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INTRODUCTION

Approximat ely 55 pounds of material are lost or burned per 100
pounds of moisture-fres wood im prepering 48 pounds of uableached kraft pulp.
Of these losses, approximately 504 are ltintn., The sromatic nature of ligaia
indicates the possibility of preparing from it a host of organic compounds with

many tires the value of its present use as » fael.

Fuserous investigations have been made on the utilization of the
lignosulfonic acids in sulfite waste liguor. These studies vers made necessary
Yy videspread demands for the elimination of stream p;llntlon. Rscovery of
chemical walues from sulfite waste liquors, yhtch hitherto could not be used

even as a fuel, supplied the economie drive for these fiavestigations.

One of the comwercially feasibdle processes for the utiligation of
sulfite waste liquor is the productioa of vanillim by alkaline oxidation of
the 1imnosulfonic acids. Because of the acid nature of the sulfite waste
l1iquor, the cost of the caustic becomes the predominant item of expense for
this oxidizing opsration. The alkaline nature of kraft and soda dlack ligquors
offers the possidility for the elimination or reduction of this item in an
alkaline oxidation. Furthermore, the practice of recovering heat and chemical
values from the mlkaline dlack liquors can still de carried out on the spent

oxidation mixture.

Considerably higher ylelds of vanillin may be obtained by oxidising
the sulfite waste liguors with nitrobengens in en alkaline medium. This
method also affords the simultaneous prsparatioa of nitrobenrzene reduction

products.



It is readily apparent that the above considerations make the study
of the oxidation of kraft black licuors with altrabenzene of academic and,

possibly, comrercial interest.
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HISYORICAL REVIEW

Liznin materisl vas first oxidiged with nitrobensens by Schuls (1)
a 1940 when he obtained s patent for the superatmospheric (200° C.)
oxidation of 1igninecontaining materfals with mitrobeasene in caustic solution,
gliving 8-10% yields of vanlllin based on the sulfite waste lilauor solids.
In the ssme yeer Traudenberg, Lautsch, and Fnzler (2) demonstrated that spruce
1ignin (cuproxam and ¥111statter 1igmin), lignosulfonlc acid, and sprusewood
yield up to 25% (on the lignin basis) of venillin under somewhat pilder con-
aitions (160° C.). Hibbert and co-workers (3) confirmed the results of
Treudenberg and axtended this progess to hardwoods, cornstalks, corucobs, rye
straw, and bamboo. A combined yield of LO-U5% of vanillin and syringaldehyde
(113 ratic) vas obtained from hardwoods. Pearl and Lewis (4) made an extensive
study of the varisbles of the reaction of nitrobenzene with sulfite waste liquor
at both atmospheric and superatmospheric pressures, including the investigation

of the nitrobenzens reduction products.

Although the mbove nitrobengene process is of rather recent interest,
the oxidrtion of sulfite waste licuor wvas rcoomplished as early as 1898 when
Pollacssk (5§) obtained small amounts of vanillia by the use of air and ferric
chloride. In 1908, Grafe (6) produced vanillin in low ylelds by heating
sulfite weste l1lcuor with lime at 180° C. It was mot umtil 1928 thet higher
ylelds (up to 20%) wers obtsined vhen Kursehner () modified the latter
process, using potassium hydroxide and & stream of alr. Yumerous mndificntions
of this process followsd, imcluding two commercislly feasidle processes: the

Marathon-Howard process (8), snd the Hidbert-Tomlinson process (9).
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Uatil 1928, vanillin vas ebtained only frow sulfonated lignin.
In that year Pauly snd Fenerstein (10) diselosed thet vanillin wes produced
by mild oxidmtion of ligain in a variety of materials ineluding grasses,
strav, and wood, without previous sulfonatiom of she lignins. Among the

oxidiring ngents used vere crone and acetic acid, chromic and acetic agids,

and chromic and sulfanilic acids.

Although Sehulx' patent (1) on the mitrobensene cxidation of sulfite
wvaste licwor 1noorp§rlted all li{gnin~containing materials, the only knowva attempt
to oxidire the 1ignin in kraft black liquor vas made by Breneck and Maller (11).
By heating one liter of kraft black licuor for 30 hours at 103° C. in the

presence of a stream of oxygen, 1.2 grams of pure vanillin vere obtzined.

At the present time, the organic materials iam kraft blsck 1iquer
ars used meinly as 2 fuel. Bovever, mumerous procssses have been developed for
the recovery of alkall 1igmin, tall oil, snd ergeaic amcids (acetic 2nd foraic)
from bleck liquors. Processes for the destructive ¢istiliation of Ddlack
1iquors lead to the recovery of methanol, acetic acld, omlic acid, acstone,

higher ketones, oils, and tarse
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PRESENTATION OF PROBLENM

In view of the considerztions outlined in the Introduction,
a funlamental study of the reaction betwveen a kraft blaeck liguwor and anitro-
dengane vas to be made to determins! (1) Whether kraft black liquors can
be oxidised with nitrobenzene to vanillin or similar gusiacyl products,
(2) the optimum conditions for the oxidation, snd (3) the nature and yield

of the warious products of oxidntion.
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FATURE OF KRAFT BLACK LIGUOR USED

A 55-gallon drum of commercial black 14iquor used in this study
vas obtained from the Thilmany Pulp & Paper Company. The oconditions under

which this black liocuor was prepared are 1isted in Tadle I.

The drum of black l1iquor was allowed to set overnight ia order
to permit sny soaps to settle to the top. The liquor was then drawn off into
S-gallon Jars wvhich vere colﬁletnlr filled, sealed with paraffin wax, and
placed in a cold storage room. As the 1lquor was used, it was transfarred
to progressively smaller bottles. These precautioans wers taken to keep oxidation

at a minimum. The liquor appeared to be free of tall 0il soaps.

In order to cover a vidof rapge of variables in the oxidations,
s mora concentrated black ligquaor was requireds This was prepared by
ooncentrating under reduced pressure (at 35° G.) five gallons of the original
black liguor to less than half its original volume. This material vas

slightly sirupy in naturs.

The analyses made on the lisuor in aocofdancc with Institute
Kethod 109 are sumrarived ia Table II. Lignia ia the dlack liquor was
calculated from the percentage of total solide and the methoxyl content of
the solids, assuming that all the methoxyl was in the liganin and that the

methoxyl content of the liznin was 1b. 5%,
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TABLE I

CONDITIONS UNDER WHIOH BLACK LIQUCR wAS PREPARKD

Date of cook
¥ood pulped
fype of digester

Cooking liguor

Dilute Black liguor

White liquor

TAPPI sulfidity
Kaximum pressure
Time to max. Dpressure
Time at max. pressure
Blowing charscheristics
Permanganate nusber of stock

Black liouor sample

TARLE 11

December 15, 1947

8.5 cords of 1002 green jack pine
Direct heating rotary (1935 ocu. ft.

capacity)

178 gale

3822 gale (equive to 3640 1b. active

¥a,0)
x 2
105 1b.

92 min.
90 wmin.

Started to bdliow at 56 1b. pressurs
with a total bDloving time of 20 =min.

20.3 (somevhat softer than for
standard wrapping grede)

55 gallons drswa off direetly fros

the diffuser

BLACK LIQUOR AYALYSIS

Specific gravity
Soldls, $
Hethoxyl, $
Sulfated ash as NaOH, %
Organic matter, %
Ligain (oaled.), #
Active alkali {es NaOE), g./1.
Faod (as NaOR), g./1.
FaOR (as ¥aOH), g./1.
Total alkali (as NaOH), g./1.

As Rsceived Concentrated
1.13% 1.336
21.85 45.6

N.17 4.28
ho.2 -—

59.& -

6.28 13.45
26.9 56.1
15.8 33+0
1101 23.1
82.3 171.8
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IMIDY OF OPTIMUK OXIDATION CONDITIONS
PROCEDURE

Oxidntions at Atmospheric Fressure

The kraft dlack liaquor was placed in a three-neck flask fitted
with & reflux condenssr and s mechanicel stirrer under a mercury seal.
Stirring wvas started and sodinum hydroxide pellets were added. The flask
was then closed by a rubber stopoer carrying a thermometer reaching below
the surface of the reactioz mixture. Nitrobensene was added slovly through
the top of the condenser. The flask wes heated bi snans of an electric heating
pantla. The mixture was brought to a gentle boil within aporoximately 15
minutes. Boiling mnd stirring vers continued for the tiwme of the experiment,
and the resction mirture was then allowed to cool to room temperature with

stirring.

The alksline reaction mixture was transferrsd to a continuous
extractor (12) in which the uareduced nitrodenzene and its reduction products
were extracted with ether. The ether-extracted alkaline solution wae
acidified to aporoximetely pH 2 by slowly adding sulfuric acid with violent
agzitation and was then filtered or centrifuged. The amber-colored acid
£11trate was extracted with ether in a continuous extrsctor, and the precipitata

was air dried, ground to 40 mesh, and extracted with ether ia a Soxhlet

extractor.
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The above extractions were carried to exhsustion as evidenced
by the color and solids content of fresh portions of the ether extract.

The average sxtraction was continued for 60 hourse

The sther extraats from the noid filsrate and nrecipitate were
combined, dried with anhydrous sodium sulfate, freed of ether by distillation

on a water bath, and wvelighed.

Superatsospheric Pressure Oxidations

These oxidations vere made in & stainless stesl autoclave (Parr
hydrogenation spraratus) of aporoximetely 40O-ml. esvecity equipped with »
thersometer well, blow-off safety valve, and an exhauat valve. After the
{ndividual resctants (black 1iquor, sedium hydroxide pellets, and nitrobenzene)
were placed in the mutoclave, it vas sesled with a plug bdearing the walves and
thermometer welle This plug wes held in place and tightened by a threaded
steel cap Titted with elght tightening dolts. A copper gasket was used to effect
a seal. The autoclave was turned end-over-end several times to insure
thorough mixing of the contents and then placed in an electrically heated
rocker. Rocking was started nnd the temperature was graduelly raised to
the desired tewmpersture in approximstely 45 minutes and kept st that point
for the time of the experiment. The antoclave was then allowed to cool to
80° C. with rocking, removed from the rociker, znd cooled to room temperaturs
under tap watar. The exhaust vnlve was opened, the plug removed, and the
renction mirturs was removed from the autoclave. The precipitate in the
reaction mixture was centrifuced or filtered througzh a sintered-glass fuanel,
washed with a smll amount of water, and extracted vith ether. This ether

extract was combined with the ether extract obtsined from the coatinuous
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extraction of the slkaline filtrate. The resction mixture was then treated

in the sams manner as described for the atmospheric pressure oxidations.

In the first twelve oxidations, oth;r was used to extract the
acid solution snd precipitate for removel of the lignin oxidation products.
Pegianing with Oxidation 13, benzens was used instead of sther becnuse
considerable ather was lost in theAcontinuons extractors. In order to
compsre the results of the wvarious oxidrtions, the yield of ethaf;solublo
gaterinl was converted to benrene-soluble raterisl by the following
arbitrary methods The ethar-anluble fraétinns vere disselved in ncetone
(5 wle for each gram)s The ncetone solution was precipliated into 20 volumes
of berxene by dropwise addition and eonstant stirring. The bensene-acetone
solution was filtered and the acetone distilled off at constant volume. The
acetonsefree bengens solution was filtered and distilled under reduced
pressure to rewove bemzens. The benzene-soluble freations were velghed and

their methoxyl contents were determined.
PRRESERTATION AND DISCUSGICE OF DATA

The conditions and yields of the various oxidations are presented
in Tedle III. The yield data are reported as the percenisge yield of benzene-
golubls materisls based on lignin® in the blask lieuor and 21s0 as the
pereentage of methoxyl recovered in the Densene~soludble fractions. The two

yield fizuras vary because some nonligain subatances may be bengens soluble

*Ag defined by the method of analysis on page 6. A portion of this walue
nctually comprises lizain degradation products.




TABLE IIX

SUKKARY OF SMALL.3CALT COXIDATIONS

Bengens Solubles

Time at Tield
¥ax. Max. {vased OCH
Tomp., Temp., Yield, on lienin), OCHB' 0033, r!covgred.
“Ce hr. Ze % % e’ “.‘
103 X 6.91 19.4 9.70  0.67 13.0
107 8 10.69 17.4 10.9 1.17 12.2
117 8 13,38 216 11.1 1.49 16.5
170 3 5.26 11.4 8.18  0.43 'R
170 1.5 J.24 - 18,1 11.3 0.37 143
170 3 .32 24,2 10.15  O.ub 17.0
170 3 5.57 31.2 12.89 0.72 27.8
170 3 6.7 36.2 10.24  0.66 25.8
170 3 5.2; 312 11.62  0.65 25.1
170 1 6. 31.6 10.87  0.61 23.6
200 1 4. 4o 30.8 7.09 0.31 15.0
200 3 2.5 13.7 9.5  0.23 £.9
200 3 1.43 10.0 4,37  0.06 2.9
200 1 D.38 16.5 2.85  0.07 T.l
200 3 2,06 144 2.32  0.0%8 2.4
170 3 k.11 23.0 12.07  C.50 19.3
140 6 5.01 28.1 9.66  O.LZ 18.5
10% g 7.11 20.8 9.49  0.70 13.6
170 1 9.91 21.5 8.17 0.8 12.1



and demethylation of lignin degradation products may occur under some

oxidising conditions.

The yield-of benzene-soluble fractions was delieved to be the

sost desirable means of deternining the degrse of oxidation ef the lignin and
afforded the best comparison of the variocus oxideations. Previous investigators
in the field of lignin oxidation were mainly interested in high ylelds of
vanillin. BHovever, since this was to bds a fundamental study of the resstioa
between nitrobanzene and kraft dlack linuor, it was desirable to odtain a

high yield of a fraction which contained all of the related guaiascyl compounds.
After obtaining the higheat possibls yisld of bensens-solubdle fractions, the
second part of this study was to determine the exact nature and yields of the

individusl constituents in the bengene-soluble maferials.

As a starting point, the first oxidation was based on Schuls' (1)
proportions for sulfite weste lionor with a slight excess of water wvhich vas
due to the concentratisn of the black liguor as ruéoivod. This atmospherie
pressure oxidation resulted in a yield of 19.1% of henrens-soluble products.
Ia Oxidation 3, the concentrated blaek liquor was used without added alkeli.
This resulted in a yleld of 17.4%. The yiold“vn- brought up to 21.6%

(Oxidation &) by doudling the nitrobensene ratio.

Oxidation § was patterned from Oxidation 3 and tested the
behavior of the resction under supsratmospheric pressure. This resulted
in lowering the yield from 17.4 to 11,4%, However, vhen Oxidation 1 was
repested st 170° C. with mn additional alkali, the yield was only slightly
decressed in Oxidation 6 and considerably increased to 24.2% in Oxidation 7

when the same retio of alkali was used.
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TABLE III

SUMMARY OF SMALL-SCALY OXIDATIONS

320 HalH

in in Reactant ratio based

Black Black Blesck ¥aOK on 1 part ligin,

Oxtda- Liouwor, Limmin, Linuor, Lisuor, added, 06!15!02. csusso? RaOR R

1 tion & r £ & g £ -

18 568 15,7 3 5.6 42.0 k2.0 1.2 1.3 12.b
b Ly 61.2 2u2 7.7 0 12.0 1.2 0.1 k.0
4o 4y 61.2 U2 T.7 72,0 184.0 2.4 1.3 4.0
xd 33 46,1 182 8.8 o} 4.2 142 0s1 4.0
6 284 17.8 222 2.8 0 21.0 1.2 0.1 4.0
7 284 17.8 p22 2.8 21.0 21.0 le2 1.3  12.4
8 o8k 17.8 202 2.8 21.0  b2.0 2.4 1.3 12.h
9 e L 17.8 222 2.8 21.0 63.0 3.0 1le3  12.M
10 2%k 17.8 222 2.8 k2.0  63.0 3.6 2.5  12.4
11 osh 17.8 222 2.8 42.0 63.0 3.6 2.5 12.k
12 28k 17.8 222 7.8 kp,0  63.0 3.6 2.5 12.4
13 227 1b.3 1717 2.2 42,0 12640 g.8 301 12.4
14 Pl 17.8 272 2.8 42,0 63.0 3.6 2.5 17.4
15 227 14,3 177 2.2 42,0 126.0 8.8 3.1 12,4
16 2271 14.3 177 2.2 g4.0 126.0 £.8 6.0 12,4
17 277 1k.3 177 2.2 4.0 126.0 B.& 6.0 12.4
18¢ .- 17.%8 222 - 23.8 42,0 2.4 1.3 12,4
19 284 17.% 222 2.8 2.0 42,0 2.k 1e3  12.4
20 568 5.7 iz 5.6 42,0 84,0 2.4 1.3 12.4
210 I 6.1 182 58 54,2 108.4 2.l 1.3 4.0

Rgchuls’ proportions
bConcentrated black liquor
©Indulin A used instead of black uqnor
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Because of the fact that inorganic reducing substances, which
may be more easily oxidiged than lignin, are present in kraft dlack liquor,
it was decided to determina the eoffect of increasing the nitrobensene ratio.
Since Oxidation 7 guve the bdest yields thus far, Oxidations & and 9 were
patterned after it. By doudling the nitrodensens ratio in Oxidation §,
the yleld was increased to 31.2%. In Oxfdation 9, a threefeld incresse
of nitrobenzens resulted in & 36.2% yield with a somevhat lower aathﬁxyl

contente.

In Oxidation 10, it was felt that perhaps a further increase in
yield could be obtained by incressing both the alkali and the nitrodenzene

ratio. This resulted in a lower yleld (31.2%).

Oxidation 11 indicated that, under the assigned conditions, the
reaction is completed during the first hour. This is svidenced by the
fact that no decrease in yield was obtaineéd by carrying out the reaction
for one hour instead of the previously assigned three hours used in

Oxidation 10,

Since the oxidations carried out at 170° C. gave consideradly
higher yields than the atmospheric oxidations, a further study was made
on the effect of using even more drastic conditions. Oxidstions 12 to 17
inclusive were carried out at 200° C. Ia general, these oxidations resulted
in much lovwer ylelds and consideradle demethylation of the benzens-solublae
mterials took place. The acid filtratoi before and after beazens extraction

had a mch deeper amber color and the voight>of precipitated lignine on

acidification of the alkaline reaction mixtures was much less, both imdicating
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consideradly more dagradation of the ligain took place but %o an imsufficient

degres to make it benzene solubdle.

The effect of ingredients other than lignin in black liguor was
studied in Oxidstion 1% by substitutineg Indulin A, s purified plne kraft
1ignin preparsd commersially by the West Virginia Pulp and Paper Comwpany,
for kraft black liguor under the conditions of Oxidation 8. This resulted

{n a much lower yield of 23.0%, as commared with 31.2% in Oxidation 5.

To test the effeat of a temperature betweenm 110 and 170° C.,
Oxidation 5 wvas repeated at 140° C, for aix hours in Oxidation 19. A slight

lovering of yield (to 26.1%) was observsd.

Since only a fev nxidations vere made undsr atmospharic oconditions,
Oxidstion 8 was repeated under stmospheric conditions in Oxidation 20. This
oxidation alao afforded a comparison vith Oxidation 1, in that the nitro-
bensene retio was doubdbled, and with Oridation 4 whinh showed the effeot of
increasing the water ratio. The ylield of 20.8% vas such lower thanm that
from the superatmospheric Oxidation 8 and was in the same range as Oxidations
1 and 4. Since the yield in Oxidation 4 was the hishest of the atmospharic
pressure oxidations, this oxidetion was repeated at 170® C. in Oxidation 21,

vhereupon the sane yield was obtained.

It wvas imposeible to mske a thorough study of all the variabdles
of this reaction. That would have necessitated several hundred oxidations.

The hetsrogeneous nature of black liouor predisposes it to all sorte of

simultaneous side remctions.

\/v
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EXTRACTICON OF BLACK LI UOK

To determine the natures of the ether- and benzene-soluble
mterinls present in black ligunr before oxidation, nine liters of kraft black
1iquor, as received, were extrected with ether in s continuoue extractor.
The ether sxtract was dried with anbydrous sodfum sulfate, and the ether
was distilled to give 30.34 grams (3.37 grams per liter of black liquor)
of an ether=soluble 04l with a strong mercaptan ndor. The oil was further
d1stilled under reduced pressure. The residue consisted of E.23 grams (0.91
grap per liter) of a yellow-brown solid. The distillate was a rsd 1licuid.
The yellow-brown s011d was dissolved in a small cusatity of ether. A
white orystalline material failed to dissolve and was filtered. The
crystals, on being freed of sther turned into an oil. The oll turned into

a cream=0olored povder, which still had a mercantan odor, after long standing.

The ether-extracted kraft black liquor was devold of any odor
after the extrastion. However, after several months of standing, = slight
kraft odor was sgain observeds A S500=-ml. alicuot of the extracted black
liquor was acidified with sulfurlc scid until the pl was approximmtely 2.
The brown precipitate was filtered, dried, ground to a fine powder, and
extracted with ether in a Soxhlet extractor. The light brown filtrate

was extracted with sther iﬁ a continuous sxtractor.

The sther extracts from the precipitate and flltrate were
combined and dried with snhydrous sodium sulfate, and the ether was
d1stilled on & water bath. The yield of ether-ssluble 0il was 12.23 grams.

The sther-soluble materisls were converted to a benganm=solnble fraction by
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dissolving the ether-soluble oil in 172 ml. of scetone. A small amount
of sulfur was filtersd snd the ncetone solution was precipitated dropwise
{nto 2440 ml. of bengenas with rapidly stirring. The red solution was
decanted from the precipitated tar, and the asetone was réemoved by
distillation at constant volume. The acetone-free sclution wes agsin
decanted and the benzens was distilled under reduced pressure. The yield
of Benzene-soludle materials was 10.33 grﬁn (28.9% based oa the lignln).
The methoxyl content vas 10.26%. This represents a recovery of 20.5% of

the original methoxyl in the black liguor.
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LARGE-SCALR OXIDATION
OXIDATION PROCEDURE

In order to provide for a larger sample of benzene-soluble
paterisls which would permit the ldentification of products formed in
extresely low ylelds, a large-scale oxidation vas carried out under the
conditions giving the dest yields among the small-azale oxidations

(Oxidation 8).

This oxidation was made {n 2 stainless steel, cylindrical,
horizontal rotary autoclave (29 inches loag and 9.5 inches in dismeter)
having s cavacity of 33.7 liters. One hesd of the autoclave was emuipped
with a relief valve, a preseure gage, and thersometer wvell. The other
head contained s safety wvalve. In the centar of the eylindrieal body
was n four-ineh charging hole vith a pluge The autoalave was heated by

six gns jets. It was suspended on and driven by two drive ahafts. The

rate of rotation was 20 revolutions per houre

The autoclave was charged with 20 liters of kraft black liquor,
1680 zrams of sodlum hydroxide pellets, and 2750 ml. of aiirobensens
(3360 grams). The charging hole plug was screwed on and rotation vas
started. The contents were heated to 170° C. in U5 minutes; this temper-
ature was maintained for 3 bours. Heating was then dissontinued, and the
auntoclave and contents were allowved to cool to room temperature vhile
rotating. The rotation of the aatoclave was stopped vhen the relief

valve vas in the uppermost position. ¥o gas was svolved when the relief
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valve was opened. The autoclave was turned throusgh 180*, snd the contents

were emptied through the relief valve after the chargiag plug vas removed.
In contrast to the results obtained in Oxidation 8, the reaction mixture
had a aitrodenzene odor and 414 anot contain a presipitate. The last traces

of the reaction mixture were wvashed out of the mutoclave vith a stream of

wvater.

SEPARATION ARD ANWALYSRS OF OXIDATION PRODUCTH

Extraction of Nitrodengeme and Reduction Products

The alkaline reaction mixture and washings (s volume of 27 liters)

were filtered and transferred to a large continuous extrastor im which the aitro-

bengzene and its reduction products were remved vith bengene. The benzene
extract was ag dark as the reaction mixture and partially esulsified during
the oarly part of the extraction. This benzene extract was placed in a
series of 2-1iter separatory funnels. Afier settling overaight, ns 1line of
separation could be observed, aven with the aid of a beam of 1ight. The two
layars were separated by trial and error in the following manner. Aa amount
of solution believed to be fres of benzene was drawn off and extracted with
fresh benzene wheresupon two layers could be observed and separated. This
lighter colored bentene extract was added to the portion bdelieved to consist
wholly of an exuleion. The portion of the original benszene extract which
vas believed to consist of benzene extract only was extracted with 5% sodius
Bydroxide. After a number of such extractions, the Denrene extract was fresd
of erulsion and resolved into a distinct deazeneesoludle extrast. The 5%

sodium hydroxide-soluble materials were comdined with the bengens-extracted
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reaction mixture. The bheazeme extrast of nitrobenzene and its reduotion

products comprised a volume of 1l 1liters.

Extragtion of Lignin Oxidation Produgts

The denszens-extracted alknlin; reaction mixture was acidified
to spproximately pE 2 by slowly sdding congentrated sulfuric acid with
repid stirring. Decause of fosming snd 1a order to avoid a great ﬁcuﬁcr-turo
rise, the scidification wan écoo-pliohod by nértodto additions of sulfuric

pcid. After two days the desired pi was attained.

The acidified mirxture was centrifugsd in & basket ceatrifuge. The

acid Tiltrate was extracted to exhaustioa with Dengzene in continuous axtractors.

Upon completion of the extraction, the benszene was distilled under reduced

pressure and 59.7 grams of a brown bengene-soluble oil was obtained.

The precipitate of ligmin and sodium sulfate obtained by
centrifuging the scidified reaction mixture was air dried and ground ia a
Wiley mill %o pass a l0emssh screen. The tan powder was extracted with
bengzene in threa large Soxhlet extractors. The benrens extract was distilled
under reduced pressure to yield 245.9 grams of a drown bveugzene-soluble oil.

The combined yleld from the filtrate snd precipitate was 305.6 grams.

Crystals forred in both the benzeneesoluble fractions. These
were isolated by dissolving the bensene-soludle mterials in the minimum
cuantity of ethanol, filtering the insoluble crystals, sad washing them
vell vith athanol. These yellow crystals had a meltiaz point of 111° C.,

burned with » blus flame, and evolved sulfur dioxide. This identified them
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as rhombic sulfur. The sulfur amounted to 26.3 and 25.0 grams of the benzene=

soludble fraction from the Tilltrate and precipitate, resnactively.

Bacause of the similarity in color and physical appesrance of the
benzene=soluble fractions from the filtrate and precivitate, it was felt
that no separation of components was mnde by the meparate extractions.
Accordingly, the ethanol solutions of the benzene-snocluble products were
combined and the ethanol was distilled under reduced pressurs. The combined
yield of benrena-soluble fractions was 251.2 grams, representing a yield of
17.6% based on the lignin in the black liquor. The methoxyl content was
10.8%, which represents a reoaveiy of 13.1% of the original methoxyl content
of the black liquors The similar small-scale Oxidation 8 gave a benzene-

soluble yield of 31.2% and a methoxyl recovery of 27.8%.

A small portion of the waste bsnzene-extracted acid filtrate
was tested by extrncting with ether. The ether layer became yellows On

warming another portion of the waste filtrate, sulfur dioxide was asvolved.

Since there was a posszibility that aldehydes were retained as
bisulfite additinn products, the benzene~extracted acid filtrate was boiled
under reflux in the prasence of a alow stream of air to remove sulfur
dioxide. TDuring the refluxing, a greenishebrown precipitate was formed.

At the same tize a2 yellowewhite s01id began to collect in the condenser.

The gas evolved had a sulfur dioxide and mercaptan odor and zave a sulfur dioxide

test with nickelous hydroxide paste and also with filter paper moistened with

iodine solution.
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The refluring was changed tn n steam Alsti)lation to oollect
the stearm Aistillsble matariale Aftar =averal days of stemm distillation,
the diatiliate still had 2 sulfur dioxide and mercaptan odor. The material

which steas distilled was sulfur. The steam distillate was strongly acid

(pH 2)e

The refluxed solution was filtered and 30.2 grams of a zreenish-
brown 1igninlike precipitste was obtained. The filtrate was extracted with
ether in a continuons extractors The red ether extract was dried with
anhydrous sodium sulfate and the ether removed by distiliation ia a water
bath. The yield of ather-soluble materials from the filtrnte was 117.5

Frant.

After the benzene sxtraction, the precipitated ligmins obtalned
on acidificstion of the oxidation resction mixture vere air dried, reground
in a ¥iley »i11 ¢0 break up agglomerated clumps, and sxtracted with pthar in
the large Sozhlet extractorse "he ether axtract, aftar treatment as abovs,

ylelded 146.6 grams of ether-scluble oil.

®he sther-soluble meterinls from the prscinitate and filtrate
apneared to bs similar. Thay wers dissolved in ethanol and the ethanol
solutions vers combined. After the ethanol was distilled under reduced
pressure, 263.5 graws of a red-brown, ether-soludle oil remained. The

methoxyl contant of the sther-zoluble fractions was 6.1%.

The bengsne~ and ether-sxtracted precipitated 1ignin had =
methoxyl content of 3.2%. An allouot of the extracted acid filtrate was

taken to dryness. The methoxyl conteat of the solids was Oell®. The
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methoxyl balence shoving the distridution of the original 206.8 grame

of methoxyl in the dlack liquor is sumzariged in Tadle IV.

TABLE IV

METHOXYL DISTRISUTION AFTER OXIDATION

Methoxyl, Methoxyl, Fercentage of
Praction % Z Original
Bengene-soluble 10.84 27.2 13.1
Rther-soluble 6.1k 16.2 1.8
Precipitated ligaine 3.19 . 158.3% 16.5
Aotd filtrate 0-1“' M.S 703
Total - - 20643 99.7

*Baged on solids

Class Separation of Bensgne-Soludle Materials

The various steps in the class separations, which are described

in more detall below, are summarized in Pigure 1.

A 101.5-grae aliguot (40.Uf) of the bdenzene-soludle materials
extracted from the acidified reaction mixture was dissolved by triturasing
and stirring in small portions of 9.3%% sodium hydroxide solution in an ice
bath uatii the deasene-soluble materials were completely dissolved. A
volume of 350 ml. of the alkali, vhich was equivalent to a 21% sodium
bisulfite solution wvhen saturated with sulfur dloxide, was reguired to
effect solution. This slkaline solution vas saturmted with sulfur dioxide

in an ice bath. The cloudy yellow bisulfite extract was decanted from the
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dark viscous material which precipitated on acidification. The precipitate
vas redissolved in 500 ml. of 9.3% sodium hydroxide in the sape manner

and saturated with sulfur dloxide. The operation was repsated for a third
time, again reauiring 500 ml. of alkali. The three disulfite-extracted
fractions vere combined and extracted three times with 150-ml. portions

of ether in an attempt to remove wmaterials which 41id sot react with bisulfite

but were water scludble.

The bisulfite extract was acidified with 90 m»l. of concentrated
sulfuric acid, which was added dropwise with agitation. A dark oil was
liberated. The acidified solution was boiled under reflux vhile a slow
stream of air wvas pasned in. The refluxing was maintained for five minutes
after the solution remched the bBoiling point. Sulfur dioxide and some
material with a mercaptan-like odor was still being evolved, but heating
was discontinued., The gassous odor was similar to that evolved during
the steam distillation of the acidified reaction mixturs filtrate. The
clear yollow mcid solution was decsnted from the dark 0il, saturated with
sodium chloride and extracted with sther in a continuous extractor. The
ether oxtract was dried with anhydrous sodium sulfate snd filtered, and the
ether was removed by distillation in a water bath. The dark o1l which
separated on acidification was not appreciadly seluble fn ether and was,
therefora, dissolved ia ether-ethanole This solution was distillied nnder

reduced pressure with the abtove ether-soludle raterinls to remove the

ethanol.

The yield of bisulfite-soluble materials was 35.58 grams, and

the methoxyl content was 15.7h.
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The tarry material, wvhich was insoluble in 21% sodium bisulfite
solution, vas extrascted with a saturated sodium dicarbonate sclution in
the folloving menner. Sodium hydroxide solution (4.75) wae added to the

material fn amall portions. After triturating and stirring, the saturated
alkaline solution vas poured off ané the operation repeated with fresh
portions of alkali until the material was completely dissolved. Bix
Mndred and ten ml. 0f alkall wvere required to effect complete solution.
This slkaline solution was placed in an 1ce dath and saturated with carden
dioxide. The clear golden extract was filtered from the hrown amorphous
precipitate which became $arry on the filter paper. A second bdisardonate
extraction requiring 580 =l. of h.7$ sodium hydroxide solution was mede on
the precipitate in the same mennsr. The precipitate was filtered and washed
with an £% sodium bicarbonate solution. The two bicarbonate extracts vere
cordined and extracted with the ether extract obtaimed from the bisulfite-
soluble materials. The ether extract became s lighter red and was zgain
extracted with a smell, fresh portion of 8§ sodium bicarbonate solution

which was combined with the other bicarbonate-soluble materials. The
bicarbonate-solnble fraction was then extracted with a fresh portien of

ether.

The bicarbonate extract vas acidified dy the dropwise addition
of approximately 50 ml. of concentrated sulfuric acid with atirring to
liberate oarbon dioxide. As carbon dioxide was liberated, s dark o1l
separated and the solution became lighter in colore The carbon dloxide-

free solution was poured off, saturated with sodium chloride, sand extracted
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with ether in a continuous extractor. The ether extract was distilled in
e water bath to remove tha ether. The dnrk 0il was dissolved in ethanol.
The ethanol solution was combined with the ether=bicarbonate soludle

materials and the sthanol was distilled off under reduced pressurse

The yield of bicarbonmte-soluble materials, which had s

pethoxyl content of B.2%, was 22.86 grams.

The tarry precipitate from the dicarbonate extraction was
dissolved in 450 ml. of 5% sodium hydroxide solution in the manamer previously
describdede The resulting alkaline solntion was extracted with the ether
axtract from the bicardonate extraction followed by three fresh 100-ml.
portinns of ethers The combined ether extracts were extractsd with 50 =ml.
of 5% sodlur hydroxide solution, which was combined with the other phenolio

extract. The remaining ether extract represeated the neutral materials.

The alicaline solution of phenolic materials was acidified with
12 ml. of ooncentrated sulfuric acid. The dark solution became light
dProva and a dark oil separateds The acidified solution was Tiltered,
ssturnted with wodium chloride, and extracted with ether in a continuous
extractors The dark o1l was dissolved in ethanol and combined with the
ether sxtract; the solvents wers reaoved by distillation under reduced

pressurs.

The yield of 5% sodius hydroxide-soluble materials was 25.58

graes. The methoxyl content vas 16.0%.
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The ether extract of neutral materials was dried with
anhyirous sodium sulfate and the ether wvas removed by distillasion. The
yield of neutral materials was 1.53 grams. This gontained, in part, a
smell smount of the nitrobensene reduction products vhich vere not

previously extracted.

The converted total ylelds of the above materials are

summzarised ia Tadle V.

TABLE ¥

COMPOSITICN OF BRNZENR-SOLUBLY MATERIALS

Yie1ld (based
on Benszene- Yiald (based
Yield, Nethoxyl, eoluble Fractions), on Li;nin).
Traction P % %
Bisunlfite~soludle 88.0 15.7 35.1 6.2
Bicarbonate-~soluble 5645 8.2 22.6 h.0
Alkali-s0luble 63.2 16.0 26.2 N4
Reutral 3.8 w—— 1.5 003
Total 211.5 - i s Y4 14.9

Analysis of Bisulfite~Soluble Fraction

The Ntulﬂt.o-uolublo 0ils wers distilled under refuced pressure.
A yellow symﬁy material (3.“ grams) distilled at 65-72° C./0.04 mm. while
the bath temperature was maintained at 140* C. Ralsing the bath teepsrature
to 180° C. failed to produce any additional distillate. The yellow syrup
consisted of a few crystals, vhich were identified as sulfur, sad s yellow

oile This 01l was insoluble in water, petroleum ether, and ligroin. Attempts



2B

to obtain a crystalline produss from dilute ethamol, ether-petrnleum ether,
and bensene-ligroin mixturea failed. The oil was soludle in bisulfite dut
failed %o yloll.pryltnllino derivetives with hydroxylamine, phenylhydrasine,
and 2.h-&tnttrbph.nylhyﬁrnrlno. Oi1y dortvnfival ware obtained except with
the latter reagent, in vhich case no reaction was bdelieved to have taken

place.

The disulfite-seludle undistillable materials were isken up ia
absolute ether for trannfo; to a nﬁbli-atlon spraratuse The material was
enly slightly soludle in the ether. Hence, the remainder of the material
vas dissolved in absolute ethanol. When the alcohol solution was comdinmed
vith the ether solution, a light drown 1igninlike precipitate was formed.

This wvas filtered and washed with ether. On drying, the precipitate (8.58

grams) turned into a dark tarry meterial. The light brown amorphous character

vas restored on the surface of the tar when the material wvas resuspsnded

in ether.

The solveat was dietilled from the filtrate under reduced
pressure. The brown oily product (20.05 grass) waes sudlimed in an eoil
bath (90° C.) under a pressure of 0.04 mme After a 2i-hour sublimation
peried, 0.4 gram of a white solid #1ightly moist with oil was adtained.

A small portion of the solid was placed om a porous rlate, btriefly washed
vith ether, and the melting point determined. The white crystals melted

at 203° C.*, which was indicative of wvanillic acid. The white solid wae

*All melting points are uncorrected and vers determined on s Fisher-Johas
melting point apparatus unless otherwise indicated.
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completely sublimed from the residue after 32 days of continuous heating.
During the Iatter stages of the sublimation, the beth temperature wvas
ratged to 100° C. and then to 120° C. to speed the removal of the solid.

The yield of sublimate was 8.76 grams.

In order to separste the crystalline portion of the sublimate
frem the oil, the sublimate was treated with portions of hot vater (70° C.)
. until the clear, slightly yellow, mqueous solution was mo longer very acidic.
The reralning insoluble o0l was dissolved ta sther and extracted with amll
portions of 8% sodium bicerbonate solution. The bicarbdonate extract was
acidified and a brown oll seperated. The 0il wvas filtered and the yellow
filtrate vas extracted with ether. ' On distillation of the ether, crystals
melting st 195-208" C. were obtained. Crude erystals forsed ia the brown
oily precipitate. These vers removed by treating as previcusly noted with
hot water, leaving behind a red-brown oil. The ether thrnctkof the
bloarbonate-insoluble o0il was combined with the adove oile Distillation
of the ether left 1.72 grams of a red-drown 0il. The yleld of practieally

pure orystalline material was 7.04 grams.

The agueous solution of the crystalline material wvas concentrated
to s small volume and allowed to cool. White meedles meltiax at 193-203° C.
ware filtered. Recrystallirations to a constant melting poiat from water and
ethanol and & single carbon black treatwent yielded pure wvanillic acid melting
at 207-208° C. (capillary). There was ao depression in a mixed melting poinmt

determination with authentic vanillic acid.

Analysis. Calculated for vanillic seid, CgHgOy: CH;0, 18. 4%,

Found: CHy0, 1%.38%.
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In order to determine the nature of the 1.72 grams of 0il which
sudlimed with the vanillic acid, a methoxyl detersination was wade. 4
methoxyl content of 17.52% indicated that the material originated from the
1igis. Turther analysis indioated the presence of sulfur in the amount
of 1.45%. Since elesental sulfur was praviously found in the bengzene-
soludle fraction, the oil wvas treated with garbon bisulfide. The oil,
freed of the carbom bisulfide extract, still gave a positive test for
sulfur. The sulfur content of the oil indiceted that, if a simple sulfur
derivative of a guaiacyl compound was present, it represented only 10%
of the oil. Sinee a compound of this type vould contribute greatly to
the understanding of the chemistry of the kraft process, adiitional tests

were made on the oil.

In the mercaptan test with lead acetate, a voluminous yellow
precipitate was obtained. However, negative tests for mercaptans were
obtained with sodium mitroprusside and mercuric oxide. The 0il formed
an oily derivative vith 2,l-dinitrochlorobenzena. On oxidation of this
oily derivative with 3% potassium permanganate solutlon, a smell smount
of tan powdery crystals, welting at 76-88° C., vas obdtained. 4 similar
ten precipitats wvas obtained by oxidizing the original o1l which

contained sulfur.

The test for sulfones was doudtfule The fumes obtained on
acidification of the melt from the sodium hyﬁrorido fusion of the oil
decolorized iodine paper but failed to give the sulfur dioxide test

vith nickelous hydroxide paste.
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The following miscellaneous tests were perforsed on the oil.
Aotive unsaturation vas indicated since the oil decclorized potascium
permanzraate solution and dromine in glacial ncetie scid. The compound
gave ¢ tan precipitate or trentment with ferric chloride selution. With
concentrated sulfuric acid, it formed a deep red colore The presence of
a carbonyl group was doudtful, since only an orange solution instead of
s orecipitate was obtsined with 2.h-dinitrophoiylhydrlsine. A manry
derivative, wvhich was only slightly soluble in ethancl, was obtained vith
3,5-d1initrodbanroyl chloride. Oa attegpted recrystallization of the

derivative from dtoxnno—othnhol. an o1l was obtainod.

Isolation of Yanillin

In sa anslogous qualitative large-scale oxidstion in which a
portion of the oxidized kraft dlack liquor was lost during the steam
d1stillation of the acidified reaction mixture, a bisulfite-soludle
fraction was obtained in a similar manner. UHowever, in this case the
acidified bisulfite axtract was boiled under reflux for severzl days with-
out completely removing the sulfur dioxide and mercaptan odor. The acid
solution wvas then saturated with sodium chloride and extracted to

sxhsustion vith sther in a continuous sxtirsctor.

The etherwertrscted acid solution retained a golden color.
In order to determine the mature of the materials vhich vere mot ather
extractable, the 201d solution was distilled to drymess. The yellow
inorganic salts, which had & vanillin odor, were extracted with sthanol.

The yellow alcoholic extract was soncentrated to s small volume and chilled.
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An orangeered oil separated. Vater was added to the remaining ethanol
solution to precipitate more 0il. Further concentration of the dilute
sthanol solution resulted in the recovery of all the material as an oil.
After sotting for days, some crystals vere farmed in thnl oile An attenpt
was made to remdove the 011 by recrystallizing the muterial from ether-

1igroin without any success.

The oily residue (2.45 grams) was treated with hot water. The
aqueous solution became yellow, and the red oil remained insoludle. The
aqueous solution was decanted, and the 0il was treated with msre water
until further solution d1d not take place. The yellow aqueous extracts
ware conmbined, conceatrated to a lmllor volume, and chillad. Crystal
formation d1d not oceur evea after furtber consentration. mvaquoou-
solution was frozen. On melting, a small amount of yellov crystals were
formed. While filtering the erystals under reduced pressurs, vhite
needles began to form in the filtrate. The rtitnte was chilled and
filtered. The vhite orystals melted st 80° 0. and were recrystallized
from ligroin by dissolving in ether, adding ligroin, and distilling the
ethere Orystals vere not obdtained until the ligroia wae alwost completsly
distilled. Turther recrystallizations were made from water, The purs
white needles formed mn asbestoslike met on filtering, melted at 80-80.%° O,
(capiliary), snd 414 not depress a mixed melting point with authentic
vanillin. The 2,i-dinitrophenylhydrarone melted at 269-270" 0. (eapillary)
and gave no depreseion in 2 mixed melting point with the hydraxone prepared

from authentic vanillin. The estimated yield of wvanillia from the oxidation

was 3.7 grams.
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Analysis. Caloulated for wanillin, OggO3: O, 63.16%; K, 5.26%.
Pound: ©C, 63.24%; H, 5.50%.

Analysis of Bigarbonate-Soluble Praction

Since Pearl (1§) found that the lead salt of vanillie acid was
solubls when =n mqueous solution of asidie saterials was treated with aeutral
lead mcetate, this technioue was applied te the separation of the above
frastion. The oily bicarbonate-soludle fraction was triturated and stirred
with a liter of hot water. The bright yellowv aqueous solution was poured
off and the oily residue was again treated in the same manner with smller
portions of hot water antil the aqueous extract had practically =o color.

The hot monecus extract, consisting of approxirately three liters, vas filtered
and the hot filtrate was trested vith an excess of saturated neutral lead
acetate solution. The curdy yellow preoipitate vhich formed was set aside

to settle overnight at room temperature. The yellov pracipitate of lead

selts (Praction B) vas filtersd and washed thorousghly with hot water. The
combined filtrate and washings (Praction A) were saturated with hydragen
sulfide and then boiled to remove excess hydrogen sulfide. The precipitated
lead sulfide was filtered and washed with hot water. The colorless filtrate
and washings, vhile deing concentrated to a smaller volume, became slightly
apber in color. On cooling, s small amount of browa oil separated. The cool
solution was acidified vith sulfuric neid, saturated with sodium chloride,

and extracted with ether. The light yellow ether extract was dried with
ashydrous sodium sulfate and filtered, and the other vas removed by distillatioen.

The yield of the brown oil (Fraction A) was 4,05 grams.
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T™he above and succeeding steps in the separation of the bloarbonecte-

soluble materinls are schematically outlined in Figure 2.

The precipitated lead salts (Fraction B) vere suspended in water,
acidified with sulfuric scid, and extracted with ether. The ether extract
was dried and distilled, and 2.16 grame of a red-brown oil (Fraction B)

were racovered.

The hot water-insoluble oil (Pragtion ODB) was dissolved in 100 ml.
of ethanol and precipitated into 3 liters of water. The yellow colloidal
solution was clarified by adding sn additional 25 ml. of ethanol and was
then treated with an excess of saturated neutral lesd scetate solution.

The yellowebrova pracipitate (Praction D) was sllowved to settle, filtered, and
washed vith water. The combined filtrate and vashings were distilled in order
$0 remove the ethanol. The precipitate (Fraction Z) was filtered and washed

with vater. Fraction C consisted of ths filtrate and washings.

The solubdle lead salts of Fraction T were treated in the meamner
described for Fraction A. The aqueous solution of the lesd-free material
was concentrated and cooled. 3ince cry:tallisntion did4 not take place, the
solutlon was fnrfhor cbncontratod until the previously golnrlo-t solution
began %0 turn yellowe The solution was acidified with sulfaric acid,
saturated with sodium chloride, and extracted with ether. The yellov sther
extract vas dried with anhyﬂfons sodium sulfate, and the ether was distilled.

The yield of a redebrown viscous oil was 0.58 grem.
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Bloardonate-soluble o1l (27.56 g.)

y

Treated with hot water

' N\

Hot water-soluble oil (AB) Hot water-insolubdle oil (CDB)
fpreated with excess saturated, Digsolved in dilute ethanol
neutral Ph(Ac), and filtered !
/ R \' o Tremted vith excess saturated,

Filsrate (A) Preoipitate (B) noutnl?(u)z end filtersd
suﬁrn_tod vith 0,3, Aqueous suspension Tiltrate (O%) Precipitate (D)
volled, and P2 treated with acid N |
filtered} solutiom and axtracted with Distilled ethanol; Aquecus suspension
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od
\l/ l’ other and ethanol;
Aoidified and ex- Fragtion B R distilled solvents
tracted with ether; ?2.10 g. J/
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J N \
Treated as Treated as
Sublimation 1is (f) in (B)
Venillic seid Fraction C Frastion X
EO\E“ & 2057 Ko
Sublimation
098902

(‘o De 129“1}0.)

FIlouus 2

Fractionation of Bicardoaate~3alubls Matarials
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Phe yollow~brown precipitate (Fraction D) was suspeaded ia
water and treated vnﬁ sulfuric acid. A heavy dark tar separated. The
slrture was extracted with ether. 3ince the tar was not very soludle in
ether, it was dissolved in ethanol. The ether and aleohol extracts vere
combined, and the solvents were distilled under reduced pressurs. The

yield of & dlmok tar was 9.%57 grams.

Traction F was treated in the same manner with the exasption
that the extraction was made with ether alone. The ether extract vas
dried with ashydrous sodius sulfate, and the ether was distilled. Traction B

consisted of 2.47 grams of a dark oil.

Fragtion A. The browa oil (4.05 grams) containing crystals vas
sublimed under reduced pressure (0.07 mm.) in aa oil bath maintained st
90° 0. The sublimate consisted of 3.21 grams of s cream-colored crystalline
80144 melting at 187-192° C. after being washed with ether. The orystals
were resudblimed at 90°/0.04 mm. and yielded 2.9% grams of a product melting
at 193-192°. The material was dissolved in water, treated with carbon dlack,
and recrystallired to a constant melting point of 207-208° (eapillary). A

mized melting point determination with authentic vanillic acid gave no

depression.

Asalysis. Oalculated for wamillic acld, CgBgOy: OH40, 18.40%,

Tragtion B. Upen ublhnﬂon of the 2.16 grams of red~brown oil
as 100-140° C./0.06-0.08 mme, 0.68 gram of an orange oil vas obtained. By

repeated precipitations of an ether solution of the oil into petroleun ether,
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1izhter colored sther-petroleum ether soluble materials wvers obtained.

The soluble fraction was decanted from the separated oils, concentrated, and
chilled, and the oil was filtered. Conceatration of the nlear yellow solution
t0 an extremely small volume failed to produce crystals. The residue free

of solvent was composed of yellow crystals embedded in a yellow olly mess.

The residus was redissolved in ether, a small amount of vater was added,

and the aether was distilled. The aqueous solution, which was strongly acid,
was chilled. Orystal formation did not take place evea on further concentration

of the aqueous solution.

Concentration of the aqueocus solution was discontinued when it
was obhserved that the vapor was acidic and the material was apparently steam
disti11ing. The mqueous nolution wvas cooled and extracted with ether. The
ether extract was subsequeatly extracted with a smll volume of 8% sodium
bicardonate solution. The dicarbonrte ertract was acidified, extracted
with sther, and the other was distilled. The crystals vere still oily.
Nicrosublimation of the residue yielded long vhite needles coated with a

small amount of yellow oil. The crystals melted at 201-228% O,

Fraction C. The rod—ﬁrovn viscous oil (0.58 gram) at 100° C./
0.07 »m. ylelded 0.35 gram of a yellow-green viscous solid, which vas dissolved
in the minimum quantity of ether. Ligroin was added to the sther solution
and the esther was distilled, The ligroin solution was chilled amd decanted
from the 01l which sepsrated. On further concentration of the clear 1igroin
solution, irregularly shaped, rodlike, oreamemcolored crystals molting at

101-114% 0. were obtained. The crystals were stirred with warm water
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(approximately 70° C.). The acid aqueous solution was filtered from

the 011 which d1d4 not dissolve, and was chilled. The wvhite crystals
(melting point 110=123° C.) were filtered and rccryutallixaﬁ alteraately
from dilute ethanol and ligroin until a constant melting point of 129-130° .
(capillary) was obtained. Gualitative analysis of the crystals showed that

neither nitrogen nor sulfur was present.

Analysis. Caloulated for CqHgOp: C, 72.49%; H, 6.0ut.
Tound: C, 72.84%; N, 6.0Ld,

A wethoxyl content of 7.68% (single determination) was obtained
using only » 2.4 mg. sawple of the orystals. This detsrmination served
only as & qualitative indication of the presence of methoxyl groups,

bucouse 0f the error involved vith such a small samoles

The neutralization equivalent of the material vas determined by
titrating pot.ntionotrieauy e 1.976 me. sample vith 0.00227 ¥ alkali. The
aeutrslisation squivaleat was 185, Similsar microtitrstions, which were
mede on samples of bensolic and vanillic acids, indicated that the experimental
error was approximstely 10%. The pH of the above acueous solution before
titrating wvas %.03. The end point of the titrstion occurred at pH 7.l
(6.00 mle alkali). At this seme point the following phenomenon took place.

On addition of 0.10 ml. of alkali, the pH Aropped from 7.3l to T.13. S3ince
this could have been a2 characteristic of a lactons, the solution was warmed

to 60° C., vhersupon the pH rose to 5.19. On cooling to room temperature

(25° C.), the pH was 7.6%. The pH readings obtained with subssquent additions
of alkali followsd a swooth curve. 4 similar break, which was less pronounced,

occurred at pE 6.91 (5.65 ml. alkali).
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A positive ferric chloride test {ndicated the possidle presence of
phenolic hydroxyl groups. In this test a green color was formed and » lighs
brown precipitate was odtained. The solution ox warming turned yellow and
emitted & phosphorus-like odor. In order to accouat for both cardoxyl amd
phenrolic hydroxyl groups in the same moleculs, it would de necessary to
assign to the compound the lactone structure discussed above. Hovevsr, the

oxygea conteat did mot permit the assumption of a lactone group and also a

methoxyl group.

A survey of the literature disclosed no known acids having the
above empiricel formala and aolttng point. Olnnamic acid (OgHgOp, ®.p.
133° C.) approximated th0 -olting point and the formula weight. In a mixed
melting point determination with cinnamic acid, a melting point of 129-130* ©.
was obtained. Howevar, the unkmown material failed to give the odor of
bengzaldehyda on boiliag a dilute aqueous solution with a drop of ferric
chloride solution snd a drop of hydregean peroxide solution. The test was
given by the same small amount of cinaamic acld. Also, a negative test for
unsaturation with bromine in glacial acetic acid was obiained for the uaknown.

Howaver, s similar negative test vas obtained for cinnamic acid.

Because of the small amount of material availadle and the
unaertainty involved ia micro tests, the remalining crystals were subdjected
to infrared absorption anslysis. 3Similar absorption curves wvere deternined
on coumarin and cimnamic acid for comparison of groups and linksges suspected
in the unknown compound., The results of the analysis of the infrared
absorption curves are presented ia Tabdle ¥I. The unknown compound resembles

einpanic ncid except for the hydroxyl group, which nppears to de absent in
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the unkmown. It i{s interesting to nots that the phenyl group appeared
degenarate in doth conﬁonﬁdl. The suspected lactone was not indieated
in the usknown, But scme resemblance to coumarin was shown in the reglon
of 2330 to 2350 em.~l. Since it mppeared that the acidity of the unknowa
wvas not due to csrboxyls, phenoliec hydroxyls, or lactone formation, the
anhydride rerion was examined. As mnhydride structure also apnaared to
be absent. In view of the above, it is difficult to assism a definite

structurs to this unknown compound.

vragtion D. An attempt to sublime (90° C./0.1l mm.) the 9.57
grams of black tar yielded only a trsce of a 14quid with a plumlike odor.
Distillation using an iprersion Adistilling head at 160°* C./0.0h »ne falled

to produce additionsl quantities of the oil.

The black tar was only slightly soluble in ether but solubdle
in ethanol, ssetons, dioxane, and glescial acetic scid. FPrecipltation of
a glacinl acetic acid solution of the tar into ice water produced a brown

mddy precivitate. On filtering, a browm 1izminlike powder was obtained.

Pragtion E. Sublimtion of this fraction (2.17 grams of dark
011) at 120° C./0.04 mm. produced 0.79 gram of & white s0lid admixed with
s red olle A portion of the red oll was removed by dissolving the sublimate
in sther and extracting the ether solution with & small amount of 5% sodium
vicarbonate selution. The bicardonate extract wasm acidified and sxtracted
with ether. Distillation of the ether produced brown oily crystalse.
Recrystallizations from a variety of solvents and solvent mixturss failed

to produce orystsls without the oil. By dissolving the crystalline residue
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in s small qusntity of hot water, a partial fractionatior was made. The
agqueous extract became richer ia the crystalline materiale The squeouns
extract was concentrated to a smaller volume and chilleds A nilkﬁ solution
was formed. On chilling for a long period, the solution separated into an
0il and aqueons layer. The aqueous layer was poured off and extracted with
ether. A small smount of white orystals melting at 102-106" C. vas obtained.
These crystals were further purified by microsublimation yielding fine

white nesdles melting at 109-111° C.

The 0i)l which separated fros the agueous solution became crystalline
on standing. These ary;taln were subjected to a micresudlimstion treatment.
Vhite orystals melting at 130+148° O. were obtsined. On stsnding these
crystals became brown. The aqueoue solution of both orystalline materials
was strongly acidice Because of the extremely small yields and the failure

to obtain pure products, no characteriszation tests wvere made.

Analysis of Sodium Hydroxide-3oluble Fraction

The 2%.58 grams of oil from the above fraction were separated on
the basis of solubility as follows. The oil was treated with 100-ml. portions
of ether to dissolve the ethere-soluble materials. The light brewn flocculent
saterial which was dispersed in the ether solution was filtered. The ether
treatments vere repsated until all the oil was removed from the flaske.

The comdined precipitates were washed with ether.

The precipitate, on evaporation of the ether, becare a dark tar.
The tar was diasolved in ethanol, and the ethanol was distilled under reduced

pressurs. The 6.51 grams of ethanol-soluble tar (Praction A) 412 not distill

at 120° C./0.07 mm.
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The residue from the ethar-soludle fraction consisted of
1%.87 grams of a dark viscous 0il with a medicinal odore The flask
containing the 61l was packed with glass wool to prevent dumpiag snd foaming,
and the 011 was Alstilled under reduced pressure. At a bath temperature of
160° C. and a preseurs of 0.22 mm., 1.63 grams (Praction B) of 1ight drown
oll 4istilled. This fracticn was followed by L.35 grams (Praction 0) of
» red 04] which 5011dified into a yellow solid. Kelther fraction had a
constant boiling point. The beth temperature was raised to 180° C. to remove
all the yellow solid. To obdtain Fraction D, the residue was heated with a
Bunsen flame, and an additional 1.50 @rnu of darik 011 were obSained, using
aa slectrienlly heated fractinnating column. The distillation was discontinued
vhen vhite fumes, indiceting dcadnpocltion. were evolved. The fractionations

of the sodiuw hydroxide-~soluble naterinls are outlined schemationlly in Figure 3.

Efforts to form crystalline derivstives of the oily Fractions B and
D feiled. The following rempzents were used: benzoyl chloride, 3,5-dinitroben-

voyl chloride (in amhydrous pyridine), snd l-aaphthyl isocyanate.

The yellow solid (4.3% grams) obtained fn Fraction C melted at
80-96° C., and was purified oy sublimation at 80° C./0.03 mm. to yield 3.81
grams of a vhite solid melting at 102-112° C. Reorystallisations from dilnte
ethanol and ligroin ylelded white needles melting at 113.5-114° C. A mixed
melting point vith authentic acetovanillone was not depressed. Acetovanillone
bensoate was preparsd by shakiag with denzoyl shloride and sodium hydroxide,
and the resulting derivative was recrystallized frow ethanol to give long

fibrous nesdles melting at 107° C. and not depressing » mixed melting poiat

vith sutheatic acetovanillosne bensoate.
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Sodium hydroxide-soluble oil (25.58 grams)

Treated with ether

Bther insoluble Pther solubdble (15.87 g.)
, Distilled under
Pailed t0 distill wader reduced pressure
roduced pressure \L
\ Praction B--1.63 g.
Fraction A
Fragtion _o_.—uojs Re
6081 [ 4

Praction 2"‘1 . % F &

Prootion B--Residue--10.62 g.

PIOURE 3

Tractionation of Sodium Rydrexide-~3oludle Materials
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Anslysis. Caloulated for acetovanillone benscate, O)gHyuOy:
C. 7100"" K. 5.19%. Yound: s n.l?‘: H, 50}0“0

In an analogous qualitative large-scale oxidation ia which
a portion of the oxidised kraft bdlack liguor was lost during the stean
distillation of the acidified resction mixture, a sodium hydroxide-solubdle
fraction vas obtained in the same manmer. This fraction distilled at 180° C./
0+3-0.7 mme The dlstilled oily vers separated physically from the
scetovanillone wvhich solidified in the receiving flask. These 0ils were
furthar frastionated by distillation under reduced pressure. The fractions

which were obtained are 1isted in Table VII.

" PABLE VII

FRAGTIOES FBOM SODIUM RYDROXIDE-SOLUBLE MATERIALS

Fraotion Boiling Point Characteristic
A 116°/0.17 mm. Tellov liquid oil
3 160°/0.2k mm. Orange oil
0 188’/0.2h =, Viscous orange o0il
D Residue Dark tar

A portion from each of the mabove fractinns wns treated vith
esach of the following reagents: Ddenzoyl chloride, 3,5-dinitrobenzoyl

chloride, p-nitrodenzoyl chleride, and acetic anhydride.
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In general, the dsrivatives obtained were oilss A amall amount
of a orystalline 3,5-dinitrobenyoate was obtained from Fraction B. After
a single recrystallisation from ethanol, a tan powder relting at 76-85* C.

was obtained. The methoxyl content was 8.31%.

A grystalline bengoate was obtained from Fraction J. After
shaking the orange 0il with bengoyl chloeride and sodium hydroxide, the olly
derivative vhich was forped was extracted with ether. During the axtraction,
a browa precipitate, which was insoludble in sodium hydroxids or ether, was
formed. The precipitate was filtered and recrystaliized from dilute dioxane
and sthanol. The powdary yellow-browa crystals melted at 173-174* C. and

had a methoxyl sontent of 11.92%,

Agalysis. Calculated for (O7Eg0,),: C, 68.85%; K, L.92%.
Yound: 0, 68.264; H, 5.11%.

Assuming one methoxyl group in the moleculs, the formula weizht
caslculated from the porcnntige of sethoxyl 1s 260. This would mske the
above formila (073602)2 or OjyH 50y, which has » formle weight of 2Lk,
Since the above formla permits the substitution of only one benzoyl group,
the formula of the orizinal vhenolio oo-mu& say he 073803 or a wultiple
of this formula. A ssarch of the literature failed to disclose a phenol
(C4Bg0;5 or O14H160g) vith the bensoate melting at 173-174° C. Attention
was given to the monomethyl ethers of trihydroxybenzene which have the

sbove formula,.
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NITROBPNZEEE REDXICTION PRODUOTS

LARGE-SCALE OXIDATICK

Extraction of the alkaline reaction mixturs from the large-
scale oxidation zave 1l liters of a dark amber benseme selution of

unreacted nitrobensene and its reduction products.

A 1400-mle alicuat (10%) of the above benzene solution was
extracted five times with approximetely 150-ml. portions of 5% hydrochlorie
acid to remove sniline. This ariline hydrochloride solution was made
alkaline with sodium hydroxide, saturated with sodium chloride, and extracted
vith sther. The ether extract was dried with anhydrous sodium sulfate,
and the ether was removed by distilling in a water bath. Fractieally

pare aniline (58.9 grams) (5920 1.584) was obtained.

The denzene axtract, after removal of aniline, was distilled
uader refuced pressure {0 remve the benrene. The 0lly residue was
fractionated under reduced pressure. The first fraction consisted of
218.4 grame of unreduced nitrobensene, bep. 70°/2.4 mm., 2020 1.551. The
second fraction boiled at 141°/1.2 mm. and solidified into orange crystals which,
when recrystallized from sthanol, melted at 67°. A mixed melting point with
suthentic agobenszens gave no depression. The yield of the axobenxene was 10.1

gravs. A spall amount of & dark undistillable residwe (2.3 grams) was not

analysed.

The yields of the above products are susssrized in Tabdle VIII.

The percentage yield is based on the 3350 grams of nitrobenzene used in the

oxidation.
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TABLE VIII

WITROBENZENE AND RERDUCTION PRODUCTS RECOVERED

Grams as Yield,
Hitrobenzene
Fitrobentzene 2184 6%5.1
Aniline 1719 23.2
Azobensens 137 18 §
Residue | 23 0.7
Total : | 3123 93.1

SMALL-SCALE OXIDATIONS

'J‘hq sther or benzene solutions odtained by extracting the
alkeline reaction mixtures of the smallescale oxidations were not completely
snalysed, but the presence of nitrodbenzens, aniline, asobenzens, and
aroxybensens vas indloated. Atmospheric Oxidatioms 1 and 2 yielded 26.0

and 32.1%.aniline, respectively.

In the superatmospheric oxidations, varying amounts of solid
saterial were found in the alkaline reaction mixture. This precipitate was
gentrifuged or filtered prior to sxtraction of the nitrobearene reduction
products. Oxidation 5§, in which conceatrated dlack liquor was used, was
the only oxidation yielding » carbonirzed residue (20.8 grams) vhich was
insoladle in 811 solveats. Oxidation 7 gave 2.0 grams of practically
pure asobenszene as & precipitate. The remainiag superatmospheric exidations
yielded either sodium p-azobenzenesulfonate (SPABS) or a lisninlike precipitate
soludle to some extent in vater. The amounts of these two materials formed

in the various oxidations are sumwarised in Table IX.
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TABLY IX

PRECIPITATES FORMED IN ALRKALINE RZACTION MIXTURR

Orude SPARS Ligninlike precipitate
Oxidation Yield, 2. Oxfdation Yield, g.
] 5.0* 6 2.1
9 3.0 12 8.9
10 15.1 1h 17.1
11 6.7 15 26.9
13 18.5 16 22.8
19 3.2 17 19.2

21 17.6

*Includes 1.2 grams of asobenzene

The SPABS geparated from the alkeline reaction mixture as zolden
platelete which, on resrystallization from sthanol, gave iridescent orange

platelets.

Anslyeis of SPABS Obtained from Oxidaties 9. Calculated for

H.Ne0.8: ¥, 9.86; 3, 11.27; ¥a, €.10. Toumds K, 9.77; S, 10.8;
Cy oBq¥ %80, ;

¥a, 8.18.

In order to facilitate the fidentification of $PABS by comparison
with authentic SPARS, a bemzylthinronium derivative (13) was prepared in
the folloving mamner. To a solution of 1.75 grams of SPARS in 300 =l
of wvater warmed to 60° C. was added a oomcentrated agueous solution of 2.%0
graps of benryl isothioures hydrochloride with stirring. An imrediate
precipitate of shiny orange platelets, somewhat lighter in color than the
original SPABS, was obtained. After chilling, the derivative was filtered,

vashed with cold water, air dried, and recrystallized to a constant melting
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point from 50% ethanol. The meltinag point of this nev sulfonic acid
derivative was 219-220% C. There was no depression of the mixed melting
point wvith the derivative preparsd fros sutheatic SPABS (14). A 99.6%
-yield of the derivative was obtained frﬁn authentic SPABS which signifies
the quantitative nature of ths reaction. Since SPABS has a0 melting point
and, conssquently, its purity and yleld are difficult to determine, the
preparation of the above derivative in practically quantitative yields
serves as a rapid method for snelysis of SPABS im mixtures free of oxalie

acid or other materinls vhich resct with the reagent.

Aaalysis. Calculated for °2o‘éo'h°332’ N, 13.08.
Tound: ¥, 13.08.

STUDY OF THR POMATION OF SODIUM p-AZOBRNZENESULFONATE

Pearl (1) obtained SPABS as = reduction product from the action
of sulfite waste liguor and alkall on aitrobengene only under atmospheris
conditions. In a saries of sxperiments, Fanrl (14) slse proved thai the
formation of SPABS must result from the reductioa of nitrobensene by
1ignia in alkaline solution with the subsequent sulfonation of the reduced
product in an active state by inorganic sulfites. One of these sxperiments
indicated that an isolated alkali lignin (Meadol) in the presence of
inorganic sulfite will reduce mitrodeazsne to SPABS. Sodium sulfite alone

forred only s small amount of asoxybenrens.

It was previously nmoted that, in the present study, SPABS was

formed only under suporutln-phorlé conditions. A gomparison of Oxidations 8

and 18 shows that SPAR3 is not formed from kraft lignin (Indulin) alone. To
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deternine wvhether ligain is responsidle for the formation of IPABS vhen
kraft black liquors are used or vhether the imorganic constituents of
kraft dlack licuor alome will dring about the formationm of SPARS,
Oxidation 10 was sisulated with a hypothetioal dlack ligquor containing
only the inorganic constituents. Based on 222 grams water, Table X lists
the smounts of sslts wvhich were used in sd2ition to the sodium hydroxide

and nitrobengene, using the maximum figures reported by Sutermeister (35).
TABLE X

INORGANIC SALTS USED IN SIMULATED BLACK LIQUOR

Grams
Sodium carbonate 5.6
Sodium sulfide 4,0
Sodium sulfate - 2.7
Sodium thiosulfate 1.4
Sodium silfite 1.4

The sbove oxidation produced 17.1 grams of SPARS, which was
slightly in excess of that produced by kraft black liguor. To determine
which of the adove constituents wvas necessary for the formation of the
SPABS, s series of similar oxidetions were made, leaving out varions

constitusnts. Tadle XI summerixes the results of these oxidations.
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TABLR XI

TORMATION OF SPABS BY INORGANIC CONSTITURNTS

SPABS,

Oxidation Inorganic Constituenis e
23 ¥s0H, ¥apS, ¥ap30y, Na,3,04 17.6
24 ¥aOE, WaoS 15.8
25 lltOB. 'lzsouo‘ K&23?°30 'l?m3 702
26 ¥alOH, llzsﬁu. xn2303 303

The above results indicate that the two reducing agents--
1.9., sodiun sulfide and sodium thiosulfate--are mainly responsible for
the formation of SPABS in the reaction between kraft blmck liquor and
nitrobenszene. These reducing agents appareatly accomplish a simultaneous
reduction and sulfonstion of the nitrobenzene. The necessity of sodium
sulfite for the sulfonstion was disproved in Oxidation 23. In Oxidation 2l

the sodium sulfide wvas quantitatively transformed to SPAB3.
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ISOLATION OF SCDIUM OXALATR

In the small-seale oxidations, varying amounts of sodium oxalate
precinitated with SPABS from the alkaline oxidation reactioa mixture.
An analysis was made of the 18.5 grams of precipitate obtnined in Oxidation 13.
The alkaline precipisate was dissolved in the minimum quantity »f hot water.
Ythanol was added to the brown mgueocus solution amd the gray precipitate was
filtered. Additional ethanol was added to the filtrate until a precipitate
wap no longer obtained. The red filtrste contained the SPABS. The gray
presipitate was orystallised from water and dilute ethanol and treated with
carbon black so yleld 11.3 grams of o vhgto powder. The bdenszyl isothioures
derivative of this powder melted at 193<194° C. snd 41d not depress a mired
melting point with di'(éﬁb.ﬂ!,lthiﬂfonin.o oxalste prepared from authentis

sodium oxalate.

Analysis. Cnloulated for ¥as020yt - C, 17.91%; ¥a, 3L.33%.

Tound: ©, 17.91%, ¥a, 3U.0TE.
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GRUERAL DISCUSSION

In this fundamental study of the reaction bestween nitrobenrene
and kraft dlack liquor, the first phase involved a determination of the
conditions for the optimum ylelds of 1ignin degradation products. Frevious
investigators in the f1e1d of 1isnim oxidation soncerned themselves chiefly
with obtaining high yioido of wvenillin. 9Jince guainmoyl co-pouﬁhl other
than vanillis have been lgolatnd from 1igain and since it was not precticadle
to make a complete snalysis of all the products formed in eash smmll-scale
oxidation, it vas necessary to obdtain a fraction which would eontﬁln the
various guaiacyl compounés and afford a coxparison of the degree of oxidation
obtained. Because compounds of the above type are generally soluble in
sther or benzene, an extract obtained with the above solvents would represeat
the degree of oxidation attained. It was later found that bensena extrected
a smaller amount of oils and, therefore, all yields wvere reported as bengene~
soluble materinls. 4 typical example of the diffarence in the amount
extracted by ether and Yenzene is Oxidation 8 in which 66.4% of ether-soludle

and enly 31.2% of bensene-soluble materisls vere obtained.

Altheugh a variety of conditions were studied ia an attempt to
obtain high yields of bengene-soluble materials, the oxidation was not
successful fros a practical standpoiat. The inherent character of the kraft
1iznin appesred to resist oxidation. This resistance to oxidation may be
due t0 either or both of the following: (1) Substitution of sulfur into the
14gnin wolecule, sither as = mercaptan or a sulfide, may inhidit exidetion;
(2) the 1igmia, during the alkaline cooking conditions, is subjected to a

reducing action which mey alter the ligmin molecule and make it less

susceptidle to oxidatioa.
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Rven under drastic conditions, as in the oxidations at 200" C.,
decomposition of the 1iznin was d1fficult. Judging from the smaller amounmt
of precipitated 1iguin and the darker color of the acidic filtrate obtained
in thess drastic oxidations, the lignin may have been degraded only 11‘0
lover molecular velght polyrers without ylelding lowar solecular weight
suaiacyl derivatives, or the simple products whick may have besn formed
were recondensed into scld-scluble polyrers. These lower rolecular veight
polymers also composed the greater part of the bensene-soluble fractien of
all the oxildstionas. This is evidenced by the various ligainlike fractions
which were inolated from the benzene-soluble materials from the large-scale

oxidatioa.

A similar type of degradation of the lignin may take place under
kraft cooking conditions. However, the products in the two cases are not
necessarily the same dut both may be formed as & result of alkaline hydrolysis.
Extraction of the acidified unoxidized kraft black limor ylslded 28.9% of
bensens-noluble materials. The nature of these materials was not investizated.
The methoxyl content of 10.08% demonstrated that they originated principally
from the 1ignin. The bensene-soluble materials represented a recovery of
20.5% of the methoxyl i{n the black licuor. Hagglund (17) found acetovanillone
in kraft dleck liguor in an amount of about 0.1% of the wood weight, which

is further evidence that kraft 1imin is severely degraded under alkaline

cooking conditions.

The detarmination of the nature of the ether-soluble sxtract
obtained from the alkaline black 1iquor was not within the original scope

of this work. 5Since both 1isuid and solid materials with a mercaptan odor
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(actuslly 1dentical with the kraft odor) were obiained, there is a
possidility that these materials alse originated from the lignin. Further
favestigation of these materials may lead to a Detter understanding of the
chemistry of the kraft process. Remowal of these substances YWy & more
practical means mey also solve the kraft odor prodleme After a long peried,
the ether-extracted dlack liguor regainmed the original kraft odor ¢0 a
lesser degree, vhich indicates that theme odoriferous substences can e

formed By internal reaction or decomposition.

Nitrobensene oxidation of the kraft dlack liquor also destroys
the mercaptan ofore In general, the oxidation reaction mixtures had an
smsonia or nitrobensene odor. After the sther or beasene extraction of the
nitrobenzene products, the extractsd reaction mixture retained only the
odor of the solvent. After evaporstiom of the solvent no edor remained.
Since mercaptsn materials were not found in the sxtract of the nitrodensens

reduction products, the mercaptans were probabdly completely oxidized.

The bengene-soludle products were also devoid of & meroaptan
odor. However, the Venzene-soludle materisls after the crystalline
sulfur vas removed gave a qualitative nulfvuf teste This indicates that
sulfur may have been chemically combimed with the lignin frageents which
vere extrscted with densene. A negative nitrogen test indicated that thers
was no conlensation between the nitrodensens produets and the benszene-soludle
1{min degradation produots. An examination of the sulfur-containing oil
which sudlimed with the vanillic acié from the disulfite-soluble matsrials

failed to disclose the nature of the chemical combination of the sulfur in

the oil.
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The presence of imorgsnic sulfur compounds in the black liaovor
hed far-reaching effects on the oxidation. The study of the variadles of the
resgtion showed that a much higher ratlo of nitrobenzene was reduired in this
etudy than was required for the oxidation of sulfite waste liquor (1, B).
This was due to the reducing action of the imorgmnic salts-=chiefly sodiam
sulfide and sodium thiosulfate--wbich were present in the dlack liauwer.
he effeat of these salts on nitrodensens was foroidly demonstrated in the
study made on the formation of sodium gpusobonzono-ulfonntc. It s believed
that the oxidation of these salts preceded or, at say rate, wvas accomplished
with less difficulty than the oxidation of the 1imin. BHowvaver, thelr presence
in the reaction mixture had no deleterious or retarding effect on the oxidation
of the 1iznia if a lsrge sxcess of nitrobengene vas used. This vas demonstrated
by the fast that the yield of bdengens-soludle materials was not increased by
lﬁbﬂtituting an alkaline solution of Indulin for the dlack liguer. On the
contrary, the aporeciable decrease in yield from Iadulin (compare Oxidations 8
and 18) leads to the balief that materials other than ligain in the black liquer
say exert a beneficisl oatalysing action on the oxidation. Inasmuch as only
one oxidation was mafe on Indulin, the above camnot be stated as a Aefinite
conolusion. The faet that the methoxyl coenteat of the beazene-soludle frections
from the Indulin oxidation was in the same range (less thsn the methoxyl
sonteat of 1ignin) as that of the black liquor oxidations dispels the belief
that the bengzene-soludle materials from the dlack liquer sxidations contained
a large proportion of black 1iquor extractives such as fats, waxes, and resins.
The presence of subdstances vith a lov methoxyl centent in the benzens-soluble

fraction msy be mccounted for by the fact that demethylation of the producis
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may have oscurred. This loss of metboxyl was not appareat in the sethoxyl

balance for the large-scale oxidation.

Although mitrobensene is classified as a 2114 oxidixing agent,
the combined effeet of high temperaturs and the presencs of alkall may
result in extrems degradative action, as indicated adove. Additional sigas
of degradation vere observed in the case of the smallescale oxidations made
at 200° C. Thess oxidations yielded a ligminlike precipitate iz the alkaline
reaction mixture. hr‘ﬂr;-. Cederqvist, and Trobeck (18) found thas, ¥y

heating kraft dlack lismor $0 326-350° C. under pressure, a large amount

of the organie matter in the yllqur was precipitated as a carbonacecus Bass.
However, the adove-moted precipitates in the preseat study vere aot
earbonaceouss The precipitate obtained ia Oxidation 13 vas composed mainly
of sodium oxalate. ¥he 'hr(q yield whieh m obtained indicated that either
the lignin oi.' more prodably, the ligain oxih:\ion fragueats vers severely
degraded, or a degradation of the sugar acids preseat ia black 1iquor
ococurred. Presumadly otk took place, dut the former may accouat for the
sccompanying lov yields of bengzene-soluble materials in thess drastic
oxidations. Although the precipitates from the other oxidations were not
analysed, their appearance and solubility in wagter lead to the belief that
they alsc contained a large proportion of sodium oxalate. A smaller amoung
of sodium oxalate was probadly formed in the less drastic oxidations.
Although no attempt was made to determine the nature of the liquid products,

the presence of acetic acild and foreic acid was suspected.

In addition to the variadles vhich wvere studied, it vas found

that the degree of oxidation is also a function of the amount of agitatioa
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during the oxidation. This was demonstrated by the much lover yleld of
bongene~s0luble materials obtained in the large-scale oxidation. The yield
in the large-scale oxidation was 17.6%, vhereas a yield of 31.2% was obtained
4a Oxidation 8. The only 4ifference betwaen the two oxidations, apart from
the guantity used, was the type of sutoclave (more satisfactory tyves vere
ot available) used and, consequently, the degres of agitation. This alse
pertially accounts for the extremely low yields of crystalline oxidation
products isolated from the large-scale oxidation. The atmospheric oxidations
vere made vwith rapid stirring, btut failed to give high ylelds of beagene~
soluble materials. However, it is believed that the ylelds could de greatly

ineressed by wore rapid agitation and/or a longer resction time.

The two main crystalline products obtained from the oxidation of
1ignin were vanillic acid and acetovanillone. The combined yield of wanillie
acid fros She dicarbonate- and bilalfit-lolﬁblo fractions vas 25.33 grams
(7.93 and 17.40 grams, respectively) or 1.78% based on the lignin. The yleld
of acetovanillons from the sodium hydroxide-soluble fraction of the benszene-~
soludle materials was 9.141 grams or 0.66% based on the lignin. Vanillin was
1solated frox an analogous large-scale oxidation which, bdecause of the loss
of a portion of the reaction products, was carried out dualitatively. This
vanillin was 1sclated in an unconventioaal manner since it was obtained from
the acidified disulfite solution from which the disulfite-soluble materials
were supposedly extracted with ether. FEvidently the wanillin was not
1iberated because of the svolution of sulfur dioxide being continually
generated from the decowposition of some product in the boiling acid solution.
The vanillin was finally isolated by distilling the ncidified bisnifite

solution to dryness and extracting the residue with ethanol. That wanillin
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is a product of the orxidatien of kraft black liquor was also indicated in
2 smll-scnle oxidation mede under the same conditions as Oxidation 1. In
this case, an alicuot of the bisulfite extract was treated as above for the
ramoval of the sulfur dioxide. The wanillin was then precipitated as the
2,4-d1nitrophenylhydrasone. From the weight of the derivative, vhich had

» methoxyl content of 5.50% (thaoretics! methoxyl--9.3U%), the yield of
vanillin from this oxidation was calculated to be 6.l4%. This vslue for
vanillin way be high as it may include some acetovanillone vhich is =ls0
soludle in bisulfite solution and also forms a ?,M-dinitrophenylhydrasone

under the conditions employed.

In an attespt to develop a rapid method for the determination
of the vanillia, the potentiometric titration mathod of 3igeis and Vaxoy (19)
was examined om a known welght of authentic vanillin. The titration gave
1o breax in the plotted curve and, hence, no end point was indiosnted. This
may have been due to the reversidility of the reaction to form veaillin and
sodium bisulfite as additional amounts of sodium hydroxide were sdded during

the titration.

The disulfite-soluble fraction from the guantitative large-scals
oxidation yielded wvanillic acid instead of the vanillin which was expected.
This mey be attridbuted to sny of severnl osuses. It is possidble that some
vanilliec 2cid may have been extracted dy the bdisulfite solution, or the
vanillin, which is readily suscevtible to oxidation, may have been oxidired
to wanilliec reid during the, sublimstion trestment. Another sxplanation,
which is based on the extremsly loag time recuired for the comwplete sublimation

of the vsnillic =cid from the oily bisulfite-soluble extract, is that the
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vaniliic ascid was tha result of decomposition of a low molecular weight
polymer of lignin. The actual poaasibility of the latter was iuvestigated by
& oursory snalysis of the sulfur-countainiag oil which sublimed with the
vanillic acid. The nature of thiz cospound was not definitely established

because of tha low yield.

An additional amount of wvanillic aoid was isolated from the
bicardonate-soluble fraction using the procedure developed by Fearl (16)
vhich is based on the soludility in acueous solution of the lead salt of
vanillic acid. Since a large portion of the bicarbonate-soluble fraction was
insoludle in vater, the techainue was further extended to afford a fractional
separation of the remeining vater-insoluble materials by dissblving and
precipitating the lead salta from a dilute ethanol solution. In this mamer
five fractinns were obtained from the blearbonate-soluble materials.
Crystalline materials were obtained from a1l the fractions except one. ¥ith
the sxception of vanillic acid, these cryutalline materisls were not completely
identified becsuse of their small ylelds. Fraction C, wvhich embraced the
compounds whose lead salts wnr§ soludble in dilute othsanol and remeined in
solution after the alcohol was distilled, yielded a white crystalline compound
on sublimation which had the empirioal formla 093902 and melted at 129-13C* C.
Analysis, wvhich was incomplete, indicated that this compound resembled, in some
respects, the structures of cimaamic mcid and coumarian. Three zdditional
crystalline compounds were isolated from the warious fractions of the bicardbonate-
soluble materials. Extrems difficulty was encountered in the purification of
these compounds. This fact, coupled with the small yields, made it poszible

to report only the methed of isolation and the crude melting points. A further
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investigation of the structure of the above cempownds 1solated in larger

asounts may be of aid in the understanding of the chemistry of ligain.

The sodium hydroxide-soluble materials were fractionated according
to their solubility in ether. The ether-soludle msterials were further
separated into wore digtinot fractions by distillation under reduced pressure.
Although these phenolic materiels had a definite gusiacol odor, acetovanillone
(vhose yield was reported mbove) was the only compound definitely identified.
The other phenolic materials were oils which 444 not boil under reduced
pressure at any definite temperature. Also, crystal)ine derivatives could not
be obtained from these 0ils, with the excepticn of two coppounds. One yilelded
A spall awount of a tan povdery 3,5-dinitrobenroste which melted at 76-85° C.
and had a methoxyl content of 8,31%. The other vas a yellov-brown powdery
bensoate wvhich meltad at 17}-17h° C. and had » methoxyl content of 11.92%.
This bengoate had the empirical formula C;HgOp. The assesbled data demonstrated
that the original phenolic compound may have ths empirical forsula 37!803. An
insufficient amount of the derivative was available to prove this by saponifi-

cation and further analysia.

The nature of the nitrobenxene redustion products and the study of

the formation of sodium p-arzobenmzenesulfonate are discussed in the preceding

saparate section.
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SUKMARY AND CONOLUSIONS

In this study of the oxidation of kraft bdlack liquor with nitro-
Densene, the optimum yleld of benzene-soludle products vas 31.2% based ca

the lignia.

A somevhat similar oxidation made on & larger scale $0 perait the
separation and identificetion of the adbove cleavage products gave a yield
of 17.6%. Vanillic acid accounted for 10.1% (yield of 1.78 based on ligain)
and acetovanillone for 3.8% (0.66% based on 1ignin) of the fraction. Vanillin
and ormlic acid vere also isolated and identified. In a similar large-soale
oxidation, the yleld of vanillin vas approxirately O.3% (based on ligain),

in contrast to the yleld of 6.4% (based on lignin) vhich vas odtained in &

small.gcale oxidation.

A procedure, vhich was dased on the soludilities of the lead
salts ia water and d{lute ethanol, was developed for the fractiomation of
the dicarbonate-soludle materials into five separate divisioms. Orystalline
compounds vers isalated from four of these fractions by means of sudlimation.
The dats obtained on ona of these compounds indicates some similerity of this

conpound (098902) to cinnamic scid and coumeria.

%vwo unidentified phenslic derivatives were prepared from compounds
preseat in the sodium hydroxide-soludle fractiea. The remainder and greater
portion of the bengzene-soluble materials consisted of 0oils and amorphous

materiels vhich represented either higher moleculsr welght 1ignin cleavage

produsts or condensation products of the 1imin.
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The nitrodenzene reduction products formed in the large-scale
oxidation consisted of aniline and asobeazens. Ia addition to these,
agoxybensene and sodium p-azobenzenesulfonats (SPABS) wers formed in some
of the small-scale oxidations. A procedure wes established for the

quantitative determination of SPABS in the form of 1ts densyl 1so-thiuronius

salt.

A study of the formation of SPABS imdjosted that sodiwm sulfide amd
sodiun thissulfate vere chiefly rasponsible for the formmtion ef SPABS ia the
reaction bdetweer kraft bdlack l1imior and mitrobenszens. These reducing agents

acoomplished a simaltaneous reduction aad sulfomation of the nitrobentzens.

In connection with the study of the mature of the extractable
mterials of kraft dlack liquer, an oderless dlack liquor was odtained by
ether extraction of the odoriferous materials. These materials, wvhich had
s mercaptan odor, wers separated into solid and 1iquid fractions. A 28.9%
yield (based on lignin) of benzens-soluble materials was obtained from the
above Black 1iquor after scidifioation. This represents a recovery of 20.5%
of the methoxyl in the black liquor and indicates that ligain is severely

degraded under kraft pulping sonditions.




55

Literature Cited

1. Schuls, Les, U.S. natent 2,187,365(Jan. 16, 1940).

2, Treudenberg, Karl, Lautsch, ¥illy, and ¥agler, Kurt, Ber. 73B:167-171(1340).

3. Oreighton, R. H. J., MoOarthy, Joseph L., and Hibbert, farold, J. Aw. Chem.
Soce 63:1312(1941); Creighton, R, H. J., Malsrthy, Joseph L., and Eidbert,
Hareld, J. Am. Chem. So0c. 6313049-3052(1941); Oreighton, R. H. J., Gidbs,
R. Darnley, and Hidbers, Harold, J. Am. Chem. See. 66:32-37(19W4);
Oraighton, R. H. J., and Hibbert, Barold, J. Am. Chem. Soc. 66t37-38(194k),

4. Pearl, Irwin A., and Lewis, Barry F., Ind. Eng. Chem. 36:66U-669(1944).

5. Pollacsek, B. Austrian Privilegium, 1524(Mar. 14, 1398); quoted by
Johnsen, Bjarne, and Hovey, R. ¥. Utilization of waste salphite ligwor,
Oanada, Dept. of Interior, Torestry Branch, Bulletin Wo. 66. Ottawa,

J. 4a Ladroquerie Tache, 1919. p. 170.

6. Orafe, Yiktor, Monatsh. 25:1001(1908); J. Chem. 3oa. 88:22(1905).

7. Kurschner, Karl, J. prakt. Chem. 118:238(1928).

8. Bowvard, Guy C., U.S. pateat reissue 18,268(Dec. 1, 1931); Howard, Gyy C.,
U.3. patent 1,8%6,558(May 3, 1932); Sandbora, Lloyd T., Salvesen, Jorgen
Richter, and Howard, Ouy Clemens, U.3. pateat 2,057,117(0ct. 13, 1936);
Sandborn, Lloyd 7., U.S. patent 2,104,701(Jan. 4, 1938).

9. HKidbert, Harold, and Tomlimson, George H., Jr., U.3. patent 2,069,185
(J“o 26. 19}7) .

10. Pauly, E., and Feuerstein, K., British pateat 319,747(Sevt. 27, 1928).
11. Breneck, Hans, and Maller, Hans Friedrich, Ber. 758:%561-565(1942).

12. Pearl, Irwin A., Ind. ®ng. Chem., Anal. Rd. 16:62{19uk),

13. Donlsavy, Joha Je, J. Am. Chems %oc. 58:1004-1005(1936).

14. Pearl, Irwin A., J. Org. Chem. 9:1liplliog(194L),

15. Suterseister, Tdwin. Chemistry of pulp and paper meking. 34 ed. p. 113.
New York, ¥iley, 1941.

16. Pearl, Irwin A., U.5. patent 2,431,419(Nov. 25, 1547); Pearl, Irwin A.,
J. Am. Chem. Sos. 71:2196.2200(1949).

17. Haggluad, Zrik, Tappi 32:241-2u5(1949).



-66=
18. Bargstrom, Hilding, Cederqvist, X. K., and Trobeck, K. 0., Svensk
Papperatidn. 39:316-319(1936).

19. Siegxie, 3idney, eand Maxcy, ¥illism, Ind. Fage Chem., Amsl. Bd. 19:1023-
1025(1947). '



