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SUITASILITY OF BIRCH, ASEEN, AND SUGARBERRY FOR RAYOR FULF:
EESULTS OF CEETAIY SULPITE PULFL¥G ANL HLFACFIRG BAFZRL E0TS
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HUGO I'THLEN, Colleborator:
and
Jo ¥, McGOVERY, Associate Teclnologist

Sumnary

Sulfite pulping and tleaching sxperiments were conducted on thres
hardwoods, birch, aspen, and sugarberry, to determine the suitability of
their pulps primerily for purification to rayon-type pulps and incidentally
for paper making purposes, The followine results were obtained: (1) Birch
sulfite pulps had progressively decreasing hleach requirement and increasing
purity with increasing cooling time, other ccoring conditions being the same.
The pulps had the average strength of hardwood sulfite and, except for a
Ligh ether solubility, were fairly wsll purified., Three~stage bleaching
treatments were applied to the easiest-bleaching pulps which included studies
of the variables of consistency, extraction temperature, calcium versus sodium
hypochlorite in the third stage, and several variations of procedure to .
reduce the pulp resin content. Pulps of fair. rayon quality, but with high
ash and resin contents, were produced. An oxidizing pretreatment slig;h’cl*r
reduced the ether solubility., (2) Aspen pulps suitable for paper making and
purificetion purposes were nroduced in high yields. Those suitable for
paper making were less delignified and had higher strength properties than

he others. The more delignified pulps were given three-stage bleaching
treatments, with a comparison made of calcium and sodium hypochlorite in the
titird stare. Except for their high resin contents, the bleached pulps had
promising characteristics for rayon manufacture. (3) Sugarberry vielded a
pulp with a low resin content accompanied by low screenings but shkivey ana
hard to Lleach. ®evertheless, the pulp was hleached satisfactorily for paper
making purposes, and showed possibilities as a rayon-typs pulp.

Introduction

The pulping of hardwcods by the sulfite process has lonz been of
‘“.-’-‘-" at 171y ol o . . . 3 "3 e "
luterest to inwestipators snd manufacturers in the wood pulping industry

lﬂugn Hiklen wes in

the United States from Jannary throuzh August, 1941 ag =
Fellow of the American-Seandinavian Foundatdon, - Ahout two-thirds of his

time was spent 2t the Forest FProducts Labhorators working on the experiments
reported herein, ; '
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(1, 6, 7, 10, 11)_, because of a desire to utilize more completely lerge
aunrlles of availaoble pulpwoods and to take advantage of the good form&tlgn
finish, bulk and opacity obtainable from hardwood pnlps.

For many years relatlvely small quantities of hardwood sulfite pulns
have been produced in the United States, most of the pulp being used as a
filler for book-type papers, Some special commercial applications have been
fulfilled by hardwood sulfites, such as blending with bleached softwood
sulfite for papers suitable for chemical treatment, blending with bleached
softwood sulfite for tissue (15), and for conversion to dissolving pulps,
It is with the last application that this report is particularly concernéd,

Although hardwood sulfltes have apparently been already prepared and
pnrlfled to produce pulp satisfactory for rayon (2 7, 8) the primary purposs
of the present investigation was to determine whether two typical northera
hardwoods, birch and aspen, could be pulped by the sulfite process and sub-
-sequently purified to a degree equivalent to that of rayon-grade pulp made
from softwood., The study was designed to continue work done by one of the
authors in which Swedish birch was used. A secondary object in this investi-
gation was the preparation of sulfite pulps, from birch, aspen, and sugarberry,
suitable for paper makinge.

Because of the necessity of limiting the scope of the project, tha
pulping conditions were varied in cooking time t6 produce pulps having
different bleach requirements.” For aspen the variation was also in the.
maximum temperature in order to produce both rayon-type and paper-making-
type pulps. The bleaching experiments involved onlv the variables of con-
sistency, extraction temperature, the hypochlorite used, and involved several
variations of the bleaching procedure for reducing the resin content of the
pulp. The project, therefore, should be considered msrely as an orientation
and the results should be considered as being of indicative character ouly.

EXPERIMENTA L PAR

Wood

The pulping experiments were made with 5/8-inch chips prepared from
birch (Betula papyrifera), and sugarberry (Celtis laevigata) at the
Laboratory and with comnerc1a11v prepared 3/4-inch aspen (Populus
tremuloides) chips, The birch and aspen chips hed moisture contents of 14
and 12 percent respectively; the sugarberry chips had a woisture content of
43 percents The aspen chips as received were nonuniform and contained
numerous kaots, chunks, slivers, and chips of extranecus species having the
appearance of bhirch, These chips were rescreened by hand, but a reasonable
effort did not produce an entirely satisfactory grade of chip.

—- —a e e

2 . Y i \
~Humerals in parentheses refer to the list of references at the end of
this report. '

Rl441 | > £



Pulping

The acid sulfite pulping liquors were prepared in the usual laberatory
manner of passing sulfur dioxide from a cylinder into milk of lime. The
liquors contained approximately 6 percent total sulfur dipxide with a com-
bined sulfur dioxide of about 1 percent in all but two digestions with aspen
in which this factor was 1,25 percent, The exact concentration for each
liquor is given in teble 1,

The chips were packed by hand in the autoclave to give liquor-wood
ratios in the rauge of commercial operation. The ratio varied from 44 to 63
zallons of liquor per 100 pounds of wood (table 1), Sufficient ligquor was
charged to cover the chips.

- The digestions ware made in an alloy-lined autoclave, equipped with a
steam jacket for indirect heating, having a capacity of 1.5 cubic feet. The
avtoclave was rotated occasionally by hand during pulping.

The dipgestions were made under the following temperature and
pressure conditions:

Temperature schedule I - The following schedule was used with birch,
sugarterry, and two aspen cooks, all .employing liquor witii 1 percent com-
bined sulfur dioxide: '

2 hours, from room temperature to 105° C.,
L howr at 106% €.,

2 hours,; from 105 Lo 135% €.,

Feld at 135° C., to end of digestion.

Temperature schedule II - This schedule was used with two aspen cools
employing acid with 1.28 and 1.30 percent combined sulfur dioxide:

2 hours from room temperature to 10%5° C.,
1 hour at 105° C.,

3 hours, from 108" to 128° C.,

Held at 125° C, to end of digestion,

Maximum pressure - The maximum pressure was 80 pounds per square
inch in all digestions. Samples of cooking liquor were withdrawn during the
‘coaking period and analyzed for combined sulfur dioxide comtent by both the
Sender (12) and the Palmrose (4) methods. The results are shown in table 2,
Therlelds, puln Strength and chemical analyses of the pulps were determined
BZTGOEZi:rifgggcgf Laboratqu standard methods. The pulp “leach requirements
ermineqa by the TAPFI standard permanganate-number test and the Forest

.. Products L - ”
= aboratory single-stase hiypochlorite test, The results are given
in table 1. : « =
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Bleaching

The bleaching expsriments were mace with pulp samples equivalent to
50 grams of moisture-free pulp., A three-stage bleaching method was used
comprising chlorination, caustic extraction, and fina)l treatment with either
calcium or sodium hypochlorite. The bleaching was performed in zlass
bottles of approximately 3 liters capecity. Except for ssveral experiments
made for the purpose of reducing the resin conteant, described later, the
general procedure of the three-stage method used was as follows:

In the first bleaching stage a»out 70 percent of the
chlorine demand, as estimated from the permanganate numbers
of the pulps, was satisfied by the use of chlorine water. The
reaction time in this stage was 15 minutes, the temperature
wes 20° C,, and the consistency was 2.5 percent., This value
for consistency, and subsequent ones given in table 3 for the
other stages are in terms of grams of moisture-free pulp per
100 cc. of liquor including the moisture contained in the pulp
rather than expressed in customary terms of grams of pulp in
100 grams of suspension., The difference is not great at the
low consistencies employed. The suspension was kept uniform
during the chlorination by shaking the bottie. On completion
of the chlorination stage the liquor was drained from the pulp
and the pulp washed thoroughly with cold water. The chlorine
consumption was determined by iodometric tltratlod of the
initial and residual liquors.,

In the caustic extraction stage the temperature, con-
sistency, caustic concentration, and extraction time were
varied for the different bleach tests. Since the pulp yields
were not determined in each stage, the stock consistencies in
the second and third stages were calculated from the weight
of pulp used in the first stage. Therefore the values are
somewhat higher than actual, but the difference is without
practical significance. The temperature was held constant
in & thermostatically controlled water hath.

In the final stage, consisting of either calcium or
sodium hypochlorite treatments, the amount of active chlerine
was 0.5 gram for 100 grams of pulp. The consistency wes 5 per=-
cent. The bleaches with calcium hypochlorite were mede et
35° C, and the suspensions held at a pI* value of 8 teo 9 by adding,
when necessary, a small amount of lime water, After a reaction
time of about 4 honrs the pulps were 6r=ined and washed, first
with soft water, then with 2 liters of 0.04 percent hydro-
chloric acid and finally with soft water again, The bleaches with
sodium u\fochlorlte were made at 70° to £0° C. and the sus~
pensions held at a pHd value of 4 to 5 by adding dilute hydro-
chloric acid, The reaction time was 2 hours and the bleaching
wes followed with a soft-water wash.

E1441 =



The »leached pulps were znrly-ed for wvorious chemical congtituents
by standard metiiols znd their color determined by use of the Ives photometer
(table &), '

RISCUSSION QF RESULTS

Fulping Experiments

Birch Pulping.-~The conditicns for the birch digestions were desizned to.
effect a sufficient removal of hemicellulosic material to produce 2 pulp
wiich, when purified, would ™e suitable {'or reyon manufrcture. Therefore,
g reletively high maximum temperature rnd =n 2cid low in combined sulfur
dioxide, conditions known to favor solution of hemicelluloses, were emploved,
Using these sslected conditions the time at the meximum temperature was
viried to produce pulp of different degrees of delignification,

Mien the time of pulping at the maximum temperature oi 135° C. was

voried from 1.2 to 3.6 hours (totcl direstion times from 6.2 to 8.8 hours)

o series of pulps having averapge hypochlorite bleach recuirerents between

25 end 11 percent was obtained (table 1), The shortest totel cooking time, =
6,2 hours used for numbBier 314, was not quite sufficient to recuce all the
cnnips to pulp, the result beins a lsarsze amount of soreénings an? a low

vield of screened pulp hewiaz o relatively high blesch requirement. 4&n
increszse in the cocking time of 0.7 hour in number 312 resulted in complete
reduction of the chips into pulp having @ medium-hard bleuchability.
Increases in the cooking time resulted in further reduction in yield. The
rel-tively low vield obtained with cool Fo, 323 is possibly cn indication

nf over-coo%ing, The average blenchability of cbout 11 percent for this
pulp is ¢pparently the minimum value that can be obtoined under these condi-
tions, ;

The chemical purity of the pulps showed o progressive incresse with
decrease in .their blerch requirements, This improvement in purity was
indicated by definite increases in the tot:l and nlpha cellulose contents
of the pulps ond decreases in the lignin and pentosen contents, as shown
in teble 1 by the chemical data for the birch pulps., The amounts of
metarial in the pulps soluble in nlcohol-~benzene and ether, mersures of the
so-callad resin content, cppecred to be unaffected b+ the degree of pulping.
Although the ash conteunts nlso rpvecred to bte unnffected by the degree of
pulping the rether high vrlues of these, o5 well os those of the subsequent
pulps, were believed tec be caused by the hard water used for screening
cnd washing,

The strength choracteristics of the pulps, <s evalunted by test,
showed certnin relrtionships with the degree of pulpinges The deta for the
birch pulps given in teble 1 shows that the one with the lowest yield,
number 323, was wenker thon the others. The bursting strengths of the pulps
decrersed slirbitly with decrensing blerch reguirement rnd lignin content.

1441 5



Fulp from digestion number 323, 2ppsrently overcooked, was definitely lower

in bursting strength than the others. The tearing strength values did not Aifw
fer zreatly among the various pulps, although number 323 had somewhat lower
values than the others, The tensile strengths at the higher freeness showed

no definite variation with degree of pulping except that number 323 was lower
than the others, but at the lower freeness, the trend with decreasing bleach
requirement was similer to that for the bursting strength. The solid froction
values did not indicate any trend. The times of beating required to attain

the given freeness values were erratic with respect to degree of pulping., It
might be expected that the increase in alpha cellulose and decrease in pentosan
contents resulting from the increased pulping action would cause an increase

in beating time; but this was not substantiated by the data obtoined.

of cooking liquor taken at intervals during the digestion for combined sulfur
dioxide content by both the Palmrose and the Sander methods. The results,
tabulated in teble 2, were erratic from coox to cook but sitowed consistent
trends in any ona cook. WNegative values indicated the presence in the liquor
of an excess of acids whose pH vclues were lower than four., The Palmrose
values were consistently lower than those from the Sander tests, presumably
because of the indicators used, methyl red for the Falmrose end bromphenol
blue for the Sander. For the same cooking conditions either the Fzlmrose or
the Sander test for combhined sulfur dioxide would probably show a practicel
correlation with the degree of pulping.

Cooking control was attempted to some extent by an aualysis of samples

Aspen Pulping.--The first two nspan dizestions, numbers 327 and 328
in teble 1, mede with ths same reneral conditions ¢s used for the birch pulp-
ing, produced easy bleaching pulps in relativelv high yields. Since the
screenings contained very few uncocked fihbers, the somewhat high wvalue of
1 percent cannot be attributed to inefficient screening operetion end,
therefore, is believed to be caused by the inferior grede of chips previcusly
described. The percentage yields were appreciably higher for the aspen in
comparison with the birch, even though the birch pulps were harder to tleach.
An increase in cooking time of 0.8 hour in number 328 over the time used in
number 327 effected a small decrease in yield and bleach requirement and =
slight increase in »hulp purity as shown by An increase in the cellulose con-
tents and a decrease in lignin content. The pentosan content increased
slightly, however. Comparing aspen with hirch, for the same time of pulping,
the sspen pulps were produced in higher yields and witi: lower bleach require-
ments, lower total and alpha cellulose, and lignin contents and considerably
lower strength characteristics., Thus, the aspen pulps showed more effective
lignin removal (hence lower blesch requiremant) then the birch, but they ware
slightly less purified with respect to cellulose. It appeared from these
results thet the pulping conditions used were not the most suitable for pro-
ducing an aspen pulp high in alphs cellulose. The solubility in =lcohol-
benzene end in ether of the aspen pulps, ond their ash contents were
relatively hipgh, ' :

rl441 -5~



The strength propérties of the aspen pulps produced at 1357 C. wers
uniformly lowe The easier bleaching azspen pulp (number 328) had slightly
highar bursting, tearing, and fensile strengths than the harder bleaching
pulp (number 327).

The other aspen pulps, number.333 and 332 in table 1, were produced
under conditions designed to retain the hemicelluloses for paper making
purposes by using a low maximum temperature and a medium-high combined sulfur-
dioxide content in the cooking liquor. Fulps of two bleach requirements were
produced, One digestion, number 333, was made in too short a time to effect
complete reduction, as indicated by the screenings value of 2.6 percent, hut
the yield of screened pulp was hich, although the pulp was hard to bleach,

A longer digestion time used in number 332 reduced the screenings to 1 percent,
apparently the minimum attainable with these c¢hips, and produced a high yield
of easy-bleaching pulp. The lignin contents of these pulps increased with

the bleach requirements and the pulps were less purified from ths standpoint

of total and alpha cellulose than the aspen pulps made at the higher tempera-
ture of 135° C, '

The strength properties for the series of aspen pulps made at 125° C,
were generally higher than those of the pulps made at 135° C. when compared
at the samne bleach requirement. 1In the pulps produced at the lower tempera-
ture, however, the pulp witi. the Ligher lignin content was slizhtly superior
to the other. The shorter beating time needed to attain a given freeness
value, for the less purified pulps of the sscond series compared with the
first, was perhaps caused by the higher contents of hemicellulosic material
in the second series of pulps.

Sugarberry Pulping.--Only one pulping experiment was wade with sugar-
berry chips, number 325 of table 1, The conditions were the same as those
used for the birch digestions. Although the wood was raduced satisfactorily
from the standpoint of screenings (0.6 percent), the vield of screened pulp
was in the medium-low range and the pulp was hard bleaching and very shivey.
Hore suitable conditions need to be develored to produce a satisfactory
unbleached pulp from this wood, The lignin content of the sugarberry pulp
was relatively high and the cellulose contents somewhat low. The pulp had
a lower solubility in alcohol-benzene and in ether than either the birch or

aspen pulps. The strength valuss for this pulp were low, about the same as
those of the aspen pulps. i

Alpha Cellulose Yield

A considerably higher yield of alpha cellulose resulted from the
pulping of aspen than from either the birch or sugarberry, On the bhasis of
the yield of screened pulp and its percentare of alpha cellulose, the yields
of alpha csllulose were from aspen (numbers 327 and 328) 42.8 percent, from
birch (numbers 322 and 323) 38.9 percent, and from sugarberry (numbher 328)
37.0 percent. The hirgh voelue for the aspen palps can probably be attributed

k1441



lar?ely to high alpha cellulose content in the original wood, though that
was not tested., On the basis of yield of clpha cellulose per disester,
owever, that from the aspen would berexpected to he lower than that from
the others because of its relatively low density.

Bleaching Experiments

Birch Pulp Bleaching,-~The birch pulps, numbers 310 and 323, which
represented two fairly well delignified pulps, were selected for bleaching
experiments., The bleaching data are given in table 3 and the analyses of
the bleached pulps in table 4.

The first variable studied was the temperatiure of caustic extraction,
The results from bleaching experiments numbers 578 and 579, tables 3 and 4,
showed that cold extraction at 10 percent consistency resulted in a pulp with
a lower alpha-cellulose content and brightness and hiizher pentosan content
than hot extraction at 5 percent consistency, The bleach powder consumption
in the third stage was higher following the cold extraction. FHot extraction
was employed, therefore, in all subsequent bleaching experiments. It wonld
have been desirable to use & consistency of 10 percent or greater for wmore
effective purification, but uniform mixing at these consistencies was
impracticable with the equipment at hand,

‘ A comparison of the use of calcium and sodium hypechlorite bleach
liquors in the final stage was made with two pulps, numbers 310 and 323,
The respective blesching experiment numbers are 57¢ and 580, and 581 angd
682, tables 3 and 4, There appeared to be.little difference in the action
of the two chemicals, even though the sodium compound would be expected to
have a milder action than the calcium. '

These data alsc afford a comparison between the bleaching of a pulp
less purified by digestion (number 310), and one more purified, (number 323).
Pulp number 323 gave a bleached product having a ‘lower pentosan content, a
higher alpha cellulose content and a lighter ¢ olor than pulp number 310. The
alpha cell-lose contents of the bleached pulp from number 310 were too low
and the ether-~soluble material too high for the manufacture of rayon of
commercial quality. The bleached pulps from number 323 were fairly satis-

factory with respect to elpha cellulose content, buk the ether-soluble
values were very high,

Several experiments were made to reduce the ether-soluble material
in the bleached birch pulps below 0.5 percent, the upper limit for purified
pulps. Suggestions have been made thot resins can be removed during bleach-
ing by treatment with a wetting apent. In an experiment to test this
suggestion, (bleach 583, table 3) the first and third stages fcllowed the
same procedure as that used with the control bleach (number 581), but the
extraction shage was made with 4 percent sodium hydroxide plus 1 percent of.
the wetting agzent tetrasodium pyrophiosphate, celculated on the pulp weieght.
The extraction time was 4 hours, during which the suspension was shaken

R1441 -8



repeatedly, After the caustic treatment the pulp was first washed with hiot
water containing a small amount of tetrasodium pyrophosphate and then with

not ‘water. The cirlorine consumption in the third state appeared to be
increased by this cperation (table 3) and the resin content siiowed no improve-
ment (tabls 4), '

It is clained (§) tiat treatment with kerosene after chlorination and
erulsification of the nitch-solvent wixtnure following the final washing
nelps reduce the ether-soluble material, . This procedure was followed and
the results are given opposite number 584, tables 3 and 4. In this experi-
ment the chlorination stapge was followed hy a treatment in which ¥%eroseune
in the awount of 4 percent of the moisture~free pulp was added to the wet
pulp with a moisture content of about 70 percent. The caustic extraction
and final blench were carried out as talmlatad. After the final bleach and
washing, the pulp was diluted with hot water to 2 nercent consistency and
2 percant by weirht of the pulp of a sulfonated fatty~acid soav was added
to enmlsify the residnal ¥erosene in the pulp. The ether solubility of this
oulp, however, was wvery -little different from that of the control, numbsr 531,

i Richter claims (9) that the hardwood resins become sticky and insoluble
in caustic after chlorination snd recommends & four-stage bleach with calcium
hypochlorite in the first stage, followed either by the vsual chlorination,
caustic extraction, chlorination, and hypochlorite bleaching or by caustic
extraction, chlorination, dnd hypochlorite bleaching. In trying this process
(bleach 585 table 3) the pulp was piven a calcium hypochlorite pretreatment
at & consistency of O percsnt and a temperature of 20° C, The amount of
active chlorine was 2.5 grams for 100 grams of pulp, the same as used in the
chlorination stags f'or the control bleach (nuwber 531). bearly all of the
chlorine was consumed after 2 hours. Following the washinz of the pretreated
pulp it was given the usual three-stage hleach tre=atment, following the con-
ditions given for bleach 585 in table 3, Comparison of number 585 witia the
coatrol anumber BE) in table 4 shows that the ether-extractive material
decreased. Remnval of hemicelluloses was also effected as shown by the
increased alpha-cellulose content and the decreasad pentosan content . of the
pulp prepared with the nreliminary oxidizing treatment, The alcohol-besnzene
soluble material, in contrast, showed no loss as & result of the trsatment
while viscosity was reduced to one-half the value of the control palp.

Aspen Pulp Bleaching.--The standard three-staze bleaching treatment
was antlied to two aspen pulps, rumbers 327 and 328, The only variable was
and sodiom hyvochlorites in the third stame of hleaching.

results are givea in numbers %87 to 520 in tables 3 and 4,

the nse of calcium

The

[ SR ~--1
vince pulps numberad 327

end 328 were not ereatly different in theéir

propertleﬁ, the bleached pulps showed verv little difference. 1In one instance,
o 11 . o - '. . . . - s
use of sodium instsad of calcium hypochlorita resulted in an incrsase in

alpha cellnlose and color {compare number 589 and 590), . Except for theair
hlgh.sgluh111ty 1 ether, the aspen bleached pulps in seneral were fairly
promising for rayon nurveses, I

& lower content of ether-soluble substances
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might be expected by use of seasoned wood (5) and a four-stage bleach with
an oxidizing treatment in the first stape.

Sugarberry Fulp Bleaching.~-The preliminary bleach of the sugarberry
pulp by the three-stage method resulted in a shivey pulp with poor brightness.
The bleaching conditions used and the results of bleaching a second time are
given in number 586, tables 3 and 4, The pulp was similar to the birch pulps
in chemical properties, although it had a favorably lower content of ether-
soluble materials. The bleached sugarberry pulp appears to be of hardwood
paper making quality and mipght possibly, after further purification for
pentogan removal, be used in the manufacture of rayon-type pulp.

CONCLUS IONS
_ Sulf'ite .pulping and bleaching éxperiments of limited scope indicate
the following: '

(1) Bleached pulps of fair rayon quality, but with high ash and
resin contents, were able to be produced from birch,

(2) Bleached pulps of promising characteristics, except for their
high resin contents, were able to be made from acpen.

(3) Bleached pulps from sugarberry showed possibilities as a rayon-
type pulpe.

Rla4l ~10-
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Table 1.—Digestion conditions and resulte and the preperileas

of sulfite pulps from blrch, aepen, and wugarberry.
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@M\i“ ?_:.naula gwﬂ“f!@ “E " Brses i%}"w&ug Hx.:. moﬁu Grame H"::. E.EE Pounds per Batio : E
3 $ 1100 1b.: : : : : 3 : : : : : ¢ per resm : per ream ! square inch : : $
: H : wood g H : 3 { H H g 3 : 4 - : x : i :
Birch pulping series at  mriwm tmpemtare of 150 ¢ ¢ . i G £ : M M ; " M : :
314 Mm.uc 1.00 m :w_ n. 6.2 nwp. 12.8 23 1.6 91.9 76.0 12.9 o.k 1.5 1.1 0.65 0. 88 1.00 0.75 4300 3700 .41 0.57 21 65
312 Mm.om 1.02 50 6.9 M.G.m 0.3 17 2.5 93.4 11.2 12.7 U 1.5 0.8 .63 N 0.97 .17 Leoo 9300 L4 .57 23 80
310 ”u..wo 1.04 ki 1-6 M.:.n 21 1k 2.8 95.4 80.1 10.9 R 1.3 1.0 .57 ) 1.00 “Jv....u 4800 8600 ks .58 24 98
322 Mm.oa 1.0% 46 wa m_:..n 0 12 1.7 96.3 81.8 10.9 .5 1.5 1.3 ..mk T4 1.05 .83 4300 8100 RS .59 16 55
523 16.05 : 1.00 — 46 8.3 M_m..m 0 W 6o B 7.9 50 19 1.3 Moo 95: .70 : 30 : 660 . CEE R 15
Avpen pulping serios t s somimm temersturs of LY 0. ;i . i ; ; : M : : : ;
327 Mm.wo 0.90 mu M 8.3 “mu.u 1.0 : 9 1.1 94.9 83.3 6.7 1.k 2.0 1.2 .28 .38 W2 g 3000 LE00 .39 .50 12 111
328 m.m.mc .9E 5 9.1 Mmp.w .9 6 0.8 95.1 83.8 7-2 .7 1.8 1.5 .29 b5 .47 .48 3100 5600 -k2 .53 20 76
AT A AL b e :@.a,_m. Yo A P ; ; : ; M : ] : ;
333 Mm.mu M 1.25 m 52 8.0 mw u 2.6 21 2.5 90.3 76.5 10.1 .6 1.7 1.1 R .69 .61 .60 k100 7600 -39 .52 13 £2
37 Mm.um : 1.0 .. 57 9.7 “mr.o : 1.0 g 1.0 95.0 8l.7 8.4 -8 1.6 1.1 4o .56 - .63 .51 3300 6200 .38 .52 12 55
95535 w&i.& 23.- ot maxioms n!wc..p«nu. of 135% C. : : : : : : : :
326 m o F W tan Sosiumm: 6 2l 1.4 92.9 81.8 8.4 .9 9 4 .3 .50 .86 .13 2100 5700 a1 535 . 9 70

w&:ﬂ-uas of single-stages bypochlorite snd permanganate-nwiber tesis in terme of standard blesching powder.

2
TAvernge tempernture somawhat low.
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¥able 2.-~Concentration of combined sulfur dioxide in cooking liguor during digestion.

H : Test samples taken at —-
Sigas1 Bodoles © 5 ligies F 5.5 Eﬁu---m-- & nourw  { b5 Bours &  Thowss ¥ & hours & Blow
e B I — T Method of emslysds T T
: NMNM-EMHWMMHMMHH-meﬂ-wﬂmmmwﬂwﬂwﬂ-%@mﬂ“ﬂﬂﬂmﬂﬂmﬂ-ﬁmﬂmpmmuuﬂymuwﬂmwﬁwwwt
u.nlvonw u : : : femm—— PRSI S s P : : ga —~ieemmant
H : : H : : : H H . H H 3
g% (SN ¢ e o 0iBR ® e @ s SeOOBebB 1 me o em § BM 1 .l f me 8 mw 30,08 peebidl
2Z 5 & b oem § a6 § em 5 om 4 2B 09 1006 -0 § = 3 am § == § es & 0N .M
s S LT S U Ut (U U S U U U U U U Y T v
22 1 ® P 0MO : .36 :0.22: 0.07 + M0 i = i .28 1 0% :0.05: 0.0 : 0.0 m0.06 im.20 ime .3
323 5 8 f Nl o mes o B @ dBmedh o s ¢ s dlh s pelE = pedia =
327 Agpen " E.* .38 - e .16 .12 - - .0 ; —.02 - - ml.pm P -
308 : @ , M8 : M2 ;e i o= i 20: MO i mm i em i oem i mm em.0Bi e 1B im.26 ¢ W
333 : S A
3o P s o Mo N B h e B9 o BMa B § i HE: O 8 e G 095
5ok BgAEEEY: B E 05 § OHE e G e 4 o § wm f e § w1 o ] mh bR e
i b H : i ' : H : H : 4 H : :
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Table 3.-~Bleaching conditions and results for dirch, aspen, and sugarberry sulfite pulps.

Bbon.»u.nn»ou : Cangtic extraction H Final bleaching
§ : e e e e e e e e e ——————— o e
Digestion : Bleach : Pulp : Chlorine : Chlorine : HeOH : NaQH : oon-wuf Tawper- : Time : Chemioal : Temper- : Time t Active : Active
: : dleach ;: 2dded : consumed : added : concem- ; ency: : ature @ i umed ! atuore ! chlorins ° chlorine
: b‘!— H : : tration : : s 3 : : 1 sdded 1 conwamsd
3 : : : . : : : : : : : :
Yumber E mmoum (rams per :Gramy per: GOramy : Percemd : °C. :Hourg : - :  °C. :Bourg : Grams per
E 100 grams pulp ‘100 grams: per : $ $ i $ : ¢ 100 grmme pulp

: : ; ;opdp  10Qeg i : - 2 : o :

4 1 B : : H H : H :

Birch pulps 3 : : $ : :

H H H . : H H H .
0 : 578 N5 : 32 : 32 : 1.9% 0.2 1 : 20 i : CaCl0 : 35 .5 : 0.5 0.45
310 ' 579 Am ¢ 33 ¢ 32 ¢ 20 i3 5 ‘80 1 ' caClx0 f 35 oG .5 F .38
30 ¢ 580 : k.50 ¢ 3.3 3.2 ¢ 2.0 .1 5 P80 1 ¢ HaCl,0 ¢ 80 2 .5 .5

- : s g s ! : : 3
323 : 581 : 3.55 2.5 2.5 : 2.0 .1 5 : B0 . : 1 : Cally0 : 35 & .5 S
323 : 582 ¢ 3.55 2.4 m.mw 2.0 A 5 80 P01 ¢ Hallx0 ¢ 80 2 45 42
323 : 5838 : 3,58 : 2.5 2.k7 4.0 o2 5 ¢ 8 i 2 : Callp® : 35 " A3y s .39
323 : 5883 : 3,55 ¢ 2.5 2.48 : 4.0 .- 5 80 2 : CaClg0 : 35 " RS .39
323 ¢ 585 ¢ 3.5 (1) ® W &) LY & M : catlzo : 20 2 2.5 2.7
5 -5 3% 40 .32 F3 80 t 2 v ocallpd 35 2 RS .23

: H : H : :

Agpen pulpe : :
327 : 587 : 2.66 : 1.8 .68 1 4.0 : .32 : 8 g0 2 : CaCl.0 : 35 : 5 50 8
327 : 588 : 2.66 : 1.8 1.68 : 4o i .32 : 8 80 2 ¢ W10 ¢ BO ot 2 .903 : 58
328 : 589 : 2.10 1.5 1.4 : %0 : .32 : B 0 : 2 : CaCl0 : 3/ : 5 Mo 10
328 ¢ 590 : 2.10 1.5 1.48 : 4.0 : .32 ¢ 8 80 2 ! HNaCl,0 : 80 2 60 36

guyonﬂ.uﬂv : : : : : : :
326 : 586 : 6.00 : MO : 38 : %0 : .32 : & : 8 : 2 : 0aCl,0 : 3B : 3 :  .g63: .67

: : :
3 3 H : 3 : : - H : : : : H

Hon.lu- of molisture-free pulp per 100 ce. of liquor.
2one percent EeyP,0y (baged on pulp) added to HeOH in extraction stage.

u.-_oﬁ. percent kerosene sdded after chlorination stege and pulp washed with 2 percent sulfonated fatiy-acid scap after finmal dleach.

4
~Pretreoatment.

Slnitially added bleach exhausted and more bleach liquor added.
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Table l.~—Chemical analyses and celor of btleached birch, aspen, and
sugarberry sulfite pulps.

Diges~:Bleach:lignin:Total :Alpha :Total : Ash iSolubility in:Viscos—:Color

Yion i icellu-:cellu~:pento~-: e ity
A - : lose : lose : sans tAlcohol :Ether: ]
: : : : : : ;benzene: :
Number:umber: Percent : Centi~-: lves
: : : : : + poisesiparts
‘ ] blue
Birch bleached pulps : ¢ ;
310 578 O : 100 : &5.0 : 10.3 :0.20 : 1.k 1.,16:  —— : 8%
310 579 O 3§ 106G 3 86.5 ¢ 9.3 & 18 ¢ 1,b 1055 o g6
310 K&0 O ;100 2 86.5 ¢ 98 5 <1 3 LT 209 E e £5.5
123 : 581 iTrace : 100 : &7.5 : 8.2 : .30 ¢+ 1.8 : 1.4 : L6.4 87
323 : 582 ;Trace : 100 : 87.8 : 8.3 : .30 : 2.0 : 1.6 : kh,7 50
323 0 B83 1 == 1 —m p =— 1 me b e— e LM -
323 ¢ BB 1 el e b e e e D e P -
223 0+ H8K 0 100 : 8R.9 : KO : .55 : 1.9 6 1 23.5 90
Aspen bleagined pulps :
27 : B37 : 0 & 100 : &9.L ; 4.6 : .10 : 1.0 .9 : 55.7 : 91
327 :+ 588 : 0 100 : 83.7 : u.7: .10 : 0.9 B 1 BlU. 3 g9
328 : K83 : O : 100 : &4 : W.2: .10 : 1.0 & 41,5 9o
326 ¢ K90 : 0 : 100 : 91.5 : L.5 : .06 : A .7 : 50.% : 9i

Sugarterry bleached pulp

326 : 526 .0 :100 : 87.5 o Byl s B0 5 1B 4 3 f e § e
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