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SULFITE PULPS FOR HIGH-STRENGTH LAMINATED PAPER PLASTICS:

PULPING VARIABLES AND PROPERTIES OF BLACK SPRUCE PULPS',

PATERS, AIM PLASTICS

By
JOHN N. McGOVERN, Associate Technologist

and
E. L. KELLER, Junior Chemist

541:1PIARY

Sulfite pulping conditions applicable to high quality black spruce wood were
developed for producing pul ps capable of being converted into laminated paper
plastics having high tensile and flexural strengths and moduli of elasticity.
These conditions included the use of an acid containing 5 percent total with
1.2 percent combined sulfur dioxide and a temperature schedule calling for a
rise to 110° C. in 2 hours, holding at 110° C. for 2 hours, a rise from
110 0 C. to 130 0 C. in 2 hours, and holding at 130° C. for 4 hours. The pulps
produced under these conditions had chlorine demands of approximately 7per-
cent and were made either without further treatment or after slight processing
into papers having "in machine" tensile strength of more than 12,000 pounds
per square inch, ratios of "in machine" to "cross machine" tensile strengths
of 2 to 3 calipers of approximately 0.0025 inch, densities near 0.73 grams
per cc., and porosity indices of less than 20 seconds. Parallel-laminated
plastics prepared under curing conditions of • 250 pounds per square inch
pressure at 321° F, from phenolic resin impregnated sheets had the following
propertie s : tensile strength, 3 g ,000 pounds per square inch, modulus of
elasticity in tension, 3,300,000 pounds per square inch, modulus of rupture
in bending, 32,000 pounds per square inch, modulus of elasticity in bending,
3,000,000 'pounds per square inch, specific gravity 1.40, and water absorption,
5 percent.

Small variations in the total and combined sulfur dioxide concentrations in
the cooking liquor and a fairly wide variation in maximum cooking temperature
within the range of ordinary mill operation caused no significant differences
in the characteristics of pulps having comparable chlorine demands between.
6 and percent and in the parers and laminated plastics made from them.
Further, pulps discharged from the digester at atmospheric pressure had the
same qualities as those discharged under pressure. Pulps having chlorine

—This mimeograph is one of a series of progress reports prepared by the
Forest Products Laborator y to aid the Nation's war program. Results here
reported are preliminary and may be revised as additional data becomes
available.
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demands less than 6 'percent, however, were lower in strength than the others,
as were the papers made from them. The laminated plastics had tensile
strengths of less than 35,000 pounds per square inch. On the other hand,
cooking so as to increase the chlorine demands of the pulps to over S percent,
caused normal variations in their chemical characteristics and bursting
strengths, but a slight decrease in their tensile strengths and in this prop-
erty of the T fl.ers	 laminate  rdAstic.

Of all the characteristics describing the pulps or the papers, the tensile
strength was the only one showing any correlation with tha strength proper-
ties of the laminated plastics.

INTRODUCTION

The Forest Products Laboratory has recently found that certain sulfite pulps
of the Mitscherlich type could be made into papers suitable for impregnating
with phenolic resins and parallel-laminating under heat and relatively low
pressure to form a plastic product possessing a tensile strength of more than
35,000 pounds per square inch ana a modulus of elasticity in tension over
3,000,000 pounds per square inch. A paper base laminated plastic having such
high strength properties had apparently not been produced heretofore. How-
ever, the specific characteristics of the relatively few satisfactory pulps
which had made them especially suitable for conversion into high-strength
laminated plastics were not apparent, except for the knowledge that the base
papers produced from the pulps were required generally to have a tensile
strength in the machine direction of more than 10,000 pounds per square inch,.
an anisotropy or ratio of in machine to cross machine tensile strengths of
over 2, a high absorbency, a thickness of 2 to L mils, and a density of over
0,7 grams per cc. Further, the pulping conditions for producing pulps which
could be made into satisfactory high-strength laminated plastics were not
known with any degree of certainty.

The objects of the experiments described in this report, therefore, were
(a) to determine the pulping conditions for producing black spruce pulps
suitable for conversion into laminated plastic having optimum strength prop-
erties, and (b) to obtain information on the relations between the character-
istics of the pulps and papers and those of the laminated plastics.

EXPERIIIENTAL PROCEDURES

The black tpruce (Pice.a mariana) pulpwood (shipment P-1700) used for these
experiments was obtained from a Wisconsin pulp mill. The wood was reprted
to have been cut in the Algoma District, Ontario, Canada. Disks were cut
from the center of each 8-foot log comprising the shipment for determination
of the physical Properties. 'The logs were then converted into standard.
5/ g-4nch chips and a representative sample chemically analyzed. The data
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describing the chemical and physical nature of the wood used in these exper-
iments, as given in table 1, show it to be an average higli-T4ality black
spruce pulpwood.

All digestions were made in an alloy-lined rotary digester of 13-cubic feot
capacity, which was equipped with a steam jacket, Tbe chip charge, equivalent
to approximately 112 pounds of moisture-free material, was steamed for one-
half hour before pumping 65 gallons of acid into the digester. Tho pulps were
screened through 8-cut screen plates and sampled or the determination of
their chemical and physical properties according to the Forest Products Lab-
oratory standard test methods. In most of the experitents the digestions
were made in duplicate. The pulps from each set ef duplicate digestions were
mixed and then divided into two portions for running over the paper machine
either without further treatment or after receiving beater processing for 5
to 10 minutes with the roll on the bedplate.

The papers were impregnated with uncured phenolic resin, then dried and
parallel laminated, and finally cured under a pressure of 250 pounds per
square inch at a temperature of 325° F. according to methods developea at
the Forest Products Laboratory. The laminated paper plastics after 4g hours
conditioning were tested for strength in tension and bending and for water
absorption.

DISCUSSION OF RESULTS

Pulping Experiments 

To investigate :the effects of the major pulping variables on the character-
istics of sulfite pulps affecting their value as a raw material for laminated
plastics, a provisional or "basic" set of pulping conditions was devised
which was considered typical of good pulping practice. This included an acid
concentration common to mill operation and a temperature schedule which
allowed for a generous penetration period and a. moderate rate of temperature
rise to a relatively low maximum temperature. Variations were then intro-
duced so as to study, within the range of commercial cperatioxl, the variables
of (1) degree of pulping, (2) maximum temperature, (3) total sulfur dioxide
condentration, (4) combined sulfur dioxide concentration, and (5) method of
digester discharge; finally, (6) a composite set of conditions was constructed
which included the favorable features from the foregoing studies. These
pulping conditions are given in table 2.

The degree of pulping or delignificatiOn was varied by increasing the time at
the maximum temperature from 3 to 5.25 hours using the basic conditions for
liquor concentration and temperature Schedule. In this manner pulps having
average chlorine demands varying from 9.5 to 4.5 percent were produced. The
chlorine demand of a pulp is an accurate and convenient measure of aeligni-
fication. The way the degree of pulping affected the pulp characteristics is
shown by the data in table 3 and by the curves relating many of the character-
istics to Qhlortne demand in figures I and 2.
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The' contents of the various chemical constituents in the pulps were found to
vary-quite normally with chlorine demand (figure 1). The alpha cellulose
and caustic soluble material possibly showed a tendency to become constant in
pul:O . having high chlorine demands. The pentosans in the pulps did not vary
appreciably with degree of pulping.

The spread of the tensile strength values over the range of chlorine demand
investigated was small. Within this range the tensile strengths at the two
representative freeness levels of E500 cc. and 550 cc. (Schopper–Riegler),
passed:through maxima at pulp chlorine demands near 7 percent, as shown in
figure::F. 'The range of bursting strength values was also small but showed
at the tw62 freeness levels, a normal increase with increase in chlorine de-
mand,(fig. 2). The unexplainably high values for the pulp with a chlorine
demand of . 7 percent were exceptions. The tearing strength values (given in
table 3but not plotted), did not vary appreciably within the range of chlorine
demands; the pulp with a chlorine demand of 7 percent again was an exception,
having higher tearing resistance than the others.

In the digestions which followed the cooking times were adjusted so as to
yien pulps having approximately the same chlorine demand,

Under these circumstances the changes made in the pulping conditions (1) for
the purpose of comparing the pulping results at temperatures of 120° C. end
140 0 C. with those at 130° C., (2) for comparing results from digestions made
with cooking liquors containing 6.5 percent total sulfur dioxide with those
containing 5.25 percent, (3) for comparing the results from liquors containing
1.6 percent combined sulfur dioxide with liquors containing 1.1 percent, and
(4) for comparing digester discharge at atmospheric pressure with blowing
under pressure all caused no appreciable changes in the characteristics of
the pulps (table 3). Within the relatively small range of 6 to 7.5 percent
chlorine demand. the chemical analysis data (fig. 1) show that the contents of
the major constituents of the pulps varied with this property. Though the
differences in the characteristics of the pulps were for the most part within
the limits of experimental error, the tensile and bursting strengths are
noted in figure 2 also to vary with chlorine demand. The relatively low
strength values for the pulp made at 140° C. can be readily attributable to
the generally accepted fact that high pulping temperatures have deleterious
effects on pulp strength. Then the final pulping series was run using the
basic temperature schedule and an acid concentration intermediate to the
extremes previously used, the chemical and physical properties of the re-
sulting pulps were again found to fall near the average curves for properties
plotted against chlorine demand.

These results seemed to indicate that the sulfite pulps from the black spruce
used could be produced in the chlorine demand range of 6 to g percent under
pulpAngconditons not critical with respect. to acid concentrationn4raxi
mwmtemp'eratureAn'important criterieri-ued in establishing the conditions
in. these 6xp6rimerits vs uniformity of pulping, especially within the chips
themselves. At the start and several times during the experiments whole
pulped chips were tested for uniformity of pulping. These tests showed. that
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the interior portions of' the chips were pulped to the same degree as the
outer portions, even for chips larger than the average. Such uniformity of
pulping is desirable if the fibers are to have optimum qualities for parer
making and probably for plastics as well.

For comparison, test data for a commercial Mitschrlich sulfite pulp (ship-
ment P-l742) used for making a laminated plastic having gatisfactery high-
strength qualities and obtained from the same mill and prdau6td from the
same wooa supply as that used in these experiments are given in table 3. The
chemical characteristics of this, pulp were closely the same as these for the
experimental pulps having the same chlorine demand. The bursting and tensile
strengths of the commercial pulp , however, were somewhat lower than those of
theexperimental pulps.

Paper Properties 

The freeness indices for the unprocessed as well as the beaten pulps varied
only slightly.betveen respective pulps although the latter exhibited slightly
lower values than the former. The papers made from the various pulps both
unbeaten and precessed, also had characteristics of ream weight, density,
caliper, and anisotropy of tensile strength falling, each respectively, with-
in rather narrow limits, as shown in 'table 4. The tensile, bursting, and
tearing strengths and absorbency, as measured by porosity, of the papers frem
the processed pulps-, on the other hand, were materially different fr.Am those
from unprocessed pulps. The tensile strengths, es pecially in the machine
direction, and bursting strengths of the papers were increased by processing
the pulps, whereas the tearing strengths and porosity (as indicated by the
higher values) were decreased as a result of the processing.

An approximate relation was noted between the tensile strengths measured 'on
pulp test, sheets and the average tensile strengths for both machine directions
of the respective papers (fig. 3)... The tensile strengths of the papers were
approximately double those for the respective pulps. This difference is
perhaps 6aused by the improved formation and the • higher directional strength
ratio of the machine-made paper. A relatively large increase in the. tensile
strengths of the pulps and papers on mild, pulp processing, yet aceompani,ea
by a very small decrease in pulp freeness, was - typical of the pulps in the.
fre eness range above 850 cc.

All the papers made from the experimental pulps satisfied the general require-
ments mentioned earlier as necessary for conversion into high-strength lam-
inated plastics. The tensile, strengths, in thelchine direction of the 'papers
from the unprocessed pulps exceeded 11,000/aFtluare inch in all instances
except for that pulp having the Lowest chlorine demand. The porosity values
for the papers from the processed pulps were sufficiently low to indicate
adequate absorbency for subsequent impregnation operations.

Average physical properties of five similar papers made from the commercial
Mitscherlich pulp described, earlier are also inoluaedA4 table 4. The pulp
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in these cases was processed for five minutes. The papers from the commercial
pulp resembled those from the ex perimental pulps in most respects. The
average tensile strength of the former was somewhat lower than gg. of the
latter after like processing, although still well over 10,0003er square inch
in the machine direction.

Properties of Laminated Plastics 

Application of standard resin impregnating and drying conditions and technique
to the various papers just described resulted in sheets for laminating which
were satisfactory for resin and volatile contents (table 4). The resin con-
tent of the papers varied. from 33 to 3 g percent and the volatile content
from 4.2 to 4.9 percent, exce pt for one sheet whose value was 6.0 percent.

The properties of the parallel-laminated plastic resulting from the heat and
pressure-curing operation are given in table 4. The tensile strength in the
machine direction of the paper (fig. 4) had a fair correlation with the
tensile strength of the plastic made from unprocessed pulp. Although the
slight processing of the various pulps caused definite increases in their
tensile strengths as well as those of the papers, these increased strengths
had no apparent effect , on the tensile strengths of the laminated plastics..
The differences observed were seemingly random.

A fair correlation seemed to exist between the tensile strengths of the
laminated plastics and the chlorine demands of the pulps, regardless of
pulping conditions (fig. 5). The highest tensile strength  were obtained in
the chlorine demand range of 6.5 to g percent. Relatively low tensile
strengths resulted from use ef pulps having chlorine demands below 6 percent.
On the other hand, so far as these experiments indicate, there would appear
to be ,no advantage in using pulps with chlorine demands over g percent.

The values for modulus of elasticity in tension all exceeded 3,000,000 pounds
per square inch. Except for the plastics made from the low . bleaching Tulps,
that is, those with low chlorine demand, this property varied between
3,200,000 and 3,600,000 pounds per square inch. The moduli of elasticity in
bending, although slightly less than those in tension, were close to
3,000,000 pounds per square inch. The moduli of rupture in bending vaned
from 2 g ,000 to 35,000 pounds per square inch, exhibiting the same general
relationships with paper strength as the tensile strength .f the laminated
plastic. The plastics had. specific gravities ranging from 1.37 to 1.41, and
the water absorption values varied from 3 to 6 percent, being mostly over 5
pertent. These are normal values for both. preperties. The properties of
the laminated plastics produced from the papers made from the commercial
pulp were entirely similar to those from the experimental pulps.
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Table 1.--Phylical  ro erties and chemical characteristics of black spruce    

........n•nn••n•n •n•nnn    

ElaILI11=4;Lies (averages for 15S discs)

Age (years)
Diameter (inches)
Growth rate (rings per inch)
Decay (percent)
Compression wood - mild (percent)
Compression wood - pronounced (percent)
Density (pounds per cubic foot)
Summerwood (percent)

Chemical characteristics (analysis of chip sample)

g9.1
7.1

25.4
4.1
6.4

3.5
a 25.3

21.4

Lignin (percent)
Total cellulose (percent)
Alpha cellulose (percent)
Total pentosans (percent)
Pentosans in cellulose (percent)
Solubility in alcohol benzene (percent)
Solubility in ether (percent)
Solubility in 1 percent sodium hydroxide (percent)
Solubility in hot water (percent)
Ash (percent)
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26.6
61.2
44.5
10,9
9.2
1.8
0.7

10.6
3.1
0.3



Table 2.--Sulfite	 conditions. Variations in basic conditions made to
note effect on ul	 a r, andelastic pro erties.

• -	 .

Variables studied
Acid	 ::Maximum	

1	
at–:Total:Digester

:concentration:tempera-:maximum :maximum :time : dis.
ture . :tempera-:tempera-:	 : charge

:Total :	 ture : ture	 :rres-
: bined:	 : sure

S0 2 : SO2 .
	  :	 	 •

Per- : Per-: 	 C	 Hours  : Hours :Hours :Pours
: cent :	 per

:sq.in.

	

Basic pulping conditions: 5.25 : 1.1 : 130	 4,0 :10.03: 50

Pulping degroe:
Low chlorine demand	 : 5.25 : 1.1 : 130	 :	 5.25 :11.25: 50

	

High chlorine demand : 5.25 : 1.1 : 130	 6	 :	 3.0 : 9.0 : 50

Maximum temperature:
High temperature	 : 5.25 : 1.1 : 140

	
7	 :	 2.25 : 9.25: 50

Low temperature	 : 5.25 : 1.1 : 120
	

5	 : 10.25 :15.25: 5o
•

Acid concentration:
High total SC 2	: 6,5 :	 1,1 :	 130 '	 6	 :	 3.5 : 9.5 :	 50
High combined S0 2	: 5.25 : 1.6 : 130	 .	 6	 :	 7,0 :13,0 : 50

:	 .
Digester dimharge:

Atmospheric pressure : 5.25 : 1.1 : 130	 6	 :	 4.0 :10.0 :	 0

Composite conditions	 : 6.o : 1.2 : 130	 6	 :	 4.0 :10.0 : 50

1
.Includes penetration period of 2 hours from 55 0 0. to 110° C. and 2 hours

at 110° C.
2
A maximum pressure of 80 pounc9.8 per square inch was used.
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