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A FUSION METHOD FOR THE PRODUCTION OF SODIUM FLUCRIDE

The ultimate object of this research is to develop a commercial
method of converting calcium fluoride (fluorspar) into sodium fluor-
ide (ﬁaF), which is very valuable as an insecticide and as a preserv-
ative for wood, espacially railroad ’ciesl and telephone and telegravh
poles. The chief competitors of scdium fluoride as a wood preserva-
tive today are zinc chloride (ZnCl,) and crecsote, but as creosote
has thg advantags over zinc cmorida in that it resists being leached
out, neither zinc chloride nor sodiuwm fluoride can serve as a sub-
stitute for creosote in very moist sections of the country, although
they afe considerably chegper'z‘. Zinc chloride is, however, being
used very extensively to treat ties in the dricr secticns of the
country. TFor example, $2,500,000 worth of ZnCl, was produced in the
United States in 1920 and over 95% of this was used to treat rail-
road ties. This shows that if NaF was able to compete with the ZnCl,
there would be a large market for it. The following table from
Chem. and Met. Eng. (23, 1124, 1920) is good proof that NaF is as
gocd a wood pressrvativs as ZnCl,, if not better.

IRy. Maintenance Eng., 16 (142-Y4), 1920.

gRy. Maintenance Eng., 16 (3389), 1920.



COMPARISON OF ZINC CHLORIDE AND SODIUM FLUORITE

AS WOOD PRESERVATIVE

ch 1 3 Na.F
Solubility fo2a)
in water 4%
Toxiclty Enough to materially Over twice as toxic

increase the life of
the wood.

as ZnCly,

Corrosive effect
on stesal

Somewhat corrosive,
but is commonly used
in steel apparatus.

Much less cecrrosive
than Zn012 ‘

Effect on
.paint

Camot be success-
fully painted over.

Does not injure or
effect paint.

Conveniencs of
shipping

Shipped in 50% solu-
vion or so0lid; but
golid form is deli-
guesent and must be
82aled in air-tight
containers.

Shipped in dry powder
in slack cooperage.

Cost, 1520

Cest, Apr. 1925

.08 cts. joish 1%

.08% cts. per 1lb.

«15 ct8. per lbe

08" cts. per 1b.

As indicated in the above table the price of NaF is almost as

cheap as ZnCl, and if the price of NaF could be rsduced by even

one cent per 1b. it coculd compets with ZnCl, at the present prices.

This is assuming that NaF is as good as ZnClp and the table indi-

cates that NaF is considerably better.



The present method of producing NaF by the actlion of cencen-
trated Hy%04 on fluorspar, and the dissolving of the resulting hydro-
fluoric acid in either a sodium hydroxide or a sodium carbonate
sclution, involves many difficulties due to the fact that HF is very
poisonous and corrosive, which make it difficult and expensive to
handle. The method which has been proposed tc do away with hydre-
fluoric acid in the process is the direct fusion of the calcium
fluoride with a sodium salt and the leaching out of the MaF prcduced.

This fusion method was the basis for the research carried out by
H. W. House and W. N. Lacey. House started out with a mixture of
caleium fluoride, silica and sodiwm carbonate, which gave a very poor
yield on fusion and leaching. His low yield was probably dus to too
much and uneven heating which (as will be shown in this veport) l;ave
a great effect on the yield. Later House tried charges of fluorspar
and sodium carbonate, without the silica, which gave better yields,
but they would have been still better if he had continued with the
silica.

Lacey obtained a much better yleld using silica with the charge,
s8¢ it was decided to continue with the same charge as that Lacsy used.
The silica probably reacts with the calcium to form the inscluble cal-
cium silicate and the fluorine is then in a2 position to combine with ¢
the sodium frem the sodium carbonate, to form NaF. The carben diox-
ide from the sodium carbenate that combines with the fluoride ie
driven off as a gas, while a large portion of the excess sodium car-

tonate remains unchanged and is recovered in the lesaching solution.



The equation that expresses the above reaction ig as follows:
CaF, + NayCO3 + Si0z;—> 2NaF + CaSi0O3 + COp.

The temperé.ture at which the reaction takes plme is between
650°C and 775°F and as this temperature is below the melting of the
compounds involved, the reactlon must go on at the surface of ths
particles. This means that the resacting substancss must be givund
fine and thorcughly mixed to get the best resulis.

Some of the other methods used for the laberatory production of
NaF or have been suggested for its commercizl production will be
listed velow.

(1) "Sodium fluoride is obtained by caleining a mixture of
fluorspar, calcium carbonate, glauber's salt, and coal, followed
by leaching with water and crystallizins“.}

(2) "J. J. Berzelius says that fluorspar is not decomposed when
fused with alkaline hydroxide or carbonate, but P, Berthier showsd
that this is wrong, fluorspa: is decouposed when fused with a mixture
of silica and sodium carbonate".

(3) Experiments of Berthier: CaF, + K,CO3 fused. Equal molecu-
lar proportions gave more fusible mass and greater yield of KF than
2H,003 + CaFp.D

(4) N. Rose found fluorspar ccmpletely decomposed when fused
with a mixture of silica and scdium carbonate.

(5) The manufacture of soluble fluoride by treatment of scdium

fluosilicate with alkelies. 7

33ean, Techn. J.B. 1268, 199.

Yisllor, p. 694.

Ohom. Chim. Phys. 36, 253, 1828.
Mellor, Comprehensive Treatise, p. 694.
TUlman, Chem. Abst., 9, 2578.



(6) Manufacture of sodium fluosilicate.®

(7) Sodium fluoride is obtained by dissoclving ammonium fluoride
in sodlum chloride. Ammonium fluoride is produced by heating to-
gether caleium flucride and ammonium sulfate. The sodium fluoride
geparates on cooling.9

(8) Same method as above, except that ammoniun fluoride and
amroriiunm sulfate are heated together, and the ammonium flucride vapor
condensed.lo

(9) A suspension of sodium flucsilicate is treated with sodium
carbenate at such a rate that the mixture remains acid or neutral
and sodium fluoride plus silicon dioxide are separated by fractional
settling.ll

Anglysis of the Fluorspar for CaF,

As the fluorspar (CaFp) that was to be used in the research was
impure and the analysis of it not known, a representative sample of
the fluocrspar wae analyzed for CaF,, thus furnishing a more accurate
basis on which to calculate the percent conversion.

The method of analysilla

consisted essentially of converting
the fluoride present into sulfate by heating the sanple of fluor-
spar in a2 platinum crucible with an excess of sulfuric acid (cone.),
and then driving off the excess acid. From the increase in weight,
due to the replacing of the flucride by the coyparatively heavy sul-
fate radical, the percent of CaF, can be calculated. The results

of the different determinations made will be given in the following

table.
 ECnem. Avst. P. 2, 605. 10
’ Chem. Abst. P. 12, 9&1
Chem. Abst. P.11, 1527 1lChem. Abst. P. 13, 2112

Cairns, Quan. Anal. page U5.
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The first thing one will notice in the resnlts obtained is that
the method used 1s somewhat uncertain, but because of the simplicity
of the method indicated and because a high degree of accuracy was not
necessary, a more complicated and exact method was not used.

The reason for the low result in analysis No. 1 is probably due
tc the small amount of acid used, which in turn accounts for the
fact that only 3C minutes was needed to drive cff the excess acid
and heat the crucible and contents to a red heat. In the third
determination the sulfuric acid was heated alone, in order to deter-
mine the amount of dissoclved solide, if any, in the acid. There was
no residue after the acid was driven off, which shows that there
could be no error from this source. Determination 6-a is with the
same sample as 6, only the crucible is reheated, and a lower percent-
‘age is obtained, which shows that 1t was not heated long enough in 6.

It was decided that the most relisble result forA the percent of
CaF, in the ﬂuorspaz\' could be obtained by averaging the results ob-
tained in the following determinations: 2, Y4, 5, 6-a, 7, &, and S.
This average gives 95.3% CaF, which is probably correct to within
1.0%, and 95% will be ';zsed in calculating 'the armount of CaFy con-
verted to NaF.

Method of Calculation

Wt. of Residue
(C2S0,=17%6.1)
Wt. of Sample (CaF, =87.07)

x 10C = % CaFy in sample.
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Analveis of "Trona"

As a successful operation of the fuslon method depends upon a
cheap source of sodium carbonate, and as a purs carbonate is not
necassary, the mixture of sodium carbonate (NayCO3) and bicarbonate
 {NaHCO3) known and sold under the name of "Trona" was selected as
the wost logical source of supply. In the first place "Trona"
was the nearest supply, coming from Owens Lake (Inyo Ce. Calif.),
and al;ao it costs only about one-third as much as NasCO3 per pound.
The difference in purlty offsete part of this difference in price,
but taking the purity into consideration, the Na,CO3 from "Trona"
costs considerably less per unit Na,CO3 than other commerclial Na,COjs.
In order to be able teo calculate the amount of NapCOz or its equiv-
alent in NalCO3 used, the "Trona" was analyzed for Na,CO3 and NaHCOjs.

The method of analysis used was the ordinary two-end point
titration, except that the new mixed indicators proposed by Stephen
G. Simpson13 were used. That is: a one-gram sample is dissoclved in
0 cc. distilled water and it is then titrated with O.5C0 N. H,ySO4
using Indicator No. IV (sse below) which gives the end-point for
the conversion of the carborate to the blcarbtonate. Indlicator Ne. V
is then added to the same solution and the solution again titrated

with the same acid sclution until the second end-point is reached.

lsInd. and Eng. Chem. Vol. 16, No. 17, pp. 709, 1924



Indicators
I. Thymel tlue ~Ce03 grie. + 1.42 1. C.05 N. NaOE, dil. to 25 mi.
II. Cresol red ~0,01 " 4+ 0.58 ml. 0.05 N. NaOH, dil. to 25 ml.

III. Bromphenol blus -C.02 " + 0,66 ml. 0.05 N. NaOH, dil. to 25 ml.

Indicator lst End Point

IV. 1 vol. Crescl red to 2 vol. thymel blue (use three drops)

end End Point

V. Use four drops of bremphenol blue.

The sulfurlc acid sclution was standardized by using a sarple of
Na,C03 {special analytical quality), which was kept in the oven for
three hours at 115°C, and titrating the No,CC3 with the acld using
the above indicators.

After several trial analyses to get familiar with the color
changes, the two followlng were taken to calculate the normality of
the H,SOy.

(1) Wb, of Napl0s - - - - = 1.0000 gue.

3799 ce. HpySCy sol. to neutralize

.2 x100C - 497 N, of .50, sol.
37.99 x 106 77 5 o2 BeS0y

(2) Wto Of NBQOOB - = - = = 1.0000 QnS:

38.00 cce HpO0y to neutrallze

100 - g6 . of 50y

Average = (U965 N. of H,S04 sel.



Anelysis of Tron

(1) Wt. of sample (not dried) = l.OO(f)gmsa
lst E‘nd—po int &. 314 CCs HZ ch sol.
2n<1 L " 25- 83 CCe L "

8.84 x U965 x 106 £ 100 = U46. 5% Na,C
T > % 100 = U46.5% NayC03

n Trong
qr -
100 x (25.83 -2 x 8.84) 4965 x 84 = 29, 89, NaHCO Sample No. T
1000
(2) W. of sample 1.000 gms.
" lst End-point 877 ce. HpS04
2nqd " " 25.8 ce. "
g. .4965 x 106 = A
100 17 % 10202 X 46, 2% NaoCOs
No. II
100 25.86 - 2 x & 77) . o
x4 5"““1003 T7) % <4965 % 8% - <5, ga wamco,
(2.8 + 30.6)106 = 19,07 "Map003" in the form of NaHCOs
2x2x 84 -
’-}6.5“; 46.2 = %.35_111\7&2003“ "o "M Na,CO3

65.42% "™NapCOs" in the Trona.

Nete: The above indicators are probably all right to use where
the cperator has a chancé to become used to the coler changes at
the end-points, but for a limited nurber of determinations even with
a "comparison coler™ it is very hard to get the results to check.
Thie is madnly due to the great number of cclor changes and the fact

that the end-points are not very sharp.



Analysis of Charge after Fusion

The method used by House and Lacey, which consisted of precip-
itating calcium oxalatelh with the celelum fluvoride, was given up
after a muber of {rials, because of the difficulties encountered
in filtering and weighing the precipitate.

The methed finally worked out and used was & direct filtration
of the precipitate using "filtercel™. The procedure for this methcd
will be given in some detail.

A portion or all of the charge recovered aftsr fusion is
ground sc that about 90% will go through an 80 mesh screen. It is
then weighed and poured into about 700 cc. of boiling distilled
water which is allowed to cool with freguent stirring. (This
process has been found to leach out pracpicélly all of the soluble
waterial frowm the sample). After it hae cooled the sclution and
residue dis poured into a lifer velumetric flask and diluted t¢ one
liter. This is then allowsd to stand over night to let the fine
particles settle {or & portion of the solution can be filtered).

As two samples of the sclution were taken in each case, care was
taken in getiing the firet portion of the solution without dis-
turbing the fine residue. The velume of the sclutlon taken teo
analyss for NaF was chosen so that the weight of CaF, precipitate
would not exceed 1 gm. as it was mucﬁ more difficult to filter a
large amount of Ca¥Fy, than a small amcunt. If a high degree of
accuracy is not desired a sample that will produce between 0.25 and

0.50 zms. of CaF, is much mwore convenient to filter. The sauples

L
Zeit. f. Anal. Cheme., 51, 1912, p. 1L,

—
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cf solution are then acidified with(acetic acid and brought to boil-
ing to deccmpese the carimate present. An excess of CaCl, solution
(100 gms. per liter) is then added to each sample and the sclution
allowed to cool and the precipitate of CaF, to settle.

The filtering layer in the Gooch crucible 1s the most important
part of this method of analysis as a preciritate of CaF, is always
very finely divided and will go through any ordinar? filter. The
filtering layer consists of about 1/3% of an inch of asbestos packed .
down very firmly and on this is added a layer of filtercel about
1/16 tc 1/8 inches thick. The filter is then washed thorcughly and
dried at 210°C (see diagram) for 2 hours. Complete new filters were
not made every time as the CaF, vrecivitate could be scraped off the
tep and a small amount of new filtercel added.

The sample is then filterad by swvction through a small welghed Gooch
crucible (1 inch in diam.). As much of the ligquid is decanted off as
poesible, to hasten the filtration. The precivitate is then washed
with about 25 cc. of distilled watere The filter and precipitate are
‘then dried at 210°C in the alr bath and then allowed to cccl in a
desiccator, after which 1t is weighed.

Frem the welght of the CaF, precipitate, and the ratic of the
tetal weight of the charge after fusion and the amount used in the
analyeis, the percent of conversion can be calculated. The above
ratic is found for each charge by experiment as follows: the crucible
rlus the charge is weighed before fusion and again after fusion, and

from this can be found the loss in weight of crucible and charge during



fusion. Then by subtracting from this loss the loss in weight of
the crucible, the loss in weight of the charge alons is found. Then
the weight of the charge after fusion can be found by subtracting
the loss in weight on fusion from the original weight of the charge.
The amount of charge actually recovered after grinding in each case is
found by weighing. The loss in welght of the crucible alone was
found by heating a similar crucible under the same conditions and
finding the loss. This loss is approximately 1.5 gms. for the
average crucibtle and avsrage heating.

Some of the advantages of this method of analysis over the
similar one using the oxalate are:

(1) The procedure is simplified due to the elimination of
the sodium oxalate solution and the running of the blank on the
cxalate sclution.

(2) The filtration is easier because of the much smaller
amornt of precipitate to handle.

(3) The method used is more accurate, because the error in
the blank determination is eliminated, and also the oxalate precip-
itate abserts moisturse rapidly which makes it very hard to welgh
acceuratsly.

(4) The calculations are also simplified somewhat by
eliminating the oxalate.

The data for a sample run will be given with the method of

calculation:

~13-



Mix no. U5

Wt. of Trena (NapCO3) . . . . . . . . . . . 50 gns.

" " ogand (Si0s) . . . . . ... .. .30 W

" " TFluworsper (CaFo} . . . . . . .. ... 2 "

Tetal weight of charge . . . . . . . . . 1:00 ©

Wt. of charge plus crucible before fusion . . . . . . . 5285 gus.

noe .on " " after L © « 4 e o . s 4OT7.3 "

Loss in weight of charge and crueible . . . . . . . . 3.2 "
Average loss in welght of crueible . . . . . . . . ._ 1.8 "
Toss in weight of charge alone . . . . . . . . . « .+ 2%T "

W. of charge after fusion = (100 -« 29.7) = 70.3 gms.

Wt. of charge recovered frow crucible = 53.5. (This takes into
account the loss on grinding and handling, therefore it equals the
amcunt of sample leached.)

Leaching solution diluted to 1000 cce

Twe 50 cc. portions taken for analysis.

Analveis (1)

Wt of Cooch crucible (noe 1) =+ . . . . . . . . .16.8032 gms.
L " " * % plus CaF, ppbe . . .17.3818 "

L R TR -



Analysis (2)

Wt. of Gooch crucidle (no. W) . . . . . . . . . . 16,0310 gus.
L "% oplug CaFp ppbe . . . 16.5470 "
& " Caf, ppb. - . . os . c v % s a w8 5100 ™
Average of analysis (1) and (2) = - 5186 ; <5160 _ <5173 gms.
(100%) an%{%é‘;'?éy (;33) = 71.7% CaF, converted to NaF and
recocvered.

(Note: .95 is the fraction of CaF, in the fluorspar; see

analysis of fluorspar.)
(1009) %%81 = 29.7% loss in weight of charge on fusion.
Fusion

Most of the fusions were carried on in a 5" by 5", (indide
dimensions, aprrox.) cylindrical fire clay furnace, having a 1"
hole at the bottom into which fitted the end of a2 gas burner. This
was covered with a fire clay top with a 13" hele in it to let out
the gases. The charges fused in this furnace were placed in a 235"
by 4" fire clay crucible, a new one being used each time. The fusions
which are marked as "stirred" (see tabie of results which follows)
were stirred nearly all the time of fusion with a wrought iron wire.

Runs nos. 49, 50, 53 and on were not fused in the firs clay
crucibles as indicated above, but were spread on a flat trzy and this
heated in a small muffle furnace. Charges Y9 and 50 (sec table) were
fused in an iron tray with an area of 9 sg. inches, while charges

53 and on were fused in nickel trays with an area of 30 sg. inches.

\{l



The following table gives a record of each individual mix
and the results obtained with some of the conclusions to be drawn.

The more general cconclusions will be given laters

-16~-



VWielght in grams.
Charg £
N i o 3
i ) o —~
> 8 pe hed | B 3
. ~— w
3 & ~ % |2 o8 hluels Purpose of Bun and Remarks
Lo gz o —~ &) © TN o — | w e
i -~ | o 82 | ot @ B oL % c P> 2 ® g8 ol =
g _ o g‘% g 2? o /O © Qo C © S| o - |
0 - g |
Wl g~ | po g4l megl a8 a0 0|5 Wl ogS Condition of
| 2O B S| 28] 28 BRI | F | yg| Gy | prometatter
2IEE|E B2 8% S8 wE|wi|S|28| 88 fusion.
BHg| &2wm
1 25 & 10 43 13,6 3.6 L3lno 22 - Glassy; light gray-  To check results of Lacey.
ish green. Low yield, dus to carrying it too far and too high temperature )
2 R 16 20 86 28.6 33.5 9.8no 23 - Glassy; green Avother trial to cheek. Impossible to leach if present in glassy form.
3 R 16 20 86 25.5 28.7 53.0 " 12 - Part glassy;part in attempt  to eliminate glassy form.
granular; part Impossible %0 heat evenly in furnace and conditions used.
not fuged.
4 5 16 20 86 24,3 28,3 0.4 15 - Part glassy; part Same as 3.
grerular;not mixed. Not homogeneous; shows need of stirring.
5 M 16 20 86 19.2 22.2 ums,1 6 - Part granular; large Better furnace used with better heat control.
part not fused. The part not fused was not taken as part of sample leached.
6 0 16 20 8  26.6 31.0 5" 9 - Glassy;light gray Too glassy to get good yield.
7 16 20 8 20,6 24.C 23.61m 17 -  Semi-glassy;gray Tried stirring. Poor yield due to lack of experience.
g % 16 20 86 25.5 29.7 27.1 yes 11 - More granular then7:
1
9 0 16" 20 86 27.3 31.& 659 " 14 4  Homogeneous; light No. S and 10 to find effect of fine sand; 80 mesh.
gray; granular Stopped heating Just after 2nd Solid stage.
10 % 16 20 g 26,7 3.1 65.0 " 12 % Same as 9; esay Coarse sand used again.
to grind. Heating conditions same as no. 9.
n 50 16 20 8  30.7 357 50.3 " 18 6% Glassy; hard to To gtudy the physical change in charge on fusion.
grind;light grsen This wag carried too far to get good yleld.
12 R 25 20 95 26,9 27.3 1 " 15 %  Seme as 9. Nos. 12, 13 and 14 to find effect of large excess Si0, (14 gms. theor. amb. Si0s).
13 5 14 20 84 24,8 20,6 6l.6 * 13 2 Saue as 9. No excess SiOs.
14 x 10 20 €0 R3.2 29,0 5l.6 " 1k % Sere as 9. Less than required SiOs.
1 ‘ 3 1 Te check value obtained in nos. 9 and 10 and to show what effect decreasing the
5 W 16 20 & 232 283 649 " 13 §  Semeas 9. carbonate has (116.5% theor. used.)
2 1 o
15-a 46 16 20 &e 23.2 283 0.3 " 13 2 No. 15 reground abd To check the leaching ussed.

releachad. Seems to be nearly complete.

lfine Zsem1~solid



Welaght in grans.
Charg £
o~ w3 :—:
" [:4] O
. O E3 'Y Lo ] ~~
2e - | 8 BE[E w35~
K ;34'25 ,t\u ~ 'ﬁl .g 26 = .g p- I
ord & o $ al wi @ 2 9 H ED - 33 ]
g 2 | G o - ol o Qe E (H | ot -
Jle ¥ & 4| o a8 g| » |= - Condition of
5183 |5 |80 44| 8|85 el o8| 3| produt atter
0o | o w| 49| eS| oB| H o B8 | o 8
sl &8sl 8 golq 2l 24| dw|OS9| 4 23| da fusion.
Slee |m B EY 38| we | ei|8 82 (22
16 37 16 20 73 19.1 26.2. 61.7 yes 13 % Seme as 9.
17 4 16 20 8 22,2 27.0 636 " 11 % Same 28 9.
18 U6 16 20 66 8.9 13.5 6l.6 " 9 3 Same as G.
19 30%16 20 236 17.6 2.0 6% " 9 i Seme as 9.
2
20 47616 20 & 244 29,8 2.6 " 23 19.5 Seme as 9
2L 46 16 20 & 249 304 643 " 20 123 Same as 9
22 4% 16 20 & 244 29.8 70.7 " 15 u“ Same as 9.
23 46 16 20 & 246 30.0 L5 " 13 5  Same as 9
2h U6 16 20 8 246 30.0 H.1 27 12 Seme as 9
232 U6 16 20 & 246 30.0 &2 " 13 5 1. 23 reground
and relsached.
2U-a 46 16 20 & 24.6 0.0 7.0 " 27 12 YNo. 24 reground
and relsached.
25 50 25 20 95 27.5 29.0 6&3 " 11 .5 Dark gray granular
2% 5 25 20 95 22,6 W1 736 " 16 7 Light gray granular
27 %0 0 20 100 30.0 30,0 76.6 " 15 5  Granular
22 /0 Lo 20 110 28.5 259 U43.6 " 22 12 Tight gray; tendency
to be glassy.
29 2 3 20 105 286 27.3 B2.1 " 19 8 Very light gray;
gomewhat glassy.
30 50 30 20 100 230 280 Y43.9 " 17 8 Somewhat glassy.
31 5% 4 20 110 27.1 246 72.2 v 17 5 Light gray; very
granulayr; sasily
—~ 5 crumbled.
NapC0s  “NaHCOs

3Pasty and solid.

asty.

Purpose of Run and Remarks.

94% theor. am's. NayCOs used in form of Trona as in above cases.

To check no. 15

A equiv. am't. of NayCO3. To prove value of Trona as source of Nag0.
An equiv. am'%. of NaHCO3z instead of Trona.

To find the effect of holding the chargie in 2nd solid form.
Held charge in semi-solid form; hatter then no. 20.

Held at same temp. as no. 21 but only 4 min.
No. 23 and 24 to study effect of rapid cooling by pouring red hot charge into water.

Same as 23, but was held in solid form longsr than 23 and at higher temp.
Nos. 23-a and 24=a are nos. 23 and 24 ground and releached.

Same as no. 2Y-a.

To check no. 12 in which large excess SiOy used. Somewhat lower yield then 12 (74.1%)
To check no. 12; good check.
Po find the effect of still larger am't. Si0,. Increased the yield.

A further increase of S5i0,.
Low yleld due to too high temp. Pasty when stopped heating.

" 1 1 " " 1" "

To check no. 27. :
Poor yield becuase of too high temp. Poor heat regulator.

Repeating mix. no. 28.
Higher yield due to lower temp. and better temp. regulation.



 Veight in grams, =
_ _Charge » it
::é‘ ¢ - g 3 ~ g 1
2.8 ~ 5 | 5 ST R ISE| L~
o] =] [} —~ 'gil ) E ) -: @ '5 'g &
ARIEIRCEE B IEERE HEIE L
oln>| 8| ak gy s8] ° oo ® | d 4| <& | Condition of
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32 50 35 20 105 284 27.0 783 yes 18 5 Same as 31.
33 5% 0 20 100 283 28.3 79.1 " 14 5 "
W 36 % 20 8 2.3 24e 547 v 16 6 "
3 W2 0 20 9 MYy 2.8 69.8 " 14 5 "
36 460 30 2 96 23.9 249 63.0 " 16 5 Dark gray
37 45 0 20 85 26,7 281 67.2 " 19 5 Gray fine gramdlar
38 4 30 20 86 27.3 284 6%.2 " 16 5 Gray; granular
33 60 30 20 110 343 3.2 683 " 18 6 Light gray; fine
granular
WO 30 20 100 30.2 302 7.5 " 15 5 Very light gray
granular
B 50 30 20 100 3.3 33 5%2 " 15 5 Tendency to be
glossy
42 50 30 20 106 29.3 29.3 67.8 * 12 3 Light gray; fine
granulay
43 5 30 20 100 28.0 280 77.7 " 10 1 Gray, granular
Mea 50 3% 20 100 30,6 30.6 64%0 " 16 5 Coarss, slightly
glassy, part of L,
Yyt m "o10 n n LI 719 S " "  TFine gray gramular
part of Lu.
b5 "0 30 20 100 28.7 29.7 T7i.7 " 11 4  Gray granviar
=4
2
U 50 720 100 28.1 281 731 " 13 4 Gray granular
size of peas
L7 50 30 20 100 30.8 30.8 67.0 " 2 8 CGray granular
1914 ¢, 31164 tn.
21039 th. %80 mesh

coarse

Purpose of Run and Remarks

High yield due to lower temp. and better temp., regulation.

Probably very cdose to the best conditions of temp. controle
To determine the effect of decreased Trona with increased SiOg,
Decreased yield due mainly to low Trona - as temp. regulation good.

(Nos.

34, 35, 36) effect of decreased Trona.

Low yleld due tc too low temp, as indicated by low % loss in wt. of charge on fusion.

To check better yleld.

To check no. 37; good check.

Effect of large excess Trona; heating conditions good.

Seems

to gat hotter without charging to 2nd solid stage.

To check no. 33 which was highest yield so fare
No apparent reason for lower yield than no. 33 except loss in wt. higher.

T¢ check no. 33. .
Tow yleld due to too high temp. on fusion.

To check ne. 33; low yleld. Might be dve to too low temp. or too. short time of
holding charge in 2nd solid stage. '

To check no. 33. Heated guickly by hot fire; somewhat pasty but this was offset by

ahord

time cf holding. Short, high temp. seems desirable.

To check no. 33. (Not stirrad enough to be homogeneous, so was divided into two parts
to analyse no. Ud-a.) To check effect of fine SiOs.

no. Yi-b (see above)

To check no. 33; very slightly pasty when taken out of crucible.
Coarss Si0O, used to compare with fine SiO; in no. Uk,

Anoth
mater

‘To check no. 3% and use coarse Si0z.

ﬁl{{rial with fine S5i0s; not carried far encugh so was reheated before it cocled
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48 % 30 20 100 ”8.5 28.5 65.6 yes 16 5  Gray, coarse gran.
ug 5 3 2 10 3 0 30.0 50.6 no 6 - Dark gray due to
; iron.
1
5 2.5 1.5 1 5 1.5 30.0 19.4 " 4 -~ Nearly black due
iron
51 502 0 20 100 73'.01 30.0 70.0 yes 15 k4 Light gray, gran.
3
52 50 30 20 100 27.00 27.0 70.9 " 13 - L  TFine, gramdlar
53 30 18 12 60 10.4 17.4 244 no 7 -  Dark gray
54 30 18 12 60 10.4 17.4 17.5 " g - Terk gray
55 3 18 12 60 15.4 25.7 79.5 " 3 - Light gray
5 30 18 12 60 17.4 29.0 75.8 " 4 1.5 Very light gray
57 3 1g 12 60 143 238 749 " 4 0.5 Light gray
¢ 50 30 20 100 23.2 23.2 793 " 5 1.0 TLight gray
59 33“ 30 20 83 16,6 20.0 61s9 " 6 1.0 TLight gray
60 33u 30 20 83 12,2 147 62,1 " 5 1,0 Light gray
fl-a 50 10* 20* & 19.0 23.8 852 " 12 7.5 Gray
61-b 50  4O* 20* 110 19.0 17.3 741 " 12 7.5 Gray
62-a 50 20** 20** 90 19,3 21.5 82.5 " 6.5 1.5 Gray
62-b 50  LO** 20*%* 110 19.3 17.6 76.2 " 6.5 1.5 Gray
lAssumed uN;.2003

salicic acid

380 mesh

*Also 30 gms. leached out residue from nos 57 (which

contains 2,85 gms. CaFo akee) and 10 gus. Si0s.
**plgo 20 gms. leached out residue from no. 58 (which
contains 1.57 gme. CaF, sise) and 20 gms. Sils.

Purpose of Run and Remarks.

Fine 5i0s. Slightly pasty on last end; acts the same way as an excess Si0; in

-that solid form is over a more limited range.

To find the effect of thin layers on metal surface without stirring.
Iron vesssl used.

Same as no. 49; low yield due to poor temp. regulation.
To study effect of fine (SiOy) dehydrated silicic acid.

To compare with no. Bl.

La.yer of charge spread on Ni tray and put in hot muffle furnace. Low yleld due to
tco low temp.

Same as no. 53; still not enough heat.

Much hotter furnace than used in no. 53 and 54.

Higher temp. than used in no. 55.

To check no. 55; not quite as hot as no. 55.

To check no. 55 with thicker layer on tray; hotter than no. 57.

To compare value of Na,CO3 with Trona. Too hot at end of fusion.

Same as no. 59. Temp. control seemed all right.

To study the effect of using some of leached out residue in charge with a decrease
of 5i05. Calculated on basis of 20 gms. CaFs.

Same as no. bl-a, only calculated on basis of total CaF, present, which includes that
from residue.

Leachsd out residue from no. H8; calculated on 20 gms. CaFyp.

Same &8 no. 62-a. Calculated on basis of total CaF,. 20 gms. and am't in residue added.



The physical changes in the charge during the fusion are quite

arked and the effects of stopping the fusion at a given time were

studied in the different mixes. The changes that take place and thé

approximate temperature of the fusing charge will be given. The

temperatures are very rough and were obtained by comparing the color

with a color temperature chart. The temperatures given ars probably

within 100°C and the relative temperatures somewhat closer than 50°C,

(1) 20°C - s00°C.
(2) 500°C - 600°C.
(3) 60C°C - 675°C.
(4) 675°C - 7%0°C,

(5) 750°C - 8&00°C.

(6) 800°C and up.

Drying action only.

Some fusion and bubbling (COp given off).
Completion of fusion.

A g0lid formatlon again,

A second fusion begins (pasty).

A viscous liguid (glassy on cooling).

(See conclusions for best condition of temperature control.)

The temperatures as given vary for different amcunts of Na,COy

and 3102.

-2]1-



130

720}

110}

9

R
Z34 244

. i

e S/l = [00gls Theo.
2 Cals = 1008 Theo.

= i —_—

. 89,

10}

700

20|

I fHec? of am' of Trona Used

Calz = 1000 Theo

#° 5. 7
4o 46 43

33

40 60 60 70 80
- glo Conversion.

SESESES] [esontanal [SSaINSan) SENSSCRSE] Memndl afiumee.v) SEUSFE s o w0 B isSsiE



—23 -
3@ IZ. Effect of amouvnt of Si0:Used
=5 Catz = 1004/ Theo
NosCOy+ 126400 THeo.
260| ,
- 3
= 240f
= 220 3z
4L | 4 & 27 st SEEE i
/80 40 44 56 95 &5
Vr,_A’ b‘
~ 160
= 25z
: N
= = Q
1’20#\'@
- 5 i -
2 =
/00 S %
13

= o
" 60 4
= 40

20

ofo Conversion E
“40 £ 60 70 3o e




The preceding plots are an attmpt to indicate graphically the
main effect on the yleld due %o variations in the mix used. Due %o
the fact that there are many other factors that affect the yield
besides the ratio of NapyC03, Si0g, and CaF, in the mix, such as rate
of hneating, time of heating, stirring, time of holding in sescond
solid stage, ate., it is very difficult to mseke curves that show one
effect onl¥. The points taken were from the charges in which the
outside effects were nearly equal or did not enter. That is they
represent charges in which thers were no obvious reasons for low
&1elds, and not necsssarily the charges that gave high ylelds.

In plot I and II the points fepresent valves in which the Si0s
and CaF, used were held ccnstant while the NaoCOjz wés chamged. The
percent theoretical Na,CO3z is plotted against the percent conversion.
The difference between plot I and II is that in I the basis is 100%
theoretical Si0y and 100% CaFs, while in IT the basis is 128% 510,
and 100% CaFs.

In plot IITI the percent theoretical SiOs is plotted against the
percent Ca¥, converted to NaF, while the amdunt of CaF, and Na,CO03 ars
held constant at 100% and 1267 theoretical respactively.

The Recovery of NaF from the Fuslon Product

Analysis of solution from mix no. 46 for solids in sclution
(NaF, Na,CCs and other sclilds) is given in detail, ag it was con-
Y

sidered a fairly representative run. The methcd of anal ysis used

was as follows,



s
u

Four 50-cc. sarmles of sclution were taken. Cne was acidified

with acetic acid and analyzed for NaT (ses rrocedure for analysis of

mix for NaF). Another S0-cc. sauple was not acldified to destroy the

A

"25C03 bub the Cally was added dirsctly ond the CaF, and CaCOs were
precivitated together and the amernt of precirpitate found by filtering
and weighing as in the analvsls for NaF. The third 50-cc. sample was
eveaporated to dryness and the total amcunt of sclid in the solution
found by weighing the residue.

A fourth sample was analyzed to find out if there was any NayS5ioy
in the leaching solution which would be preciritated with the CaFso
and CaC0z, and would tend to make the awmount of NasCO3 reported, high.
The 50-cc. sample was evaporated nearly to dryness in a bessker and then
it was transferred tc a platinue crucitle. Tight cc. of cencentrated
1,50y was added and the solution evaporatad to about 3 cc. The
solution was then diluted with distilled water and poured inte a

beaker. No precirvitete (Si0p) formed on dilution which indicated

&

that there was no soluble silicate in the zelutions

Tre calculationg and results of the analvsis:

WE. of crucible (Gooch; . . . . . . 18,9572 gus.
" n 1" pluvs CaF- ppt. . . . 17:1.‘251 Y

5321 " CaFy
from HC ce. leaching solution.

(2)(.5321)84/78 = 1.148 gus., NaF per 100 cc. leaching
sclution.

Wt. of beaker plus sclid from 50 ce. solution . 57.9156 gus.
" " " - 571.0950 "

" " g0lid from 50 cc. solubtien .8206



(.2208)(2) = 1.06412 gus. total sclids from 100 ce. of

ching sclution.

W

L3

Wt. of crueible (Goock) . . . . . . . . . 17.4S08 gms.
W o= " plus CaF, and CaCO3 ppt. 18.2334
" nCaF, and Calls pPte . . . . . . . JJ426 "

(2) (L7426 - .5321)106/100 = JUUE gms. NupCOs ver 100 cce
leaching solution. -
Solids in leaching solution (gms. per 100 co.)
NaF 1.148 gms.
Na,C03 O Lls

NapS10s 0.000 "

The beiling point rise of the leaching solution and the purity
of the crystals produced by evaporation were next studied. About
6.5 liters of the dilute leaching solution teken from some of the
runs with good ylelds was evaporated to dryness. Ths voluge of
golutlon left and the temperature of the liquid was noted at in-
tervals during the evaporation. Alsc the crystals that had formed
were filtered out of the solution while hot (to kesp the NayC0s
frem erystallizing) several times during the evaporation. The
different crystals were washed with a small awcunt of water,

dried, and then analyzed for Mal.



The teiling points, amount of solution left, weight of crystals
Tormed during the period between filiraticns, and the percent of
NaF in thess crystals are given in the following table. The reason
the boiling points do not have a swaly rise is probably mainly due
to the tendency of the solutioen to become superheated, but since
only the approximate boiling point rise was wanted, ths temperatures
taken are close enough.

It is seen from the table that the lest crystals contain very
little NaF and that they are nearly pure NasCO0s which can be used
again. By caleculation from the amount of Nap,C03z recovered in the
leaching solution it is found that 149 of the NasCOz in the form of
Trona 1s recovered or that 587 of the excess NepCO3 is recovered.

The table also showe that the first two crope of crystals
contain more than 99% NaF and that they contain most of the NaF in
the solution, By calculation it can be shown that 90% of the NaF
is reccvered in these first two crops of crystals. If the third

and fourth crops are included they contain 97% of the MaF in the form

of crystals that are over 98% NaF.



Table

7, NaF in

Ce. of solution 3Boiling point Gms. crystels formed
left. of the solu- since last filtra- crystals.
tien °C. tion.
6500 - - -
1400 gg°c - -
600 100.5 36.0 gms. 8%.2¢
Loo 100.5 - -
2o 10C.0 16.0 99.0
140 101.3 3.0 92.8
120 102.5 - =
95 102.0 1.5 85. 8
0 104.2 75 15.5
0.0 - 26.5 2.98




The Corrosive Actlon of NaT Solution

Since a large guantity of the NaF lsuching solution would have
t0 be handled in pipes, vais, evaporators, sgc. if the dsscribed
process was to be put on a commercial scale, it was thought advis-
able to set some cerresive samples. The corrosion tests made were
as fcllows.

I. Wrought iron wire im dilute leaching solution from mix US.
This sample was kept at rcom temperature all the time.

IT. Wrought iren wire in dilute leaching sclution from mix
U6. This sample was kept hot on a hot plate part of the time, that
is when it was convenient.

IITI.* Strips of copper and steel wsre placed in tap water which
wag kevt at room temperature.

IV.* Strivs of copper and stssl were placed in a concentrated
leaching sclution (zpprox. Y4.24 NaF) which was kept at room temperature.

V.* Strips of copper and steel were placed in concemntrated leach-
ing solution which was kept hot part of the time (see II).
| Tach plece of metal was polished bright and wslghed before it wés
rut in the éolution and after it had set the time indicated in the
table, The metael was then cleaned and polished carefully sgaln taking
care not to wear away any cf the uncorrcded metal in the polishing.
The metal was weighed again and the lcss in‘weight found. The are=z
of the pieces of metal was found by measurement. The main data ob-

tained and the results are given in the following tabtle.

" *Strips were in same bottle and in contact with esch other, which
would tend to increase the rate of corrosion ofithe steel and de-
creags that of the copper. \

-2~
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The followang conclusions are based partly on direéf observa-
tion and partly on experimental data which has already been given.
In sbme cases the conclusions are only rough approximations and in
other cases they should be fairly accurate.

The Mix

From a study of the runs made it is believed that the best nix
to use is 20 parts CaF,, 56 parts "Trona", and 30 parts Si0p. Taking
CaF, ag a basis, 50 parte "Trona" (source of NasCO3) corresponds to
126% theoretical and 30 parts Si0O, correspdnds to about 188% theor-
etical. This is assuming that the following reaction takes rlace:

CaF, + NapCO3z + Si0p —F 2NaF + CaSiOsz + COp.
Ag already indicated under the work on the lsaching solution58% of
excess NapCO3 is recovered and can be used again. Also, if some of
the lsached cut residue is used with the mix (see runs 61 and 62)
the amount cf S5iCy used can be greatly decreased and the yield, con-

gidering only the new CaF, used, is materially increased.

Conditions of Fusion

The fusion should take place in such a place that the tempera-
ture of the fusion mixture never exceeds 750°C (ezpprox.), but the
heat should be so governed that it reaches this temperature within
a short time (2 to 10 minutes). The charge should be either taken
out of the furnace cr the temperature not allowed~to exceed 750°C soon
after it stops bubbling and reache$ the sscond sclid stage. A short
time of holding at this higher temperature, fcr instance one minute,

will tend to increase the yield, but it seems to reach an equilibrium



seon after one minute and the yield will not increase further snd
there is a tendency of getting the charge tco hot if held tco long,
which decreases the yield very rapidly.

The rate of ccoling does not seem tc have any avpreciable
effect on the yield. (See mixes 23, 23-a, 24, and 24-a.)

The charge must be handled during the fuslon éo that it is
nearly homogenecus all the time, or when it is taken out of the
furnace some of the charge will have gone toc far, while some of
the rest may not have been heated enough. The best way found to do
this was on a flat surface with the charge not more than one cm.
thick, if it is heated from beth top and bottom.

Grinding and Leaching

Althcugh very little experimental data was obtained on the a-
mount of grinding and the time and conditions of lsaching, some
observations should nct be out of place here. It was found that the
fusion preduct must be ground in order to get a thorough leaching.
(See runs 23, 2%-a, 24, 24-a.) By grinding the fusion product so
that 90% goes throuzh an Z0-mesh screen over 99% of the NaF is
leached cut. {See runs 15, 15-a.)} The time of leaching was nct
studied but the leaching is complete after the sclution (nct more
than 1% NaF) has been in contact with the ground fusion product for
two hours with frequent stirring. How much this time can be cut
down or the concentration increased is not known. 3By the use of a
counter current system of leaching a concentrated solution (4.2% NoT)

can be obtained.

=T
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Crystzllization

Since the solubility of NaF doces not materially increass with the
temperature™, and the solubility is only about UY.2%,a large quantity
of water will have to be evaporated. Probably the best way to do this
is in multiple-effect evaporators. There will be crystals forming in
each effect so that crystal traps will have to be provided for each
effect. As the boiling point rise of the sclution during evaporation
was small (about 5°C) this will not materially decrease the possidle
number of effects. If the quantity of solutien was large encugh |
five or even s8ix effects would net be impracticable and would mean
very cheap evapcration. The ordinary steel plate and tubes can be used
in building the evaporators as the solution was found to have a much

less Gorroslve actlon on steel than ordinary tap water.

*The only data that could be found on the sclubility of NaF:

Temp. °C Solubility % Reference
-E.6 Ice and NaF eutectic Tandolt-Bornstein
+15. 3. 85 "
+18 h.22 u
+21 4,00 H
+25 4.03 "
+100 4.29 Z. Ph. Chem,1912, 82,632,

+100 4.56 Mellor, Vol. II, p. S15.



Possibility of Economic Production

Although the process has not been carried out on any but a purely
laboratory scale, the economic side of the process should be con-
sidered, because the first consideration in contemplating semi-coummer-
cial preduction would depend upon & rough estimats of the cost of
production. Assuging 20-85% yield, the cost of raw materials would

be approximately as follows for one lb. NaF produced.

CaFy - 1.4 cts. - Basis $25.00* per ton for fluorspar.
NayCO3 1.6 cts. - " 1.30* per 100 1b. Na,C03 and assum-

ing Trona cost 70¢ as much for the ssme amount of Na,COs.

Cte - Basis $18.0C* per ton.

o

<

$i0, 0.

l

Total 3.6 cts. cost of raw material to produce 1 1b. NaF.
The value of the NaF was 8-3/U cis.* vhich leaves a margin of
5415 ctse within which the cost of production must come. This margin
is quite large, and if the scale of«preduction was sufficiently large,
it probably would not be difficult to keep within thesse limits. |

Suggestions for Future Work

(1) A development of a continuous method of fusion without stir-
ring and the kind of material that would best stand the fused substance
and the nigh temperature. Nickel which was used for soms of the later
rung soon becomes brittle. lonel metal was suggested but not tried.

(2) A continuation of the study 'of the temperature, time of

helding, etc. on the charge.

“*Prices, April 1925.



(3) Further investigation of the best proportion of the differsnt

substances tc use. In this connection a very important point to

sheck and work on is the use of the leached out residue. Runs 51 and

52 were a start along this line, and they show interesting vossibilitiss.

(4) After the above points are cleared up, and if they are

favorable, the process should be ready to be put on a semi-commercial
scale.

The writer at this time wishes to express his thanks to W. N. Lacey
for his guiding suggesticns in the performance of the experimenial
work and for the helpful advice and criticlems in the preparation of
this report.

Also credit is due W. N. Lacey and Harvey W. House for ths use
of the results of their work on this fueion process which precedsd this
WO TR

Summary

Scdium flvoride 1s producsd by the fusion of a mixture of CaF,,

 NapC03 and Si0p at about 750°C accerding to the following equation

CaF, + Na,CO3 + S10y —> 2NaF + CaSiOz + COp.

The NaF 1s recovered by leaching, evaporation, and crystallization

in nearly pure form. Yields of & - 857 are possible.





