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THE INSTITUTE OF PAPER CHEMISTRY
Appleton, Wisconsin

SELECTIVE DELIGNIFICATION OF WOOD AND OTHER FIBROUS MATERIALS

STUDIES-ON-HARDWOODS

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 resistance, 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 their 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 assessment 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 plasttcization increased markedly when operating at a steam

pressure equivalent to 1580C. compared with 1533C. Red maple chips heated at the

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

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

under the conditions of chip fiberization.

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

significant influence on Canadian freeness vs, handsheet drainage time relationships.

Other properties influenced include minimum handsheet density, handsheet density

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 165°C. 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 over 80 TAPPI bright-

ness. The lignin modification reaction time varied appreciably with fiberization

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

, fiberized materials do not correlate with those 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 decrease in the

time taken to beat and without handsheet densities becoming confined to the higher

density ranges. Thus, it is demonstrated that lignin removal does not necessarily

lead to bleached fibers that behave like holocellulose fibers.

Process-derived differences related to fiberization conditions, rather

than species-dependent differences, are the source of the range of properties found

l ,; 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 pulpit; reflects

* i '
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the pattern of the relative positions of the beating time vs. handsheet density

____ curves. Handsheet smoothness at equal handsheet density was found to vary with 

fiberization conditions which also influenced specific scattering coefficient,

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

observed in light scattering relate in part to variation in the extent of separation

^' i
into individual fibers. Extreme differences in behavior of the red maple and aspen 

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

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

differences in pulp behavior. Improved properties of red maple and aspen chlorine :

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

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

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

factor possibly associated with chip plasticization. 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 chlorine dioxide-alkali pulps, produced at 

about 30% greater amount than the corresponding kraft pulps, have fewer screen 

rejects, greater specific scattering coefficients, longer beating times, and a

greater handsheet density range than achieved for.aspen chlorine dioxide-alkali

pulps described in previous reports. Except for tear factor, smoothness, and 

specific scattering coefficient, the handsheet properties at a given sheet density

approximate those for the corresponding kraft pulps. The excepted properties are

at least comparable to those applicable to another commercial pulp. It appears 

feasible to produce desirable papermaking chlorine dioxide-alkali pulps from

hardwoods.

I
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.~~I |I~~~~ INTRODUCTION

In reviewing previous progress reports atthtion-may-be-focused_on_three

aspects, namely:

1. The raw material,

t~ilp ;~2. The method or process of producing pulp, and

3. The properties of pulps.

Limitations to the position reached with respect to any of these aspects bear on

the successful outcome of this project.

i',

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

investigations reported, although some initial studies on loblolly pine were

described in Report Ten (1).

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

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

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

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

were prepared using essentially chlorine-free chlorine dioxide.

The properties of pulps described in previous reports point to there being

a marked shift in the behavior of bleached compared with unbleached pulps so that

any fully bleached pulp could be of limited acceptability. This shift in behavior,

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

reference to two earlier observations. These are that fully bleached pulps not

only beat several times as rapidly'as corresponding unbleached pulps but also

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

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

following discussion.

. -: .'.. .%.-. .: . ·=',. . .

I

I

i

i

I a_
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CHLORINE DIOXIDE-ALKALI PULPS AND CHANGES WITH VARYING LIGNIN CONTENT
. _

The chlorine dioxide-alkali Pulps-A-D, prepared-using-the-coriditions-shown

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

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

- :. 1

Unbleached Pulps A and B were prepared with the distinction of using

significantly different alkali extraction times, and from the, way Pulp C was

prepared it may be regarded as a bleached form of Pulp B. Pulp D.has a yield and

brightness similar to Pulp C. These two comparable bleached pulps werelmade

without and with alkali conditioning, respectively.

Figures 1 and 2 show beating time versus Canadian freeness and handsheet

density, respectively, for Pulps A-D. From these figures it is apparent that

bleaching to 80 TAPPI brightness can cause a significant decrease in the time to

beat to either a low freeness or high handsheet density. Also, it will be seen

that bleaching can cause handsheet densities to be confined more to the.-higher
,-?

density range. In these respects, the bleached pulps tend to be like hblocellulose

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

chlorite-alkali delignification of aspen pin chips, as described on page 34.

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

Fig. 1 is whether the relationship of the curves to each other is a reflection of

drainage properties. On this point, reference can be made to Fig. 3 which is based

on an earlier study (Report Eight) (2) 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 over 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. Therefore, the shift in the freeness curve that is

91
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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 always changes and

closely approaches the corresponding holocellulose fibers. Then, bleaching to

progressively higher brightnesses could mean the pulps would have progressively less

versatility.

Alternatively, it could be stated that if a series of pulps were to be

produced similarly to Pulp D except that the lignin content and yield 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 Table I provide an example that fits this situation which is illustrated

more fully in Fig. 4 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 is shown in Table II.

1
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TABLE II !i

-INCREASED-PULP-LIGNIN-CONTENTWITH INCREASED BEATING TIME
TO SWELL PULPSa

Lignin
Pulp Content, %

D

E

F

3.0

Beating Time,
min.

2

9

10

6.8 15
28

Specific Volume,
<v> , cc./g.

2.99
3.34

3.12
3.40

2.94
3.22

a Data from Report Eight.

If the ease with which a pulp swells 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 hydrated pulps as illustrated in Table II. 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 wood. When more lignin was left with the holocellulose, the nonsolvent

water content for water-logged materials (3) increased as in Table III.

"I

i

i 1

l I
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I
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TABLE III

_INCREASED NONSOLVENT WATER WITH INCREASED LIGNIN CONTENT

Lignin content, % 1.1 3.3 5.3' 10-.7

Fiber saturation point, Ma 180 140 ' 30 94

a 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 holocellulose. Obviously, it would be an advance to know how this

tendency can be prevented. Some evidence has already been described indicating

that the handsheet properties of unbeaten softwood holocellulose fibers can be

influenced significantly by alkali (4) as, for example, in Fig.: 6. Aspen tear

factor was not affected in this manner by alkaline pretreatments, possibly because

its major hemicellulose components differ from typical conifers.' However, a

previous comparison of data on chlorine dioxide-alkali pulps prepared with and

without alkali conditioning (2) indicated omission of alkali conditioning was

associated with relatively lower handsheet densities and thus appears to have some

effect on pulp properties.

n i

.?~
?i
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MULTISTAGE 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 handsheet 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 described 
in the experimental part, using

|i 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 
Table V is in accord

with the pulp yields being near or above the fiber 
liberation point. Disintegration

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

after additional screening. These rejects had Klason lignin 7.1% and acid-soluble

lignin 3.2% compared with 3.4 and 2.1, respectively, for the original screen accepts.

These and other lignin analyses in Table V reveal 
the process of delignification was

nonuniform in spite of there being two lignin modification and two alkali extraction

|.; stages. Such nonuniformity would be a factor in 
the occurrence of persistent

shives which are discussed further in the 
section entitled Shives.

i:

:X,~~* * 
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TABLE IV

ASPEN---HANDSHEET-DENSITYDATAROR _CHLORINE DIOXIDE--,.

ALKALI PULPS H, I, J, AND KI .*
'' ~ ~~~ ~ ~~~~~~~~~~~~~~~~~~~~~~ ' * Z4*

Beating Time,
b

Pulp min., or sec.

H (unbleached) 0

4b

8b

16b

I (bleached) 0

5c5C

25C

50c

J (unbleached)

K (bleached)

0

5b

'5C

25C

35C

c Density,.
g./cc.

0.626

0.673

0.720

0.765

0.727

0.768

0.802

0.813

0.651

0.688

0.725

0.752

0.705

0.735

0.754

0.793

aComplete handsheet data are given in Appendix II.

bMinutes in Valley beater with 2.0-kg. bedplate load.

Seconds at 25% s.c. with 3.1-kg./cm. beating pressure,
PFI mill.

.1

12b

j'.i.-·-
,,Isi
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TABLE V

CONDITIONS USED-IN PRODUCI
-N G - PU L P S - H -A N D_J

I
Klason +

C102 , NaOH,
¢ %¢

C12,
10

Temp., Time, Final Yield, Acid-Sol.

OC. min. pH % Lignin, %C

Lignin modification - consistency 6.Oo

H 4.97

J 5.38

- 0.88 25-35 115

..-- _ 25-35 155

2.0

2.3

98.9 16.1 + 6.7

98.9 15.7 + 7.0

Alkali extraction - consistency 10

70- 6.0

- 6.0

20 9.5

60 20 9.8

Lignin modification - consistency 10%

H 2.53

J 2.72

0.45 25-35 150

..-- _ 25-35 170

2.2

2.9

Alkali extraction - consistency 15%

70- 2.6

-- 2.6

20 9.1

60 20 10.1

82.3

82.2

80.2

80.5

71.5 d

9.2 + 3.4

9.4 + 3.6

5.9 + 4.5

6.5 + 4.6

2.6 + 2.2

72.9 e 3.4 + 2.1

a Starting material: fiberized aspen (see experimental part).

bAll percentages on an o.d. fiberized chip basis unless shown
otherwise.

c Mean of two analyses in all cases.

d C.F. 380 at pH 7.0; screen rejects 8.4% o.d.p. (Klason lignin 4.4%;.acid-

sol. lignin 3.2%). Pulp H was disintegrated (200 rev. counts 
in British

disintegrator) before screening.

eC.F. 410 at pH 7.9; screen rejects 18.4o o.d.p. (Klason lignin 5.7%; acid-

sol. lignin 2.8%). Pulp J was disintegrated (200 rev. counts) after

screening.

Pulp

H 

J

. .

,'i

i Ii

* I

.t.[1

PI:!
I !"

H

J

I'!it

1i

i



Project 2500 Page 17
Report Twelve 

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

the conditions given in Table-V-I--The-brightnessof Pulp I is significantly higher

than for previously evaluated bleached pulps such as Pulps C and D in Table I

prepared with a one-step lignin modification. For Pulp I, the brightness 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 was 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 degradation associated with the

hypochlorite reactions detailed in Table VI. Also, 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 instead of the chemical equivalent amount of chlorine

dioxide. This is of considerable importance because it is simpler and cheaper to

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

It is noted that the delignification procedure for Pulps H and J (Table V)

had no alkali conditioning and the extractions were for relatively short times

without much excess alkali. These conditions might be expected to lead to rela-

tively lower handsheet densities in view of previous data related to the influence

of alkali conditioning referred to above. However, the results in Table IV for the

bleached pulps (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

Ji
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I;~~~~~~ ~~~TABLE VI

$it______ _ HYPOCHLORITE REACTION DATA FOR PULPS I AND K

l.~~~~~~~~~~~-------

Pulp identification Kb

Hypochlorite, avail. C12, *

Sodium hydroxide, %

Temperature, °C.

Consistency, %

Time, min.

Final pH

Yield, % o.d. input

Klason lignin, %

Acid-soluble lignin, %

TAPPI brightness (water)

TAPPI brightness (aged)

TAPPI brightness (ethanol)

TAPPI brightness (aged)

Canadian freeness, ml. (pH)

3--.0--

0.8 0.4

-406

20 18

70 110

8.2 8.8

95 94

0.75 1.9

0.25 1.7

83 80c

77 77

88.5 84C

84 81

290 240 (7.2)

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

Hypochlorite reaction on 72.9%-yield product as
in Table V with flat screening (7.2* screen
rejects; Klason lignin 5.8%, acid-soluble lignin
2.8%) and centricleaning after reaction.

After flat screening and disintegration with acid
wash.

I

,1
I i

I
j4

Xi

j
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trends in Fig. 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 recorded and in reality the sheet is bonded to a greater

extent than it would have been at the recorded density. Since strength 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 without shives may be misleading.

If handsheet densities for sheets from the different pulps are calculated

by using caliper measurements and also by using mercury displacement measurements,

in principle it is possible to demonstrate more positively whether a between-pulp

comparison of handsheet data at comparable caliper-based sheet density could be

misleading. Assuming there is 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 an apparently 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.
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TABLE VII

TAPPI HANDSHEET DENSITIES OF KRAFT AND C102-NaOH PULPS
AT GIVEN MERCURY-HANDSHEET-DENSITIES

Mercury, TAPPI Handsheet Densities, g./cc. % Apparent Underestimate
g./cc. Kraft C102 -NaOH C102 -NaOH, g./cc.

0.76 0.65 0.55 23

0.82 0.69 0.60 15

0.92 0.75 0.70 7

1.01 0.80 0.78 3

To provide some measure of surface roughness, the Bendtsen smoothness

values given in Table VIII have been obtained on handsheets prepared after beating

Pulps H, J, and K in a Valley beater 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

and 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 handsheet tabs (Fig. 8) illustrate the roughness of their

wire sides. A loss in opacity is also discernible. This corresponds to a sig-

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

Thus, for example. Palp H, which had been screened and centricleaned

before beating, is characterized 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 phenomenon is not eliminated by reaction with hypochlorite and

is regarded as a potential shortcoming for good papermaking of the chlorine dioxide-

alkali pulps described so far in this and previous reports.

-~~~~~~~~~Ur~~~~~~~~~i :;i~~~~~~~~~~~~~~~~:;;w.·i-~~~~~~~~~~~~~~~~~~~~~~~:?I~~~~~~~~~~~m~~~~~~z-J~~~~~~~14 -.
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Valley Beater PFI Mill

Stock consist., % 1.-5 7 5

Beating Bendtsen Beating Bendtsen

4 ~~~~~~~Time; Smoothness, ml./min. Time, Smoothness, ml./min. 

min. T-op Side -Back Side sec. Top" Side -Back- Sidce

Pulp H 0 187 .1850-

4 99 1140 o 

8 45 890-

16 ~ 20 810-

PulpJ 22 180 2::0 10 :95 1930

137 1310 3 918

8 ~52 990 6o 47 is6o

12 27 .930

Pulp K 0 254 1990 5 92 * 1680

5 195 1520 15 81 1680

4 44 1050 25 49 1810

8 31 1050-
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Valley Beater

4 min. 22 min. 

~i

Figure 8. Handsheet Tabs from Pulp H

CANADIAN FREENESS VERSUS pH AND PULP HISTORY

Somewhat 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.

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 by appropriate addition of alkali or acid. Results were

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

Because changes in pH can result in much greater freeness changes for the

case of chlorine dioxide-alkali pulps than for a kraft pulp, the observations

depicted in Fig. 9 are noteworthy from a practical viewpoint. A similar phenomenon

has been referred to by others (6) in connection with delignified cold soda pulp.

I-

4

;7

i
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I0 8 6 4 2 0

pH

Figure 9. Canadian Freeness vs. pH1 Relationship for Aspen

Chlorino, Dioxid-e-Alkali Pulp
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FIBERIZATION CONDITIONS, PRODUCT EXAMINATION AND OBSERVATIONS
ON CHLORITE-ALKALI PULPS

To remove the limitations of previous investigations being based on one 

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

has been given to the effect of using alternative conditions to fiberizj aspen and

red maple. This has also served the purpose of providing information needed in

connection with a possible pilot operation.

CONSIDERATION OF FIBERIZATION

The objective of chip fiberization in this work may be 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 desirable, 

selectively delignified papermaking pulp. 

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

be suitable for papermaking without some further processing to provide bonding

properties.

Obviously, other possible materials such as a mechanical pulp would be

expected to have too many broken fibers 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 objective.

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 fiberized,

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

with 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 yield. Likewise, it is conceivable that lignin could participate in

thermal condensation reactions, for instance. Because these .would involve the more

reactive sites, it is possible there could be noticeable associated changes in the

response of fiberized chips to delignification and/or bleaching. Just exactly what

changes would occur is somewhat conjectural. However, significant 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 provide a guide to the occurrence

of significant lignin changes.

Physical factors involved in chip fiberization may be considered in terms

of morphological changes, the physical state of the material, and the nature of the

appliedforces. The gross morphological changes or mode of chip breakdown may be

1j represented as in Fig. 10. Physical state during chip breakdown and its general

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

logical changes to fibers may be represented as in Fig. 11.

There have been a number of studies relevant to refiner pulping that

include consideration of factors 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

Ma 
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intelligent choice in making any changes to chip fiberization conditions where these

influence pulp quality. -

In assessing fiberized chips, the following may be considered:

uniformity,

degree of chop (across-fiber breaks),

end tufting of fiber bundles or individual fibers,

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 consumption while achieving uniform lignin modification and acceptable

screen rejects. When these contain chips, as illustrated in Fig. 12, they may

reflect inadequate machine design in that the plates may have been forced apart

during chip fiberization. This mechanical factor is regarded as primarily respon-

sible for the presence of the chips shown. To obtain some quantitative guide on

uniformity, Bauer-McNett classification 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 FIBERIZED ASPEN CHIPS
AS USED TO PREPARE PULPS A AND B

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

11.8 . 22.4 35.8 9.4 20.6
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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.

The degree of chop provides a ready indication 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 during chip breakdown. As between-fiber breaks are facilitated by

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

The extent of fibrillation, as observed by microscopic 
examination of

fractions of delignified pulps is a more rigorous indicator 
of between-fiber

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

damage to vessel elements when they are present.

Compression and, particularly, unwinding of fibers are 
two within-fiber

* A' ^changes that may be observed during microscopic examination. 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 
choice

of operating conditions that fall short of appreciable work being done on fibers.

Fiber length distribution of chlorite-delignified, fiberized 
chips, as

|l ̂  ~discussed in Report Ten, is a precise way to determine the extent to which 
across-

fiber breaks have occurred. This provides quantitative evidence in contrast to 
any

qualitative observation on chop.

.

tymD I



project 2500 Page 51 
Report Twelve : £

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

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 with 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 feeder

to transport heated chips under pressure to a single-disk refiner from which the

product is discharged to a cyclone. If, as an expedient, the preheater is operated

on a batch basis, when the screw feed to the refiner is started after the chips have

been heated for a particular time. those chips first through will have 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 and ready availability of the machine were two further favorable

factors. In addition, it was judged that purchase of such a machine was unjustified

at present as an alternative to using a machine in Stockholm.
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RAW

Figure 13. Equipment 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 endeavoring as a first step to make a product like the fiberized aspen used

before when producing the pulps referred to in Tables I and V. Thus, water--

impregnated aspen chips were steamed under pressure in the preheater and the pressure

reduced before feeding the chips 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 comparable to that used previously. Products obtained with a 0.012 and 0.024-

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 a disk gap of 0.025 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 atmosphere 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 which aspen and red maple chips were heated for different

times are included in Tables X and XI.
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-TABLEfXI

RED) MAPLE PFHERIZAXIOT1 AND CHLORITE DFLIGNIFICATION

Chip impregmatiofl; Steamed twice at i4 P-s-i. for 2 svin., then cold-water impregnated 
30 main. at 78-86 p.s.i.

Initial m.C., % wet basis 30-33

Final m.c., % wet basis -5%r* -57 

Preheating and fiberization: Aspland type OVP Defibrator (batch-red preheater and screw-fed defibrator)

Steam pressure, p.s.i. or "C.- 8 or 13)- -71 or 158--- 8 or16

Tine to pressure, sec. .- ---5------- ).,-5----

Time at pressure, min. (i + ii) 1.5-3.0 4.3-5.6 1.5-5.0 4.3-5.6 0.0-1.5

(1) Time to feed, minS. 1.5 4.3 1.5 4.3 0

(ii) Feed time, sin. 1.5 1.3 1.5 1.3 1.5 1.3

Disk gap, 0.001 in.

Nauer-M4clett classification, % o.d.f.c.b

On 6mesh 21 21 9 8 5

On 12 mesh 25 23 i8 iS8 19 iS

On 35 mesh 24s 22 25 24 26 27

On 65mesh .10 
10 20 19 16 iS

Through 65 (by diffdrence) 22 24 28 31 31i~ 32

Hlot-dater solubility, * o.d.f.c.C 2.8 2.6 - 3.1 3.0 5.0'~ 2.9

Chlorite delignificationd

Alkali conditioning 10%liOH; 60 min. at 500C.

Chlorite oxidation 100% NaCl%,; initial pH 4.3; 8 hr. (temp.- 38 -420CA' after 4t hr.)

Alkali extraction - 5% NaOli; 60 min, at 2500. -

Yield, % 6o 5B 6o 57,s 57 o 55

7AMr brightness (ethanol) 80 8y 80 85, 55 Si. 87

Code0 IS T u v w 

aSsre chip,. had 2.5 hr. longer water impregnation.

bWater temperatures: 20.5 to 2200.

C According to TAMP T 207 m-514.

dPin chips: yield 65; TAPPI brightness (ethanol) 85.9. chlorite oxidation time 24~ hr.

C All three steps at 8-1(C1, consistency.

I
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Physical Factors and Visible Fiber Changes

When examining the classification in Table IX, the classifications for 0-R- -

in Table X and those for S-X in Table XI, it can be seen that while no classification

in Tables X 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-35-mesh material in

the Asplund-fiberized chips. The larger amounts of this finer material tended to

be produced at the higher fiberization temperatures, especially for red maple. Here

there was a corresponding decrease in on-6-rmesh material. The distinct change in

classification for material produced at 158 or 1650°C. compared with the lower tem-

peratures of 133°C. (Table XI) would indicate plasticization occurs to a significant

extent between 133 and 1580°C. for red maple.. A similar phenomenon would be expected

in aspen, but the data in Table X do not cover aspen preheating and fiberization at

1339Pc.

Microscopic examination of the on- and through-65-mesh Bauer-McNett

fractions of S-X in Table XI for red maple revealed more fiber bundles and more

evident fibrillation in S and T ~compared with U-X, as illustrated in Fig. 14. In

this, one pair of photographs shows the lesser degree of separation into individual

fibers that occurred at 133 compared with 1580C., as, for instance, in the on-65-mesh

fractions. The other pair of photographs demonstrates a higher degree of "fibrilla-

tion" in the individual fibers at 133 compared with 1580°C., 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 1580C.

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

increased markedly between 133 and 158°C.

I
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\

/
A B

C D

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 S 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. 11. 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

1i - of fewer whole vessels or greater within-vessel changes being associated with more

fiber 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 observation was not clearly discerned for red maple,

fiber length distribution data obtained on chlorite-alkali delignified pulps

j* ~ (Table XI) support there being more across-fiber 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 concluded also that, since V has very nearly the same fiber

length distribution as fiber from pin chips, the amount of through-6 5-mesh fraction

in Table XI should not be interpreted as a measure of broken fiber content.

i
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DIFFERENCES OBSERVED IN CHLORITE-ALKALI PULPS

There is some evidence from the hot-water solubility data in Table X that_

aspen was increasingly converted to hot-water-soluble components with increase in the

temperature used during fiberization. No corresponding loss in yield was observable

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 temperature. Also, the data reveal a relatively lower yield

after chlorite-alkali delignification for longer times at the fiberization tempera-

ture, and there is an increase in the brightness of the chlorite-alkali delignified

.pulps corresponding to this relatively lower yield. A similar 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

but no very obvious amount of hydrolysis. The exact nature of the chemical changes

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

differences in brightness, for example, could be significant.

The procedure used for chlorite-alkali delignification was adopted from

the work of Thompson and Kaustinen (4). They used chlorite-alkali pulps from

conifers to reveal differences in handsheet 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 consideration 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 is believed that this may

be associated in some way with species and/or duration of the reaction with sodium

chlorite 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 various

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 considerable amount of scatter in the

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

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

This observation 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 Wc are virtually coincident and the curves for Pulps Tc, Vc, and Xc are

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

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 is 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.

Another possible 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

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

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

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

the duration of the oxidation.

;,-: : ~ In view of the recognized uncertainty the occurrence of small shives can

introduce to handsheet density data, interpretation of the differences in Fig. 18

' . needs caution. To facilitate interpretation, blotter-side smoothnesses in Table

XII may be taken into account. From these values, where a larger number means a

rougher sheet, it will be apparent that data for Pulps Tc, Vc, and Xc show handsheets

to be about equally smooth, with those for Pulp We a little rougher. On the other

hand, Pulp Sc handsheets are by far the roughest with Pulp Uc next. Thus, curves

in Fig. 18 for Pulps Tc, Vc, Xc, and probably Wc can be compared!without confusion

from persistent shives, whereas it is likely that this does not.-apply to curves for

Pulps Sc and Uc, especially at lower densities. 

As noted in connection with Fig. 2 and 5, when bright, low-lignin-content

chlorine dioxide-alkali pulps were prepared from aspen, handsheet densities tended

to be high and to increase relatively rapidly on beating. This still applies to

the case of aspen chlorite-alkali pulps, as illustrated in Fig. 18. For red maple

Pulps Tc, Vc, and Xc (the chips for which were fiberized at 133, 158, and 1659C.

after heating for about 5 min.) each has an increasingly lower minimum handsheet

density of about 0.74, 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, 14 sec., fiberization after a longer time at temperature

41
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IBEATING TIME, min.

I0 10 20 30 40

BEATING TIME, min.

Figure 18. Aspen( 'ITpper) and fled Maple (LaMer) Chlorite-Alkali PUIp0.
Beating Time vs. Fandsheet Density
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led to a narrower range as seen by comparing the curves for Pulps Tc, Vc, and Xc

--- with-those_for-Pulps-Sc._Uc,_and_Wc._This applies even ifthe range of handsheet 

densities for Pulps Sc and Uc are assumed to be inflated by, say, 20% by the presence

of shives.

Figure 19 shows that for red maple Pulps Sc-Tc, Uc-Vc, and Wc-Xc, in each

pair a longer time at temperature also led to a more rapid increase in drPinage 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 beating.

The Bendtsen smoothness values of the blotter side of red maple handsheets

as recorded in Table XII have been referred to above in considering the relative

incidence of shives in chlorite-alkali pulps. Differences inferred by smoothness

values are also visible to the naked eye. It is noted that the Bauer-McNett'

classification data (Table XI) and microscopic examination of fractions as discussed

in connection with Fig. 14 both indicated S and T were coarser than U-X which were

made at higher temperatures. The smoothness characteristics in Table XII follow a

different 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

I
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tend to reduce the fiber bundle content, unseparated fiber bundles or bundle frag-

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

this kind of phenomenon being a problem has been noted by others in chlorine-alkali'

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

For the handsheets from aspen chlorite-alkali pulps, the blotter sides

were equally smooth, 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 relates to the longer

period 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

questionable 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

scattering coefficient and handsheet strength properties are also affected when

considered 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

-1 -~ .1 -·- c .· 
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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

flberlzed without complete plasticizatlon, as already discussed.

It is concluded that, at least for red maple, chip 
flberlzatlon conditions

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

by delignlfication with chlorite-alkali. Corresponding effects were not observed

for aspen.

K.
I

· ui .~~rcso~ -. ;·i -
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SIGNIFICANCE OF FIBERIZATION CONDITIONS IN CHLORINE DIOXIDE-ALKALI 
PULPING OF HARDWOODS

In this part of the project. two hardwoods, namely red maple and aspen,

have been considered using mainly the fiberized materials discussed in the previous

part.

DELIGNIFICATION PROCEDURES

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 selection 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 amount of

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

It is noted that for Table XIII unbleached pulp yields were 68-72% with

0.8-8.0% screen rejects and bleached pulp yields were 64-67% with over 80 TAPPI

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 S185 Bauer machine in Appleton.
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ITABLE XIV

S185 BAUER FIBERIZATION OF RED MAPLEa

Chip impregnation: Steam 2 min. at 15 p.s.i. and repeat, then
cold-water soak 30 min. at 100 p.s.i.

Red Maple

Moisture (after impreg.), approx. % wet basis 6o

Preheating conditions:

Steam pressure, p.s.i. or °C.

Time at pressure, min.

Fiberization.conditions:

Steam pressure, atm.

Time to feed, min.

Feed time, min.

Disk gap, 0.001 in.

Bauer-McNett classification:

On 6 mesh, %

On 12 mesh, %

On 35 mesh, %

On 65 mesh, 9

Through 65 mesh (by difference), %

Code

80 or 163

5

ca. 1-2

ca'. 4

25

24

20

26

15

17

Y

a
These conditions are essentially the same as those used
the material for aspen Pulp D.

to prepare

I 4~i~~.~~~,. 4 · jz-C* X j
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To consider the interrelationship of species, process, and papermaking

properties, four aspen chlorine.dioxide-alkali pulps will be considered. The first

aspen pulp chosen for consideration was Pulp_D,_prepared frommaterial fiberized

similarly to the red maple material Y. Aspen fiberized materials 0 and P were

selected because they were fiberized like red maple materials U and V, respectively.

The selection of R will be discussed later. Each of these aspen materials 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 Pulps 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

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

will be covered as the discussion proceeds.

CERTAIN OBSERVATIONS ON CHLORINE DIOXIDE-ALKALI PULPS

Effect of Bleaching

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

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

revealed that for Pulps Vu and Vb:

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

handsheet densities were not significantly confined to the higher 

density range, as illustrated by Fig. 20.

l_ _ ____ i__________



Project 2500

TABLE

PREPARATTON OF ASW.N cMO~RINE QIOXIDE-ALKALI 1

page 55
Report Twelve

PUPS1, 0, P. and IR FROM FnTERZE CHIPS

Kiason -t TPPC1O2" NnOfl, Avail. Time, Pins], yield, Rejects, Acid-soi. frtghtneosRef. % C 0.2 MP muin. PR % o.d.P. Lights, % Ethano l Water-

I) 

0 9 .

P~ 9 5.5

9 9 5 .5

D

0

P

R

9.0

9.0

9.0

9.0

D)

P'

0.25

0.25

0.25

0.25

blgnin Mr4i Uicaticn: Consistency C-.O%: temp. 25-.3500.

* 95 2.6 m

* 220 28 h

21 .7 n.d. -

i8o 2.5 n.d. 

Alkali FXtraction t : Consistency 8.0%; temp. 6000.

120 11.7 68 - 5.6

120. ii.6 n.d. - n.d.

120 11.5 n.d. - n.d.

1200 ii.6 n.d. - n.d.

Ftnsochl'v-ite ReatoW CnP tnc 0;tep oc

4.1. 235 7.9 66 4. 5.0" ~ d

4.~ i 5 18 8.3 66 0.3 2.2 84

)Ii." 190) 8.0 67 0.2 3.7 8

4 .5 i8o 8.2 67 1.0 3.1 n.d.

D~ionizeii tap' wator 'ised thIroughout except where noted.

n.d. =ntd,,termijncd.

CProduct. soaker, in sulfurous acid (pH 5.5-4) for'50 min, at 25CC.

d Data are for screen accepts for all pulps.

Screened uttLng Sap Mate, witho~it recycling winter.

scrcen':clcs tig ci (is Lt. ILied crate-c without recy~cling.

g Determine~d z deocr~bed In experimental part.

Screening
L'oss, %

77 5

79 f

76±'

76t

n.d.

1.4

o.Sg1

0. F
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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 brightness of Pulp Vb are comparable to those

of 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.

lnflue-rce uf Changing Fiberization Equipment

In considering whether the above statement is related to species 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.

Secordly, Pulps Yu and Yb were delignified similarly to Pulps Vu and Vb.

~/ { PULPS

'-1-- 

-/'

I I

I

-i

I

I .... .... :;-~~~~~~~~~~~~~~~~~~~~~~~~--.,. ,.~~~~~I, 1 .. ' ... "; 

-----
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The unbleached and bleached pulps from Y had beating time vs. handsheet

- sity ireatio-nsh ips as in Fig. 21 which are almost coincident with those for

.e unbleached and bleached Pulps B and D, respectively, prepared from-identically

ft erized chips. Because of a similarity in trend, the differences on the one

har- between Pulp D and Pulps Vu or Vb and on the other hand betweenPulpjYb and

pips Vu or Vb, appear process dependent rather than species dependent.

I' '

a BT X, I0.800- W' 

-I-- Yu

0.00 -- Vu

0 0 10£

BEA ING TIME, min.

figure 21. Beating Time vs. Handsheet Density Curves Revealing Process-
>-/ Dependent Differences in Aspen Pulps B and D Compared with

I^~~ ~ Red Maple Pulps Yu, Yb, Vu, and Vb

S^ Since V and Y were delignlfied similarly, process-derived'differences

* ^n them should relate to flberizatlon. This involved both a change of

i and change of other fiberization conditions, including temperature.

loans r fiberizng aspen and red maple in an OP Asplund machine, 

in Tables X and XI, do not include any careful simulation of the S185$j(tIn Tables X and XI, do not include any careful simulation of the S185
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Bauer flberlzatlon conditions. Thus, it is not possible to isolate mechanical

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

information in hand.

Divergence from Trends for Chlorlte-Alkall Pulps

From the results given in Table XII it is known'that changes in flberlza-

tion conditions when using the same equipment can result in significant differences

in delignifled pulp properties. Furthermore, for chlorite-alkali Pulps Sc and Tc

and Uc and Vc, in each pair the pulp prepared from chips fiberlzed after a shorter

time at either 133 or 158°C. gave a lower inltlal handsheet density and greater

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

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

from U would lead to curves falling outside the area bounded by the y-axls and the

curve for Pulp Vb in Fig. 20. However, when U was chlorine dloxlde-alkali delig-

nlfled and evaluated similarly to pulps from V and Y (Table XIII and Appendix VI)

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

expected.

-

.
. 1 
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0.i

tl

1T
I

0.

0 20 30

BEATING TIME, min

Figure 22. Beating Time vs. Handsheet Density Curves Revealing Different Trends
in Red Maple Chlorite-Alkali (Uc and Vc) vs. Chlorine Dlox]de-Alkall

(Ub and Vb) Pulps

In Table XVI, handsheet drainage times are included with beating time

and handsheet density data for Pulps Uc, Vc, Ub, and Vb. These again illustrate

the difference in the trends for the chlorine-alkali and chlorine dioxide-alkali

pulps. The table also includes data from the preparation and evaluation of

chlorine dioxide-alkali Pulps Su and Tu (Tables XIII and Appendix VI). These

likewise behave differently from the corresponding chlorlte-alkall pulps. P Lp

Sc beat more slowly than Pulp Tc, derived from chips fiberized at the same

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

alkali Pulps Su and Tu there Is no similar trend.

1I' 

,o

/
/I

/ !

0I /

//P

PULPS

--A-- Vc
--0-- Uc
--V- Vb
-0O- Ub

1. -



999Wo itij9 66~,o
9 M y 9'6 EY9

L 4 

n~j

Lg9,o L)Ao 46Cco
L'OT 19 LP4

4•1wo 919W1ft90o

9•T &4 4¼

gto0 44L~o FtL~o
0•~T 9*L 0-9

S Ii I

.)Du/- 'X;;su6P ;aaljSPu2]

aa~s 'aDnTc aSPUTnJP ;BaqsPUBUj

,UTT IIalll4 sUT4vaE

apoo d-na

-oo/-9 'JCTsuaP ;aaqSPtrn

oDas ½W1T4 a3puTsJp a9MqSPUBH

9 ii T

-as

41 9T

Ds

* UTIU IG'WT; 9UT;99~q

apoa d~na

641/c 1fl90. t6Qco
Cii -IT i" L¼ 

99L/0 6iL/c 2,69w
9H -[ t w C

D3/O/' 'A4;SUGp 499I{sPunf

'Dag 'aurT; a3UT~Jp 4~aqtSpUeH

* UTuI 'aurt; OuTwaq

apoo dmna

ciTL' 9690o tiS9

1-9 4-9 T-4
941/0 919-0 i1j9,0

C-L91i~ L, t

zo0/3 'iSqTSUaP 4aatqSPtrn

oDas 'aflq 9'BUTpap qaaqspunH

4 4 ~~~~~~~~1~T 9 1mUul 'atflT Suleag

DOn

TT2-NTV-DpTXOTa aux-LoCLqDTT 13T V- allT5-TOM

a~aaW oa vqOu s nnafl IrVrivx v-acnXOIC JN IH0rHO GNV I VXI -AIqv qv alu 'TH'raT -Mcs~ud c Dq o ~

.. TAX ariHV1

aA-CamlJ qaxodou
09 ~O~ cc4B ma0COtda

II ------
It-&4 ,tt tj 4' r ,--- t- .*'. 4

I1 ?? 9

CLA

Ti 9I

apoo &lfld

I

I

q



Project 2500 Page 61
Report Twelve

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.

TRENDS FOR RED MAPLE AND ASPEN CHLORINE DIOXIDE-ALKALI 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 to 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, Y, 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 0. The first and last pair

were obtained using the bVP 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 S185 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 using 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 single-disk vs. double-disk machine are not the basis of 'the observed

differences in pulp behavior.

; s s- i
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Comparison of Handsheet Data

Tof--cfiitate--comparison-of-the-handsheet-data-for-red-maple-and-aspenin

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

Figure 23. Beating Time vs. Handsheet Drainage Time

Figure 24. 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. Burst Factor

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

Figure 29. Beating Time vs. M.I.T. Fold

'When Fig. 23-29 are considered as one group, a unique 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

beating time vs. handsheet density curves in Fig. 24.

Although handsheet drainage time data are not available for Pulp D, it is

known from Fig. 4 that its drainage resistance increased relatively rapidly as

beating proceeded for 10 minutes. Thus, if 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 0 in Fig. 23. This would mean the relative positions of the

curves in Fig. 23 would be similar to those in Fig. 24.

Figure 28 seems different only in that tear factor decreases, as usual for

hardwoods, 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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RED MAPLE
PULPS

Vu
V Vb
I Yu
X Yb

Uu
0Ub

0

.4
z
4
W

0,
C

4

ASPEN
PULPS

· P
O o (NO DATA)
0 0

BEATING TIME, rnn.

a

BEATING TIME, min.

b

Figure 25. Red Maple (a) and Aspen (b) Chlorine Dioxide-Alkali Pulps Showing
Beating Time vs. Handsheet Drainage Time

0.80
ASPEN

0.700.-
o 

0/

< 
o

0.65 PULPSXO.G I 0 0

0'600

0.5 I I I I
10 20 30

BEATING TIME. min:

a

BEATING TIME, min.

b

Figure 24. Red Maple (a) and Aspen (b) Chlorine Dioxide-Alkali Pulps Showing
Beating Time vs. Handsheet Density
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BEATING TIME. ml. BEATING TIME, mn.

a b

Figure 25. Red Maple (a) and Aspen (b)-Chlorine Dioxide-Alkali Pulps Showing
Beating Time vs.- Breaking Length 
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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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V Vb
I Yu

X Yb
* Uu
0 Ub

0
0

W<

(0

tf
0:
W
W PULPS

* P
O 0
0 0

ASPEN

BEATING TIME. min.

a

BEATING TIME, min.

b

Figure 27. Red Maple (a) and Aspen (b) Chlorine Dioxide-Alkali Pulps Showing
Beating Time vs. Burst Factor
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Figure 28. Red Maple (a) and Aspen (b) Chlorine Dioxide-Alkali Pulps Showing
Beating Time vs. Tear Factor x Yield/65
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Figure 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

re seen from the results presented in Fig. 30-33. .. -

It appears that a lesser dependence on sheet density distinguishes the

roup of results for tensile stiffness, zero-span breaking length, smoothness, and

peclfic scattering coefficient, as in Fig. 30-33, respectively, from the group of

esults in Fig. 24-29. On this basis, the group of results in Fig. 30-33 does not

ppear anomalous.

The results in Fig. 31 for zero-span breaking length proved to be surpris- 

ag in that aspen fiberized in the IPC S185 Bauer, compared with the Asplund machine,

d to a pulp with greater zero-span breaking length (Pulp D compared with Pulps 0

Id P), whereas red maple flberlzed in the Bauer machine led to a pulp with relatively

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

V). This difference is apparently related to species.

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

Hter shive reduction or separation of fiber bundles resulted when fiberizat on was

'red out under the conditions used with the Asplund machine. 

There also appears to be a species-related difference in the results,

ained for specific scattering coefficient data as illustrated in Fig. 33. The

ead in the data for red maple is particularly marked. Since it is generally

opted that light scattering is mainly dependent on the unbonded surface area of

ors, variation in specific scattering coefficient would be expected to reflect

Latlon in a bonding-dependent property like breaking length. As this increases

a specific pulp is beaten, light scattering decreases. The breaking length

in Fig. 25 are essentially in accord with the data in Fig. 33. Those red

c pulps related to the curves with highest specific scattering coefficients
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correspond to those with lowest breaking length and vice versa. A similar trend

appL ieto-aspen.-vHowever,--t-appearsfromFig._33 that the red maple handsheets

as a group cover a greater range of unbonded surface area than the aspen group.

Maximum unbonded surface area seems to be associated with the case where red maple

pulps were derived from chips fiberlzed under conditions used with the Asplund

machine, i.e., for pulps from U and V. The marked difference between the upper

and lower curves for red maple specific scattering coefficient data in Fig. 35 is

believed to relate in part to a difference in the extent of separation into indivld-

ual fibers. This is supported by the observation that at equal breaking length, or

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

compared with Pulp Yb (Table XXIV in Appendix VI).

To consider what is the origin of the pattern observed in Fig. 23-29, Fig.

24 may be regarded as representing the whole set. It will be seen that extreme

differences in behavior of the various pulps in this figure are associated with the

two pairs of fiberlzed materials V and P plus Y and D, obtained using the OVP

Asplund and S185 Bauer machines, respectively, with between-pair differences in

conditions of flberlzation but the same within-palr differences. Because the

extreme differences in behavior of the red maple and aspen pulps follow'changes in

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

to fiberlzation conditions.

Flberization as a Factor in Pulp Behavior

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 corresponding

fiberlzed 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, iith matters such as plate pattern and disk
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mechanics in mind, is not an aspect of fiberlzation responsible for the extreme

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

fiberlzation must be involved. 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 logically be explained as follows'. Because the only difference

in the preparation of pulps from U and V is a longer time at temperature for V

before fiberlzatlon, it might be concluded there was insufficient time in the case

of U for the chips to become heated to temperature. While this is conceivable,

other data do not clearly support this thought.

For example, the analogy between fiberlzatlon conditions and relative

position of the curves based on handsheet data for red maple is not completely

paralleled by aspen (Fig. 23-29). In the case of pulps derived from the pair of

identically fiberlzed materials U and 0, pulps from 0 have curves positioned near

those associated with P, whereas pulps from U have curves positioned nearer to those

associated with Y instead of V. In other words, although the extreme differences

in behavior of the red maple and aspen pulps in Fig. 23-29 are associated with the

tNo pairs of flberlzed materials V and P plus Y and D, the results for the other

matched pair of flberlzed-materlals lie closest to those associated with p and Y,

respectively, instead of either V and P or Y and D.

A second example indicative of the fact that the differences observed in

the red maple pulps from U and V are not a simple matter of time at temperature is

found in the results obtained for the red maple pulps Ilori S and T. This pair of

fiberlzed materials differed from the other pair (U and V) only in regard to

flberization temperature. For S and T the temperature was 133°C. compared with

158 0 C. for U and V (Table XI). On this basis, it might be expected that evaluation
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of chlorine dioxide-alkali Pulps Su and Tu (Table XIII) would reveal significant

-~ differences-as-had-been-foundfoPrPulps_Uu and Vu. This was not found to be 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, it 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 if equal time at temperature had been

critical during fiberlzation.

The dissimilarity of handsheet data for Pulps Tu and Tb compared with

Pulos Vu and Vb is illustraterl in vlo.- 3 nna -3R Ae f-nr thp Pncrp nf Pi_ 2--2Q

discussed above, breaking length and tear factor data reflect the relative positions

of the beating time vs. handsheet density curves.

It is 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 in the nature of pulps from T and

V is confirmed by the very marked differences in specific scattering coefficient data

shown in Fig. 56 (b) and Appendix VI.

There is no indication given by the Bauer-McNett classification 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 fiberization.

Nevertheless, in view of the more desirable papermaking properties that characterize

Pulps Vu and Vb, it would be of considerable interest to understand why the particu-

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

t
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IMPROVED CHLORINE DIOXIDE-ALKALI PULP PROPERTIES

General-Consideration-

On the basis of the investigations discussed above it has been concluded

that the improved properties of the red maple and aspen chlorine dioxlde-alkali

pulps from the similarly fiberlzed materials V and P are temperature dependent and,

at least in the case of red maple, time dependent with respect to the chip fiberlza-

tion step.

Since elevated pressures are needed to achieve the temperature 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 critical. Therefore, the explanation for the

observed improvements in the chlorine dioxide-alkali pulps must rest in some aspect

of the physical and/or chemical changes that could occur during the fiberlzation

process. Conceivably, there could be factors of relevance that are common to hard-

woods in general, and other factors more related to species.

A common phenomenon that could possibly distinguish chlorine dioxide-

alkali pulps based on V and P from those based on S, T, U, Y, and D is chip plasti-

cization. This suggestion is compatible with the observations made on the fiberlzed

materials as discussed in connection with Fig. 14-16 and Tables X-XI.

Originally, thoughts associated with degree of plasticization being

important to pulp properties -ere focused on factors such as fiber damage, as

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

Fiber length distribution data, as in Fig. 16, and zero-span breaking length curves,

as in Fig. 51 and 36(a), provide no clear indication of significant changes related

to the pdttflrn of curves in Fig. 23-29, for example.
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'.~ , The general question of what specific changes have caused the chlorine

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

to resolve itself into alternative questions. These are concerned with either

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

explanation for the differences in handsheet drainage time shown In Fig. 25 that

some function of the time/temperature conditions applicable tothe fiberlzation

Observations on Hydrodynamic Properties

i' 

500

ms

an

is

step.

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

Fig. 24, for example, it would be necessary to repeat most of that work. However,

some information on hydrodynamic properties has been obtained for aspen Pulp R

(Table XV), handsheet data on which are included in Appendix VIII.

Information is also available on the hydrodynamic properties of Pulp D.

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

delignlfication procedure (Table XV), but using different time and temperature

conditions in the fiberization step (Tables X and XIV). In addition, these pulps

had different beating characteristics in that Pulp R gave somewhat lower density

handsheets (Appendix VIII).

Hydrodynamic properties of Pulps D and R are included in Table XVII.

It is recognized that this information is limited, but in view of its potential

value in understanding the differences in papermaking properties that originate,

in the fiberlzation step of the process, some discussion seems appropriate.
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TABLE XVII

HYDRODYNAMIC PROPERTIES OF ASPEN PULPS D AND R

Pulp D R

Beating time, min. 2 9 9 18

Drainage resistance, R X lrscm./g.,
AP = 10 cm. H20 1.09 2.20 1.70 4.69

Specific surface, <S > cm./g. 18,400 29,300 23,900 41,000

Specific volume, <v> , cc./g. 2.99 3.34 3.49 3.59

Compressibility, c = MPN

N 0.392 0.435 0.414 0.414

M X 17i2 0.156 0.091 0.119 0.122

Handsheet density, g./cc. 0.716 0.784 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 equation is written in the form

log C = N log P + log M

changes in d(log C)/d(log P) are indicated by changes in N . Normally when, for

example, a given kraft pulp is beaten, N 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 hand, for Pulp R, N remained

constant, or as beating proceeded there was no change in d(log C)/d(log P) , as

applies to a kraft pulp.
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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 is 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. 14 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 strength when chip fiberization is 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 temperature for

heating chips before fiberization varies to some extent with species. This could

explain the incomplete parallel between fiberization conditions and relative position

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 observed differences

for aspen compared with red maple is in accord with the knowledge that increased

moisture content facilitates plasticization. Because of aspen's lower density, the

chips had a moisture content of 67-69$ when fiberized compared with 57-601 for red

maple chips (Tables X and XI).

If it is imagined that lignin removal causes a decrease in internal bonding

of fiberized chips and if fiberization is not all in the compound middle lamella,

formation of additional surface on beating would be facilitated by:

. .~~~~~~~~~~~~~~~~~~~~~~
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(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

XVIII. More complete details are recorded in Tables X, XI, XIII, XIV, XV, 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 delignified with

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

also were similarly delignified but with the inclusion of a two-stage chlorine

dioxide reaction and the chlorine dioxide contained a significant amountof chlorine.

A reduction in screen rejects and an increase in specific scattering

coefficient is seen in the pulp data for both species 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.



I project 2500
Page 80
Report Twelve

TABLE XVIII

COMPARISON OF RESULTS FOR CHLORINE DIOXIDE-ALKALI PULPS FROM

DIFFERENTLY FIBERIZED CHIPS OF ASPEN AND RED MAPLE

Wood -aspen--- -red maple--

Fiberization 
VP

IPC OVP IPC VP

Machine Bauer Asplund Bauer Asplund

Fiberization temp., 
0C. J100 158 P100 158

Delignification

Alkali conditioning none none yes yes

Number of aq. C102 stages one one two two

Alkali extraction, °C. 60 60 70 70

, B Hypochlorite reaction yes yes yes yes

Chemical addition

Chlorine dioxide (chlorine), o 99. 9.0 7-5(1-3) 75(1.3)

Sodium hydroxide, * 12.75 12.75 10 10

Sodium hypo., % avail. Cla 4.5 4.5 30

Pulp data

Total yield, % 66 67 64 66

Screen rejects, % 4.4 0.2 6.2 3 8

Klason + acid-sol. lignin, % 3.0 3.7 3. 2.9

TAPPI brightness (water) 77 76 80 81

Spec. scattering coefficient 25 246 O1 270

Valley beater evaluation

Beating time, min. 
9 24 6 22

Density range, g./cc. 0.69-0.78 0.61-0.76 0.68-0.75 0.59-0.74

Handsheet properties at 0.69 g./cc.

Bendtsen smoothness, ml./min. 1700 800 1400 910

Spec. scattering coeff., 650 nm. 240 240 200 250

Breaking length, km. 8.7 8.2 8.1 7.9

Stretch, I 2.6 2.4 3.0 2.8

Tensile stiffness, Et, kg./cm. 530 560 390 550

Burst factor 49 48 50 45

Tear factor 57 58 58 61
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Significant Observations

In broadening the base of chip fiberization conditions studied, some

significant observations can be made with respect 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 being beaten without

handsheet drainage time increasing as rapidly as before.

(c) 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) For both species and coinciding with (b) and (c) the incidence of

persistent shives has been noticeably reduced at a particular

handsheet density as indicated hb smoothness.

(e) For both species the relevant steam pressure and time of retention

at that pressure during chip fiberization influence the papermaking

properties of pulps and call for the use of a machine designed to

operate above atmospheric pressures to achieve the improved results

as above.

ASSESSMENT OF HARDWOOD CHLORIIE DIOXIDE-ALKALI 7,JiPS

To gain some assessment of the potential usefulness of aspen and red maple

chlorine dioxide-alkali pulps, results obtaine- using chips fiberized- at 158°C.

. . .1 I . - I I .I ,7 .," :. . 'Kl ·-
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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 Red Maple BagasseBagasse

Process

Bleached or unbleached

Total yield, %

Beating time, min.

Sheet density range,
g./cc.

Density for handsheet
properties, g./cc.

Breaking length, km.

Stretch, %

Tensile stiffness, Et,
kg./cm.

Tear factor (Elmendorf)

Bendtsen smoothness,
ml./min.

Spec. scattering coeff.

holo.

bl.

67

24

kraft

unbl.

50

24

0.61-0.76 0.59-0.80

8.2

2.4

560

58

800

240

8.2

2.2

560

79

500

300

Commercial bagasse pulp, evaluation data for which are given

bBedplate weight = 2.2 and 5.5 kg. for hole. and other puips,

in Appendix X.

respectively.

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

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

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

i I.

. .

1 :.
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i

holo.

bl.

66

22

0.59-0.74

-0.69-

7.9

2.8

530

61

910

250

kraft

unbl.

52

28

0.61-0.82

8.6

1.9

610

73

300

350

bl.

n.a.

12

0.65-0.76

6.3

2.7

435

56

840

260
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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./cc.

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 lower tensile stiffness than the hardwood chlorine dioxide-alkali pulps.

The data in Table XIX indicate it is feasible to produce desirable paper-

making chlorine dioxide-alkali pulps from hardwoods.

i
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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 6 inches and top diameters from

2 to 3 inches. The logs, after being debarked, were chipped on a 4-knife, 38-inch

diameter Carthage chipper to give a nominal 5/8-inch chip. The chips were screened

on a large 4-mesh screen with the through fraction being discarded and oversize

chips and knotty pieces being removed manually. The screened chips were sealed in

plastic barrel liners and stored at 400F. They 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 and chipping were carried out as for the aspen logs and the chips

were screened through a 24-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 00F. They had a moisture content of 35.2% on a wet basis

and a density of 31.5 lb. (o.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 5/32 in. X 5/8 in. Red maple

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

. .~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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approximately 3/32 in. x 5/32 in. X 5/4-in. pin chips. Both lots of pin chips were r-

sealed in plastic bags and stored at 40°F. 

FIBERIZING

S185 Bauer

Fiberized chips were prepared in the double-disk S185 Bauer at the I.P.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.

OVP Asplund Defibrator

The equivalent to 100 lb. ovendry of both,aspen and red maple chips were

put into plastic-lined 50-gal. fiber drums and dispatched by air freight to AB

Defibrator,. Sto6kholm, during May, 1969. A small cloth bag containing thymol

crystals was placed in with each drum of chips. Fiberizing of the aspen and red

maple chips was carried out 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 staining in some parts of the bags.

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

an illustration of the plate pattern used, is shown in Fig. 15.

Impregnation of the chips with water was carried out batchwise with the

equivalent of 5 kg. of moisture-free chips per batch. The impregnator consisted

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

The preheater, defibrator, and blow tank were operated as one unit.

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 batch were
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tipped into the preheater. After these chips were steamed under a given pressure

for a selected time, they were continuously fed, without forminga chip plug, by a

screen feed into the throat of a Type OVP Asplund defibrator at 'a feed rate equiva-

lent to about 1 kg. moisture-free chips per minute. The defibrator had 20-in.

diameter disks fitted with no. 5821 pattern plates. A single disk driven by a

ll0-h.p. motor rotated at 1500 r.p.m. corresponding to a peripheral speed of 130 ft.

per second. ' The fiberized product was collected from the initial, middle, and

final thirds of the feeding period. Details of the conditions of fiberization are

given in Tables X and XI.

SODIUM CHLORITE-ALKALI DELIGNIFICATION

This is essentially a three-stage procedure consisting of an initial

alkali conditioning, an acidified sodium chlorite oxidation, followed by an alkali

extraction. The treatment has become standardized with the only variable being the

sodium chlorite reaction time, which is governed by chip size and species. Usually

the amount of fibrous starting material was equivalent to 800 g'.ovendry. For the

fiberized chips, all the reactions were carried out in plastic bags with dewatering

being effected by a laundry spin drier using a nylon bag to contain the 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 upturned vessel over

a 3-liter sintered-glass 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.

Alkali 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 completed, the product was washed

three times with deionized water, then soaked in an acetic acid solution (4.5%

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 consistency. Both chemical percentages are based on

the original ovendry starting material. The reaction started out at room tempera-

ture, but the mixture self-heated up to about 40°C. in four hours. The actual

temperature rise and the reaction times are given in Tables X and XI. The products

were washed four times with deionized water.

Alkali Extraction

The chlorited product was extracted with 5% sodium hydroxide, based on the

original ovendry material, at a pulp consistency of 10% for 60 minutes at 25°C.

The product was washed three times with deionized water, then soaked in dilute

acetic acid solution (35 acetic acid based on the original ovendry material) for two

hours at room temperature, and then washed four times with deionized water.

CHLORINE DIOXIDE-ALKALI 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

deionized water except after the final hypochlorite bleach stage where distilled
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water was used. Dewatering was effected by a laundry-type spin drier using a nylon

bag to contain the reacted products.

Alkali Conditioning

Where included, alkali conditioning was carried out under conditions

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

First and Second Lignin Modifications

tables.

dewatered

quired to

Lignin modifications were carried out using conditions as recorded in the

At the end of each reaction time, the fibrous product was collected and

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

transfer the product into 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 elsewhere 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, soaked in dilute

hydrochloric acid at a pH of 4 for 30 minutes, and then washed again with distilled

water.

i.

I,

I
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Screening and Centricleaning

Screening was carried out in a pulsating flat-bed screen with O.D06-in.

slots. Distilled water was used with the accepts being collected on a muslin-

covered washbox and the water draining from the box being recycled back to the screen.

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

inlet pressure at 42 p.s.i.

PULP EVALUATION

Brightness handsheets were made from the unbeaten pulps according to TAPPI

Standard T 218 os-6 9 but with the handsheets being formed from both 95% ethyl alcohol

and distilled water. 

The pulps were beaten in a 1-1/2 lb. Valley beater. Full details of the

beating procedure, handsheet forming, and handsheet testing are given in Report

Eight. The M.I.T. folding endurance values were corrected to a constant handsheet

basis weight of 60.0 g. (o.d.)/m.2 by simple proportion. The Bendtsen smoothness

tests were carried out on the rough side of the l.0-g. handsheets, which had been

used for the zero-span tensile tests, essentially according to the Bendtsen Handbook

for the Model VI Smoothness and Porosity Tester, issued by Anderson and Sorensen

(1964). Specific scattering coefficients and specific absorption coefficients

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

at a wavelength of 650 rm. with the "matte" side of the handsheet sample facing the

incident light beam. The two values measured were reflectance, R , and trans-

mittance, T . Conditioned basis weights (7 03F. and 50% R.H.), determined on 7/8-in.

disks which were punched out from the area which had received the incident beam, were

used in the calculations.
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HYDRODYNAMIC EVALUATION

Drainage resistance and pulp compressibility were measured and the

specific surface and specific volume data were calculated as described in Report

Eight. However, for Pulp R, the drainage resistance was measured by a special

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

l

|
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I
APPENDIX I

l[,~~~~~ ! ~NOTES 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

S185 Bauer-fiberized chips (see Table XIV).

Mc-Rc 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 XIII from the correspondingly

coded fiberized chips.

\ * APC and MPC are for chlorite-alkali pulps made from aspen and red maple

i pin chips, respectively. (See Tables XXI and XXII in Appendix IV.)

; | ' 
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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 II and III. 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 need 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 common basis of treatment for comparing handsheet properties.

1_P--_I1IIC·· _-iirY� (i�j;._i·a�ii�*�i.·iy·� -�
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APPENDIX V

PRELIMINARY CHLORINE DIOXIDE-ALKALI 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-

fication were:

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

(b) similar to (a) but preceded by alkali conditioning as in Table XXIII.

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

amount with an alkali conditioning step.

i!
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PABLE XoXIII

PRELIWNPY CHLORINE DIOCItDE-ArKArLr FUJTPIf OF W1BERTZED HIMl
j1

PMPLE (CODE V ..:TA~3fE Xr)

CIO,, VaOH, Cl" Time, Final YieKlason +Cln %a r~~, g ie ia Ied, Rejects, Acid-aol.~~ %5 * ~ % mhin. pH % % o.d.p. Lignii, %

Alkali conditioning - Confistency 6.0%; temp. 6000.

i 
t

1ii - 1.0 10 9~5

UGigin modification -consistency 6.0%; temp. 25-350c.

1 4.9 - 0.88 55 1.9 -

4 4.97y 0.88 6o 1.9 -

Alkali extractionu consistency 10%; temp. 7000.

- 6.o - 20 9.1 -

'ii - 5.5 - 20 9.2 -

Lignin modification consistency 10%; temp. 25-~35oc.

i 2.53 0 .45 75 2.5 -

ii 2.53 O 045 75 2.5 -

Alkali extraction - consistency 15%; temp. 7000.

i - 2.6 - - 20 9.6
Ii - 2.5 20 8.7

Rypochiorite reaction d 

1 - 0.75

-- 0.90

Ii - 0.75

it ~- 0.90

consistency 20%;

,5.0 25

45 6o

3.0 415

49 52

74 6.2b

75 3.0

temp. 4000,.

8.1

8.3

7.9

6.A

a All percentages On an 0.d. fiberized chip basis. Fiberized chip Klason lignin, 23.T%;acid-soluble ligntn, 4.6%,.

bDilute acid soak after alkali extraction, followed by 15 sec. at 25%odp ossecwith 3.4-kg./cm. Load before screening. 
odpcnstey

C After 600 rev, counts in a British disintegrator. pH ~ 6.
docreen accepts used I'or raction with hypoohlorite,

It'

Canadian Brightness,

A
-'1

81+ .3.7

8.8 + 4.o
49

'II

7050

68oC

6650C

6 50c

76

78

in PFr mill

- :�"' I
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APPENDIX VIII

EVALUATION OF PULP 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 2 9 14 18

Canadian freeness, ml. 570 500 550 235 155

Handsheet drainage, sec. 4.7 4.8 6.0 10.6 22.8

Density, g./cc. 0.642 0.669 0.717 0.758 0.801

Bendtsen smoothness, ml./min.b 1450 1120 688 711 737

Specific scattering coefficientc 250 245 215 186 151

Breaking length, km. 7.15 7.93 9.54 10.2 10.5

Stretch, % 2.0 2.3 2.6 2.6 2.5

Tear factor 60.7 59.9 56.3 52.8 49.3

Tear factor x yield/65 63 62 58 55 51

Zero-span breaking length, km. 14. 3 15.0 16.2 16.0 15.9

Zero-span b. 1. x yield/65 14.8 15.5 16.8 16.6 16.5

M.I.T. fold 65 79 318 778 1155

a Valley beater, 2.0-kg. weight. c 50 rn.

Rough side of handsheet.

) - ...- _...__.. - , '_;'lU, - ws . '4



Page 104 Project 2500
Report Twelve

jiij .This pulp beat more rapidly and gave higher density handsheets than

,!1 / either of Pulps O 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.

,,ij ;When comparing Pulp R with Pulps 0 and P, it is desirable to note that the

time at fiberization temperature of the former was between that for Pulps 0 and P,

.1 jl ! but the fiberization temperature was higher, namely 165 instead of 158°C. The

44 H!i? higher temperature could have resulted in more chemical changes during fiberization.

.i 13' However, about the only positive indication of this is some loss in zero-span

:! il breaking length.

ji '1;; HYDRODYNAMIC PROPERTIES' OF PULP R

The hydrodynamic properties determined for Pulp R are given in Table XXVIII.

i:4
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TABLE XXvill

IPIRODYNAMIC PROPERTnES OF ASPEN CUtoRNxrJ DIOXnJDT-ALKA.LI PULP R,

Beating time, min.

350
Canadian freeness, nil.

iS

155

20

20

Go

70

80

90

24, c-g-s. units

<S>)cm.2/g.

<S> , CC./g.

x xcr-% cm./g.

30

4-0

2 .53

50

3.27

4.96

5.26

6.50

4.69

7.51

10.1

i2.6

15.0

17.3

19.6

21.8

24.0o

0.00122

3.59

3 .59

7.11

x

0. 001185

35.49

3.49

1, � -", ' '- . --'V�qz" - ,,-. 1, " I - � � . - 1- �- -, - I -14�719n, �%"', , .. I . , " -4� U,

9

1.70

3.27

5.90

0 � 1-44

M��
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APPENDIX IX

TABLE XXIX

PREPARATION OF ASPEN KRAFT PULP FOR REFERENCE"

Liquor/wood
Active alkali, % NaOH
Sulfidity, %
Unscreened yield, %
Rejects, %

4.0
19.4
50.0
51.6
0.5

HANDSHEET DATA

Beating time, min.a

Canadian freeness, ml.

Density, g./cc.

Breaking length, km.

Stretch, %

Tensile energy absorp., g.cm./cm.2

Tensile stiffness, kg./cm.

Burst factor

Tear factor (Elmendorf)

Tear factor x yield/65

In-plane tear, g.cm./cm.

Zero-span breaking length, km.

Zero-span breaking length X yield/65

M.I.T. fold

z-direction tensile, kg./cm.2

Spec. scatteringcoeff. (650 nm.)

Bendtsen smoothness, ml./min.b

Max. temp., 0C.
Time to max. temp., min.
Time at max. temp., min.
Blowdown to 80 p.s.i., min.
Kappa number

174
90
75
5

12.2

(VALLEY BEATER)

0 12 24 28

61 435 280 190

0.593 0.711 0.775 0.797

4.65 8.88 10.8 11.5

1.4 2.4

28.2 88.8

454 561

2.7

123

665

2.8

20.9 49.2 63.1 65.1

69.5 78.8 69.6 64.7

54.6 62.0 5t.7 50.9

40.4 60.1 62.0 61.8

17.7 20.5 20.3 20.4

16.0

7 155 882 1429

5.4 13.7 20.8 - 22.7

382

588

287

471

229

497

219

502

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

Rough side of handsheet.

iii.

U.i
'Cfi
i'';

iL

1• 1

'I

4

t,

i'1-

I-*

I

13.9 16.1 10
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TABLE XXX

PREPARATION OF MAPLE KRAFT PULP FOR REFERENCE

Liquor/wood I 4.0
Active alkali,% Na0' 15
Sulfidity, % 28
Unscreened yield, % 50.3
Screen rejects, % 1.6

Max. temp., °C.
Time to max. temp., min.
Time at max. temp., min.
Blowdown to 80 p.s.i., min.
Kappa number

HANDSHEET DATA (VALLEY BEATER)

Beating time, min.a

Canadian freeness, ml.

Handsheet drainage time, sec.

Density, g./sec.

Breaking length, km.

Stretch, %

Tensile energy absorp., g.cm./cm. 2

Tensile stiffness, kg./cm.

Burst factor

Tear factor (Elmendorf)

Tear factor x yield/65

In-plane tear, g.cm./cm.

Zero-span breaking length, kmn.

Zero-span b. 1. x yield/65, km.

M.I.T..fold

Spec. scattering coeff. (6 50 nm.)

Bendtsen smoothness,. ml./min.

1

525

4.8

0.608

5.97
1.1

25.8

565
22.3

50.6

37.9
25.1

23.8

17.8

7
418

367

3
520

4.9

0.645

6.93

1.3

36.1

578
28.7

58.7
44.0

39.2

23.5

17.6

13

399

520

6 10 16 24

465

4.8

0.667

7.93
1.6

52.5

598

35.7

69.9

52.4

45.2

22.5

16.9

30

368

302

420

5.4

0.701

8.93

2.0

73.4
615

44.0

73.9

55.4

50.9

22.4

16.8

84

336

298

340

7.0

0.757

10.4

2.5

o06

648

58.1

73.7

55.2

59.6
21.9

16.4

612

280

300

195

12.3

0.819

11.3

2.9

136

671

70.5

63.8

47.8

59.2

21.6

16.2

2250

212

355

Bedplate weight 5.5 kg.

Rough side of handsheet.

180

90
-6
15

14.4
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APPENDIX XI 

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

Alkaline t-butyl hydroperoxide (TBHP) has been used in an exploratory

4-stage (alkaline TBHP, 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 XXXII.

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-:well

above the yields obtained using similar percentages of chlorine dioxide. '!In

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

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

Table XXXIII. ')

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 t-butyl hydroperoxide does not appear to be promising as a selective

delignifying agent, further experiments do not appear justified as a part of this

project at present.

"""""
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TABLE XXXII

DELIGNIFICATION OF FIBERIZED RED MAPLE CHIPS USING (1) ALKALINE t-BUTYL HYDROPEROXIDE
AND (2) ALKALI ALONE

TBHP-NaOH NaOH

Starting material V
Charge, as g. oven dry 20

Stage 1
TBHP, a
NaOH, %
Consistency, %
Temp., °C.
Time, min.
Final pH
Wash

Stage 2
NaOH, 7b
Consistency, %
Temp., °C.
Time, min.
Final pH
Wash

Stage 3
TBHP, %
NaOH, %
Consistency, %
Temp., °C.
Time, min.
Final pH
Wash

b5.ob
6.7
20
95
20

11.4
no

2.7
10
70
20

11.7c
yes

5.o b

6.7
20

95
20

12.2
no

TBHP-NaOH NaOH

V
50

4.5
20

95
20

9.9
no

2.7
10
70
20

11.2
yes

4.5
20

95
20

11.8
no

Stage 4
NaOH, %
Consistency, %
Temp., °C.
Time, min.
Final pH
Wash

Yield, %
Klason lignin, %
Acid-sol. lig., $

Stage 5
Hypo. as Cl2, %
NaOH, 6
Consistency, o
Temp., OC.
Time to exhaust, min.
Final pH
Wash

Yield, .
G.E.

2.7
10

70
20

12.5
yes

82.5
15.9
5.7

5.4
0.2
10
4o40
35

8.6
yes

82.5
55.2

2.7
10

70
20

12.3
yes

86.6
18.8
3.7

5.6
0.2
10
40
15

8.9
yes

86.6
48.5

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

Residual TBHP - nil.

Yield at this point - 87.1%.

fi.

P:

4iv.<

a

b

c

. 1. . I . .. - - ! 'I' . · ?
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TABLE XXXIII
COMPARIfSON OF ALKAINE TBHP ANDo CHLORIME flWKME-AtrAI pULps

Pulp 
TBHP-NaoH v V/b

Total TBHP, % l0.o --
Total Clo%,,%- 

7.5 7.5
Total Cl~', %-1.5 

1.3
IfPO.- as C12, 5.4 -- 5.0
Yield, %82.5 

69.5 65.7
Klason lignim, % 59 4.5 2.0
Actd-soluble lignin,. % 

3*7a 4.3 0.9
G.E. brightness 

55.2 -- 80.8

aData for uanbleached pqlp.

A
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