89U,0TON 
3080,0TON 

MATERIALS) 

6906,'+828 MKl'tHR 
CONSUMtO 6't819U,0 MCF 

UTILITIES 

LABOR 3,600/MAN 
SUPERVISION ,150 

TOTAL 

PLANT MAINTlNANCE 
LABOR 
SUPERVISION ,200 

HUUR 

MATERIALS 
TOTAL 

PAYROLL OVERHEAD 
OPtRATING SUPPLIES 

TOTAL OIHECT 
INUIRECT COST 

ADMINISTRATION AND 
OVERALL ,'+DO 

FIXED COST 
TAXES A~D INSURANCE 

,2Su 
,lOO 

OVEKHEAD 

,020 
DEPRECIATION !2,500 YR 

TOTAL 

TOTAL ANNUAL OPERATING (OST 

lti,00 
'i't, 00 
77,60 

390,00 
( 

10,00 
• 't 0 

( 

172600, 
0, 

l't6700, 
1201200. 
152osoo. 

't, 23 
,Uo 

3,60 
29,'ta 
37,31) 

69100, 
259300, 
328'+00, 

18'+8900, 

------------

1 • 7 O 
6 • 3 6 
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TABLE 47. - Sunnnary of costs and operating personnel 
for alternate HF process 

NUMBER CAPITAL ANNUAL PERCENT UNIT PRO­
OF COST OPERATI NG ANNUAL DUCTION 

Of'ERATORS COST OPER.HING COST,S/LB 
COST HF 

RAW MATE~IAL PREP, STORE 6, 1 2605CHJ • 335500, 8,23 ,01292 
ACID NEUT, + BALLING 8,S 1232101.), 't8!:i200, 1 1 , 9 1 ,01868 
OEFLUORlNATE 1 1 • S 't20CJ't0U, 1367900, 33,57 • 05,267 
ANHYDROUS Hf PRODUCTION 8 • 'i 69SoOU, 313500, 7,69 ,01207 
CRYOLITE RlCOVERY 10,s 2883DU, 1572900, 38 • 60 ,06057 
FACILITIES, 10,PCT 667700, 
UTILITIES, 12,PCT 80l't00, 

TOTAL FIXED CAPITAL 81'!600U, 
WORKING CAPITAL 1091000, 

TOTAL 't 5 • 0 923HJOU, 't07SOOO, 100,00 

BYPRODUCTS 1'159500, 
OPERATING cOST LE.SS BYPROIJUCT CREDIT, OB 2615500, .10011 

08 LESS DEPRECIATION, OD 1963800, 
RATE OF RETURN • ,2UU0i.JO 
CASH FLO•• :: 2033200,, OD ♦ CASH FLOW :: 3997UOO, .15391 
RATE Of RETURN , 2500(.i(J• 
CASH FLOW a 2'f'i.2600,, OD ♦ CASH FLO W .. 'i'i06't00 • ,16967 
RATE OF RETURN • ,3000UO 
CASH FLOl'i a 28667UU,, OD ♦ CASH FLOW • '1830SOO, ,18601.) 
RA TE OF RETURN ■ ,350000 
CASH FLOW • 3301500,, OD ♦ CASH FLOW ■ 5265300, ,20275 

SELLING PRICE, s 'i90,0UO/TON 
RATE OF RETURN • ,'i7289a 
CASH FLOl'I • '1398800,, 00 ♦ CASH FLOW • 6362600, ,2'1500 

• 

https://2UU0i.JO
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To atmosphereRaw materials 
0 

H2 SiF6 53.2 
Process water Ca(0H) 2 36 .2 

338.3 Calcine 172 .3 
Stack loss

H 2 0 219 .3 
Total 481.0 H2 0 140 .7 

! ·~ 
' ! 

Cake 

Neutralizing CaF2 103.8 Balling and__. Filtration f---+ Si02 ,Ca0 142 .0 ~ reactor drying kiln 
H20 206. 1 
Total 451 .9 

l 
Filtrate ' 

To defluorinationCaF2 0.4 
H20 367.0 kiln 

Tota I 367.4 

i 
To waste 

F IGURE 13. • Material Balance, Acid Neutralizat ion ond Bolli ng Operation, Hydrogen 
F luoride Recovery Process-Calcine Recycle Alternate (Tons Per Day). 

Balled feed 
Ca F2 103 .8 
Si02,Ca0 142.0 
H2 0 65.4 
Total 31 1.2 

• l 
Vapor 

Steam Defluorination __. HF 41.3 __.~ Condenserk i InH 20 249. 1 H 2 0 314 .5 
Tota I 355 .8 

l l 
Recycle Calcine Waste To 

CaF2 17.7 CaF2 23.2 __. CaF2 5.5 NaHF2 reactor 
I+-

Si0 2 ,Ca0 154.6 Si02 ,Ca0 ~ Si02 ,Ca0 26.7 
Total 172 .3 Tota I 204 .5 Total 32 .2 

FIGURE 14. - Material Balance, Defluorination Operation, Hydrogen Fluoride Recovery 
Process-Calcine Recycle Alternate (Tons Per Day ). 
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Condensate 
NoFHF 41.3 

H20 314.5 NoF 8.8 
Total 355.8 

l Fi ltrote 

- NoHF2 13 .0 No HF2 reactor Filtration' 

! 
H2 0 292.6 
Total 305.6 

Cake lHF (anhydrous) NaHF2 115.1Condenser To cryolite- HF 37.1 H20 21.9 reactor 
Total 137.0 

l 
HF vapor Sta ck lossDecomposition

i,o----- Dry er 
HF 37. 1 kiln - - H2 0 21.9 

l 
NoF residue 

NoF 78.0 

FIGURE 15. • Material Balance, Anhydrous Hydrogen Fluoride Operation, Hydrogen Fluoride 
Recovery Process-Calc ine Recyc le Alternate (Tons Per Doy) . 

NoHF2 filtrate 
Al 20 3 ·3H 2 0 Stock lossNoHF2 13 .0 

H20 292 .6 5.4 H20 2.6 
Toto I 305 .6 

i ' 

! 
Coke • 

Na 3 AIF6 Na 3 AIF6 13.9 
i---. Filtration ~ f----. Dry er 

reactor H2 0 2.6 
Total I 6.5 

i 
Filtrate 

Na 3 AIF6Na 3 AIF6 0 .7 
H20 293 .8 13.9 
Total 294.5 

i 
To waste 

FIGURE 16. • Materi al Balance, Cryolite Operation, Hydrogen Fluoride Recovery Process• 
Calcine Recycle Alternate (Tons Per Day). 



59 

DISCUSSION AND CONCLUSIONS 

When compared with current quoted prices for calcium fluoride and anhy­
drous hydrogen fluoride, the selling prices required to yield various rates of 
return on investment indicate that all processes considered could be profit­
able. The comparative profitability of these processes is indicated in 
table 48. The total capital investment and the cash flow and sales price for 
a 25-percent rate of return are summarized here for all processes. As another 
basis of comparison, the cash flow and rate of return on investment based on 
the current sales prices are also shown. 

TABLE 48. - Comparative profitability of processes 

Product1 Rate of Profit before 
Total sales price, return onl taxes, dollars 

Process capital dollars investment Cash flow per ton H2 SiF6 

investment per ton before processed2 
taxes. pct 

CaF2 process with 
Si~ recovery •••• $1,642,000 $48.64 25 $431,700 $17.62 

1,642,000 3 63. 25 51 840,400 39.57 

CaF2 process with 
Si02 discard ...•. 1,479,000 50.64 25 388,500 15.93 

1,479,000 3 63. 25 50 741,800 34.90 

HF process without 
calcine recycle •. 7,123,000 390.86 25 1,877,800 69.16 

7,123,000 4 490.00 41 2,997,800 129.26 

HF process with 
calcine recycle •. 9,237,000 339.34 25 2,442,600 96.19 

9.237.000 4 490.00 47 4 398 800 201.25 
1 Data calculated with equation 1. 
2 (Cash flow - depreciation)/tons H2 SiF6 processed. 
3 Average sales price published in Engineering and Mining Journal, July 1970. 
4 Sales price published in Oil, Paint and Drug Reporter, July 27, 1970. 

3 
-

4 Quoted sales prices would be reduced for large volume consumers; conse­
quently, the actual rate of return and cash flow would be less. 

These tabulated costs indicate the following conclusions: 

(1) The hydrogen fluoride process using calcine recycle has some advan­
tages over that in which the calcine is discarded. The required capital 
investment is higher for calcine recycle; however, elimination of the silica 
requirement, lowering of the calcium oxide requirement, and increasing the 
yield of hydrogen fluoride and cryolite result in greater return on investment 
as well as profit per unit of fluosilicic acid treated by this process. 

(2) The relative merits of the two calcium fluoride processes are not 
obvious from the data presented. The process with byproduct silica recovery 
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requires higher capital investment but this is partially compensated for 
through byproduct credit. In this evaluation, the byproduct credit was low 
because impurities in the feed result in a low-grade silica product. As a 
result, only a slight increase in profitability was realized. However, a pre­
mium price could be obtained for the higher grade byproduct that could be pro­
duced if pure fluosilicic acid were available at little or no added cost. 
This would increase the advantage of the process that recovered silica. There­
fore the choice between these two processes would depend to a degree on the 
quality of the fluosilicic acid being treated. 

(3) At the scale of operations assumed for this evaluation the hydrogen 
fluoride process offers a greater potential profit per unit of fluosilicic 
acid processed, but it also requires a much greater capital investment than 
the calcium fluoride process. Thus, at this scale, the calcium fluoride pro­
cess with lower capital cost would be attractive only where the disposal of 
waste acid was of greater concern than profitability. 

The availability of feed material and market demand for the product must 
be considered in choosing between the hydrogen fluoride and calcium fluoride 
processes. The rates of return on investment at current market prices for the 
products at the scale of operation evaluated are slightly in favor of the cal­
cium fluoride process. However, because of the economy of size, if the same 
capital investment were made in the calcium fluoride process as in the hydro­
gen fluoride process, both the profit produced per dollar invested and rate of 
return on invested capital would be increased by a greater margin. Therefore, 
if the supply of fluosilicic acid and the market for calcium fluoride were 
unlimited, the calcium fluoride process would be the most economical. 
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