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ABSTRACT
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A batch of chips was subjected to an oxygen pulping
and a kraft pulping system. The resulting pulp was test-

ed in its unbleached condition. It was then bleached,
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tested again. Handsheets were tested using the Fulmac

zero span tensile tester and other standard physical
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tests. The pulps were tested using the Fulmac perme-

ability tester. Tiuis procedure gave the opportunity é

to look at how the differences between the individual

fibers and their components affect the differences in

the strength between oxygen and kraft pulp handsheets.
| The oxygecn pulp was severely degraded than was

the kraft pulp. This led to shorter, weaker individual

fibers, but fibers. with better bondability. The increas- ;

a2

ed bondability gzave oxygen pulp handsheets with superior
strength in every test except tear. The increased bond-
ability was caused by the higher hemicellulose content

in the oxygen vpulp. Bleaching increased the strength of
both pulps, but oxygen »ulp strength was increzsed to a
higher degree. The oxygen pulp also had a larger specif-
ic surface area than did the kraft pulp. This increased
the number of sites availible }or bonding which helped

to increase the sheet strength. For these handsheets,

the bondability played a more important role in the final

strength than did the strength of the individual fibers.

B B i S SRR R S A a1 n



ot el e e

é

TABLE OF CONTENTS f

16 ¢ 7 60 Yo HB e B 10 a1t PSS S I T 0 0 0 00 00 0300 3 5 3 9 e e s | i
s GUhA o) itz U L= el Gen alol bl ole I3y IO B0 0 0 00O DA 8 o0 300 0 50 5 é
Theoretical Backgroundeecesececsceacaveacaccscsacacacs D :
Oxygen Pulp vS. Kraft PulDecescceccccocssccsocasces 7 ;
Strength DiffETeNCEeenscsccccnsaccnscccscans 7 é

Lignin DifferencCCfeececcccecccceccccccscsccceseall
Hemicellulose DifferencCCeececccccceccccccecscasll
Cellulose DifferenCeececcccscccccccsccccsccel’
Tndividual Fiber Difference.ssseessesssesseold

Statement of Problems and GoalS...eceececececesessl9

o g R

Experiment al Procedllre, ccccesscocccccccccscsseseel
125 a0 el BB I I OO OO O 00O 000000000 00000000 OO s
ReSUlTSceeccoccocsccscscsccsscssccsesccssssscsssccscels
DisScussion Of ReSUltSeecccceccocccccccccccoseese t)
CONClUSIONSeeesecsccsccsacescssccscccssscscscesesd)
RecommendationSeeceseecsscscsccccscsasccsscaconseed

Literature Cited......................‘..........53



INTRODUCTICN

Because of the many advantages of oxygen.pulping, it
appears to be developing into the pulping process of the
future. One of the gains of oxygen pulping is less environ-
ment pollution. This process will reduce the amount of
atmospheric pullutants as well as eliminate the kraft odor.
Oxygen pulping will also imp;ove the pulp mill effluent
quality. Oné source(6) reports Worster and Fudek have
found through simulating the waste waters expepted from
oxygen-alkali pulping of softwoods that the waters will have
a lower foaming tendency. Along with this they found the
waste waters to have a lower toxicity and about a twenty
percent lower BOD requirement. Hata and Sogo(1l) have
found the BOD/COD ratio of an oxygen-alkali soda gulp to be
forty to fifty percent higher then the ratio for NSSC or
kraft waste liquors. This means more of the oxygen pulp
wastes can be removed through a biological treatment system.
Environmental considerations are becoming emphasized more
and more each year.

There are also many economical advantages of oxygen
pulping. Oxygen pulps will give yields grsater than or
at least equivalent to those achieved when pulping the same
chips using the kraft process. This same oxygen pulp has

been shown to beat faster than the kraft-pulp(4,22). This
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would save on refiner power reqirements. In comparing the
tWo pulps, two sources(2, 12) have found the oxygen pulp
to be brighter (one source recorded a 17-20 point difference)
and to have a lower kappa number (7-12 points different).
These two observations point toward lower bleaching costs
due to the apparent reduction in liéuin content. This 1is
supported by the observations of 3aukkonen and Fatenius(22).
They found their oxygen pulp to consume less chlorine
chemicals than the kraft and'still end up with higher
brightness. 1In addition to this, bleaching will increase
the density, burst and tear properties of oxygén pulp while
it has little effect on the kraft pulp.

| Oxygen pulping is not without its drawbacks. It has
been shown again and again that the strength properties of
oxygen pulps are lower than those of the kraft pulps. Also,
while bleaching oxygen pulps, many fiber fragments resulting
from mechanical fiberization and oxygen delignification are
lost while bleaching(4). This reduces the higher yield
advantage of the oxygen pulp. Despite these disadvantages,
oxygen pulping still seems to be the pulping process of the

future.
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HISTORICAL BACKGRCUND

Experiments designed to study the use of oxygen for
pulping began in the late sixties. The idea of using oxygen
for pulping was brought over from the success of using it
for bleaching. Since that time, there is yet to be an
oxygen pulping process developed to industrial scale.

Studies on oxygen pulpiné have been limtied to investi-
gating how different pulping conditions perform and how
degradation inhibitors effzsct the strength properties.
These investigations have found gquality pulps could be
prepared with oxygen-alkali pulping processes. Hata and
Sago(23) found liquor pH to effect the lignin removal.
A lower pH (8-9) is desirable for cooking. They also found
the addition of alkali in increments as the cook procedes
gives better results tnan starting with a high initial
alkali content. Another development in this area is the use
of a two stage process. In the first stage, a soda cook is
used to give a high yield. <hen the remaining fibers are
subjected to oxygen-alkali delignification during the second
stage. This reduces some of th? problems encountered with
a single stage cook.

Different investigators used different oxygen pressures.
Most of them seem to feel high pressures are better.

Abrahamsson and Samuelson(l) have done investigations
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.
observing the effect of the concentration of carbon dioxide
during pulping. They have found carbon dioxide has a retarding
effect in the dissolution of hemicellulose. Also, they
found decreasing the concentration of carbon dioxide would
give an increase in the depolymerization of carbohydrates.
Experiments looking at the optimum chip size were also
conducted. Hata and Sogo have gotten the best results with
chips less than three millimeters thick(ll). Shavings also
gave desirable results. At the present time, smaller chips
woTk best in order to achieve a homogenous cook. There are
problems of getting complete oxygen diffusion of the chips
in the time required. If the cooks are held at oxygen-
alkali conditions for a long preriod of %time, the oxygen will
penetrate through the chips, but oxidative depolymerization
will occur and reduce the pulp strength.

Other recent investigations have been those using
inhibitors as carbohydrate stabilizers. Minor and Sanyer(17,18)
used iodide as a carbohydrate stabilizer. By using iodide,
they were able to improve both the screened and total
yield, increase the viscosity, achieve a higher handsheet
strength, and increase the hemicellulose retention. They
also found this effect would increase as the pH decreased
with an optimum pH between 7 and 9. The other inhibitor
.used was magnesium(22). This also increased the strength

properties and the pulp yield.



THEORETICAL BACKGROUND

Phillips and McIntosh(20) seem to have a good interpre-
tation of what is occuring during the oxygen pulping process.
They describe four physicochemical steps necessary for osygen
in order to for degradation of the lignin to occur. First of
all, the oxygen must change from a gaseous phase to a liquid
phase. Then it must diffuse through the liquid and reach
the fiber surface. Once at the surface, it muct penetrate
the fiber wall. Then it continues through the cell wall
until it encounters a reactive lignin structure in an alkaline
environment. They pointed cut the reaction with lignin
requires the presence of a free pnenolic hydroxyl gsroup.
Therefore the rate at which this reaction occurs will depend
on the porosity of the cell wall.

During the oxygen-alkali cook, weak acidic groups are
introduced in the lignin and thus it dissolves in the cooking
liquor. This phenomenon is better explained by Chang et al.(5)
They feel the oxidation of lignin occurs by an electrophilic
attack by the oxygen on the ionized phenolic structures.

This causes the breakdown of the lignin structures by forming
soluble acidic degradation products. As the cook proceeds,
.the lignin continues to degrade into lower molecular weight
compounds. This changes the lignin into a form that can't

be precipitated on the fiber, even after acidification of the
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cooking liquor.

Kleinert(1l4) has found that delignification in a
isothermal oxygen-alkali system takes place in two stages.
For a very short time at the beginning, rapid delignification
occurs, He found the second stage to be slow and to exhibit
a pseudo-first order reaction mechanism. He also found
the total alkali consumption for oxygen pulp was three times
that of kraft or caustic soda pulping.

Oxygen pulps have been found to have a high hemicellulose
content. Conners and Sanyer(7) feel this is due to the
high alkali content of the cooking liquor. The alkalinity
would prevent solubilization of the hemicelluloses and,
at the same time, tTheir redeposition on the surface of the

fiber during digestion.



OXYGEN PULP VS. KRAFT PULP

Because of the different types of pulping processes
used, the oxygen pulp will have different properties than
the kraft pulp. There are five main areas with an existing
difference between the two pulps. They are *the differences
between the overall sheet strength values, the lignin, the
hemicellulose, the cellulose, and the individual fibers.
STRENGTH DIFFERENCES

As a whole, tne soda oxygen pulp strength properties
are uniformily lower than krgft pulp. This lower strength
is probably cdue to thie more severe degradation to the cellulose.
It could also be due to the difference between the amount
and distribution of the hemicellulose. &Several sources
found the burst factor and the burst-tensile relationship
of oxygen pulp equivalent to a similar kraft pulp(1l0, 20, 4).
The tearing resistance was much lower, thereby giving a
lower overall strength value(4, 10). Two sources have found
the bonding strength of the oxygen pulps to be grecter than
kraft pulps at a constant bursting strength(4, 22). They
have.also found this difference to vanish as the two pulps
become refined more.

The type of alkali charge will effect the strength
properties. It has been shown that a high alkali concentration

will decrease the pulp strength(6, 17, 22). To minimize the
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effect; tiie pulp should be pulped in a pH range of 8 to
9.5. One source(6) observed an increase in the tear factor
with an increase in the alkali charge. Chang et al(4)
have observed bleaching will increase the burst and tear
strength of the oxygen pulps while here is little effect
on the kraft pulps. Another way in which oxygen pulp
differs from kraft pulp is increasing the wet pressing
pressure will not increase the burst strength and the apparent
density uniformity(4). This is apparently due to the
difference in flexibility or in surface area. There is a
definite uniform relationship for kraft pulvps. Another
factor which influences scrength properties is tne tempera-
ture at which the pulp 1s cooked. The hi_her tie Ulemperature
is, the more the strength of the pulp i1s decreused. This
effect begins at some tempzrature above 120°C(22).

The yield achieved depended on what type of oxygen
pulping process was used. In general a cne ctage oxygen
pulp gives a much higher yield than a kraft puip(l?7). Soda
oxygen pulps (two stage) gave a yield which was greaier
than or equivalent to kraft(4). Oxygen-alkali pulps gave
yields lower than kraft(10). At equivalent yields, kraft
ﬁulp is stronger than oxygen pulp. Decreasing the yield
of the oxygen pulp will only reduce the potential strength
of the pulp. The addition of a carbohydrate de_radation

inhibitor such as potassium iodide will increase the yield(1?7).

Chang et al(4) points out that the oxygen pulps have a
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higher ash content due to the oxidation of acidic groups.
This will increase the yield value, but only to a magnitude
of less than one percent.

It is commonly known that oxygen pulps have a higher
apparent density than kraft pulps. This has been found to
be true at any level of refining or freeness. One source(l6) '
attributes this difference to the thinner walls of the
oxygen fibers. He found the oxygen fibers to be fifteen
percent thinner than kraft at a forty-seven percent yield.
This causes the cell wall to be more flexible and gives
flatter fibers, theredy giving a more dense sheet. It was
shown(6) that as the alkali charge is increased, the
difference in the densities tetween the twc pulps beccmes
greater,

+this difference in sheet density introduces more pro-
blems in evaluating the differences between tne two pulps.
Normally when comparing the densities of two nandsheets
of the same species, it is assumed that the denser sheet
has a higher dzgree of fiber to fiber bonding. This
assumption must be overlooked when comparing tite oxygen
pulps to the kraft .ulps. Also the effects of wet pressing
on the density of oxygen pulp are not normal. Normally
there is a uniform relationship between Qensity and tensile
strength as the wet pressing pressure 1s changed. This 1is
not true for the oxygen pulps. Apparently the degree of

fiber packing and conformability in an oxygen pulp sheet
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unlike that of a kraft pulp.
LIGNIN DIFFERENCE
Another difference between oxygen and kraft pulp lies

in the lignin. The amount and position of lignin in a fiber

can deternime how that fiber behaves. Kellogg and Wangaard(1l3)

show there is a significant increase in fiber strength and
stiffness with an increase in its permangamte number.
Phillips and McIntosh(20) explain the topochemical dis-

tribution of lignin within the fiber will even effect how the

fibzr delignifies. They believe if tne bulk of the lignin lies

on the outer layer of the fiber, initially the delignification

will take place there and not affect the inner layers.
They have shown this with some work perflormed .sing southern
pine. They felt there was initial preferential deligni-
fication in the secondary wall and the lignin in the middle
lamella was less affected for the oxygen pulp than it was
for the kraft. Other data showed a high lignin content
in both the middle lamella and the secondary wall for their
highest yield pulp. At the same time, the lignin content
was high for the middle lamella and low for the secondary
wall in the lowest yield soda-oxygen cook. FPhillips and
McIntosh(20) also believe the distribution of the lignin
across the fiber explains the failure for the soda oxygen
pulps to collapse:

Oxygen pulp lignin is also different from the kraft

lignin in that the oxidized lignin is more soluble in acid..
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Hata and Soyo(23%) found the amount of lignin precipitated
from a soda oxygen black liquor was even less than that of
soda black liquor. The presence of oxygen promotes
delignification in the oxygen pulping process, while it

is the presence of sulfur in the kraft process.

The presence of lignin in the two pulps seems to effect
them differently. One source(l6) has found the oxygen pulp
to be 17-20 points brighter and to have a kappa number of
7-12 points lower. Chang et al(4#) have found the removal
of lignin to affect the cellulose structure more using a
soda oxygen cook. They suggest the removal of lignin probably
disrupts the existing hydrogen bonding pattern of the fibrils
more than a kraft pulp does. They shecw if the keappa number
is greater than thirty-five, the burst ractor seems to be
independent of the number. For a kraft pulp, the burst
factor will generally increase with an increase in lignin
removed. Soda oxysen pulps seem to be unaffected by the
lignin levels in a kappa number range of 120 to 35(4).

They also show the kappa number below which the amount of
delignification is lower than the amount of cellulose
degradation to be lower for a kraft pulp than for an oxygen
pulp.

HEMICELLULOSE DIFFERENCE

The total amount and the distribution of hemicellulose
on the fibers will effect their overall properties. Connors

and Sanyer(?7) have found the presence of insufficient
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hemicellulose within the surface of the fiber could give
poor fiber adhesion and decrease the bonding strength.
This means an increase in hemicellulose content would
decrease the tear value due to increased bonding and would
increase mullen, tensile, and fold. Also Abrahamsson and
Samuelson(l) found a similarity between the dissolution
of hemicellulose and a drop in viscosity, thus showing a
deciease in fiber adhesion,

Oxygen pulps have a higher retention of hemicellulose.
Abrahamsson and Samuelson(l) believe almost all hemicelluloses
except for the xylan type are removed during the early or
precooking period of oxygen »nulping. Cnly a small fraction of
the low molecular weizht xylan is removed. During an
oxygen cook, the hemicellulose seems to have a vendency
to remain in the fiber. Connor and Sanyer(?7) fezl it is the
high alkali content of the cooking liquor wrich prevents
the hemicellulose from solublizing. They also note this
prevents the redeposition of the hemicellulose on the fiber
surface which normally occurs during digestion in a kraft
cook. The absence of hemicellulose from the surface of che
fiber would decrease its bond strength. Chang et al.(4)
suggest the hemicellulose which is removed from the cellulose
structure seems to have more effect in a soda oxygen pulp
than it does a kraft pulp. They suggest the removal causes
less cohesion within the cell wall and probable changes

the bonding pattern in the fibrils more in a soda oxygen
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pulp than it does in a kraft pulp.

Oxygen and kraft pulps vary with respect to hemicellulose.
The position of hemicellulose seems to differ between the
two pulps. Since the oxygen pulp contains more hemicellulose
within the single fiber, It will beat faster than kraft
pulp. The kraft pulp has more hemicellulose precipitated
at the surface of the fiber. This gives 1t stronger fiber
to fiber bonding. Differences even occur in the bleaching
of the tw: pulps. Saukkonen and Palenius(22) have found the
yield loss in kraft pulps during bleaching is due to the
loss of hemicellulose. The yield loss achieved during
soda oxygen pulp bleaching is basically due to cellulose
loess. Nakamura and Matsuura(l9) found bleached oxyzen
pulp to have higher bonding abilit; and a lower scattering
coefficient tnan kraft pulp. This is evidently due to the
higher content of hemicellulose in oxygen pyl?s.
CELLULOSE DIFFERINCE

Another part of the fiber which influences its final
properties is the cellulose. Cellulose is the backbone of
the fiber and gives it most of the strensth. Severe degrada-
tion of.the cellulose will give the fiber poor strength
properties and lower the stiifness. A high alkali content
will give more severe degradation. Also, as the time for the
cook increases, the purer the fiber becoﬁes, but also the
cellulose becomes more degraded.

The carbonyl content can be used as a measure of the
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degradation of the cellulose. As the cellulose becomes more
degsraded, the viscosity of the cellulose decreases and the :
carbonyl content increases. Minor and Sanyer(l7) found the
carbonyl content of oxygen pulp to be twice as high as that
in kraft pulp. Chang et al(4) feel oxygen pulping varies
cellulose more than a kraft cook does. They feel there
1s less cohesion witnin the cell wall after on oxygen cook.
They also postulate that in the cell walls, tue fibrils are
not bonded as well as in a kraft cook since the soda oxygen
pulp fibers have a greater pore volune.

Even though oxygen pulps give a high cellulose yield,
much of this is lost through either washing or bleaching.
Connors and S8anyer(7) explain how this can hapren. A high
alkali cooking liguor can cause stripping from the fiber
surfaces. This creates fiber fragments which are eazsily
lost during washing or bleaching. The use of a carbohydrate
degradation inhibitor such as potassium iodide may eliminate
some degradation(1l7).

INDIVIDUAL FIBZR DIFFELENCES

Individual fibers a:re the building blocks of a paper
sheet. One should be able to monitor how a certain sheet
is going to perform by monitoring the properties of the
individual fibers. The properties of a single fiber will
reflect the amount, condaition, and positién of the lignin,
hemicellulose, and cellulose within it. Even though the"

handsheet tensile is only ten to twenty percent of the
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individual fiber tensile, the influence of the fiber strength
increases as the sheet density increases(l3). Kellogg and
Wangaard(13) found that fiber strength is more influential

)

in handsheets up to a density of 0.6 gm/cm” when measuring
tear strength. Chang et al(4) looked at the effect of
individual fibers using the Caulfield technique for measuring
the fiber saturation point. It measures the amount of water
within a cell wall. They found soda oxygen pulps to have

a higher pore volume. They feel a fiber with a higher pore
volume would reduce its perimeter more when dried. They
speculate this would cause the fiber to have a more circular
cross section which woiild #ive less intense bonding and

cause ths fiber to be stiffer,

There appears to be a difference between oxygen pglp
and kraft pulp fibers. Saukkonen and Palenius(22) found the
oxygen pulp fibers to be softer, =ore flexible, faster
beaten, and higher in bonding ability than the kraft pulp
fivbers at an equivalent yield. When Thillips and McIntosh(20)
compared the two fibers, they found the soda oxygs;en-alkali
to remain found and rigid as compared to the flat kraft
fibers. Anotuer source(22) while looking at the fibers as
a group found the soda oxygen pulps tc have a lower pro-
portion of short fibers, :

The sheet strength is dependent on both the strength
of the bond between the fiber and the strength of the fiber

itself. One way to measure the strength of the fiber is the
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zero span tensile test. Kellogg and Wangaard(l3) have found
their experience supports the use of the zero span tensile
as a neans of measuring individual fiber strength. They
have selected sheet density as means of measuring fiber
to fiber bonding. Because of the difference in .oensities
between the oxygen and the k_ aft pulps, this method will
not work for comparing the two pulping methods. Several
sources feel the oxygen pulps have a better bonding ability
than do the kruft pulps. One source(4) has found the
oxygen pulp to have equivalent ring crush values and burst-
tensile relationsnips as kraft. Two sour.:es(4, 22) have
shown at the same burst factor, the bond strength of soda

oxygen pulps is greater than a kraft pulp ¢f eguivalent

"

yield and kappa number. This elevated bond strength def
creases as the two pulps become more refined.

The oxygen pulps have shorter fibers than kraft pulpse
This is evident in the lower tear strength values and the
higher ring crush values(4#, 10, 22). Bleaching of the oxygen
pulp reduces the amount of short fibers at a higher rate
than i1t does for kraft. This gives the two types of pulps
an equivalent fiber length after bleaching(22).

Another difference between the two types of fibers is
their specific surface and specific volumg. Specific surface
is a measure of the amount of surface area for a certain
unit weight of wet pulp. Cowan(8) has found this area to

be a measure of how much the drainage will be hindered and
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of the area which is available for bonding. He also points
out there is a strong relationship between the specific
surface area and the strength properties. It is believed
the soda oxygen pulp cell walls fibrilate more than kraft(4).
This would give them a higher specific suriace. The specific
volume is a measure of the volume of the fibers and the
water retained by them based on a certain unit weight.
Again Cowan(8) points out the specific volume will effect
the drainage resistance and the sheet strength. He also
says there is a strong relationship between specific volume

and the strength properties. &Hobertson(2l) show increasing

BTN

the beating will increase the amount of water held by the fibers,

This occurance is supported b, Chang et al(%4) when they
state soda oxy._en pulps, which beat easier than kraft pulps,
are easier to create new pore volumes in and hrave a greater
pore volume. A fiber with a higher poré volume will retain
more water. Overall, the soda oxygen alkali pulps appeared
to be rounder and more rigid than the kraft fibers(20).
Compressibility is mnother area in which different
types of fibers may vary. Compréssibility is a measure of
the manner in which pulp particles can be compressed together
to form a sheet(8). Cowan(8) states compressibility
indicates how easily a dense mat of pulp will inhibit the
drainage and increase the amount of bonding. One source(22)
found the oxygen fibers to be softer and more flexible than

kraft fiber while another(1l?) found them to be suiff fibers

10 TRl
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The amount of degradation which occurs on .the two
types of fibers appears to be different. The degree of
polymerization of oxygen pulp was shown to be lower than
that of a kraft pulp(2). Viscosity is another means for
looking at degradation. Hata and Sogo(l0) found the oxygen-
alkali pulps to have a lower intrinsic viscosity than kraft.
Another source(l5) found there was still a high viscosity
after the first stage cook. Apparently it is the oxygen-
alkali stage which does the majority of the degradation
of the fibers. ©Geveral conditions affected oxysen pulp
viscosity. A high alkali concentration decreased pulp
viscosity, while the addition of potassium iodide increased

viscosity(17).



STATEMINT OF PROBLEMS AND GOALS
Since oxygen pulping is a relatively new process, many

basic areas still need to be looked at in more detail. One

of these is the strength.properties of the pulp. It is com-

monly known that oxygen pulp 1s weaker than kraft pulp. This

difference may be due to cellulose degradation and/or the
amount and distribution of both lignin and hemicellulose
within the fiber. Therefore, the effect of these three
components on the pulp strength should be investigated.
The following hypotheses will be proved or disproved:
Lignin will not effect the strength properties of
oxygen culp as much as it does for kraft rulp.
The removal of lignin in oxygen pulps will not
change the handsheet properties as drastically
as for kraft pulps.
Oxygen pulps will have a higher hemicellulose content
at anequivalent yield. This will give the oxygen
pulp a greater bonding ability than kraft pulp.

Oxygen pulp cellulose will be more degraded. The
oxygen pulp will have shorver, weaker fibers,

Due to more severe cooking conditions, oxygen pulp
will have more surface area. Tnis surface area

will give it better bondability than fer krsaft pulp.



EXPERIMENTAL APFLOACH

Before it was possible to begin a inﬁestigation, it
was necessary to decide which method would be used for the
oxyzen cook. Even though it produced a lower yield than
the one stage cook, a two stage process was used because
of shorter time required for cooking. It seemed to be
more apolicable to industrial scale pulping process than
a one stage process. The two stage method used to pulp

the wood was practically indentical to the method used by

£ R A R s R b N

FACITIPOR R

North Carolina 3tate University (3-6). Their method was chosen

because of the evtensive amount of work they performed with

the process.
Chang, McKean, and Seay give a description of their

procedure in a rscent article (6). Their procedure was

followed as closely as possible. Jack pine (Pinus banksiana)

chips were used for this experi.ent. For the first staze
soda cook a 2 cubic foot stationary batch digester was
used. A batch size of 2500 grams (calculated oven dry)

of chips were used with specified circulation rate. The

liquor was then added to the digestor with a liquor-to-wood

ratio of 4:1 with 17% soduim hydroxide on o.d. wood.
The liquor was initiall heated with steam and orought up
to temperature with an electrical heating unit. The

liquor was hrated to 170°C. The heating up time was 125
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minutes. The cook was held at this temperature for 200
minutes. The chips were washed and the yield was determined.
Because of the high yield, the chips remained whole. In
order to turn the chips into a useable form, it was
necessary to refine them before subjecting them to the
second stage. This was done by passing through the
disc refiner three times at plate distances of 0.100",
0.055", and then at 0.,03%" at low consistencies. The
fibers still remained in rather large bundles and the shive
content was very high. This step was necessary in order
to insure good surface contact.

For the second s.age cook, the N+K digzstor was used.
One hundred grams cf soda pulp (basecd on oven dr
added to the digester. The fiber was cooked at a five
percent consistency in an eight percent NaCH (based cn
wood) liquor. The digester was brought to 150 psig at
room temperature with oxygen and then hcated to 120°C.
The cook continued at this temperature for one hour. The
pulp was t en washed and screened. The yield and the
kappa number of the pulp were determined.

The draft cook was vonducted similarily to the
cook for the first stage of the oxygen pulp with the
following exceptions. The liquor composition was changed
to 18.5% effective alkali (NaOH) with a sulfidity of 25%.
The cook was held at temperature for 2 hours. The yield
and kappa number were determined. The pulp was then refined

by passing it through the Bauer disc refiner Qné
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time at a plate separation of 0.033". !
A portion of the pulp (approximately one fourth)
was used to make handsheets for both types of cooks,
Then these handsheets were compared. The remainder of the
pulp was subjected to very mild delignification. The
acid chlorite holocellulose method was used under extremely
mild conditions in order to minimize the amount of de-
gradation. Most of the lignin was removed and mostly
holocellulose remained. The yield after delignification
was calculated. Approximately forty percent of the holo-
cellulose was used to make handsheets for testing. Again
the oxygen pulp handsheets were compared to the kraft
pulp after undergoling identical treatment. 'The remainder
of the holocellulose underwent treatment with dilute
alkaline solutions (18% NaOH). Again extremely mild
conditions were used to rsduce oxidation and degradation.
The resulting pulp was mainly "alpha" cellulose with tne
hemicellulose remaining in solution. The yields of each
were then measured. The "élpha" cellulose was used to make
handsheets for testing. The oxygen process "alrha"
cellulose was compared with that from the draft process.
Each type of pulp had a series of tests run on it.
Yields were calculated after each treatment. The yield
after each t;pe of cook was calculated first. Then
yields were calculated after the removal of lignin and after
the removal of the hemicellulose. Then Canadian standard

freeness was run for each of the pulps. Viscosities were
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run after each treatment following the pulping on each pulp.
This was used to show if one t;pe was more degraded than
the other was. Then the fiber lengths of the pulps were
determined.

The handsheets were used for physical testing. First
of all the basic tests -of tensile, tear, mullen, and
fold were run. These values were used to see how these
pulps compared with other pulps. Handsheet density was
also calculated. Then two other-types of apparatus
were used: the Pulmac zero span tes.er and the Pulmac per-
meability tester. The Pulmac zero span tester was used
to calculate individual fiber strength, fiber length, and

bonding abilit;y. The Tulmac permeabilit, tester was used

[

to characterize the specific surfsce and specific volume

of the fibers.
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PROCEDURLS

The kappa number was determ . ned according to TAPPI
Standard Methods. |

All handsheets were made using the Noble and Wood
handsheet mold. Basis weight was approximately 60 g/ma.

The tensile, tear, mullen, fold, and Canadian standard
freeness were determined according to TAPPI standard methods.

The Pulmac zero span tensile tester and the Pulmac
permeability tester were run according to the procedures
in their opera ing manuals. Interpretati:ns of the results
frem these twe instruments were discussed in articles by
Cowan (8,9).

The holocellose was made using the acid chlorite
holocellulose method. It was the same procedure as
described on page 395 of B. L. Browning's "Methods of
Wood Chemistry":

l. Add 40 g (based on air dry) of pulp into a 2

liter Erlenmeyer flask.

2. Add enough distilled water to bring to 1240 ml

of distilled water.

3. Add 4 ml of glacial acetic acid.

4, Add 12.0 g of reagent grade sédium chlorite

(Carry out under well-ventilated hood).

5. Invert anotner Erlenmeyer f lask in the neck

of the reaction flask and bring to a tempera-
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ture of about 65°C with a steam bath.
6.. Heat contents for 1 hr., with occasional swirl-
ing.
7« Then add 4 ml of glacial acetie acid.
8. PFollow with 12 grams of sodium chlorite.
9. Continue heating for another hour.,
10. Repeat steps 7-9 for at least 2 more times.
11. Remove after 3% hours and place in ice bath and
cool to a temperature less than 10°cC.
12. Filter on a buchner funnel with a m nimum amount
on ice water to remove color and odor of chlorine
dioxide.

13, Calculate the yield of hohocellulose.

"Alpha" cellulose** was produced by reacting 18 grams
(based on oven dry pulp) of the holocellulose with 1200 ml
of 18% NaOH. This was done for one hour ‘at room temperature.
After one hour, the cellulose was first washed with 9%

NaOH and them with distilled water. The yield was determined
and the pulp was used to make handsheets.

Viscosities were run using a no. 200 Ostwald capillary
viscometer. Cupriethylenediamine was used as the solvent.
**The author realizes the "alpha" cellulose referred to
in this report was not true alpha cellulose. The term
"alpha" cellulose was used to name the pulp made using

the following procedure.

"::‘3\-'{"2; 5
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The procedure was as follows: )

l. Add 15 ml of 0.1667 M solvent to 0.125 grams %
(based on oven dry) fiber.

2. After about 15 minutes add 10 ml of 1.0 M solvent.
This brings the total concentration of solvent to
0.5 M.

3. When all of the fiber is dissolved, place 20 ml of
the solution in the viscometer.,

4, Place the viscometer in a temperature bath of 2500
and record the time it takes for the solution to
pass between the two lines.,

5. Use this lime, the uensity of the solution, and the
viscometer constant to determ ne the relative
viscosity. The relative viscosity value was
calculated by dividing the time necegssary for a
solution of 0,125 grams of fiber dissolved in
25 ml of solvent by the time necessary for the solvent
to pass through the capillary tube.

The fiber lengths were measured b placing pulp samples

on lides and projecting the fiber images. The lengths of the
imaées were measured. The resulting magnificuaticn was 23.4
timeé. Over 300 fiber lengths were measured for cach sample.
From these lengths it was possible to calculate the average

fiber length and to draw a fiber length distribution curve.



RESULTS
The yield for each pulp was calculated after each
physical change occured to the fiber. The results of

these calculations are .summarized in Table I. All yield
Table I

YIELD AFTER E CH PROCESS

Percent Yield
Process 3 Kraft Pulp Soda=-0xyzen Fulp

Initial cook
(based on o.d. chips) 53.1 54,1

776 after soda cook

Acid Chlorite Bleaching

(based on o.d. chips) 48.5 47,2
(based on u.bl. pulp) 91.3 87e2
“ubjection to 18% NaOH

(based on o0.d. chips) 40,2 371
(based on bl. pulp 8%.0 78.6

values were calculated immediately after the pulp was washed.
The yield after the initial cook was calculated before the
pulp was refined.

The above pulps were then made into handshects. The
handsheets made from the pulp immediately after the initial
cook were called unbleached kraft or oxygen handsheets.

The ones made from the pulp after it had been subjected
to the acid chlorite treatment were called oxygen or kraft
holocellulose handsheets. Last of all, the pulp which had

been subjected to 18% NaOH was made into handsheets named

e T S P S oy R e TV L
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kraft or oxygen "alpha" pulp. Table II shows the dimensions

of the resulting handsheets. FEach of the values used in

Table II
DIMENSIONS
Basis WSight Caliper Densit

Type of Handsheet (z/m<) (X.001") (g/cm5§
Unbleached Kraft 56.0 9.2 O.24
Unbleached Oxygen 55¢5 83 0.26
Kraft Holocellulose 58.3 7.7 0.30
Oxygen Holocellulose 58.6 6.9 0.55
Kraft "Alpha" ~ulp 57.6 10.4 0.22
Oxygen "Al:ha" Pulp 59.6 10.5 0.22

Table II were averages taken from ten handshcets. The basis
weights for each tyre of handshecet were agpproximately the
same. The calipers for the oxygen pulp were consistently
lower than those of the kraft pulp except for the "al:ha"
cellulose. This also meant that the densities for the oxygen
pulp handsheets were higher than those for the kraft pulp.
The kraft pulp made a more bulky sheet than did the okygen
pu;:/ The densities for both types of pulps were low. This
was probably due to the low level of refining and tae low

wet pressure used.

Next the optical properties were observed. The results
are summarized in Table III. The kraft pulp had a higher
brightness value for the holocellulose and "alpha" handsheets.
The kraft handsheets also had a higher opacity value for

unbleached and holocellulose pulps. The opacity values
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for.all of the pandsheets were high. This was apparently
due to the high bulk of the handsheects. A high bulk
handsheet has a larger number of air voids and a low degree
of-babonding air voids there are, the higher is the opacity
value. "he brightness and opacity values were calculated

ffom ten different handsheets for each condition.
Table ITII

OPTICAL PROPIiTIES

Type of Handsheet Brightness Opacity
Unbleached K:aft 35.1 98.6
Unbleached Oxygen 5%.0 96.3%
Kraft Holocellulose 4.9 84.3%
Oxygen tiiolocellulose 75.3 82.6
Kraft "Alpka" Pulp 78.0 7%7
Oxygen "Alpha'" Pulp 77 .0 773

The physical properties of each type of handsheet
were then evaluated. A summary of these proparties can be

found in Table IV. The tensile strength of the oxygeﬁ pulp
Table IV
PHYSICAL PRCFERTIES

Tear Burst
Instrom Tensile Factor TFacto

Type of Handsheet Breakine Lencth(m) Fold (¢/esm) (g/cmg/gsm)

Unbleached Kraft 1046 18 4,68 36.9
Unbleached Oxygen ‘ 1195 71 3433 41.4
Kraft Holocellulose - 1043 24 4,70 35.7
Oxygen Holocellulose 1283 74 4,51 45.7
Kraft "Alpha" pulp 625 o 43 0.0
Oxygen "Alpha" pulp 80.8 o 35 0.0

A RPN T R
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was consistently higher than that of the kraft. In both
cases the fold strength increased through bl:aching. The
same result was found for the tensile and burst factor values
for the oxygen pulp, gut not for the kraft pulp. These two
values decreased for the kraft pulp. The tear values gave
different results. The tear values for the kraft were higher
than those for the oxygen pulp. Bleaching the samples in-
creased the tear strength for the oxygen pulp but not for
the kraft. The "alpha" cellulose handsheets gave very low
strength values in euach category. The burst factor, fold,
and tensile values were calculated by using the average value
of ten repetitions for each condition. The tear values were
the average of five runs, using four sheets per run.

Kappa number znd viscosity were run on the handshkeets.

These results are in Table V. ‘The kappa numbzsr for the

TABLE V

DEGRESZ OF PULFING AND DzGilaDATION

Type of Handsheet Kappa Number Viscosity(cp)
Unble=zched Kraft 40.5 : -
Unbleached Oxygen 4.7 -

Kraft Holocellulose - R
Oxygen Holocellulose - 12.5
Kraft "Alpha" Pulp - 57.9
Oxygen "Alpha" Pulp - ) 17.7

oxygen pulp was significantly higher than that for the kraft
pulp. The viscosities for the holocellulose and "alpha"

kraft pulps were much hi;her than those for oxygen pulps.
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The viscosity values for the "alpha" _.ulps are not totally
correct. These fr.ctions could not be completely dissolved
in the solvent. After s:.veral hours, viscosities were run
on the solutions as they were. The values are believed to
be representative although not entirely accurate.

The Pulmac permeability tester was used to determine
the specific surface and the specific volume of fibers in

a pad. The results of this test are found in Table VI,
Tible VI

FIB=ZR DIMENSICNS

C. S. Specifig S pecific

Type of H:.ndsheset Freeness(ml) Burface(cm®/;) Volume(cm?d/:z)
Unblezched Kra:'t 695 11,400 246
Unbleached Cxygen 691 15,600 2.76

Kraft Holocellulose 680 13,00 2.3%8
Oxygen Holocellulose 650 18,900 2.86

Kraft "Alpha" Pulp 737 9,600 +1.31(1 run)
Oxygen "Alpha" Fulp 723 10,200 0.98

This data shows tha2t the specific suiface of the oxygen

pulp was conéistently liZgher thnan that of the kraft gulp.

The specific surface of both pulps increased after acid
chlorite bleaching. Treatment with 18% NaOH reduced the
specific surface to its lowest value. The specific volume

for the oxygen pulp was higher for the unbleached samples,

but lower for the "alpha" pulp. -The specific volume increased

wiﬁh bleaching for ths oxygen pulp, while it decriased for

e m———
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the kraft pulp. The results for specific surface and volume
are the aQerage of two values. Bach of the values were
computed from the slope and intercept of a graph. Zach
graph consisted of six data points. The freeness values
were all high. Again, this was due to the very low level
of beating. The freeness of the two pulps decreas=d after
the holocellulose treatment and increased after subjection
to 18 percent NaCH. Tor all pulps, the freeness value of the
oxygen pulps was consistently lower than tha% of the kraft
pulps.

Next the Pulmac zero span tensile tester was used to

evaluate the sroperties of the individual fibers. By

N At srava AT~
Co UV Vauadaovuww

measuring thc breaking len of thc sampl

spans fo both a wet and a dry samwle, a plot of breaking
length versus span could be drawn. ¥rom this ~lot, txe
fiber stSrength index, the fiter length index, and the
bonding index were calculated. Th= sloite of “he data

for each condition are contained in Fisures 1 thrcugh o.

A summary of the results can be found in 'Table VIT,.

Table VIT showsl ne oxygen pulp fibers were consistencly
weaker than tﬁe kraft ones. T'his was true for toth the
wet and dry conditions. For both conditions, =%iie strengch
of the oxygen fibers increased as a result of blzacning.
This was true for the kiaft“pﬁlp only in fthe dry condition.

Calculation of the bonding index for each condition showed

él“o ¥ m‘i '.wa‘"'"
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Table VII

INDIVIDUAL TFIBR P:iOrERTIES

Fiber Strength Index Bonding;
Type of Handsheet Dry(km) Wetlkm) Average(km) Index (%))
Unbleached Xraft 14,7 15.81 15.26 38.7
Unbleached Oxygen 13.64 11.00 12.32 49,7
Kraft Holocellulose  14.92 13.12 14.02 58.5
~Oxygen Holocellulose 13.97 11.81 12.89 61.5
Kraft "Alpha" Pulp 12.84 10.27 11.56 22.8
Oxygen "Alpha" Pulp 11.3%7 10.35 10.86 30.8

Calculation of a bonding index for each condition showed
the oxygen puln to have a consistently higher ability to
bond than did the kraft puln. Bleaching the nuly increased
the bondability for both pulgs. Each point on the graph
of breaking length vs. span represents the average of
six measurements.
Table VIII
FIBER LINGTH

Pulmac Fiber Average
Type of Handsheet Length Index(mm) Fibar Length(mm)
Unbleached Kraft ‘0.66 1.34
Unbleached Oxygen 0.56 1.65
Kraft Holocellulose 0.475 1.41
Oxygen Holocellulose 0.52 1.35
Kraft "Alpha" Pulp 0.355 0.70
Oxygen "Alpha" Pulp 0.26 0.74

Table VIII shows the fiber length values from both
the Pulmac zero span tensile tester and from individual

fiber length measurements. Figures 7 through 12 show the
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Figure 7
Unbleached Kraft
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actual fiber length distribution for both pulps after
each treatment. The results appérared to be contradictory.
The fiber length index showed the kraft effective fiber
length t- have been longer than the oxyzen except in the
holocellulose. The actual fiber length results were
exactly the oppbsite. Both methods gave values which

were much lower after the final caustic treatment.
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DISCUSSICN OF RESULTS

After the two stage cooking process, the yield of
the pulp was only one percent_higher than that of the
kraft pulp. This was not a significant increase, espe-
cially since the kappa number of t:ie oxygen pulp was
approximately seven points higher than that of the kraft.
This means the increase in yield was protacly due to the
higher lignin content. The higher lignin content was
desirable only if the final unblcached sneet properties
of the oxygen pulpwere equivalent to or bester than those

of the krzft

v

ulp. The higher lignin content wonld also
have a larger chemical consumption during ble=zciing.

The oxygen pulp demanded a much higher znerygy use
than. did the kraft pulp. The cooking times for the
oxygen pulp were two hundred minutes at 17OOC fecr tre
first stage and sixty minutes at 120°C for the sscond
stage. The kraf: pulp was at l?OOC for only two hours.
The oxygen pulp was refined mcre than the kraft pulp.

For the oxygen pulp, it was necessary to make chree pass-
es through the refiner after the first stage and one rass
after the final stage. The kraft cook required only one
pass at the end of the cook. The oxygeﬁ pulping process

consumed much more energy.
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‘Bleaching the oxygen pulp gave a lower overall yield
than did bleaching the kraft pulp. The total yield of
fiber after beaching for the oxygen pulp was 47.2 percent
based on the initial weisht of oven dry chips. This was
1.3 percent lower than that of the kraft pulp. The initial
advantag: of a higher yield for oxygen pulp disapneared
after bleaching. Bleaching the oxygen pulp removed 12.8
percent of the original material. Bleaching the kraft
pulp unfer identical conditions removed only 8.7 percent of
the original substance. This tends to support the previous
statement that more lignin was present in the oxygen pulp.
After bleaching both pulps, the lignin content for each pulp
should be equal. Yet the total yield for the oxysen pulp
wasS iower than that for the krafi puip. This suggeste&’a
higher removal of other materials, such as nremicellulose
or cellulose, during the pulping and bleaching of oxygen
pulp.

The kraft and oxygen pulps reacted differently again
when subjected to 18 percent NaCH. The amount of material
that was present after bléaching was reduced by 2l1.4 percent
after treatment with NaCH. This brought the final yield of
oxygen material to 37.1 percent of the original weight of
chips. When the kraft pulp was subjected to identical
treatment, only 17 percent of the material was dissolved,
and 40.2 percent of the original material remained. The
18 percent NaOH solution should have dissolved most of the
hemicelluloses, havins little effect on the cellulose.

Assuming this to be true, a higher percent removal for the

< RRad s
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oxyéen pulp durinz tnls treatment means there orizinally
was a higher percenuvagz of hemicellulose in the oxygen
pulp after blzaching than chere was for che kraft.

The handsheets which were made from the gfulgs after
each condition had high caliper and low density values.
This was apparently due to the low level of refining and
the low wet pressure used in forming the handshests. Both
types of handsheets were made under identical conditicns.
Nevertheless, the oxygzsn handsheets had a concisvently lower
caliper and higher density. Tnis could nave been ex.lained
if the oxygen :>ulp had becter bondability than daid the kraft

pulp. The increase in density and decrease in caliper after

k4

the tleaching stage indicated = higher degree of bonding
and perhaps some degradation of the fib rs. <T7ne high calipers
and low densities for the "alpha" cellulose usrtions in-
dicated a very low level of bonding in these handsheets
which is attributabls to ~he very low hemicell!tlose content.
The brightness of the unbleached kraft pulp was higher
than that of the oxygen vculp. Evidently the Ligher lignin
content of the oxygen pulp lowered ite brightnzss. After
each pulp was bleached, bcth had approximately the same
brightn:ss. The opacity values =eemud to correlate wzll with
the other data. Opacity is directly related to thes surface

area of the fibers (or the number of air voids) present in

the sheet. Gince all of the handsheets had high bulk, all
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of the opacity values were relatively high. The opacity
values of the oxygen pulp before and after bleaching were
lower than thcse of the kraft. This correspgonded to the
higher bondability of the oxygen pulp. This could bes ex-
plained through the oxygen gulp having a higher n-cmicellulose
content or because of a higher degree of degradation of the
cellulose which would produce low molecular weignt celluloses.

Physical testing of the handsheets showed The oxygen
pulp to be stronger in rost cases. The Instron tensile
values showed the oxygen _.ulp h:indsneets to be stronger
at every cordition. Values from ths tensilc tester are
desendent on the formation of the sheet, vhe individual
fiber strengths, and the amount of bondiang wisnin the sheet.
Since all hcndsieets vere formed uncer identical conditions,
formation should have caused little diffc:rence betwzen the
oxygen and kraft pulps. At this low dugree of refining,
the fiber strengtn probably had only a small effect on the
tensile strength. Ais the fibers were refined or degraded
more, the fibers veczme weaker and c¢he amount of bonding
increased. As this occurred, the strength of the fibers
played an increasingly important role in tensile. TFor
these samples, tensile was apparently dependent on the
bonding. The oxygen pulp evidently made a sheet with a e
higher degree of bonding. Bleaching the pulps increased

the tensile of each sulp. PRleaching apparently increaced
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the amount of bonding within the handsheet, as would be
expected because thz lignin has a lower degree of hydrogen
bonding. The bleaching of the oxygen pulp had a much larger
increase in tensile than did the bleaching of the kraft
pulp. As expected, the tensile strength values of the
"alpha" pulps were extremely low. The removal of most of
the hemicellulose drastically reduced the bonding strengths
of both pulns. The strength of the oxygen pulp remained
a little higher, though.

The fold test agzin showed the oxysen gulp to be
stronger than the kraft. Since the fold test is crimarily
a measure of fiber bonding, the osygen pulp apparently
bonded betver. The oxygen handsheets took at least three
times as many folds before brzaking as did the kraft. Both
types of "alpha" handsheets were %oo weak to withstand any
folds. The burst test is also dependent on bonding. Again
the oxygen handsheasts apparently ha: a strength superior to
those of the kraft. Bleachirg of both pulps increased their
burst values. The oxygen pulp values increased much more
than the kraft which indicated a lar:er increase in bond-
ability due to bleaching, as would be expected due to the
higher initial ligﬁin content of the oxygen pulp.

The tear test showed the kraft handsheets to have
superior stren:th in all cases. The tear value for the
unbleached kraft hendcheets was much higher than thac of

the oxygen. As .ne pul;:s were treated fdrther, tr.e tear

.',\_‘\
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values br:came more comparable. The tear value is usually
dependent on the number of fibers necessary to rupture, the
number of bonds to break, and fiber length. =Zvidently, the
‘higher tear value for the unbleached kraft indicated either
stronger fibers, a different degree of bonding, or a difference
in eff-ctive fiber length, or a combination of these tinree
than that which occurred for tihe unbleached oxygen pulpe.
As the treatments continued, these properties for the two
pulps apparently became similiar and the tear values became
comparable.

The kappa numbers and the relative viscosity numbers for
the two pulps at each condition gave a z7ood indication
of what types of com onents were 1n wiie [ibers. Tie nigh-
er kappa numb r for the unnleached oxygen pulp implied a
higher lignin content after pulping. The viscosities of
the holocelluloses showed the oxygen value tc be only about
one-third as high as the kraft viscosity. This siznified
that the oxygen pul . had probably been degraded much more than
the kraft pulp. It was very unlikely tiat uegradation to
this extent occured totally during ©t e bleacning stage.
this suggested the oxygen pul w:'s more saoverely degraded
during pulping t an was the kraft oulp. A diffe:'ence in
degradation was definitely true for the two pulps after the
bleaching stage.

Measurenent of the viscosity of the "alpha" pulp portion

showed an increase in the relative viscosity for both pulps.

PR U




‘-v.f- Tond

B -49-

This increase suggested an increése in average molecular
weight due to the removal of low molecular weight hemi-
cellulose. 'This suggested that this fraction was now much
lower in hemicellulose content. The treatment with 18
percent NaOH increased the relative viscosity of the kraft
pulp by 2.8 cp, while it increased the oxygen :;ulps by

5.2 cp. The lsrger increase in viscosity for oxygen pulp
insinuated there was probably more hemicellulose removed.
This meant there had to have been &« larger amount of hemi-
cellulose present in the oxygen pulp after the bleaching
stage than there was in the kraft pulp. The other possibility
was that more of thz kraft pulp was degraded during the
caustic trencment. This would hzve decreased the amcunt of
increase in viscosity. This should not have occurred to
the extent necessary here since both pulps wnere subjected
to identical treatments.

Viscosity values only giye‘fair correlation with
strength properties especially when comparing the viscosities
of two different kinds of pulp. The use of these relative
viscosity values along with the kappa numbers for ths two
pulps gave a good picture of tleir difference in composition.
Initially both pulping systems used an identical fiber source.
Afier pulping, the resulting kraft fivers were lower in lignin

content, but the oxygen pulp was still more severely degraded.
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amouﬁt of degradation and the oxygen _ulp had a higher percen—:
tage of hemicellulose present. Removing the hemicellulose :
. showed the oxygen "alpha" cellulose to have a higher degree .
of de:radation.

With this type of chemical composition in mind, the
physical dimensions of the fibers were observed. The
oxygen pulp handsheets had a consistently hicher specific
surface area. Bleaching the sample increaszd the specific
surface of both oxyzen and kraft pulps. Treat: ent of the
bleached sample with HaOH recduced the specific surface area
to 1its lowest value for both samples. For evaery sample, the
specific surface area was lower thian most licerature wvalues.
This was because of the low level of refining ap lied to the
pulp. A low specific surface wa; sup,osed Tto indicate a
bulky shzet. This was certainly true for these camples.
There was a documented, strong relatisnship bsa*ween specific
surfzce and the strength properties of paper. This was
because specific surface was closely related to bonding
potential. A linear regression analysis was run to look at
the correlation between the valuss for specific surface and
the results of the physical tests. This correlation was
measured in terms of th2 regression coefficient (Ra). If
the value of R was equal to one, the relations i; was perfect.
When R equalled zero, there was no correlation bctween the

variables. A value greater than 0.9 was considcred excellent,
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while a value greater than 0.75 was believed to be a good
correlation. Specific surface showed a correlation with 3
tensile, fold, mullen and tear of 0.845, 0.817, 0.851, and
0.753 respectively. This showed good correlation with ewch
test. Apparently, specific surface was a good indicator
of bondability and strength.

Measurement of the specific volume for each type of
pulp showed oxygen pulp with a higher value for the bleached
and unbleached sampl-:s. Sp;cific volume is the mcasure of
the pulp swelling power. An incr=ase in the amount of swelling
will generally increase the strength properties. ©5Swelling
is normally incrceased b the removal of lignin or by increasing

the hemicellulose content. ~The incresse in specific volume

ct
oy
o)

after bleaching the oxygen pulp was ex - lained b

b

removal
of lignin. The volume decrease :fter bleac: ing the kraft
pulp could possibly be explained by a removal of some
hemicellulose. The higher swelling volume of 5he oxygen

pulp over kraft pulp was probably due to its higher hemicell-
ulose content or a more degraded celluloze. The low spacific
volume of the "alpha" pulps was exp.:cted because of tlisir
low hemicellulose content. A linear regression analysis of
specific volume with the physical tests showed only fair
to poor correlation. The specific volume was seeming!: a
poor indicator of the strength differences between the two
pulps.

The freeness ﬁalueS“of\both.pulps were high. This was




-52-
because the pulps were submitted to essentially no refining.
The values for the oxygen pulp freeness were consistently
lower than those for kraft. ©Since the actual values were
so similar to each other, this only sug;ested the oxygen
pulp was a little more refined.

By measuring the strength of the individual fibers,
it was shown that the kraft fibers were stronger tian the
oxygen fibers. This was presumably due to the hi:~er degra-
dation of the oxygen pulp. 'As the kraft pulp was subjected
to the other treatments, 'ne fibers became increasingly
weaker. For the oxygen pulp, bleaching the fibers seemed

to make them a little stronger. The strenigth difference was

minute. The "aluha" oxygen fibers were weak=ar than the other

two stages. When a linear regressisn analysis w2as run to
check correlation between the average fiber strength index
and the physical handsheet streﬁgth tests, a p~or correlation
between cthe tests was found. 'This seemedvto show that for
these handshects, the physical tests were not dependent
on the strengths of the individual fibers. Correlations
between the values for the fiber strength indes of the dry
samples alone gave better, but not excellent, tesults.
This was evidently due to the influence of bonding.

The bonding index showed the oxygen handshzets to
have a higher percentage of bonding t'ian the kraft at each

condition. For both pulps, bleaching tnem increased the

.
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bonding indes. The insoluble fraction had the lowest
bonding index. The lincar regression analysis was run to
compare the bonding index with the physical testing results.
The bonding index a a 0.930. 0.779, 0.893, and 0.928
correlation with tensile, fold, tear, and mullen, respectively.
These values correlated well. For these handsheets, the
physical tests seemed to be very dependent on bondabilily
and seemed to be fairly independent of the individual fiber
strengtﬁ.

A conparison of the unbleached oxysen and kralt pulps ‘
showed the kraft fibers had a lar;jer fiber length inuex and
a shorter average fiber length. [vidently, the lower degree
of bonding for the Xraft pulp caused ip tG have a higher
effective fiber len7th index even thouzh the averace fiber
length was shorter. This seemed to e true for =ach condition.
The pulp with the shorter average fiber lengch consistently
had the lower fiber length index. A linear correlation showed
the fiber leni;th index to have approximately a 0.84 correlation
with tensile, tear, and burst. Therefore h2ese physical
tests were somewhat dependent on the fiber len:th index.
The holocellulose average fioer length values showed a
large decrease in fiber length for the oxysen pulp and a
small increase in kraft fiber length as comparcd to the
unbleached pulps. Apparently, the bleaching process seemed

to have a more degrading affact on the oxygen .ulp. Trea.ment
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of the holocellulose with 18 percent HaOIll gave a fiber length
that was only half the size. This dccrease was probably
due to some mechanical action. The c¢reatment with caustic
left the fibers somewhat stuck to_cther in a gel. These
fibers were .hen diluted and dispersed with a high speed
mixer for a short time. It was assumed that this mechanical
action had little effect of actual fiber properti.s. This
assumption was apparently wrong.

With the above results, it 1s now possible to prove
or disprovc the hypotheses. The first hypovhesis was that
lignin will not affzct the strength properties of oxysgen
puly as much as it does for kraft pulp. It also statas thzt
the removal of lignin in oxygen pulps will not cnange the
handsheet properties as drastically as for kraft pulps.
The oxygen p.lp initially had a higher lignin c¢ ntent than
the kraft. Lven with the high lignin content, the oxyzen
pulp had stronger handshset pro erties. This sug.,zsted a
lesser effect by lignin. But wten the lignin wzs removed
from the two pulps by ble~ching, the strength propserties of
the oxygen pulp appeared to ave been retarded more b : the
lignin. For both pulps, the tensile, tear, fold, and burst
values increases af .er blesaching, but the oxygen handsheet
values_increcased to a gr:ater extent. Along with the physical
tests, the values for s;ecific surface, bonding index, and

density increased with bleaching. These results disproved
_
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the hypothesis thatlignin will not affect the strength proper-

ties of oxysen pulp as much as it does for kraft pulp.

The second hypothesis was th:t oxygen pulps will have
a higher hemicellulose content at an equivalent .ield.
This will give the oxygen pulp a greater bonding ability than
kraft pulp. The results showed this typothesis to e true.
Treatment of the bleached pulp with 18 percent NaOH resulted
in a higher weight loss for the oxygen pulp than for the
kraft pulp. This weight loss should have been related to the
amount of hemicellulose or de_.raded cellulose present.
Therefore, the oxygen pulp contained more hemicellulo:ze than
did the kraft pulp. Viscosity values for the bl=zached and
insolﬁble fractions sugported the nigher removai of hemicell-
ulose for the oxygen pulp. The oxysen pulp had a larger
incresase in relative viscosit after hemicellulose removal
than did the kraft pulp. The higher hemicelluloselcontent
of oxysen pulp was also shown by its higher bo:nding ability.
The higher values than kraft for bonding inciex, density,
tensile, fold, burst, and specific volume indicated better
bonding ability and therefore a hig.er hemicellulose content.
The lower caliper and poacity values also showed this.

The third pypochesis was .hat oxysen pulvp cellulose
will be more degraded. ‘he oxygen pulp will have shoriver,
weaker fibers. The relative viscosity values showed the

oxygen pulp to have a _lower wviscosity than kraft for both

r
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the holocellulose and the "alpha" pulp. Since the "alpha"
cellulose was basically cellulose, the viscosity values
indic-ted the oxygen pulp to be much mo. e degraded. he
zero span tensile tester showed the oxyzen pulp fibers to 2
have a lower fiber strength index tnan he kraft pulp. The
individual pulp fibers were wéaker than the kraft fibers.

This suggestz=d higher degradation during the oxygen pulping
process. The fiber length index defined the kraft fibers

as having a higher effcctive length than the oxyzen nulp

after pulping. -nis meant the kr:ft fibers were degraded

less during pulping. The osygen .ulp fibers zctually had

a longer averace length. +he hi:her tear values for kraft
pulp also imply that the fibers are stronger and iess degraded.
These results showed the taird hypothesis bo basically

true. -+he oxygen nulp did have weaker fibers than does kraft
pulp, but the fibers were usually longer.

Finally, the last hypothesis was thiat due to the severe
cooking conditions, the oxygen pulp will have more surface
area. This surface area will give it better béndability
than for kraft pulp. For this study, all specific surface
area values wvere low. This was because of the low level
of refining. 'he oxygen :ulp still had a consistently
higher speeific suriace value than kraft pulp. A linear
regression analysis showed a 0.917 correlation between Specifid

surface and the bonding index. L‘herefore, the increase in
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specific surface increased the bondability of the pulp.
“’he higher specific surface for the oxy_en ulp gave it
better bonding properties than for the kraft. +his was
verified by the results of the physical testing of the hand-
sheets. All these results proved the final hypothesis to be
true.

Most of the results from this study were consistent
with what was found in literature. This oxygen puln showed
a small increase in yield over the kraft pulp sand a lower
overall yield after bleaching. The oxygen pulp fibers also
had a higher hemicellulose content and a higher degree of
degradation. The presence of lignin seemed to nhn:ve more
of a hindarin effect on the oxygen pulp than on the kraft,
Therefore, bleaching the pulps increased the stength of the
oxygen pulp handshteets more. The oxy::en pulp handsheets
had a higher densits and a lower tear strength than did the
kraft. All of the above results agrecd with literature results
The biggest contradiction occurred with the stronger oxygen
pulp handshects. his diffe ence was vrobabl due *2 the
low degree of refining used in this studye.

The oxygen :ulp was shown to have more degradation
than the kraft pulp. This higher degree of decradation
gave the oxysen pulp the following properties: a higher
specific surface area, a higher specific volume, lower vis-

cosity values, a higher percentage of bonding, and weaker
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individual fiber strength. The oxygen pulp also had a
higher hemicellulose content. This caused the fibers to

have a higher specific volume and better bondability.



CONCLUSICHNS

Pulping identical chipé using a kraft and an oxygen
pulping system, and first reméving the lignin and ULren the
hemicellulose, provided a good means of looking at the
strength differences between the two nulps in terms of
their individual fibers. Analysis of the two pulps in this
manner showed the inbleached oxy;en pulp had a much higher
degradation .han the kraft pulp. +his even ossured cn an
oxygen pulp with a lignin content higher than of the kraft
pulp. The high degsradation of the oxy en pulp was attributed
to a longer cooking time and contzct time with oxygen and
alkali.

The unbleached kraft pulp had a longer fiber length
index. The kraft fiver was significantly stronger tian the
oxygen fiber. This also indicated a lower amount of degrada-
tion for the kraft fiber. The oxygen fibers did have a .
higher ability to bond. The weakening of the [ibesrs by
oxidation resulted in a corresponding increase in ability

to bond.

Bleaching the two.pulps showed a largze decrease in
fiber length index for the kraf: pulp and :nly a small dearease
for the oxygen pulp. The average fiber length values showed

just the opposite. This was accompanied by a large decrease
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in individual fiber strength for +he kraft fibers with no
decrease at all for the strength of the oxygen fibers.
The fiber strength st 11 remained higher for the kraft
fibers. Bleaching increased the bondability for both
pulpé with the oxygen pulp retaining its higher bondability
value. The higher bondability increase along with the
corresponding increase in specific surface area sugygested
that the remov:l of lignin left more areas availabl~. for
bonding on the oxygen fibers than it did for the kraft fibvers.
This laryer degree of bonding could also be due to the”
lar;ger hemicellulose content of tihe bleached oxygen »ulp.
The larger hemicellulose content probably caused the oxygen
pulp to have more swelling power. AiSO, the oXysen nolocellu-
lose was much more degraded than the kraft holocellulose.

Treatmen: of the two pulps with caustic showed the
oxygen cellulose to be weaker than the kraft. This along
with the shor er fiber length index implied trat _he oxygen
cellulose was much more degraded. This was sup;orted by

lower relative viscosity values.
The phy~ical tests showed the oxygen pulyp handsheets to

be stronger than the kraft except for tear strengch. This
indicated that the oxygen pulp had a much higher bondability
and shor.er fibers. This conclusion correlated well with
what was found when looking at the fibers on more of an
individual scale. the individual oxygen fibers were weaker,

yet the handsheets were stronger. Apparcntly the oxygen
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pulping caused more severe degradation of the fibers. The
fibers were weaker, but the bondability of the fibers became
greater, The hi<‘her bondabilibty accountz2d for the incrcase
in burst, tensile, and fold, wnile the weak, short riiers
accounted for the decrease in uear.

This study showed that even in presence of lignin,
the oxygen handshee s were stronger tinan the kraft. Removal
of .his lignin caused ihe oxygen handcsheets Tto be enen
stronger. ™he oxyzen pulps had a hig:.er hemicellulose
content., This accounted for its higher bondavility and
strength as compared to the kraft pulp. The oxygen
pulping process caused more degradation than .he kraft process.
The resulting fiber index was lower and the fibers ware |
weaker than those from the kraft process. “The ssvere cooking
condi ions increased the surface area of the fibers, possibly
throuzh degradation. This resulted in an oxy "en julp with

better bondahility than was found for the kraft pulp.
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RECOMMIENDATI NS

In this report, the values for lignin content,
hemicellulose conten®, and cellulose content were all
qualitative. It would be interesting to do the same type
of study looking at the exact values for the quantities of
components present.

Since the oxyzen rulp had a much higner bonding
ability than the kraft pulp, anot'er recommendation would
be to look at various combinations o: kraft and oxygen nulp
to observe their effects on strength. The ccnbination of
high bonding ability with stronger fibers should give a
strong paper.

Between the two stuages of the oxygen pulpin: process,
much che mical and energy is wasted. Affer the soda cook
was finished the liguor was blown from the digester and the
chiips were washed. The chips were then refined, recharged
with chemical, and brought to temperature =gain in the
presence of oxyzen. A process should be developed which
could refine the chips between the two stages under high
tempcaratures and pressures to eliminate the energy losse.
This would also decrease the amount of chemical which

would have to be added for the final stage.
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