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INTRODUCTION

Each year, in every country many tons of cellulose materiel
i1s burned or is otherwise wasted. In the present processes of
reyon nanufacture, large quantities of degraded cellulose find
their way to waste heaps, or they are burned to recover their po-
tential soda ash content. The same type of degraded cellulose
waste materiel is found in the effluent solutions from the brewing
industry, the cellophane industry, the ethyl-cellulose industry,
the wood suger industry, and from the manufecture of soda-pulp for
paper menufacture.

It has long been recognized that these solutions contain com-
plex soluble mixtures of orgenic compounds derived from the degra-
dation of cellulose. Such materials are most always found in the
form of the sodiun salts of hydroxy-orgenic acids, or, in the case
of the brewing industry, in the form of aliphatic diols. The grow-
ing industriel importence of such compounds has quickened the efforts
of many investigators toward work.on their recovery.

This interest has been enhanced by the insistence of State
Conservation Departments that the stream pollution formerly prac-
ticed shall be discontinued. Such efforts demand lerge capital ex-—
penditures; the operatlon ard meintainence costs of such processes
are likewise high. The reduction of these costs through recovery

of valuable products heretofore discarded is clearly within the
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province of the chemical engineer. This thesis presents a prelim-

inery investigation of the nature of some of the products of pre-
gent industrisl velue thet one may expect to recover from such waste

solutions,



LITERATURE REVIEW

It has been knowvn that cellulose has a stronger resistance
toward alkaline solutions than acid solutions. However strong alka-
line solutions at high temperatures will dissolve cellulose to an
extent depending upon the alkali concentration, the tenperature,
and the pressure used.(l) If the cellulose is treated with strong
alkall solution in the presence of air or oxidizing reagents, the
cellulose will be degradéd with the formetion of a lower molecular
’ weight cellulose choin. This reaction is utilized in the prepara-
tion of regenerated cellulose fibres in the rayon industry.(z) This
reaction is considered to be a speciel kind of oxidation.(3) The
chenical mechanlsm of the oxidative attack by strong alkslil is not
clearly understood. It has been explained by H. A. Rutherford end
¥. Harris(®) thus: ®It would appear that the attsck on cellulose by
oxidizing reagents would be confined to three points in the anhy-
droglucose residue of the cellulose chain: (1) The aldehydic end
groups of which there are few if any in native cellulose could be
oxidized to crrboxyl groups. (2) The primary alcohol groups cowll
be oxidized to the aldehyde group or carboxylic acid depending
upon the oxidizing conditions. (3) The glycol group (the 2,3 dihy-
droxy group) of the glucose residue could be oxidized with the for-
mation of ketonic, aldehydic, or carboxylic groups depending upon
the course of the reaction.* Typical possibilities for the pri-

mary attack are formulated by H. Mark and M. Harris.(z)
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The action of strong alkali solution toward cellulose at high temp-
erature and high pressure has been investigated by former workers.
(5)(8) They found that cellulose can bhe completely dissolved in
sodium hydroxide or potassium hydroxide solutions.

In 1871 and 1889 Hopre and Seyler(S) treated Swedish filter
paper with alksali about 9 N, The cellulose went inte solution at
200-240°C., with the formation of about 360 c.c. of gas per gram
of cellulose., Most of this gas was hydrogen (86-8%); the soluéion
contained formic, acetic, and other fatty aclds, Later Fischer
and Schrader treated filter paper with 47 grams of 4.1 N KOH and
27 grams of 5.0 N NaOH per 100 grams of cellulose at temperature
2oo-soo°c.. A guantity of COp equivalent to 9.3 grams per 100 grams
cellulose was obtained and about 20 grams per 100 grams cellulose
was obtalned as formic, acetic, and lactic acid. The hydroxy-acids
have been found in larger quantities by Fischer and Schrader.(7)
Oden and Lindberg(5) reported that when the mixture of cellulose
and caustic soda were heated in autoclaves to 372° C, pressufe at
241 atmospheres, a yellow to brown, quite transparent solution was
obtained., This solution had a strong odor of methanol and mesity-
lene; 1t contained methanol, acetone, and various salts of organic
acids., Oden and Lindberg(s) suggested thet the first stage of
decomposition was the splitting up of cellulose into glucose which
is knomn to yield lactic acid and in turn, the lactic acid would

discociate into ketones by further reaction with caustic solution

according to the following reactions:






2CHCH(OH)COONa + 2NaOH—— (CHz) 5C0 + 2ayC0z + Hy0 + CHy
2CH,CH(OH)COONa + 2NaOl —— CoHCHACO + H,0 + 2Na,COz + Hy

Enil Heuser(s) and his co-workers found that when soda pulp
was treated with a 17% caustic soda solution at a pressure of 8-10
atmospheres, corresponding to 171-181°C, the cellulose was per-
fectly dissolved after 6-7 hours. From this solution lactic acid

could be isolated. No detailed information is available. Heuser
(e)believed that the formation of lactic acid is preceded by that
of other hydroxyl carboxyllic acids of greater molecular weight,
such as saccharic acids, which are isomeric with glucose, a de-
conposition product of.cellulosega) P. Klason(e) has found these
acids in the waste liquor of the soda pulp mill.

In the soda process for the manufacture of cellulose fibre
from the wood, the lignin in wood is dissolved much faster and at
lower alkall concentration than cellulose., However, the compara-
tively low yield of cellulose-fibre by this process gives the evi-
dence of the fact that considerable amounts of cellulose are also
dissolved during the cooking period. The resulting organic acids
are destroyed togetner with the dissolved lignin when the black
liquor 1s burned to soda ash,

H. Kiliani(g)(lo)

and his co-workers reported on the alkaline
decomposition of the disaccharides, dextrose, snd laovulose with
potassium hydroxide. They found an isosaccharinic acid. When thls

acid was treated with Ag(OH),, acetic acid and glycolic acld were
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obtained. 1,3 dihydroxy butyric and 1,2 dihydroxy butyric acids in

(11)(12) (13) and his students

its actlve forms were obtained by Nef
in the course of their work on the effect of alkalis on the various
sugars,

Evans, Glattfeld, and their co-workers (14) (15) (16) (17) (27)
have done considerable work on the alkeline degradation of sugars,
i.e., cellubiose, lactose, melibiose, and gentiobiose. They con-
cluded that these sugars, when reacted with agueous solutions of
potassium hydroxide, gave lactic, &cetic, and formic aclds. These
reactions may be explained by the endiol theory of chemical reac-
tion in the disaccharides.

The isosaccharinic acid and dihydroxy butyric acld have also
been prepared by treatment of oxycellulose with lime water. Both
of these aclds were obtained by Sccarachmidt and Nowak(ls) by the
action of nitrogen tetroxide on cellulose,

Since the cellulose contains cellublose units, the treatment
of the cellulose with ecetyl bromide and glacial acetic acid has
shown the existence of the cellubiose.(l)(lg) Therefore, all the
aclds which have been found in degraded disaccharides may be looked
for 1n the alkaline solution degradation products of cellulose.

In all the previously reported work on alkaline degradation
products of cellulose-like materials, the identification of these
procucts has depended solely upon the preparation of relatively

impure calcium, sodium, zinc, or silver salts. FKEigh temperature,

vacuum distillation, and selective, solvent extraction have failed
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to give declsive separations of the hydroxy acids such as lactic,

glycolic, dihydroxy-butyric, and hydro:y-valeric acids,

Scone of Present Investlzation

The object of this investigzation was to prepare derivatives of
these hydroxy acids from the foregoing cellulose solutions, in the
hope that these derivatives of organic hydroxy acids mizht be cep-
arated by distillation. The identity of the compounds sepsrated by
distillation was then proven by analytical methods.

The present work indicates thet the acetylation of the cellu-
lose syrup with acetyl chloride appeared to be the most feasibls
way for 1solating these hydroxy acids by distillation methods.

Acetylated derivatives of glycolic, lactic, and dihydroxy-
butyric acids have been obtained., Primery identification has been
nade by boiling point range of distillates and by molecular weight
determination. Barium content of respective salts has been deter-
mined. Carbon and hydrogen content of each of these acids has been
checked,

The fact that the boiling points of these acetyl hydroxy acids
are close to each other makes it quite difficult to prepare by dis-
tillations very pure fractions. This phase of our problem needs

further attention.






EXPERTMENTAL PROCEDURE

(1) Preperation of slkaline solution of cellulose.

171.1 grans of cotton linter with 3-4% moisture content was placed
in a steel autoclave previously charged with 271 grams of 25.8%
caustic soda in 430 grams of distilled water. The cotton linter was
thoroughly mixed with the alkall solution. The autoclave was clos-
ed and heated electrically to a temperature of 480°F. (250°C.) for
six to ten hours; then cooled to room temperature. No gas was gen-
erated. All the cotton linter was dissolved. The solution had a
yellowish to brownlsh color and possessed a characteristic odor.
Different s;urces of cellulose, i.e., absorbant cotton, washed rugs,
filter paper, and cotton linter have been used in these experiments,
The same type solutions were obtained in as far as their appearances
were concerned. When the cooking temperature was lower than 350°F,
(177°C.), a suspension of tiny fibres was observed. This indicated
the incompleteness of cellulose dissolution., The influence of cook-
ing time upon yilelds of hydroxy acids was not investigated,

(2) Treestment of cellulose solution with forualdehyde,

Murrzy Senkus(zo) has isolated the 2,3 butanediol from beer by
treating it with 50% HpSO4 and 36% formaldehyde. The hydroxyl groups
on carbon atoms alpha and beta to each other in the butanediol react
with formaldehydeAto form 2,3 butanediol formal which can be dis-
tilled off over the boiling range, 97-102°C. VWhen the cellulose was

dissolved in alkali solution, the dihydroxy acids such as 2,3
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dihydroxybutyric acid; dihydroxy wvaleric, or isosaccharinic acids,

etc., were possibly formed, If any of these dihydroxy or poly hy-
droxy aclds existed in cellulose solution, it was hoped that they
might form the formal compound with formaldehyde in presence of
sulfuric acid.

600 grams yellowlish cotton solution from the autoclave was
neutralized with 50% sulphuric acid. T%e evolution of gas in neu-
trallzation showed the presence of carbonate in the alkali solution.
A small emount of pitch floated on ﬁhe top which could easily be
filtered from the cool solution., To the filtrate 20 grams Norite
was added to effect decolorization. A nearly colorless filtered
solution was obtained. The formlc and acetlc acids were separated
by steam distillation. The distillation was carried on until the
distillate showed but a trace of acid. (A small amount of lactic,
and glycolic acid always came off with the steam.) To the residual
solution, 50 c.c. of concentrated sulphuric acid and 100 c.c. of
36% formaldehyde were added. This mixture was refluxed at 100°c.
for three hours, and then distilled with steam. No product was
obtained.

Another batch of cotton solution was neutralized with 50%
sulphuric acid, and filtered, and decolorized just as before. The
clear solution was concentrated by distilling off 500 c.c. water.
200 c.c. of concentrated solution was mixed in a round bottom flask
with 100 c.c. of 36% formaldehyde. The flask was provided with re-

flux condenser and a dropping funnel. 50 c.c. of concentrated
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sulphuric acid was dropped through the funnel into the mixture. The

mixture was refluxed for about five hours. Distillation of the mix-
ture gave no product.

These experiments while negative in giving the desired separa-
tion, showed that the essentlal nature of the diol separation is aab-
stantially different in mechanism than the previous investigators
work seemed to indicate.

(3) Acetylation of cellulose syrup with acetylchloride,

1600 grams of sulphuric acld neutralized cellulose solution in
which Z00 grams of cotton linter has been dissolved was decolorized
with Norite, and the solids filtered. The clear soiution was evap-
orated in a vacuum at a temperature of 70-80°C. until a yellowish
syrup was formed. The syrup was extracted from inorganic salts with
99¢ methyl alcohol. The methanol extract was distilled on a water
bath, TWhen all solvent was driven off, several 50 gram lots of
glacizl acetic acid were added and distilled off under vacuum. Vhen
the density of the distillate reached that of pure glacial acetic
acid, a2ll of the water remaining in the syrup had been carried off
with acetic acid vapor. 150 grams acetylchloride and 10 grams an-
hydrous sodium acetate were then added to the dried syrup; the mix-
ture was refluxed gently on a water bath for about five hours. The
reaction mixture was dissolved 1n glacial acetlc zacid; the undis-
golved solids, most of which are sodium chloride, wers filtered.

The filtrate was distilled in a vacuun on an oll bath at about 250°

C., TVhen all acetic acid had been distilled off, the temperature
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ralsed suddenly, end a colorless to slight yellow liquid began to

come off at 120°C, at 12 mm. The distillate of boiling point renge
from 120°C. to 170°C. was collected. The weight of crude oil was
53 grams. The total yields of these acetyl hydroxyl acids is about
18% based on the total weight of cotton linter charged.

The crude oll was redistilled in vacuum. Three fractions
were obtained. The specific gravity of each fraction was deter-
mined (Table 2).

Hydrochloric acid in place of sulfuric acid was used in a
similer neutralization of the solution of cellulose. Then the sanme
procedure noted above was used, no vacuum distilled product was
obtained. In this case the acetylation was carriled out with acetyl

chlorlide in the presence of dry hydrochloric acid gas&zl)(27)
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TABLE II
Fraction No. Boiling temperature Specific gravity at
at 10-13 mn, vacuum 25°C,
a 128-130°C. 1.17687
B 130-145°C, 1.1771
c 145-148°C, 1.1776
ANALYSTS

(1) Preparation of bsrium salts,

Welgh out one gram of each acetylated hydroxy acids from the
above distillation fractions. Titrate the acid with 0.37 NBa(OH)z
at a temperature, 3-5°C., using phenolphthalein as indicator. The
red color of indicator will fade gradually on standing. (This may
be explained as caused by the hydrolysis of the small amount of
lactone existing with the hydroxy acids. VYhen in alkall solution
the lactone ring of acid opens to form the corresponding hydroxy
acid,) Then to the solution, add 50 c.c. excess Ba(OH)z, and re-
flux gently for several hours. The residue is neutrallzed with
0.50 N sulphuric acid, and an excess is added. Distili off the ace=-
tic acid with steam until the final distillate shows very slight
acidity. Filter off the BaSO,. Exactly neutralize the clear fil-
trate with Ba(OH)p to a point where neither barium nor sulphuric acid
shows its presence. Evaporate to dryness at 100-120°C. An amophor-
ous salt of barium is obtained. Analyze for the Ba content of this

salt.



Barium Contentss

Fraction A I
Veight of cruclble and sample 15,5857 gns
Vlelght of crucible 15,1514 *
Weight of sample 0.4143 =
TWeight of ash (as BaSQO4) and 15.4502 «
crucible
Weight of crucible 15.1514 *
Welght of BaSOy 0.2988 *

137,38

S le0d
Tieight of Ba 00,2988 X 253,42 0.1758 gns
% of Ba 0.1758 + 100 -

0.4193 X = 42,43

Feight of Ba

% of Ba

Fraction B

Welght of crucible and sample

137,36 =
2900 X 22098 = Q-
0.2 X 55542 0.1706 gms

0.1706 -
3255as X 100 42,40

I

Weight of crucible 15.1501
Teight of sample 0.2245
Veight of ash (BaSO4) and 15.3182
cruclible

Weight of crucible 15.1501

Weight of BaS0y4 0.16381

15.3746 gms

II
16.4503
16.0479

0.4024
16.3379

16.0473

0.2900

II
15.4244
15.1503

0.2741
15,3543

15.1503

0.2040

17

gms

gms






Weight of Ba 0.1681 X %élgég = 0,0987 gns

L

% of Ba 0.0987 y 100 = 43.95

0.2245
Weight of Ba  0.2040 X 127308 = 0,1200 gus

233,42

% of Ba 0.1200 _ 100

0.2741 X = 43,78
Fraction C I
Weight of crucible apd sample 16.2716 gms
Weight of crucible 16.0431 *
Weight of sample 0.2285 %
TWeight of ash (BeSO,) and 16,7111 *
crucible
Welght of crucible 16,0431
Weight of BaSO, 0.1680 =
Feight of B 1680 X 18738 = ¢ 099

eizht of Ba 0,1680 233 42 0.0990 gms

% of Ba 0.09% ¢ 100 =

0.2235 X = 45.28

Weight of BaS0, 0.1827 X~%§%&%% = 0.1074 gus

4 of Ba 0.1074 y 100 _ .
0.2462 = 43.80

IT

18

15.3268 gms

15.1506

0.2462

15.3333

15.1508
0.1827
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(II) Determination of molecular weight - by Beckmann's Freezing Point

Depression Method.

Use glaclal acetic acid as solvent which has a constant 3.90.

¥ = 1000 Krg
ATe G
Fraction A I 1T
G, Veight of acetic acid 23,6276 gms 28,2373 gms
g, Weight of acetyl acid . 0.7530 gms 0.3687 gms
T, 4.475 ©C 2.175 ©C
To 3.400 ©C 1.732 °C
ATe 1.075 °C 1.732 °C
M= lgg?o;ssiggsfsgéggs = 116.9
u= 108?4235;928f225§687 = 115.0
Fraction B I IT
G, Vieight of acetic acid 27,9000 gms 29,8543 gms
gy Welght of acetyl acid 0.3985 = 0.,4120 *
T 2.132 Og 2.012 %
Ti 1.750 ¢ 1.643 ©C
AT, 0.332 °C 0.359 °C

= 1000 x 3.90 x 0.3985 _
M= . . = 146.
0.332 x 27,9000 1461

1 = 1000 x 3,90 x 0.4120
0.369 x 29.8543

= 145.9



Fraction C I II

G, Weight of acetic acid 31.4060 gums 29.9745 gns

gy, Weight of acetyl acid 0.5093 = 0.4372 =

T, 2.070 ©C 2.125 °C

) 1.630 *° 1.725 =
AT : 0.440 = 0.400 *

y = 1000 x 3.90 x 0.5093 - 1439
0.440 x 31.406

— 1000 x 3,90 x 0.4372 _
M 0.4000 x 29.9745 14l.1

(III) Determination of carbon and hydrogen contents by combustion
method

Fraction &
The acetyl group in the lower hydroxy acid is apt to be
hydrolyzed when it stands a long time at room temperature. The
carbon, hydrogen determination of the first distilletion fraction

is determined on the barium salt instead of the oily acetyl liquid.

Weight of sample and boat 3.7101 gms
Vieight of boat 3.6277 gns
Weisht of sample 0.0824 gnms
Wieight of Ascarite tube after combustion 63.6765 gns
Wieight of Ascarite tube before combustion 68.5242 gns
Veight of COp 0.0524 gms
Weizht of Dehydrite tube after combustion 56,2213 gms

VWeight of Dehydrite tube before combustion 56.2005 gms






Feight

Weight
Welght

Tieight

Welght
Weight

Welght

Velight
Veight

Weight

of H20

$H = 0.02380322.1119 x 100 = 2.82

#0=—00520 x5 x100= 17.47"
. X

of sample and boat
of boat

of sample

of hscarite tube after combustion
of Ascarite tube before combustion

of 002

of Dehydrite tube after combustion

of Dehydrite tube before combustion
of Hzp

A ) x 100 = 2.96

4= 00579 x5 = 17.:
% C 0.0910 x 11 x 100 17.35

Fraction B (Determined by olly acetyl ecid)

Weight
Weight

Weight

Weight

Weight

of sample and boat
of boat

of sample

of Ascarite tube after combustion

of Ascarite tube before combustion

* The correction for BaCOz 1s negligible.

0.0208

63,7840
63.7261

0.0579

56.2652
58,2411

0.0241

3.9016
3.7281

0.1735

62,5428

62.2534

21
gms

gnms

gms

gms

gus

gns

gns






Weight

Welght
Weight

Welght

Veight
Teight

Tieight

Weight
Weight

Weight

Vieight
Veight

Feight

of Dehydrite tube after combustion
of Dehydrite tube before combustion
of Hs0
% H = 0.087%3 x 0,1119 x 100 = 5.85
0.17355
_0.2894 x 3 _
BC=0a755 x 11 X100  =44.96
of sample and boat
of boat
of sample
of Ascarite tube after combustion
of Ascarite tube before combustion
of 002
of dehydrite tube after combustion
of dehydrite tube before combustion
of Ho0
_ 0,0890 x 0.,1119 _
4H= 0.1917 x 100 = 5.19
%C_M x 100 = 44,63

T 0.1917 x 11

Fraction C (Determined by oily acetyl acid)

Weight

Weight

of sample and boat

of boat

0.2894

5343817
56.2944

0.0873

3.9155
3.7238

0,1917

62.8581
62.5444

0.3137

56.4026

56.5136

gms

gms
gns

gms

gms

gns

gms
gms

gms

gms

gns

0.0890 gms

3.,9301

3.7287

gms

gns



Welgsht

welzht
Weight

Weignt

Weight
Weight

Weight

Weizht
Veizht

Yielght

Weight
Welght

Teight

Welght
Weizht

Weight

of sample

of Ascarite tube after combustion
of Ascarite tube before combustion

of Dehydrite tube after combustion
of Dehydrite tube before combustion

of H20

g = Q1097 x 01119 169 -

0.2014

 0.54%L x 5
BC=0olax1L

100

of sample and boat
of boat

of sample

of Ascurite tube after combustion
of Ascarite tube before combustion

of CO2

of Dehydrite tube after combustion
of Dehydrite tube before combustion

of H20

0.2087

o = 0.3578 x 3 %
% 02087 x 11 !

6.09

= 46.46

6.28

46.71

0.2014

47.4811
47.1380

0.3421

56,5814
56.4717

0.1097

5.8348
3.6261

0.2087

47.3079

47.4501

0.3578

56.7889
56.6718

0.1171

23
gns

gns
gms

gms

gns

gnus

gms
gms

gms

gns

gms

gms

gms

gms

gms
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DISCUSSION

From all the facts avallable it appears improbable that at the
low temperatures employed for the dissolution of cellulose by ceus-
tic solutions any deep pyrolytic decomposition of cellulose will take
place. Evolution of gases indicating such violent and unpredictable
decomposition are only encountered if the reaction temperature ex-
ceeds 27500. to SOOOC. But, when the cellulose is trezted with a
caustic solution at a temperature around 200°C. to 250°C, in a clo-
sed vessel, the cellulose coupletely goes into solution. A small
amount of pltch and a 1light color of cellulose solutlon may indi-
cate that rather smooth and normal reactions take place during the
cooking, The mechanisms of these reactions is not yet clear. The
dissolution of cellulose involves:

(1) The cellulose molecules are first hydrolyzed into simple
cellublose or glucose units,

(2) These cellubioses or glucoses formed may be immediately
oxidized into acids or decomposed into lower-carbon acids by intra-
oxidation.

(3) Intramolecular rearrangement would take place resulting in
the formation of hydroxy acids. '

The theoretical equations which may represent the formation

of hydroxy acid from cellulose solution are suggested as following:

22
(22) (1) (CgH;o05)- Hg0 ——= 3CH,COOH
cellulose acetic acid
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(2) (CgHyg0s)H HpO —=2CH;CH(CH) COOH
Lactic acid

(8) (Cly0s)* H,0 —== CHzCH(OH) CH(OH)COOH + CH5COOH
dioxybutyric acid acetic acid

(4) (Cgtyo0s)+ HpO —= CH,CH(OH) CH(OH) CH (OH) CHoCOOH
isosaccharinic acid

(5) (Ceﬂloos\ — = CHzCH,CH(OH) CHoCOOH + COp
mono-oxy valeric acid

. (8) (CGHlOOS) ————— CHzCH,CH(CH)CH(OH)COOH + HCOOH
dioxy-valeric acid foruic acid

(7) (caamo 5) ——"— BOOCCH,CH(OH) CH,CH,COOH
mono-oxy adipic acid

(8) 2(; Cefty035)+ 20 —=3CHZCH(0R)CE1(0m) CO0H
di-oxy butyric acid

(9) (0631005) + Hp0 —CHo(OH)COOH + CH3zCH2CH(OH)COOH
glycolic acid mono-oxy butyric acid

All reactions proposed above may take nlace at the same time,
It seems reasonable at this time to believe that under the differ-
ent conditions used in the solution of cellulose, 1.2., tempera-
ture, strength of alicali, cooking time etc., different reactions
might take place, or a particular reaction or group of reactions
may dominate the overall result so that the formation of a particu-
lar hydroxy aclds will be favored,

From all results obtained in the work reported here, thres
hydroxy acids have been found, namely glycolic acid, lactic acid;
and di-hydroxy butyric acid. All these acids were recovered as

acetyl compounds.
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Although the molecular weight, carbon and hydrogen contents,
and barium content of each salt from each fraction have been deter-
nined, a more accurate result will depend primarily on better tech-
niques of seperation of the acetylated acids, The following facts
are of significence:

(1) The boiling points of these acetyl compounds are very
close to each other. Therefore the obtaining of a very pure con-
pound by vacuum distillation 1s quite difficult.

(2) The calculated value of carbon and hydrogen content in
each of the acetyl derivatives are likewlse close to each other.
Any analytical error would lead a wrong interpretation.

(3) 211 these compounds have almost the same appearances, i,e.
colorless olly liqulds, plessant odor, etc. They have almost the
same specific gravity.

Therefore the method used for identification of hydroxy acids
in this report éan only be considered as a preliminery step which
should be followed by further experimental work,

In comparison with the experimental results with all constant
available, the first distillation fraction is principally acetyl
glycolic acid (0550000H2000H). The molecular weights determined
from this experiment are a little lower than that of calculated
value., This may show the presence of a very small quentity of ace-

tic acid which has decomposed from its acetyl compound.
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Fraction A:
Experimental Theoretical
Molecular 115.9, 115.0 118
welght

Ba content of 42,43, 42.2% 47.7%
free oxy acld
Carbon content 17.35, 17.47% 16.7%
in Ba salt
Hydrogen content 2.96, 2.82% 2.1%
in Ba salt :

2%
Boiling point 128 - 130°C.1% 145°, 12
Density 1,1767 at 25°C. 1.0993 at 17°C.F

(23)

# based on R. Anschutz's experiment
The fraction B which has boiling point range 130-145°C. at
10-12 mn., vacuum has been found to be a mixture of acetyl lactic
acid and acetyl dioxybutyric acid. And the percentage of each of
these acids 1s interpreted based on their molecular weights. About
85% of acetyl lactic acid and 15% of acetyl dioxybutyric acid are

found in this fraction.

Fraction B: Experimental Theoretical -
Pure Aceto Pure fAceto NMixture
Lactic Dioxybutyric

Molecular 143.7, 141.1 132 204 142
welght

Ba content of 46.1, 45.6 43.6 36.5 42.6
salt free acid

Carbon 44,96, 44.53 45.42 47.1 46,35
content

Hydrogen 5.65, 6.19 6.06 5.90 6.02

Content

Boiling 150-1450,18)  1o70011(24) gpp0p #(25)

point

Densi ty 1.1771 at 25°C. —






## Calculated as 85% acetolactic acid and 15% diacetyl dihy-

droxy-butyric acid.

The fraction C elso contains acetyl lactic acid and diacetyl

dihydrozy - butyric acid, with about 80% of the former and 20% of

the latter,

Fraction C

Experimental

Molecular
weight

148.1, 145.9

Ba content of
salt free oxy
acid

43,28, 43.60

Carbon
content

46.46, 46,71

Hydrogen
content

8.09, 6.28

Theore+tical
Pure Aceto Pure fceto !lixture
Lactic Dioxybutyric
132 204 146
43,6 36.5 42,2
45,42 47.1 45,7
6.06 5.9 8.02

*#Calculated as 80% acetyl lactic acid and 20% diacetyl

dihydroxy - butyric acid.

The results 1listed in the above tables are estimates which

are based on the known presence of the compounds in question.

bolling points of all the aceto-hydroxy acids under investization

28

The

are so close to one another that a given fraction may contain more

than two hydroxy acids.

Therefore, it seems quite probable that

the higher hydroxy acids, other than dihydroxy-butyric acld may be

found in the distillation residue which begins to polymerize and

decompose at a temperature above 148°C. Better vacuum distillation
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techniques are indicated as a possible solution for this problem.

Future work in this field mey well be confined to the waste
solutions obtained from the soda pulp paper industry which daily
discards hundreds of pounds of the hydroxy aclids in the form of an
alkaline solution. |

It 1s possible to replace the hydroxy groups by hydrogen atoms
through reduction with hydriodic acid&g)(lo) This reduction has
been reported (ze)using codium ammalgem. Phosphorous lodide like-
wise has been used for this purposeggs) These methods of reduction
were not used in the present investigation because it was felt that
large operations would not be feasible with such reagents,

The results of the present investigation indicate that
Aushutz(zs) data on the boiling point of acetyl glycolic acid is
in error. He reported for this compound a lower boiling than that

of acetyl lactic acid.
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SUMMARY

(1) When cellulose is treated with 10% sodium hydroxide
solution and heated to a temperature about 250°C. in an autoclave,
it will completely go into solution.

(2) When the clear and dried cellulose syrup is acetylated
with acetyl chloride in presence of anhydrous sodium acetste, a
colorless, oily-like compound is obteined by wacim distillation of
the reaction mixture. It hes & bolling point range from 120°C. to
148°cC,

(3) The molecular weights, barium content, carbon and hydro-
gen contents of each distillatlion fraction of these compounds have
been determined.

(4) Glycolic acid (hydroxy - acetic acid), lactic acid (hydro-
Xy proplonic acid) and dihydro:y butyric acid have been found in the
alkaline solution of cellulose,

(4) The contents of each distillation fraction are estimated
by interpretation of their average molecular weight, the barium
content of the barium salts, the carbon hydrogen content of the
barium salt of the lower boiling fraction, and also of higher boil-

ing fractions of the oill-like acetyl compounds.



(1)
(2)
(3)
(4)

(5)
(6)
(7)
(8)
(9)
(10)
(11)
(12)
(13)

(14)

(15)
(16)
(17)

(18)

(19)

31

BIBLIOGRAPHY

Gilman, "Organic Chemistry®, Vol. II, pp. 1664,
Ott, Fil, *Cellulose and Cellulose Derivatives", pp. 151.
Heuser, E., "Textbook of Cellulose Chemistry®, pp. 121.

®The Mechanisn of the Ageing of Cellulose", unpublished.
report by Riordon Sales Corporation, Ltd., Canada.

Oden and Lindberg, Ind. Eng. Chem., 19, pp. 132 (1927).
Heuser, E., Paper Trade Journal, ppe. 129,(December 26, 1329).

Fischer and Schrader, Abhandlungen Zur Kenntnis Der Xohle,
Vol. V, pp. 350 and Vol. VI, pp. 115 (1923).

Heuser, E., Lehrbuch Der Cellulose Chenie, pp. 129 (1927).

Kilani, H., and Kleewann, S., Ber., Der Deu. Che., 17, pp. 1300,
(1884) .

Kiliani, H., Annalen Der Chemie, 217-218, pp. 361,(1883).
Nef, fnnalen Der Chemie, 217-218, pp. 1-120 (1910).
Upson, J. Am. Chem. Soc., 45, pp. 458 (1911).

Raske, Ber. Der Deu. Che., 45, (1912).

Evens, W. L., and Hockett, R. Ce, Jo Am, Chem. Soc., 52,
ppe. 4384 (1931).

EV&IIS, Edgel', and HOff, JQ Am. Chexﬂ. SOC., 48’ (1926)0
Evans and Benoy, J. Am. Chem. Soc., 52, pp. 294 (1930).

Glattfeld, J. W. E. and Sender, F. V., J. Am. Chem. Soc., 43,
pp. 2675 (1921).

Scharrschmidt, Novak, and Zetzshe, Der Papier Fabrikant, Vol.
VII, pp. 3590-391 (1929).

Tollens and Elsner, "™Kurzes Handbuch Der Kohlen-Hydrate®,



32
(20) Murray Senkus, Ind. & Eng. Chem., 38, pp. 913 (1946).

(21) Glattfeld, Chitien, J. Am. Chem. Soc., 55, pr. 3663 (1933).
(22) Tne author is indebted to Dr. R. Thurm's valuable suggestions,
(23) Anschuvtz, R., Ber. Der Deu. Che., 36, pp. 466 (1903).

(24) Auger, Coupte Rend., 140, pp. 938 (1905).

(25) Glattfield and Straliff, J. Am. Chen. Soc., 60, pp. 1385
(1938).

(26) Lantemana, Edward, Annalen Der Chemle., 113-114, pp. 217
(1860).

(27) Hef, Hedenburg, end Glettfeld, J. Am. Chem. Soc., 39, pp. 1638-
1652 (1917).

(28) Marguard, Ber. Der. Deu. Chemie., 2, pp. 385 (1869).



Nov27 &l




™33]
Mo oo

-l T

Tsirn:

Tsirn

Hydro:}
‘ cell‘.llo <

[CHNe
¢ C

182077




3 1293 02446



