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1. Introduction )

Altemnpts have been made to purify oxalic acid by

pwth of anhydrous singla cryatala from its solution
in acatic ackd. Even when using equipment [1]°
with precize control of solution temperture, good
erystals only up to 1 em in length eculd be grown
from glacial acetic acid. Larger crystals bacama
clondy owing to the inclusion of mother liguor.

The prodoction of anhydrous seed crystals Eﬁy
avaporation of acetle acid at 50 °C is rendered diffi-
eult, too, by an excessive nuclestion rate resulting
in the formation of polyerystalling olusters. How-
aver, it has been obaerved that a small quantity of
water, sbout 5 percent by weight, suppressss the
nuclegtion rabe and also produces anhydreoos seeds of
high quality, more nearly free from inclusions.

ater in excesd of this amount laads to the formation
of oxalic acid dihvdrate crystals, which redissolve on
Further evaporation with the eventuoal crysiallization
of nnhydrous oxalic acid.

Thus, the indications were that nguecus acetic
acld may be the better solvent for the growth of
large single cry=tals of anhydrouz oxalic acid.  Ae-
curate phase role date wers needed to determine tho
parmissible range of water concentration allowl
cryetallization wnd growth of ihe anhydrous aeld.
The ternary system gxalic acid/sgetic acid/water has
consequently been studied s deseribed in this paper.

Hill, Gmﬁden, and Hatton [2] have reported &
phase study of the system oxalic acid/aulfuric acldf
water at 3 °C'. The solution composition at the
mvariant point is given as 20.5 percent oxalic acid,
44 6 percent sulfuric aeid, and 34.% percent water.

1 Bubasibbed Ry bIr. Strasahiarper I pactio 1 I0UGDANE 0f Els Yequlenwnls be
Ll degres of Badesy ol 3edinge, Ceorzetown Unlrerity, Waskigeon, IO,
1 Figuoret ko Brackedt ibdloale Bbe libavatirs roforsmoet ot D end of Chis paper.
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The aolubillty of oxalie arid in  acetic

This system does not lend itsell to the growth of
large slngle eryatals of anhydrous oxalic acid bacouse
the required concentration of sulfuric acid induces
decomposition of oxalic acid in solution. Knpox and
Richarda [3] have measurad the sclubility of oxalic
acid in water solutions of acetio acid. Their work
did not extend to eoncentrations of acetic acid with
which anhydrous oxalie geid is in equilibrimin.

2. Reagents and Apparatus

BReagent-grade oxalic acid {both anhydrous and the
dihydrate) and acetic acid werc used to prepare all
solutions, Aseays of the hydrated oxalic acid de-
termined its purity to he 99.97 percent. The acetic
avid was assayed ut 09.22 percent ; the remainder wag
asgimed to be water, No speciol steps were taken
to remove this residval water because it was not
sagantisl for the study to include eompletely snhy-
drouz conditions. The normel laboratory supply of
diatilled water was used,

The various mixtures of the three components
were contained in 250-ml Florence flasks modified by
gttaching inner 24/40 standard-teper seals at the
neck. Stopper caps constructed of the outer senl
allowed the uee of a sesling grease without danger of
contamination. Staloless steel retginer springs in-
gurad & secure seal beteeen flask and stopper cap
and the cuter air space, indicated in figure 1, pra-
vented influx of thermostat water.

The =solution flasks were =upported in a water
thermastat of 13 gal capacity. A disgram of the
asgembled apparatos, shown in figure 1, indicates an
upper zupport position used while sampling the
equilibrium mixtures and & lower position used in
attaining equilibrium. In the latter euse the flasks
were clamped around a center post ahout Y in. from
the bottom of the baith, A maximum of five flasks
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could be accommodated in e%‘uiwlent positions.
Each flask contained & Kel-Fconted magnetic
stirring bar and continuous stirring was provided by
individual megnetic stirring motors mounted under
the thermostat below each flnsk,

The controel of thermostat temperature was
achigved with equipment of the type developed by
Ransom {4], based on the principle of 'a _time-
modulated power supply in which the heat applied to
the system is in direct relation to the departure of
temperature from the desired point. The bulk of
the heat was supplied to the bath by a large con-
tinuoue heater, the sensitive control heat by two
Nichrome-wound finger heaters. The bath tempera-
ture waz phaerved with a Beckmana thermometer and
was controlled to within £0.004 °C. The Beckmann
theymometer was ealibrated with a platinum resist-
ance thermemeter which had been 1ously
calibrated at the National Bureay of Standerds.

Electrometric titrations were performed with s

H meter, Beckman Model G, equipped with external

3. Experimental Procedure
3.1. Sample Freparction

The eaturated solutiona swere prepared by mixin
the appropriate proportion of acatic acid, water, an
tha excesa ouelic acid necessary to saturate the
solutione and provide excess golid phase st the desired

temperatyre. The mixtures were heated well above
thig temperaturs natil eomplete dissolution of the
excess oxalic acid was achieved and then were placed
in ihe water thermoeetat and allowed to erystallize
while being contitnously stirred. Saturation equi-
librium was achieved E]:}l'eallowing each flaak o remain
at least overnazht in cohstant temperature bath,
The stirrer of that solution to he analyzed was
turned off, and the crystalline material was allowed to
settle for a period of approximately 2 hr. The fask
was then razed from the bottom and clamped into
position near the top of the hath s0 thai only the
neck protruded above the water level and through
the hole 'Fr"ﬁdEd in the lid (samphng pesition 1n
fig. 13. This procedure allowed the solution flaska
to be completely irnersed in the thermostat until
just before gampling.

A pipet was used to remove samplee of clear solu-
tion which were placed in weighing bottles and

stoppared Eilhl:zckl;,?. The pipet was preheated to
avoid erystallization while transferring the samples,
The sglurry was sampled by withdrawing a portion

of solid-plus-liquid into a piece of preheated 6-mm
glass tubing and transferring it gquickly mfe a
weighing bottle, Three =anples of the liquid phase
snd one sample of the solid-plus-liguid mixture wera
remdved. ‘The solution was replaced at the botiom
of thes water bath, and the procedurse was repeated
in & day or two for each solution mixture.
Schrememakers’ “method of wat residues” [5], ns
described by Ricei [6], was tha procadure followed for
the determination of tie lines and the composition
of the solid phese. The tie lines were determined b
analyzing the saturated solution and also a snmiple
of the solid phase mixed with the motherliquor
golution, Thess two soalysea weare then points
fixing a line joining the liquid and solid phase
compositions.  Graphical extrapolation of the tie
linge to their point of misresection determined the
oompozition of the solid without the necessity of its

separetion from rmother liquor and of its drying .~

preparabory te chemical analysis.

2.2. Analysis

Since it waa necessary to make a compleie analysis
on each sammple, a procedurs was devised to allow
cormnpatibility between titration for total acld with
sodium hydromde and tit.l‘&t%?n for oxalate lwit.]l
poiassinm  permanganate. reliminary annslyses
showed that acid-base indicators {phenolphthalein or
thymol blue) as well as the indicator solvent inter-
ferad with the permsanganate titration for cxalic
acid. For this reason, the samples were analyzed
electrometrically for toial acid ﬁrea&nt by titration
with sodium h}'i'oxida uging & pH meter (andpoint=—
9.0). The samples were reacidified with sulfuric
acid end titrated hot with permanganate for per-
centage oxalic acid. FPercentage water was cal- .
culated by differance.

The proceduts used for the preparation, storage
and standardization of the sodium hydroxide an
El;smsimn permanganste solutions is deacribed hy

Ithoff and San i*]. The eodinm hydroxide




(approxdmately 0.2N} was stq‘::ndn.rdized with NBS | Tanim 5. Soluldfity of o?:aifc actd in a;:eh'c acidfwaler solu-
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Analytical data at 50.21 °C} mre given in table 1 124z oo 2 H
and the phase disgram is shown in figure 2. All 12 10 ekl fo. 53 H
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the aqueous side of this point, the solubility of oxalic
a¢id incregses continuonsly to a maximum in water
alone. On the anhydrous side of the solubility
minimum, a rapid increase in solubility occurs until
the invarient point is reached, foilowed by a dacresse
until completely anhydrous conditions are reached.
The tie lines all extrapolated to the theoretical diby-
drate or anhydrous composition with good precision,
nlthou&lll tiaa large extrapolation from two (or some-
ree

times ints 1= not very accurate.
Limited data for the 40 °C isotherm are given in
teble 2. Whila the phaaa relationshipe at this tem-

perature were not eompletely explored, the date show
the influence of temperature on the crystallization of
anhydrous oxalic acid in the presence of water. The
maximur water content which sllows erystallization
of the anhydrouz form decreszes with decreasing
eryatallization temparature.

Takte 2, Solublfly of exalic avid in acelic acidiwoler solue
finma; B2 04 0008 70

(COsHy | Tl | 10 |Sulld pliasa
n % L it 9 '
17, B 0,0 BE W n=
13. B8 4, 7 44,127 1]
12. 28 48 .24 3. 48 H
11. 5 374 473 n
10 87 B=. 48 L] Ab

Tl ] a2 BTy
b w (OO

As expected, the solubility of oxahc seid in acetic
acid is less than in water. When appropriate cor-
rections are made lor the small differences in tempers-
ture, the resulig for tha solubility of oxalic aeid in
water compare with the literature values 5, 9] at
least as well as the various literature values compara
with each other.

The second set of analvses usually reproduced the
first zet quite well, showing that equilibrium was
reachad belore the first snmphng, and that day to dey
variability was negligible.  IT the difference between
the mean waloea of the twoe ndividual sets excesded
the standard devistion of g single set, additional
analyses wore made. Each value in tables 1 and 2,
therefore, repregents the average of at least aix
independent deibermminations. The caleulated atand-
ard deviations for a single determination, indicating
the reliakility of each mean valuze, hava the following
average values: {CO.H), 002; CH,COH, 0.03;
water, ).04.

The phase diagram can ba utilized to explain the
enrlier observations of consecutive cryatallization of
the dihydreate and snbydrous forins ol exalie acid
whieh oceurred during sced prowth by evaporation.
Published vapor-liquid equilibrium data for the acatic
ncidfwater systemn, at wvarious temperatures down

ko 22 2 [10], show that aver the entire concentration
renge the ratio of water to acetic acld iz alwa
preater 1n the vapor phase then in the liquid. ﬁ:
can reagonably assume that o similsr relationship
holda for the solvent in this ternary aystem, snd that
evaporation of the solvent will proinote continuous
enrichment of acatic acid in the liquid phase,

If a syaterm of acetic acid and water saturated with
oxalie acid contuins more than 5.2 percent water, as
represented by point A {fig. 2) for example, the total
composition of the ayetem may be expactvar{ to follow
a line such as AB as the solvent is evaporated.
Evaporation will in this ense, result in crystallization
of the oxalic aeid dihydrate and ita eventuel dissolu-
tion by the time the dihydraie saturation curve is
sgain reached. Subsequent evaporation will under-
saturate tha solution with respect to hoth solid
phases until the anhydreus seturation curve ia reached,
wherealter (upon further enrichment of solvent in
acetic acid) anhydrons oxalic acid will erystallize.

8. Conclusions

Anhydrous oxaiie aeid will crystallize near 50 °C
rom 1t= soluilon 1o acetic acidfeater mixtures
rovided the water concentration of the solution
pes not exeeed 5.2 percent. Crystallization of the
anhydrous acid at higher temperatures may poasibly
be achieved over u still grestar ranga of water con-
centration if necessary. The invariant point of the
system at 50.21 °C was found ut u selution composi-
tion of 2084 percent (CO.H},, 73.88 percent
CHLCOWH, and 5.17 parcent watar.
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