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SELECTIVE DELIGNIFICATICON OF WCOD AND OTHER FIEBROUS MATERIALS

STUDIES-ON-HARDWOGDS

SUMMARY

In a brief review of chlorine dioxide-alkali pulp properties described in
previous reports, attention is drawn to changes in pulp behavior on bleaching.
These changes include an increase in initial drainage resigtance, a more rapid
increase in drainage resistance on beating, and a marked tendency for handsheet

densities to be confined to a higher density range.

An increase in handsheet density also has been observed when bleaching
multistage chlorine dioxide-alkali pulps. In these pulps no adverse effect was
observed when the chlorine dioxide contained 15% chlorine in place of the chemical
equivalent amount of chlorine dioxide. The occurrence of small shives in screened
pulps and thelr effect on density is discussed as a characteristic of some pulps,
including those as described in earlier reports. Much greater changes in Canadian
freeness have been observed at different pH levels for chlorine dioxide-alkali pulps

than for a kraft pulp.

The mechanical, chemical, and physical aspects of chip fiberization are
discussed as well as the asgessment of fiberized chips for providing chlorine
dioxide-~alkali pulps.. Previously reported work has been extended to include
fiberization of aspen and red maple chips at different elevated pressures using an
Asplund machine. Microscopic examination of fiberized material provided evidence
that the degree of chip plasticization increased markedly when operating at a steam
pressure équivalent to 158°C. compared with 133°C. Red maple chips heated at the

higher temperature for five minutes vere fiberized with almost no change in fiber
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length distribution. Hot-water solubility and other data for aspen and red maple

indicajed some chemical changes but no very obvious amount of hydrolysis occurred

under the conditions of chip fiberization.

.’:.,

Eo

For sodium chlorite-alkali pulps, chip fiberization conditions can have a

R A

significant influence on Canadian freeness vs. handsheet dréinage time relationships.

i SR T AR

Other properties influenced include minimum handsheet aensity, handsheet density

T R T R

range, rate of increase in drainage time on beating, occurrence of small shives, and
specific scattering coefficient, especially in the case of red maple. Some
indication of degradation of strength properties was obtained when chips were heated

at 16500. for 3 minutes before fiberization.

Chlorine dioxide-alkali pulps have been prepared from chips fiberized
under various conditions. Unbleached red maple pulp yields were:68-72% with 0.8 to
: -

8.0% screen rejects, and bleached pulp yields were 64-67% with ovéf 80 TAPPI bright-

ness. The lignin modification reaction time varied appreclably with fiberization

o i

e e T

conditions. The properties of chlorine dioxide-alkali pulps from different

fiberized materials do not correlate with fhose of the corresponding chlorite-alkali
pulps.  Aspen and red maple chlorine dioxide-alkali pulp properties cover a consid-
erable range. This includes pulps that could be bleached with no dedfease in the
time taken to beat and without handsheet densities becoming confinea t; the higher
density ranges. Thus, it is demonstrated thaé lignin removal does not necessarily

]
lead to bleached fibers that behave like holocellulose fibers.

Process-derived differences relate@ to fiberization conditions,rrather
than species—dependept differences, are the source of the range of properties found
for aspen and red maple chlorine dioxide-alkali pulps. For handsheet drainage time,
breaking length, tensile energy absorption, burst factor, tear factor, and M.I.T.

fold, the range of properties observed in various aspen and red maple pulph reflects

.o
2




LNy T aNepe e L g swn’_.d m;-wvr s eoe!
O CPR LR

Sz, h ,.--,nﬁ‘ ¥ 4‘"-&‘-? bin
e T Sk oy

Project 2500 . ' Page 3
Report Twelve

.

the pattern of the relative positions of the beating time vs. handsheet densify

AL

curves._ Handsheet smoothness at equal handsheet dénsity was found to vary with ol

B

fiberization conditions which also influenced specific scattering coefficient,

whid, ag

especially in the case of red maple. For this, it is believed marked differences

s arghER

observed in light scattering relate in part to variation in the extent of separation
into individual fibers. Extreme differences in behavior of the red maple and aspen

pulps follow changes in fiberizstion. The use of different machines for preparing

materials does not appear to have introduced some mechanical factor responsible for "

differences in pulp behavior. Improved properties of red'maple and aspen chlorine - "

= o

dioxide-alkali pulps are temperature dependent and, at least in the case of red

4 .
i mm?ﬁi:ﬁ%w#twh LT N

I
4k

TR PN

tLhay

maple, time dependént with respect to the chip fiberization step. The explanation

for the observed improvements in pulp properties is thought to concern some physical

(Tohg
b QU
i e

factor possibly associated with chip»piasticization. It is suggested fibers could
have an inherently greater degree of internal strength when chip fiberization is

carried out under conditions leading to more desirable pulp properties.

The best aspen and red maple chlofine dioxide-alkali pulps, produced at
about 30% greater amount than the corresponding kraft pulps, have fewer screen
rejects, greater specifin scattering coefficients, longer beating times, and a
greater handsheet density range than achieved for aspen chlorine dioxide-alkali
pulps described in greviaus reports. Ixcept for tear factor, smoothness, and
specific scattering coefficient, the handsheet propertie; at a given sheet density
approximate those for the corresponding kraft pulps. The excepted properties are
at least comparable to ihose applicable ﬁo ancther commercial pulp. It appears
feasible to produce desirable papermaking chlorine dioxide-alkali pulps [rom

hardvcods.
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In reviewing previous progress reports atténtion may-be—focused._on_three

R A R S

aspects, namely:
1. The raw material,

2, 'The method or process of producing pulp, and

A S R R S R T T

3. The properties of pulps.

f—

§

i Limitations to the pesition reached with respect to any of these aspects bear on
1

? the successful outcome of this project.

i :

‘

% The raw material has been limited to the use of aspen in most of the
9

,g: investigations reported, although some initial studies on loblolly pine were

i - .

@1 described in Report Ten (1).

P

VIl

The method or process of producing pulp based on chip fiberization has

been limited to one set of conditions ix previous reports. These conditions were

N

adopted partly as an expedient taking into account equipment in hand. In addition,

TR

all chlorine dioxide-alkali pulps for which handsheet properties have been obtained

i o
LA Dy

e m e e s

were prepared using essentiully chlorine-free chlorine dioxide.

The properiies of pulps described in previocus reports point to there being
a marked shift in the behavior of bleached compared with unbleached pulps so that
q any fully bleached pulp could be of limited acceptability. This shift in behavior,

that is apparently associazted with degree of delignification, may be illustrated by

reference te two earlier obsevvations. These are that fully bleached pulps not

only beat several times as rapidly as corresponding unbleached pulps but alsoc

I e TS e

provide handsheets with densities‘tending to be confined to the higher density range.

[

To clarify thece points, comments on some previous results are included in the

T AT

¥

Lo

i following discussion.

]

o

0
A
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CHLORINE DIOXIDE-ALKALI PULPS. AND CHANGES WITH VARYING LIGNIN CONTENT
) .

R e

The chlorine dioxide-alkali Pulips A-D, prepéred“dSing-the—coﬁditions_shown__*ﬁ__%
bt :

in Table I, have been selected to provide a basis for initlial comment. A note on

SUPEA R R S

the codes used in this report is given in Appendix I.

r
s
it 4

G e 25

Unbleached Pulps A and B were prepared with the distinction éziusing

<

LA

significantly different alkali extraction times, and from the way Pulp‘d'was
prepared it may be regarded as a bleached form of Pulp B. Pulp D has a yield and

brightness similar tc Pulp C. These two comparablé bleached pulps werejmade

GE TR Ss s Ve

without and with alkéli conditioning, respectively.

Figures 1 and 2 show beating time versus Canadian freeness and handsheet
density, respectivelj, for Pulps A-D. F'rom these. .figures it is appa;ggj that
bleaching to 80 TAPPI brightness can cause a significant decrease in fﬁé time to
beat to either a low freeness or high handsheet density. Also, it wiL% be seen
that bleaching can cause handsheet densities to fe confined more to théi%igher
density range. In these respects, the bleached pulps tend to be liké.ﬁP}ocellulose

. BN
pulps and for comparison there are included curves for a pulp prepared by sodium

chlorite-alkall delignification of éspen pin chips, as described on page 3k4.

One question concerning the Cénadian freeness data for Pulps A-D in

Fig. 1 is whether the relationship of the curves to each cother is a reflection of
.drainage properties. On this point, reference can be made to Fig. 3 which is based
cn an earlier study (Report Eight) (g) of the relationship between Canadian freeness .
and average drainage resistance of Pulps D-G. This relationship was found to be
essentially similar for these pulps cver 550-200 C.F. Since Pulps A-D were prepared
from identically fiberized chips that were delignified by a similar process, it may
be assumed the Canadian freeness versus drainage resistance relationship is-essenti-

ally similar for Pulps A-D. Therefcre, the shift in the freeness curve that is
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Pulpa
Code

A-B
c.
D-G

TABLE 1

Project 2500

CONDITIONS USED TO FREPARE CHLORINE DIOXIDE-ALKALI RULPS—m——rou . . =

A-B
o

‘DG

Pulp-A
Pulp-]é
C N

D

Pulp-~C
Pulp-D
Pulp-E

Pulp-F

Klason + ,
Cl0p, NaOH, Avail., Time, flnal Yield, ReJects, Acid-sol. Brightness,
Clo, ¥ min. pH 4 c.d.p. Lignin, % TAFPI
Alkeli conditioning — consistency 6.0%; temp, 50°C.
- 3.0 - 60 10.5  95.5 - - -
- 3.0 - 60 10.5 4.6 - - -
—r11 1.
Lignin modification ~ conaistency 6.0%; temp. 25435°C.
9.0 3.5 - 270 3.0 90.7 - - -
9.0 3.5 - 270 3.0 89.2 - - -
9.0 3.5 - 205 2.6 9.9 . - .
Alkali extractlon — consistency 8.0%; temp. 60%C.
- 6.0 - 10® 1.8 T5.0 7.0 7.0 estd. -
- 6.0 - oo® 117 69.0 2.8 5.0 estd. -
- 6.0 - 120 11.h 67.6 - 3.7 -
- 9.0 - 120 1.7 67.7 - 5.5
- 9.0 - 10 11.9 T2.3 - 7.5
- 6.0 - 120 9.3 T7.1 - 10.2 -
- 6.0 - 10 10.9 B1.5 - 11.3 -
Hypochlorite reactlon — consistency 12%; temp. 40°C.
- 0.25 L,5 >270 7.9 63.1 0.3 1.4 78.0
- 0.25 h.5 235 7.9 66.2 La 3.0 T7.5
- 0.25 h.5 180 7.9 68.2 9.0 .5 4.0
- 0.25 4.5 170 8.2 7L.6 16.9 6.8 70.5
- 0.25 k.5 150 8.2 76.8 17.6 8.1 | 69.0

Pulp-G

% Pulps A,B = LL-10, LL-240, Rep. 6; Pulps C,D,E,F,G = PP-k, 00-4, 00-2, 00-3, 00-1, Rep. 8.
b
Reactlon temp. 50°C.
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0.800 O
o]
?; Holocellulose
~ Tvpe Pulp +
o + x”
>
[ 53
]
i
o 0.700
- -+ X
i PULPS
X
a X A
z UNBL.
;:1 + B}
0¢ }BL
oo
0.600
i A1 i 1.
' 0 10 20 30 40

BEATING TIME, min.

Figure 2. Aspen Chlorine Dioxide-Alkali Pulps wlth Beatlng Time
' vs. Handsheet Density
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Figure 3. Aspen Chlorine Dioxide-Alkali and Aspen Kraft Pulps with
Average Trainsge Resistance vs. Canadian Freeness
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o

found when beating a bleached instead of unbleached pulp is indicative of a greater

initial drainage resistance  and a more rapid increase in drainage resistance on

beating.

An important consideration is whether or not the two trends in Fig. 1 and

2 are an inherent part of the process being used to remove lignin.

Consider a situation where, for some reason, as bleaching of chlorine
dioxide-alkali pulps progresses the behavior of the pulp fibers slways changes and
closely appreoaches the corresponding holocellulose fibers.  Then, bleaching to
progressively higher b?ightnesses coula mean tﬂe pulps would have progressively less

versatility.

Altérnatively, it could be stated that if a series of pulps wgfe to be
produced similarly to Pulp D except that the lignin content and yieid were progres-
sively greater, then the pulps would have a slower increase in drainage resistance
on beating and handsheet densities would be extended to the lower density range.
Pulps D-G in Taqle I provide an example that fits this situatiop which is illustrated

more fully in Fig. % and 5.

The slower increase in drainage resistance on beating pulps with increasing
lignin content is paralleled by appreciably longer beating times being needed to

swell the pulps. 'This 1s shown in Table TI.
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TABLE II

INCREASED-PULP-LIGNIN_CONTENT _WITH INCREASED BEATING TIME
TO SWELL PULPS

WQEWﬁmEﬁ#mwﬁﬁﬁﬁmﬁﬂt

Lignin ° Beating Time, Spgcific Volume,

Pulp © Content, % min. <> ,'cc./g. @
3
! ¥
D _ 3.0 2 2.99 %
' g % .3l %
E k.5 10 3,12 i g

18 . 3.0 5

;

F 6.8 15 2.9k h‘é
28 3,22 @ g
B 7

% Data from Report Eight.

) If the ease with which a pulp éwells when beaten reflects the degree of
restraint to swelling that is exercised by the presence of cross-linked polymers,
then increasing polymer or lignin content might be expected to result in less
readily h&drated pulps as iilustrated in Table IT. in addition,.if increasing
-lignin content is analogous to greater cross-linking, the swelling capacity of the
unbeaten material might be expected to decrease as more lignin is left unremoved.
This has been found to apply to Sitka spruce holocellulose made from transverse
sections of wocd. Whnen more lignin was left with the holocellulose, the nonsolvent

water content for water-logged materisls (3) increased as in Table IIT.
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TABLE III

INCREASED NONSOLVERT WATER WITH INCREASED LIGNIN CONTENT

—— cee - - [ Fatan g I
e - IR TR s Lt A fRelyL

e

IV IR TN N AR ST

ey

CIRPRPh -y

Lignin content, % 1.1 3.3 5l3>" 10.7

Fiber saturation point, % 180 140 7 130 9is

% The fiber saturation point of most species is 30-40%,
because of the constant density of wood substance.

From the above; it appears for the process being used to prepare bleached
chlorine dioxide-alkali pulps there is a tendency for aspen pulp fibers to become
like those of hclocellulose. Obviously, it would be an advance to know how this
tendency can be prevented. Some evidencelhas already been deﬁcribed indicating

that the handsheet properties of unbeaten softwood holocelluloée fibers can be
&
influenced significantly by alkali (4) as, for example, in Figy 6. Aspen tear
p !
factor was not affected in this manner by alkaline pretreatments, possibly because

its major hemicellulose components differ from typical conifers.’

) However, &

rrevious comparison of data on chlorine dioxide-alkali pulps pr%pared with and
without alkali conditioning (g) indicated omission of alkali cohditioning was
associated with relatively lower handsheet densities and thus appears to have some

effect on pulp properties.
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Figure 6. The Helationzhip Between Sheet Density and Tear Factor for
Various Ulack Dpruce Chlorite Holocellulose Handsheets (b)
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MULTTSTAGE CHLORINE DIOXIDE-ALKALI PULPS WITH CHLORINE
IN CHLORINE DIOXIDE

CHLORINE IN CHLORINE DIOXIDE

Further confirmation of there being a tendency for handsheet densities to
be confined more to higher values when a chlorine dioxide-alkali pulp is bleached

may be seen in the handsheed density data in Table IV for the unbleached Pulps H or

J and bleached Pulps I or K.  When, for example, Pulp H was bleached to give Pulp I,

the density of handsheets from unbeaten pulp increased from 0.626 to 0.727 g./cc.

" Pulps H and J were obtained as descriﬁed in tne experimental part, using
i .
TN conditions associated with two chlorine dioxide reactions as in Table V and with no

alkaline conditioning step. The products were screened, then centricleaned before

beating the centricleaned accepts and preparing handsheets.

The high percentage of screen rejects recorded in TPable V is in accord

'-m.w.q ‘- —_

with the pulp yields being near or above the fiber liberation point. D;sintegration

(600 rev.) of the rejects obtained from Pulp J reduced the rejects from 18.4 to 8.0%

R TR R

.
-

after additional screeniﬁg. These rejecfs had Klason lignin 7.1% and acid-soluble
lignin 3.2% compared with 5.4 and 2.1, respectively, for the ériginal screen accepts.
These and other lignin analyses in Table.v réveal the process of delignification was
nonuniform in spite of there being two lignin modification and two alkali extrection
stages.  Such nonuniformity‘would be a factor in the occurrence of persistent

shives which are discussed further in the gsection entitled Shives.
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TABLE IV
_ ASPEN-—-HANDSHEET. DENSITY_DATA_FOR_CHLORINE DIOXIDE-,
. 'ALKALT PULPS H, I, J, AID K°
' ' T
Beat;ng Tlme,c Density,
Pulp min. or sec. g./cc.
H (unbleached) 0 0.626 H
1P 0.675
gP ©0.720
16° 0.765 -
T (bleached) 0 0.727
¢ 0.768
25° 0.802
: 50° 0.813 ~
?L. J {unbleached) 0 0.651 i
| 3P 0.688
8° 0.725 i
12° 0.752
= "?5
K (bleached) 5 0.705 i
[
15 0.755
25° 0.75k
U o
55 0.7%

?:ﬁ,- & Complete handsheet data are given in Appendix ITI.
b Minutes in Valley beater with 2.0-kg. bedplate load.

€ Seconds at 25% s.c. with 3.h—kg./cm. beating pressure,
PFI mill.
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g% TABLE V
3 CCDTTIONS USED TN~ PRODUCTNG-PULPS-H-AND_J"
: b Klason +
g {102 , NaCH, Clg, Temp., Time, Final Yield, Acid-Sol.c
= Pulp . % % % oc. min. pH % Lignin, %
g - '
;ﬁ Lignin modification — consistency 6.0%
7 , : .
% H 497 .- 0.88 2535 115 2.0 98.9  16.1 + 6.7
g 5.38 . - 2535 155 23 - B9 BT +T.0
4 '
2
i .
o Alkali extraction — consistency 10%
}% H- -- 6.0 -- 70 20 9.5 82.3 9.2 + 3.k
g -
- J - 6.0 -- 60 20 9.8 g2.2 9.4 + 3.6
:
;§: Lignin modification — consistency 10%
i - ' :
g H 2.53 -- 0.45 25-35 150 2.2 80.2 5.9 + 4.5
% .
7 J 2.72 .- -- 2535 170 . 2.9 80.5 6.5 + 4.6
: Alkali extraction — consistency 15%
H - 2.6  -- 70 o0 9.1 TL.5S 2.6 +2.2
J -- 2.6 - 60 20  10.1 72,95 3.4+ 2.1

Starting material: fiberized aspen (see experimental paft).

X b
. All percentages on an o.d. fiberized chip basis unless shown otherwise.

g Mean of two analyses in all cases.

i a

1 c.F. 380 at pH 7.0; screen rejects 8.h% o.d.p. (Klason lignin 4.4%; acid-
: sol. lignin 3.2%). Pulp H vas disintegrated (200 rev. counts in British
disintegrator) before screening.

A

T

0.F. 410 at pH T7.9; screen rejects 18.4% o.d.p. (Klason lignin 5.7%; acid-
i sol. lignin 2.8%). Pulp J was disintegrated (200 rev. counts) after

screening.

i

e
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Bleached Pulps I and K were obtained by reaction with hypochlorite under

the conditions given in Table—VTI- The-brightness_of Pulp I is significantly higher

than for previously evaluated bleached pulps such as Pulps € and D in Table I
prepared with a one-step lignin modification. For Pulp I, the brighthess approxi-
mates that reached using essentially comparable conditions in earlier small-scale

experiments (Report Nine, Table VI) (5) with a two-step lignin modification.

Pulp I wéé made from the flat-screened, centricleaned material as used to
prepare handsheets identified with Pulp H, and thus, Pulps H and I have identical
fiber populations which should be noted in regard to Table IV. On the other hand,
Pulp K was flat screened and centricleaned after bleaching, in the same way as

unbleached Pulp J so that Pulps J and K could have differing fiber populations.

While bearing in mind any possible differences in fiber populations, the
handsheet data in Appendix II reveal no evidence of degradafion associated with the
hypochlorite reactions detailed in Table VI. Alsﬁ, there is no indication of any
detrimental effect when the chlorine dioxide contains chlorine on an 85:15 (w/w)
basis and this_mixture is used Iinstead of the chemical equivalent amount of chlorine
dioxide. This is of consideréble importance because it is simpler and cheaper to

produce chlorine dioxide without having to reduce the chlorine content below 15%.

Tt is noted that the delignification procedure for Pulﬁs H and J (Table V)
had no alkali candit;oning and the extractions were for relatively short times
without much excess alkalil These conditions might be expected to lead to rela-
tively lower handsheet densitles in view of previous data related to the influence
of alkali conditioning referred to above. However, the results in Table IV for the
bleached pui@s {Pulps I and K) provide no support for this expectation in that

handsheet densities again tend to be high. Thus, the broader explanation of the
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TABLE VI

] HYPOCHLORLTE REACTION DATA FOR PULPS T AND K '
i S T
Pulp identification B K°
Hypochlorite, avail. Clp, % . 5 o O
Sodium hydroxide, % ‘ 0.8 0.
Temperature, °C. —} O
Consistercy, % . 20 18
Time, min. | T0 110
Final pH ' | 8.2 8.8
Yield, % o.d. input 95 3”
Klason lignin, % 0.75° 1.9
Acid-scluble lignin, % 6.25 1.7
- TAPPI brightness (water) 83 ©80°
1 TAPPI brightness (aged) - T7 17
:g TAPPI brightness (ethanol) 88.5 8u°
,ig TAPPI brightness (aged) 8l Y
j

Canadian freeness, ml. (pH) . - 290 aho (7.2)

® Tyecatment before hypochlorite reaction identical
i with that for Pulp H and included flat screening
followed by centricleaning.

giieN o Sty T S T I

b Hypochlorite reaction on 72.9%-yield product as
in Table ¥ with flat screening (7.2% screen

| rejects; Klason lignin 5.8%, acid-soluble lignin

% 2.8%) and centricleaning after reaction.

il f

i

e iy

%

© After flat screening and disintegration with acid
wash. .
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trends in Plg. 1 and 2 being related in some way to the process used to remove

lignin should be considered.

SHIVES

The occurrence of persistent small shives or small bundles of unseparated
fibers that pass through a flat screen can result in a rough sheet surface on the
blotter side. Such shives may interfere not only with the determination of hand-

sheet density but also with the sheet's performance properties.

If shives are present, the handsheet density values calculated using
apparent caliper measurements tend to be low. This means that much of the handsheet
has a higher density than recordea and in reality the sheet is bonded to_a greater
extent than it would have been at the recorded density. Since stréngth properties
are markedly influenced by sheet density, the presence of shives, therefore, can
lead to a situation where comparison of handsheet data for a chlorine dioxide-alkali

pulp containing shives with data for a kraft pulp ﬁithout shives may be misleading.

If handsheet densities Tor sheets from the different pulps are calculated
by using caliper measuremenﬁs and also by using mercury displacement measurements,
in principle it is possible tc demonstrate more positively whether a betweer-pulp
compariscn of handsheet dats at comparable caliper-based sheet density could bhe
migleading. Assuming there ig no interference from shives, the curve of caliper-
based density vs. mercury displacement density should be the same for both pulps.
If shives lead to ;n sppearently low caliper-based sheet density, then this curve

will be correspondingly displaced.

An indication of the possible extent of interference with handsheet density

determination is provided in Fig. 7 and Table VII.

.
i
o

-

-
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Figure 7. Aspen Chlorine Dioxide-Alkali Pulps and Aspen Kraft
Pulp Data for Mercury Sheet Density vs/ TAPPT Sheet Density
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TABLE VIIL

TAPPI HANDSHEET DENSITIES CF KRAFT AND C105-NaOH PULPS

R Byt syl
e ‘%ﬁé-“'ﬁf‘:«..@;}:

AT GIVEN MERCURY HANDSHEET DENSITIES

Mercury, TAPPT Handsheet Densities, g./cc. % Apparent Underestimate

g./cc. Kraft €105 -NaOH C10-NaOH, g./cc.
0.76 0.65 0.5% 2%

0.82 . 0.69 0.60 15

0.92 0.75 0.70 T

1.01 0.80 0.78 : 3

To provide some measure of surface roughness, the Bendtsen smoothness
values given in Table VIIT have been abtained on handsheets prepared after beating
Pulps H, J, and K in a Valley be;ter and Pulps J and K in a PFI mill. The higher.
the smoothness value, the rougher is a sheet. Hence, it can be seen that unbleached
rand bleached pulps had relatively rough blotter-side or back-side surfaces even

after appreciable beating in either a Valley beater or PFI mill.

The following hendsheet tabs (Fig. 8) illustrate the roughness of their
wire sides. A loss in opacity 1ls also discernible. This correspcnds to a sig-

nificant reduction in the scattering coefficient from 255 to 171 (see Appendix Ir).

Thus, for example, Pulp H, which had been screened and cgntricleaned
béfore beating, is charscterized by the occurrence of small shives. When the
pulp was beaten enough to reduce the shive content, there was a.significant loss in
sheet opacity. This phenomencn is not eliminated by réaction with hypochlorite and
is regarded as a potential snortcoming for good papermaking of the chlorine dicxide-

alkali pulps described so far in this and previous reports.

-gﬁmﬁaahéaﬁwﬁwMMﬁﬂ&;ﬁx:a“L,:w

bt

Deias 5
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TABLE VIII

RENDTSEN SMOOTHNESS DATA™FOR-HAND SHEETS-FROM-PULPS_H,. J, AND X

Lo S R St BT .

Valley Beater : PFI Mill
Stock consist., % 1.5T , — 25
Beating Bendtsen Beating - Bendtsen

Time, Smoothness, ml./min. Time, Smoothness, ml./min.

g ) min. Top Side  DBack Side sec. Top'Side Back Side
g , : |
jf Pulp H 0 187 . 1850 - - -
L 99 1140 - .- -
8 5 890 - - -
16 20 g0 - - i
22’ 18 950 . - - -
Pulp J° 0 - 230 2020 10 95 - 1930
3 137 1310° 30 59 1880
g8 - 52 990 60 by 1560
12 27 . 930 - - : -
Pulp X 0 254 1990 - 5 % 1680
3 195 1520 15 81 - 1680
N N 1050 25 49 1810

8 31 1050 - - -
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Valley Beater

4 min. 22 min.

Figure 8. Handsheet Tabs from Pulp H

CANADIAN FREENESS VERSUS pH AND PULP HISTORY

Scmewhat unexpectedly, the unbeaten Canadian freeness values for Pulps H

and J before screening were 380 and 410 compared with 560 and 515 for Pulps A and B

after screening.

Subgequently, centricleaner accepts from Pulp J were extracted with hot
alkali (final pH 11.1) and freeness of the distilled-water-washed pulp determined
at different pH values by appropriate addition of alkali or acid. Resulis were

obtained as illustrated in Fig. 9 and additional comment is made in Appendix IIT.

Because changes in pH can result in much greaiter freeness changes for the
case of chlorine dioxide-alkall pulps than for a kraft pulp, the observations
depicted in Fig. 9 are notevorthy from a practlical viewpoint. A similar phenomenon

has been referred to by others (6) in connection with delignified cold soda pulp.
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FIBERIZATION CONDITIONS, PRODUCT EXAMINATION AND OBSERVATICNS
ON CHLORITE-ALKALT PULPS |

To remove the limitations of previous investigations being bdsed on one

set of chip fiberization conditions and on one hardwood, namely.aspen,fgfnsiderétion

1

- ;';'l.'ﬁ
has been given to the effect of using alternative conditions to fiberizg aspen and

red maple. This has also served the purpose of providing information%ﬁ?eded in

oA

connection with a possible pilot operation.

CONSIDERATION OF FIBERIZATICN
, ' 1
The objective of chip fiberization in this work may he stated as being:
to separate wood into fiber bundles or undamaged fibers
through breaks in the region of the compound middle

lamella in the process of providing a desiréble, T

selectively delignified papermaking pulp.

t
]

iy
There is no expectation that the fiber bundles or undamaged fibers would

be suitable for papermaking without some further processing to provide bbndihg
. =
; - 5
properties. )

Obviously, other possible materials such as a mechanical pulp wgulé'be
expected to have too many broken fiberé and a Masonite-type pulp would be expected
to be excessiveLy degraded. Thus, in considering the use of alternative fiberizing
conditions, mechanical, chemical, and physical factors need to be taken into account

concerning how to fiberize in accord with the cbjective.

Machine design and operation are the two main mechanical aspects. The
design needed is one that gives a machine the capability of being fed with moist
chips somewhere above 100°C. so they will be in a plasticized state when ﬁiberized,

as discussed further below.
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Chemical aspects of chip fiberization relate mainly to changes of conse-

quence that may occur in either the carbohydrates or lignin. Obviously, by heating

e

RO b T U PO AU S [ .
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witﬂ steam under pressure for a long enough time, extensive hydrolysis of carbohy-
drates not only could lead to a degraded pulp but may produce water-soluble moieties
and loss of &ield. Likewise, it is conceivable that lignin could participate in
thermal condensation reactions, for instance. Because these.woqld involve the more
reactive sites, it is possible there could be noticeable associaped changes in the
response of fiberized chips to delignifiéation and/or bleaching. Just exactly what
changes would occur is soméwhat conjectural. However, siénificant chemical changes
in either the carbohydrates or the lignin should be discernible from a.study of
appropriate data. For example, the hot water solubility of fiberized chips should
provide some indication of the extent of carbohydrate degradation. Also, changes
in the ability to delignify and/or bleach should proviae'a guide to the ocecurrence

of significant lignin changes.

Phyéical'factors involved in chip'fiberization may be—considered in terms
of morphological changes, the physical state of the material, and the nature of.the
applied.forces. The gross morphological changes or mode of chip breakdown may be
represented as iﬁ Fig. 10. Physical state during chip breakdown and its general

relationship to other factors including temperature, molsture content, and morpho-

logical changes to fivers may be represented as in Fig. 1l.

There have been a number of studies relevant to refiner pulping that
include consideration of facters covered in Fig. 10 and 11. These have been re-

viewed recently (7) and a more extensive discussion may be found in that review.

In aiming for the objective of chip fiberization in this work, it is
advantageous to be able to assess the material produced so as to relate its

character to the factors involved in its production. This would facilitate an
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| CHIPS

| MATCHSTICKS

ALIGNED FIBER Smﬁf >E0
CYLINDERS  puNDLES TORSION
UNREFINED l
PULP

Figure 10. Representation of Progressive Chip Breakdown Occurring with
a Positive Alignment of Material Stressed in Torsion

PLASTICIZED STATE
(vnscomiAsnc)

HIGHER | TEMPERATURE
HIGHER MOISTURE CONTENT
MORE BETWEEN |FIBER BREAKS
FEWER ACROSS |FIBER BREAKS
VARIED WITHIN |FIBER CHANGES
LESS POWER

UNPLASTICIZED STATE

Flgure 11, Repx"ésentation of Changes in Named Factors with
Respect to Fhysical State During Chip Breakdown
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intelligent choice in making any changes to chip fiberization conditions where these

influence pulp qualtity . —

v Iﬁ assessing fiberized chips, the following may Be considered:
uniformity, ’ |
degree of chop (across-fiber breaks),
end tufting of fiber bundles or individual fibgrs, !
extent of fibrillation and vessel damage (between-fiber breaks); |
compression and unwinding of fibers (within—fiber change), ‘
fiber length distribution, and

pulp changes.

Uniformity is a desirable quality in fiberized chips to minimize chlorine
dioxide cbnsumption vwhile achieving uniform lignin medification and accéptable
screen rejects.  When these contain chips, as i}lustrated in Pig. 12, they may—
reflect inadeguate machine design in that the plates .may have been forced apart
during chip fiberization. This mechaniesl féctor is regafded as primarily respon-
sible for the presence of the'chips shown. To obtain some gquantitative guide on
uniformity, Bauer-McNett classifiéation data-as shown in Table IX may be determined.
Such data may be interpreted on the provisional basis that on-6-mesh material tends
to be coarse enough to contribute to pulping screen rejects, and through-65-mesh

material includes some broken fiber fragments.

TABLE IX

BAUER~-McNETT CLASSIFICATION OF FIEERIZED ASPEN CHIPS
AS USED TO PREPARE FULPS A AMD B

ik aravr

e

Screen On-6-Mesh On-12-Mesh On-35-Mesh On-65-Mesh Through 65 (by diff.)

PR R~ 5T S

% 11.8 .22 35.8 9.4 20.6

fa.
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Figure 12. Screen Rejects from Pulp J.  All Megnifications x 1. A: Most of
the Chips in the Total Screen Rejects (18.4% o.d.p.) from About 2.0 kg. o.d.
Fiberized Chips. B: Sample of Chip-Free Part of Total Rejects.
C: Sample of Rejects (8.0% o.d.p.)} After Disintegration
of Material as in B
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Mechanical factors like plate pattern and plate gap influence classifica-

tion data, as will the physical factors of temperature and moisture content.

i EhL AL f Bt o Skt L2
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The degree of chop provides a ready indicaticn of across-fiber breaks
which it is expected should be minimized.  Some appreciation of the occurrence of
chop can be gained by looking at the material on a blue glass or under a microscope.

Physical state is an important factor influencing across-fiber breaks (Fig. 11).

End-tufting of fiber bundles is also affected by physical state, and
brushed-out fibers at the end of a fiber bundle would tend to indicate an unplasti-
cized state durihg chip breakdown. As between-fiber breaks are facilitated by

plgsticizatioﬁ of the compound middle lamella, end-tufting diminishes.

The extent of fibrillation, as observed by microscopic egxamination of
fractions of delignified pulps is a more rigorous indicator of between-fiber

breaks. Apparently, a greater degree of fibrillation is accompanied'by more

Ehd '

damage to vessel elements when they are present.

Compression and, particularly, unwinding of fibers are two within-fiber
changes that may bhe observed during microscopic examinaticn. Such within-fiber
changes have been related to morphological factors and the influence of torsional
stress. However, as a general rule, a high proportion of unraveled fibers would
not be expected to occur in fiberized chips since the objective calls for a cholce

of operating conditicns that fall short of appreciable work being done on fibvers.

Fiber length distribution of chlorite-delignified, fiberized chips, as
discussed in Report Ten, is a precise way to determine the extent to which across-
Fiber breaks have cccurred. This provides quantitative evidence in contrast to any

guzlitative observetion on chop.
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Pulp changes of consequence that can be associated with chip fiberization

—might-be_important.__ Changes due to mechanical factors appear conceivable, For

instance, uniformity could affect screen rejects; excessive fines would probably
increase handsheet density and.cause some handsheet strength properties to decrease;
and a reduction in fiber length could cause a drop in tear factor. Changes due to

physical state also appear conceivable in terms of Fig. 11, but the effect of the

e e

5
e

time chips are heated at temperature and the temperature during chip fiberization

on other pulp properties is unclear at this point.
Machine Used

At this stage it appeared the best machine to use for chip fiberization

was a 20-in. Asplund Defibrator as illustrated in Fig. 13.

This machine is equipped wifh a steam preheating vessel that can be operated
at over 100 p.s.i. At'the bottom of the preheater there is a regular screw Teeder
tc transport heated chips under pressure to a single-disk refiner from which the
product is discharged to a cycleone. If, as an expedient, the ﬁreheater is operated
on a batch basis, when the zcrew feed to the refiner 1s started after the chips have
been heated for a particular time, those chips first through will hasve a shorter
retention time than the last chips through. While this method of operation is not
ideal, it permits the use of a wider range of conditions compared with simply

feeding at atmospheric pressure, as previously.

Size snd ready avallability of the machine were two further favorable
factors. In addition, 1t was Judged that purchase of such a machine was unjustified

at present as an alternative £o using a machine in Stockholm.
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-Figure 13. FEguipment Similar to that Used in Fiberization Studies, with
Illustration of Plate Pattern Shown Below. Actual Equipment
had no Screw Feeder to Preheater
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FIBERIZATION OF ASPEN AND RED MAPLE

Approach

The approach followed in fiberizing chips in the Asplund machine was that
of eqdeavoring as a first step to make a product like the fiberized aspen used
.before when producing the pulps referred to in Tables I ard V. Thus, water--

impregnated aspen chips were steamed under pressure in the preheater and the pressure
reduced before féeding the ¢hips to the refiner with.other conditions as for L, M,
and N in Table X. The product made using a disk gap of 0.016 in. was judged by
on-the-spot assessment of uniformity, chop, and end-tufting in fiber Bundles to be
about cgmpérable to that used previously. Products obtained with a 0.012 and 0.02L-
in., disk gap‘looked too fine and too coarse, respectively. Subsequent Bauer-McNett
classifications confirmed these assessments and demonstrated that M in Table X had a
classification similar to that in Table IX. It is noted the fiberized aspen as
classified in Table IX was produced with & disk gap of 0.02% in. on the I.P.C. Bauer
‘machine used at an earlier date. Obviously, a similar setting on the above Asplund

machine gives a material with a significantly different classification.

In the main, aspen and red maple chips were fiberized using a 0.016-in.
disk gap. However, the chips were now held at the preheating pressure while being
fed to the refiner instead of reducing the pressure as before. As the material from
a particular batch of chips was discharged to the atmosphére from the refiner via
the cyclone, it was collected for a half or one third of the near-6-min. feed period.
The steam pressures at wbich aspen and red maple chips were heated for different

times are included in Tables X and XI.
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TABLE X

ASPEN FLBERTZATION

Chip impregnation: Gteamed twice at 14 p.s.i. for 2 min., then cold-water impregnated 30 min. at 78-86 p.s.i.

—12

Irnitial m.c., % wet basis
Final m.c., P wet basis 67-69

+

Preheating and fiberization: Asplund OVP Defibrator (batch-fed preheater 'and screw-fed defibrator )

Preheating pressure, p.s.l.g. or {9C.) 71{158) 86(165)
Time to pressure, gec. Jy 5- 55

. Time at preheating pressure, min. 3 . O 1. G 0-

‘ Fiberizing pressure, p.s.i.g. or (°C.) 28(133) T1(158) 86(165)
Feed period, min. 0-3.0 3.0-6.0 0-1.5 2.8-k.1 0-1.5 2.8-%.1
Time at pressure, min. 85 ADOVE—r—— 1.5-3.0 L4.3-5.6 0-1.5 2.8-h.1

.Disk gap, 0.001 in. 12 16 2h 16—

Bauer-McNett classification, % o.d.f.c.®

On 6 mech 6 b 57 17 15 18 5

Op 12 mesh : 23 22 1B 2 21 20 19

On 35 mesh 3h 29 16 27 26 28 31

on 65 mesh 17 16 T 15 16 17 0%

through 65 mesh (by difference} 20 19 T 19 22 17 22
Hot-water solubility, %° - 2.9 3.1 3.3 3.9 —~- L.
Chlorite-alkall delir,nif‘icationc

d

Alkall conditioning . nil ————e—— 0% NaOH; 60 min. ab 50°C.

Chlerite oxidatlon il 1004 WaClOp; init. pH 4.b; 20 hr. (temp. 53°C. after b4 hr.)

Alkell extraction nil 5% NaOH; 60 min. at 259,

vield, % nil 61 60 59 61 59,59 61.61

TAPFT brightness (ethanol) nil n.d. ah 90  n.d. 84,90 89,88
Code L M N 0 P q R

2 water temperatures: 21-22°C.
b

whivizie L4

TAPPY Standard Method T 207 m-Sh.

=51

Hre R

“ Pia chips: yield 63%, TAPPI brightness (ethanol) 85.9; chlorite cxidation time 24 hr.

% ALl three steps at 8-10% consistency.

WSS, SIS

Al o
-

CESEE

EICLE
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- _'I!ABLE‘XI-

RED MAPLE FTBERIZATION AMD CHLORITE DELIGNIFICATION

Chip impregnation: Steamed twice &t ih p.s.l. for 2 min., then cold.water impregnated 30 min. at 7886 p.s.1.

Initial m.c., % wet basis . 30-3%
Finsl m.c., b wet basis - 53 ‘ —b0" b

Preheating and fiberization: Asplund type OVP Defibretor (batch-fed preheater and screw-fed defibrator)

Steam pressure, p.s.i. or °C. 2B or 13% 71 or 158 B Or 165
Time to pressure, 5ecC. L5 —hs ) et
Time at pressure, min. (i + 11) 1.5-3.0 L.3-5.6 1.5-3.0 #.3-5.6 0.0-1.5

{1) Time to feed, min. 1.5 k.3 1.5 h.3 0

(11) Feed time, min. ‘ 1.5 1.3 ' 1.5 1.3 1.5 1.3
Disk gap, 0.001 in. . 16— : -

Rauer -McNett classification, o.d.f.c.b

On & mesh 2], 21 9 B 8 5
On 12 mesh 23 23 - 18 18 .19 18
0On 3% mesh =) 22 . 25 2h 26 27
On 65 mesh 10 10 20 19 16" 18
Through 65 (by difference) 22 oh 28 31 3L 32
Hot-water solubllity, % o.d.f.c.® 2.8 2.6 3.1 3.0 3,00 2.9
R . Al
Chlorite delig:nificationd RO
Alkslt conditioning® : 10% NaOK; 60 min. at 500C.——i
Cnlorite oxidation 100% NaCl0n; initisl pH k.3; 8 hr. (temp. 38-14200:1’ ajf'ter i hr.)
Alkali extraction : 5% NacH; 60 min. at 25°C. ' !;
~ - .
Yieid, % 60 58 60 57, S7 60 - 55
TAPPT brigatness (ethanol) 8o 8y 80 88, 85 81 Loy
Code 8 T L) v w - -+ X

8 Some ehips had 2.5 hr. longer waler 1mpregnation.

P ater temperatures: 20.5 to 22°C.

C According to TAFFI T 207 m-5h.

d Pin chips: yield 65%: PAFPL brishiness {ethanol) 83.9. (hlorite oxidation time 24 hr.

© A11 three oteps at 8-1Uk consistency.
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Physical Factors and Visible Fiber Changes

————

When examining the classification in Table IX, the classifications for O-R

in Table X and those for S-X in Table XI, it can be seen that while no classification
iQ Tables ¥ and XI is actually identical with that in Table IX there is a general
similarity. At the same time, there is 2 to 20% more through-%5-mesh material in
the Asplund-fiberized chips. The larger amounts of this finer material tended to

be produced at the ﬁigher fiberization temperatures, especially for red maple. Here
there was a corresponding decrease in on-6-nesh matefial. The distinct change in
classification for material produced at 158 or 165°C. compared with the lower tem-
peratures of 133°C. (Table XI) would indicate plasticization occurs to a significant
extent between 13% and 158°C. for red maple., A similar phenomenon would be expected
in aspen, but the data in Table X do nct cover aspen preheating and fiberization at

133°C.

Microscopié examination of the on-~ and through-65-mesh Bauer-McNett
fractioqﬁ of 5-X in Téble XI for red maple revealed more fiber bundles and more
evident fibrillation in S and T)cémpared with U-X, as iilustrated in Fig. 1h4. In
this, one pair of photographs shows the lesser degree of separation into individual
fibers that occurred at 13% compared with 158°C., as, for instance, in tge on-65-mesh
fractions. The other pair of photographs demonstrates a higher degree of "fibrilla-
tion" in the individual fibers at 133 compared with 158°9C., as clearly seen in the
through-65-mesh fractions. These fractions also include vessel elements which were
noticeably more fractured at a fiberization temperature of 133 compared with 158°C.

The above observations are in keeping with the degree of plasticization having

increased markedly between 133 and 158°C.
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Figure 14. A and B are from the on-65-Mesh Bauer-McNett Fraction of Fiberized
Chips S and U, Respectively, While C and D are from the Through-65-Mesh
Fraction of Fiberized Chips T and V, Respectively. Dry Mount,
Unstained Samples; Magnification 35x
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Differences arising from there being a shorter period of preheating before

fiberization were not particularly apparent in red maple. Nevertheless, there was

some indication fewer vessels remained intact in U compared with V. In the aspen,
preheating less before fiberization revealed not only more fiber fibrillation but

fewer whole vessels. This influence of time is illustrated by Fig. 15.

The greater incidence of fiber bundles observed in Bauer-McNett fractions

of 8 and T compared with U-X would be indicative of more across-fiber breaks in the

former, which is an expected effect of temperature represented in Fig. 1l. In the
same comparison, more evident fibrillation is thought to reflect greater tearing of
fibrils during between-fiber breaks for a less plasticized state. The observation

of fewer whole vessels or greater within-vessel changes being associated with more

Tiber fibrillation in aspen after about 2 compared with 5 min. at 158°c. (Fig. 15)

is also regarded as reflecting a change in the degree of plasticization.

Although a similar 6bservation was not clearly discerned for red maple,
fiber length distribution data obtained on chlorite-alkali delignified pulps
(Table XI) support there being more across-Tiber breaks in U compared with V.  For
S, U, and V, the first had most across-fiber breaks as seen from Fig. 16. From
the. same figure it is conclu&eé also that, since V has verj‘nearly the same fiber
length distribution as fiber from pin chips, the amount of through-65-mesh fraction

in Table XI should not be interpreted as a measure of broken fiber content.
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wigure 15. A and B are from the on-65-Mesh Bauer-McNett Fraction of Fiberized
Chips 0 and P, Respectively. Dry Mount, Unstained Samples;
Magnification 35X
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DIFFERENCES OBSERVED IN CHLORITE-ALKALT PULPS

There is some eéidence from the hot-water solubility data in Table X that
aspen vas increasingly converted to h0t>water-§oluble componenté with increase in the
temperature used during fiberization; ’ No corresponding loss in yield was ohservable
after chlorite-alkali delignification. On the other hand, with red maple (Table XI)
there was no apparent corresponding increase in hot-water solubility with increase
in the' fiberization temperatﬁre. Also, the data reveal a relatively lower yield
after chlﬁrite-alkali delignification for longer times at the fiberization témpera—
ture, and there is an increase in the brightness of the chlorite-alkali delignified

. pulps corresponding to this relatively lower yield. A gimilar relationship is not .
discernible from the data available for aspen. These observations indicate that
under the conditions of chip fiberization there are occurring'some chemical changes

Sut no very obvious amount of hydrolysis. The exact nature of the chemicalﬂchangeé

has not been determined. Nevertheless, the changes associated with up to 8 point

differences in brightness, for examplé, could be significant.

The précedure used for chlorite-alkali delignification.was adopted from
the work of Thompson and Kaustinen (E). They used chlorite-alkali pulps from
conifers to reveal differences in haquheet properties related to various treatments
before delignification. In this work, most of the aspen and red maple chlorite
pulps in Tables X and XI, respectively, have been beaten in a Valley beater and
handsheet properties obtained as in Appendix IV. The data for aspen show a general
"similarity. After consideraticn of other results to be presented and discussed
below, it has been concluded that this information on aspen fails to reveal potential
differences related to chip fiberization conditions. It i1s believed tliat thiz may
ée assoclated In some way with species and/or duration of the reaction with sodium

chleorite as referred to again later on.
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For the case of red maple, the beater evaluation and handsheet properties

disclosed some critical differences. These are discussed further in the following

paragraphs.

Bearing in mind the possibility of Canadian freeness data for variocus
pulps being differently related to drainage properties, handsheet drainage times

were determined when evaluating the chlorite-alkali pulps. Figure 17 for the aspen

pulps provides some evidence of different relationships existing for Canadian free-

ness vs. handsheet drainage time. However, a congiderable amount of scatter in the

- LR RS SRCED: IR TR e ey S S e T

data for Pulp Rc weakens the evidence. For the red maple chlorife-alkali pulps,

SRy

=§| Fig. 17 convincingly reveals different relationships of freeness and drainage time.

TRt iy et

RS

r ' This observaﬁion may appear contradictory to the results as in Fig. 3.’

; The differences between the -two situations seem to lie in species characteristics
and/or fiberization conditions. .In the case of red maple, the curves for Pulps Sc,
Uc, and We are virtually coincident and the curves for Pulps Tc, Ve, and Xc are

closely grouped. The first group is differentiated by having a shorter heating

T R Pl e S hacss
e AR AT T e e Ve s A, b .
4 e e emamm e

time at 133, 158, and 165°C. Thus, chip fiberization conditions have a significant

influence on Canadian freeness vs. handsheet drainage time, at least for red maple.

There 1s no parallel between this case for red maple and that for aspen, as far as

chlorite-alkali pulps are concerned.

Obviously, unlike the case for chlorine dioxide-alkali pulps covered in
Fig. 3, Canadian freeness provides an unsuitable basis for comparing the aspen set
of handsheet properties as in Appendix IV. Therefore, no figure comparable to

Fig. 1 has been provided.

Ancther rossible basis for comparing handsheet properties is density.

For each of the chlorite-alkali pulps as in Appendix IV, handsheet density vs.
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beating time is shown in Fig. 18. It is clear from these curves that the results

for aspen and maple differ markedly. The former are grouped together,‘whereas

e

there is a considerable spread for red maple. Because fhe conditions for fiberizing

0, P, and Q (Table X) correspond with those for U, V, and W (Téijrie XI), the differ-

-

ences in Fig. 18 must be a reflection of species and/or somé Other factor, possibly

" the duration of the oxidation.

In view of the recognized uncertainty the occurfencé'g% small shives can
introduce to handsheet density data, interpretation of the differences in Fig. 18
needs caution. To facilitate interpretation, blotter-side smod%hnessés in Table
XIT may be taken into ﬁccount. From these values, where a ;arger number means a
rougher sheet, it will be apparent that data for Pulps Tc, Ve, and Xc¢ show handsheets
to be about eaqually smooth, with those for Pulp We a little rougher.' On the other

hand, Pulp Sc handsheets are by far the roughest with Pulp Uc né?t. Thus, Curves

s

in Fig. 18 for Pulps Tec, Ve, Xc, and probably We can be compafgé%without confusion

]

from persistent shives, whereag it is likely that this does notigppl& to curves for

=3

2ite

Pulps Sc and Uc, especially at lower densities.

A
LR

As noted in connection with Fig. 2 and 5, when bright, lowjlignin—content
chlorine dioxide-alkali pulps were prepared from aspen, handsheet deﬁsities tended
to be high aﬁa to increage relatively rapidly on beating. This stiil applies to
the case of aspen chliorite-alkali pglps, as illustrated in Fig. 18. Tor red maple
Pulps Tc, Ve, and Xc kthe chips for which were fiberized at 133, 158, and 165°¢.
after heating for about 5 min.) each has an increasingly lower minimum handsheet
density of about 0.7k, 0.69, and 0.68, respectively. For Pulp We, the chips for
which were fiberized at 165°C. after heating for about 0.75 min., the minimum hand-

sheet density was down to 0.65. If density ranges are considered for handsheet

drainage times of up to, say, 1k sec., fiberization after a longer time at temperature
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Figure 18. Aspen (Upper) and Red laple (Lower) Chlorite-Alkali Pulps.
Beating Time vs. Handsheet Density
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led to a narrower range as seen by comparing the curves for Pulps Te, Ve, and Xc¢
1 .

with-those for_Pulps_Se. Uc,_and_We... This_applies_even_if the range of ?andsheet

dénsities for Pulps Sc and Uc are assumed to be inflated by, say, 20% b??%he presence’

+

Skt

Al

by

of shives.’ . 17

b

Figure 19 shows that for red maple Pulps S¢-Te, Uc-Ve, and WQ}XC, in each

=20

=

pair a longer time at temperature alsc led to a more rapid increase in d?éinage time

on beating.

Therefore, at least for red maple chlorite-alkali pulps, fiberization
temperature and heating time at that temperature can significantly alter the minimum
handsheet density, the handsheet density range, and the rate of increase in drainage

time on béating.

The Bendtsen smoothness values of the blotter side of red mépl%éhandsheets
as recorded in Table XII have been referred to above in considering the }%lat?ﬁe
incidence of shives in chlorite-alﬁali pulps. Differences inferred by Smoothness
values are also visible to the naked eye. It is noted that the Bauer-Mpmett’
classification data (Table XI) and microscopic examination of fractions a;;discussed
in connection with Fig. 14 both indicated § and T were coarser than U—X‘whichz;ere
made at higher temperatures. The smoothness characteristics in Table XTI follow a
d¢ifferent pattern. In this case there is a significant reduction in the occurrence

of fiber bundles or small shives even at the lowest temperature, when heating time

was longer.

The handsheets for Pulp Sc illustrated the dilemma that has been posed by
previously described aspen chlorine dioxide-alkali pulps. There seems to be a
. tendency for sheets to have fiber bundles typical of an unbeaten pulp combined with

other fibers that typically give a low-opacity sheet. While further beating may
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tend to reduce the fiber bundle content, unseparated fiber burndles or bundle frag-

ments may persist even when a glassine type of sheet is produced. Recognition of

this kind of phencmencn being a problem has been noted by others in chlorine-alkaii’

and chlorine dioxide-alkali delignified cold soda pulps (6).

For the handsheets from aspen chlorite-alkali pulps, the blotter sides
were equally smcooth, as shown by the data in Appendix IV and the differences dis-
cussed below for red maple (Table XII) were not discernible. Since previous aspen
chlorine dioxide-alkali pulps are known to have persistent shives, it is thought |
that their absence in the chlorite-alkali pulps possibly relatés to the longer

pericd of oxidation as recorded in Table X compared with Table XI.

Because handsheet strength properties for aspen chlorite-alkali pulps are
for relatively high-density handsheets and because the variation in the replicated
data for Pulp Re is unexpectedly high (Appendix IV), between-pulp differences are of

questicnable significance and discussion is put aside.

On the other hand, for the handsheet strength properties of red maple
pulps there appear to be significant between-pulp differences. These may be

illustrated through the data as included in Table XII.

Handsheet drainage time, handsheet density, and blotter-side smoothness
are influenced by fiberization conditions as discussed already. Clearly, specific
§cattering coefficient and handsheet strength properties are also éffected when
éonsidered on the basis of equal beating time. For specific scattering coefficient
the extent of the effect is considerable. The highest scattering coefficient data
are for handsheets from pulps fiberized at higher temperature for longer times, but
in the case of Pulp Xc there is possibly some evidence of degradation. More par-

ticularly, zero-span breaking length, tear factor, and M.I.T. fold fail to reach the
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maximum level achieved by Pulp We, for example. Comparably low zero-span breaking

length and tear factor data for Pulps Sc and Xc are ascribed to Pulp Sc having been

f1berized without complete plasticization, as already discussed.

Tt 15 concluded that, at least for red maple, chip fiberization conditions

are capable of very significantly 1influencing the properties of the pulps produced

by delignification with chlorite-alkal:. Corresponding effects were not observed

for aspen.
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SIGNIFICANCE OF FIBERIZATION CONDITIONS IN CHLORINE DIOXIDE-ALKALL
: PULPING OF HARDWOODS

Tn this part of the project two hardwoods, namely red maple and aspen,
have been considered using mainly the Tiberized materials discussed in the previous

part.

DELIGNIFICATION PROCEDURES

i
LA
5
T
%
i

For red maple, the delignification process first used has two lignin

modification steps, each of which has a subsequent alkali extraction step. This

approach has permitted the preparation of unbleached pulps that have been separately
bleached in one stage with hypochlorite. In this way it is possible to separate -

the influence of bleaching from other process steps.

Preliminary experimental data on chlorine dioxide-alkali'pulping of
fiberized red maple, as in Appendix V, led to the selectlon of conditions for the
preparation of unbleached and bleached pulps as in Table.XIII. The alkali con-
ditioning step was included because with it there was about half the amcount of

screen rejects’after PFI milling the pulp (see Appendix V).

. It is noted that for Table XIII unbleached pulp yields ﬁere 68—72% with
0.8-8.0% screen rejects and bleached pulp yields were 64-657% with over 80 TAPPL
brightness. Other points about these pulps will be covered as the discussion

proceeds.

To permit comparison of red maple with aspen pulps (to be discussed later)
on the basis that chips of both were fiberized in the same way as applicable to
aspen Pulp D (Table I) the material for Pulps Yu and Yb in Table XIII was prepared

as indicated in Table XIV using the 8185 Beuer machine in Appleton.
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TABLE XTTT

PREPARNTION OF RED MAPLE CHLORINE DIOXIDE-ALKALY PULPS
FROM FIBERTZED MATERIALS V, Y, U, 5, AID T

*

-~ dn

JOSO A ——
Bt A oI A s SO X

A M T R RN

B

% pilute acid sosk after alkell extraction, followed by 15 sec. at 25% o.d.p. consistency in
PFI mill with 3.h-kg. load before screening. Loss on screening for Yu, Yu, Uu, Su, and Tu
was 2.5, .3, k.8, 5.0, and ca. 3%, respectively.

o Data for screen rejects: 11.1, 10.k, 10.6, 11.6% and n.d. Klason + acld-gol. lignin,
respectively, for Vu, Yu, Uu, Su, and Tu.

® Screen aceepts were used.
d .

Step yields were: 9.6, 93.h, 93.8, 95.2, and 9t 4%, respectively.
e

Ethancl.

£ Water.

Klagon_+
10z, NaQH, Avall. Time, Final Yleld, Rejects, Acid-sol. Brightness.
Ref. % ] Cla, B . win. pH ] 4 o.d.p. Lignin, % TAPFI
Alkali conditioning - consistency 6.0%; temp. ";'OOC.
v - 1.0 - 10 9.6 8.8 - 27.1 -
Y - 1.0 - 10 9.3 98.1 - 26.5 -
1y - 1.0 - 10 9.k 95.h - - -
8 - 1.0 - 190 9.7 96.7 - - -
T - 1.0 - 10 9.5 97.5 - - -
Lignin modification — conaistency 6,0%; temp. 25-35°C.
\“ v b97 nil 0.88 65 2.1 9.3 - 24.6 -
; Y L,ay nil 0.88 671 - 95.2 - 23,5 -t
| U b9y nil .88 60 2.2 - - - -
o g L.97 nil 0.88 70 2.3 %1 - 23.2 -
m T  4.97 nil  0.88 55 2.2 975 - - -
: Alkall extraction — consictency 10%;. temp. T09C.
-l
: v - 5.5 - 20 9.6 81.8 - 15.6 -
Y - 5.5 - ' 20 9.8 82.5 - 15.2 -
U - 5.5 - 20 9.7 - - - -
5 - 5.5 - 20 9.7 81.2 - 4.5 -
T - 5.5 - 20 9.6 83.3 - - -
3 Lignin modification — consistency 10%; temp. 25-35°C.
. v 2.5% nil 0.45 8o 2.7 79.9 - 13.3 -
i Y 2.53 nil 0.5 85 2.8 - 803 - 11.3 -
U 2.53 nil 0.45 85 2.7 - - - -
s 2.53 nil 0.45 80 2.8 9.7 - 12.5 -
T 2.53 nil 0.45 95 2.6 80.6 - - -
Alkali extraction - conslstency 15%; temp. TO°C.
vu - 2.7 - 20 10 69.3 3.8% - 8.8° 5L,
Yu - 2.7 - 20 10.5 68.4 6.2 6.4 by
Uu - 2.7 - 20 10.1 69.3 0.8 5.9 -
3u - 2.7 - 20 10.3 68.h 3.6 6.1 59
Tu - 2.7 - 20 10.4 1.6 +8.0 6.8 5k
Hvpochlorite reaction® — consistency 15%; temp. hOSC.
Vb - 0.8 3.0 55 gL 65.70 - 2.9 8L (81)"
Yh - 0.8 3.0 120 8.9 63.9 - 3.5 B6 (80)
Ub - 0.8 3.0 70 8.u 65.0 - 3L 84 (81)
Sh - 0.8 3.0 70 8.9 65.7 - 3.1 87 (82)
Th - 0.8 5.0 70 9.1 67.0 - 3.5 85 {B0) '




hl

Ja—
- e T i ,F’....*‘x..' TN ST nﬁ"-;n e‘}(g,ﬂ*wtqﬂ
% v 4: ‘L,,' 5¢ - ‘-s"‘r;,._mmw’#. T W{'E =3 ,'. i d

Project 2500 ‘ . ‘Page 5%
' Report Twelve

TABLE XIV

S185 BAUER FIBERIZATION OF RED MAPLE"

Chip impregnation:  Steam 2 min. at 1% p.s.i. and repeat, then
cold-water soak 30 min. at 100 p.s.i.

Red Maple

Moisture (after impreg.), approx. % wet basis _ 60
Preheating conditions: '

Steam pressure, p.s.l. or ©C. 80 or 163

Time a% ﬁressure, mi?. p)
Fiberization,conditigns: .

Steam pressure, étm. - 1

Time to feed, min. : ca. 1-2

Feed time, min. . ca. k

Disk gap, 0.001 in. 25
Bauer-McNett classification:

On 6 mesh, % A 2l

On 12 mesh, % _ .20

On 35 mesh, % | ' 26

on 65 mesh, % 15

Through 65 mesh (by difference), % ' 17
Code | ' : v

% These conditions are essentially the same as those used to prepare
the material for aspen Pulp D.
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To consider the interrelationship of specles, process, and papermaking
properties, four aspen chlorine.dioxide-alkali pulps will be considered. The first

aspen pﬁlp chosen for consideration was Pulp D, prepared_from_material_fiberized

AT Feudlty 5 L A e e T S L

5%

P

Sk 5

ghaiy __3

similarly to.the red maple material Y. Aspen fiberized materials O and P ﬁere
selected because they were fiberized like red maple matérials U an§ V, respectively.
The selection of R will be discussed'later.' Each of these aspeniﬁaterials was
delignified using a three-step approach, namely lignin modification, alkali extrac-
tion, and hypochlorite reaction. This is the simplest chlorine dioxide-alkali
approach to producing a bleached pulp. Data on the preparation of Puips D, 0, P,

and R are given in Table XV.

"It should be noted in connection with this table that the lignin modifica-
tion time ranged from 180 to 295 minutes. This is believed to reflect a difference
in the degree of subdivision of the fiberized material. The Bauer-McNett classifi-

cation data in Tables IX and X do have differences that are compatible with this

belief, although it would be difficult to predict the observed changes in reaction

oK
time from these classification data. Other points about the results in Table XV

=,
B

will be covered as the discussion proceeds, 3

k]

El
i
f

CERTATN CBSERVATIONS ON CHLORINE DIOXIDE-ALXALI PULPS

Effect of Bleaching

" Pulps from V, Y, and U in Table XIIT were beaten in a Valley beater and

handsheet data obtained as in Appendix VI. A significant early observation

e e e —— e,

revealed that for Pulps Vu and Vb:

with bleaching there was no decrease in the time taken to beat and

W o P s e

handsheet densities were not significantly confined to the higher

an

density range, as illustrated by Fig. 20.
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PREPAFATION OF ASPEN CHLORINE PIOXIDE-ALKALL PULPS D, O, P, and § FROM FIBERIZED CHIPS

Klason + TAPPL
10, NACH,  Avall . Time, Final  Yield, ReJects, Acid -801, Brightness Sereening
Ref, % B Clsy & min. pH % % o.d.p.  Lignin, $ FEhanol Watew Loss, %
Limnin f—fﬂiif’icntlc‘na: Consistency ©.0%: temp. 253500,
n 9 5.5 - 295 2.0 us - - - -
b
n 9 3.5 - 220 2.8 D - - - -
P Y 3.5 - 210 2.7 nad. - - - -
R 9 3.5 - 180 2.5 n.d, - - - -
Alkall Extraction®: Consistency 8.0%; temp, 60°C.
D - 9.0 - 120 11.7 68 - 5.6 - -
0 - 9.0 - 120. 11.6 n.d. - n.d. - -
P - 9.0 - 120 11.5 n..d. ' - n.d. - -
R - 9.0 - 120 1L.6 n.d. - n.d. - -
Hyposhlorite Reuction: : Consistency 1&4; temp. hoCc,
Y - 0.25 I 235 7.9 66 b 3.0% nd. 77° n.d.
o - 0.2 L. 18¢ 8.3 66 0.3 2.2 8 7ot 148
p - 0.25 b5 10 8.0 67 0.2 5.7 81 76 0.9%
i - 025 by g0 8.2 &7 1.0 5.1 nd., 76 0.7%

Delonizen tap water used tarsughcut except where noted.

P n.d. = ot determined,

¢ product sosken in sulfurous acid (pH 3.5-4) For’ 30 min. at 25%,
d Date are Ior screen nccepts for all pulps.

€ Sereencd ur;l}lg tap water without recycllng water.

f

Sereensd using dist! tled vater without recyeling.

& Determined g degseribed in PXperimental part.

gy g
A
Pl
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Figure 20. Initial Observations: on Beating Time vs. Handsheet Density
for Red Maple Chlorine Dioxide-Alkali Pulps Vu and Vb
Compared with Aspen Pulp D

Furthermore, the lignin content and brightpess of Pulp Vb are comparable to those

oT aspen Pulp D, for example, and therefore it has now been demonstrated that:

lignin removal in chlorine dioxide-alkali pulps does not necessarily

lead to bleached fibers that behave like holocellulose fibers.

]

1nflusren ot Changing [Fiberization quipment

In considering whether the above statement is related to sﬁecigs and/or
process, Pulps Yu and Yb are of particular interest for two reasons. Firstly,
the red maple fiberized material Y was prepared using essentially the same
conditions as those used to fiberize aspen chips for the preparation of Pulp D.

Secendly, Pulps Yu and Yb were delignified similarly to Pulps Vu and Vb,
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The unbleached and bleached pulps from Y had heating time EE._handsheet

—znz1ty rélationships as in Fig. 21 which are almost coincident with those For

a

-z unbleached and bleached Pulps B and D, respectively, prepared from{fdentically

[

-

¢_nerized ~hips. Because of a similarity in trend, the difference< on the one

' -
hzr? betwesn Pulp D and Pulps Vu or Vb and on the other hand between. Pulp}Yb and

pips Vu or Vb, appear process dependent rather than specles dependent.‘

flj

©.800¢~

Y, g.fce.

DENSIT

' 0.700,

<

HANDSHEET

0.600

1
0 10 20 30 40
BEATING TiIME, min,

Flgure 21. Beating Time vs. Handsheet Density Curves Revealing Process-'

£ Dependent Differences in Aspen Pulps B and D Compared with
Bes Red Maple Pulps Yu, Yb, Vu, and Vb
T%lk

Since V and Y were delignified similarly, process-derived'differences

%.,
%%gf“fﬂn them should relate to fiberization. This i1nvolved both a change of °

f‘ Hent ang o
T

L..Qndltions for fiberizing aspen and red mgple 1n an OVP Asplund machine, aa ‘
‘ .

i1 J
: ln Tables ¥ and XI, do not include any careful simulation of the 5185

hange of cther fiberization conditions, including temperature.
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Bauer fiberization comditions.  Thus, 1t 1s not possible to isolate mechanical

'

factors or what 1s simply the effect of a change of equipment on the basis of

st e e e Dt i
e I

i

I I W o Pt s 0, 2, e b

Ay

s,

T N AT SR

TR e gRs A Vs o o

information in hand.

Divergence from Trends for Chlorite-Alkali Pulps

From the results given in Table XIT 1t is known 'that changes 1n fiberiza-

tion conditions when using the same equipment can result in signmifaicant differences
. .

1n delignified pulp properties. Furthermore, for chlorite-alkali Pulps Sc and Tc

+ .

and Uc and Ve, 1in each pair the pulp prepared from chips fiberized after a shorter
time at either 133 or 158°C. gave a lower inatial handsheet density and greater

density range for handsheet drainage times of up to, say, 14 sec. (Fig. 18). By

- analogy, 1t would be expected that evaluation of a chlorine dioxide-alkali pulp

from U would lead to curves falling outside the area bounded bj the y-axis and the
curve for Pulp Vb in Fig. 20, However, when U was chlorine dioxide-alkala delig-
n:fied and evaluated similarly to pulps from V and Y (Table XIIT and Appendix VI)

the curve for Pulp Ub as shown in Fig. 22 had a position different from that

expected.

M '
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Figure 22. Beating Time Vvs. Handsheet Density Curves Revealing Different Trends
1n Red Maple Chlorite-Alkali (Uc and Ve) vs. Chlorine Dioxide~Alkall
(Ub and Vb) Pulps '

In Table XVI, handsheet drainage times sare included with be;tlng time
and hardsheet density data for Pulps Uc, Ve, Ub, and Vb. These again 1llustrate
the difference 1n the trends for the chlorine-alkal: and chlorine dioxide-alkala
pulps. The table alsc includes data from the preparation and evaluation of
chlorine dioxide-alkali Pulps Su and Tu (Tebles XIII and Appendix VI).  These
likewise behave differently from the correspondlné chlorite-alkall pulps. Pulp
5S¢ beat more slowly than Pulp Tc, derived from chips fiberized at the’same

temperature but after heating for a longer time. For the chlorine diocxide-

alkal:s Pulps Su and Tu there [z no similar trend.




| : , e —

e M‘I*(' vy e 1 i) A":"’f“‘“’"’mﬁﬂ“f‘?“""&-! v‘ 43'.

ot BB T b kB i Bt e e e M Lt Rt o e 7ok A s i 3y S R ""1 AL 1,.5\& L—"«ﬁ&-’?ﬂ"‘f‘ 2o - i T “? 'm;r:‘mvs .::"t -E"
I

Page 60 ‘ S . “Project 2500
Report Twelve

TABLE XVI -

COMPARISOR_OF.CHL,ORITE-ALKALI AND CHLORINE DIOXIDE-ALKALI PULPS FROM RED MAPLE

Chlorite-Alkali Chlorine Dioxide-Alkali

Pulp code Ue > : Ub
il Beating time, min. 1 6 15 1 3 5
:%ﬁ Handsheet drainage time, sec. L.7 4.8 7.3 5.1 6.3 - 8.1
g Handsheet density, g./cc. 0.6k1 0.676 0.738 0.684 0.69% 0.710
i Pulp code Ve Vb
Beating time, min. . 1 6 11 1 6 22
Handsheet drainage time, sec. 5.% 74 146 b7 L.8  11.5
3; Hendsheet density, g./cc. 0.697 0.719 0.768 0.594 " 0.644 0.739
Pulp code . se Su
Reating time, min. 1 6 15 1 4 é
Handsheet drainage time, sec. 4.5 5.2 13.6 5.7 6.7 10.7
Handsheet density, g./cc. ‘ 0.614 ©.676 0.755 0.595 0.637 0.687
Pulp code - Te Tu
Beating time, min. 1 L 8 1 5 7
Handsheet drainage time, sec. 6.0 7.8 13.0 6.0 9.6 14.6
Handsheet density, g./cc. 0.74+2 0.755 0.788 0.599 ©.6k1 0.668
£
-
N
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It is concluded that at present it is unclear how the results for chlorite-

alkali pulps can be used on a broad basis to predict the papermaking properties of

chlorine dioxide-alkali pulps.

TREMDS FOR RED MAFLE AND ASPEN CHLORINE DIOXIDE-ATKALI PULPS

Selection of Pulps for Comparison

An outcome of the discussion above on Fig. 21 was that.the differences
illustrated for red maple and aspen pulps in Fig. 20 are process dependent rather .
than species dependent. More particularly, the process-derived differences are

related toc fiberization conditions.

‘This conclusion will now be examined more fully by broader consideration
of chlorine dioxide—alkali pulps from red maple and aspen. Pulps from the red
maple fiberized materials V, ¥, and U have been selected for comparison with pulps
from the aspen fiberized materials P, D, and 0. These six materials can be regarded
as three pairs, namely V and P, Y and D, plus U and O. The first and last pair
vere obtained using the OVP Asplund machine with the same conditions of fiberization
for each pair, but chips corresponding to the last pair were heated for a shorter

time. The other pair (Y and D) was obtained using the $185 Bauer machine with the

same conditions of fiberization for each member of the pair.

By this selection, the following position is reached. If, from changes
in the conditions of fiberization, when uéing only one machine, pulps are prepared
with a spread of properties similar to that obtained when using different machines,
this would provide evidence indicating mechanical factors such.as plate pattern or
the use of a singlg—disk V8. double—diskbmachine are not the basis of‘éhe observed

differences in pulp behavior.
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Comparison of Handsheet Data

To facilitate comparison—of the—handsheet-data—for-red-maple-and_aspen_in

Appendices VI apﬁ VII, pairs of graphs have been plotted as in the figures below:

Figure 23, Beating Time vs. Handsheet Drainage Time

' Figure 2k. Beating Time vs. Handsheet Density

Figure 25. Beating Time vs. Breaking Length

Figure 26. Beating Time vs. Tensile Energy Absorption
 Figure 27. Beating Time vs. Burét Factor

Figure 28. Beating Time vs. Tear Factor X xield/65

Figure 29. Beating Time vs. M.I.T. Fo}d

‘When Fig. 23-29 are considered as one group, a uniéue characteristic is
that, excepting Fig. 23 and 28 for the moment, the pattern of curves in each figure
is remarkably similar. The pattern seen reflects the relative positions of the
beatiﬁg time vs. handsheet density curves in Fig. 2k,

Although handsﬁeét drainage time data are not available for Pulp D, it is
known from Fig. 4 that its draingge resisﬁancé ihcreased‘relatively rapidly as
beating proceeded for 10 minutes. Thus, 1if handsheet drainage time data had been
obtained it seems likely the.curve would have an appreciably steeper slope than that
of either Pulp P or O in Fig. 23. This would mean the rela?ive positions of the

curves in Fig. 2% would be simllar tc those in Fig. 24.

Figure 28 seems different only in that tear factor decreases, as usual for
hardvocds, with beating time whereas other properties as in Fig. 23-27 increase.
When this is taken into account, the relative positions of the tear factor curves

correspond to those for handsheet density.
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Figure 26.

Red Maple (a) and Aspen (b) Chlorine Dioxide-Alkali Pulps Showing
Beating Time vs. Tensile Energy Absorption
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Fagure 29. Red Maple (a) and Aspen (b) Chlorine Dioxide-Alkali Pulps Showing
Beating Time vs. M.I.T. Fold
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Not all of the handsheet properties fitted into the above pattern, as can

-

e seen from the results presented in Fig. 50-33, -

- It appears that a lesser dependence on sheet density distinguishes the

roup of results for tensile stiffness, zero-span breaking length, smocthness, and
pecific scattéring coefficient, as in Fig. 30-33, respectively, from the group of

esults in Fig. 24-2G. On this basis, the group of results in Fig. 30-33 does notl

+ 0

ppear anomalous.

The results in Fig. 31 for zero-span breaking length proved to bewgurpris-
18 1h that aspen fiberized in the IPC 5185 Bauer, compared with the Asplund machine,

'd to a pulp with greater zero-span breaking length (Pulp D compared with Pulps O

d P), whereas red maple fiberized in the Bauer machine led to a pulﬁ with ‘relatively

wer zero-span breaking length before bleaching {Pulp Yu compared with that from U

, V). This dafference 1s apparently related to species. )

Smoothness results in Fig. 32 indicate that, at the same handsheef_Hen51ty,

o

Fter shive reduction or separation of fiber bundles resulted vhen flberlzat}on was

¥
Al

ried out under the:conditions used with the Asplund machine. i‘

There also appears to be a speciles-related difference in the results., - .
ai1ned for specific scabttering cosfficient data as 1llustrated in Fig. 33. The
ead 1n the data for red maple 1s particularly marked. Since 1t 15 generally
epted that light scattering 1s mainly dependent on the unbonded surface area of
ors, variation in specific scattering coefficient would be expected to reflect
tation 1in a bonding-dependent property like breaking length. As this 1nucreases
1 a specific pulp 1s besten, light scatteraing decreases. The breaking length

v 1n Fig. 25 are essentially in accord with the data in Fig. 33, These red

‘e pulps related to the curves with highest specific scattering coefficients
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Figure 30. Red Maple (a) and Aspen (b) Chlorine Dioxide-Alkall Pulps Showing
. Beating Time vs. Tensile Stiffness
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Handsheet Density vs. Smoothness
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correspcnd te those with lowest breaking length and vice versa. A similar trend

applig€s to aspeni—However ,—st-appears.from Fig. 33_that the red maple handsheets
as a group cover a greater range of unrbonded surface area than the aspen group.
Maximum unbonded surface arvea seems to be asscciated with the case where red maple
pulps were derived from chips faberized under conditions used with the Asplund
machane, i.e,, for pulps from U and V. The marke@ difference between the upper
and lower curves for red maple specific sca?terlng coefficient data in Fig. 33 1s
believed to relate in part to a difference in the extent of separation into individ-
ual fibers. This 1s supported by the observaglon that at equal breaking length, or

at comparable bonding, light-scattering data éfe greater in relation to Pulp Vb

compared with Pulp Yb (Table X¥IV in Appendix VI).

"To consider what s the origin of {he pattern observed in Fig. 25-29, Fig.
2L may be regarded as representing the whole set. It will be seen that extrem§
differences 1in behavior of the varloué pﬁlps 1n this figure are associated with the
two pairs of fiberirzed materizals V and P plus Y and D, obtained using the OVP
Aspluhd and S185 Bauer machines, regpectively, with between-pair differences in
conditions of fiberization but the same W1th1n-p;1r differences. Because the
extreme differences in behavior of the red maple and aspen pulps follow-changes in

fiberization, this broadens the basis for concluding these differences are related

to fiberization conditions.

b

Fiberization as a Factor in Pulp Behavior

t

Since the results obtained for Pulps Yu and Yb are very similar to those
for Pulps Uu and Ub, the use of different machines for preparing the Correspondlﬁg
fiberized materials does not appear to have introduced some mechanical factor
responsible for the differences in behavior of pulps derived from V and P compared

with Y and D. If machine design, with matters such as plate pattern and dick
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mechanics 1n mind, 1s not an aspect of fiberization responsible for the extreme

differences between the red maple and aspen pulps, then some other aspects of

fiberization must be 1nvolved. These will be considered first by looking at the

‘

case of red maple.

At this point, the differences in behavior of the red maple pulps derived
from U and V might Logléaily be explained as follows' Because the only difference
in the preparation of pulps from U gnd V 1s a longer t}me at temperature for V
before fiberization, 1t might be concluded there was insufficient time 1n the case
of U for the chips to become heated to temperature, While this 1s.conceivable,

other data do not clearly support this thought.

For example, the analogy between fiberizaticn conditions and relative
position of the curves based on handsheet data for red maple 1s not completely
paralleled by aspen (Flé. 2%3-29). In the case of pulps derived from the pair of
1dentically fiberized materials U and O, pulps from O have curves positioned near
those associated with P, whereas pulps from U have curves positioned nearer to those
assoc1éted with ¥ instead of V. In other vords, although the extreme differences
in behavior of the red maple and aspen pulps 1n Fig. 23-29 are associated with the
twe pairs of fiberized materials V and P plus Y and D, the results for the other
matched pair of fiberized-materials lie closest to those gssociaoted with P and Y,

respectively, instead of either V and F or ¥ and D.

A gecond example 1ndlcatl§e of the fact that the differences obgerved in
the red maple pulps from U and V are not a simple matter of time at temperature 1s
Tourd an the results obtained for the red maple pulps from § and T. Thisz pair of
fiberized materials differed from the other pair (Ulénd V) only 1n regard to
fiberization temperature. For 5 and T the temperatﬁre wos 13%9C. compared with

158°C. for U and V {Table XI). On this basis, 1t might be expected that evaluation
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of chlorine dioxade-alkali Pulps Su and Tu (Table XTII) would reveal significant

differences—as-had-been-found_for. Pulps_Uu_and Vu. This was not found to bhe the

case. Evaluation gave handsheet data showing no marked differences between Pulps Su

and Tu (Appendix VI).

In addition to Pulp Su being similar to Pulp Tu, 1t was found that Pulps
Tu and Tb behaved more like pulps from Y or U than from V, although a similarity
between pulps from T and V might be expected 1f equal time at temperature had been

critical during fiberization.

The dissimilarity of handsheet data for Pulps Tu and Tb compared with
Pulps Vu and Vb is 1llustrated in Fig. 34 and 35. As for the case of Fig. 23-29
discussed above, breaking length and tear factor data reflect the relative positions

of the beating time vs. handsheet density curves.

It 1s interesting to note that zero-span breaking length data in Fig. 36 (a)
reveal no obvious differences in fiber strength of pulps from T compared with V.
However, the existence of a significant difference 1n the nature of pulps from T and
V 1s confirmed by the very marked differences in specific scattering coefficient data

shown 1n Fig. 36 (b) and Appendix VI.

There 18 ne indication given by the Bauer-McNett classificatien data in
Table XI that the higher sheet density, higher breaking length, and lower specific
scattering coefficient data for Pulps Tu and Tb compared with Pulps Vu and Vb are
related, for example, to finer material being produced during chip fiberaization.
Nevertheless, in viev of the more desirable papermaking properties that characterize
Pulps Vu and Vb, 1% would be of considerable interest to understand why the particu-

lar conditions used in chip fiberization to prepare V have given improved properties.

N N
L A e AT A
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IMPROVED CHLORINE DIOXIDE-ALKATLI PULP PROPERTIES '

General-Consideration '

On the basis of the 1nvest1gét10ns digcussed above 1t has been concluded
that the improved properties of the red maple and aspen chlorine dioxide-alkala
pulps from the similarly fiberized materials V and P are temperature dependent and,

at least 1n the case of red maple, time dependent with respect to the chip fiberiza-

tion step,

Since elevated pressures are needed to achieve the témperature applicable
to the preparation of V and P, this must be taken into account in machine design,
but apart from this no evidence has been obtained that other mechanical factors,
such as plate pattern and so on, are cr}tlcal.l Therefore, the explaration fof the
observed improvements in the chlorine dicxide-alkali pulps must rest 1n some aspect
of the. physical and/or chemical changes that could occur during the fiberization
pProcess. Conceivably, there could be factors of relevance that are common to hard-

woods 1n general, and other factors more related to species.

A common phenomencn that covld possibly distinguish chlorine dioxade-
alkall pulps based cn V end P from those based on S, T, U, ¥, and D is chip plasti-
cization. This suggestion 1s compatible with the observations made on the fiberizad

materzsls as discussed 1n connection with Fig. 14-16 and Tables X~-XT.

Originally, thoughts asgsociated with degree of plasticization being
important to puip properties vere focused on fectors such as fiber damage, a3

reflected by across-fiber breasks and a reduction in zero-span breaking length.

[

Iber length distributicn dsta, as in Fig. 16, and zero-span breaking length curves,

as 1n Fig. 31 and 56(a), provide no clear indication of significant changes related

to the paltern of curves in Faig. 23-29, for cxample.
i
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The general questlbn of what specific changes have caused the chlorine

. dioxide pulps based on V and P to have more desirable papermaking properties seems

—_—

to resolve itself into alternative questions. These are concerﬁéd With either an
Y

explanation for the differences in handsheet density shown in ﬁf@. 24 and/or an

explanation for the differences in handsheet drainage time éhogﬁfln Fig. 2% that is

some function of the tlme/temperature conditions applicable toJihe fiberization step.
Tl .

! LI Il -

: Qbservations on' Hydrodynamic Properties

To obtain data on the hydrodynamic properties of the pulps represented in

f

o |
| Fig. 24, for example, 1t would be necessary to repeat most of that work. However,
1

T

Mape

' i some i1nformation on hydrodynamic properties has been obtained for aspen Pulp R

(Teble XV), handsheet data on which are included 1n Appendix VIII.

i

Information 1s also available on the hydrodynamic properties of Pulp D.

Hence, these properties can be considered for two pulps prepared with a similar

z

delignification procedure (Table XV), but using different time and ﬂemperature

conditions 1n the fiberization step (Tables X and XIV). In addition, these pulps
had different beating characteristics in that Pulp R gave somewhat lower density

14
i

handsheets (Appendix VIII). -

kY

Hydrodynamic properties of Pulps D and R are included in Table XVIT.
It 15 recognized that this information i1s limited, but in view of 1ts potential
value 1n understanding the differences i1n papermaking properties that originate

in the fiberization step of the process, some discussion seems appropriate.
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TAELE XVII®

HYDRODYNAMIC PROPERTIES OF ASFEN PULPS D AND R

Pulp ' D. . R

Beating time, min. _ 2 g 9 18

Drainage resistance, R x 10 %cm./g.,

AP = 10 cm. Hz0 1.09  2.20 1.70 4.69
Specific surface, <8 > , em.2/g. 18,400 29,300 23,900 41,000
Specific volune, <¥> , cc./g. 2.99 3.3 349" 3.59
Compressibility, ¢ = ME@ |

N ' 0.392  0.435 - 0.h1h d.hlu

Mx 10% 0.156  0.091 0.119 0.122
Handsheet density, g./cc. 0.716 0.78& ‘ 0.717 0.801

Apparently, Pulp D differs from Pulp R in that the former has significantly
more specific surface without a significant difference in specific volume after
beating for 9 min. This results in Pulp D having a greater drainage resistance

than Pulp R after an equal amount of beating.

The compressibility data are also of particular interest. When the

compressibility ecuation is written in the form
log C = Nliog P + log M

changes in d(log E)/d(log P) are indicated by changes in N .  Normally when, for
example, a given kraft pulp is beaten, il remains constant. Pulp D is unusual in
that N has increased during the beating process, indicating a greater increase in
log C for a given increase in log P. On the other haﬁd, for Pulp R, N remained
constant, or as beating proceeded there was no change in d(log E)/d(log 2) , 4as

applies to a kraft pulp.

ot

R
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Suggested Basis for Observed Differences in Pulp Properties

The above tends to indicate Pulp D is being unusually changed by the
beating process and it appears there could be an internal weakening of the fiber
structure which is not paralleled in Pulp R. This change 1s consistent with the

greater specific surface found for Pulp D after beating for 9 min.

The differences observed for a fraction of red maple fiberized chips T and
V in Fig. 1k also indicate a greater degree of disruption of the individual fiber
structure had occurred in T which was fiberized at 133 compared with 158°C. for V,

after equal time at temperature.

Thus, it is suggested that aspen and red maple fibers could have an
inherently greater degree of internal streungth when chip fiberization 1s carried out
after heating for 4-6 min. at 158°C. and this leads to pulps with more desirable

papermaking properties.

It is conceivable that the span of optimum time and temperaturé for
heating chips before fiberization varies to some extent with species. This could
explain the incomplete parallel between fiberization conditions and relative pesition
of the curves based on handsheet data for red maple and aspen (Fig. 23-29) pointed
out earlier in this discussion. In fact, the direction of the cbserved differences
for aspen compared with red maple is in accord with the knowledge that increased
moisture content facilitates plasticization. Recause of aspen's lower density, the
chips had a moisture content of 67-69% when fiberized compared with 57-60% for red

maple chips (Tables X and XI).

If it is imagined that lignin removal causes a decrease in internal bonding
of fiverized chips and if fiberization is not all in the compound umiddle lamella,

formation of additional surface on beating would be facilitated by:



Project 2500 ‘ Page 79
: Report Twelve

(a) increased lignin removal, and

(b) fewer clean breaks in the compound middle lamella.
IMPLICATIONS OF CHIP FIBERIZATION STUDY

Comparison of Chlorine Dioxide-Alkali Pulp Properties

A comparative summary of the results obtained for chlorine dioxide-alkali
pulps from differently fiberized chips of aspen and red maple is given in Table
XVITT. More complete details are recorded in Tables X, XI, XIII, XIV, ¥V, and

Appendices VI and VII.

From this table it will be seen that each species of wood had been
fiberized using conditions differing with respect to machine and fiberization

temperature. For aspen these different materials were similarly delighified with

the inclusion of a one-stage chlorine dioxide reaction. The red maplegﬁaterials

also were similarly delignified but with the inclusion of a two-stage cb}orine

, -y
dioxide reaction and the chlorine dioxide contained a significant amountijof chlorine.

i
A reduction in screen rejects and an increase in specific scattering
coefficient is seen in the pulp data for both gpecies when fiberized at a higher
temperature. This. also led to longer beating times and a greater handsheet density

range.

Handsheets at 0.69 g./cc. were smoother and stiffer for both species when
fiberized at a higher temperature, and specific scattering coefficient was signifi-

cantly greater in the case of red maple.
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TABLE XVIIT

COMPARISON OF RESULTS FOR CHLORINE DIQXIDE-ALKALT PULPS FROM
DIFFERENTLY FIPERIZED CHIPS OF ASPEN AND RED MAPLE

Wood aspen red maple-——-
Fiberization
IPC ove IPC ovP
Machine Bauver Asplund Bauer Asplund
Fiberization temp., °C. 2100 158 a1 00 158
Pelignification
Alkali conditioning none none yes yes
Number of ag. Cl0p stages ahe cne tvo . two
Alkali extraction, ©C. 60 £0 70 70
Hypochlorite reaction - yes yes yes L
Chemical addition
thlorine dioxide (chlorine), % 9.0 9.0 7.5(1.3)  7-5(1.3)
sodium hydroxide, % 12.75 12.75 10 10
godium hypo., % avail. Clz b.5 4.5 - 3.0 3.0
Pulp data
Total yield, % . 66 67 6l 66
gereen rejects, I 0.2 6.2 3.8
Klason + scid-sol. lignin, % 3.0 3.7 3.3 2.9
TAPPI brightness (vater) 77 76 80 81
gpec. scattering coefficient 235 2h6 =210 ~R270
valley beater evaluation
Beating time, min. 9 2l 6 P2
Density range, g./cc. 0.69-0.78 0.61-0.76 0.68-0.75 0.59-0.Th
Handsheet properties at 0.69 g./cc.
Bendtsen smoothness, ml./min. 1700 800 11400 910
Spec. scattering coeff., 650 ma. 240 240 200 250
Breaking length, km. 8.7 8.2 8.1 7.9
Stretch, % 2.6 2.4 5.0 2.8
Tensile stiffness, Et, kg./cm. 530 560 %90 5%0
Burst factor kg L8 50 W5

Tear factor 57 58 58 61
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Significant Observations

In broadening the base of chip fiberization conditions studied, some
-significant cobservaticns can be made with respsct to the position reached previously.

These are:

(a) The fibrous raw material has been expanded to include red maple

with success.

(b) For both aspen and red maple a bleached chlorine dioxide-alkali
pulp has now been obtained that is capable of heing beaten without

handsheet drainage time increasing as rapidiy as before.

{e) For both species bleached pulp handsheets have been prepared with
a greater density range that includes appreciably lower densities

than obtained before from a comparably bright pulp.

(d) TFor both species and coinciding vith (b) and (c) the incidence of
persistent shives has been notizeably reduced at s particular

handsheet density as indicated % smoothnezs,

(e) Tor both species the relevant s=zam pressure and time of retention
at that pressure during chip fiberization‘influénce the papermaking
properties of pulps and csll for the use of 2 machine designed to
operate above atmospheric pressures to achieve the improved resulﬁs

as above.
ASSESSMENT OF HARDWOOD CHLORINE DIOXIDE-ALKALI ZJLPS

To gain some assessment of the potenztizsl usefulnezs of aspen and red maple

chlorine dioxide-alkali pulps, results obtaine. using chiﬁz fiberized at 158°¢C.
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(Table XVIII) are compared with evaluation data for other pulps in Table XIX.
Complete details on the aspen and red maple kraft reference pulps are given in

Appendix IX.

TABLE XIX

COMPARISON OF CHLORINE DIOXIDE-ALKALI PULPS WITH OTHERS

Source Aspen I Red Maple Bagassea
Process holo. kraft holo. kraft
Bleached or unbleached bl. unbl. bl. unbl., bl.
Total yield, % 67 50 66 52 n.a.
Beating time, min.b 2k | 2L 22 28 12
Sheet density range, P . ' :

g./cc. 0.61-0.76 0.59-0.80  0.59-0.74 0.61-0.82 0.65-0.76
Densify for handsheet

properties, g./cc. 0,69
Breaking length, km. 8.2 8.2 7.9 8.6 6.3
Stretch, % 2.1;’ 2.2 2.8 1.9 2.7
Tensile stiffness, Et, .

kg./em. - ‘f 560 560 530 610 435
Tear factor (Elmendorf) 58 79 61 73 56
Bendtsen smoothness,

ml. /min. 800 500 910 300 8150
Spec. scattering coeff. 2L0 300 250 350 260

: a Commercial bagasse pulp, evaluation data for which are given in Apperndix X.

b .
Bedplate weight = 2.2 and 5.5 kg. for holo. and other pulps, respectively.

It will be seen from Table XIX that the aspen and red maple chlorine

[T E i oy

dioxide-alkali pulps are produced in about 30% greater amount than the correspond-

ing kraft pulps. These holopulps are easier to beat than the kraft pulps, but

[ ——
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probably beat about like a bleached bagasse pulp. Except for tear factor, smooth-
ness, and specific scattering coefficient, the handsheet properties at 0.69 g./ce.
sheet density approximate those for the corresponding kraft pulps. Tear factor,
smoothness, and specific scattering coefficient data are more like those for a
commercial bleached bagasse pulp. However, handsheets for this had a lower breaking

length and lover tensile stiffness than the hardwood chlorine dioxide-alkali pulps.

The data in Table XITX indicate it 1s feasible to produce desirable paper-

making chlorine dioxide-alkali pulps from hardwoods.
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EXPERIMENTAL
RAW MATERIALS
Aspen

The chips were from four quaking aspen trees obtained from The Institute
of Paper Chemistry farm at Greenville, Wisconsin. Twenty-foot logs were cut from

each tree and the butt diameters ranged from 5 to & inches and top diameters from

- 2 10 3 inches. The logs, after being debarked, were chipped on a L-knife, %8-inch

dismeter Carthage chipper to give a nominal 5/8-inch chip. The chips were screened
on a large L-mesh screen with the through fraction being discarded and oversize

chips and knotty pileces being removed manually. The screened chips were sealed in
plastic barrel liners and stored at 40°F. fThey had a moisture content of 47% on a

wet basis.
Red Maple

Twelve logs of red maple, each 100 inches long with underbark diameters
ranging from 8 to 10 inches, were received from one of the sponsors during April,
1969. Debarking snd chipping were carried out as for the aspen logs and the chips
were screened through a 2b-inch Sweco Dynoscreen with the through-l-in.-and-on-4-
mesh fraction being retained. The screened chips were sealed in plastic barrel
liners and stored at LOPF. They had a moisture content of 35.2% on a wet basis

and e density of 31.5 1b. (0.d.)/cu. ft. (green).
Pin Chips

Aspen pin chips were made by hand guillotining the screened chips into
matchstick-size "pins” of approximately 3/32 in. X 3/32 in. x 5/8 in. Red maple

pin chips were made by guillctining 3/8~in. thick disks cut from the 12 logs into

SR TR

B &y
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approximately 3/32 in. 3/52 in. X 3/k-in. pin chips. Both lots of pin chips were

sealed in plastic bags and stored at 40OF,
FLBERIZING
3185 Basuer

Fiberized chips were prepared in the double-disk 8185 Bauer at the I.F.C.
according to. the procedure in Report Three, page 55, except that a more even feed

rate was used as referred to in Report Six, page 48.

QVP Asplund Defibrator

The equivaient to 100 1b. ovendry of both,aspen and red maple chips were
put intc plastic-lined 50-gal. fiber drums and dispatched by air freight to AB
Defibrator, Stockholm, during May, 1969. A small cloth bag contaiping thymol
crystals was placed in with each drum of chips. Fiberizing of the aspen andlred
maple chips was carried cut in early June, 1969, It was observed that the aspen
chips were noticeably stained and that the red maple chips were beginning to'show

surface gtaining in some parts of the bags.

A diagram of equipment similar to that used in this work, togethér with

an illustration of the 'plate pattern used, is shown in Fig. 13.

Impregnaticon of the chips with water was carried out batchwise with the
eguivalent of 5 kg. of moisture-free chips per batch. The impregnator consisted

of a gtainleus steel digester with a close-fitting basket to hold the chips.

The preheater, defibrator, and blow tank were operated as one unit. b
The preheater had a capacity of about 10 kg. dry weight of chips with a maximum

steaming pressure of 86 p.s.i. All of the water-impregnated chips of a hatch were . . s
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tipped into the preheater. After these chips were steamed under ? giv?n pressure
for a selected time, they were continucusly fed, without forming,gschip plug, by a
screen feed into the thfoat of a Type OVP Asplund defibrator at-éj%eed rate equiva-
lent to about 1 kg. moisture-free chips per minute. The defiBraé;r had 20-in.
diameter disks.fitted with no. 5821 pattern plates. A single disk driven by a
110-h.p. motor rotated gt 1500 r.p.m. éorresponding to a periphe;gl speed of 130 ft,
per second. ' The fibverized product was collected from the initi;i, middle, and
final thirds of the feeding period. Details of the conditions of fiberization are

given in Tables X and XI. -

e

SODIUM CHLORITE-ALKALI DELIGNIFICATION

This is essentially a three-stage procedure consistingﬂof an initial
alkali conditioning, an acidified sodium chlorite oxidation, fozgowed by an alkali
extraction. The treatment has become standardized with the onié variable being the
sodium chlorite reaction time, which is governed by chip size qﬁé spécies. Usually
the amount of fibrous starting material was equivalent to 800 g?%éve?dry. For the
fiberized chips, all the reactions vere carried out in plasticwbégs with dewatering
being effected by a laundry spin drier using & nylon bag to contéin ﬁhe reacted
products. For the pin chips, the reactions were carried out in a 10-liter glass
vessel with dewatering being effected by simply draining the ubturned vessel over
a 3-liter sintered-glaés filter funnel. Most of the pin chips would tend to

"hang up" inside the glass vessel during the latter operation. During each of the

reactions, the products were mixed or shaken at regular intervals.

Alkalj Conditioning

The fiberized chips and the pin chips were treated with 10% sodium

hydroxide, based on the ovendry fibrous material, at a pulp consistency.of 10%.
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The temperature was raised from ambient to 50°C. in 45 min. and held at 50°C. for
60 minutes. Before heating the pin chips, they were given a 15-minute vacuum
treatment. After the reaction time had been coﬁpleted, the product was washed
.‘thrée times with deidnized water, then scaked in an acetic acid solution (H.E%
acetic acid on the ovendry weight of original fibrous material) for 2 hours at room

temperature, then washed four times with deionized water.

Sodium Chlorite Oxidation

The alkali-conditioned product was treated with 100% sodium chlorite and
15% acetic acid at a 10% pulp censistency. Both chemical percentages arg based on
the original ovendry starting material. The reaction started out at room tempera-
ture, but the mixture self-heated up £o about 40CC. in four hours.  The actual
temperature rise and the reaction times a?e given in Tables X and XT. The products

were washed four times with deionized water,

Alkali Extraction

The chlorited product was extracted with 5% sodium hydroxide, based on the
original ovendfy mgterial, at a pulp consistency of 10% for 60 minutes af 2590,
The product was washed three times with deionized water, then soaked in dlilute
acetic acid solution (5% acetic acid ba;ed on the original ovendry material) for two

hours at room temperature, and then washed four times with deionized water.
CHLORINE DIOXIDE~ALKALT DELIGNIFICATION

All reactions were carried out in plastic bags with the products being
mixed at regular intervals, Pulp washings, when carried out, were done with

deilonized water except after the Tinal hypochlorite bleach stage where distilled
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water was used. Dewatering was effected by a leundry-type spin drier using a nylon

bag to contain the reacted products.

Alkali Conditioning

Where included, alkall conditioning was carried out under conditions

recorded in the tables. The collected products were washed four times with water.

First and Second Lignin Modifications

Lignin modifications were carried out using conditions as reccorded in the
tables. At the end of each reaction time, the fibrous product was collected and

dewvatered in a spin drier, and washing was restricted to using only the water re-

quired to transfer the product intc the nylon bag.

First and Second Alkali Extractions

Alkali extractions were carried out using conditions as recorded in the
tables. All extracted products were washed with water and those from the first
extraction were passed to the second lignin modification. Whether or not products
from the second alkali extraction were soaked in acid is noted elsevhere in this

report..

Hypochlorite Reaction

Reactions with buffered hypochlorite were carried out as noted in the
tables. The reacted products were washed with distilled water, sosked in dilute
hydrochloric acid at a pH of 4 for 30 minutes, and then washed again with distilled

water.
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Screening and Centricleaning

.-z
Screening was carried out in a pulsating flat-bed screen with 07006-in.
. ]

<@

slots. Distilled water was used with the accepts being collected on a ﬁﬂ%lin-

16! the screen.

o
A

covered washbox and the water draining from the box being recycled back

: e E
Centricleaning was carried out at 0.5% consistency in distilled%:ater,

using a Bauer centricleaner model no. 600N fitted with a 1/8-in. tip and with the

1

inlet pressure at 42 p.s.i.
PULP EVALUATION

Brightness handsheets. were made from the unbeaten pulps according to TAPPI
Standard T 218 0s-69 but with the handsheets being formed from both 95% ethyl alcchol

and distilled water.
5

The pulps were beaten in & 1-1/2 1b. Valley beater. TFull deta{is of the

Yy

" beating procedure, handsheet forming, and handsheét testing are given in Rébort

Light. The M.I.T. folding endurance values were corrected to a constant h%ndsheet
n::?}‘ '

basis weight of 60.0 g. (o,d.)/ﬁue byrsimple proportion. The Bendtsen smob@hness
testis were carried out on the rough side of the 1.0-g. ﬁandsheets, which had'beén ,
used for the zero-span tensile tests, essen%ially according to the Bendtsen ﬁandbook
for the Model VI Smoothness and Porosity Tester, issued by Andefson and Sorensen
(1964 ).  Specific scattering coefficients and specific absorption coefficients

(§: 9) were determined using a GE recording spectrophotometer, serial no. 716228,

at a wavelength of 650 mm. with the "matte" side of the handsheet sanple facing the
incident light beam. The two values measured were reflectance, R , and trans-
mitéénce, T . Conditioned basis weights (75°F. and 50% R.H.), determined on 7/8-in.
disks which were punched cut from the area which had received the incident beam, were

Il

used in the calculations.
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HYDRODYNAMIC EVALUATION

Drainage resistance and pulp compressibility were measured and the
specafic surface and specific volume data were calculated as descraibed in Report
Eight. However, for Pulp R, the drainage resistance was measured by é special

research-model constant-rate filtration apparatus (10).

ACKNOWLEDGMENTS

. The authors are grateful for the assigtance and encouragement provided
by other members of the Inst;tute, particularly B. D. Andrews, Mrs. E. A. Cary,

J. D. Hankey, J. R. Taggart, V. J. Van Drunen, R. P. Waitney, the Paper Evaluation
personnel, and the editorial staff. Special thanks are also due to the staff of

AB Defibrator, Stockholm, for their cooperaticn on fiberizing the wood samples.



Project 2500

. ) . gy e St At g e,
At Y el ey -

;J:J:'_,:g: 91.
Report, ualve

LITERATURE CITED
Jamieson, R. G., and Nicholls, G. A. TIPC Project 2500, Report Ten.
Appleton, Wisconsin, The Institute of Paper Chemistry, Dec., 1969.

Jamieson, R. G., and Nicholls, G. A. IPC Project 2500, Report Eizk:.
Appleton, Wisconsin, The Institute of Paper Chemistry, June, 1969.

Tarkow, H., and Feist, W. C., Tappi 51, no. 2:80(1968).
Thompson, N. S., and Kaustinen, 0. A., Tappi 53, no. 8:1502—6(Aug., ISYS

Nicholls, G. A., and Peterson, D. K. IPC Project 2500, Report Nine.
Appleton, Wisconsin, The Institute of Paper Chemistry, Oct., 196%.

Dean, J. C., Saul, C. M., and Turner, C. H., Appita 22, no. 1:30(1,%%).
Nicholls, G. A., Wood Sci. Technol. 4, no. 4:292(1970).

Kubelka, P. New contributions to the optics of intensely light zns--e.:
materials. J. Opt. Soc. Am. 38, no. 5:448-57(May, 1948).

Van den Akker, J. A., Tappi 32, no. 11:498-50L(Nov., 1949).

Ingmanson, W. L., and Andrews, B. D., Tappi 46, no. 3:150(1963).

THE INSTITUTE OF PAPER CHREMTCf

R. G. Jadiéson, Researcn Fel ..
Division of Materials Enginer:. -
and Processes

. - ":(jf
. AL n”/‘#‘__,{f\_/(,l-‘/.

G. ANNicholls
- Benior Research Associgic
Division of Materials Engire--_ - .
and Processes




..... o

gt TR e
) "‘,-.-'i-p,w

A s _,' . A R
ke LA R e P BT RSR
Page 92 Project 2500

Report Twelve

APPENDIX I

HNOTES ON CODES

In this report, alphabetic codes have been used to identify various

materials as summarized below.

A-G, H-J, and I-K with the prefix "Pulp" are for aspen chlorine dioxide-
alkali -pulps prepared as in Tables I; V, and VI, respectively, from S185 Bauer-

fiberized chips.

L-R and S-X are for aspen and red maple OVP Asplund-fiberized chips, these
materials being produced as in Tables X and XI, respectively. Y is for red maple

5185 Bauer-fiberized chips (see Table XIV).

i

Mc-Re and Sc-Xc with the prefix "Pulp" are for aspen and red maple

chlorite-alkali pulps, the complete evaluation data for which are in Appendix IV.

0, P, and R with the prefix "Pulp" are for chlorine dioxide-alkali pulps

prepared as in Table XV from the correspondingly coded fiberized chips.

Su-Vu, Sb-Vb, and Yu and Yb with the prefix "Pulp" are for red maple
chlorine dioxide-alkali pulps prepared as in Table XITI from the correspondingly

coded fiberized chips.

APC 2nd MPC are for chlorite-alkali pulps made from aspen and red maple

pin chips, respectively. (See Tables XXT and XXII in Appendix TV.)
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APPENDIX TIT

CANADIAN FREENESS VERSUS pH AND PULP HESTORY

When the acreen accepts from Iulp J were soasked in acid as was Pulp A and
freeness on the washed pulp determined at different pH values by appropriate addition
of alkali or acid, the data obtained may be represented by Curve I. in Fig. 37. When
the acid-sovaked screen accepts of Pulp J were extracted with hot alkali (final pH .
11.4) and fréeness on the washed pulp determined at different pH values, the data
obtained may be represented by Curve 1I in Fig. 37. Curve III was obtained
similarly to Curve IT except that centricleaner rejects from Pulp K were used.

Since it is known that freeness can be influenced by changes in pH, a laboratory-

prepared aspen unbleached kraft pulp was used to obtain the curves for a kraft pulp

in Fig. 37.
100
€30}
600
= ~1450
[
o 830p-
.
z 400
w
14
'S
500}
3
b ~1350
z -+
3 .L T2,
300
400} ’/
,AP Jas0
3so}- <+
KRAFT
' BEATEN
a7+ M TN N SN NN G NN SUUY NN SEN N |
12 10 ] 6 4 2 0
pH

Figure 37. Aspen Chlorine Dioxide-Alkali Pulps and an Aspen Kraft Pulp -~
Canadian Freeness vs. pH

ol
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Subsequently, centricleaner accepts from Pulp J were extracted with hot
alkali (final pH 11.1) and freeness of the distilled-water-washed pulp determined

at different pH values using the same approach as for Curves IT and IIT Results

were obtained as for Curve IV. In this instance, there appears to be a simpler

relationship of freeness vs. pH. This is believed to be associated with more
meticulous washing and/or more time being allowed for the suspended pulps to reach

equilibrium conditions and/or there being no péed to apply any corrections for

temperature differences.

Since the history of a pulp can influence freeness, the practice of
leaving pulps in dilute acid after alkali extraction has been continued for a time

to ensure a commcn basis of treatment for comparing handsheet properties.
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TAmE XTI .0
HAROSHFET DATA FOR RED MAPLR CHLORTTE-ALKALL AL FS
FuUlp Gt Pudp T Puip U Pulp ¥
feating time, min.” 1 5 s W 15 ! 2 b [ B 1 3 6 15 2 ¢ 3 [ g 3
£ansdiac frveneys, ml. w3 50¢ shD 365 26D s gy 1% tho 25 TS 535 Wi 350 200 218 180 s a5 "
HemAshes® dreirage time, sec. Ls b8 52 TS 136 s TB 78 05 1.0 Ly w6 uA T3 Lt 5. 60 T 1ac 16
Dunsity, g.fee. 261 0.651L C.6T O.TI5 O.THS a.72 0.7%7 0733 0.7T8y 0.78 0.1 0.65% 0,676 O.TH 080k 0.697 O.715 0 TI9 G0 . pd
Berdtsen daoctinesd, nl./min., bech gide 64D ZIA)  LTIC SO0 1320 526 S5t 529 5% 5T vee 10 g6 78y Bos LIT S T T .
Ap. acatterlnp coeff., 650 rm. 199 2@ 210 M (L5 8 28 28 218 207 247 251 &% 2w 150 bagd 20 259 33 "8
Drearing Lergrth, . 58 6.5 7.81 b 100 DX 721 36 9.6. 9.8 6,33 A58 7,51 w5y 104 d.or A2z BsE Buwi 93
Htretch, § Lty 2o 2% 2.8 2.4 &8 49 5 3G 30 20 2.0 2% 30 5a 25 2.0 29 2B a4
Teasils energy sbsarption, g cm /o~ 51 5LB B0 100 1N u2 Uy 1S 125 A §2.5 55.2 5.1 12 10 Bry 991 106 L1v 14
Terwlle atiffness, k,.fem. L83 s 533 367 sBe 565 368 §70 G 550 W86 koA 558 s6g 6My 6% Sud 55k 5A% y
Burat fsctor .00 3L BLT 53 L 5005 52.7 56,5 566 A0S El0 $3.2  36.0 L9 W@ &L B5.0 515 53.% 50 454
Tenr fnctor x ylerd/65 shd 57,0 554 3.8 56 61,7 58 86 567 550 &5 6L 636 626 Sk 632 BB 63T b0 S0
la-plane tear, 5. ot /cm- b6y Ly o52.1 0 53.00 5%.8 5Th 352 602 593 s38 0.8 WA 557 ST B2 2.0 55.9 S5B.5 S™6  EO.f
Ztro-opan b.l. a y1e19/65, Xm, 1.2 %8 15T Sk 17..! 175 6% 176 TS5 1T.h 158 158 168 177 1709 168 11.0 B2 155 164
N.T.T. fold 9 M 180 kB %1 T EY R E - 4 201 33 Lg 4 SCA 1450 kel 1w W7 226 AT
patp w Pulp ze mp mee” fulp v
Fenktlng gtrs, =iz, ) 3 & 1% 26 ¢ ? b [4 1) } 3 H [ 1 5 5 ] u
Crweian Creerses, ul. 520 %W 48y B5 1m 350 300 PR5 235 s &35 615 579 W60 20 P00 20 Is% 1%
Ewndrhert diolraz= ‘ine, cec LA g s By L2 L9 31 5% G B Ly W5 B8 115 55 %% A8 A~ Wr
Deaslty, g-feo- o658 QETI 0.656 D.73F 0813 02 AR 0.7 BTH oh 0 AL D.TOR NLTE 0,799 04 QT 025 0.0 GLTRE
Tepdtaen smoothness ol,frin., back aide a1y ol ksl 5k £8o W Lhb 51k L&y 501 512 533 616 T2 —_— e nat —_—
o BoRELering coelrizlent, 540 mn. o7 216 6 212 LA 295 By M6 @18 260 218 o651 B 220 267 256 28 0 P8
breaking lunath, ke. 6,80 r.21 tae aé2 0.7 7.2 TR T B2 ok 76 8.0 nan 90 4.0¢ 8.27 9.65 a7 1ty
Streteh, 2.2 2.1 2.6 3.2 53 2.h 2.4 2.5 2.8 2.9 Ry 14 1.6 1.6 2.A a7 ] 5.6 5.0
Tapalle energy Abrecption, £ 7. /en ¥ 1 .7 8BSy 15 15% TS0 T ALA ®mo 12 h3.7  45.4  SH.A 63 [N B B { T N
Teratle ntitfness, 3. fcm. W 510 521 ST ALY LB 516 2y 51T 55% s7 610 b2 Gu8 skl W8 sy sB2 54y
Burat 1actor 38.5 0.2 M6 11 0.k 39.6 bhp L6 ML 536 5.6 3195 L3y W7 W M9 ShE 574 635
Tewr facenr s ylelisf ALl T 595 S3 3 529 534 521 5,7 60,% sB.y 625 603 S8.6 63 b 65.6 61L&y B4A N2
Ta-plane ez, ¢ A5y %3 595 Aol bR 522 BOR SL2 SA6 b33 k59 b5 MG 560 7.8 SpT 6o g2.8
Zero-apan » 1.« ylelifag W8 162 17.6 T ATk 1501 15k 153 5.5 15 6 AE 255 P9 24 1.2 6.6 166 17.0 157
¥ 7. ol ¥ ny b B UC S [¥. ) his 3T I e 83 3% ] 56 a4 15 A1 K 1 axs

® ¥allew beatrr. 7 Sonk. teuplate Loat
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APPENDIX V

FRELTMINARY CHLORINE DIOXIDE~ALKALL DELIGNIFICATION OF RED MAPLE

For preliminary experiments on delignification of red maple, the V-coded
fiberized material (Table XI) was used. The initial conditions tried for deligni-
flcation were:

{a) similar to thoze for Pulp H (Table V), and

(b) similar to (a) but preceded by alkali conditioning as in Table XXTII.
Both pulps were relatively hard to separate into fibers, and after PFI milling, the
pulp prepared without alkali conditioning had 6.0% screen rejects, or twice the

i

amount with an alkali conditioning step.
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TABLE XXIYI -

.y

PRELTMINARY CHLORINE DIOXIDE-ALKALI PULPING OF FTEERIZED RED MAFLE (CODE Vv —:EQHLE XI)

. alps

Cl0», NaOH, ¢€l,, ‘Time, Final Yield, Rejects, iiigfgoi. C&nadiﬁn Brightness,
Run %8 % min. H % % o.d.p. Lignin, $ Freeness TAPPY
Alkali conditioning - consistency 6.0%; temp. 60°C, Tl
1 —i111. =
i1 - 1.0 - 10 9.5 - - -
Lignin modification — consistency 6.0%; temp. 29-359¢, ”.;3
i k.97 - 0.88 55 1.9 - - - ‘
it hgy - 0.P8 60 1.9 - - -
Alkali extractiun — c;nsistency 10%; temp. 70°¢.
i - 6.0 - 20 9.1 - - -
11 - 5.5 . a0 9.2 - - -
Lignin modification — consistency 10%; temp. 25-359¢.
1 2,55 . 0.ks 75 2.5 - - - "
il 2,53 .- G.hS 75 2.5 - - -
:
Alkall extraction - consistency 15%; temp. 700¢. - ?j '
1 - 26 - . 20 9.6 h 6.2°  B.143.7 70 E 3
i1 - 2.5 . 20 8.7 5 3.0 8.8 + 4.0 705°¢ Sh
Hypochlorite reactiond - consistency 20%; temp. QOOC.
i - 0.75 5.0 25 8.1 - - - 680° 76
i - 090 4us ) 8.3 - - - 665° 81
1i - 075 3.0 5 7.9 - - S 650° 78
it - -0.90 k.5 52 B.1 - - - 610° 81

% A percentages oh an .. fiberized chip basis. Flberized chip Klason lignin, 23.7%;
acid-soluble lignin, &.64.

» Dilute acid soak after alkali extraction, followed by 15 gec. at 25% o.d.p. consigtency in PFT mill
with 3.b-kg./om. load before screening. .

€ After 600 rev. counts In a Dritish disintegrator; pH a 6.

Screen eocepts used for reaction with hypochlorite.
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APPENDIX VI

TABLE XLV

HANDSREFT DATA FOR RFD MAFLE CHLORINF DIOXIDE-ALKALT FULP3 FREPARED AJ IR TARLE XITI

Project 2uCO

Pulp code N - Yu- . ;
Feating time, min.” 1 3 6 10 16 22 1 2 5 7 10 0 1 2 5 9
Cammdian freenesg, ml. s90 570 LB 300 225 135, 450 380 350 220 150 40 360 335 250 0
Hondoheet drainage, sec. LT 4.6 LB 5.0 6.0 12.0 5.1 5.6 5.8 8.9 158 58 ko s.2 6.2 1L.2
vensity, g.fcc. 0.566 0,579 0.602 0.622 0.665 ©.709 O0.627 0.63% 0.659 0.683 0.72%  ©.599 0.616 0.623 0.655 0.668
Beadtoen smoothness, ml./min.” 1880 .S 1260 n.d. 140 n.d. 1930 2090 1900 1600 1100 1770 n.d. 1610 nd. 110
Sp. scattering coeff., 650 mm. n.d. 267 n.4. 259 n.d. 209 223 223 223 207 178 255  n.d. 253 n.d. 210
Srenking length, k. L6 5.3 59 6.1 T.h B 65 68 7.0 8.2 8.9 62 6.7 68 7.5 8k
Streteh, f 1.6 17 1.9 2.0 2.3 2.6 2 25 2.5 2.8 2.9 2.0 23 23 2.5 2.6
T. E. A., §. ca.fen.® 31 38 L7 2 P 91 - ' 75 95 108 . 5t ‘oad. 69  n.d. 9%
Teneile stiffness, kg./om. 3B8 L1y WO BL2 L9 526 455 456 LYY 51T 551 LWE nd. W8 0. 540
Burst. factor 21 24 2B 32 L1 LT 15 57 39 L5 51 35  n.d. 39 nd. 5t
tear factor » yield/65 65 65 63 63 65 62 61 60 [+ 55 5% 8 65 & (3] 64
Ia-piane tear, g. cm./em. 18 La %1 uo u7 50 51 50 ho 50 5L n.d. k8 n.d, 47 n.d.
Zera-opan b.l. x ylel /65, k. .3 164 1635 171 174 18.0 12,5 12.7 13.9 1.6 bk 15.5 1#6.1 16.0 16.2 17.7
H.T.T. fold 10 17 21 34 7% 20 ® i1 89 =05 38 k9 78 0 =27 320
Pulp code LY, N T b

Peating time, min.*’ 1 3 6 10 15 22 o 1 2 i 6 0 1 2 3 5
Cenadian freeness, ml. 520 480 Lho 360 265 150 370 330 285 230 175 355 305 265 220 175
Hnndeheet drainage, sec. ) b7 4,9 4.8 5.3 6.5 11.5 5.5 6.0 6.6 8.2 121 5.0 5.1 8.0 6.5 8.1
Dematty, g.fce. 0.59% 0.6l 0.84% 0,656 0.690 0.739  0.675 0.685 0.715 0.73h 0.750  0.673 0.68% 0.681 0.696 0,710
Tondtsen sasothness, nl./atn.” 1650 1510 1080 900 %50 B8 W10 1310 176 1520 1320 1190 kg0 150 1290 838
5p. ecatterirg coeff., 650 ma, nd. 277 nd. 265 nd. 210 209 201 184 173173 228 .. 28 nd. 215
Preaking length, ka. 55 58 &6 7.1 B.0 5.0 76 B.o B85 9.1 9.3 7.6 80 &0 84 88
strrich, 1.9 20 24 26 28 2.9 2.9 3.0 3L 33 .2 246 29 27 29 2%
T.E. Ay g.oenfem® 46 50 69 80 1w 18 w1 w7 12y 123 89 n.d. 97 nad. 113
Tenslle stiffness, ig./cm. AN 456 485 495 529 ST0 379 381 399 Log L20 s0%  n.d, 550 n.d. 570
Purst factor 25 50 n 3B 45 55 W7 ug 53 58 60 b5  n.d. 50 n.d. 56
Tear focter ¢ yield/65 65 6L 6 & &5 60 & 57 55 53 53 & 62 62 oh 60
Tn-plane tear, g. :m./cm. Lo LG W7 50 52 55 ‘ 51 52 33 5h 50 n.d. 50  n.d. 50  n.d.
Z2ero-upan b.l. % yleld/55, k. 15.5 15.7 168 6.7 17.2  LlT.1 Wm0 15,4 16 166 6.8 15.6  16.2 164 6.5 17.7
H-[.7. told 15 19 30 39 111 289 %6 260 kb BOL 521 128 W1 1M 2 27T

" Valley beater with 2.0-kg, bedplate load,

® nek elde of henishees.

© ual, o 72t determined.
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APPENDIX VIII

EVALUATION OF FULF R.
HANDSHEET DATA

Of the materials available for evaluation after other studies, Pulp R was
distinguished by being derived from chips that had been fiberized above the point of
plasticization, as judged on the basis discussed in connection with Fig. 14-16 and

Tables X-XI. Handsheet data for Pulp R are given in Table XXVII.

TABLE XXVII

ASPEN — HANDSHEET DATA FOR CHLORINE DIOXIDE-ALKALI PULP R

Pulp code -—R

Beating time, min." 0 o 9 1 18
Canadian freeness, ml. 570 500 350 235 155
Handsheet drainage, sec. b7 5.8 6.0 10.6 22.8
Density, g./cc. 0.6z 0.669‘ 0.717 0.758 0.801
Bendtsen s;noothness, ml./min.b W50 1120 688 711 737
Specific scattering coefficient® 250 245 215 . 186 151
Breaking length, km. 7.15 7.93 9.5k 10.2 10.5
Stretch, % 2.0 2.3 2.6 2.6 2.5
Tear factor 60.7 59.9 56.% 52.8 h9.3
Tear factor X yield/65 63 62 58 55 . 51
7ero-span breaking length, km. 4.3 15.0 16.2 16.0 15.9
Zero-span b, 1. X yield/65 1.8 15.5 16.8 6.6  16.5
M.I.T. fold 65 79 318 778 1135
% yalley beater, 2.0-kg. weight. © 650 mm.

b Rough zide of handsheet.
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.This pulp beat more rapidly and gave higher density handsheets than
‘either of Pulps 0-or P, but it has significantly different properties from Pulp D.
For example, handsheet density was 0.717 g./cc. for Pulp R after 9 min. beating,

whereas that density was reached in only 2 min. for Pulp D.

When comparing Pulp R with Pulps O and P, it is desirable to note that the
time at fiberization temperature of the former was between that for Pulps O and P,

but the fiberization temperature was higher, namely 165 instead of 1589C. The

higher temperature could have resulted in more chemical changes during fiberization.

Er et

However, about the only positive indication of this is some loss in zero-span

-

breaking length.

HYDRODYNAMIC PROPERTIES' OF PULP R

S R r o T o= =

i

The hydrodynamic properties deterﬁined for Pulp R are given in Table XXVIIT.
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TABLE XXVIII

HYDRODYNAMIC PROPERTTES OF ASPEN CHLORINI DIOXIDE-ALKALI PULP R.

Beating time, min. g 18
Canadian freeness, ml. 350 155
AP, em. Ha0 ' Rx 10, cm./g.
10 1.70 4.69
20 2.5% 7.51
30 3.27 10.1
4o 3.96 12.6
50 h.62 15.0
60 5.26 27.3%
70 5.90 19.6
80 6.50 21.8
g0 7.11 24,0
My c.g.s. units 0.001185 0.00122
N 0,11k 0.14k
<8>, em.E/g. 3.49 3.59

—

L]
Ut
O

<X>, CC-/S- 3-h9
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APPENDIX IX
TABLE XXIX

PREPARATION OF ASPEN KRAFT PULP FOR REFERENCE

Liquor/wood .0 Max. temp., °C. - 174
Active alkali, % NaOH 19.4 Time to max. temp., min. 90
Sulfidity, % 30.0 Time at max. temp., min. 75
Unscreened yield, % 51.6 Blowdown to 80 p.s.i., min. 5
Rejects, % 0.5 Kappa number 12.2
HANDSHEET DATA (VALLEY BEATER)
Beating time, min.? | 0 12 .2k 28
Canadian freeness, ml. 610 L35 ‘280 190
Density, g./cc. 0.59% 0.711 0.773 0.797
Breaking length, km, 4.65 8.88 10.8 11.3
Stretch, % 1.h 2.h 2.7 2.8
Tensile energy sbsorp., g.cm./em.? 28.2 88.8 123 13k
‘Tensile stiffness, kg./cm. b5l 561 665 671
Burst factor : 20.9 Lg,2 63.1 65.1
Tear factor (Elmendorf) 69.5 78.8 69.6 647
Tear factor x yield/65 54 .6 62.0 5;.7 50.9
In-plane tear, g.cm./cm. 40.k 60.1 éE.O 61.8
Zero-span breaking length, km. . 17.7 20.5 éb.j 20.4
Zero-span breaking length X yield/65 13.9 16.1 "16.0  16.0
M.I.T. fold 7 135 882 1429
z-direction tensile, kg./cm.® 5.4 15.7 20.8%1 22.7
Spec. scattering coeff. (650 nm.) 382 287 229 - 219

b 588 L71 kg7 502

Bendtsen smoothness, ml./min,

a 5.5-kg. welght or end of bedplate lever.

o Rougn side of handsheet.
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TABLE XXX

PREPARATION OF MAPLE KRAFT PULP FOR REFERENCE

Liquor /wood .. koo Mex. temp., °C. 180
Active alkali, % Nas0 15 Time to max. temp., min. 90
Sulfidity, % ) 28 Time at max. temp., min. - -60
Unscreened yield, % 50.3 Blowdown to 80 p.s.i., min. 15

" Screen rejects, % 1.6 Kappa number - b

HANDSHEET DATA (VALLEY BFEATER)

Beating time, min.2 1 3 6 10 16 24
Canadian freeness, ml. 525 520 465 420 340 195
Handsheet drainage time, sec. 4.8 e 4.6 5.4 7.0 12,3
.Density, g./sec. , 0.608 0.645 0.667 0.70L 0.757 -0.819
Breaking length, km. 5.97 6.95 7.95. 8.9 10.k . 11.3
Stretch, % 1.1 1.3 1.6 2.0 2.5 2.9
Tensile energy absorp., g.cm./cm.? 25.8 36.1 52.5 ' T73.4 106 136
‘Tensile stiffness, kg./cm. 565 578 598 615 643 671
Burst factor 22.3 28.7 35.7 ‘khk.0 58.1  70.5
- Tear factor (Elmendorf) 50,6 58.7 69.9 73.9 T73.7 63.8
Tear factor x yield/65 37.9 44,0 524 55k 55,2 L47.8
In-plane tear, g.cm./cm. 25,1  39.2 k5.2 50.9 59.6 59.2
Zerc-span breaking length, k. ?3.8 25,5 22,5 22.4 21.9 21.6
Zero-span b. 1. X yield/65, Im. 17,8 17.6 16.9 16.8 16, 16.2
M.I.T..fold ' 7 13 30 8k 612 2250
Spec. scattering coeff. (650 mm.) b8 399 368 336 280 212

b

Bendtsen smoothness,.ml./min. 367 520 302 298 300 355

a Bedplate weight 5.9 kg.
v Rough side of handsheet.
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% i APPENDIX X

§ ti
:iji TABLE XXXI
iy BLEACHID BAGASSE HANDSHEET DATA
' f .

' Beating time, min. 0 3 5 7 9 12

Canadian freeness, ml. ' 490 410 365 300 235 150
Handsheet drainage time, sec. 5.5 6.0 6.8 | 8.k 10.8 19.5°
ﬁ?4, Handsheet density, g./cc. 0.651 0.689 0.696 0.722 0.729 0.758
i? ; Spec. scattering coeff., 650 nm. ' 273 257 2hg 232 226 196
’iia Spec. absorption coeff., 650 nm. L.oh o W37 3.97 W77 5.1) 6.13
; f% Breaking length, km. 5.4 6,27 6.55 7.06 T.20  T7.55
Stretch, % - ' 2.8 2.7 2.6 2.7 2.5 2.5
;"2 Tensile energy absorp., g.cm./em.® 8.8 75.2 76.6 B85.h 80.7 83.h
Tensile stiffness, kg./cm. 385 435 463 7> SOb 51k
3 i Burst factor 3.0 39.0  39.5 he.l k2.9 46.6
12} Tear factor 60.k 56.2 sh.5 51.9 k9.2 4B.9
,e.,g, Tn-plane tear, g.cm./cm. 514 6.6 B5.1  43.5 k2 W15
L I
18 f‘é 7Zero-span breaking length, km. 1.2 1.2 1k 12,1 121 1206
< 1
M.I.T. fold 39 71 109 165 250 352
'%f;ﬂ Rendtsen smoothness (back), ml./min. 851 851 824 828 868 ol
I?’h; TAPPT brightness (water), 8i.5.
TAPPT brightness (EtoH), % 85.5

2 valley beater with 5.5-kg. bedplate load.
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APPENDIX XI

ALKALINE t-BUTYL HYDROFEROXIDE (TBHP) AS A SELECTIVE DELIGNIFYING AGENT

Alkaline t-butyl hydroperoxide (TBHP) has been used gn an exploratory
4-stage (alkaline TEHP, NaOH extraction, alkaline TBHP, NaOH extraction) delignifi-
cation of a sample of red maple fiberized chips. In order to obtain a better idea
of the role of TBHP during delignification, a parallel delignification was carried

out with only the equivalent free NaOH present in the four stages.
A summary of the experimental data is given in Table XXXIT.

It can be seen that the final yield obtained when using a total of 10%

TBHP based on the original ovendry fiberized material was 82.5%. This is:iwell

~

above the yields obtained using similar percentages of chlorine dioxide. ’ﬁIn

particular, this alkaline-TBHP pulp should be compared with Pulps Vu and Vygprepared

from the same lot of fiberized red maple chips. A tabulated comparison igémade in

A

Table XXXIII. '

W e
PR T %

ar i
b

“\

The final yield obtained with the four stages of sodium hydroxide was

86.6% and, as expected, the brightness of this bleached pulp was rather low (38.5).

Since E—butyl hydroperoxide does not appear to be promising as a selective
delignifylng agent, further experiments do not appear justified as a part of this

project at present.

i
v
b
r
[
F-
i
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%%g TABLE XXXII
Ko
b DELIGNIFICATION OF FIBERIZFD RFD MAPLE CHIPS USING (1) ALKALINE t-BUTYL HYDROPEROXIDE
§%§ : AND (2) ALKALI ALONE -
% . :
i
e TBHP-NaOH  NaOH TBHP-NaOH NaOH
Starting material v v
Charge, as g. oven dry 20 50
;ﬂi Stage 1 b Stage & ,
S TBHP, % 5.0 - “NaOH, % 2.7 2.7
el NaOH, % 6.7 k.5 Consistency, % 10 10
i Consistency, % 20 - 20 Temp., °C. 70 TO
ﬁg; Temp., °C. 95 95 Time, min. ‘ 20 20
£ Time, min. 20 20 Final pH 12.5 12.3
4 Final pH 11.4 9.9 Wash yes yes
o Wash no no
RiEE Yield, % 82.5 86.6
Tt Stage 2 Klason lignin, % 15.9 18.8
At NaOH, % 2.7 2.7 Acid-sol. lig., 3.7 3.7
Consistency, % 10 10
! Temp., °C. 70 70 Stage 5
iR Time, min. 20 20 Hypo- as Cla, P 5.4 5.6
W Final pH 11.7 11.2 NaOH, % 0.2 0.2
i, Wash yes® yes Consistency, % 0 10
! Temp., ©C. Lo ¥y
wﬁ Stage 3 b Time to exhaust, min. 35 15
i TEAD, % 5.0 -- Final pH 8.6 8.9
§i5 NaOH, % 6.7 4.5 Wash ' yes yes
1T Consistency, % 20 i 20 )
2 Temp., °C. 95 95 Yield, % R2.5 86.6
fﬁ Time, min. 20 20 G.E. 55.2 8.5
jéf Final pH 12.2 11.8
?éﬁ Wash no . no
N Tiam
i
s
e
L E

a All percentages are on an o.d. fiberized chip basis.

TenLa ey, ~

Crione PRI o SR A R PO T

b Residual TBHP — nil.

¢ Yield at this point — 87.1%.

i,
Teim g Do O
T iy
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TABLE XXXITI

COMPARTSON OF ALKALINE TBHP AND CHLORINE‘DIOXIDE~ALKﬂLI PULPS

Pulp TBHP-NaoH

Total TBHP, % 10.0
Total €10., % --
Total Cl,, ¢ ‘ --
'Hypo- as Cls, % 5.4
Yield, ¢ B2.5
Kiason lignin, % 15.9%
Acld-soluble lignin,. % 3,72
G.E. brightness 55.2

a Data for unbleacheq pulp.

v

T.5

1.3

69.5
%.5
I,
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Te5
1.3
3.0
65.7
2.0
0.9
80.8 |




