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ABSTRACT

Aspen chip: were cooked in liquor composed
of equal volumes of n-butyl alcohol and water, at
reflux and at 150 aud 185 degrees Centigrade, in
order to investigate the potential use of this or-
ganic liquid as a puloing agent. Of particular in-
terest were the effects of adding certalin substances
to the liquor, the effects of time and temperature,
and the effects of liyuor pH, as controlled by vari-
ous reagents., Pulping action increased and ylelds de-
creased with increasiag digestion time and temperature.
No apparent advantage in pulping was demonstrated when
polysulfide, dimethyl sulfoxide, or sodium xylenesul-
fonate was added to the liquors. The optimum pH range
for catalysis of the butanol-lignin reaction appeared
to be above 3 to 6.5. At severe enough conditions, the
formation of wood acids catalyzed the reaction. Great-
er pulping effects were realized by the addition of
mineral acid or Alg(SO4)3. It appeared advantageous
to exercise greater control of pH by using urea or a
buffer. AlClB was unfavorable as a catalyst, sincé it
seemed to promote hydrolysis of carbohydrates and pre-

cipitation of lignin.
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A..INTRODUCTION

Alivhatic monohydroxy alcohols have been
used for many yecrs in the isolation of lignin, par-
ticularly when it was desired to study the properties
of this substance. Kleinert and Tayenthal (l) ob-
tained pulped residues from wood cooked with aqueous
ethanol solutions above 150° Cey With acid catalyst.
McHMillen and co-vorkers (g) made a study of both soft-
woods and hardwoods cooked with n-butanol, with a hy-
drochloric acid catalyst. Aronovsky and Gortner (3)
also investigatec the action of several alcohols,
including methyl, ethyl, n-propyl, isopropyl, n-,
iso-, and tert-butyl, and n-, iso-, and tert-amyl,
on aspen sawdust. Of these, n-butyl and n-amyl
were found to have the optimum pulping properties.

The experiments described herein were de-
signed to further investigate the action of an aqu-
eous n-butanol sy stem on aspen wood in the presence
of an acld cstalsst. In particular, it was desired
to determiune how pulp ylelds and pulp quality were
affected by cooking time and temperature, by the ad-
dition of svecisl liquor additives, and by liquor

PH as control:.ed by various reagents.



B. [IISTORICAL BACKGROUND

1. Action of Aliriatic Monohydroxy Alcohols

Much wori done in the 1930's demonstrated
the feasibllity of utilizing aliphatic alcohols to
dissolve lignin from wood (1-7).

Kleinert and Tayenthal (l) compared lignins
obtained from hzrdwood cooked in non-aqueous ethanol
with those obtained from aqueous ethanol liquors.

It was found that the former lignins had added al-
koxyl groups, but the presence of water during cook-
ing reportedly resulted in lignins containing no other
alkoxyl groups than those present in the original woode.

Aronovsky and Gortner (é) found that pulp=-
ing efficiencies of monohydroxy alcohols were re-
lated to water solubilities of the organic reagents.
A cook of aspen chips in n-butyl alcohol yielded a
pulp with strenctih properties similar to commercial
hardwood alkaline pulp. The spent liquofs of aque-
ous butanol cooks separated into two layers upon
cooling. The top alcoholic layer contained organics
extracted from the wood, and the bottom water layer
contained only small amounts of water-soluble sub-
stances, When ursa was added to the liquors, ylelds
were generally hisher, and pentosans appeared to

have been protected,.
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Aronovsly and Gortner (6) also investi-
gated the pulping action of 6% nitric acid by
volume in alcohols, on aspen and Jack pine. Ex-
periments were conducted under reflux for two to
sevenrn hours, and pulped residues were obtalned
from both wood sneciles.

In a continuing study of the feasibility
of using methanolysis of wood as a commercial pro-
cess for obtaining pulp and chemical products,
Cerny (Z) found that the reaction between methan-
0l and wood involves the conversion of carbonyl
groups to acetals and ketals, and the formation

of methyl ethers from phenolic hydroxyl groups.

2. Action of Special Liquor Additives

Since tie 1930's, many substances have
been found which may exhibit advantageous effects
in the pulping of wood, elther-when used alone or
in conjunction with other pulping agehts. The
possibility of realizing benefits from using some
of these substances in the butanol system was
considered.

The action of dimethyl sulfoxide (DMSO)
on wood has been investigated by several workers

(8-11). This reagent ylelds a well-pulped wood
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residue under r:latively mild conditions. It 1is
catalyzed with mineral acid, and must be in concen-
tration over 507 by volume (in water) to be ef-
fective (8,9). It is known, however, that DMSO
promotes the solubilizing of pentosans (10). It
can be used in conjunction with S0o or Clo to pro-
duce alpha cellulose from wood (11). DMSO has
‘also been shown to increase pulping effects in
kraft liquor and in the hydrotropic pulping pro-
cess (12).

The hydrotropic process (13) is based on
the fact that liznins are soluble in saturated or
near-saturated solutions of the so-called hydro-
tropic salts. ©Sodium xylenesulfonate is a classic
example of such 2 salt. As mentioned above, the
use of a hydrotropic salt in conjunction with DMSO
has been shown to increase benefits above what 1s
achieved with either agent alone.(12).

Polysuliide pulping (14-16) has been on
the scene for many years, and has been recelving
increasing atterntion recently in the kraft pro-
cess. Its chieif attraction is the ability of poly-

sulfide to protect pentosans (16).



7. Develorment ¢i the Problem

The prec=nt study was, for the most part,
an exteunsion of ironovsky's work with the n-butyl
alcohol-water sy=iem and aspen wood (3). Most of
his experiments ware carried out at 180-190° Cey
in the time ranie of three to féur hours. Thus
it was desired to investigate other temperatures
(110o and 150° ¢.),,and other times (one and two
hours). The alcoaol concentration which he used
most, 1:1 alcohol to water ratio by volume, was
also used in thece experiments. Since Aronovsky
obtained pulped residues in a butanol-nitric acid
system under reflux.(g), several reflux cooks
were planned as 'reliminary "screening" experiments.

In all the references on alcohol pulping
which .were investigated, mineral acid was used as
a catalyst. It =poeared that the pH of the sys-
tem had to be acidic to allow the butanol-lignin
reaction to proceed. When Aronovsky (é) added
urea to the butanol-water liquor, thus neutraliz-
ing wood aclids 23 they were formed during diges-
tion, he obtairned higher pulp ylelds. In adaition,
the wood residuves had higher lignin, Cross and Bevan
cellulose, alpra cellulose, and much higher pento-

sans contents. Te then postulated that optimum



pulp might be owtained 1f enough urea were added

to maintain a sii:zhtly acid pH throughout the cook.
Thus the effects 2f the pH of this agueous alcohol
system seemed quite interesting. It was planned
in this study to investigate the effects of con-
trolling liquor 2»H with hydrochloric acid of vari-
ous concentratious, aluminum chloride, an acetic
acld-sodium acet=te buffer, urea, and aluminum

sulfate.

EXPERIMENTAL

1. Wood and Reazents

The wo>d used in this study was in the
form of aspen cunips, supplied by Nekoosa-Edwards,
Nekoosa, Wisconsin. The chips used in all cooks
were 49 to 50% solids. The size fraction used
was 1/2 to 3/4 iuch.

A1l rez. ents used were C,P. or U.S.P.

grade. All water used was distilled.

2. Bomb Digester

The apuveratus for digester cooks was a
thermostatically controlled oil bath unit. A
frame containing six stainless steel bombs or
autoclaves, eachh of about one liter capacity,

was lmmersed ir the oll bath. The bombs are
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bolted into the frame, and the frame is immersed
with block and tackle into the hot oil. The
frame rotates slowly during the cook. A thermo-

graph records oil temperature constantly.

3, General Procedire: Reflux Cooks

FPor the reflux cooks, a laboratory heat-
ing mantle and Florence flasks fitted with water-
cooled condensers were used.

The wood (25.0 g. oven-dry basis) and
liquor were added to the flask, and the condenser
was fitted. The system was then brought to the
liquor boiling teumverature and held there for the
desired time period. ILigquor volume to wood weight
ratio was about five to one. When the cooking time
had elapsed, the flask was removed from the mantle,
and its contents were quantitatively transferred to
a Blchner funnel. The liquor thus removed was stored
in bottles. The wood residue was then washed on the
Blichner funnel successively with n-butanol, dilute
sodium hydroxide, and cold water. It was finally
stored in plastic bags for subsequent yield deter-
minations. Yields were run on the entire wood resi-
due sample, by determining percent solids of the

material.



4, General Procedure: Digester Cooks

The wood (100.0 g. oven-dry basis) and
the liquors (8:1 liquor volume to wood weight ra-
tio) were charged into the autoclaves. The latter
were put into the frame, immersed into the pre-
heated o0il, and started to rotate. At the end of
the cooking period, the framée was removed from the
0il, and the bombs were taken from the frame and
sprayed with cold water from a hose. The contents
of each bomb were individually transferred to a
Blichner funnel, aud the wood residue washed sever-
al times with water. It was then subjected to 400
revolutions in the Tappl disintegrator. The re-
sultant "pulp" wes dewatered on the Bichner funnel,
and stored in Mason Jars' for subsequent yield de-

termination on 2n aliquot.

D., DISCUSSION
The results of the present work are pre-
sented in Tables I, II, and III. No duplicate de-
terminations were made.

1. Reflux Cooks (Table I)

a. The butanol-D30 system

Comparison of cooks R1 through R4 shows
that increasing the amount of DMSO in non-aqueous

butanol increases the pulping effects, as evi-
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denced by the aplearance of the wood residues, and
by the decreased yields,

b. The effect of time

Cooks R5, R6, and R7 demonstrate that in-
creasing digestion time for the aqueous butanol
system results ia increased pulping and decreased
pulp yields.

c. The effect of hydrotropic salt

Since tie wood residues of cooks R8 through
R11 were not defibered and washed well, the reten-
tion of the hydrotropic salt in the chips during
yield determinations made the yleld values meaning-
less. But observation of the chips after treatment
demonstrates thet no apparent advantage 1s obtailned,
under reflux at least, by adding sodium xylenesul-
fonate to the »:tanol system. Evidence presented
here is inconclisive as to potentlal advantages of
adding hydrotro,ic salt to a butanol system under
other cooking conditions.

d. Amount of HZ1 catalyst

Comparison of R7 and R12 through R14 re-
veals that the cmount of acld catalyst has a di-
rect relationsuip upon the yield of the butanol
"pulp". 1Indeed, it is quite conceivable that the

acld hydrolysis of carbohydrates increases when
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increasing amounts of HCl are added to the system,
thus decreasing yield rapidly. Comparison of cook
Rl with R15 would indicate that in this case, most
of the yleld reduction is due to the alcohol, how-

evere.

2. Digester Cooxc (Tables II and III)

a. BEffect of HCl catalyst

Quite 2. parently a temperature of 1850 C.
is sufficient to liberate acetic and formic wood
acids, which may catalyze the reaction between
wood and butanol. DI1A and D2A yilelds were rather
low, approaching those of catalyzed cooks in the
respective series. Moreover, the pulps obtained
in D1A and D24 were similar to those of catalyzed
cooks.

As increasing amounts of HCl catalyst
were added to licuors of one-hour cooks (D1B, C, D),
vYields decreased significantly. This effect was
especlally noticeable when initial liquor pH was
brought from 3 to 1 by the HCl. Similar results
were noticed ir the two-hour cooks (D2B, C, D),
although the yield reductions due to HCl were of

lesser magnituce.
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b. Effect of bufier

The acetic acld-sodium acetate buffered
liquors (D1F and D2F) demonstrate that the main-
tenance of pH by buffer may be desirable. It
will be noted that these two cooks, buffered to
PH 5, were of higher ylelds than cooks brought to
an initial pH of 5 (D1B and D2B respectively). In
addition, the buffered wood re§idues retained their
fibrous chip forn moré that the corresponding un-
buffered "pulps". Thus it would seem that the un-
buffered liquor attacks carbohydrates more than
buffer solutions.

c. Effect of AlCl3

The effzct of the Lewis acid aluminum
chloride is interesting. Although the initial
pPH of the solution 1s near 3, the system undoubt-
edly becomes very aclidic under cooking condi-
tions. The reaction involved is:

AlCls + 3Ho0 — Al(OH)3 + 3HC1.

The HC1l liberated by this hydrolysis of AlClz
quite apparently causes severe attack of carbo-
hydrates, even after one hour at 185° C. (DIE and D2E).
Furthermore, the wood residue left after these cooks
appeared to be lignin. A1013 evidently enhances

precipitation oi lignin. (It has been noted that
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lignin can be precipitated from spent sulfite 1li-
quor with basic 41Cls (17).)

Cook series D3 (Table III) was run pri-
marily to further investigate the effects of AlClg
at lower temperatures, and at lower concentrations.
Comparison of control D3A with D3B shows that 0.1%
AlCl3 did not attack carbohydrates to any extent
(high yield), even though the initial pH was about
3e. In addition, it 1s concelvable that even this
small amount of Lewls acid promoted the precipita-
tion of lignins which would otherwise have been dis-
solved by the butanol.

Increasing the AlClz concentration to 2.0%
on 0.D. wood (D3C) resulted in a lower yield than
the HC1l control (D3A). This implies the exlistence
of an effect similar to that observed in D1E and D2E.
The AlCl3 pulp appeared less fibrous than the HC1l
catalyzed pulp, the former appearing more degraded.

In cook D3E, the urea appeared to have neu-
tralized the Lewis acid. Possibly the butanol re-
action was not catalyzed. There may have been an
excess of the basic urea, and/or the urea may have
protected carbohydrates while the AlCl3 present in-

hibited dissolution of lignin by butanol.
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d. Effect of time and.temperature

Comparison of cook DIC with D3A shows a
slight increase in yield with this 35° decreasée in
temperature. Doubling cooking time from one hour
to two hours at 185% C. (cdoks D1 and corresponding
cooks of D2) resulted in yield decrease of 5-13%,
depending on the system.

e. Effect of polysulfide

It appears that polysulfide in the butanol

system (D3F) may protect carbohydrates. However, the

high pH necessary for its existence in solution (about

9.5) probably hirders the butanol-lignin reaction.
f. Effect of A1-(304)=

Cook D44 demonstrates that aluminum sul-
fate could serve as a sultable catalyst for the bu-
tanol-lignin reaction. This reagent is not as po-
tent in this role as are HCl and AlClB.

g. Effect of DMSO

Quite an interesting and as yet unex-
plained phenomenon occurred in cook D4C. The
DMSO apparently inhibited the effects of the bu-
tanol. Yield was high, and chips appeared un-
changed, except for a darkening, Such was un-
expected in view of reflux cooks R1-R4, and the
literature. ZEvidently DMSO increases pulping ef-
fects of non-agueous butyl alcohol, but has oppo-

site effects or “he agqueous alcohol system.
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h Effect of urecz

Cook D4D (compared with control D3A)
demonstrates that urea may protect carbohydrates
from dissolutior by control of pHe It 1is evident,
however, that even 1.0% urea is.too much at these
conditions. It probably kept the pH alkaline here.
At higher tempersiure, this amount of urea would
likely be quite bLeneficial, with action similar

to that of a buffer solution.

E. CONCLUSIONS

Pulp ylelds decrease with increasing cook-
ing time and temperature in the butanol-water systen.

No apparent advantage was demonstrated by
adding the hydrotropiec salt sodium xylenesulfonate
to elther the aqueous or the non-aqueous butanol sys-
tem at reflux conditions. ZEvidence was inconclusive
as to the effect of this reagent at other cooking
conditions.

Increasing the amount of dimethyl sulfoxide
in the non-aqueous butanol system increases the pulp-
ing effects of the butyl alcohol. The addition of
20%Z by volume of DMSO to aqueous butanol apparently
hinders the pulping action.

No apparent benefit is realized by adding

polysulfide to the butanol-water system, undoubt-
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edly because of tiae high pH required for the for-
mer to exlist 1in the system.

Under reflux conditions, increasing the
amount of HCl catalyst decreases yleld signifi-
cantly, probably because of increased hydrolysis
of carbohydrates. At 185° C., wood aclds alone
evidently provide sufficlent acidity to catalygze
the butanol-ligunia reaction. Adding increasing
amounts of HCl catalyst to the aqueous butanol
system under these conditions gives more and more
reduced yields.

It is councelvable that optimum pulp could
be obtalned by controlling pH during digestion,
either with urea or a buffer. The optimum pH
range appears to be above 3 up to about 6.5.

Mo unfavorable effects are noted when
A12(804)3 is used as a catalyst in the butanol-
water system. If AlCl3 i1s used as a catalyst,
however, the hydrolysis of this Lewls acid during
digestion apparently promotes attack of carbohy-
drates. In adcition, AlClz evidently inhibits
dissolution of lignins,

The n-butanol-water system shows potential
advantages as a pulping process, and possibly as a

process for obtaining chemical products from wood.
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The odor is less of a problen than with kraft, for
example. The spent liquors could conceivably be
recovered economically, either by distillation, or
by ion exchange, electrodialysis, or chemical pre-
cipitation. The lignins which can be isolated
from these spent licuors are not contaminafed with
inorganics (such as sulfur), and are thought to be
in a form similar to protoliznin. These lignins
would also be expected to have lower toxicity

than lignins from other pulping liguors (poten-
tial use as fertilizers). 4nd finally, the pulps
obtained are brown to gray, with strength prover-

ties similar to hardwood allkaline pulps.(z).

F. RECOMMENDA PIONS

Since only a limited amount of time was
avallable in this study to carry out digester
cooks, 1t would be desirable to make duplicate
cooks, and run analyses on the wood residues ob-
tained. Lignin, pentosans, and alpha cellulose
determinations would be of wvalue in validating
the evidence presented herein.

In addition, study of the effects of
other variables 1s recommended. Investigation of
the effect of hydrotropic szlts under more severe

digestion conditions may prove profitable. Since
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the lignins produced in this process are relative-
ly uncontaminated, a study of these by-products
may also prove interesting.

Aronovsky (3) has noted the possibility of
the butyl alcohol becoming saturated before the end
of the cook. He nas found some benefit in pumping
in fresh hot alcohol to replace spent liquor. This
was done at several time intervals during digestion.
Hence further work regarding the solubility of wood
materials in butyl alcohol may be enlightening.

Pinally, if it were desired to scale up
the process, the various aspects of liquor recovery
should be investigated. Since 100 parts of water
dissolve 8 to 9 parts of n-butyl alcohol, the
aqueous portion, as well as the alcoholic layer,
would have to be used conservatively in order to

realize economic advantage.



TABLE I: SUMMARY OF REFLUX COOKS*

cc. CONC.
CODE LIQUOR ADDITIVES HC1 TEMP. | TIME YIELD COMMENTS ON PULP
ADDED | (°c.) | (Hr.) (%)
R1 100% B - 10.0 118 3.0 69.6 soft, pliable
R2 67%B, 33%D = 10.0 106 3.0 63.6 [some disintegrated chips
R3 33%B, An%D s 10.0 |} 100 | 3.0 62.9 mostly fibrous
R4 100% D - 10.0 o4 3.0 61.7 all fibrous
R5 50%B, 50%W = 10.0 109 1.0 89,7 soft
R6 50%8, 50%W - 10.0 109 2.0 82.0 quite pliable
R7 50%B, 50%W - 10.0 109 3.0 78.5 quite pliable
R8 100% W 60g.H 0.1 102 3.0 146 ,8%% hard chips
R9 50%B, 50%W 60g.H 0.1 112 3.0 140,2%* hard chips
R10 100% B 60g.H 0.1 122 3.0 157.2%% hard chips
R11 50%B, 50%W 5g.H 0.1 110 3.0 111 L hard chips
R12 50%B, 508W = 0.1 110 3.0 96.5 hard chips
R13 50%B, 50%W = 1.0 110 3.0 9%4.9 softened
R14 50%B, S50%W - 5.0 110 3.0 90.4 quite soft
R15 100% W - 10,0 101 3.0 92.0 brittle chips
B: n-butyl alcohol D¢ dimethyl sulfoxide
W: distilled water H: sodium xylenesulfonate

* 25.0 go OsDe wood, 5:1 liquor volume to wood weight ratio

** Wood residues of R8, 9, 10, 11 not washed suffieiently to rid them of
excess salt



TABLE II: SUMMARY OF DIGESTER COOKS

CODE TEMP.(°C. ) |TIME (Hr.) SYSTEM* INITIAL pH | % YIELD COMMENTS ON PULP
D1A 185 1.0 no catalyst 6.5-7 72.1 semi-pulped

D1B 185 1.0 HCY 5 69.5 semi-pulped

DicC 185 1.0 HC1 3 68.5 semi-pulped

DiD 185 1.0 HC1 i 57.9 semi-pulped

D1E 185 1,0 5.0g. A1C13 3 7.6 | non-fibrous black "mud"
DIF 185 1.0 tgg: I;‘;;é 5 70.5 slightly pulped
D2A 185 2.0 no catalyst 6.5-7 64.3 semi-pulped

D2B 185 2.0 HC1 5 57.4 semi-pulped

D2C 185 2,0 HC1 3 55.0 semi-pulped

D2D 185 2.0 HC1 1 53.4 semi-pulped

D2E 185 2.0 5.0g. AlCly 3 -~==- | non-fibrous black "mud"
D2F 185 2.0 i:gg: ﬁi;g 5 59.0 slightly pulped

* See "Note", Table III

N.B.¢: All wood residues, unless otherwise noted, were light brown in color.

-6'[-



TABLE III: SUMMARY OF. DIGESTER COOKS (CONT.)

CODE TEMP.( C.)|TIME (Hr.) SYSTEM* INITIAL pH % YIELD| COMMENTS ON PULP
D3A 150 1.0 HC1 3 72.9 semi-pulped
hard chips
B3C 150 1.0 2.0g. A1Cl4 3 61.9 |pulped, dark brcwn
2.0g. A1C1 hard chips
D3E 150 1.0 3.02. ureaB’ - 9“.0 much darkeg
D3F 150 1.0 | 6% polysulfide 9.5 91.6 [siightly softened,
'
DYA 150 1.0 5g. Al,(S04)4 3 67.5 pulped <l“>’
hard chi
DUC 150 1.0 | 20% vol. DMSO, 5 92.3 P e
HC1
hard chips
D4D 150 1.0 1.0g. urea, HCl 5 4.7 | slightly darkened

* Note: The system includes the noted substances added to 100.0 g. O.D. basis wood in a

N.

50-50% by volume liquor of water and n-butyl alcohol; liquor volume to wood weight
ratio was 8:1,

B.t All wood residues, unless otherwise noted, were light brown in color.
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