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INVESTIGATTON OF A POSSfBLE RELATIONSHIP BETWEEN INTERNAL
TEARING STRENGTH, TENSILE STRENGTH, FIBER STRENGTH, AND
FIBER LENGTH PROPERTIES

SUMMARY

The balance between tearing strength and tensile strength has
been used for many years as a control test for end-use properties of certain paper
products, as a tﬁol for pulp evaluation, and as a means for following and
distinguishing different types of beating actions. Qualitative information
indicates that both fiber length and strength are beneficial to the
development of optimum tensile strength and tearing strength combinations.
In fact, plots of tearing strength vs. tensile strength are sometimes
taken as a crude indication of fiver length and/or fiber strength properties,
i.e., higher tearing strength at a given tensile strength level appears to

be indicative of the presence of longer and/or stronger fibers in the pulp.

Until now, no quantitative basis appeared to exist for these
comparisons. A review of the factors involved in tearing and tensile
strength, however, suggests that quantitative relationships may be evolved
for the experimental variables. There are indications, for example, that
experimental interrelationships between tearing strength (TF), tensile

strength (T), weighted average fiber length (F), and fiber strength [zerc-

span tensile strength (Z)] can be quantitatively described by:
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T = AL2(1 - 1/2)% + cr/z

where A and C are constants for a given pulp over normal ranges of beating and
moderate applications of additives.

It is felt that the equation may find practical application in a
variety of areas invelving the evaluation of pulps, bonding agents, beating
equipment, etec. Suitable modifications of the equation may also be adapted
for a variety of purposes such as defining beating actions, estimating fiber
length changes during beating from tearing and tensile strength properties,
or predicting the tearing strength to tensile strength balances that are
achieved when a variety of different bonding agents are applied to a specifi:

stock.

The derivation of this particular equation was based on assumptions
that are compatitle with presently avail;ble data. It would be desirable,
however, to pefform additicnal experimental work to determine how closery
these assumptions actually approach true conditions. Such work would be

_expected to increase our knowledge of the manner in which stock properties

influence paper strength, and materially aid our understanding of the

quantitative interrelationships between strength ptoperties.
INTRODUCTICN AND REVIEW
UTTLITY OF TEARING STRENGTH AND TENSILE STRENGTH MEASUREMENTS

Tensilé strength and tearinghstrength measurements have been used
for many years as control tests for end-use properties of paper products, as
tools for pulp evaluation purposes, and as a means for “ollowing and distinguish-
ing different types of beating actions. It is generally known that all types

of paper require certain minimum tensile strength and tearing strength standards,
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and that these properties are particularly important in such applications as
building papers, btag papers, wrapping péﬁers, printing papers, certain

grades of bbiﬂéard, saturatingrpapers, etc.- Ih most casas;_ﬁbwever, it is
impossible to maximize tensile ‘strength and‘tearing gtrength -in the same -
paper. This is due to the fact that the beating operations utilized in the
preparation of papermaking pulps usually enhances tensile sitrength at the

expense of tearing strength, i.e., tensile strength increases with beating,
whereas tearing strength decreases.* Thus, it is generally necessary to establish

some mutually beneficial balance between these two inversely related strength

factors.

It is also known that the particular balance of tearing strength and
tensile strength produceé during beating varies with different types of pulps,
as well as with their degree of cooking-énd bleaching. Consequently, these two
strength measurements have found extensive use in laboratory beater evaluations
of pulps, and they have supplied useful guides for estimating the suitability of
particular pulps, cooking processes, etc., for spec1F1c paper end-uses. Tensile

and tearing strength . - :
strength/balances have also been found to vary with different types of mechanical
treatments and beating actions. Methods of strengtn analyses for this purpose
nave been summarized by Casey (%). It has been found, for example, that the
tearing strength properties of a given furnish are a highly satisfactory

indication of the amount of fiber length reduction brought about by mechanical

Y

*It should be noted that both tensile strength and tearing strengtH may simul -
taneously increase in the very early stages of beating, and that certain short-
fibered, low-bonding hardwood pulps may continue to increase in tearing strength
over the entire teating cycle. Tearing strength, however, decreases over the
major portion of the beating cycle with the more common softwood pulps and
moderate fiber length stocks.
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refining. Thus, a disprdfartionately_low tearing strength, in comparison with
tensile or bursting strength, can be taken as evidence of too much fiber cutting

during fiber treatment. Likewise, a ver§ high tearing strength and low tensile

or bursting strength may be taken as evidence of insufficient beating, whereas
a low tearing strength ond high tensile strength generally indicates overbeat-

ing.
FACTORS INFLUENCING TENSILE STRENGTH AND TEARING STRENGTH

The importance of.tensile and tearing strength to the end uses of
paper, control methods, and pulp evaluation techniques has fostered considerable
research into the basic fiber properties goverming these tests. Results in
certain areas of this research are relatively well defined and widely acceptéd
at the present time, whereas other areas remain a source of controversy. In
general, however, three primary factors tonsidered important to the development
of both tensile and tearing strength are the degree to which the Tibers are
bonded in the sheet of paper, the strength of the fibers, and their length (2,

34 5 8.

Studies of the portion of pulp fibers that actuallyrrupture during
tensile strength tests (2), indicate that relatively few fibers fail in lightly
bonded sheets developed at low levels of beating. Fiber failure, however,
progressively increases with the degree of beating and the extent of interfiber
bonding, until large portions of the fibers are ruptured during the test. This
suggests that interfiber bonding may be the primary factor limiting tensile
strength at the lower levels of bonding, but that fiber strength, as well as
interfiver bonding, becomes’ important at moderate and high levels of bonding.

Thus, it may be expected that the ultimate tensile strength development
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of a pulp will be achieved when interfiber bonding is high enough to cause all
of the fibers to rupture in the zone of tensile failure. In this case, the
liﬁiting factor in thé té;sile streﬂé%h of thé ﬁéper would be the strength of
the ‘individual pulp fivers. In actual papermaking practices, interfiber bonding
is rarely, if ever, developed to the point where such ultimate tensile strength
levels are realized. t is possible, however, to obtain an indication of these
maximum strengths by means of zero-span tensile strength tests. In this tesi,

a specimen of paper is gripped with the two test jaws sel Just as close as

fine machining will permit, so that the fibe;s in the sheet are gripped and

broken when the jaws are separated (E).

The role of fiber length in tensile strength is not clearly understood
at present, although it is thought to_be associated with the manner in which
stresses are distributed within thé shee%l Fiber length appears to he consider-
ably more important to tre development of tearing strength than to tensile
strength, and weighted average fiber length values appear to be a better measure

of the contribution of length to various paper strengths than simple average

fiter length values (4).

Investigations involving the portion of fibers ruptured during iearing
stréngth tests (é) indicate that the number of f{iber failures progressively
increase with increases in interfiber bonding and the degree of beating of the
pulp. Thus, the phenomena of increased fiber failure with increased bonding
appears to follow similar trends in the development of both tearing and tensile

strength.

It has been theorized (§) that in the process of tearing, a portion

of the fibers are ruptured, while the other fibers bridging the zone of failure
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are pulled intact from one or the other side of the test specimen bordering

the failure. Thus, tearing styength, which is actually a work function, may
be considered tc be the sum of the work required to rupture that portion-of the
Tibers that fail along the line of tear, plus the work required to free those

Tibers that are pulled free from the Tibrous network during the test.

It has been further postulated that considerably more work may be
reguired to free a fiber from the sheet during the tear test than to rupture it.
This is because of the importance of the distance term in the force times
distance product that constitutes work. Rupture of a fiber requires é sub-
stantial force, but it acts over only a very short distance. éonsequently, the
work involved is small. Less force may be required to pull the intact fiber
from the sheet, but the force acts over a considerable distance {the length of

the freed fiber segment) and hence, considerable work is involved.

In the earlier stages of beating, interfiber bonding is low and most
of the fibers are pulled from the sheet during tearing. This requires a
relatively large amount of work and tearing strength values are high. As beaiing
and bending increase, the force required to pull the fibers from the sheet
increases and tearing strength zoes up. In most cases, however, a pcoint is
reached where increased bonding firmly fixes a portion of the fibers in the sheet,
and they rupture rather than pull free. This reduces the work recuired toc tear
the sheet and results in lower tearing strengths. .The portion of fibers ruptured
then steadily increases with increased bonding and'tearing strength progressively
decreases. Thus, very low tearing strengths might be expected at a point where

bonding is sufficient to cause all of the fibers to rupture during the tearing test.
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The beneficial influence of fiber length on tearing strength can be
readily seen by considering its infiuence‘on the work involved in pulling fibers
"free from the sheet, ie., an increase-in flber-length increases the distance
term in the work function and, hence, increases tearing strength. Extremely
low tearing values might be expected if the fiders are reduced to very snort
lengths during veabing. Fiber strength might also be expected to play an
important role in tearing strength, i.e., stronger fibers will tend to resist
rupture at higher levels of interfiver bonding and, consequently, allow an

increase in the force and work necessary to pull the intact fibers from the sheet.

To date, most of the major efforts to quantitatively relate pulp or
fiber properties to sheet strengths have been limited to attempts to understand
the factors involved in single strength properties. Once these factors are
thoroughly understood it will be possibi@‘to examine the specific fiber
characteristics that are impoftant to different sheet strength interrelationships,
and it will be possible to determine what fiber properties should be accentuated
for the development of beneficial combinations of sheet strengths, i.e.,
combinations of both high tearing strength and high tensile strength, etc. In
the meantime qualitative information indicates that both fiber length and strength
are beneficial to the deve}opment of optimum tensile strength and tearing strength
combinations. In fact, plots of tearing strength vs. tensile strength are
sometimes taken as a crude indication of fiber length and/or strength properties,
i.e., higher tearing strength at a given tensile level appears to be indicative
of the presence of longer and/or stronger fibers in the pulp. However, no
suitable quantitative interrelationship exists fo; such comparisons. The present

work explores the possibility of quantitatively interrelating these factors.
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DEVELOPMENT OF A POSSIBLE QUANTITATIVE RELATIONSHIP

The previous. review and discussion .suggests several relationships which

may provide the basis for a quantitative, or semiquantitative treatment of

tearing strength, tensile strength, fiber length, and fiber strength data.

Possible interrelationships between these various factors may be developed

in the following stepwise fasihion:

For any ziven pulp, the number of fibers involved in the zone of tear
failure 1n a given basis weight sheet, would be expected to remain
essentially constant over normal ranges of beating and/or with the
application of moderate quantities of bonding agents, etc. The
number of fibers in the over-all sheét may increase because of fiber
cutting during the beating opergtion, but the actual number of fibers
crossing any given line of potential tear failure would remain about

the same.

It is reasonable to assume that the number of fibers pulled intact
from the sheet during tearing decreases, and the number of fibers
ruptured increases, with the degree of beating and the extent of

o

fiver compacticn and bonding within the sheet. If the number of Fivers
involved in the zone of fallure is designated by n, the number of

fibers ruptured at a given degree of beating may be expressed as:
np = n(NR) (1)

where:
= the number of fibers ruptured

the portion of fibers ruptured (ratic of ruptured
fibers to tokl fibers involved in the tear failure)

o




Project 1102-8
October 1, 1963

Page 9
Likewise, the number of fibers pulled free during tearing may be
denoted by:
nﬁ =n{1l - NR)
where . o ST T o

n_ = the number of fidbers pulled free.

The work involved in tearing may be considered to consist of twe

terms. The first term involves the work required to free those

fibers which remain intact and are bulled free from the fibrous

network of the sheet during the tearing test. The second %erm

congists of the work required to ripture that portion of the fivers

that remain in place and fail during the test.

Tearing strength, evaluated by the standard internal tearing resistance

test (I) ard “requently expressed as tear factor, may be taken as a

relative indication of the total work involved in both of the work terms.

By using tear factor in this manner, it is possible to write the

following

where:

exXpression:

T o= W_ o+ - 3
F P JR (3)
Ty = tear factor (an indication of the total work involved
in the standard tearing resistance test)
A ="the work-involved in-pulling free that portion.of fibers
P that are pulled intact Trom the fibrous network of the
sheet during tearing.
WR = the work involved in rupturing that portion of fibers

that fail during tearing

C o e e e T,
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5. The work required %o pull the fibers free from the sheet (WP) may be
further broken down into the product of the average force required to
© T7pull a fiber segment from the sheet, the number of fiber segments
pulled from the sheet, and the combined length of the freed segments.

Thus,

W, = Fyln(l - N)J L (i)

TS
where:

FA = the average force required to free a fiber segment

n(l-KR)
Los

6. The total length of the freed segments is equivalent to the average

the number of fiter segments freed [see Equation (2)]

the total length of the freed segments

length of a segment multiplied by the number of segments, or--

Log = Lygln{l - Nh)] {(5)

where

LAS = the average length of a freed segment.

7. If the average length of the fiber sezments pulled free during the
tearing test is assumed to be directly proportional to the average
fiver length of the stock, it is possible to express.the average

length of a freed segment by: '

Lyg = kL (6)
where
X = the proportionality constant
L = the average fiber length of the stock

8. Substitution of (kL) for (LAS) in Equation (5) results in:

Lpg = KLIn(1 - NR)] (1)
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Substitution of kXL{n(l - Nﬁ] for L_. in Equation (4) then results in:

TS

2 5
W = Fykn (1 - Xp) o . (8)

"The force required to pull a fiber from the sheet depends upon the

frictional forces holding the fiber within the sheet (which increase
with bonding and sheet compaction) and the length of the enmeshed
fiber segment which is subsequently pulled free during the tearing

gction.

Af the force required to free a fiber segment exceeds some limiting
value (FL), the fiber will rupture rather than pull from the sheet.
The actual level of this value will depend upon the strength of the

fibers.

Moét pulps subjected to conditions of mederate to heavy beating will
produceé sheets displaying both ruptured and pulled fibers after tearing.
In such cases it is likely that the removal of the longer fiber

sagments require forces that aporoach the rupture level of the fibers,--
i.e., forces equivalent to FL' The shorter fibers, however, will have
shorter segments enmeshed in the sheet and will consequently ?equire

proportionately smaller forces for their removal. Thus, the average

force required to remove a fiber segment may be approximated by:

L
F, = F Eéé (9)
. Ls -
where:
F = the average force requiréd to free a fiber segment

A
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the force required to remove one of the longer fiber
segments (FL is a limiting force beyond which the

fiber ruptures).
the length of a longer fiber segment - -
the average length of a freed segment

e ]
1}

_LLs

“LAS

i

If the average length of the fiber segments pulled free during
the tearing test are again assumed to be directly proportional
to the average fiber length of the stock, it is possible to

rewrite Eguation (9) as:
H

_» L
Fp =P E (10)
where:

LL = the length of the longer fibers in the stock
L = the average fiber length of the stock

It may be noted that the use of Equation (10) assumes that the
portion of pulled fibers have essentially the same length dis-

tribution as the cver-all stock.

Ordinarily, the Tibers in a stock are not materially weakened
by typical beating operations. Likewise, the length of the
longer fibers present in a stock is usually not drastically
reduced by normal beating, although the number of longer [ibers
in the pulp may be considerably decreased. Thus, iIn most
situations, the F and L terms in Equation (10) would not be
expected tc vary much over normal beating ranges and/or under
conditions of moderate applications of bonding agents O? cther

additives. The Fy /L. term in Equation (10) may, therefore, be

considered as a constant (P) for any given pulp, and the equation

may be rewritten as:
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F = PL (11)

where

P = FL/ (This value may be considered a constant for a
given pulp over normal ranges of beating and-
additive applications)

14. Substitution of PL for F, in Equation (8), then results in:

W, = PknT2(1 - NR)2 » (12)

2
It may be noted that terms P, k, and n® in Equation (12) have all been
considered a constant for a givenpulp. Consequently, the over-all

work term for fiber segments pulled from the sheet may be shortened to:

2 a
W, = AL (1 - N) (13 )

W_ = the work involved in pulling free that portion of fibers
that are pulled intact from the fibrous metwork of tre ’
sheet during tearing.

A = a constant (applieé to a given pulp over normal ranges
of beating and moderate applications of additives

L = the average fiber length of the stock
N,= the portion of fibers ruptured (ratio of ruptured ribers
to total fibers involved in the tear failure)
15. The work required to rupture that portion of the fibers that remain in
place and fall during the tearing test may be expressed by:
Wy = CN (14}

where:

=
]

the work involved in rupturing that portion of fibers
that fail during tearing.

the portion of fibers ruptured (ratioc of ruptured
fibers to total fibers involved in the tear failure)

C ®= the total work that would be required to rupture all
the fibers involved in the tearing test
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___ It may be noted that C inEgation (}h)_remains constant for a given

17.

pulp, and thaf'this value is indicative of the tearing strength
obtained when bonding is increased to the point where all the fibers

rupture. .

Substitution of Equations (13)-and: -(34) into the over-all expression

for work in Equation {3) results in:

. 2 2
Tp = AL (1 - NR) + CNy (15)
where:

TF = tear factor.

Very few measurements have been reported on the ;elative vortion of
fibers that fall during tearing strength and tensile strength tests.
The limited information that is available (2), howvever, suggests that
the portion of fibers ruptured in both tests increase with increases
in interfiber bonding and sh;et compaction. Failure of essentially
all the fibers might be expected when the tests are condusted on
she¥®ts having extremely high levels of bonding. and compaction,
whereas, none of the fibers would be expected to rupture at extremely
low values of bonding. Apparently, then, the portion of Tiber
failures occurring in both tests would similtaneously increase or
decrease between these two extremeswhen sheet bonding and compacticn
are adjusted to various intermediate values. This suggests that

the portion of fibers ruptured during tensile failures might be

used to describe the portion of fibers ruptured during tear fallures,

and that the N, term in Equation (15) can be replaced by another

R
term (NRT) that represents the portion of fibers that fail

during tensile tests. Such substitution changes BEquation (15) to:
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To= At - )2 4 o o (16)
F I"R'.[‘ NRT ’
where: T ST - : -
N.- = the portion of fibers ruptured during tensile strength

RI testing (ratio of ruptured fibers to total fibers

involved in sheet tensile failure)
It is reasonable to assume that the portion of fibers failing in the
tensile test will decrease with increases in fiber strength and increase
with increased levels of bonding and sheet tensile strength. Thus, the
portion of fibers failing could probably be represented by the ratio

of sheet tensile strength to fiber strength--i.e.,

T
Neg = 7 (a7)
where:
T = sheet tensile str®ngth
Z = fiber strength (zerc-span tensile strength may be used

as an indication of this value).

Fiber strength would be expected to remain essentially constant over

—_ - _ e -

normal ranges of beating and under condifions éf moééfate appliéations
of bonding agents and other additivds. Thus, on the basis of Equation
(lT), a straight-line relationship might be expected beiween sheet.
tensile strength values (T) and the number of fibers ruptured during
the tensile test (NRT). Only limited work has been done in this area,
but preliminary data published in the literature (2) appear to be in
Line with such expectations. These results, plotted in Figure 1,
pertain to handsheets prepared from a softwood bleached sulfite pulp
beaten various periods in a laboratory Valley beater, and processed at

different levels of wet pressing, both with and without the addition of
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O Pulps beaten various periods in laboratory Valley beater
Pulps Beaten 15 Minutes in Valley Beater
Q Sheets wet pressed at 50 p.s.i.
@® Sheets wet pressed at 25 p.s.i.
WOl— A Sheets wet pressed at 160 p.s.i.
a A Sheets wet pressed at 1000 p.s.i.
~
1 .
i 0 Sheets wet pressed at 50 p.s.l.(gﬁ 1%8&5‘3*‘ bean gum added
~~ B Sheets wet pressed at 50 p.s.i. (0.5% Hyamine added in pulp)
o
N o) o
o)
. 7
iy 7
s ~0 0
. ; a . -0
£ 20 b A ,O}
o
; . e
0 7
v 7
i //
a [
5 10— s
= //
) 0]
g
ol__ I I I |
0 20 40 60 80

Fibers Ruptured (NRT)’ %

Figure 1. Relationship Between Tensile Strength and the Pertion of Fizers
Ruptured During Testing
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bonding and debonding agents. There is obviously scatter in these
results, but there does appear to be a reascnable stréight-line
relationship, particularly at the moderate and higher levels of
beating. Inconsistencies, néte& at thé lower leveis_of strength

development, may be the result of poor sheet formation and other

related effects often experienced in this range of processings.

Substitution of T/Z for Nop in Bquation (16) results in:

T, = AL%(1 - 1/2)% + c1/z (18)

This expression contains the four experimental variables of sheet
tearing strength (TF), sheet tensile strength (T), fiber length (L),
and fiber strength (Z). Sditah;e values for fiber length properties
may be expected from weighted average fiber length determinations.
Suitable values for fiber strength might be expected from zere-span
tensile strength tests. [Low values are often obtained with this
test in the early stages of beating, but tkey generally level out and
reach a plateau after moderate to high levels of processing. It is
felt that the best indication of fiber strength may be obtained Trem
the maximum level of zZero-span tensile strength cbtained over the
beating cycle, This value would alse be considered the most suitable
for use in Equation (18)1.

The "A" and "C" terms in Equation (18) are constants that pertain to
a given pulp over normal ranges of beating and moderate gpplication

of additives. The "C" term may be considered an indication of the
tearing stirength that would be obtained if bonding were great enough

to cause all of the fibers to rupture during tear failure.
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EXAMINATICON OF THE CHARACTERISTICS AND UTILITY
CF THE DERIVED RELATIONSHIP

The derivatioﬂ ot Equation (18) was based on assumptions that are

compatible with presently available data. However, considerably more égéerimeﬁtal
work will be necessary before it can be determined how closely these assumptions
éctually approach true conditibns. A large portion of this work would consist of
counting the number of fibers ruptured when a variey of different paper sheets

are subjected to strength fests. éuch efforts would be both tedious and time-
consuming, as welli as costly. Their application would be justified, however, if
they increased our knowledge of the manner in which stock properties influenced
paper strengths, and if they materially aided our understanding of the quantitative

interrelationships between different strength properties.

It is relatively easy, on the other hand, to obtain data on the
tensile strength and tearing strength of sheets, as well as on the fiber length
and fiber strength (zero-span tensile strength) preperties of pulps. Thus, the
effectiveness with which Equation*ClS) interrelates these four-variables may be -
readily examined under a variety of experimental‘conditions. If the actual
experimental interrelationship between these variables can be satisfactorily
described by thé equation, it would be a good indication that further work of a
more extensivé and intensive nature (involving ruptured fiber counts, etc.,)
would be warranted. It would also indicate that the equation, in its present
form of development, might have utility as a quantitative tool in pulp evalua-
tion work, or for the analysis of different beating characteristics developed by

various types of mechanical refiners, etc.
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When proceeding with such analysis, however, it might be well to keep

in mind two important limitations of the equation. These are:

1. The relationship dées not appl& at low lévels of-gondiné. It may be
Tt T "7 Tecalléd that the equatidn was developed at bonding levels sufficiently
high enough to cause some fiber rupture, and at levels where the forces
necessary to pull the longer fiber segments from the sheet approached
the forces required to rupture the fiber. Thus, certain unbeaten or
lightly beaten stocks, may not fit the relaticnship. This would be
particularly true for early portions of the beating cycle where the
relative bonding characteristics of some pulps are low enough to cause

increases, rather than decreases, In tearing strength with beating.

2. The equation would not be expected to apply if beating were continued
to a point where the strength of the fibers were materially reduced.
Such decreases in strength, however, are not ordinarily experienced in

normal beating cycles.
=~ - - “STRATIGHT LINE PLOTS "INDICATED BY THE EQUATION . -
Dividing both sides of Equation (18) by (T/Z) results in:
T/ (1/2) = AP - 1/2)%/(1/2) + C (29)

This modification indicates that a plot of TF/(T/Z) vS. L2(1 - T/z)g/ﬁ/z) should
result in a straight line having a slope equivalent to A and an intercept equal

toc C.

Plots of this nature are represented for a variety of different pulps

in Figures 2 and 3.* These figures show that tearing strength, tensile strength,
*Complete data for these plots are presented in tables in the appendix.
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O Pulp 1 - Western Softwood Bleached Sulfite Pulp
® DPulp 2 - Southern Pine Bleached Kraft Pulp

& Pulp 3 - Jack Pine Unbleached Kraft Pulp

x Pulp 4 - Hardwood Bleached Kraft Pulp

——t—t—

L3(1 - /Z)Q/CT/Z)

Figure 2. Flots of T,/ {/2) vs. L(1 - 7/2)%/(1/2) for Commercial Pulps

Beaten in a Laboratory Valley Beater

i2
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8 Pulp 6 - Muslin rag halfstock

l | | |

O Pulp 9 - Second cut cotton linters

A Pulp 7 - Hydroxyethylated cotton linters

0 z 2 3 4 5
121 - 1/2)%/(1/2)

Figure 3. Plots of T/(T/2) vs. L°(1 - 7/2)%/(T/2) for Cotton Pulps

Beaten in a Five-pound Noble & Wood Beater
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fiber length, and fiber strength (zero-span tensile stfength) data obtained over
a beating cycle do plot as a straight line when handled in this manner. Cne
exception appears in Figure 2 where two data _points for the hardwood pulp
obvicusly do not follow the straight line relationship indicated by the other
points. These pointé, however;rwoﬁld ﬁot be e%pected to fit tﬁé relationship
because they were obtained at the beginning of the beating cycle where bonding
properties were relatively low and tearing strength was actually increasing with

increased beating.

The several pulps and the equations relating their tearing strength
(TF), tensile strength (T), fiber length (L), and Tiber strength (Z) properties

may be summarized as follows:

Pulp l--WesterE(softwood bleached sulfite pulp

Tp = 0.750L7(1 - T/z)2 + 0.9 T/2 .

Palp E-uSoutheﬁn pine bleached kraft pulp

Tp = 0.940L°(1 - T/Z)° + 1.0 T/Z

Pulp 3--Jack piﬁe unbleached kraft pulp
Tp = 1.150 L (1 - T/2)° + 1.0 7/2

Pulp h--Hardeod bleacheg kraft pulp

Tp = 4.0L (L - 7/2)° + 0.8 T/Z
Puip 5--Second2cut cottonglinters
Tp = 1.16 L (1 - 7/Z)° + 2.10 7/Z

Pulp 6--Muslin

T, = 1.4 L°(1 - T/z)

rag halfsEock
+ 5.05 T/Z

- Pulp T--Hydroxgethylated Eotton linters

Tp = 1.29 L7 (1 - T/2)7 + 2.10 T/2
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Values of ?F calculated from these equations are compared with the

actual experimental values in Table I and Figure 4.

The good agreement between

these values indicate that the experimental interrelationships can be satis-

factorflydescritved by the equations and that equations of this nature may have

utility in pulp evaluation work and ¢ther related applications.

TABLE I

COMPARISON OF EXPERTMENTAL AND CALCULATED TEAR FACTOR VALUES

Pulp 1

2

Cver-all beating range, min. 0 to 39 0O to 55

Beating Interval 1
Experimental tear factor (TF) 2.36

Calculated tear factor (TF) 2.35

Beating Interval 2

Experimental tear factor (TF) 1.24
Calculated tear factor (TF) 1.23
Beating Interval 3

Experimental tear factor (TF) 1.12
Calculated tear factor (TF) 1.18
Beating Interval 4

Experimental tear factor (TF) 0.97
Calculated tear factor (TF) 0.95

Beating Interval S
Experimental tear factor (TF) 0.82

Calculated tear factor (TF) 0.74

aBohding was too low for the equation to be utilized in tear factor calculations.

2.95
2.86

1.52
2.06

1.53

1.50

2

L

0O to 70 0O to 350

2.61
2.55

1.73
75

[

1.38
146
1.25
2k

|-+

1.19
1.13

1.22

15

1.13

0.97
1.03

5

79 to 162 0

1.71
1.69

1.43

1.3
1.32

6

T

to 110 30t0 15:

3.94
3.93

3.2k

.16

Cad

3.14
3718

In

some cases tear factor actually increased with beating 1n the earlier stages of

processing.

2.43

a
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value 10%_higher. _

value same as

. value 10% lower

QO Pulp1l
... @_Pudp 2 L . /_Calc_.
A Pulp 3 //
'; X Pulp b ) Ty Cale.
0 Pulp > ////. experimental
3.6 W Pulp 6 /7, / Caic
A Pup 7 /'./ /
/
3.2 b— / / 7/
-/
/5
2.8 / % /
777
4 71
24— /p 7/
/////
' od
1.6 b / g
1.2
0.8 | — /’4//’
20
- /7 e - N -
vl 4
,//
o | | | | I
0 1 2 3 ' 4 5

Figure 4. Comparison of Experimental and Calculatfé
= AL°(1 - T/2)° + C1/2

Experimental Tear Factor (TF)

Calculated Values Cbtained from TF

d Tear Fagtor Values
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EFFECT OF BONDING AGENTS

Bonding increases, but no changes take place in fiber length when
bonding agents are added to a stock. Thus, both the "A" and the "L2" terms
in Equation (18) may be combined into a single constant. Plots of
TF/CT/Z) vs. (1 - T/Z)e/(T/Z), then would be expected to plot as a straight

line having a slope equivalent to ”ALE” and an intercept equal to "CY.

Application of bonding agents to the same pulp after additional
beating and fiber length reduction would be expected to result in a similar
straight line relationship. In this case, hnowever, the slope (ALE) would be
lower (because of the reduced fibter length), although the intercept "C" would

be expected to remain the same as that obtained with the longer fibered stock.

Figure 5 shows a plot of TF/(T/i) vs. (1 - T/Z)e/(T/Z) values
obtained wnen various applications of locust bean gum were made to a softwood
bleached sulfite pulp. Bach of the solid lines represent a different level of
.beating. .The arrow indicates.the.direction of increased gum additions, and
the dashed curve shows the relationship developed by processing the pulp over

the entire bteating cycle without the sutsequent addition of any locust bean gum.

If the primary function of a bonding additive is only to improve bonding,
it might be expected that the same TF/(T/Z) vs. (1 - T/Z)e/(T/Z)‘relationship
would be obtained for a given stock, regardiess of the type of bonding agent
used, ie., the slope (ALE) and i;tercept_(CS of the relationship are “unctions
of the stock, and they would not be expected to change unless a different pulp

or a stock of a different fiber length were utilized.
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Figure 6 shows TF/(T/Z) vs. (1 - T/Z)2/(T/Z) data obtained when a
variety of bonding agents were applied to two cotton linters siocks of °
- T different degrees of vedtirig. "Applitations ineluded 1% methyl-cellulose; -1%--

locust.bean. gum, 5% locust bean.gum, 1% carboxymethyl cellulose, and 5%

carboxymefhyl cellulose. The stralght line, obtained at each of the two
levels of beating, show that the basic relationships between tearing strength
and tensile strength.are apparently dependent on the properties of the stock
and independent of the type of bonding agents applied to the stock. Thus,
achievement of a given tensile strength level(by the application of bonding
agents, would be expected to result in the same tearing strength value,
regardless of the different types and amounts of bonding agents that might

be utilized. This would be true, however, only when the additives are applied

to cne given pulp with fixed fiber length characteristics.

Both Figures 5 and 6 further indicate that the equation derived in
this work may have utility in describing useful experimental relationships,
and predicting tearing strength and tensile strength balances, even in

situations where actual fiber length data are not available,

FIBER LENGTH CHARACTERISTICS FROM TEARING STRENGTH AND TENSTLE STRENGTH

14

Figure T shows the TF/(T/Z) vS. (1 -‘T/Z)ﬁﬂT/Z) relationship
cbtained fy beating a Western softwood bleached suifite pulp. The dashed
straight line plots indicate the ?F/(T/Z)_vs. (1 - T/Z)g/(T/Z) relationships
that would result if bonding agents were added to the puip at each ¢f the
different levels of beating. From previous considerations, it may be seen

that the intercept of all of these lines is equal to "C" and their slopes are
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32—
o / .
/
/
/
2.8} /
/
/
,/
=0 , /
0
/
2.0 //
lJ
0 //
1.6_ '
o /
(%
/
/
O - 0 to 5% gum additions to pulp beaten 20 minutes
® - 0 to 5% gum additions to pulp beaten 35 minutes
X -0 to 5% gum addition to pulp beaten 50 mintues
A -0 to 5% gum addition to pulp beaten 65 minutes
Ok
0 | 1 | | I J
0 0.2 0.4 0.6 0.8 1.0

(1 - 1/2)%/(1/2)

Figure 5. Plots of T_/(T/Z) vs. (1-T/Z)2/(T/Z) for Locust Bean
Additions to a Bleached Sulfite Pulp
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120—

O Bonding agents added to linters beaten 120 minutes

S @® Bonding agents added to linters beaten 150 minutes
0 l | | il l
0.2 0.4 0.6 0.8 1.0

(1 -1/2)%/(2/2)

Plots of T./(T/Z) vs. (1 - T/Z)e/(T/Z) for Various

Figure 6.
Additions of Bonding Agents to Cotton Linters
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12— - ]
00— 0 minutes teatin
8}—
6 —
b f—
/ 0 min. beating
13 min. beating
i_. min. beating
39 min. beating
I | l | I I

0 0.4 0.8 1.2 1.6 2.0 2.4
(1 - 7/2)%/(7/2)

Figure 7. Plot of TF/(T/Z) vs. {1 - T/Z)E/(T/Z) Relationship Obtained
by Beating a Softwood Bleached Sulfite Pulp
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equivalent to é&e, where “Ah i8 a constant and "L" representsthe weighted
average fiber length characteristics of the stocks at each of the beating
~ =~ -levels. Thus, if El represents the fiber length characteristics after the
Tirst beating interval and %2 ;gpyesents the fiber length characteristics,

after the second beating interval, etc., it is possible to write:

Vi ek

S, = the slope of the dashed straight line plot between "C"
and the first beating interval

U)
n

|r\>

(20)

r\JI
2

UJ

| =

where:

82 = the slope of the dashed straight line plot between "C"
and the second béating interval

This equation represents the d;gree of fiber length retention between
the first and second beating intervals. In the case of Figure 7, this value
is 0.861, indicating that 0.861 or 86.1% of the weighted average fiber length
of the pulp at the first level of beatlng was retained after the second
beatxng 1nterval Actual fiver length measurements indicate a-;elghted av=¥a;e
fiber length of 2.21 mm. at the first interval (0 minutes beating), and
1.6 mm. after the second beating interval (10 minutes beating). Thus, the
experimentally determined retention of weighted'average fiber length is
1.86/2.21, which is equal to 0.841 or 84.1%. This value agrees quite well
with the 86.1% value calculated from the data plotted in Figure 7. Other
comparisons between experimentally determined weighted averase fiber length

retention values and weighted average fiber length retention values calculated

from the slopes of the dashed lines in Figure 7 are summarized as follows:
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. Weighted Average Fiber Weighted Average Fiber Length
B
eg:;nf Igiﬁrval Length Retained Retained (Calgulated from
ges ’ (Experimental Value),% Figure jl %
0 to 10 ' CBka T © 861 -
"0 to 13 - 8k.1 - 81.8.
0 to 24 ' 77.0 78.8

0 to 39 58.9 | 67.0

The generally good agreement between the calculated value and
experimentally measured values indicate that the equation derived in the work
may provide a useful tool for estimating fiber length changes that take place

during beating and other mechanical stock preparation treatments.

Such contentions are further supported by Figure 8, where the
T/ (B/2) ws. (1 - 1/2)%/ (1/2) relﬁtignahip is plotted for the beating cycle
of a Southern rine bleached kraft pulp. The straight line relationship
(constant slope) in this case, indicates that "ALE", and hence, "L" (weighted
average fiber length), remains essentially the same over the entire heating
“cycle. This result is substantiated by fiber length measurements, i.e., -
measurements indicate a weighted average fiber length af 2.40 mm. at O minutes

beating, 2.54 mm. at 10 minutes beating, 2.47 mm. after 28 minutes veating,

2.45 mh. at bO minutes beating, and 2.49 mm. after 55 minutes beating.

Thus, it appears that tearing strength and tensile strength data
¢an supply useful quantitative information on the influence teating, and/or

other mechanical treatments, have on fiber length properties.
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12

—
10 |-
0 min. beating
8 —
6 —
4 10 min. beating
2 bbg‘ﬁz}igg - -
0 | | ]

0 0.4 0.8 1.2 , 1.6
(1 - 2/2)%/(1/2)

Figure 8. Plots of TAT/2) vs. (1 - 7/2)2/(T/2) Relationship

Obtained by Beating a Southern Pine Bleached Kraft
Pulp :
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CONCLUSIONS

- --- -The following conclusions may be surmised from the preceding analysis:

1. There are indications that experimental interrelationships between
tearing strength (TF), tensile strength (T), fiber length [weighted average-
fiber length (L)l, and fiber strength [zero~span tensile strength (Z)] can be
quantitatively'described by the equation derived in this work, i.e., TF =

AL2(1 - T/z)2 + CT/2.

2. The "A" and "C" terms in the equation apparently remain constant
for a given pulpover normal ranges of beating and moderate applications of

additives.

3. The equation may find practical application in a variety of areas

involving the evaluation of pulps, bonding agents, beating equipment, etc.

4. Suitable modifications of the equation may be employed for a
variety of purposes such as defining beating actions, estimating fiber length
changes during teating from teéring and tensile strength properties, or

prediding the tearing strength to tensile strength balances that are achieved

when a variety of different bonding agents are aprlied to a particular stock.

5. The derivaiion of the equation deveioped in this work was based
on assumptions that are compatible with presently avallable data. It would
be desirable, however, to perform additional experimental work to determine
how closely these assumptions actually approach true conditions. Such work
would be expected to increase our Knowledge of the manner in which stock

properties influence paper strength, and materially aid our understanding of

the quantitative interrelationships between‘strength Properties.
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APPENDIX

BASIC DATA FOR PLOTS PRESENTED

IN THE REPORT
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TRRADIATED GLUCOSE AND CELLULOSE POLYMERS
AS BEATER ADHESIVES

INTRODUCTION ‘

During the course of John Snell's thesis program, the observation
wag made that the high meclecular weight water soluble polymer produced by
irradiation of glucose was rendered water inscluble by heating in the
presence of acid. This gave rise to the possibility that the polymer
might function as a wet-strength resin in an acid paper system and

exploratory experiments are described herein to test this concept.

From the small qQuantities of samples left from Mr. Snell's werk,
two samples were selected for trial of wet-strength properties. One,
Sample 125-1, is identified as polymer No. 9 in Mr. Snell's thesis. It
was prepared by a 40-megarad irradiation of a glucose solution under a
1.5 Mev. Van de Graaff electron accelerator and has a light scattering
molecular weight of approximately 2,000,000. The second, Sample 34-2,
is identified as Pclymer Nc. 11 in Mr. Snell's thesis. It resulited
from 40 megarad irradiation of a glucose solution under a 8.5 Mev. Linac
accelerator and has a light scattering molecular weight of approximately
10,000. The handsheet trials of these materials are described in the

fellowing paragraphs.

FORM 7.3 THE INSTITUTE OF PAPER CHEMISTRY

2500-10-58
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EXPERIMENTAL WORK WITH GLUCOS8 PCLYMERS

Bleached Harmac kraft pulp was beaten to a Schopper-Riegler
freeness level of 700 ml. in a 1.5-1b. laboratory Valley beater. This
stock was dewatered to about 25% solids, fluffed in a laboratory pulp
breaker, and stored at 40°F . The material was subsequently split into
30-g. (oven-dried basis) portions, diluted to a consistency of 1.5%, and
dispersed for S ﬁinutes in & TAPPI standard disintegrator before using

in the experimental studies,

Solution of Polymer 125-1

Polymer 125-1 consisted of a 0.2314 g. sample. The material
was dissolved in 25-ml. of distilled water in a 50-ml. beaker. This
required heating to approximately 70 to 8000. on a steam bath and the

application of 12 drops of 1% sodium hydroxide solution.

Sheet Preparation With Polymer 125-1

The entire 125-1 polyuer was added tc a 10-g. (0.D. basis)
sample of dispersed pulp. This constituted a polymer application level
of 2.3% (based on oven-dry fiber). The suspension of pulp and polymer
(pH 6.2) was blended for a period of 30 minutes with a small Lightnin'
stirrer. At thié time 2% rosin (based on oven-dry fibver) was applied,
and the stirring continued for ancther 5 minutes. This was followed by the
addition of 4% alum (based on oven-dry fiver), and an additional 5 minutes

of blending. The pH at this point was between 4 and 4.5.
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The blended slurry was diluted to a consistency of about 0.15%
with pH &4 to 4.5 water and formed into TAPPI standard weight handsheets
with a TAPPT standard sheet machiné. Dilution waéer iﬁ thersheet mold
was adjusted to a pH of 4 to 4.5 with dilute hydrochloric acid prior to
the addition of the stock slurry. The wet handsheets were pressed

between blotters for 5 minutes at 50 p.s.i. and dried on a steam-heated

drum drier having a surface temperature of about 240°F.

Solution of Poiymer 3h-2

Polymer 34-2 consisted of a 1.3771-g. sample. The material was dissolved
in 27.5 ml. of distilled water in a 50-ml. beaker. Very little heating

and no sodium hydroxide were reguired.

Sheet Preparation With Polymer 34-2

., Handsheets with polymer 34-2 were prepared in the same general manner as
those containing polymer 125-1. In this case, however, two 15-g. (0.D.

. Yasis) saﬁﬁles of pulp were utilized at polymer applications of 2 and 5%.
The pH during the 30-minute blending pericd of polymer and pulp was 5.h
at the 2% polymer addition level and 4.5 a% the 5% level of polymer
application. The pH after the addition of alum and during all the subse-

quent sheetmeking steps was again controlled at 4 to L4.5.

Preparation of Control Handsheets

Control handsheets containing rosin and alum, but nc polymer, were
prepared in the same general fashion as those containing polymer. Blending
periods and pH conditions during sheet formation were similar to those

utilized in the work with the polymers.
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e eei e . —.The. handsheets were preconditioned.for 60 hours .at_29% R.H. ..

and T3OF. and subsequently conditioned and tested at 50% R.H. and T3OF.

Bvaluation tests included basis weight, caliper, apparent density,

tensile strength, stretch, itensils energy absorption, and wet tensile

atrength after 30-minute and 16-hour soaking periods.

Results

The results of this study are presented in Table I.

Apparently,

neither of the polymers were very effective in developing wet strength.

Sheets prepared with the 125-1 polymer had a ncticeable yellowish-tan

color indicating that at least some of the irradiated material was

retained. Sheets prepared with the 3h;2 polymer were also off cclor, but

were not as dark ags the 125-1 sheets. This was no doubt due to the fact

that the 34-2 polymer itself was someWhat lighter in coloer than the 125-1

product .

TABLE I

RESULTS CF HANDSHEET TESTS

Preparatisn of Handsheets

Type of polymer applied

Polymer applied (based on o.d. pulp), %
Rosin applied (based on o.d. pulp), %
Alum applied (based on o.d. pulp), %

pH during polymer-pulp blending pericd

_ pH after alum and during sheet formation Chabs

Hzndsheet Test Results

Basis weight (25 x L0/500), 1v.

Caliper, mils

Apparent density

Tensile strength, 1b./in.

Stretch, %

Tensile energy abscrption, in.-lb./sq.in.
Wet tensile strength (30 min. soak),lb./in.
Ratio wet to dry tensile (30 min. soak)

Wet tensile strength (16 hr, soak), 1b./in.
Ratio wet to dry fensile (16 hr. soak)

None
0
2
i

=

n
W FNO W

Fo0wn i O Nn

0.5
0
0.0

0.03

\-ﬂ\-J‘l-F—"‘[\J\ﬂ no

O
N Ow -

0.05
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To check the possibility that additional heat treatment of the
papers might bring out wet-strength characteristics, portions of the drum-
dried sheets wére subjected to a 30-minute heat treatment in an air
circulating oven maintained at 10500. The results of this treatment on

wet-strength properties are summarized in Table II.

TABLE II

CVEN HEATING OF TREATED PAPERS

Type of polymer investigated None 125-1 34-2  34k-2

Polymer applied as wet-end additive
(vased on o.d. pulp), % 0 2.3 2 5

Tensile strength {drum-dried sheets), 1b./in. 2k.5 23.6 21.kb 22.0
Wet tensile strength (30—min. soak--

drum-dried sheets), 1b./in. 0.9 1.4 1.2 1.3
Wet tensile strength (30-min soak--
oven-treated sheets), 1b./in. 1.3 1.5 1.5 1.5

It is evident that the conditions employed in these experimenta_
failed to impart any wet strength character to the treated papers. There
is insufficient material left from Mr. Snell's program for trial of other
variables, but it would be possible to have additional glucose solution

irradiated by High Voltage Engineering Corporation.

EXPERIMENTAL WORK WITH IRRADIATED PULPS

An auxiliary concept developed in this area was that it should
be possible to irradiate cellulose pulp and, through a combination of

degradation and repolymerization, arrive at a water soluble polymeric
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Material possibly having properties similar to Mr. Snell's irradiated

gluccse polymer. The experimental work conducted on this concept is

deécribeafih the followiné'paragraﬁhs.

Preparation of Irradiated Samples

Two samples of high voltage slectron irradiated pulp were processed by

Frans Vauric at the High Vzltage Engineering Corporation in Rockford,
Tllinois. Each sample consisted of 5 8x8-inch sheetslof Weyerhaeuser dry
lap bleached sulfite pulp. This material was irradiated in an air-dry
condition. The first sample was subjected to a treatment of 20 megarads

and the second sample was given a dosage of U0 megarads.

Analysis of Irradiated Samples

Both of the irradiated samples and a portion of untreated Weyerhaeuser pulp
were subjected to hot water solubility and 1% caustic solubility tests.

The results are summarized in Table III.
TABLE IIT

SOLUBILITY CHARACTERISTICS OF IRRADTATED PULPS

Hot Water One Per Cent
Treatment Solubility,® % Caustic Solubility,? %
None 1.5 7.0
20 megarads 3.k 26.1
40 megarads 6.0 37.5

SPerformed according to TAPPI Method T 207 m-~5h4
Pperformed according to TAPPT Method T 212 m-5h E
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indication
The increase in pulp solubility with irradiation is a clear/of
degradation. It was hoped that the degraded products developed in_this
fashion would act as a wet-strength agent when they were solubilized in

caustic and subsequently precipitated onto the undegraded portion of the

pulp with zlum.

Sclubilization and Precipitation of Degraded Pulp Materials

The precipitation of caustic solubilized pulp products was briefly studied
in a series of exploratory experiments. Initial solubilization of the pulp
products was accomplished under approximately the same conditions utilized
in the TAPPI standard method for determining 1% -caustic solubility. The
pulp charge, however, was increased from 2 to 8 grams, and the volume of

caustic solution was inereased in proportion. Detailed conditions were:

Pulp charge = 8 g. (air-dry basis) of untreated pulp

Caustic solution = 400 ml. of 1.0% caustic

Consistency of pulp in caustic solution = 2% (air-dry pulp basis)
" Temperature = 95 to 97°C. - . )

Time at temperature = one hour.

The pulp charge was dispersed in the caustic solution with a
Lightnin' stirrer prior tc heating, and the material was periodically stirred

with the Lightnin' stirrer during the heating period.

Following tﬁe hot caustic treatment, the pulp sturry was filtered
on a fritted glass crucible (porosity = 3). The undissolved portion of the
pulp was discarded and the filtrate was split into two equal portions of about

200 ml. each. The first portion was then adjusted to a pH of 4.8 with a 10%
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alum solution. This required 45 mi. of the alum solution, which is
equivalent to about 110% alum tased on the criginal pulp charge.
Acidification of the second ﬁoftien cf filtrate to a pH_bf 4.6 with dilute
sulfuric acid indicated an- E5304 requirement of about 30% based on the
original pulp charge. 3Both metheds of aéidification produced precipitates
of the caustic soluble pulp products. Additional studies also indicated
that approximately 5% alum (tased on original pulp) would be required to
reduce a sulfuric acid acidified Fiitrate from a pH of about 7 tc approxi-

mately 4.5.

It was decided, on the basis of these results, that additional studies of
possible wet strength development with irradiated pulps should be conducted
in the following stepwise fashion.

1. Treat the irradiated pulps with hot (90 to 95°C.) 1% caustic for
one hour and solubilize any products that will go into solution.

2. Precipitate the caustic soluble products in the pulp slurry by
acidifying to a pH of about 7 with a 5% solution of sulfuric acid.

3. Further acidify the pulp slurry to a pH of around 4.5 with a 10%
alum solution. - - . . . <.

L. Form handsheets from the slurry at a pH of 4.5 and determine
their and wet and dry strength characteristics.

The two irradiated pulp samples and porticon of untreated
Weyerhaeuser stock were subsequently treated in this manner. The details

of these treatments are summarized in Table IV.
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TABLE IV
CAUSTIC SOLUBILIZATION AND PRECIPITATION
TREATMENT OF IRRADIATED PULPS

Pulp sample ) 1 2 3
Irradiation desage, megarads C 20 Lo
Sample weight (air dry basis), g. 20 20 20
Volume of 1% caustic for sclubilization treatment, L. 1.0 1.0 1.0
Temperature of caustic treatment, °C. 90-95 90-95 90-95
Buration of hot caustic treatment, hr. 1.0 1.0 1.0
pH of pulp slurry after caustic treatment and

cooling to room temperature 12.3 i2.2 1l2.2
HpS0)2 required to reduce pH to approximately 7,

(based on original air dry pulp charge), % 32 50 . 50
Alumb required to further reduce pH to 4.5-5.0

(based on original air dry pulp charge), % L 6.5 1.0

a T X . .
Sulfuric acid was applied as a 5% solution

®Alum was applied as a 10% solution

A brown color developed as soon as the irradiated samples.were
dispersed in l% caustic solution. This color developed at room temperature,
pricr t: heating, and remained throughcut the subseguent heating cperaticn
and acidification treatment. In fac%, a tan hue was retained in the final

handsheets prepared from the irradiated samples.

Preparation and Testing of Handsheets

TAPPI standard size handsheets were formed from the acidified
caustic-treated stocks, wet pressed once between blotters at 50 p.s.i.,

and dried on a stationary steam-heated drum drier. The sheets were then

IS
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preconditioned for at least 16 hours at 30% R.H. and T3OC., and subsequently

conditioned and tested at a R.H. of 50% and a temperature of 73°F. Test

results are summarized in Table V. - ' - -

TABLE V

SUMMARY OF HANDSHEET TEST RESULTS
(A1l pulps were subjected to caustic solubilization
and acidification treatmenis)

Irradiation dcsage None megigads megigads
Basis weight (25x40/500), 1b. 46.8 50.8 Lh .7
Caliper, mils 6.7 7.1 5.7
Apparent density 7.0 7.2 7.8
Dry tensile strength, 1b./in. 3.7 2.6 2.7
Wet tensile strength (0.5 hr. soak), 1b./in. 0.27 0.21 0.19
Wet tensile strength (16 Wr. soak), 1b./in. 0.30 0.26 0.20
Stretch, % ' 2.4 1.4 1.3
Tensile energy abscrptiocn, in.-1b./sq. in. 0.07 G.02 0.02

It is apparent that no increase in wet strength can be attributed

to the irradiated samples.- — - - -

| Six new samples cf irradiated pulp were also received from the
High Voltage Engineering Corporation. Treatment conditions for these

samples are summarized in Table VI.
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TABLE VI
CONDITIONS UNDER WHICH NEW SAMPLES WERE IRRADIATED
WITH HIGH VOLTAGE ELECTRONS
Irradiation
Sample - - .- - Dosage,
Designaticn Cendition of Sample During Irradiation megarads
85-1 ) Stack of five 8 x 8-inch dry Lo
85-2 ) lap sheets” sealed in a 20
85-3 ., ) polyethylene bag during 10
85-4 ) irradiation 5
85-5 ) Stack of five 8 x 8-in. dry lap sheets® 20
85-6 ) enclosed in manila envelope during irradiation 0O

*he dry lap samples consisted of the same Weyerhaeuser hleached
sulfite stock used in previocus studies.

Analytical tests to determine the hot water solubility and 1%

caustic solubility of Samples 85-1, 85-2, 85-5, and 85-6 are given in Table VII.

TABLE VII

WATER AND CAUSTIC SOLUBILITY OF ADDITIONAL FULP SAMPLES

Irradiation Hot Water 1% Caustic
Condition <f Sample Dosage, Solubility, Sclubility,
Sample During Irradiation . megarads : %
85-1 ) Stack of five 8 x 8-inch Lo 7.6 36.2
85-2 ) dry lap sheets sealed in 20 k.0 23.9
85-3 ) polyethylene bag during 10 -- --
85-4 ) irradiation 5 - --
g5 ) ek of fhve Sibuin. @y 1w o
85-6 ) © ma. 40 7.3 37.1

envelope during irradiation
*Performed according to TAPPI Method 207 m-5h

Pberformed according to TAPPT Method 212 m-Sh
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These pulps were subjected to Jokro mill prerefining and used in
handsheet formation as previcusly described. Results are given in Table VIII.
TABLE VIII .-

RESULTS OF JOKRO MILL PREREFINING STUDY

Pretreatment
Puly sample 1 1l 1l 1
Irradiation dosage, megarads 0 ¢ 20 Lo
Sample weight (air-dried basis), g. 20 20 20 20
Refining time in Jokro mill, min. 10 10 10 10

Caustic solubilization and precipitation no yes yes yes

Handsheet test results

Basis wt.(25x40/500}, 1b. 45.9 48.1 46.6 47.8
Caliper, mils ' 4.5 4.8 4.3 4.8
Apparent density 10.2 10.0 10.8 10.0

Dry tensile strength, 1bv./in. "17.0716.8 9.0 6.3

Wet tensile strength (0.5 hr. soak),
1b./in. 0.68 0.65 0.38 0.28

Stretch . 2.5 2.4 0.6 0.4

Tensile energy absorption, in.-lbﬂsq.in.o.30 0.30 0.04 0.02
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The results secured in these experiments gave no indication
that a polymer of the irradiated glucose type was being formed. For this

to Van de Graaff irradiation at dosages obviously degrading the pulps to

the point of caramelization. Two lots of Weyerhaeuser bleached sulfite

pulp were prepared and sealed in polyethylene bags. One lot had no treat-
.ment; the second was impregnated in a 1% solution of acetic acid and dried
at 9OOC. before sealing in polyethylene. These were irradiated under the
Van de Graaff accelerator to the point of brown discoloration and loss of
fiber strength. (The total dcsage has not teen supplied to us, but is

estimated to possibly be as high as 100 megarads.)

The hot water and 1% caustic solubilities of these pulps are given

in Table IX.

TABLE IX

SOLUBILITIES OF VAN DE GRAAFF IRRADIATED PULFPS

Sample -  Hot Water ) © 1% Caustic
No. Solubility, % Solubility, %

Untreated Pulp

116-I 33.6 75.0
116-I1 : 33.0 75.0
116-11I 34.3 76.2
116-IV 31.8 .7
116-V 33.0 75.6
116-VI 31.7 75.0
116-VII 32.2 75.6
116-VIII 36.5 79.6
Pulps Treated With Acetic Acid
116-TX 30.8 7h .0
116-XI 32.5 7h b
116-XII 29.1 69 .6
116-XIII 33.0 Th .4
116-XIV 31.9 ™.9
116-XV 28.2 73.6
116-4VI 31.9 73.9
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The high solubility figures for the Van de Graaff irradiated
pulps given in Table IX confirm the heavy dosage given these materials, but

there is no significant-difference in solubility between the nonireated and

acid-treated pulps or among the samples.

To determine whether this heavily irradiated pulp had any of the
characteristics of the irradiated glucose polymer, an infrared absorption
spectrum was secured for Sample 116~I in KBr. The curve obtained was quite
similar to published infrared absorption spectra for cellulose IT [0'Connor,
Du Pré, and MeCall, Anal. Chdm. 29, 999(1957)], showing none of the strong
carbonyl band characteristic of Snell's irradiated glucose polymers. This
not only discounts the original hypothesis that such new type polymer might
be formed directly from cellulose, hut also indicates that dialdehyde
cellulose is not being formed in appré&eiable quantities. If such were found,

this material might have been worthy of evaluation.

i}

CONCLESIONS

The conclusion reached from these expériments 1s that further

evaluation of such irradiated materials as possible beater adhesives should

3

await additional fundamental studies of the reactizn mechanisms and products

formed.




