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I Introduciion

Caustic soda is one cf the more important heavy chenicals and
has wide industrial use. It would probably have grester use, if it
were not for its high present cost.

Trone is a combination of Naj,00,, NaHCC,, and H 0. The formula
io whichk it most nearly corresponds is Na,CC,.NaHCO,.2H,0. There
are large naturel depceite of trona in verious parts of the world.
Large quantities are crystallized from Cwen's Lake, Inyd County,
California, during the summer months. There are severs) plants arcund
the lake for this purpose &nd the preduct is relatively cheap. This
rew meterial offers the possibility of producing caustic soda at a
lower cost provided a suitable process can be developed.

The quantities of the various salts in the brine have been estimated,
in ailjions of metric tons, to be ss follows: Na, (O, — 46.6; NaHCO, —

11.08; Na,S0, — 10.4; NaGl — 51.5; KC1 — 5.55; NagB,0p — 3.55.%

II Previous Work
There have been twc methods used for making NaOH from Ne,CO,.
The most used method is by csusticizing with Ce(OH),. The other method
has had very linited use and ie known a8 18wig's process.
The foilowing desceription of Lwig's proceses is from Lungez (Brit-
ish patents 7364 of 1882, 591 of 1897, 4227 of 1897, and 1974 of 1887).
1Chemica1 and Metallurgiéal Engineering, 24 (1921) 683-8.
. See slsc: Lunge, Sulfuric Acid and Alkali, veol. 2, part 1, 71-7.
Jour. Am. Chem. Soc., 28 (1906) 1164-7C.
2Sulphuric Aeid snd Alkeli, vol. 2, part 2, 821-3.

See alsc: dJour. Soc. Chem. Ind., 2 (1883) 280.
' 16 (1887) 1015.



| Aﬁ inﬁimate‘mixﬁure of sodium carbonate and ferric oxidg;‘when ex—
p;éed tec a bright red heat, expells CO, and sodium ferrite (NaFeC,)
'is formed, which is quickly decompcsed by hot water into NaOH and
Fég 5+ ‘Thé Fe 0, must be yﬁre, especially free from alurina end
gilica, and is used as a granular powder. The heating is done in
two stages, the first being at a cherry-red heat for % of en hour,
whicﬁ y?epares»a mass held together by fused sodium carbornate — it
ié then powdered, well mixed, and hgated in a nuffle for another
-'% of an hour, by which time all of the €O, should be driveﬂ‘off.

~ The melt is dark gfeen, beavy, hard and of a sandy ard grainy tex—
~ ture. The mass is then washed with cold water tc remove soluble
;‘impurities, after which the NaQOH is leached out Qith hot water at
'& temperature of 70-80° C. The leaching takes about a half hour.
 On cocling, a few flakes of Fe 0, Settle out. The Fe 0. can be
used over and cver agein. The process immediately yields & caustic

solution of epecific gravity 1.32 — 1.38. Liwig®

later found that
' the process is practicable only with a very pure soda, the iépuriﬂ
ties preventing an intimate contact of the Na,CO, and Fe,0,, and
their fusion preventé the escape of CO,. It is necessary to re-
move the CC, or tbe resction &culd scon he stopped by the atmos—
phere of the pure CC,.

Precipitated Fe,0, is not suitable for the process, since it

‘yields & ferrite difficult to extract, on account of the cxide being

seperated as a fine mud4.

(1888) 122.

2:566 slsc: dJour. Soc. Chem. Ind.,
(1883) £80.

fro 1=

Jour. Soc. Chem. Ind.,



The article on British Patent No. 45645 stetes that ;o}uble i~
gurities rencved by the cold wash are "Na,SC,, NaCl, Na,CC,, etc."
| It was decided to try the ngig process for several reascns.
.The ngig process yields a seclution of specific gravity 1.32 - 1.38;
the lime process a specific gravity of 1.075 — 1.3100. A much purer
. product is secured by the ngig process for the commcn impurities in
NeOH made by the lime process (NaCl, Na,S0,, etc.) are removed by the
éold washing. The main disadvanisge with the ngig process is, sppar—

ently, that of the heat required.

111 Experimeﬁt&l

A gqualitetive analysis6 of an aversge ssmple of trona showed:

Nat large amount
g noene

ca™  small amcubt

003= large amount

S0,  about 1% (estimated as SO,7)
c1™ about 2% (estimated as C17)
B,O7 possible trace
There was & relatively smsll emount of dirt, imscluble in acid.
In all succeeding work the trone was dried over conc. H.S0,.
Sulfate was cdetermined grevimetrically. A known weight cf
trons wee dissolved in water, acidified with cepec. HC1l, heated to

destroy HCO,™ and COsz, filtered to remcve insclubles, and finally

the sulfate was calculated as SG4= and results were 1.98% and 1.92%.

5
Jour. Sce. Chem. Ind., & (1887) 438.

8 Method of A. A. Noyes, Gualitetive Analysis, 8% edition.



‘The insoluble material in the sulfate deterrination was filter—
éd.thfu previcusly dried and weighed filters. The filter papers
and residues were dried end weighed. The insoluble matter thus
fourd was 1.36% and 0.53%.

Na,CC, and XailCQ; were determined by the following proc}sdures.
. Totel alkali wae determined by acdding an excess of standard HC1 to
a solution of the semple, beiling to drive off CO, and then titrat-
ing the cold solution with standard bese for excess acid, using
methyl crange as an indicator7. To determine NedCC, an excess of
standsrd bese was added to a soluticp of the sample. The carbonate
wae then precipiteted with BaCl, end filtered off. The excess base
wae then determined using standard HCY with phenclphthalein as indi-—
cator. This method was not entirely sstisfactory as & few very fine
particles of BaCC, would come thru the filter and were not removed
by repeated filtration. Boiling before filtratior did not help.
However, the same smount of these particles seemed to be present
after the end—point was resched as when the titration with'the ecid
wee sterted. Na, 00, is calculaﬁed by difference between total al-
xali and NaHCO;.

7 consiste of adding

The determination of CI™ volumetrically
ferric emmoniunr sulfate to the solution and & few drops of standard
KCNS te impert a red celoraticr. Standard AgNO, is added until the
solutior is decclorized and then & few additional drops are added.

The AgCl is filtered off and the filtrate snd washinge are titrated

with KCNS for excess AgNO,. Several analyses gave widely divergent

7 Method from Solvay Pulletin No. 3.



fesdlts. It was then fbﬁnd that the colcrstiior disappesred before
all of the chloride had been precipitated. This method was there-
fore rejected because of the difficulty of determining whether or
not 11 the C1~ had been precipitated without adding e large ex—
cess of AgNC,. It was thought that K, 0r0, would be & better indi-
cator.

The firetl run was made ueing 19 grame trene and 27 gresms com—
mercial Fey,0.. The mixture was placed irn an iron crucible and heat~
ed with Tirril) bturners fer 25 minutes. Judging by the appearence
there seemed to have been a small conversion tc sodiur ferrite,
lesving muck unccnverted carbonate. The mess was heated at a high—
er @emperature for an additional hour, at the end of which the
conversior appeared much larger. The mess was then removed Pfrom
the cruciltle (it was fourd necessary to use & hammer end steel
spatula to lcosen the material), pulverized and placed on an as—
bestos suction filter and washed with 30 cc. cold water. Hot
water (40 cc.) was then passed thru the filter with apparently no
effect. The mass wae transferred from the filter to a beaker, the
hot filtrete edded and heated for 25 minutes at a tempersture of
70-95° C. and then refiltered thru asbestos. The filtfate col—
tained & smell amount of Fe,0,. Repeated filtering thru quantite~—
tive filter papers did not entirely remove it. The Piltrste was
diluted to 100 cc. and portions were esnalyzed for total alkali and
for NaCH, Na 0O, being cbtained by the difference. Total alkali was

determined by titrating with standard HC1 useing methyl orenge as indi-



céton. NeOH wes determined by precipitating the carbonate, filtering off,
and titratiug for NaOH using stsndard HC1 with phenolphthalein as
indicatar.a The analysie showed 5.6% Na,CO, and 0.98% NeOH. The re-
sult for Nag 00y was calculated as & percentage of the Na,CO, which
would be present if all the sodium were in that form. The result for
“NalH was calculated in a similer manner. In ths anslysis given above
this means that 5.6% of the totsal sodium was prssent in the hot leas
as Na,C0,, ond 0.98% was present as NeOH. Thie 1Pt 93.38% (100 —
5.8 — 0.99) of the total sodium unaccounied for. It may have been

in the cold wash or it may have romainsd with the Fe,0, residue.

A1l the rezults in the following enalyses zrs given on this basis.

It mizht be said here that, in this and all succeeding runs {unless
noted), a clear filtrate was obteinsd when the precipitated BalO,

was filtered off for the NaOH analysis. Qualitative tests showsd

the presence of apprecisble emounts of €17 und 50, .
The second run was made using lavzer quantitise of trona angd
commercial Fe,0, — 30 grams trona, 33 grams Fey0, (107 excess over
theoretical). The mixture was placed in a crucible and hested as
in the previous run for 45 minutes. There s2emed to be but little
conversinn snd practically no tendency to fuse. The second heat-—
ing of the mess was for ons hour. This time u Maeker burner was
used and the crucible snd burner wers surrounded by szsbestos form
ing an air baih which geva a much higher temperaturs. Judging by

cppearance, a Pair conversion was obteined — also there secmed to

Yethod from Solvey Bulletin No. Z.



‘have been some fusion during the aecond hesting. The mass was trans—
fer~ed Lo u beaker, 55 co. of cold water was added and ellowed to
~stand over night. After filtering thru asbestos the filtrete had
-é little Fe,0, which was filtered out thru a filter pzper, the re-
suliing filtrate being clear and having a yellow color. On stsnd-
ing for some time & precipitafe asttled out which on filtering wes
found to be light yellow in color. The filtrate was still yellow.
Aralysic showsd the solution to heve 7.7% NeOH and 23.0% Ne,CO,.
Hot water wae passed thra the filter. No epprecisble change was
seen in the smoant of the precipitate but the watsr, on analysis,
ghowazd 0.07% H¥aOH and no Ne.,COze After analyzing the cold wash wa—
ter some of it wae heated to boiling for several minutes. A light
yellow crystalline precipitste settled out snd the yellow color
remained in ths solution. The mixture, after the cold wash was
Tiltered off, was traneferred to & baaker, 45 cc. of hot water was
added and kept at a tempersture of 80-95° C. for 40 minutes and
wag then filtered. The filtrate was freed from Fe,0; by & second
Piltration {thru paper) and snalyzed. The snalysia showed 3.2%
NeOH and 3.3% Ne,CO,.

At this point references were found indicating that the natur-
8l iron oxide should be used. However, the third and fourth runs
were made with the commercial Fey0,, to see what effect, if any,
strong heating of the Fe, 0, before use would have on the results.
The Fe,0, used ia run No. 3 was strongly hesteld in e muffle fur-

nace for 35 minutes hefore use, whereas that used in run No. 4 was



not heated. In these runs, and the succeeding ones, challow iron

¥ o8

gl

p@ns; rather then iron ¢rucibles, and s muffle furnace, hmvin
euction drafi to remove the guses formed, wers used. In other re—
spec%é, these runs were similﬂr to No. 2. Apsalysis for totzl al-
kali in the hot leaches showed 3.6% in Wo. 3 and 7.7% in Yo. 4.

While waiting for some red heemstite to srrive & couple of
rﬁns were made using heated limonite (2?3205.5H20). The limonite
Qas crushed «nd heated in e muffle furnace to & bright red for
1% hours. The hsating changed the limonite from z yellowish browm
color to » dark red. Thirteen grams of trona were used with 15 grams
of the hesied limonite, corresponding to 10% excess F2,05, on the as-
sumption Lhat 211 of the water had been driven off from the limonite.
The mixture was heated at a low red for 45 minates, was pulverized,
and heated Por 40 minutes nt n high rel heat. Cold water {45 cc.)
was added to the mixture »nd it was allowed to stand over night.
The cold wash watsr was filtersd off thru asbestos and then f£il-
tered thru paper to remove = little Fe,0;. The filtrate dame thru
cleer and was yellow in color, but on stunding becams cloudy. A

gsecond filtration cleared the solution but it again becsms cloudy

moved the cloudinesu and left a clesr yellow solution. & little
KCNS was added giving & dsep red coloration. The y=2llow residues
on the Pilter paper were apparently inscluble in hot water but
dissolved rendily in dilute HC1 end gave = deep red coloration with

4CNS. The yellow coloration wes apparently due to colloidal iron.



: The analysis of tha cola wagsh water was not made. The hot leach
showsd, on znalysie, 10.8% NeOH and 26.5% Ne,C0g. The hot leach
golution wes very slightly yellow and gave a test for iron.
The gixth run was aimilar to the £ifth, reutilizing the
Fe,04 from the Pifth ran. After adding cold H 0, the mixture

stood for several days. Anelysis showed (in percent):

WabH N&acos Total alksli
cold hot. total cold  hot total
wesh leach wash Yeach
19.8 18.0 386 £8.1 15.1 43.2 81.8

The cold wash was yellow in color and it was found thast by boil~
ing for S %o 10 minutes, sooling and ®iltering, a clear, color-

less solution could be obtsined, which did not cloud up on stand-

The seventh snd eighth runs wers made at the same time &nd
similar to the pravious run. Fed haemstite (Fe,0,) was ueed in
both runs. HRun No. 7 used 10 grams C.P. Na,C0, with 17 grams of
hasmatite while run No. 8 usaed 14.5 grems trona (Nan content
was thz ssme as in the Nazcos) and 17 grams haematite. A second
hot leach of 2 hours durstion wes made to see if it would account
for any mors alxali.. This second hot leach (and all subsequent
lsachings and washings) were made in & beaker, ueing e¢n inverted
'T! gtirrer driven by a small motor. This gave continusl stir-

ting instasd of oceesionsl stirring by hand as in previous runs.
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The rasulte of the analysis werss

NaOH
cold © 1st hot 2nd hot total
wash leach lench
No. 7 C.P. Na,00, 2.4 37.5 0.0* 39.9
Ho. 8 tronx 0.8 33.0 0.7 34.5
Na,C0, Total Alkali
cold  1st hot  2nd hot  totel
wagh leach leach
No. 7 Nay0C, 7.0 17.5 16.7% 40.2 80.1
No. 8 trona 4.7 15.2 10.3 30.2 64.7

X Probsble loss dus to spattering.

The ninth «nd tenth runs wers made together — No. 9 using ths
Pe 0, from No. 7 with C.P. Na,00, and No. 10 using the Fe,0, from
No. 8 with trona. The time for the cold wash was raduced %o 3 hour
and the hot lesch was lengthened from § hour to 2 hours. Except for
the conditions noted, the rans wers made the sams ss the previous
rane. The snalyees on the runs wers spoiled zo that no results wers
obtained.

Runs Yo. 11 snd No. 12 were made together and were made the
seme 58 No. 9 snd No. 10. FRun Yo. 11 used C. P. Na,C0, with the
Fe 05 from No. 10. FPFoth the cold wash and hot lesach waters had %o

be boiled to frse them from iron. Anelysesz for the runs showed:



NaOH
cold hot total
wash leach
No. 11 C.P. N2,20,* 0.3 20.4 20.7
No. 12 trona 13.4 41.7 55.1
Na,CO, Total Alkali
cold hot total
waizh leach
No. 11 C. P. Na,00, 4.8 8.1 12.9 33.6
No. 1% trona 18.0 10.6 28.6 83.7

X
very small loss due to breaking botbtom of iron pan while
traneferecing to besker after heating.

The solutionz Prom runs Wo. 7 to No. 12 inclusive were tested
quelitetively for chloride and sulfats. The N2,00, runs showed no
sulfate and only a trace of chloride, due to the resgents or water.
With the trona the ho* leaches appeared to hsve about 0.1% esch of
chloride =nd sulfate (estimated as C1~ and 504:) while the cold
wosh waters in general showed from two to four times as much chloride
and sulf2te as the hot leaches.

Ther= still scemad to be & considerable loss of alkxali and an
appreciable amount of the NaOH is obtained in the cold wash. It was

thought that when working with large gquantities it would be possible

to cul down on the amount of cold wash watsr used with the rasult that

the amount of NaOH removed by the cold wash might be decressed. Runs
No. 13 and No. 14 were made together, run Wo. 13 using three times as

muck C.P. Na,CO, as in No. 11 and run No. 14 uzing three times us

11

much trona as in No. 12. The excess of Fe,0, over theorsaticsl requir-
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'ed'was increaged from 10% to 20%. Iron crucibles were used instead
of shallow iron psns. Fifty cz. of water (ssme as for pravious
runs) wes used for the cold wach.  For the hot ie&ch the wster used
wae increased from 30 cc. to 70 ce. It was necessary to heat both

cold washes and hot leaches to free them from iron. Ansalyses showed:

NaOH
cold hot total
wash  lesach
No. 12 C.P. Fa,l04 1.0 7.5 8.5
No. 14 troana 3.7 1b.4 18.1
Ne,CO04 Total Alkali
cold hot
wash  leach  total
No. 13 C.P. Na,C04 22.4 11.z 33.6 42.1
No. 14 trona 32.4 16.7 49.1 68.2

Qualitative tests on No. 14 chowad considerable chlcride.and sul-—-
fate in the hot leach, but sbout one—quarter to one-half ze much
g2 there was in the cold wash.

Runs Mo. 15 =nd No. 16 were made the seme as No. 14. Both
rure used about 20 grams tronz (No. 14 used 43 grams trona).
Run ¥o. 15 was heated for £ hours, No. 16 wes hested for 3 hours,
whereas No. 14 was hested for 1 hour 26 minutes. Shallow iron pans
were used in thess runs. Considerable trouhls was caused by the

stirrers sticking while making the hot leuchss so +het the water

ws8 in contact with the mixture much longer than 2 hours. However,



the water was kept at 80-95° C. for only two hours. The cold wash

waters were boiled sgversal times, about 10 minates each fime, but thet

from No. 16 did not lese the yellow color <ue to the colloidel iron.

At the end of 39 minates

(the total time of the boiling) “he cold

washes were filtered and the filtrate from No. 15 was then anslyzed.

“The filirzte from No. 15

additionsl ¥ minates, cooled and filtered. The filtrate was

yellow.

from the colloidal iron.

(still yellow in color) was boiled for an

Previously 10 minutes was the maxinum tims regquired !

still

Analysis of this solution was then mads,

after precipitating the csrbonate {as BaCO,) no trace of the yellcw

color vould bs seen in either the filtrate or the precipitate.

lyses of these two runs showed:

cold
wash
No. 15 0.09
No. 15 0.00

No. 14% 3.7

cold
whgh

No. 15 8.5
No. 18 7.2

14% 32.4

1st hot

lerch

28.2

14.2

18.4

1st hotl
leach

9.6

14.9

16.7

NaCH

£nd hot
leach

0.00

0.00

Ne,CO,

Znd hot
leach

16.5

9.3

XRun Ho. 14 is given hera for

total
223
14.2

18.1

totﬁl
87.6
31.4
49.1

conv shience.

Ana~

Total Alkali
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In thess itwo rune the BaCO, precipitate came repeatsdly thra the £il-
ter as mentioned under the analysis of the trona for Na,00, and NsHCO, .
A gqualitativa analysie showed for both No. 15 and No. 18, thet practical-
1y all of the chloride was removed by the cold wash. In run No. 15,
the cold wash removed from 2 Lo 4 times as much sulfete as was remov—
'ed.by the first hot leach, while in run No. 16, the cold wash remov-
ed from four to five times as much sulfate s the Pirss hot lesch.
The second hot lezch of both No. 15 and No. 16 showed a trace of sul-
Pate.
IV Summary

"

The Lowig process has bsen studied with refersnce to its adapt—
ation for dse of trona as a raw meterial. The following conclusions
hzvs been reacheds

1. Commercisl Fe,0,, which is obtained by caleining precipi-
tated Fe{OH),, is unsatisfactory for this process.

2. Limonits, heated before use, and rad haematite give about
the same rasults.

3. The cold washing, for the purpose of removing impurities,
is unsstisfactory.

4. The hot leaching for the racovery of the NaOH would be
satisfactory if the cold washing removed the chloride, sulfste,
and cesrbonate.

5. Coclloidsl iron muy be separated by boiling from 5 to 10

minutes, cooling, and filtering.



6. Such impuritiesz as are found in the trons do not hinder the
prbceés as shown by compurative ~une with C.P. Na,CC,.

7. The conversion has bsen unssiisfectory, renging from 19.1%
to 5%.1% in the experiments using trona and red haematite.

8. The process is impracticeble without further work.- If the
- conversion &nd cold washing can be improved the process would prob-

ably prove to be practicabls.

15



