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Abstract:

Phosphoric acid that is made by the- sulfuric acid process contains most of the impurities originally
present in the starting materials. A considerable quantity of the impurities begins to come out of
solution when the acid is being concentrated and slowly continues to come out for months following
the concentration. - Treatment of the phosphoric acid with sodium silicate in solution is presented as a
method for removal of these impurities. When this treatment is used, the acid requires only a short
settling time to attain a high degree of clarity.

The treatment has the advantages of low Cost, avoidance of reconcentration, and production of a
product superior to that obtained by other methods.
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I, ABSTRACT

. Phosphoric.acid that is made by the sulfuric acid process contains
most of the impurities originally preseht in the starting materialg, A
considerable quantity of the impuritied begins to come out of solution
" when the acid is being concentrated and slowly continues to come oub
for months following the concentration, - '

Treatment of the phosphoric acid with sodium silieate in solution
is presented as a method for removal of these impurities, When this
treatment is used, the acid requires only a short settling time to
attain a high degreé of clarity. . )

_ The treatment has the advantages of low cosit, avoidance of recon-
centration, and prbdugtibn of a product superior to that obtained by
other methods, = '
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II, INTRODUCTION

Currently, there are two general methods for phosphoric acid manu-
facture, the suifuric acid process and.the thermal process, The thermal
process involves the volatilization of phosphorus from tricalecium phos-
phate under reducing conditions, The phosphorus is'oxidizéd to Pzds and
subseqguently dissolved° Thié-prgcess is used in the production of
technical grade acid since 1t yields acid of relatively high purity. In
contrast, the pﬁoéphoric acid produced by the action‘of sulfuric acid
on phosphate rock contains the greater portion of the impurities origi-
nally present in the starting materials, Consequently, such acid is
used principally in the manufacture of fertilizer salts where, in most
cases, the presence of such impurities has little effect on the value
of.the product,

The Anaconda Copper Mining Company at Anaconda, Montana manufac-
tures phosphoric acid from Idaho fhosphéte rock and sulfuric acid which
is made from by-product gases from the reduction of sulfide ores, The
phosphoric acid is used in the company's phosphate fert11lzer plant,
Pinely ground rock, calcined at about 200° ¢, to drive off moisture and
oxidize the organic matter, is treated with sulfuric acid to form calcium
-sulfaté and orthophosphoric acid, The sulfuric acid is adde@ at the
rate of approximately one part of 50° Baﬁﬁé acid to one part of rock
assaying about 30-32 per cgnt P2Q5, The sulfurig acid‘is dilutgd tbl
approximately 30° Baumé with weak phosphoric acid, while in the agi-
tators, in order to secure a more favorable reaction rate. The

phosphoric acid from this rgaction has a concentration of approximately
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20 per cent Py0z, The ;cid is separated from the calcium sulfate by
filtrétion with a belt-type vacuum filter, Three acid solutions are
obtained from the filter, The No, 1 overflow is that acid passing
through the filter with no rinsing, This fraction is further pro-=
cessed, The No, 2 overinw ig obtained by rinsing the filter cake with
a weak acid known as the No, 3 overflow, The Mo, 3 overflow‘is the
weak acid from the final riﬁsiné of the cake with water, The No. 2
overflow is used to dilute the sulfuric'acid in the agitators and
‘agsays about 12 per ecent 3205, The No, .3 overflow assays only 1 %o

? per cent P205

The No, 1 overflow is allowed to stand a few days so.that any

sediment passing through the filter may settle out, Tbis dilute acid
must be concentrated to 45 per.cent P 05 for use in the manufacture of
Treble Superphosphate, and freguently acid is prepared fqr shipping
purposes that has a concentration of 53 per cent P205° This is accom—
plished by evaporation in steam=heated, single-stage, vacuum evaporators,
i During the evaporation when the acid concentration has reached about
L0 pé; cent}P205, a large gquantity of solids begins %o come out of solu-
tion, The.settiing is very slow dué to the high viscpsity of the coneen-
trated acid; Moreover, after the initial‘déposition of sediment in the
evaporators, a slower pfocess continues in qhich particles of colloidal
dimensions gfadually clomp togethef until an aggregate is formed of
gufficient size to seﬁtle out, In this way, sludge may still be set-
tling months after the aeid was manufactured, It.has béen shown that

this sludge has fe}tiliZer value go that sediment in the acid going to
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the fertilizer plant is tolerated, Howév;r; when acid is prepared for
shipping purposes a higher degree of purity is required, The principal
uge for Anaconda "shipping acid" is as liguid phoéphate fertilizer‘
applied through small nozzles into irrigation water, Solids obstruct
the nozzlelopenings'causing slow, erratic flow aﬁd high.maintenance
costs,

The purification of such acid is quite costly, 1% usually réquireé
nearly complete neutrali;étion of the acid with a 3ase which precipitates
the 1mpurit1es as insoluble salts while the phosphate salt formed remains
soluble, A&s an example, treatment with finely ground 11mestone produces
a solution of monocaleium phosphate, a certain amount of d1ca101um phos-
phate and precipitateé iron and aluminum phosphates, calcium fluoride,
and calcium fluosilicates, These precipitates can readily be removeé by
filtration (Waggsman, 1927), The calcium phosphate solution must again
be mixed witﬁ sulfuric acid to restore the phosphoric acid and preci-
pitate caleium sulfate, Likewise, the acid must again be concentrated
following such a procedure,

Teble I gives typical analjses of‘Anagonda phosphoric acid, phos-
phate rock, and acid sindges, The acild analyzed was a wellnsettléd
saﬁplé, A more complete analysis shows~calciuﬁ, magnesium? arsenie,
sodiuﬂ, potassium, chromium, manganese, titanium and zZinc %n amount s
_varying from 1/10 to 1/2 per cent (as the oxide) and traces of copper,
lead, nickel, barium, boron, and strontium, The @01d is colored bluew
green by the relatively large amounts of vénadium present, A& 1arge part

of the total fluorine is present as silicofluoride (Hi11, Marshall and




Table T

. Typical Analyses of Anaconda Phosphoric Acid; Phosphate Rock,

and Acid Sludges¥

P05 Feg0y -A1203 Ca0 Fo 510,
Acid " 53.5% 1.00% 0.,99%  0.25%.  0.77% 0.14%
Rock ' 30,5 - 0.L9 1.h9 15,0 3,40 - 5.90
Normal Acid Sludge  L7.0 7.0 30 005 1.30 0.2
Treated Acid Sludge 51.7 19,2 b 0.0l 1.60 0.43

#Data furnished by the Anaconda Copper Mining Company. -

V205
0.142%

0,29
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Jacob, 1932), The silicofluoride is slightly soluble in phoéphoric acid
up to 10 per cent P205 becoming less so as the acid is ééncentrated'
(Bampel, 1949). | |

The sludges ;re aléohol—washed solids from the settling tanks,

The chemical nature of these solids is not en%irely clear, but they aré
evidegtly phosphates of "iron and aluminum together wiﬁh insoluble fluo-
silieates, The phosphates of iron and aluminum may 59 hydfated, The
bulk of the sludge is a églatinous masé containing the crystalline
‘fluosilicatés, Removal of the cfystalline particles eliminates much of
the difficulties with piugged nozzles,

The present procedure for purification at the Anaconda plant
removes the silicofluorides by precipitatioﬁ with sodium carbonate,
Treatment of the dilute No, 1 overflow with sodium carbonate in quanti-
ties in excess of the'theofetical required to precipitate the silico-
‘fluorides pr&duceé an.acid from which the golids settle out much faster
than from normal acid, Henceforth in this paper, ftreated acid" will
refer to acid treated in this way in contrast with the untreated Ynormal
acid®, Tfeate@ acid even éftér standing four to five weeks is still
guite turﬁid although much clearer than normal gcid wbich'has étocd for
the same length of time, Two different samples-of-treéted_acid were
observed to increasenin turbidity on standing for long periods; Since
these acids were stored in wax-lined bottles, the in;reased turbidity
could not have been due to dissolved silicates-from the glass,

.Because of this effect it was still desirable to obtain an acild

which contained ﬁolsedimentp which required only a short settling time




.
to attain this purify, and which would remain clear for a-long period-of
£ime, The present work was undertaken in an effort to find a process
which would meet this objective, As a result of this work, treatﬁent of
'the‘crudg acid with agueous solutions of sodium silicate is being

presented as a feasible process,
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111, GENERAL.EXPERI@NTAL PROCEDURE

Samples of sodium silicate having the ratiqs silicatsoda of 1,69,
2,06, 2,40 and 3.36 were prepared by fﬁsing washed sea sand with sodium
carbonate, The glasses formed Were'extrac£ed with water in the autoclave
at 20 pounds'steam pressure fo?-one hour, The extracts were then about
25-30 per cent sodium silicate, i.e., 25 per cent Nas0 plus 8i0,, By
evaporation or dilution, eolutions of the desired concentrations were
obtained,

A1l tests were performed in 10-inch fest tubes paraffined ﬁo pro-
tect them from the corrosive hydrogen fluoride present in the acid,
Eighty-five ml, of the crude phosphoric acid (approxiﬁately 140 gf)'
and 10 ml, of silicate solution were ﬁixed rapidly in a beaker using a
high-speed stirrer, The silicaje'solubion was added ﬁo thé agitating
acid in a thin stream from a pipette, Ten ml, of solution wére édéed in .
the ecase of norﬁal acid, 5 ml, in the case of treated acid, The sodium
silicate imﬁediately formed a gelatinous mass and stirring was continued(
until this mass was broken up into an even consistency throughout .- The
mixture was then Roured into a test tube,

Ope sample was electrolysed, in addition to the sodium silicate
treatment, as an exPioratory.experiment, This sample of 85 ml, of norﬁal
acid received 10 ml, of 7 per cent silicate (ratio 1,69) and was elec-
trolysed at 0,1 ampere and 4,0 voits for 17 hours (aﬁout'é,OOO coulombs)
using carbon electrodés and constant stirring, The sample was then
poured into a test tube for observations,

A complete list of tests is presented in Table II with the exception
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Table IT

Complete List of Tests Performed

Silica:Sods Per Cent M1, of Silicate

Ratio Silicate __Added
Normal Acid 1.69 1,0 10
o 1069 200 10 -
1.69 7.0 10 |
1,69 12,5 10
01,69 25,0 10
2,06 9.5 10
2,06 3.4 10
2,06 32,0 10
, 2,06 32,0 5
2,50 9.0 10
2,40 12,6 10
3.36 12,0 10
3.36 19,0 10
3,36 12,0 5
' 3,36 19,0 5
Preated Acid 1,69 7.0 5
1,69 7.0 10
2,06 9.5 5
2,06 19.0 5
2,40 9,0 ‘5
2,40 18.0 5
3.36 12,0 5
3.36 19.0 5
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of tpe one test using electrolysis. Suitab;e conirols were als; observed
for each case, both aéid with no silicate added and acld with no silicate’
but diluted with water to the same extent as the tests,

Record was kept ;f the settliﬁg rate by ﬁeésuring the centimeters
of clear acid at intervals of one to four déysn This was possible
because the gélatinous mass settled as a unit and there was a well-
défined line separating this from the c}ear acid, After setﬁling was
complete, the ratio of'the-héight of . sediment .in the tube to the tofal
height of_liquidlin the tube was recorde@. The diamete;s of the tubeé
vafied makipg a ratio comparison necessary rather than simply a height
comparison,

- After two or three days, there was éufficignt relatively clear
acid to decant and measure ite turbidity. Turbidity wés measured.aé
optical density with a Coleman spectrophotometer, ﬁodel 11, using
matphed, square cuvettes, OSamples were compared at géoyyz, the wavé—
length of minimum absorption, againgt an arbitrary standard, This
standard was jrepéred by dissolving ammonium vanadate invtechnical
phosphoric acid (53 per cent P205) and reducing the vanadate to a blue-
green color approximating that of the sample acld, ‘Following the .
comparison, the sample decanted was cgrefully replaced in 1ts tube,

Purbidity (7) is related to optical density (-log I/I0) by the

equation '
' ~log I/Io = (7%x)d/2.303

in which Io is the intensity of the incident light, I is the intensity

of the transmitted light,sC is the absorption coefficient, and d is the




- 13 -

distance the light ftravels throvgh the medium (cell thickness)., In order
for this method to givé accu?até comﬁarisons of turbidity, o< must neither
%ary in each sémple as sedimentation proceeds nor wvary appreciably
betyeen samples, This was not strictly the case and because of differ-
ences in refractiye indices, @ifferences in sige of particlésv and
polydispersity of particles, exact comparisons could not be made.

After the samples had reached their maximum clarity, certaln of'
them were selected as representing -superior treatments and wére aéééyed
for 2205, Feé@B, and fluorine for comparisbn wiph the correspondingv]-
values for non-treated acid. Po05 was assayed by the method of the
'Association' of Official Agricultural Chemists (1945), The sample is
dissolved in nitric mcid and ammonium phosphomolybdate is precipltated
from the dilute acid solution with an excess of ammonium moly’_bciate° The
precipitate is filtered, washed, and dissolved ip’an‘excess of standard
sodium hyd;oxide, Back—ti%ration pf-the excess base with standard.
hydrochloric acid gives an indirect measure of tﬁe P205o

The fluorine was assayed by the method of Hoffman and Lundell
(1938) and is given here in.éome detail since it is not ordinarily'_
encountered, & 6-8 gram‘sample of acid is washed into a 125 ml,
Claisson flaskﬂwhich is fitted with rubber stoppers, a delivery tube.fo?
adnitting sulfuric acid and water, a thermometer, aﬁd a condenser which
delivers the distiliéte into a 409 ml, beaker thfouéh‘a curved adapter,
The end of the adapter is immersed in 20 ml, of a 20 per cent solution.

of sodium hydroxide contained in the beaker, The flask rests in a 4 cm,

hole in an asbestos gauze and is heated with a hot flame such as that of

1
1
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a Pirril burner, Thirty ml, of dilute sulfuric acié.(l+l) are admitted
through the delivery tube, the flask is heated to %igo?éns boiling and
heating is continued until the temﬁeratqré of the liguid in the flask
reaches 160° €, Then, without removing the source of heat, water is
admitted through the delivéry tube at such a rate’that the temperature
of the liquid in the flask remains betwéeh 160° ;nd 170% CG.3 300 ml,
of digtillate is collected Betwéen the§e temperatures, The alkaline

distillate is evaporated to a'volumé of 250 ml,, 3 ml, of 10 per cent

- sodium chloride are added, and the pH is'édjusted to just basic to

bromphenol blue, Two ml, of diluted hydrdchlor;c acid and 5,0 g. of
solid lead nitrate are added and the mixture is heated on the steam
bath until the lead nitrate is dissolved; fhen 5.0 g, of sodium acefqte
are added and the mizture stirred vigqfously while digesting on‘the' |
steam bath, After gtanding overnight at-rqom temperature, the preci-
pltated leéd chlorofluoride is filtered and’washed with a saturated
solution qf lead ehlorofluoride; The precipitate and filter paper are
transferred to the original beaker and 100 ml, of dilute nitric acid
are added to dissoive the precipitate. The chloride is determined in
this solu¥ion by the Volhard method and is equal,to the fluoride con-
centration, ' |

Iron was élso determined‘b& the metho&'of Boffman. and Lundell
(1939) in which ferrié iron is reauced wiﬁéast@qnous chloride and

titrated with potassium permanganate,
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IV, EXPERIMENTAL RESULTS

In each of the tests performed there was observed a.marked improvef
ment in the acid: within 30-40 days a clear acid was obtained, Figurés
1 and 2 show the rapid decrease in ﬁurbidity'as indicated by the large
drop of optical density when normal acid is treated with sil{caté,
Pigure 1 shows four of the results of better treatments, Curve II,
Figure 2, represents fhe same sample as is represented by the purple
curve of Pigure 1, There Qas only one better curve than those shown
the treatment was 5 ml, of 19 per cent (3,36), The balance of the .
treatments fell between 7 per cent (1,69), line III, Figure 2, and 12.5
per cent (1,69), line II, -Figure 2. It is odd to find thatlfhe 12,5
per cent (1,69) and the 12 per cent (3,36) were both superior to corres-
ponding percentages of silica:sod; ratios of .2,06 and 2,40,‘ It was
not expected that both the extreme ratios of silicassoda would be-
superior, GCurves for the controls are not given but they jué£ barely
leave the abeissa in 30 days,

These curves show that there was an early, rapi@ decreage in tur-
bidity which gradually leveled out énd approached the same approximate
value, There was no indication that the turbidity ever increased again,
at least within three months, .Instead there was a conti_nu.ed9 but very
slow, decrease,q ‘ .

_ Pigure 2 shows the results of treating with one ratio (1,69) in
increasing éoncentrations° It is seen in treatments I, II, and III that
again a common poiht.waé éppréached, Treatment IV (2 per cent) was

evidently too low a concentration, Treatment I (25 per cént) had too
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much sediment and was, consequently, not as desirable as II'aﬁd‘IIIo

Figure 3 shows the resulfs of some treatments with treated acid
and é.control° The tests with treated acid wefe made in or&er to
investigate the possibility of a combination of the soda ash treatment
with the sodium silicate treatment, The control was 85 ml, of acid
diluted with 5 ml, of water, The uﬁdiluted contrql had an even:greater
positive slope, i.e,, a greater increase inﬂturbidity, Tﬁe initial
increases in turbidity were due to the gel mass; which settled enough
in two days to ieave clear acid, vNinetégn per cent (3,36) settled so
much faster that no increase in turbidity was measured on the second .
day., The tests with treated acid reached a higher clarity as indicated
by the optical density than corresponding treatments of normal acid
but_exhibited about the same amount of light scattering, It is assumed
that a different absorption coefficient makes‘readinés higher,-

Thus, in every case, for both normal and treated acids except
possibly the 2 per cent (1,69), a particular clarity was approached by
all aﬁd in nearly the same length of tiﬁe, When this,point was reached
one could detect scarcely any light scattering when visually comparing
the sample with the standard. Variétions in turbidity during the first
few days after treatment are épparently without any particular ts;i,gnni-‘~
ficance since the same clarity in the solution is achieved in the same
length of time with all of the better treatments, This is demonstrated
in Eigufe i which shows the results of a pair of duplicate treatments,

Of far more importance to the éroduceé than the relatively insig—

nificant variations in the turbidity curves during the first few days
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is the amount of acid immediately available after treatment and the
length of time he must wait before shipping the produet , Figure 5 shows
sedimentation rates for the same tests as those appearing in the previous
graphs, The gel mass containing the sludge settledlrapidly: in one

weelk the settling was nearly complete except for very small particles
settling more slowly, Thus, the acid coﬁld ﬁe decanted and shipped
after two weeks of settling, On reaehimg its destinatiom in two to

three weeks, it would have a high degree of clarity and. only a little
sludge wouid be on the bottom of the tank care

Figure & is a chart showing the amounts of acid available from
various treatments, Lower percentages of silicate in the treatment
result in more acid availables but as- seen prev1ously9 are not as good
in removing turbidity, The ratio 3,36 is generally the best; 12 per cent
. (3.36) being nearly as good as 7 per cent (1,69) with equal treatments
(10 ml.) and, surprisingly enough, with only one-half as much silicate
is just as good, Unfortunately, a percentage less than 12 per cent of
the 3.36 was not tested? It is possible that a 1ower percentage of this
ratio might be better then any tested, Another possibility is that
ratios higher than 3,36 might be better.

The experiment with electrolysis was set up to follow indicatlons
that a small amount of current hastened deposition of the fine sediment
remaining in normel acid after the initial drop of larger particles°
Using electrolysis aloneslit wes found that approximately 4,0Qd coulombs,
when passed through the sample of 400 te 1,30@ grams, were sufficient to

produce an increased rate of settling. Quantities less than 4,000
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Figure 5
Sedimentation Rates for Normal Acid
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coulombs had no effect, The oﬁly 1mmediate change obvious wes a
yellowing of the acid's blue-green.color which pfobably was due to’
oxidation of‘the venadium. It was heariy ope‘mohtﬁ after-electfolysis
before any increased settling rate'could be observed; but after the rate
did increase, sedimentation proceeded ouite constantly énd was accom-
panied by a yellow-green deposition on the sides of the tube., Two months
after electrolysis’ the sample was slightly more clear than treated acid
will get; five and a half ‘months after electrolyeis it was extremely
clear and comparable to the,samples of silicate~treated no?mal acid
after six or seven weeks of standing,‘

.When silicate was added to the electrolytic experiment lthe same
general effects were obtalned as in the other silicate tests, The
decrease in turbidity was more'rapid, but.there wae more sediment, The
effect of electrolysis was to make the test with 7 per cent (1.69)
nea?ly identical witﬁ'fhe test using 12.5 per cent'eilicate,

fable III gives the results of "‘the analyses for P205, F62039 and
fluorine, The percentages given are for the tested samples not
corrected for the dilution occurring during.treetment, The control/fer
the normal acid series was a sample of tlie same acld as the tested
samples which had been'allowed‘to stand 12 weeks, At this time.it had
dropped all of the larger particlee end was :oughly.equivalent to the
_treated acid control shown in Figure L, The freated aclid control was.
from the same acid from which the- samples for. testing were ebtaiped and
had become guite turbid again, - ‘

A large reduction of the two_impuritiee,'iron and fluorine, was




Normal Acid

No sgilicate :

7% (1,69) 10 ml
124 (3,36) 10 ml
12% (3,36) 5 ml
19% (3.36) 10 ml
32% (2,06) -5 ml
7% (1.69) 10 ml

Treated Acid
No silicate

7% (1.69) 5 ml
124 (3.36) 5 21

19% (3.36) 5 ml

Results of Analyses

- 25 =

Table III

ons%

54,3
51,6
51,7
50,7
. Sloo
49.9-

51,0

FGZGB%

o o e

O M PN
o

O ONN M EN

VN ORWR O

-]

1,33
1,17
0,98
1,10

¥%

0,86
0,39
0,30
0,41

0,16

0.20
0,25
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observed, The low amoﬁnt of fluorine in the normal acid control, equal
to that in the treated acid control, was because it was very well.
settled, The proportionate reduction in the amount of ifon was greater
with normal acid than with treated acid altﬁough in this expefiment the
treated acid control was mére turbiad than'the‘normal acid control, Thé
important indication from this tab}e is that the P205‘content,is not
greatly reduced by sodium silicate treatment. The acid is weakened by
only about 1/2-1/3 the amount one would weaken it by dilution with the
volumes used for treatment, Because of this; it is assumed that concen-
tratioﬁ,followipg‘treatment with sodium silicate would not be necessary, )
The variations in values among the different tests; especially with
regard to PZOS’ are again p?obably not significant; the average of these
assays could be expected when using this préatmgnt,. |

These results may be briefly summarized as follows?

1, There was a marked impfovement in the quality of the acids
from nearly all tests,

2, Little significance may be hela for the differences in various
treatments, e%cépt iﬁ the amounts of acld avaiiable from the treatments,

3. Low perceﬁtages of silicate are best‘because the amount of
acid availaﬁle is greater, )

4, fhe best siiigaesqda ratio investigated was 3,36, The next
best was 1;690 "

5. There are two suggested treatments for narmal acid, Firét and

preferably, the addition of about 8 per cent by weight of a 10 per cent

solution of 3,36 sodium silicate which will exhibit both a good sedimen-
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tation rate and low amounts of sedimént while producing an acid of fair

clarity., Second, the addition of about 8 per cent by weight of a 10

per cent solution of 1.69 sodium silicate which will exhibit an acid of

good clarity with-a fair sedimentétion rate and sliéhtly higher amounts
of sedi;nent° | oo |

6, It is not probable that.any advantage would be gained by a
combination of soaa ash and sodium silic%te treatments or by includﬁng

electrolysis in the %reatment,




Test

10 m1.12.5%
(1.69)

Day

12
14
20
32
37

Day
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Table IV
Data for Results Shown in Figure 1

Optical Density . Teat

" 2,0
. 720
.600
. 387
356
. 288
L] 215 ‘
¢208

10 ml.12%
(3,36)

‘Optical Dengity

2.00
1,21
1,01

795
.604
.318
0256
0250

e

Optical Density

2,0
1,25
.940
,700
.556
.393 -
.328
.28
. 240

Optical Density

2,0

- .955

7 .700
.593
169
.320
.284
2256




Test

10 m1,25% -
(1.69)

Tegt

10 ml,7%
(1.69)

Day

10
4
18

- 22

30

Optical Density

2.0

437

386
«305
< 29k
.282
.238
177

Optical Density

2.0

. 1,10
583
U481
H32

0382 )

0253

232
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Tabie_v

~ Test

10 .m1,12,5%

(1.69)

" Data for Results Shown in Figure 2

Day Optical Densit

0
L

2,0
.720
.600
387
.356
.288
0215'

| ,208-

Optical Densitx
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{ Table VI

Data for Results Shown in Figure 3

Optical Density Test ay Optical Density

Day D
0 432 5 ml, 7% 0 432
2 20 (1.69) 2 <980
3 o437 3 720
b 75, b .668
7 .500 7 - 488
12 2552 12 . 347
16 545 16 266
21 565 21 - .229
33 »585 , 33 .181
Day Optical Density Test . Day Optical Density
0 432 5 ml, 19% 0 . 432
2 797 (3.36) 2 L W312
3 © .530 3 0275
L 482 b 272
7 .300 7 C .219
12 ,188 ' ' 12 .163
16 - 154 16 .158
21 .128 . 21 - ,152
33 o111 : 33 o143
Table VII
Data for Results Shown in Figure &4
10 ml, 7% (1.69)
Day Optical Density “Day Optical Density
0 2,0 0 2.0
L 1,10 " 1,12
10 583 8 622
4 481 - 15 »375
18 432 , 18 : 2348
22 382 24 310
30 0253 29 ,288

43 0232 48 -




Table VIII

Data for Results Shown in Tigure §

Cm, clear , , : 6m, clear
Day _acid ' Test Day. acid
2 4,7 7% 1 2.5
b 9.0 - - (1,69) 2 5.8.
5 10,0 . 4 11.0
8 11,0 6 13.4
12 11,2 8 ., 1,0 .
32. 11,2 .17 © 14,8
Cm, clear _ . Cm, clear
Day acid . Test Day acid
1. 5.0 . 12% 1 242
2 75 (3.36) 2 3.4
3 '995 5 mlo ’ 3 L"°6
b 11,0 T L 7.0
5 114 5 8.5
8 12,8 8 11,8
13 . 13.6 13 12,8
17 14,0 17 13.2
‘Cm, clear
Test Day acid
9% 1 1,5
(3.36) 2 3.4
3. 5.4
k 7.9
5 8.6
. 8 9.5
13 10.0
17 10,0
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V. DISCUSSION .

Those sodium silicates having siliéé%soda (Nazo) molecular ratios
lying between 121 (metasilicate) and 4:1 (orthosilicate) are knoﬁn
collectively as water glasses or soluble silicates, Sinqe tﬁé ability
of the silicate to produce a particular effect often is a function of
the above molecular ratio, it was desirable to investigate the effects
in this case over a range of ratios, The particular ratios were chosen
.bécause specific gravity-concentration tables are available for these
ratios,

When a solution of sodium silicate is added fo a concentrated acid,
silica is precipitateéd as a gelatinous'hydrate, silicic aéid,. According
to Hurd (1938), simple moleculeg of silicic acid are ﬁsqally formed by
the reaction of the sodium silicate with an acid and tgese,simple ﬁole—
culey slowly condense to form a more complex structure, Waterris~split
out betweeh gimpler silicic acid molecules to form a heavily hydrated
polysilicic acid structufe. ﬁhen enodgh of these 1afge structures have
accumulated, the system Wgets* into a semisolid, elastie mass,

1f 10 ml, of'sodium'silibate are-added to 85 ml,.of technical
phosphoric acld (53 per cent P ) 30 minutes will elaése before the
_ gystem sets into an elastic mass which will not pour from the tube,
Nothing resembling this process occurs when sodium silicate is addéd
to crude phosphoric acid, Instead, there is an immediate formatipn of
a gelatinous mass which will not sgt and ié not elastic, This is due
to the presence of silicofluoride,_ When hydrofluosilicic acid is mixed

with the technlcal phosphoric acid and sodium silicate added, there is
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an immediate formation of a gelatinous'mdss.just.as with crude acid,
:The sodium ion from dissociation of the sodium silicate immediatel&
precipitates the silicofluoride'and'thus interferes, somehow, in>the
formation of the polymeric structure.h MOstnmetallic selts react Hith
' sodium silicate solutions to produce ; colloidal metal silicate accom-
panied by a thickening of the whole mass,‘ €8oy aluminum phosphate gives
a tenaclous mass (Mellor, l925{°" This'suggested-that-alnminnm and .
other metal lons mightube remoted ﬁith.sodium silicete: however, no
significant amount of alnminum'seemedlto be. removed froﬁ'solutions of
ALPOy in technical phosphoric acid:l Iron wesoshown to be removed -
" from the crude acid (Table III), but this was probably just the
removal of suspended iron phosphates.

Aside from this possibility that metallic ions might be removed
by the treatment, another effect which.definitely has a role in the
treatment is the mechanicel dragging down of pafticles by the gela-'
tinous mass as it settles, Although this is undoubtedly a very
important effect it is not the entire mechanism of purification for
wheh a sample of acid was,treated with'sodium silicate and immediately -
centrifuged, an acld was obtained vhich had relatively little turbi- -
dity. However, its turbidity then_increased for two or three days
after which it egain begen to decreese° The same thing occuhred wvhen
a sample was centrifuged on the second day after treatmeht but by
the fifth dey there was no increase in turbidity detected following

. centrifugation;- This suggests that a slow reactionn.possibly a

polymerization of silicic acld, was occurring, If it were a
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polymerization reaction, it could conceivébly entrap colloidal pér-‘
ticles of the impurities inside the polymeric structure and thus carry
them down as the polymer or aggregate settled,

If this process is to be economically feasible, ah important.consid—'
eration isithe'cost,z The method of pﬁrification with sodium carbonate, -
which is now in use at the'Anaconda‘plant ~requires a large gxcess of
alkali metal ion to effectlvely remove the fluosilicates, At the
preqent 35" pounds of soda ash (presumably 58 per cent Na?COB) are
added to each ton of Mo, l.overflow that 1s‘prqcessed. fhis is equiva~-
lent to 74 pounds per ton of concentrated acid,,.Based on thé'Aprili
16, 1951 quotation for dense soda ash in the "0il, Paint, and Dpug
Reporter, this t;eatmen£ coété 96;5 cents per ton of shipping acid,
In contrast, assuming that concentrating from 5& per cent P2Q5 is not
requ;red and that 8 per gent by weight of a 10 pér cent sodium silicate
solution is added to concentrated acid, the proposed treatment requires
L7 .2 pounds of sodium silicate pér ton of acid and costs L8 cents

N

per ton based on the quotation for 140° Baumé sodium gilicate.
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VI, SUMMARY )

Producers of-fhosphoric acid that use'the sulfuric acid procsss
have a problem with sludges coﬁing out of solution when the acid is
concentrated, These sludges,»coﬁsisting principaliy of iron and alu-
minum phosphates with some sﬁlicofluorides; settle Very slowly,
Furthermore, they continue to form and settle for months following
manufacture of the acid,  The continﬁous formation‘aod_settling of
solids is especially"trouhlesome'when the acid is used as liguid ferti-
lizer and is distridbuted through small nozzles into irrigation waters,

Precipitation of the silicoflﬁorides as sodium silicofluoride by
adding sodium carbonatevimproves the acid by shorteping the-settling-
time to about four‘weeks. Howevsr, the,acid‘so treated will not
remain clear but graduaily becomes increasingly turbid again, st
least if-it is permifﬁed to standfin-contact with ite sediment,

A more desirable method of purifioatioo was souéht which would
produce -a better acid within the same 1enéth_of time as required by the
soda ash method, ‘

It was found that treating the turbid acld coming from the evap-
orator with about 8 per cent by weight of a 10 per cent sodium silicate
golution is a satisfactory method of purifioationu -

Analyses showed that the acid was only‘slightly-weakened by this
treatment while large amounts of the impurities were removed

The mechanism of the process is partly the mechanical dragglng
down of solids by the gelatinous mass of silicic acid formed in the

reaction of the sodium silicate with the crude acid, partly the
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precipitation of sodium silicofluorides and possiﬁly the removal of
very fine particles through settling éf slow—férming”.polymerié struc-
tures of silicic.acid which have entrapped the particles, .

Some advantages of treating with sodium silicate méy be listed as
followss . |

1, A sﬁperior produet is prodﬁced,

2, The settling time required is shorterb thereby increasinguthe
production capacity.:

3. The cost of pprificétibn is lower,

Likewise, some‘disadvéntageg ares

1, Less aecid is available from each ton evaporated due to the large
amounts, trapped in the gel mass and sludge, .However, these solids are
such tha@ they may be easily flushéd from tanks and paséed over a filter,
The dilute acid recovered could be. used in much the same way as the No, 2
and No, 3 overflows ar§ now used, .

2, An engineering problem is involvéd in that there must be .a way
of rapidly and thoroughly mixing fhe sodium éilicate into the acid:
otherwise the silicate coagulates in large lumps and.is less effective,

3, The acid is diluted to some extent, but this‘may partia11y~be .
overcome by using higher silica ratios in lesser quantities as indicated
in the experimenf with 5 mi, of 12 per cent (3,36) instead of the usual

10 ml,




- 37 -
VII, ACKNOWLEDGEMENTS
The author takes this opportunity to expréss his thanks to
Professor P, G, Gaines, Dr, E, W, Anacker, and Dr, L, H,-Johnson for
their help and suggestions, Appreciation is extended to the Anaconda

' Gopper Mining Company who furnished samples, data, and the grant making

this research possible,




(1)

(2).

(3)

(4)
(5)

(6)

(7)

- 38 = |
VIII, LITERATURE CITED

Hempel, €. A., (1949) - Chem, Bngr, News 27, 2420,

Hi11l, W, L., Marshall, H, L,, and Jacob, K, D, (1932) Ind, Eng,

Chem, 24, 1064, '

Hoffman, J, I,, and Lundell, G, ﬁa F,, (1938) J, Research Natl.

Bur, étandards 20, 607,

Hurd, c.; (1938) - Chem, Rev, 22, 403,

Official Methods of Anaizsis, sixth ed{ﬁioni P, 23,'Assobiation of

Official Agricultural Chemists, Washinéton9 D, C., 1945; “

Mellor, J, W., (1925) A Comprehensive Treatise on Inorganic and

Pheoretical Chemistry, Vol, VI Silicon, Silicates p. 322, Longmans, -

Green and Co., London,

Waggamen, W, H,, (1927) Phosphoric Acid, Phosphates and Phosphate

Fertiligzers, p., 200, The Chemidél Catalog Co,, New York,

I,

/‘/v..
yr fﬁ“%
’ //4""/(’//,. ! /’-‘//; .
The VAR

vy

]

s

100837




MONTANA STATE UNIVERSITY LIBRARIES

LIRS

3 1762 10056670 O

1
N378 4N Lig, 100897
St83p Street, Joseph C.
cop.2 The purification of

crude phosphoric acid
with sodium silicate

ISSUED TO

Givgen

MAIN Lig,
,Tm;am 5 -

e

NDT8

. ot83p
Qosz-

1nngay




