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INTRODUCTIOH.

This investigation was undertaken to find the best method of
preparing oxalic acid from sawdust, either by one of the methods
descriﬁe&bin the literature or a modification of it, The first

.work consisted in following the procedure recommended by a pre-
vious experimenter in order to become acquainted with the methods
which are now used and to discover their weak pointe. The procede
ures. used commerclally, and the exverimental work of Thorn, de-
soribed in "Utilization of Wood Waste" by E. Hubbard foPm the basis
of the work. UXTo recent literature could be found on the subject,
the work of Thorn having been done nearly forty years before, WVari-
ous commercial processes use slightly different methods; one uses
KOH alone in the fusion and precinitates Mgc204 by adding MgClz to
the K20204 solution; in another a preliminary fusion is carried on
in a vacuum at% 1800, folliowed by the regular fusion yielding a near-
ly colorless product. A4 process simllar to that outlined by Thorn
18 also used,

The heating of sawdust with KOH results in the production of
oxalic acid, OSince HaOH is much cheaper, 1t is desirable to sub-
stitute it for KOH =s far as possibles Thorn founé that a mixturs
containing 40% KOH and 60% NaOH by weight gave almost as good a
yield, when heated in thin layers, as pure KOH, The yield dropped
off rapidly with a decreasing KOH percentage below 40%. He also
fdund that the most satiafactony melt was made by using one part
of sawdust to two parts of lye, striking a balance between large

percentage yield from lye with more sawdust, and more organic im-



puritiee which are hard to remove if more sawdust is‘used. Soft
wood gives a better yield than hardwood, and pure sawdust gives a
better one than the lignose left after treating cellulose with HCl,
| APPARATUS

‘The fusion of sawdust and lye was made in a five inch iron
pan about'% inch deep. At first it was heated direetly with a
flame, Later a screen was placed about an inch below it. At the
last a second pan was used, the pan containing was the mix being
set on a screen in the other pan and a more even distribution of
heat obtained, The melt was stirred with a thermometer so timt the
temperature was wztched while the necessary stirring was done,
Suction filters with asbestos were used at firast, but later filter
papers were used without suction,

PROCEDURE

In the first four experiments, 25 grams of sawdust was used and
the pan was heated with a direct flame. In the next seven, 15 gram
samples of sawdust were used and in the last six, 10 grams, One vart
of sawdust was placed in the pan, two parts of lye were dissolved in
. three parts of water and stirred into the sawdust. THe mix was then
heated, the temperature going to about 110°C while the water was o=
vaporating, and then rising to 1709, when the reaction seemed to
start. The temperature was kept at 180 -- 240° for 20 -- 40 mimtes.
The melt was dissolved in boiling water;.the solution boiled down to
36° Be and allowed to cool., The Na,C,0, separated and wae filtered
out, dissolved in hot water and an equivalent amount of milk of lime

added to the hot solution. It was then boiled for an hour, the

Y]



CaC,0, allowed to settle, and the liquid decanted off, Wash water
was added and the suspension filtered with suction, Twece the equiv-
aient amount of 2 ghqzso4 was added slowly to a slurry made from the
precipitate, and the mixture heated gently for one or two houre. The
CaSQ4 was allowed to settle, the liquid decanted off through a filter,
wash water added and the suspension filtered with suction. The fil~
trate was evaporated down to 1l.116 specific gravity and cooled. The
-CaB04 which separated in asbestiform crystals was filtered out and the
filtrate evaporated further fo obtain oxallc acid, which coﬂid be nur-
ified by recrystalization. The yields in this method were low and a
change in method was thought to be justified. The change which was
tried came in the treatment after fusion. The melt was washed with

B Smail amount of cold water as is done in some.commercial methods.

Then instead of dissolving and adding milk of lime, the theoretical
quantity of H_S0, to react with the NapCo0, and the necessary water to

2 4
dissolve at 70° the H.C.0, formed was added. "The solution was then

27274
heated to boiling, Qissolving the oxalate with formation of slightly
ionized HyC0504. The solution was filtered while hot and some of the
organic impurity or hwms was retained on the filter., When the solu-
tion cooled, oxalic acid crystallized out, and the liquog was evapor-
ated to obtain more. The oxalic acid was then purified by several
recrystallizations as in the other process,

METHODS OF ANALYSIS,

The product of fusion was analyzed to determine the yield of

oxalic acid by the following system. The melt was dissolved in hot

water and the volume measured. 4 10 cé:%grtion taken out for analy-



8is, l0cc:of acetic acid added and the solution boiled to expel
002. Then 8cc of CaCl, solution (1N) was added, the vprecipitate
filtered out and transferred to a bheaker, After the addidion of
- 40cc of 3 N Hy80, the solution was boiled down. After cooling,
the CaS0, was filtered out and scraped into a crucible, with the
filter paper placed on top of it. The crucivle was ignited and
weilghed and the per cent yield of H26204.2H20 calculated from the
welght of CaS04.

The crystallized oxalic acid was analyzed for sulphate by the
following system. A sample of about half a gram of H20204.2H20
crystals was weighed out and dissolved in about 100 ce of water,

3 cc of dilute HC1l added and the solution heated to boiling. Hot
BaCl, solution (10 ce of 2N) was added to precinitate BaSOs. This
was filtered out and transferred to a crucible, with filter paper
placed on top. It was ipnited, weighed and the ver cent of sul-
phate in the oxslic acid calculated. A similar nrecinitate of Ba-
804 obtained by the same method was titrated with KM'nO4 and the
oxalate found assumed to be Ba0204. This would decompose to BaO
on heating, so the equivalent weight of Bal was subtracted from the
sulphate determination and amounted to less than 5% of the total
weight.

EXPERIMEKTAL RESULTS

Phe first two heatings were made with a mix of 20% KOH and
80% NaOH and were heated to 240° amd 2300 resnectively with the
flame in direct contact with the bottom of the nan. The melts burn-

ed up in a similar manner to the 10% KOH and 90% NaOH mixture which



Thorn tried. After the flame was removed at 240° and 230°, the
temperature kept rising ranidly and the mix turned black. The
temperature went up above 360° C and an inflammsble gas was evolv-
-ed, If the temperature had been raised only to 180°, it would pro-~
bably have been possible to heat the mixture successfully.

A 40 -- 60 mixture was next tried and was heated only to 200°,

A lumpy yellow-brown product resulted and was treated as descrived under
'J%ocedure. Very little oxalic acid crystallized out of the mother 1i-
quor of HoS80,. |

The next batch was a 30 -- 70 mixture of cqustic and was heated to

225° where the temperature rapidly rose to over %60° and the melt burn-
ed, A similar lot was heated senarately to only 160 ~- 1800 without
trouble. The product was treated as described in the Procedure, until
some HoCo04 crystals wers formed. They were mixed with asbhestiform
crystals of CaS0y. A&n attempt was made to separate the H202q4 by
dissolving it in Nazso4 solution, but it did not seem to dissolve much,
The residue was then.dissolved in a 1ittle hot water and on cooling

some HoCo04 crystalllized.

The fifth panful was heated with a screen about an inch below the
pan to spread the heat more evenly. It was a 30 -- 70 mix and was
heated to 210 -- 2200, cooled to 1250, then heated to 275° with no
anparent change taking vnlace. The melt was »nartly dissolved in water,
and lime added to the solution without crystallizing Ea20204 and re-
dissolving. Sulohuric acid was added and the oxalic acid crystallized
out as bcfore, There was some difficulty from the large amount of or-
ganic impurity, caslled humus by Thorn, which colored the product brown.

The total oxalic acid from this melt was not over four or five grams.



Thorn- alsp. found that the early addition of lime was unsatisfactory.
The NaOH solution obtained by adding milk of lime in the second so-
lution is quite pure and can be used for the next fusion, while that
obtained in this case is, like the original solution after crystalliz-

ing out Wa , contaminated with humus, It nust be calcined with

20204
gawdust and causticized with lime to make it suitsble for use again.

The original solution left some residue which was dissolved ih HoS0,
and some oxalic acid was obtained by evanoration and cooling.

In all the rest of the runs 40 -- 60 mixes of KOH and NaOH were
used. In the sixth one the eawdust was dried in an oven at 120° for
three guarters of an hour, then the warm alkali solution added and mix-
ed thoroughly. It was then heated with a gradual rise in temperature
to 250° when the mass solidified and the reaction seemed to be over.
The mix melted wh-re it was in cortact with the hottest part of the
pan at 170 -- 1809, When the temperature reached 2200 the whole mass

melted to a vasty yellow nlastic. The mass now occupied about half
the original volume, but if no% stirred “or a short time it was ex-
panded by bubbles of gas forming in it. The color gradually got dark-
er and after a short time the temmerature went up to 230° and very
graduslly to 2450 where the flame was removed. The temperature went
up to 2500, the mass got darker and finzlly solidified, The product
was 59.3 grams from 15 grams of sawdust and 30 of lye. It was dissolv-
ed in water, the volume measured, and two 10 ce samvles teken to deter-
mine the yield as described in Eethods.of Analysis. "he yield was 72%
which is lower than the 80% obtained by Thorn. The main solution was

treated to ohbtain oxalic acid crystals, but did no* give a very large



amount.

The seventh batch was heated to 220° on the fusion and the
yleld was 66.4%. The NagCs0 obtained by boiling down the solu-
tion was treated in a different manrer than before, It was weigh-
ed, the equivalent amount of H,80, to react with it, and the amount
of water necessary to dissolve at 70° the HyCp04 formed were calcu-
lated. A 159 excess of acid was mixed with the water, added to the

‘xaacao4 and heated to bbiling. .Anﬁther.ls% axcess of acid was added
as dilute ¥2804 and the Na,C,0, all dissolved. When the solution
éobléd, s&me'largo crystals separated out of the rather dark solu-
tion., The eolids were filtered out and some dark colored, slimy
pubstance was left on the paper with the crystals, The solution
wae evaporated down and when it cooled, some purer looking crystals
separated. The solution was cooled in a freezing mixture to -10° C
and some more crystals formed.

The next mix was divided into two parts and heated a shorter
timo, the first half taking a total time of about three huarters
of an hour and the second part only half an hour, The first part
gave 57% yleld and the second 40%, which indicates that the yield
is increased by lopger heating, Some of the solution of Na26204
was shaken with leler's earth to see how much color was removed,
but fhe decrease in color was not anpreciable. Aluminum hydrox-
ide was also found to be unsatisfactory as an afsorbent of the
colored impurities.

The ninth mixture was heated ome hour at 220 —- 240°, the

product was twice washed with 30 cc of water and filtered. The



residue was dried in an oven and weighed 19 grams. Twece the cal-
‘eulated amopnt of acid and the calculated amount of water (15 co
conce Hy804, 30 ce Hy0) were used and the solution filtered while
hot to remove some of the black organic matter, A larger quantity
of crystals was obtained than in any previous experiment.

Batch ten was heated with too large a flame to 245° and burn-
ed up. Number eleven was only heated to 2300 before the flame was
-removed but it also burned up. In both these cases the sawdust and
lye solution were mixed several days before the heating, Eleven was
not stirred enough before starting heating so that a liquid film
remained on the bottom amd a crust of solid lye formed Wheﬁ it was
heated.

Lot number twelve was mixed with only 10 grams sawdust and
heated to 220°. The product was broken up into small pieces in a
mortar and washed with 29-cc of water., Then 15 ce¢ of alcohol was
added to try its effect as a solvent of the organic impurities, but
it was only colored a light brown, while wash water became almost
black, This showed that alcohol is not a satisfactory solvent for
washing out impurities. The NaoCo04 was then treated with acid to
obtain oxalic acid, and the mother liquor, after being boiled down
several times, was titrated with 1 N NaOH and found to be 13 N in
acid; in which solution oxalic acid was neglizible. From this it
was calculated that there was 2.4 cc or about 15% excess of HoSO0g
added.

The thirteenth mixture was prepared several days before heating

‘and. was heated to 2309 before the flame was removed., The temperature



slowly rose to 245° when black snots began t0 apoear and the pan
was set in cold water to cool it, but the melt continued to burn
and wae spoiled.

Batch fourteen was heated to 205 -~ 2150 for about ten min-
utes, then to 238° until it was thought that the reaction was al-
most over. The mix was then heated to 2500 to see if that would
eause it to burn up when the reaction was nearly over., The flame
‘was removed at 2500, but the temperature went up to 260° at which
point cold water was poured in %o stop the burning. The product
wae treated to obtain oxalic acid and some was obtained which was
darker colored than usual. |

Humber fifteen was mixed et the same time as rumber fourteen
ané was lat stand tﬁo days before heating. It was heated to 2200,
the flame removed, then replaced and it was heated to 230° and the
flame again removed. The temperature slowly rose to 245C where
water was added to stop the burning. .

The next panful'was hoated with the pan set on a screen plac-
ed in another pan. The temperature was raised to 190 -- 205° and
stayed in that range for about 20 minutes. The 27 grams of pro-
duct was washed and treated with acid as befare,

The seventeenth batch was heated to 220° for a longer time than
the éreceding one and the product looked darker. Thorn states that

2t 240 -~ 250° the humus seems 0 undergo decomposition as shown by
a paler colored solution, and the yield of oxalic acid increases,
Apparently a longer heating at 2200 does not increase the yield

snd seems to0 inerease the dark color of the product. The melt was
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washed, dissolved in hot water (165 cc for 27 grams product) and the
solution boiled down to about 40 cc ani filtered, but no more was
done,.

The purification of the oxalic acid was started, dbut only one
recryata;lization wats tested for sulphate. It was found to contain
30% sulphate and was agzain recrystalllized. The qualitative test of
the oxalic acid obtained by the use of lime looked about the same as
that of the oxalic acid obtained by treating N320204 with H,S0, and
probably contains nearly as much sulphztes,

CONCLUSIONS

Since the oxalic acid must be purified from sulphate by several
recrystallizations, there does not seem to be mach advantage in ob-
taining a colorless product of Na20204 because the organic impurities
will be removed in the recrystallizations,

As a result of these experiments, it is recommended that a mod-
ification of the procedure outlined by Thorn which was tried only on
a small laboratory scale be investigated on a larger scales., A mixtue
of 40% KOH and 60% NaOH is dissolved in one and a half times ite weight
of sawdust. The mix is heated slowly in thin layers (0.4 to 0.5 inch)
t0 220 -- 240° with continuous stirring and even heating for about an
hour. It is twice extracted with a volume of water equal to that used
to dissolve the lye. The residue is ground in the second liquor, filt-
ered out and weighed., Assuming all the residue to be NapCps04, although
there are hydroxides and carbonites present, the eguivalent amount of
H.SO, is calculated and 1,7 times this amount is used. The 96% acid

2 4
is mixed with twice its volume of water, added to the residue and heat-
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ed to boiling. The hot solution is filtered amnd some coagulated or-
ganic impurities are thereby removed. When the solution cools, ox-
alic acld separates out and the solution can be decanted off and e-
vaporated down to obtain more crystals. The second crop may contain
more Na2304 and HpS50; than the first one. The crystals may be wash-
ed with a small amount of cold water to remove mother liquor and then
dissolved in hot water and recrystallized. The wash water of the re-
erystallization mey be used to wash the first crop and then the second
crop of crystals from the original solution, and then if it does not
contain too much Nay804 it may be used as the water to mix with the
Ho80, for treating the NagCp0y. After severzl recrystallizationms,
the number depending on the purity desired In the product, the ox-
glic acid is filtered out and dAried by suction and then in a drier

at not much over 60° C.

The solution obtained in washing the product contszins iye, car-
bonates and humus, and the second wash water also comtains a little
oxalate., The lye may be recovered by calcining with suwdust to con-
vert to Nazcos, lecaching and treating with milk of lime.

SUMMARY

The methods of making oxalic acid from sawdust were investigated,

A new method of recovery of oxalic acid from the fusion was pro-
posed =nd studied,

A process for larger scale use was outlined.





