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Summary

An investigation was made of the suitability of unbleached and
bleached semichemical and groundwood pulps from farm woodlot aspen
(Populus tremuloides) in groundwood and groundwood-free creped toilet
tissue papers. The tests indicated that it is possible to make ground-
wood-free tissue paper, meeting highest quality requirements, with,80
to 90 percent of prehydrolyzed, bleached aspen semichemical pulp and
10 to 20 percent of long-fibered softwood chemical pulp. Experimental
papers of the same type, containing high percentages of bleached aspen
semichemical pulp, were strong and absorbent but tended to be hard. A
commercial chemical agent improved the softness of these papers at
small loss in strength. Tissue papers containing high percentages of
aspen groundwood and bleached semichemical pulp (even an all-aspen pulp
furnish) were apparently satisfactory for this type of paper. Their
softness was likewise improved by the chemical agent. Tissue made from
an unbleached aspen semichemical pulp and a semibleached mixture of
aspen semichemical and groundwood pulp were weak and of poor absorbency.

Introduction

Aspen predominates in most of the hardwood stands in the Lake
States region, including many farm woodlots. Consumption of this wood,
however, is far less than the allowable drain. Its increased use is
highly desirable for improved forest management and the utilization of
available wood supplies. Though pulp and paper industry has been using
increasing amounts of aspen in new and old kinds of products, employing
established and newly developed processes, the full potentialities of
its use in this industry have not yet been realized. Improvement in
present products and processes and expanded outlets for both old and new
products are needed.

-This-This investigation was conducted with funds provided under the Research
and Marketing Act.

EMaintained at Madison, Wis., in cooperation with the University of
Wisconsin.
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Tissue and toweling papers are a particular specialty of the paper indus-
try in the area of aspen growth. Several mills now use appreciable quantities
of aspen sulfite and groundwood pulps in certain grades of these papers, but
there is the possibility that some of them can be improved in quality, and
therefore increased in production, and that aspen pulps can be used in the
manufacture of other grades if new developments can be adopted or modified for
these particular papers. One recent development was the use of bleached aspen
neutral sulfite semichemical pulp as a partial substitute for bleached softwood
sulfite pulp in printing and writing and greaseproof papers. It was the purpose
of this investigation, to determine whether aspen semichemical pulps would be
suitable for use in creped toilet tissue papers free of groundwood as well as in
those containing aspen groundwood pulp.

The general requirements for toilet tissue papers are that they
meet certain standards of bursting strength, softness, and absorbency,
and be free from dirt, shives, and coarse particles.

Experimental Part

Preparation' of the Pulps

The aspen wood used in these experiments was received in the peeled

condition from northern Wisconsin and was considered to be typical of.
farm woodlot or farmer-cut material .4 Standard 5/8-inch chips were made
for the semichemical digestions. The chips were screened to give accepted
material passing 1-1/4inch openings and retained on a three-mesh screen.
The logs of aspen and the Canadian spruce used for comparison were sawed
into pieces 6 inches long for producing the respective groundwood pulps.

The semichemical pulps were made in a steam-jacketed, tumbling
digester lined with stainless steel and having a capacity of 15 cubic
feet. The average conditions for the 10 digestions made to furnish the
necessary amount of pulp are given in table 1. One semichemical pulp
was made from aspen chips that had been given hydrolysis treatment with
steam. The hydrolysis and digestion conditions for preparing this pulp
are also given in table 1. The normal and prehydrolyzed semichemical
pulps were bleached by a three -stage chlorine-caustic,soda7hypochlorite

procedure according to the conditions also shown in table 1. The bleach-

ing was conducted in equipment having a capacity of 200 pounds, which

included a rubber-lined, low-density chlorinator, a vacuum washer, and a
stainless-steel , bigh-density bleacher for the caustic extraction and
hypochlorite bleaching.

•The semichemical pulps were made under the supervision of E. L. Keller,
Chemist, the pulp bleaching under R., M. Kingsbury, Chemist and ground7.
wood pulps under A. Hyttinen, Chemical Engineer, Forest Products
Laboratory.

liAcknowledgment is made to the Peavey Paper Mills, Inc., Ladysmith, Wis.,
for furnishing aspen wood and sulfite pulp used in these experiments.
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The groundwood pulps were prepared on an experimental three-pocket
grinder with a stone 54 inches in diameter by 8 inches wide. The energy
consumptions are shown in table 2. A mixture of equal portions of aspen
groundwood and semichemical pulps was semibleached by a single-stage
hypochlorite procedure, 10 percent of bleach on a chlorine basis being
used to give a brightness of 73.5 percent compared with 57.4 percent for
the unbleached mixture.

Commercial bleached and unbleached spruce sulfite pulps were
obtained from manufacturers.

Preparation of the Toilet Tissue Papers 

Experimental tissue papers of 15-pound basis weight were made on a
small Fourdririier paper machine that made a sheet 13 inches wide and was
equipped with a pickup felt. All of the experimental sheets were creped
to the extent of about 5 percent with a soft iron creping doctor on the
last press. The machine was operated at a speed of 51 feet per minute.
The processing treatments given to the pulps and the compositions of the
furnishes to the paper machine are shown in table 3. In a few of the runs
a chemicals was added to the furnish to improve the softness of the paper.
Its amount and the results are given in table 4.

A few rolls of the experimental papers were converted into toilet
tissue rolls by a manufacturer. Commercial toilet tissue was compared
with the experimental sheets for strength and softness.

Discussion of Results

Pulp Quality

The unbleached and bleached aspen semichemical pulps used in these
experiments had somewhat lower freeness values and the bleached pulp
was lower in strength than is typical for these kinds of pulp (table 1).
The unbleached pulps had poor absorbency, whereas the bleached pulps
were fairly aatisfactory in this respect, which indicated that the high
lignin content of the unbleached pulps affected absorbency adversely.
The bleached, prehydrolyzed semichemical pulp had lower bursting
strength and folding endurance but about the same tearing strength as
the normal semichemical pulp (table 1). The prehydrolyzed pulp had a
lower hemicellulose content as measured by the pentosan content (roughly
10 compared with the usual 20 percent).-which presumably accounted for
the improved softness of the paper made from the prehydrolyzed pulp.

Furnished for these experiments by the American Cyanamid Co., New York.

-3-
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The aspen and spruce groundwood pulps used in the tissue papers
were regarded as typical for these kinds of pulp (table 2).

The unbleached spruce sulfite pulp was characterized by rather
low bursting strength and high tearing strength (No. 2766, table 5).
One of the two bleached sulfite pulps (No. 2440, table 5) was very
strong for this kind of pulp and the other (No; 2784) was somewhat low
in bursting strength but typical in tearing strength.

Groundwood-free Tissue Papers 

Groundwood-free tissue papers were made with both unbleached and
bleached softwood sulfite pulps as the basic constituent and also with
bleached aspen semichemical pulp as the substituent pulp for the sulfite
pulp (table 3). The reference sheet for the papers containing unbleached
sulfite pulp was made from 100 percent of the pulp described before.
This sheet had fairly high bursting, and tensile strength (No. 3059, table

3). Its absorbency was satisfactory, but it tended to be hard and grainy,
even after being converted into a roll of toilet tissue paper on commer-
cial equipment. The use of 100 percent of unbleached pulp may have con-
tributed to this tendency.

Substitution of 50 and 65 percent of the unbleached sulfite pulp
by the bleached semichemical pulp gave sheets with considerably increased
bursting and tensile strength and slightly reduced tearing resistance in
comparison with the all-sulfite paper (Nos. 3060 and 3061, table 3). The

papers containing the semichemical pulp were satisfactory in absorbency
and though it was slightly softer than the all-sulfite sheet, they were
not entirely satisfactory in this respect. The relative hardness of
these experimental papers was believed to be due partly to the unbleached

sulfite pulp used.

One experimental tissue paper was made with a pulp furnish of 25
percent of the strong bleached spruce sulfite pulp (No. 3141, table 3)

and 75 percent of bleached aspen semichemical pulp. This sheet was very
strong and very absorbent. It also appeared to be fairly soft, but not
completely satisfactory in this respect. This paper was not converted
to a commercial toilet tissue roll for final evaluation of softness and
other characteristics. The mechanical actions involved in rewinding,
slitting, and other conversion operations are known to increase the
softness of paper from the paper machine.

One experimental creped toilet tissue was also made from a furnish
consisting entirely of the bleached prehydrolyzed semichemical pulp.
This sheet was satisfactory in strength for the grade of paper attempted,
except for somewhat low tearing strength, and showed excellent absorbency
(No. 3287, table 3). The paper appeared to be satisfactorily soft,
although, again, the evaluation was not carried through to a finished
roll of paper. It probably would be desirable to use about 10 to 20
percent of bleached softwood sulfate pulp with the prehydrolyzed aspen
pulp to obtain satisfactory tearing strength.
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Groundwood Containing Tissue Papers 

Groundwood tissues were made on the basis of substituting bleached
or unbleached aspen semichemical pulp and aspen groundwood pulp, respec-
tively, for bleached spruce sulfite and spruce groundwood pulp in a paper
composed of 50 percent each of the two kinds of pulp. The reference
standard (No. 2983, table 3) was appreciably higher in bursting and tensile
Strength but somewhat lower in tearing resistance than a commercial toilet
tissue of similar pulp composition (No. 2635, table 3). The bursting-
tearing strength relation indicates the pulps for the experimental paper
were processed in the beater more than desired. The experimental refer-
ence sheet tended to be less soft than desirable for this grade of tissue
paper, although the softness would undoubtedly be improved in the ordinary
commercial converting operations in making toilet tissue rolls.

Substitution of half and of all of the spruce groundwood pulp in
the standard sheet by aspen groundwood pulp resulted in measureable
decreases in bursting and tensile strength (Nos. 2984 and 2985, table 3).
Water absorbency was improved slightly by the addition of the aspen
groundwood pulp. The sheet containing 50 percent aspen groundwood and
50 percent of spruce sulfite pulp was judged to be marginal with respect
to the combined requirements of bursting strength and tearing resistance
for this grade of paper.

Starting with the sheet consisting of half bleached spruce sulfite
arid half aspen groundwood (No. 2985), 50, 80, and 100 percent of the
spruce sulfite was replaced with bleached aspen semichemical pulp (Nos.
2986, 2988, and 2989, table 3). These changes caused an increase in
bursting and tensile strength and a small decrease in tearing resistance.
The increase in bursting and tensile strength resulting from the sub-
stitution of all the spruce sulfite pulp with aspen semichemical pulp
(to give an all-aspen tissue paper) was about 40 percent, whereas the
decrease in tearing resistance was about 10 percent. The all-aspen sheet
was satisfactory in bursting and tensile strength and absorbency, but
somewhat deficient in tearing strength. Less fiber processing of the
semichemical pulp (higher freeness) would have resulted in better tearing
resistance but the bursting strength would not have been so high.
Though the experimental sheet also tended to be somewhat harsh, it would
undoubtedly be softened in the converting operations.

One groundwood tissue paper' consisted of 30 percent strong-bleached
spruce sulfite, 30 percent of aspen groundwood, and 40 percent of bleached
aspen semichemical pulp (No. 3150, table 3). This would be considered a
practical pulp furnish for a mill making this grade. of paper from the
given pulps. This sheet was strong, absorbent, and appeared to be fairly
soft and smooth-textured in the unconverted paper taken directly from the
"experimental paper machine.

Another groundwood tissue paper was made of 25 percent of unbleached
aspen semichemical pulp together with 50 percent of aspen groundwood pulp
and 25 percent of bleached sulfite (No. 2990, table 3). This sheet was
weak, poor in absorbency, and harsh. It showed that the use of unbleached
aspen semichemical pulp in tissue papers of this grade is limited to
relatively low percentages.

Rept. No. R1783	 -5-



A final groundwood tissue paper was made from 33 percent of unbleached
spruce sulfite pulp and 67 percent of a hypochlorite-brightened aspen pulp
consisting of equal portions of groundwood and semichemical pulps (No. 3064,
table 3). This sheet was low in tearing resistance, poor in water absorbency,
and somewhat hard. It was considered to be below commercial quality for the
grade and illustrated again the tendency for the tissue parer to have rela-
tively low water absorbency when appreciable quantities of unbleached aspen
semichemical pulp with its relatively highlignin content are present.

Addition  of an Agent to Im prove. Seftness

The effect of a commercial chemical agent understood to im prove the
absorbency of capes was studied In runs of both groundwood-containing and
groundwood--free creed tissue papers. A preliminary run with a pulp compo-
sition of 33 percent bleached seruce sulfite pul p and 67 percent of the
brightened as-een pulp mixture (consisting of equal portions-of groundwood and
semichemical pulp) was made with the chemical added. A similar paper made,
Previously without the agent had been found tobe low in tearing strength, poor
in water absorbency, and somewhat harsh (No. 3064 ; table 4). The paper made
with the agent added was much weaker but it had excellent absorbency and was
definitely =roved in softness (No. 3065, table 4). This particular sheet
would be too weak for use. Apparently the additive material prevented rigid
bonding of the fibers, which otherwise made the paper hard and nonabsorbent.

Because of the evident improvement in softness obtained by the use of
the chemical, an inyestLgation was made of its effect in papers containing
hjgh , pereentages of aspen pulps and which had been found to be strong and
absorbent but somewhat hard and harsh. Runs were made with varying: aMounts
of thee agent.up to 0.5 percent, in a groundwood-free sheet containing 25
,)erecnt bleached , spruce sulfitep141:0_aud 75 percent bleached aspen semichem-
ical pulp	3141:throUgh314,, table 4) and upto 3.0.pe,rcent in a ground-
wood tissue containing 30 percent of bleached spruce epulfite, 30 p(:,r6ent of
aspen groundwood, and 40 percent of bleached aspen.semichemieal,pulp.tNos,,
3146 through 3150 ; table 4). Losses in bursting. and tensile strength ranged
from small to severe , deNnding directly on the amount of agentUsed.
Tear ng strength was also reduced in the groundwood sheets when large .amounts
of the material were used. The absorbency of the papers did not change
greatly ; although there was evidence of a decrease in the series of ground-
wood-free sheets. This was not serious because the sheets Nero satisfactorily
absorbent en all , asese Mast important, the grainy .feel of the sheets. was,
lessened by the material.	 -

.It appeared from: a . 	examination that a maximum of 0.5 percent
of the material would be required to obtain appreciable improvement in the,
softness of ... paper. The presence of this amount resulted.in appreciable de-
creases in bursting and tensile strengths but these losses could probably be
tolerated because of the gain in softness.
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Table 1.--Pulping conditions and pulp properties for unbleached and bleached
aspen pulps

Test variables	 : Unbleached pulp : Bleached pulp

:Normal:	 Pre-	 :Normal:	 Pre-
: (1) :hydrolyzed: (2) :hydrolyzed

:(No. 5466):	 :(No. 2068)

Yu:I-ping conditions:
bteaming at 170° C 	 (hours): .... :	 0.25	 WO 6 	

Chemicals used:	 :
Sodium sulfite  ' (percent of wood): 15.2 : 19.1 	 . .... •
Sodium bicarbonate 	 do 	 • 8.5 -	 6.1	 : SOO* :

Cooking time at 170° C 	 (hours): 1.7 •	 .9	 • GO40 •

Pulp yield 	 (percent): 73	 : 64	 : 60 :	 55
Bleaching conditions:	 .•

	1st stage - chlorine (percent of wood): .... : 	 : 13.0:	 12.0
2nd stage - sodium hydroxide (percent :

	

of wood): .... :	 :	 2.0:	 2.0
3rd stage - chlorine as calcium hypo- :

chlorite 	 (percent of wood): .... :	 :	 1.4:	 2.0
Freeness of unbeaten pulp 	  (cubic :

	

centimeter): 445 : 620	 : 230 :	 440
Properties of test sheet from Pulps at

250 cubic centimeters freeness: 	 •

	

.	 •.

Bursting strength 	 (points per lb.): '.69:	 .71 : 1.04:	 .74
Tearing resistance 	 (grams per lb.):	 .88:	 .80 : 1.05:	 1.06
Folding endurance 	 (double folds): 455 : 290	 : 729 :	 150
Absorbency 	 (seconds): 264 : 	  : 112 : ......
Brightness 	 (percent): 48 •	 • 84 :	 86

lAverage values for digestion of numbers 5360 through 5365, 5412, 5413, 5432,
5440.

Average values for bleach of numbers 1509, 1753, 1889.

2Ream basis of 500 sheets, 25 x 40 inches.
liCanadian standara.
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Table 2.--Energy consumption and pulp properties for'spruce and aspen
groundwood pulps 

Test variables	 :Black spruce:Quaking aspen
(No. 687) : (No. 686)

	

(hp. da. per ton):	 57	 :	 60
	(inch):	 0.110 :	 0.092

	

(percent):	 6o.4	 :	 63.3
	cubic centimeter):	 150	 :	 155

Energy consumption 	
Fiber length 	
Pulp brightness 	
Freeness
Properties of'test sheets:1
Bursting strength 	
Tearing resistance 	
Tensile strength 	

!Canadian standard

?Ream basis of 500 sheets, 25 x 40 inches

. :
	(points per lb.):	 .28	 :	 .17
	(grams per lb.):	 .83	 :	 .42

	

(lb, per sq. in.):	 1,582	 : 1,062
. :
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Table5.--Properites of commercial spruce sulfite pulps 

Type of pulp :Unbleached: -- Bleached pulp
pulp

:(No. 2766):(No. 2440):(No. 2784)

Properties:1
Bursting strength:

Unbeaten

	

	 (pt. per lb.): 0.13	 :	 0.14	 :	 0.47
n

At 250 cc. freeness-	 (pt. per lb.):	 .86	 :	 1.00	 :	 1.16
Tearing resistance:	 •.
Unbeaten 	 	 .. (gm. per lb.):	 .96	 1.56	 1.91..
At 250 cc. freeness

2
-....(gm. per lb.): 1.10 	 :	 1.03	 1.16

Folding endurance:	 .
Unbeaten 	 (double folds): 3	 :	 4	 : 83
At 250 cc. freeness- 	 (double folds): 667	 : 1,400	 : 925

-Ream basis of 500 sheets, 25 x 40 inches
Canadian standard

Agriculture-ladison
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