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ABSTRACT

The purpose of this p&éper was to determine the
feasibility of using & pulping aid with a polysulfide
kraft cook. Since any cnenge in an operation such as
pulping must yield a product such that the quality is
better or not appreciably reduced and at the same time
nust be economically acceptible, the feasibility was
vased on these factors., Tests were made on a standard
kraft cook, a polysulfide cook, & cook using the pulp-
ing aid alone and a cook using the pulping aid with the
polysulfides., Trom the work conducted, there were no
significant changes in the physical and optical tests
performed while at the same time, a slight increase in

the yield over the standard kraft cook was noted.
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Introduction

"In any pulping process, there is a constant
challange to (&) improve the pulp quality, (b) incredse
the yield, and (c) reduce the operating costs" = It
seems today seems today that there are very few major
breakthroughs in any well established process. The
manufacture of paper is no eﬁCeption. ¥hat's more, the
types of pulp and paper mills are manj and none of them
produce their product exéctly the same.r'Eééh has its
own little "tricks" is uses tg.getia better product at
lower cost. There are twouideas that appéar to have
potential for many pulp mills.“The fiféf of these is
the use of sulflfer or polysulfides to increase the yield
in the kraft cooking pfodeéé} The second ‘is the uze of
pulping aids, such as wetting agents and surfactants to
zid in the penetration of cooking liquors into the
wood, thus increasing thne pulping efficiency. The use
of pulning aids can be used in all types of pulping, not

just kraft.

l. Dizhm, R, A., Larson, H, L., and Meinstein, S. p364
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Historical Background - Polysulfides

The fact that increzsa c§ncentrations of  sulfur
and polysulfides in kraft cobkinb;liQuors have resulted
in higher yicld has been known for more than twenty
years, .0st of the research in" this area has beenvdone

in Scandinavia, with work also being done in Japan,

D

Canzda, ond the United States. As expected, the results
of this work varies with the'species. Work therefore
hzs been done on several spécies; Southerh pine (1),
Silver pine (2), Toblolly pine, other softwoods and
Ted Cak (3), and others (4,5). The general céhclusion
that hes been r-oiched indicate an increase in yield
without eiry 2ppreciable loss in sirength. This strensgth
logs was most noted im tear bult this loss was not crit-
ical., There were some reports on the bleachability of
the puln but these reportsﬂweféimiieda

isccording to Sanyer.(3)and Barker (6), the poly-
sulfides were obtained by adding elemental sulfur to
the cooking liquor. There was no.éVidencg that there
was any colloidal sulfdrVi;n«"the system (7).. The sulfur

) A

was comnected to sulfide molecules, A normal sulfide

: o -2 : '
molecule has tiie Torm, S ~., A'polysulfide molecule
has the form 8;2 where n=2,3,4i... ~ In the cooking liquor

|
4

e value of "n" is not a constant figsure, for eacn

molecule may have 2 different value for "n",
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The mzjor reison for noﬁ having a yast acceptance
of the ute of pOlVoulfldeS a;a;excess sulfur, is the
high che.iical loss., Effectivewrecovery'systems have
not been worked out aad the cost of operatlon with
theze losses =uid the affeet tueyrwould have on the
enviorment would be to severe,

The theory thut has beeh'pfoposed”conoé%ning the
increuse in tae yield concerns the protection of the
wood carbohydrﬂtes, probably through the ox1dat10n of
their reducing end groups‘by»the polysulfldes and
decfeased peeling-off degradation in alkéli (3). By
this mechanism then, the pulplng llquors attack the
'llgnlns énd have a reduced affect on the cellulose.

It follows then that an 1ncrease -in the yleld should

be attained beccuse of the longep_cellplbse chains.

¥ N oA s
1 DT vl + 3 ‘r.“;,"'.__ Ly

ATy . Low

Historical Backwround - Pulp;pg Aids

The application of’ surfactants as’ ‘a pulping aid " ' ZJ?

ia another idea that could’have w1de aceeptance in the I
paper industry. ‘lork on the.approach*does not span

the time that polysulfides- do, but unllke them, 1t can

be applied to just about every type of pulplng.

*v.n



It was shown by Browh (89 that the péneti&fidn.
of cooking liquors inteo wood cﬁhes with the uae“of
surfactants can be zrecwtly increased. The relative
cmounts of these increases is related to the dryness
of the wood. Tor example; a 50% incresse in penetration
may be realized With a very dry wo od cube, but Cmfeenwood )
of the same species might shOW'only a 2-3% 1ncrease.‘
Trom this, he concluded that a more efficient pulping
operation with less rejects was a poss1b111ty. He also
concluded that the pulp wouid 1ncrease in strenvth and
brightness and there wqqld pg,an;;mprovement 1n_the.4
washing of the puip. ” : o

In 1960, work was done by Diehm and others (9) 1n;
the use of surfactants 1; cold caustic pulplng of aspen
wood, TFor their studnés,=sod1um xylene sulfonate (SXS)
was used. They first proceeded tb verify the work of =
Brown. This they did.. The;pe;t step was to compare
cold caustic pulping of agpen wood with and Without'tﬁe”
use of SXS. The following cpnclusions»on their stﬁdies
were reached; _ L;’

1) A softer pulp was produced, requiring less

energy at the expellors; | a8 “

2) There was an inerease in yield.



3) Bursting and folding'éndurance developed as
beating time wasﬁprqlonged.

4) The pulps were slightly stronger then those
made without the use of SXS. _

5) The quality of the pulp was not diminished.

6) The pulp was bleachable. '

7) Caustic liquor with SXS can be recycled because
the SX5 is not consumed. |

8) The SXS pulps defiber faster.

9) The somewhat improved strenzth characteristics
comboned with‘fhc}increased yield would tend
to indicate a better fiber penitration, with
less damage to the fibers.

In mill operations at Menasha's Otségo, Michigan

mill, the use of a surfactant has been used. (10) This
NSSC mill arrived at some of the same conclusions that
were reached above., The surfactant was used in the
impregnation step of the cooking cycle. The liquor
penetration into the chip was improved and because of

the lower internal resistance a more uniform distribution
of the chemicals throughout thé chip. Because of this,,
There was a reduction in the number of uncooked centers

thus improving the refining of the pulp and subsequent



i

better paper quality and runnability. The actual cook-
ing chemical was reduced in some cases,

The pulping aid used at the Otsego mill was Busperse-47
a product of Buchman Laboratdries{ Inc. Busperse-47 is
composed of dimethyl amides of umsaturated, long
chained fatty acids. It is unaffected by high temperatures
and pressures or strong cooking liquors such that are
present in a pulping process. It is resistant to
hydrolysis and is non agueous and non ionic.

In literature from the Laboratories, (11) the
affects on several different kinds of pulp; bleached
and unbleached NS5C, Bleached chemimechanical, sodium
bisulfite =nd unbleached hardwood kraft, were mentioned.
Of particular importanceZWas the selection on kraft.
Using a batch process, there was a two per cent iﬁCrease
in the yield and a reductidﬁ in the alkali consumption.
Because of this, there was an overall saving of 2bout
276 per day. |

The mechanism that is belived working here is as
follows. " the hydrophilic-lipophilic balance of Bus-
perse-47 is such thut in;yocd pﬁi@ing systems thé

product is preferentially absorbed at'resinified or



lignified surfaces und had a relatively low affinity
for the hydrophilic surfaces of cellulose. Thespene—
tration property of Busperse-47 is assumed to be related
to these factors. As the cooking ehemiCals containing
Pusperse-47 react with the lignin and other maferials
that bind the fibers together, the-adsoreed Busperse-47
disperses the erodead sollds and thus exposes new surfaces
for reaction. This results in a.faster,,more efflclent
softening of the interfiber bonding avents and a more
rapid opening of the CLOg red caplllary pores., n2

While this 1nterpertation is not exactly correct,
a combination of the two methods would yleld the com-
bined affect of a microsecopic chemical attack, with
the polysulfides and a maeroseop{c physical attack the =

pulping aid,

2. Unpublished work forﬁ Buchman Laboratories p&ge 3



Laborator& Hork

Pulping

For this study, wood chips of Red.Oak were used,
These chips were of uniform size és they were all
retained on 2 3/8 inch screen. The chips were clean
and contained very little bark. Actual measurment
show less then .2% bark by weight. Samples of the chips
were drizd for 36 hours to obtain moisture content
as all measurments are based on ovepdry'basis. .

The cooking liquor was made up of a standard kraft
cook. The contents of the liquor wasy

Na,S « o o o o o o o o+ o 9 actual grams/liter

NaOH +« o o o o o o o o o » 38 actual grams/liter

NeCO3 o « o o o o e o « o 11 actual grams/liter
This resulted in a sulfidity 6f 30%.

The other liquors were composed of the formulation
above, to which was added:

a) 19 (on ©.D. fiber)”of elemental sulfur

b) .55 (on C.D. fiber) of Busperse-47

c) 1% clemental sulfur and .5% Busperse-47

The liquor was added in a.4:1 liquor to wood ratio.

The chips were cooked in the oil bath "bomb" digester



because with it, uniform cooking time and temperature
could be maintzined., The time was four hours and the
temperature was 175°C, Samples of about 100 grams of
oven dry wood was used., -

At the end of t.e eooking cycle, the digesters
were removed form the oil bath were allowed.to cool
overnight. The following day, the cylinders were opened
and the chips removed, The chips were broken up and
then washed. The washing was done using a Buchner
funnel until the Ffiltrate was clear. The entire sam-
ple was placed in a oven for 36 hours. yThe sample was

weighed and the yield was determined from this data.

Papermaking

Samples of each kind of pulp was teken and hand
sheets were made on the equiptment form Noble and “ood.
The sheets were then placed in the humidity room for

36 hours to condition the sheets,

Testing

The handsheets were tested for mullen, tensile,
tear and brightness. All tests were run according to
the methods prescribed by TAPPI except the tensile .

wnich was concducted on the Instron.
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The evaluation of" the various was baseq on the

phySlCal tezts that were penformed Asvmentioned the
tests conducted con81sted of‘mullen, ten51le, tear and
brightness., The discussion of eqp@_test follows.

Jullen. ‘s SR

In genercl the test ﬁfhmﬁiien.oiVbuﬁgtyiiﬁ‘a
good indiecation of tHe bondlng in the sheets.: The
data obtalned for the four types of pulp are,

Standard Xraft Cook(SKC) 8.6 psi*-’

SKC plus 1¢ elemental sulfurf & ‘58.8}psi_“

SKC plus .5¢ Jusperse—¢7 8.7 psi‘”
SKC plus sulfur and Busperse_ fi"-8 9 pSl

The differences in the reSults are w1th1n experlmetal

error and threr fore 1t 1s assumed that there 1s no
differences in the bonding of the‘pulp.

Tear

Yost affecting the t‘elsjt ;@f*i““eéar 18" t"he Fiber lensgth

of the fibers., The longer the flbers, the greater the

the tear. The bonding in therheets is also respon31ole

for a good quantity of. the ‘tear strcnvth " The tests

vt
conducted on the h:ndsnaets=show very 11ttle difierernce




«2d consequently it is umed that tﬁere 1s very little
~difference in the pulp -nd anJ test dlfference 10 due

-.to experimental error.

Standerd Iraft Cook ' - e ,. 75 8 vrams
'SKC plus 15 el@mentélisulfur'? ‘75 6 =réﬁs
SXC plus .57 3usperéé%47 f 'Ji‘- 75.0" grams
 SKC plus sulfurvandlBﬁspé#éegf' f76.2»grdms

Brightness
o difference in-thé brightﬁeée was noted. Mo

tests on the bloachablllty were conductod..

4

~otan ard raft Cook ~f

SKC plus 1% elomental sulf“ré

SKC plus .5% uusperse—47

- N 5 3

SKC plus sulfur adeBuspers%tfé

Tensile

The greatcst dlfferenee,ln the phy31cal and
‘«

ioptlcal tests were noted: 1h the ten51le tosta” on- tre

handsheets. llore.. than anwi new teS%, t&ﬁthHSIIG is
depcndeﬂt on the we@kest sectlon of the sample. lee}

a chain, it will break at the ueakest section. Sinee
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the handsi:eets were made frgm the pulp without any-
refining or scre.ning, the number of shives and uncooked
portions was considercble. 4s the handsheet was formed
these imperfections in the pulp_became part-of hznd-
sheet. These represent areas of poor bonding. The
tensile test picked up the differencgs'in @he‘quaﬁtity
of the number ol shives and uncooked pofﬁ}bné. “ihere
two uncooked portions were in bonding.co££act with

each other, a very weak portion of the hand sheet was
produced, The gre ted the number of shives, the greéter
the chances ¢f two unccoked bun@lesvbeigg together.

The efficiency of the cook was thus based on this factor.
A 109 increase in tensiie"was nofed in the cook with
elcmental sulfur and the pu;_ig_ix;g aid, A slightly less
inoresse was noted with the pWiping aidiBldne. With .
just the elemental sulfur, the incréase‘W%S,not large
enough to forsulate any conclusions.

Standard Kraft Cook i 3.46

SKC plus elemental sulfur 352
SKC plus Busperse-47 _ 3.92

SKC plus sulfur and Busperse 3,81



YTiela

Yield determirations were conducted on the pulps

produced. !
Standard Kraft Cook - 42,04
SKC plus 1% clemental sulfer 42.8%
SKC plus .5% Busperse=47 42.6%
SKC plus sulfur and Busperse 43.,1%

Using the b .sis of the standard:kraft cook,the
increase in the rield with the polysulfide cook was
expected as reported earlier., The increase with the
pulping aid was not expected and the increase is assumed
to be with in the experimental error of the experiment.
Of course.of most importance is thé combination of the
elemental sulfur and the pulping aid.. The largest
was noted in this pulp over the standard kréft cook.
From this data, it is belived that'the cdmb;gation
of the two additions work well together and donod
interfer with each other, N ﬁﬁey did, the inerease in
yield would not be as large and prpbably would be less

than any of the two method alome.
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Conclusions

The following conclusions were reached on the study that
was conducted.

1) The pulp that was produced was equivalent to
or better then hhe physical tests that were conducted
on the stendard kraft cook.

2) There was a slight increase in the yield.

3) From the tensile tests on the hand sheets, the
efficiency of the cooking was increased with the use

of the pulping aid and the elemental sulfur.
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