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Determination of Chemical Composition
of Wood Pulp Hydrolyzates by
Paper Chromatography

Abstract

The available literature on paper chromatography
was surveyed. 23pecial attention was given to those
technicues dealing with the analysis of wood pulp
hydrolyzates. Five hardwood pulp hydrolyzates were
analyzed by wvaper chromatographic means.’ All hard-
wood pulp nydrolyzates analyzed tended to fall in a
relatively narrow range of chemical composition.
Glucose and xylose were found to be the main consti-
tuents with traces of mannose and galactose present
in some pulp hvdrolyzates.
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E.W.M.
Determinations of Cnemical Compositions
of Tood tuly Iiydrolyzates by

Yaper Chromatography

INTRODUCTION

kecently the need for an accurate ameans of “separating
and ideatilyine simple supars obtained by tne hydrolysis of
wood pulp has become apnrarent. Bj tae use of paper chroma-
tosrapny suciih monosacchnarides as galactose, mannose, xylose
and glucose nave been successfully sepsrated on a cuantita-
tive level. Jot only does paper caromaiograpny provide tae
necessary accuracy anc sensitivity for such separations, but
it is relatively simple and inexpensive in operation.

Tnis tecnnicue nas found many applications in tuae study:
of various vinases of tne pavsr industry. It nhas been used
extensively in tane =analysis of thevpolysaccnaride,poytion
of cellulosic fibers, in determinine the hemicellulose com-
position of pule (13) and as an aid in the continued searci
for tiane structure of lignin. raper caromatograchy has =zlso
heen used to trace tne fate of carbonvdrates throuen various
Lroce s ses in tue

ey

~per ladustry ana nas found use in tuae
stuoy of pulping innibitors, analysis of tall oil and in
tannin reseaicn., 1\ more detailed summary of the uses of
paver chromatoeraony in thne paper industry nas been offered
by F. F. Dickey (10, 9).

OBJECT

The object of tinis report is to survey pertinent lit-
erature on paper charomatograpny, to obtain information on
the results of prast analyses and to select tne metnod of
Jsaper chromatograpny test suited for tne planned experimental
vork on a4 comparison ol tae caemical compesition of wood pulp:
hvdrolyzates.

MECHAWISK OF PAP:E CHROMATOGRAPHY

Althougn tasre is still s=ome discussion as to tae
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actual mechanism of caromatographic separations, the follow-
inp definition is given by %illiams (29).
"By canromatocsraphy is meant those processes wnich

allow tine resolutinn or mixtures: by effecting separation
of some or all their components in coacentrated zones on
or in phases different from tnose in whici tney are origin-
ally present, irrespective of the nature of the force or
forces causing the substances to remove froam one pinase to
anotier." -

- faper chromatograpny can be defined generally as the
nartition of a solute between 2 mobile solvent phase and a
stationary phase consisting of a cellulose-water complex (18).
A simplified view is that of continuous extraction of a
solute between two solvents, one stationary ané one moving. -
4 more detailed ciscussion of the theory involved as well as
otaer forces present can be found in a variety of sources
(1, 31, 3, 5, 6, 27, 26).

TECHNIQUE

Although many variations im tecnaiocue.are employed in
paper chromitography, some basic steps apply to all. These
steps include: :

1) ireparation of a solutionﬁdontaining the substances

to ne identified. - A

2) Chromatosracinic separation of the solution into its

indivicual components.

3) Drying of tae caromatogram and its identificaticn

witn selected reagents. Ly il

4) Quantitative measurement of the components.

Details on the v:rious netaods and equipment'ueed;can be
found in tane many laboratory mavuals on tne eubject‘(l, 59

5, 5, 14).

.

rreparation of 3So6lution

_ In the analysis of pulp hydroljzates, the preparation
of tne solution to be analyzed is of speclial importance,

since care must be tacen or excessive decomposition of tne
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surars will oceur (25). 4 larre excess of glucose which
will hinder detection of small amounts of galactose, mannose
and rhamnose can 2150 be avoided at tinis point by only par-
tial nydrolysis of tne sample (19).

Hydrolysis of the pulp sample is usually accomplished
with 72% sulfuric acidé (25, 19, 18, 20). Saeman and nis
co-workers (25) re.orted that a one-hour primary hydrolysis
with 72% sulfuric scid at BOOC followed by a2 secondary
hyvdrolysis with dilute acid for one hour under a pressure
of fifteen p.s.i. zave acceptable results. Block (%) also
suggested a two-stare avédrolysis for wood pulp. 4 one gram
oulp sample vas dipested at room temperature witn 72% sulfuric
acid for four thour=s, after wnich water was adced and tae
mixture refluxed for six nours. Das (8) reported better
resvlts using formic acid in the analysis of cellulose,
althougn wazumdar (20) has disputed this claim. Fellegi (12)
reported that the use of milder =acids such as phosphoric or
acetic prevents decomposition in the hydrolysis of beta and
gamma cellulose. 3tudies of the effects of varying concen-
trations of strons acids have been made by both La Diega (19)
and VYittwer (30).

Since inoreaniec salts interfer with the separation of
sugars »y paper cuaromatographic means, they must be removed
from the hydrolyzate hefore chromatographic separation.
Althouvgh the use of barium carbonate to precipitate tne sul-
fate nas been reported (3, 18, 12), most workers fawor the
use of various ion exchange resins such as Amberlite IR4B to
remove tne interfering ions (25, %, 2, 12).

After the pH of tie salt-free solution has been adjusted
to a pH 4-5, the hvdrolyzate is concentrated by vacuum evap-
oration usins standard laboratory equipment. An efficient
means ol concentrsting a large number of samples in & mini-

munn of time hac been described by Saeman and co-workers (25).

Chromatographic Separation

The specific¢ eguipment used in cnromatograpnic separa-

tions varies v ith the experimenter, although certain general
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features =re found in all publications (1, 6, 5, %3). Cabinets
an¢ accessories for chromatoprapnic separations are available
comnercially; hovever, additional useful features can be
incorporated with an original desipn (25).

ltnouph waatwman #1 filter paper is the usual type of
waper used, other varieties have been employed for specific
separations vuiere faster or slower moving solvent fronts
vere desired (1, 6, 5). Lost workers witia wood pulp nydrol=-
vzates have fouvad natman #1 papef to be suitable for all
separations.

Many solvents have been tried by various investigators,
but only a few nave heen reported to give acceptable results.
systems involviae mixtures of ethyl acetate, pyridine and
wator have been found suitable for separation of xylose,
arabinose, mannose =nd glucose (3), but two-dimensional
chromatograp.y using systems of butanol, pyriaine aau water,
and ethyl acetatle, acetic acid and water have Deen used more
extensively (2, 24, 23, 4, 25, 18). Altnouch the pyridine
svstem fails to eeparate mannose and arahinose, wnile the
acld system iails to separate glucose ang galactose, a com-
bination of the two yields sevaration of all sugars commonly
found in wood pulp aycrolyzates (13, 25).

Aictu~l separation of nydrolyzate .sugars 1s accomplisined
in a suitable cabinet wnich has been previously saturated
witn solvent vapors. 3aturation usually reguires at least
24 hours atter a coatainer of tihe solvent has been placed
in the cabinet (%). Small volumes of nycérolyzates are then
apirlied =2t repular intervals across the sneet of filter paper
by means of micro opipets and dried,bx'a’hot air stream sucha
as from a nair dryer (6, 3). Thnese spots must be exact 2nd
zceurate, for accordiane to Block (%), spottiang is tine most
important single factor for a successful vDaper chromatograph.
. To =2void "tailinp" of the sepzarated sugars a maximum appli-
cation of sixty pammas is recommended by Cramer (6). For
cuvantitative se, nration known coacentrations of known sugars.

are spotted 1lternately wita the unknown srots. This not
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only allows ecasy identification of the unknown sugars, but
also tends to cancel out outside influvuences, since hoth
knoy a1 and unknovwn samples are separated aand developed under
tie same concitious.

Altiough some work nas been done using circular paper
~caromatoorapny (14, 12), tne majority of the work with pulp
hydrolyzates has been done usinge tine descending metnod.

The spotted paper is suspended from a trough in the sealed
cabinet and the solvent solution is poured into the troupas.
separation of zusfars varied in time depending on the solvent
svstem uscd, tne temperature and the type ¢f filter paper.
Using tie butanol-nyvridine-water syastem wita ‘hatman #1 fil-
ter paper 2t room tempe:ature, Lea (18) reported times of
from sixteen teo twenty hours. To obtain excellent separa-
tion @uick (24 used the following procedure. After devel-
oping with an ethyvl acetate-acetic acid-water (1:2:2) solvent
for twelve hours, the chromatogram was dried and developed
again witnh the same solvent fer twenty-four hoeurs. After
another drving, tac chromatoeram was then developed with a
hutanol-gyridine-water (10:3:%) solution for twelve hours,
dried, and received a final development of twenty-four hours
witn the butancl-syridine-water systemn.

The time of developine 3i: well as the solvent system
usced is determined b the depgree of separation of tae various
conmponents, Retween stages and before application of the
cdesired indicsator, tne developed sneet must be dried to
remove residual solvent. The length and temperature of
drvine depends on tue solvent used, varying frowv air drying

at room temperature to oven dryiag at 10500.

Tdentification of 3Sugars

Once tihie chromatograph aas been developed and dried,
tre positions of the various sugars must bYe establisied.
Two basic rweans nave been uses for this purpose; illumin-
ation witi ultraviolet lignt and application of selectea
cnemical iadicator. Bernardin and Ficer (2) sugeested a

combination of these two by syraving first witn an indicator



z2olution, followed by 1illumination wita vltraviolet light.
Lany reacents aave peen used to identify the separated

suears. O=-aniao bi;uvenvl was found to give excelleant results

by both Bernardin aad Tiper (2) and Timell aad co-workers (10).

The relative st-bility of tne reapent, as well as tanat of

tae colors producec, was found to be superior to that of

otner substances used. Aniline hydrogen rhthalate nas also

»e=n found to ecive excellent results (12, 18, 24, %0), but

0
the stabilitv of tnre reapent as well as tast of the color
croducec was aotl :cod. Various et.er rcagent, such as
p-anisidine n/éroccloride (£3), aniline oxalate (16), 3omogy
susar reagent (25%) aad tue modified_Selt@ambff‘s reagent (5),
nave Deen used 5o corkers in tne tfield.

Unce the sucars hiave been located it is a simnle
riatter to identify tacm cualitatively pither.bv=congarison
Siti tue wnova suraTs on tae same sheet or by calculation
of tnsil Ef values: i.e...tihe ratio of tane distance traveled

hy the sugar to thi traveled by tiae solvent front.

Guantitative Deteraiaation

Two metaods are commonly usec for Quaatitativerdeter-
mination of tae separatec sugars. Visual comgarison of
uninown spot srea and intensity wita ¢nown spots was reported
by some vworkers, but tais ¢id aot give tae aeeded accuracy
in most cases. OCreater accuracy can bDe obtailned uéing a
+#10tovolt reflectance unit or a Densitonmeter as susrested
by neCready and .cComb (21) to measure tae color aand tae

intensity of nota ¢no.a ang uaincwn spots. Rota Fellegi (12)

ane La Diera (17) reported e cellent results uvsing tiis
metaod.

Elution oi tuae incividuzl sugars from tue chromatoesram
for guaatitatlive icentification eituer by caemical or specto-
photorra:aic means is used by any workcrs. TLea (13) and
quickz (24) botih used tue periodate cnemical metnod of deter-
mining the actual amounts of sugars after the sugars had:

been eluted from tne caromatocram. If the eluted sugar



solution is r acted with a color reagent such as creviously
mentioned, the absoibence of the resulting solutiorn .can be
meassured usine 2 zpectrophotometer such as a Becikman DU
instrument, 2nd¢ can be compared with tne absorbencies of
(novin concentraticns. Excellent results using this metiod
have been revmorted (23, 23, 25). Bernardin and Fiper (2)
found a recovery of 2 0.1% of known glucose samples with
this method.

RESULTS

Ilany autiiors have reported results obtained using paper
cnromatograpay. Gustafeson (13) obtained information con-
cerninp the hemicellulose present in wood which would not
have been obtainable witnout the use of paper chromatography..
Das (7, 8) shoved the presence of glucose, xylose, arabinose
and small amounts of rhamnose in ra. cotton and also ran
tests on chlorine dioxide, Cross and Bevan, Norman and
Jenkins and Chlorite alpha-cellulose.

Fellegi (12), who did extensive work with beta and
camma-cellulose, foune tnat glucogce composed the larrest
percentge ol beta-cellulose hydrolyzate, while gamma-cell-
ulose hydrolyzate contained largely xylose and m=nnose.
Iyloselwas'found to-be tie much larrer constituent in decid-
uous gamma-cellulose hydrolyzate (Table I).

Pridham (23), using 72% sulfuric acid to hydrolyze
spruce pulp sampnles, found the averare concentration of
surar in the hydrolyvzate to be 27.0 mg/ml. A break-down of
tae sugars found as well as the amounts present is presented
in Tahle TI.

Lea (13), as a part of a study on neutral sulfite
semichemical pulping, vsed paper chromatography in the
anilysis of aspen wood, nolocellulose and NS3C pulp. All
hvdrolyzates ceontained a major percentare of glucose and
zvlose with traces of galactose, mannose, arabinose and
rhamnose (Table III). Hemicellulose, aspenwood and N33
pulz vere also analyzed for pentose content, tne hemicellu-

lose showing the largest percentare (Table IV).
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FRECISION

Results obtained by Kritchevsky and inderson (16) show
the precision with which supars can be identified in pulp
hvdrolyzates using paper cnromatography. Rf values obtained
with reference sugars and those obtained with agueous extracts
arree to two sisnificant figures, showing excellent precision
(Table V). _

The precision of the abscorption Sbectrophotometfic
metnod of quantitative analysis was saown by‘Bernardin and.
fiper (2). £nown amounts of glucose were recovered with a
percent error of 0.7% (Table VI). Tnis method was also
studied by _uick (24) who .ran samnples of galaétose, slucose,
mannose, arabinose, xvlose and rhamnnse. Over 96% recovery
was reported with all but galactcse 'and arabinose (Qable VII).

Tne effect of two different solvent systems on accuracy
vas studied by Timell and co-workers (28). The pyridine-
butvl-water svstenm showed excellent results when used on a .
rlucose, mannose and xyiose mikture,‘wnile poorer but still
acceptable results vere obtained with an ethy%facetate—
acetic acid-vater system (Table VIII).

Fridham (2%) by evaporation of tae hydrolyzate fouad
the total sugars oresent in a sample to be 27.3 mg/ml as
comprred witan 27.0 mg/ml determined by pager chromatography
or a 9Y%: recoveryv. Excellent results can be expected, most

Q o -+ b4 -+ L
authors reportins errvors of from = 4% (23) to = 1-2% (25).

Table T

Sugars Found in Beta and Gamma Cellulose Hydrolyzates (12)

“» Glucose % ¥ylose % Wannose
Beta-cellulose
coniferous 55 = S0 1 5 - 10
decicuous 75 20 —
Gamma-=cellulose
coniferous 8 -12 45 45

deciduous —— 50 - 85
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Table II
Hydrolvsis of Spruce ‘Fulp (£3)

Sugar Volume of Determined Calec. sugar
hydrolyzate welght of concentration
applied to sugar (¥) in hydrolyzate
chromatogram(A) (me/ml)

Glucose 5 12.2 24,40

14 24.9 24.50

Lliammose 20 28.% 1.5%50

50 33.2 1.40
“vlose 40 35,0 0.97
570 55.0 0.92

Table ITT

Sugars Fouind by Caromstography in hydrolyzates of

Aspenwood 3navines, rulp and Holocelluloses (13)

¢ Glu- % Galac- % Man- % Y¥ylose % Arabin- 9% Rhanm-

cose(b) tose(b) nose(b) (b) ose(b) nose(b)
ispen ;
shaving 68,5 trace 1.3 (c) 29.0 1.3 (c) trace
Holo- I
cellulose 0.0 1.2 1.4 (c) 25.9 1.4 (c) sl. trace
ulp
(1033C) 7540 sl. trace trace 24.0 sl. trace sl. trace
b) rercentage as a pentose or hexosan of ‘the total
pentosans and hexosaas present.
¢) lannans and arabans were determined together and
each was 2rbitrarily assumed to constitute aalf
of the total.
Table IV
Quantitative 3ugar Determinations (18)
iaterial Hyvdrolyzec Type of Reference Fentosans Pentosans
Hydrolysis Sugar % _(a) % (b)
Hemicellulose Lignin Rhamnose ©9.5 775
filtrate
‘spenwood shaving i e 16.2 17.3%
733C pulp " 0 17.0 17.7
" Ribose 19.8 17.7
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Values Obtained witih Hach

Table v

30lvent Used

Galactose

Ethvl acetate-

nyridine-water Ja 24
(P:1:2) 0.24
sym—-Collidine

catd., with )
water 55
n-Butvl alcohol-

acetic acid-water .15
(4:1:5) .16

Recovery of Glucose

B

137 T
CWon,

-10=-

of Four Chromatograms (16)

E, Values

Glucose Arabinose
0.29 0.%4
0.29 0«54
40 U4
<40 o 44
.18 .22
018 .22
Table VI

Avlose

b

0.5
005

i}

@8]

o}

O

ref.

ag, extr.

ref.

ag. extr.

3 ref.,

20. extr.

by Caromatograpaic Analysis (2)

Amound of Glucose
‘pplied
(%)

200
290
200
200
230
2006

200

(uantitative Onromatosrapnic Sugar Study

Amount of Glucose
Recovered

(X)

200.7
199. 1
200.0
200.0
20%.0
20%.0

Average 200.6

Table VII

Per Cent
Lrror

(24)

\NO\N\ N O O\ &

(3trips eluted by the complete elution metnod)

Sugar Recovered,
[y
D-galactose 24,2
D-glucose 19.7
D-mannose 15.7
L-arabinose 23.5
D-xvloze 414,1
L-rhamnose 2.5

Known, Recovered,
Mg %
26.7 90.6
20.5 97.0
12.8 107.0
25.1 93.06
430 .4 96.2
10.5 96.2

~J

Standard -
Dev., lig

OO

N H~J M WU
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Table VIIT

Influence of Two Liffereant 3Solvent 3ystems on Accuracy (23)

3olvent system Glucose Mannose Xylose
¥ /ml. /771, /ml .

aprtied found applied found applied found

Pyridine-buty?
alcohol-water
(10:2:3) 100.0 100.5 . lQ0.0 100.0 1C0.C 101.0

Btnyl acetate-
acetic acid-
water (9:2:2) 112.0 111.0 96,2 97.0 70.0 70.3

SOCURCES COF wnkkOR

A

As prerciocusly mentioned, the major error occurs during
the hrdrolysis of the pulp sample, due either to incomplete
hydrolysis or desradation of the components (18). Some
masking of sugars present in small amounts also occurs if
olucose is present in larre percentages. Minor errors may
occur due to variation in conditions, altnough these errors
may be all but =liminated if reference samples are run con-

currently.

CONCLUSIQON

After surveyine the available informatioan, 1t was
decided to use a two-stage hydrolysis with sulfuric acid (25)
followed by separation involving the n-butyl alcohol-pyri-
dine-water or the etavl acetate-acetic acid-water solvent
system. Absorvtion spectrophotometry using o-amino biphenyl
a5 a color reagent was selected as the means of guantitative

analysis,
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EXFERIMENTAL DESTGN

Using tie orcedure selected under "Conclusion" in the
literature survey, it was decided to analyze guantitatively,
tnhe hydrolyzates of three N3SSC pulps of different yields.
Unbleached N33C vulps of approximately 80% and 70% yield and
4 bleachned pulp nafe from the 70% yield NSSC pulp were the

) ~ e .
taree pulps whicn were chosen to be evalusted. If time per-

28

mits, additional pulp hydrolyzates will be analyzed.

.
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EXPERIMENTAL SECTION
Objective

The object of the experiment was to analyze quantitatively
for simple sugars the bulp hydrolyzates from unbleached NSSC
pulps of 80% and 70%. ylelds and from a bleached pulp made
from the 70% yield NSSC pulp.

Methods and Equipment Used

A pulp sample eguivalent to 0.3 é of cellulose was
reacted with 3 ml of 72% sulfuric acid at BOOC for one hour.
The mixture was stirred as required to put the hollocellﬁlose
and some of the extractives into solution. The solution was
then diluted with 84 ml of water and heated for one hour in
a steam autoclave at 15 p.s.i.

After the strongly acid solution erm,thexautoclave had
cooled, approximately 30 g of Amberlite IR45 ion exchange resin’
was added and the mixture was agitated by means of a magnetic
stirrer till a pH of about 4.0 was reached. This took on the
average about 45 minutes. The pH value was determined with
pH paper. The mixture was then filtered through ordinary
filter paper to remove both ion exchange resin and undissolved
lignin.

The dilute sugar solution was concentrated to about
20 ml by use of a rotating flask evaporator at a temperature
of about 5OOC and a pressure of about 20 mm of mercury. The
concentrated solution was stored in a refrigerator until it
was analyzed by paper chromatographic means. At that time
it was allowed to reach room temperature..

All chromatograms were developed . in a standard cnroma-
tograpinic cabinet available commercially. The stainless steel
interior of the cabinet nad inside dimeansions of 277" length
x 26" height x 19" widta; it was large enough to accomodate
eirnt curomato. rapaic sheets simultaneovsly (figure 1).

%natmen #1 filter paper was used in all separations, ad.justed

"
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s0 tnet tae solveat lowed cros:-direction or pergendicular
to tne m=zcaine direction.  The cabinet was located in a coastant
te 1perature (72OF) room 'duriane 1ll separations.
xact voluume= n{ tie concentrated ;uly hydrolyzate,
varviaz from oue to tuirty microliters each, were auplied at
tare : centimeter lateral intervals, four centireters from thne
vorer edee of toe caromatorrainic saest. Tne size of 'tae spot
vag <ept to a minirum byiuse of a stream of aot air to dry tne
solution as it was 2. . lied. Known reference sugars of Kncwn
concentrations vers al:o agplied in s similar mainer on tine
samne Grneet.
rfter 21l tae s;ots were thnorousnly dry, the chromato-
cra .alc sneet s susceaded from a glass trouph (fipure 2) in
tue caromatosra hic cabinet. 3Small betri dishes were placed
i1 tae bottom oif tue cabinet and filled witn t.ue solvent to
be used. Tue carainet was toen sealed and 2llovied to come to
e-ullibrium for at least tweantv-four aours.
aen tials satvration period was over, 150 ml of solvent,
(a=butanol : nyridine : water - 1U:%:% by volume) were added
to tae trourn. Tiae cibinet vas sealed awain to allow separation
to occur. levelo i2s time varied fro: sixteen to seventeen
amrs and vwas not critical az loag =3 the descending solvent
froat aid aot rcach tae botton edre of the caromatorrachic
sneet.
dter separatinn of tie sugars, tre sneet was rewoved .
from tue cabiaet, air dried for fiftzen minutes at room tem-
cerature aand, tnen, ovea dried at 10500 for five minutes.
The sneet was next ligntly sprayed witia the color reagent .
(0.4 ¢ o-amino bi.nenyl, 100 ml glacial acetic acid, =2nd 20 ml .
01 water), allowed to stand at room temperature for fifteen
miavtes 2n0 fia«lly neld at 10500 for tive minutes. After
tais treatnent the sepsrated susars were plainly visible under
ultraviolet 1lirnt.

cualitative icentitication of tne uvaxaown 3ugars was



Figure 1: Chromatographic Cabinet
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Figure 2: Solvent Trough Assembly
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made by comparison vita known surars on the sheet and by
culculation of tne Rf values of eaci sugar. For cuantitative
evaluation of tiie vnknown sugmars, the spots were cut from the
sneet in small circles of about two centimeters in diameter and’
each laced in sevarate test tubes. After the addition of

6 ml of the color reagent, the test tubes were stoppered with
corks wrapped in aluminuvm foil and placed on a mechanical
shaker for twenty ninutes. This 8ffectively removed the sugars
from tiie chromatosrananic paper and permitted the use of absorp-
tion svectronnotometry for cuantitative determinations.

After eluticn of the supars, tne solutions were [iltered
throuvgh glas: wool to remove traces of filter paper and brought
to a volume of twelve milliliters with the color reagent.

The solutions were heated in boiling water for forty-five
minutes to obtain full color development and cooled to room
temperature for final analyzing.

The absortencies of the various solutions were determined
at a wave length of 380 millimicrons using a Beckman B specto-
photometer. From the absorbencies of known concentratidns of
tne reference surars, a graph of absorbency versus doncentra-
tion was plotted. The concentration of the unknown sugars
was then simply determined from their absorbency values.

rresentation of Results

The results obtained in the analyses of various pulp

nhvdrolyzates by paper chromatographic means follow:
Table IX

Sugars Ifound in Various Pulp Hydrolyzates

Type Yiood Type Fulp % Glucose % Xylose % Galactose % Mannose

ispen Unbl. NS2C 82.3 17.3% - -
80% yield
(U34)

Aspen Unbl. N33C 79.4 20.6 trace sl trace
70 yield.

(U34)

i
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Table IX Cont.

Tvope %ood Type rulp % Glucose % Xylose % Galactose % Mannose

Aspen Bl. NSS 8%.1 16.9 trace sl trace
00% yield
(Usa)

Birch Bl. Kraft 80.6 19.4 - -
(Sweden)

(Canada)
411 results reported above are the mean of at least

two analyses.

Interpretation of Kesults

The increase in the percent glucose found for the 80%
vield unbleached HS3C pulp as compared with the 70% yield
unbleached HSSC pulp was not expected since it was thought
tnat the more drastic treatment employed to obtain the lower
yield pulp snould attack the pentose fraction harder than
the hexose fraction. However, it must be born in mind that
the samples used were commercial pulps from different sections
of the country and it is entirely possible that the pulps
used were not 100k aspen as was assumed.

The decrecase in tne pentose content found between the
unhbleached N3SC pulp and the bleached NSSC pulp was as expected
since chlorination under acid conditions followed by alkali
neutralization shouvld attack the xylose polymers to a greater
extent than the glucose polymers.

It is of interest to note that both the kraft and soda
bleacned birch pulps closely approached tne values found for
70% yield unbleacned NS3C aspen pulp in hydrolyzate composition.
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COHCLUSION

411 hardwood pulpn hydrdlyzates analyzed ;eyded to fall
in 2 relatively narrow range of cnemical compoéition. Glucose
and xylose were found to be tae maiﬂ constituents with traces
of mannose and galactose present in some pulp hydrolyzates.

The kraft and soda pulping processes, known to give
lower yields than the N3SC pulping process, caused greater
removal of the xylose polyumers than the NSSC cooking process.
The birch hydrolyzate dropped from about %8% xylose in tne -
native wood (13) to approximately 19% in the bleached kraft
and soda pulp hydrolyzates, while the aspen hydrolyzate
drooped from 29% xylose in the native wood (18) to 17% in the
bleached aspen NSSC pulp hydrolyzate. All three processes
tended to remove all but traces of the mannose and galactose
polymers.,

In conclusion it mipat be noted that the techniques
described in this paper lend themselves exceedingly well to
relatively cuick and accurate determinations of the chemical
composition of pulp hydrolyzates.
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