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THE INSTITUTE OF PAPER CHEMISTRY

Appleton, Wisconsin

SELECTIVE DELIGNIFICATTON. OF WOOD AND OTHER MATERIALS:
A FINAL REPORT ON PROCESS STUDIES AND
PAPERMAKING CHARACTERISTICS

SUMMARY

As the last part of ﬁ plan to investigete the chlorine dioxide-alkali
semichenical pulping of softwoods using chip impregnation with alkali before
fiberization, a series of 1oﬁlolly pine pulps with about T0-85% yield has been‘
made psing process conditions which are fully described. The amount of chlorine
dioxide used is 4.5-T.5% and it is demonstrated that this oxidant can bé substituted
on & chemical equivalent basis by chlorine dioxide and chlorine with up to at
least 45% chlorine. This means it would be unneéessary to remove chlorine
from the gas stream of a chlorine dioxide generator. About one-fourth as much
power is required for primary refining com§;rea with when using kraft coocked

chips.,

The papermaking properties of the about 70-85% yield lgblolly‘pine pulpé,.
which are relatively shiveffree and similar in color to high-yield kraft pulp, have
been investigated by hanﬂéheet evaluation and determination oélhydrodynamic prop-
erties. There is a clear trend to higher burst, breaking length, stretch,
tensile stiffness, ring crush and degrees-to-crack as yield decreases. At
70% yield these strength properties are shown to be near comparsble, at sheet
densities of about 0.44-0.5k g./cc., to those of a 56% yield kraft pulp (from

the same lot of chips) for which sheet densities were 0.53-0.63 g./cc.

For comparable amounts of beating, the filtration resistances of
these chlorine dioxide-alksli pulvs are shown to be no higher than for a 56%

yield kraft pulp when chips were impregnated with alkali before fiberization.
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Without alkeli impregnation, filtration resistance-is relatively higher than

for the kraft pulp.

For comparable strength levels, the about T0% yield pulp has a somewhat
higher filtration resistance than the kraft pulp. The advantage of increasing |
the yield of chlorine dioxide-alkali pulps above about T0% is accompanied by
the disadvantage of increased filtration resistance for the same strength

development.

An intermediate level of burst factor is reached by T70-80% yield pulps.
Previous indications on cost suggest that this yield range and the amounts of

chemicals used in the related process conditions bracket ‘an attractive pulp cost

gsituation.’

As the last part of a plan covering the investigation of hardwood
holopulps the results of a web former run using furnishes that include a clay

filler are formally reported. Generally, similar sheet properties are

obtained when the 70% of the furnish that is bleached red maple kraft pulp is

substituted by a bleached red maple holopulp. Both furnishes have similar

filtration resistance. Sheets made from the furnish with holopulp have 1L4%

filler compared with 8% for the kraft pulp.

Preparation and testing of red meple holopulps made using chlorine
dioxide and chlorine with w/w ratios of BS5:15 to 15:85 is described. The
results show that for the same process conditions up to 45 w/w /A chlérine can
be included on a chemical equivalent basis without disadvantage. This reduces
the amount of chlorine dioxide needed to about 6% during lignin modification
for a high brightness pulp and means the gas stream of a chlorine dioxide

generator could be used without the need to remove any chlorine.
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INTRODUCTION |

The main objectives in this part of the project are to define whether

an acceptable unbleached softwood semichemical chlorine dioxide-alkali pulp

particularly for linerboard might be made at favorable cost, and to achieve a
lower bleached hardwood cost basis through lower chemical cost, Pursuit of
these objectives follows earlier activity in this area which was covered in

Progress Report Sixteen.
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SOFTWOODS — LOBLOLLY PINE :

BACKGROUND

From earlier work on softwoods, particularly as described in Progress
Reports Thirteen and Sixteen, the position was reached where the essential
steps under consideration for producing a high-yield unbleached chlorine

dioxide-alkali pulp were:

impregnation/fiberization,
lignin modification,

alkali extraction, and

primary refining.

It was demonstrated that fiberization at a temperature corresponding
to steam pressures above atmospheric resulted in less fiber damage and that
treatment with alkali before lignin modification resulted in greater lignin

removel for the addition of & certain amount of oxidant. For the treaiment

with alkali before lignin modification, the alternative of chip impregnation

with alkali before fiberization has become the focus of most attention.

The.primary refining step is included because the yield under
consideration is up to at least 80%, which is above the fiber liberation
point. Preliminary test work to provide a basis for selecting process
conditions for the production of encugh pulp tc obtain information on paper-
‘making characteristics, was described in Progress Report Sixteen. Some of those

results, which are particularly relevant to the selection of process conditions

used when making pulps described in this report, are included in Appendix I.
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The‘ﬁrécess conditioné in Appendix I that are associated with the use
of alkali in chip impregnation and extraction after lignin modification, can be
simplified and expressed solelv in terms of the amount of alkali, as in Table I.
This shows the four combinations of alkali in the set of conditians used, which

required the addition of 8 to 15% sodium hydroxide, Other process conditions

like temperature, time, and consistency applicable to the impregnation and

extraction steps were held constant so that the significant differences in these

two steps are shown in Table I.

iy e e e = i

TABLE I

AMOUNTS OF ALKALI IN IMPREGNATION AND EXTRACTION i
. Sodium Hydroxide, % ¢
Impregnation Extraction i '
1.0 4.0 oy

. }-

4.0 8.0 b

J

7.0 L. .

T-O ‘ 8n0

The important aspects of pulp yield, lignin content, and oxidant

addition from Appendix I may be sumarized as shown in Fig. 1. When the amount

of oxidant used in lignin modification is 4.5, 6.0, or 7.5% for the set of

conditions represented in Table I, each set of results is represented in Fig. !
1l by a quadrilateral. Since the set of conditions associated with the use
of alkali in the impregnation and extraction steps was a constant factor, the

difference in the positions of the quadrilaterals in Fig. 1 must be primarily

the guadrilaterals make it apparent that increasing the usage of oxidant not
only results in the alkali removing more lignin [(A-B) and (A-C)], but also -

related to the amount of oxidant used. Furthermore, the relative positions of

results in the alkali removing an amount of carbohydrate [{D-E) and (D-F}]. g
i
{
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Figure 1. Plots Showing Changes in Yield and Chemical Composition of Pulps for

Varying Amounts of Oxidant and the Same Set of Conditions for Alkali
Impregnation and Extraction
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PLAN

To bring the above work to a conclusion, the plan which was developed
enVEsaged the production of pulps based on the essentiallsteps as 1ndicated
abéve. After primary refining, tests would be made to determine the handsheet
and hydrodynamic properties of the pulps using a high-yield kraft pulp for a

basis of comparison. .

It was planned that the process conditions would he designed to
embrace, on the one hand, a pulp that should be at least comparable 1in strength
to the'h}gh—yleld kraft pulp &na, on the other hand, a pulp that should be
* economically attractive. ZEarlier work had indicated that it may be necessary

i

to use as much as 6 to 9% chlorine dioxide for the production of a pulp with

the level of strength properties desired (Report Thirteen) and as laittle as
about 4.5% chlorine dioxide in the production of a 75% yield pulp to achieve

economic attractiveness (Report Eighteen). To embrace an area that would

recognize both of these points, the detailed information on which Fig. 1 1is
based was used to set up process conditions and the salient points of these f

conditiocns can be conveniently outlined further with reference to Fig. 1.

It was decided to consider two levels of oxidant usage, namely b.,5
and 7 5% chlorine dioxide. In addition, 1t was decided to have two levels
of slkeli-impregnation of chips by using nominally the same conditions as

- '

employed to obtain the data 1n Fig. 1. On this point it 1s noted that use of

~

i, i 5

more alkali in the impregnation (Fig. 1) had resulted in a lower yield pulp

without there being any apparent additional removal of lignin whaich raises the
question of whether or not a lower yield would be advantageous in terms of papen-

making properties.
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. For the alkali extraction, it was decided to use only the higher

amount of alkali appliceble in Fig. 1, at least to begin with. This would

3

mean producing a total of fowr pulps from alkasli-impregnated chips.

It was alsc planned that each of these pulps would be primary
refined with some variation in the plate‘gap since an indication had been

obtained previously (Report Thirteen) that this could be a significant factor

4 ¥

influencing sheet strength.

In addition, to cover the alternative of alkali treatment after

]
Tiberization, it was decided to fiberize same chips which had been impregnated

with water.
PREPARATION OF PULPS

" Impregnation/Fiberization

Loblolly pine chips were impregnated and flberlzéd in a Bauer No. 418
pressurized refiner system as described in the experimental part. Although
chip impregnation with alkali was carried out using nominally the same
conditiong which gave alkal: upﬁakes of 4.0 and 7.0%, respectively, 1n
preliminary work (Appendix I), the apparent alkali uptake under pilot
conditions was 5.3 and 11.7%. The latter figures are based on the amount and
analysis of recovered impregnating liquor. They represent maximum figures

and are probably higher than the actuasl uptake.

Obtaining yi1eld data after chip fiberization in the pilot system

is made difficult by the fact that all of the chips put into the system are
not usually turned out as fiberized product. For example, a significant

amount becomes hung-up 1n the casing of the refiner, and although much of
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this can be blown out after a run, no provision was made to collect such material

in separate containers during this work.

Determination of the soluble solids content in fiberized chips im-
pregnated with 11.7% alkali {o.d. chips basis) gave a value of 16.6% (total
solids basis) and after allowing for the apparent alkali content, the implied
yield of fiberized chips would be 93% {c.d. chip_basis). Since the data on
experiments carried out as in Appgﬁdix I are more accurate; the more conservative
figure of 86.7% yield (Appendix Ii was used when proceeding with the producfion
of pulps. A similar approach was used for chips impregnated with the lesser

amount of alkali.

Fiberized chips were characterized by Bauer McNett classification

and the results are included in the experimental part.

Delignification

Delignificetion of alkali-impregnated and fiberized chips with chlorine
dioxide-alkali was carried out using the process ceonditions included in Table
II. The range of yields is 72 to 86%, which is significantly above the usual
yield level of about 55 to 60% for high-yield kraft linerboard pulps. It is
noted that when more alkali was used in the chip impregnation, the yield is
lower without there being a marked change in the amount of lignin removed,
which ig supported by the date in Fig. 1. The use of more oxidant reéulted

in the removal of significantly more lignin, as expected.

It is alsc noted that the relationship between Kappa number and lignin
content is influenced by the process conditioné, so that Kappa number cannot
be used as a reliable indicator of lignin content. This is illustrated in

Fig. 2 which is based on dats included in Appendix I.
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TABLE II

DELIGNIFICATION OF ALKALT IMPREGNATED LOBLOLLY PINE CHIPS

Code A-51 A-53
Impregnation/fiberization: NaOH upteke, ¥ 5:3, J_'l.Ta b
Assumed yleld, % 93,0 , B6.7?
Iignin modification: 25 to 35°C. in 60 min., 8% consistency
€102, % ' h,5 7.5 h.5 7.5
Time, min. 25 50 30 55
Final pH 2.0 1.7 2.1 1.5
Yield, % - - - -
Alkeli extraction: 60 min., 90°C., 12% consistency
NaOH, % 8.0 8.0 8.0 8.0
Final pH : 1.6 1.k 11.4 1.3
Yield, % ) ‘ 86 T 80 72
Kappa no. 105.5 , 79.3 116 78.0
Klason lignin, % o.d. pulp 22,5 16.7 22.6 16.0
Acid sol. 1lignin, % o.d. pulp 1.k 1.9 ‘1.4 1.9
Code ‘ 5.3/4.5/86 .5.3/7.5/11 11.7/6.5/80  11.T/T.5/12

aThese yields were assumed on the basis of data in Appendix I in which similar .concentrations of
alkali, etc., were used for impregnation, etc. '

Soluble solids in fiberized chips were 16.6%, and after allowing for inorganic content (11.7/111.7
or 10.5 g./100 g.o.d.) 'this gives 83.4/83.5 or a 93% yield of fiberized chips, hence the more
conservative figures of 93.0 and 86..7% were used in calculating pulp yields. A

To determine the influence of omitting alkali in the chip impregnetion,
delignification of water-impregnated and fiberized cﬁips was carried out using
the process conditions in Teble III. In this it can be seen that when 11.7%
sodium hydroxide wes used in the pretreatment, the pulp yield was a relatively
low 66%. For the other example in Table III where 5.3% sodium hydroxide was
used in the pretreatment to give an 864 yield before lignin modification,
the pulp yield was TO%: This pulp yield ties-in reasonably well with the value
of 68% obtained in Appendix I for the similar delignification of the 87% yield

preduct before lignin modification where 7.0% alkali was used in chip iﬁpregnatiOn.

It is not surprising that the greater degree of subdivision applicable in TableIIII
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compared with Appendix I results in less alkali {5.3%) being needed in the pre-
treatment to reach sbout the same yield level before lignin modification (also

see footnote).

100
iMPREGN ﬁ
O 4% NoOH x/ %
ool X 7% NoOH / s
_ 80}
£
=
L=
0.
.
<1
60}
o
50 1 |
i0 5 20 25

KLASON LIGNIN, % 0.D0. PULP

Figure 2. Plots of Kappa No. vs. Klason Lignin in Pulps with N
and 7% Sodium Hydroxide Used in Impregnation (Table I}

Primary Refining

Primary refining is the expression used in this report to refer to
the mechanical action needed to achieve fiber separation. This is necessary
for the products of delignification in the 72 to 86% yield range as in Table
IT because the point of fiber liberation as discussed recently by McGovern

(1) has not been reached.

It is considered that Pulp 0-5.3/7.5/70 (Table III) should be compared with

Pulp 11.7/7.5/72 (Table II) (rather than with Pulp 5.3/7.5/77) on the basis

of known and assumed yield levels of 86-87%, before lignin modification. The
apparent discrepancy in the yields for the case of Pulp 0-5.3/7.5/70 compared
with Pulp 5.3/7.5/77 {both of which were produced using similar chemical process
conditions) is believed to reflect a difference in the degree of subdivision
du?ing alkali pretreatment plus the liklihood of the related amount of alkali
being inflateq for the latter because of the method of determination.
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TABLE TII

DELIGNIFICATION OF WATER IMPREGNATED AND FIBERIZED LOBLOLLY PINE CHIPS

Code | ‘ A-52

- Alkali Pretreatment .
3 Sodium hydroxide, % 11.7 5.3
i Consistency, % 37 37
A Pressure, p.s.i.gﬂ - TSb - 5%
T ‘ Time at pressuré, min. ’ 5 | . 5
_ q ' Final pH ‘ | . 12.1 ' -
Yield, % 75 86

Lignin modification: 25 to 35°C. in 60 min., 8% consistency

102, % k.5 : 7.5
Time, min. ko . 55
Final ph : _ 1.9 1.7

Alkali extraction: 60 min., 90°C., 12% consistency, 8% sodium hydroxide

o SV, .- Ve -

Final pH S 1.2 11.2
Yield, % , | 66 | 70
Kappa no. 102 7.5
Kleson lignin, % o.d. pulp - 19.7 15.8
Acid sol. lignin, % o.d. pulp 1.k 0.96
Code 0-11.7/4.5/66  0-5.3/7.5/70

Srime to 75 p.s.1.g. by direct steaming was 1 min.

Estimated time to T5 p.s.i.g.:-1 min.
Steamed previously for 2 min. at 15 p.s.i. then pressure was relieved to
1 atm, snd this operation was repested before increasing. the pressure to

75 p.s.i.g.
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A Sprout-Waldron machine illustrated in Report Sixteen, was used for
'primary refining and the procedure followed is described in the Experimental
part. A high-yield kraft pulp obtained in 56% yield (Pulp HYK/56) was made

(see Experimental) to provide & reference pulp for a basis of comparison.

About four times as much power was required when primary refining

kraft cooked chips compared with fiberized chips for the same conditions of

temperature, consistency, feed rate, and plate gap. This is illustrated in

Fig. 3.
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Figure 3. Typical Chart Strips from Watt-Hour Meter Showing Readings
for 56% Yield Kraft Pulp (Left) and 80% Yield Chlorine Dioxide-
Alkali Pulp (Right) During Primary Refining Under Similar
Conditions. Chart Speed: 3 in./min.; Plate Gap: ©.018 in.
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The freeness values obtained for various pulps after primary refining
at different plate gaps prior to evaluation by handsheet testing and determination
of hydrodynamic properties are presented in Table IV. From this, it can be
seen that the freeﬁess levels of the chlorine dioxide-alkali pulps made using

alkali-impregnated chips were at least as high as for a high-yield kraft pulp.

TABLE IV

CANADIAN FREENESS AFTER PRIMARY REFINING

Consistency, 5.0%; water temp., 190-200°F.;
feed rate, approx. 300 g. o.d./min.

Plate gap, 0.001 in.

18 5
Code Canadian Freeness, ml.
HYK/56 720 705
0-5.3/7.5/70 |  Water-Impregnated Ths 600
0-11.7/4.5/66] Chips 730 --
5.3/4.5/86 | . 740 725
5.3/T7.5/77 i Mkali-Impregnated 735 720
11.7/4.5/80 Chips - Tho 725
11.7/1.5/72 ] 740 730

PAPERMAKING PROPERTIES

Handsheet Evaluation

For handsheet evaluation, the pulps were beaten in a PFI mill and
tested using the procedures as indicated in the Experimental part. The results
obtained for the pulps produced as in Table I are summarized in Table V., More:

complete test data on which this table is based are given in Appendix II.
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From Table V it will be seen that burst factor, bresking length,

stretch, tensile stiffness, ring crush, and degrees-to-crack (see footnote) all
tend to have more favorable values as yield decreases. Sheet density does not
appear to follow the same trend so clearly; in fact, it seems to be more related
to the amount of oxidant used during delignification. It is also noted that most
properties of pulps with abéut equal lignin content are more favorable at the

lower yield level achieved By using more alkali during the impregnation of chips.

The- test results obtained for pulps produced as in Table III without
alkali impregnation of chips, are summarized in Table VI which includes some

results from Table V for comparison. More complete test data on pulps produced-

as in Table IIT ere given in Appendix ITI.

From Téble VI it ﬁill be seen that the pulp produced at 70% yield without
alkali;impregnation of chips has essentiaily comparable properties to that
produced at 72% yield with alkali-impregnation of chips and using the same
amount of oxidant. This lends support to the basis for calculating yield in
the case of the latter pulp. At the same time this pulp does have somewhat
better properties, which is what ﬁould be expected if there was less chip -

damage when using alkali-impregnation.

Degrees-to-crack are determined by the liner cracking test. This is a measure
of the rupture angle associated with the first appearance of a crack in the
linerboard surface when a clamped specimen of linerboard is folded over an
anvil of small diameter in a Linerboard Cracking Tester. Cood correlations
have been found between linerboard cracking angle and the cracking of combined
board, especially for linerboard with a basis weight of 69 and 90 1b. per 1000
sq. ft. An earlier investigation on the subject of linerboard cracking which
describes the tester and results obtained is covered in a summary report (2).
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' TABLE V
SUMMARY OF HANDSHEET TEST RESULTS FOR PULPS PRODUCED AS IN TABLE II
Pulp Code 5.3/k.5/86  11.7/b.5/80  5.3/T.5/17 11.7/7.5/72
Pulp yield, % 86 .80 17 T2
Kappa no. 106 | 116 79 TB,
Handshéet density, g./cc. ' 0.39-0.51 .- 0.38-0.51. 0.47-0.57 0.h4-0.54
Burst factor | 1827 22-35 30-k0 39-50
Breaking length, km. 3.5-5.1 3.9-6.3 5.0-6.7 * 5.8-T.5
Stretch, % : 1.8-2.0 1.9-2.4 2.3-2.7 2.5-2.8 .
Tear factor (Elmendorf) T2-57 106-T6 81-65 116-90
Tensile stiffness, Et, kg./cm. 286-371 2§6~h2h 3ho-L2k | . 3Bo0-438
Modified ring crush, 1b./in. ‘ 4. 7-5.7 - 4, 7-5.8 . 5.2=6.0 ' 5.4-6.6
Degrees-to-crack | , ’46-36 h6-l3 50-4b 52-47
TABLE VI
SUMMARY OF HANDSHEET TEST RESULTS FOR PULPS PRODUCED AS IN TABLE III

Pulp Code 0-§J3/T.5/70 11.7/7.5/72  0-11.7/4,5/66 11.7/4.5/80
Pulp yield, % , ' 70 T2 66 80
Kappa no. 78 18 ' 102 116
Handsheet density, g./cc. 0.46-0.55 0.44-0.54 0.42-0.55 0.38-0.51
Burst factor | 35-45 39-50 284k 22-35
Breaking length, km. ° 5.5-7.2  '5.8~T.5 ' 4.8-7.3 3.9-6.3
Stretch, % 2.3-2.7 '2.5-2.8- 2.1-2.8 1.9-2.b
Tear factor (Elmendorf) 104-83 116-90 118-89 106-76
Tengile stiffrness, Et, kg./em, 379-kh2 380-438 3h8-Lu2 296-hL2l
Modified ring crush, lb./in. 5.0-5.6 5.4-6.6 5.0-6.6 4.7-5.8

Degrees-to-crack ) LB-L§E 5o-h7 h3-kL7 46-43
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Results for the pulp produced at 66% yield as in Table III are also
included in Table VI, In spite of its relatively low yield, this pulp did not

have properties as favorable as those with 70 and 72% yields, as discussed in

the above parsgraph, which were produced using a.greéter amount of oxidant.
This illustrates that lower yield does not necessarily imply higher strength
properties.  The use of less oxidant in producing this 66% yield pulp gives
stréngth properties overlapping those of an 80%,yie1d pulp produced ﬁsing the

same amount of oxidant and inecluded in Table VI for comparison.

o comini T ot O I i

The results, as summarized in Table V, have been compared graphically

with those obtained for the high-yield kraft reference pulp for which more

'
b
t
s
r

complete test data are given in Appendix IV. TFigure U4 illustrates this comparison

for the case of burst factor.

In the primery refining step of pulp production, different plate
gaps were used.. This had an.influence on the level of strength properties
reached whgn beating for the same amount in a PFI mill and full details on
the différenceS'observed,are covered in the relevant Appendices, Pulps
produced, under different process conditions or at different yield levels appear
to respond differently to changes in plate gap. For example, when the plate
gap was decreased from 0.018 in. to 0.005 in. for the 86% yield chlorine
dioxide-alkali pulp, & higher level of burst was achieved whereas with the
seme change for the 56% yield kraft pulp, a lower level of burst was achieved.
Hence, the results associated with using plate gaps of 0.005 and 0.018 in.,
respectively, for the 86. and 56% yield pulps were seleéted when drawing curves
to make comparisons as in Fig. 4. On the other hand, with the same change in
plate gap for the case of the 72% yield chlorine dioxide-alkali pulp, no change

in the level of burst was observed, compared with a significant chénge for the
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56% yield kraft reference pulp. This situation is illustrated in Fig. 4 by the
inclusion of a second set of points for these two pulps. In subsequent figures,

second sets of points have been included only for the 72% yield pulp
55
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HANDSHEET DENSITY, g./cc.
Figure 4. Plots of Burst Factor vs. Handsheet Density for 72 and 86% Yield

Loblolly Pine Chlorine “Dioxide-Alkali Pulps Compared w1th a 56%
Yield Loblolly Pine Kraft Pulp
Comparisons analogous to that in Fig. U are shown in Fig. 5-8 for

breaking 1ength,.tear factor, tensile stiffness, and degrees-to-crack data.
In Fig. 4-8, the overall pattern of results is similar in that the 72% yield
chlorine dioxide-alkali pulp is essentially equal to the 56% &ield kraft
reference pulp except fhat_the sheet densities of the former are lower. The
tendency for sheet properties of this softwood chlorine dioxide-alkali pulp
to be comparable to the kraft reference pulp at lower density has not been

observed so far in work on hardwoods.

The curves for the 72 and 86% yield pulps in Fig. 4-8 bracket an area
within which the corresponding test data for the 80 and T7% yield pulps also
fit. As yield decreases, more favorable values tend to be realized within the

quadrilateral areas marked in thHe figures.
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Figure 5. Plots of Bréaking Length vs. Handsheet Density for T2 and 86% Yield
Loblolly Pine Chlorine Dioxide-Alkali Pulps Compared with a 56% Yield
Loblolly Pine Kraft Pulp ' ’
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‘Figure 7. Plots of Tensile Stiffness vs. Handsheet Density for T2 and 867%

Yield Loblolly Pine Chlorine e Dioxide-Alkali Pulps Compared with e
56% Yield Loblolly Pine Kraft Pulp
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Figure 8. Plots of Degrees-to-Crack vs. Handsheet Density for 72 and 86%
Yield Loblolly Pine Chlorine Dioxide-Alkali Pulps Compared with
a 56% Yield Loblolly Pine Kraft Pulp

For the case of ring crush tests, less separation of the values for
72 and 86% pulps was found as shown in Fig. 9. This shows that the range of
values for the 86% yield pulp reached the lower end of the range for the

kraft reference pulp.
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Figure 9. Plots of Ring Crush vs. Handsheet Density for 72 and 86% Yield

Loblolly Pine Chlorine Dioxide-Alkali Pulps Compared with a 563%

Yield Loblolly Pine Kraft Pulp

It is apparent from the above that a loblolly pine chlorine dioxide-
alkali pulp can be produced at about T0% yield with papermeking strength
propertigs about comﬁarable to a 56% yield kraft pulp from the same chip
supply. In addition, it is obvious‘that the Té% yield pulp produced using 7.5%
ox1dant would cost apprec1ably more than the 86% yield pulp produced using 4.5%
oxidant. From the 1nd1cat10ns on cost referred to above, it appears an economically
attractive situation might lie somewhere between thgse two. Whi¥e it appears
unlikely that papermaking strength properties.comparable to those of the 72%
¥ield pulp would be realized, one gquestion thét arises concerns whether it ig

necessary to achieve that level of strength and, if not, whether this class of

pulps might have some other possible advantages.

Regarding this last poin&, there are two observations which it seems
appropriate to note. These relate to color gnd shives. The color of the
chlorine dioxide~alkali pulps ev;en at the 86% yield level is not markedly -
different from that of a high-yield kraft pulp. In addition, all of these
pulps in the T72-86% yield range were relatively shive-free including the 86%

yield pulp, as illustrated in Fig. 10.
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Figure 10. Handsheet Tabs from 86% Yield Loblolly Pine Chlorine Dioxide-
Alkali Pulp Beaten in PFI Mill for 450 (Left)} and 1650 (Right)
Counter Revolutions

Hydrodynamic Properties

Filtratioh resistance data were obtained as described in the exper-

imental paft on samples'of pulps used for providing the hapdsheet test results

discussed above. The general trends of filtration resistance measurements
are illustrated in Fig. 11, which is for pulps that were all primary refined
using nominally the same conditions before beating in a PFI mill. Complete

filtration resistance data are included in Appendix V,

Figure 11 shows that the 70% yield chlorine dioxide-alkalil pulp made
3 without alkali-impregnation of chips tended to have significantly higher

R - filtration resistance values than found for either a comparable pulp made

g 3 from alkali-impregnated chips or the high-yield kraft reference pulp. This
demonstrates an advantage of alkali-impregnation before chip fiberization.

Figure 11 also shows that the chlorine dioxide-alkali pulps when compared

g with the kraft reference pulp tend to have a similar rate of increase in

‘ - filtration resistance during the early and intermediate stages of beating.

For the later stages of beating, the rate of increase becomes relatively slower

for the chlorine dioxide-alkali pulps. , . -
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These differences in the rate of increase in filtration resistance
appear to be mainly derived from differences in the development of specific
surface on beating, as illustrated in Fig. 12. This fipgure is based on more

complete data on hydrodynamic properties which are included in Appendix V.
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Figure 11. Plots of Filtration Resistance (B_x lO'B, cm./g.) at AP = 10 cm.
110 vs. PFI Mill Counter Revolutions for Pulps Primary Refined
Under the Same Conditions with 0.018 in. Plate Gap
The relative strength of handsheevs made from pulps with different

filtration resistance values as in Fig. 1l can be illustrated by plottine

burst factor, for examrle, vs. filtration resistance as presented in Fig. 13.
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This figure elso includes points wi%hout slashes which are for pulps that were
primary refined wi£h a plate ga.p' of 0.005 in. It will be noted that for each

pulp, the curves associated with the use of two different plete gaps, namely;.0.005r
and 0.018Vin. , tend to overlap except for the 80% yield pulp. Thus, as a general
rule, it appears that at least within this range of plate gaps, although variation
in gap may change the strength properties obtained after a given amount of sub-
sequent beating, there is no marked change in the relationship between filtrafion

resistance and burst factor.
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Figure 12. Plots of Specific Surface vs. PFI Mill Counter Revolutions for
Chlorine Dioxide-Alkali Pulps and a Kraft Reference Pulp
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BURST FACTOR
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Figure 13. Pléts of Burst Factor vs. Filtration Resistance
(R x 107%, cm./g.) at AP = 10 cm. H,0 for Loblolly
Pine Chlorine Dioxide-Alkeli and High-Yield Kraft
Pulps '

Considering bu;st factor levels of say 25, 35, and U5 and excepting
the T0% yield chlorine dioxide-alkal; pulp, which was produced without alkali-
impregnation of chips, it is clear that the benefits of higher pu;p yield ap-
Plicable to any of thgse ievels is associated with greater filtration resistance.
The intermediate level of burst, which is reached in the early stages of beating
the high-yield kraft'reference pulp is reached by all except the highest &ielﬁ
chlorine dioxide-alkeli pulp. On the basis of previous considerations (Report
Eighteen) the 80% yield pulp, for example, which was produced using 4.5% oxidant,
is regarded as economically attractive. The accepteability of such a pulp would
appear dependent upon this intérmediate lgvel of burst being édequate, consider-
ation of other properties, ana upon acccmmodation of the increased filtration

resistance.
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The relationships between the curves'in Fig. 13 show that for a
particular filtration resistance as the yield level of chlorine dioxide-alkali
pulps (produced using the seme process steps) is decreased, there is an increase
in burst factor which reflects a separation in the burst factor vs. filtration
resistance curves. In ancther study {3) on high-yield southern pine kraft pulps
with Kappa number 53-116 which corresponds to about 50;60% yield, no such separation
in similarly plotted'data was found. This is shown iﬁ Fig. 14. The reason for

this observed divergence in behavior of these two different kinds of pulp is not

apparent.

It. is noted that relationships.similar to those discussed above for
Fig. lé are observed when burst factor.;s plotted as a function of Canadian free-
ness which is shown in Fig. 15. Thus, it appears that Canadian freeness can be
used as an alternative to filtration resistance for the pulps refined and Beaten

to the extent appliceble to the data in Fig. 15.
LOWER CHLORINE DIOXIDE USAGE

To determine the feasibility of partial substitution of chlorine
diexide by chlorine, four diffefent ratios of chlorine dioxide and chlorine
with 85 to 35% chlorine dioxide by weight were investigated using similar
chemical process conditions. These ratios bracket the composition of the gas
stream from & chlorine dioxide generator, as discussed furthef in the part

of this report on hardwoods.

The results obtained are presented in Table VII and the process
conditions used are essentially the same as for Pulp 11.7/7.5/72 prepared as -

in Table IT. In Table VII the Kappa numbers are consistently higher than found
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BURST FACTOR
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Figure 14, Plots of Burst Factor 15. Filtration Resistance (R x 10-%, cm./g.)
at AP = 10 cm. H20 for Southern Pine High-Yield Kraft Pulps
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for the pulp in Table II, and it is believed this may be related to the lower

final pH after alkali extraction for the case of the results in Table VII.
TABLE VII
CHLORINE DICXIDE/CHLORINE-ALKALI PULPING OF LOBLOLLY PINE
Impregnation/fiberization as in Table II

Lignin modification: 25 to 35°C. in 60 min., T.s%.ClOZ on chemical equiv. basls

€102:C12 {wiw) 100 . B85:15 65:35 55:45 T 35:65

Chlorine dioxide, %  T.5. . 7.0 6.2 5.7 by
Chlorine, % 0 1.2 3.4 - b '8.1
Consistency, % 8.0 8.0,8.0a 7.9 6.9,8.od ‘ 5.3,6.28‘
Time, min. 70 65,65 60 50,50 45,45
Final pH 1.k 1.6,1.3 1.3 1.3,1.2 1.2,1.2

Alkali extraction: 8.0% sodium hydroxide, 12% consistency, 90°C., 60 min.

Final pH ' 10.8 10.8,10.8 ' 10.8 . 10.7,10.7 10.7,10.8.
Yield, % . T3.h 72.5,72.6 73.7 70.9,7h.1 71.0,72.0
Kappa no. 86.5 - 83.6,89.8 85.6  83.6,91.9 86.2,89.9

Primary refining: as in Table IV, except with 0.010 in. gap

Pulp codes: 11.7/7.5(100) 11.7/7.5(85:15) - 11.7/7.5(55:45) --

B'Du1:>lic&|.t¢.a runs.

Evaluation data were obtained by beating in a PFI mill and handsheet
testing, for those pulps prepared using 100:0, 85:15, and 55:45 chlorine dioxide:
chlorine as indicated in Table VII. No significant differences were cbserved in
the evaluation data which are given in Appendix VI. Thus, it is concluded that

in the production of loblolly pine pulps as described in this report, the chlorine
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dioxide used for lignin modifications can be substituted by the chemical equivalent
amount of chlorine dioxide and chlorine containing up to at least 45% chlorine
by weight. This means the oxidant could consist of a mixture of chlorine dioxide

and chlorine as in the gas stream from a chlorine dioxide generator.
EXPERIMENTAL

Rew Materials

The loblolly pine (Pinus taeda L.) consisted of the other half of the
bolts (ex-Union Camp) previously used, as described in Progress Report'Sixteen,
plus sbout an equal quantity of loblolly pine from another source (Kimberly-Clark). .

-Alkali Tmpregnation of Chips

Screened chips were presteamed and impregnated with agueous sodium
hydroxide in two lots in a digester at Bauer Bros., Springfield, Ohio. Different
alkali concentrations were used in each impregnation as detailed in Table VIII

and based on preliminary studies. described in Progress Report Sixteen.

Water Impregnation of Chips

Chips were steamed in a 2-cu. ft. digester in a basket for 2 min. at
15 p.s.i.g., the pressure released to atmosphere, the chips steamed for a further
2 min. at 15 p.s.i.g., then covered with water at ambient temp. with a nitrogen
overpressure of 100 p.s.i.g. for 30 min. Water-impregnated chips were allowed
to drain for 30 min. before removing them from the digester; chip code A-52.

The procedure was repeated as necessary.

Fiberization of Impregnated Chips

Alkali and water impregnated chips were fiberized in the Bauer machine

described in Progress Report Thirteen and related data are given in Table IX.
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TABLE VIII

ALKALT TIMPREGNATION OF LOBLOLLY PINE CHIPS

Code . ’ A-51
Chips

Wet weight of chips, 1lb. 121
0.d4. weight, 1b. - T5
Alkali

Sodium hydroxide, 1b. + water, gal. 15.1 + 79.4

g.p.1. (sp.gr.) . 22.0 (1.010)

+

Presteam Digester

Two min. at 15 p.s.i.g. to give temp. 165-1T0°F.

Chip Charging and Presteaming

Time to charge, min. 1L
Presteam 2 min. at 15 p.s.i.g.

Temp., °F. 165
Blow, drain condensate and repeat

Temp. , °f 225

Liguor Charging and Impregneting

Temp., °F. - 220
Impregnation time, min. o 30
press, p.s.i.g. o 100

Liguor and Chip Discharge

Recovered liquor, gal. {1b.) 69.6 (s88) -
pH ' o 13.4
g.p.l.’ , 18.2
Sp. Br. 1.015

Sodium hydroxide applied, % o.d. chips 5.3

Wet weight of chips, 1b. 206.25

0.d. weight of chips, lb. © o T6.3

- oy PR e T e LR Y LR
N T L
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A-53

121
75

26.5 + T9.4
39.6 {(1.020)

16
157
195

200
30
100

70.5 (605)
13.5
29.6

1.030
11.7
222.8
83.6
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TABLE IX
FIBERIZATION DATA FOR LdBLOLLY.PINE CHIPS
Refiner | : No. 418 Pressurized Bauer
Plates (0.010 in. taper) 1 set 36325/1 set 36325
Code | A-52 A=51 A-53
Weight used for ru;'x, 1b. o.d. 6l 70.9 75.7
Moisture content, % ‘ 61 63 63
Steam pressure, p.S.i.g. 75 75 5
Steaming time, min. S.O 5.0 | . 5.0
Plate clearance, 0.001 in. | 35 35 35
Run time, min. ’ T.4 7.0 7.5
Feed rate, o.d. tons/day 6.2 7.3 7.3°
a a | a

Load, brake h.p. days/o.d. ton 3.1 2.5 2.7

Svalue should be increased 20% to obtain the estimated total, including
glloweances for no-load powers and motor efficiency..

Bauer McNett Classification

Fiberized chips were characterized by Bauer McNett classification carried
out in accordance with TAPPI Standard Method T 233 su-64. The screens used and

the classification data from a single run are given in Table X.

Delignification and Primery Refining

| Alkali pretreatment {when included), lignin modification and alkali
extraction were carried out under the conditions set out in Tables II and III.
After each process step in which chemicals were added, the product was separated
from spent liguor and water washed in a centrifuge with recycling to avoid loss

of fines.
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TABLE X
BAUER McNETT CLASSIFICATION DATA®
Code A-52 A-51 A-53

On-6-mesh, % 27.4 12.5 15.9

On-12-mesh, % 21.6 26.4 - 29.2

On-35-mesh, % 36.8 45.3 39.0

On-65-mesh, % 5.3 7.8 6.7 g

Through-65-mesh (by diff.), % 8.9 8.0 9.2

®Hater temperature 6.5°C.

Pfimary refining was carried out using a Sprout-Waldron‘machine with a

0.018-in. plate gap under the conditions described below for. the case of the

high-yield kraft reference pulp.

High-Yield Kraft Reference Pulp

Loblolly pine chips, as used in the above chip fiberization, were
cooked under the condifions given in Taﬁle XI. The coocked chips, which partly
hung in the digester after blowing, were centrifuged, waéhed with hot water,
soaked overnight, centrifuged, then sosked again in hot water (45-50°C.) for
about 1 hr., centrifuged and the last wash repeated before sampling for yield.

The wash waters were recycled until free of fines.

Primary Refining for High-Yield Kraft Pulp

Washed, blown chips (Table XI), which had appreciebly disintegrated
on blowing, were processed into fiber in a 12-in. Model No. 105-A Sprout-
Waldron refiner illustrated in Progress Report Sixteen and fitted with an

Esterline Angus Model AW recording watt-hour meter. No. 17,804 plates had
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been fitted to the refiner and preliminary tests were made to give results as
shown in Table XII. The cooked chips were steamed for 5 min. at atmospheric

pressure before refining.

TABLE XTI

HIGH-YIELD KRAFT PULP

.....

Liquor:wood 3.5:1
Active alk., % 144
Sulfidity, % 30
Max. temp., °C. 172
Time to 172°C. B85 nmin.
Time at 11200. "33 min.
'Blowdown to 85 p.s.i. S min.
Kappa no.- : -85.6
Klascn lignin, % o.d.p. 12.5
Acid sol. lignin, % o.d.p. 0.9
Yield, % 55.6
Code : | HYK/56

aObtained on sample of chips which had been fiberized in Sprout-
Waldron refiner.
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TABLE XIT
PRELIMINARY PRIMARY REFINING
Water temp., 190-200°F.; feed rate, approx. 300 g.o.d.p./min.

Consistency, %
3.5 5.0

Plate Gap, 0.001 in. Canadian Freeness, nml.

22 . Lo THO,THS - Tho
20 , - 735,740 . 725
18 720,725 . 720
16 720,720 710,710
1k | 70 -

?ulg_Evaluation (Handsheets)

The pulps were beaten in 40 g.0.d. lots at- 10% consistency in a PFI
mill having a 3.4%-kg. load. Handsheets of 60 g./sq. m. (1.2-g. sheets) were
prepared acceording to TAPPI standard Method T éOS m-58. For the degrees-to-
crack test, two 6.28-g. sheets (i.e., 69 lf./lOOO sqg. £t.) were made in a
British handsheet mold, pressed'for 5 min. at 50 p;saing: and dried on a steam
drum with a surface'temperature of 230-235°F. “Most sheet testing procedures

are described in Progress Reports Eight and Twelve.

The degrees-to-crack test was carried out at 73°F. and 10% relative

humidity using a Linerboard Cracking Tester. The specimen size tested was 1.5 in.

x 6 in. and the test area was sprayed with Rust Oleum flat black no. 412 to

facilitate the detection of cracking. Eachrreported value is the mean of six

tests.

At each beating level the pulp not needed for handsheets was put aside

for determination of filtration resistance, ete., as reported below. The

s s 3 el
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results obtained from handsheet testing are presented in Tables V-VI and in

Appendices II and III.

Hydrodynamic Properties

&

The filtration resistance of'varidus pulps prepared as described
above was determined using a research model constant-rate filtration apparatis
described previously (4). Relevant techniques alsoc have been described

previoﬁsly (5-7). S ', _ ' ‘ S

Apparent wet mat‘density as a function of compacting pressure wzs

'measured by the procedure reported at an earlier date (§).

Specific surfaces and volumes were calculated from plots of time-
pressure drop values from filtration resistance measurements and correlated
values of wet matl density which are applicable to a modified Xozeny-Carmar

equation as already.discussed (6).
CONCLUSIONS .

Unbleached loblolly pine chlorine dioxide-alkali pulps that are

relatively shive-free and similar in color to a corresponding high-yield 2r=7-

pulp can be produced.from alkali-impregnated cﬁips in 70-85% yield.

An advantage of using alkali-impregnated chips is that pulps tes:

to have relatively lower filtration resistance values.

The chlorine dioxide used for lignin modlflcatlon can be gurstIiTio=i
'
on a chemical equivalent basis by chlorine dioxide and chiorine with =n zrz.n-

T e .

of chlorine at least equal to that present in the gas stream from a chl-rizs ‘

dioxide generator.
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During primary refining, sbout four times as much power is required

for a high-yield kraft pulp compared with the chlorine dioxide-alkali pulps.

Compared with a 56% yield kraft pulp, papermaking strength properties’
including burst factor, breaking length, stretch, tensile stiffness, ring
crush, and degrees-to-crack, tendgd to be very similar at about T0% yield for a
chlorine dioxide-alkali pulp, in spite oflrelatively lower sheet densities. At

higher yield levels these strength properties and sheet densities decreased.

An intermediate level of burst, which is reached in the early stsages
of beating the high-yield kraft pulp, is reached by the chlorine dioxide-alkali
pulps with up to about 80% yield. The benefit of higher yield is associated with
greater filtration resistance or lower Canadian freeness. On the basis of previous
indications on cost, pulps capable of developing an intermediate level of bursting

strength fall into an economically attractive category.




. Page 37
Project 2500 Report Wineteen

HARDWOODS — RED MAPLE
BACKGROUND

In previous ﬁork on hardwoods, the point had been reached where a
clean, shive-free bleached red maple pulp with a relatively stable 88 TAPPI
brightness had been produced in 57-60% yield for investigations on its paper-
making characteristics. Thelbglk of the results obtained on these were‘described
in Progress-Report Sixteen. It included the finding that wet web moisture
contents were lower for this holopulp than for the corresponding red maple

kraft pulp in comparisons at equal dry sheet density.

It was also found that filler-grade clay was retained to a greater
extent.in furnishes containing holopulp compared with the corresponding hard-
wocd kraft pulp. For comparison at the saﬁe speéifiC‘scattering coefficient,
sheet densit& and strength properties were guite similar for clay additions of
20% for the furnish containing holopulps compared with 6% for the case of the
hardwood kraft pulp. Thus, in sheets containing hardwood holopulp instead
of hardwood kpraft pulp, more clay filter was present. in the former, which would

be an advantegeous cost factor.

These test results were subseguently further substantiated by & small
papermaking trial using the Institute web former. No disadvantages were
observed when using the furnish containing holopulp and data related to that

triel are included in Table XITI.

To prepare the unbleached red meple holopulp in the work Just
described the smount of oxidant needed for lignin modification was chemically

equivalent to 8% chlorine dioxide and was added as chlorine dioxide and chlorine
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TABLE XIII
WEB FORMER RESULTS FOR FURNISHES WITH.HUBER SSW CLAY FILLER
Fiber furnish: 30% bleached softwood kraft
70% bleached red maple as shown
Holopulp‘ Kraft
Clay added, % o.d. fiber 30 15
Furnish:
Canedian freeness, ml. 400 380
Filtration resistance, R x 10~ %, cm./g.; :

AP = 10 cm. H,0 - 1.66% 1.53%
Filler content, % o.d. sheet . ' lh‘ 8
Basis weight, B.d. g./m.>? hé Lk
‘Sheet density, g./cec. | 0.50 0.48
TAPPI brightness 83 83
Spec. scattering coeff., 650 nm. 397 h16

] Breaking length, km. (MD) 4.8 L.6
-" Stretch, % (MD) | 1.2 2.0
Tensile stiffness, Et, kg./cm. (MD) 330 263
Tear factor (Elmendorf) (MD) 88 86

aFurther details in Appendix VII.
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on an 85:15 w/w basis. The plan in the present work was to substitute chlorine %
dioxide to an increasing degree by the chemical equivalent amount of chlorine. ?'
If this could be done without adverse effect at least to the extent of showing }
1%

it
22N

that the oxidant could consist of s mixture of chlorine dioxide and chlorine

such as occurs in the gas stream from a chlorine dioxide generator, this would

mean a lower cost basis through lower chemical cost. For a case in which
sodium chlorate is converted to chlorine dioxide in 97% yield, as in the SVP
plant. at Franklin, Virginia, chlorine dioxide:chlorine in the generator gas

stream is 65:35 (9).

LOWER CHLORINE DIOXIDE USAGE

Preparation of Pulps

'8ix different ratios of chlorine dioxide and chlorine with 85 down to

15% chlorine dioxide by weight including the 65:35 ratio as noted above, were

investigated using similar chemical process conditions for the delignificaetion
.of red maple fiberized chips. The amount of lignin reﬁoved, a5 indicated by
Kappa number, was less after the chlorine dioxide content was decreased below

about 55% as shown in Fig. 16.

40 -
/ ]
A0 X
z_c,i' XX _X—/ {
20 i
n‘i_ L
3
< 10p-
P by e b e g3 b4y
100.0 75:25 50:50 25:75 0:100 1

CIO, 1 Cly, WI/WI

Figure 16. Plot of Kappa Number vs. Chlorine Dioxide:Chlorine in the Lignin
Modification Step of Red Maple Delignification
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The delignification conditions used in obtain;ng the regults in Fig.
16 are summarized in Table XIV. This is derived from the more extensive results
given in Appendig VIII. In Taeble XIV the chemical process condipiops are based
on those .used previcusly to produce the bleached pulp required for the investi-
gations on papermaking characteristics as referred to above. However, in the

present work the pulps were passed through the Sprout Waldron refiner used in

the loblolly pine experiments before screening. Tests showed that without this

action a significant percentage of screen rejects would have been.obtained.

The occufrence of a significant percentage of screen rejecﬁs before
refining is in contrast to a negligible amount of Screen rejects found at the
same point when producing pulp for tﬁelinvestigations on papermasking character-
istics {Report Sixteen). It is believed that this difference arises from
between-batch changes in the classification characteristics of the fiberized
red meple chips. ISupport for this is provided by the classifications inclgded

in Table XV. This illustrsates the very close similérity in proceés conditions

with the exception that much less power was used in October, 1972 to produce
the fiberized chips needed for the work described in this report and presumably
as a consequence the product had coarser. classification characteristies. The

reason why there was a greater power input in March, 1972 is not known.

It can be seen from Table XIV that as the relative qmount of chlorine

wes lncreased, the final pH fell in the alkali extraction. Conceivably, further

work might show that by increasing the amount of alkali used for the extraction
when chlorine content is increased during lignin modification yield and Kappa
number would fall to levels comparable to those observed in the example where

chlorine content was 45%.
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CHLORINE DIOXIDE/CHLORINE-ALKALI DELIGNIFICATION OF FIBERIZED RED MAPLE

Process Step

Alkali pretrestment:

Lignin modification:

Alkali extraction:

4

Primary refining:

aWith water recycling.

TABLE XIV

Process Conditions

3% NaOH, 10% consistency, 80°C., 15 min.

25+35°C. in 60 min.

Cl0,:CLly (w/w) 85:15 65:35 55:45
Chlorine dioxide, % 7.5' 6.6 6.1
Chlorine, % 1.3 3.6 5.0
Consistency, % 8.0 8.0 7.3
Time, min. 140 113 108

7.5% NaOH, 15% consistency, 80°C., 120 min.

Fina; PH 10.8 10.7 10.6
Yield, % 66 67 67
Kappa no. 2h 25 22
Klason‘ligniﬁ?.% o.d.p. 3.9 4.2 3.8

3.5% consistency, 195°F,

Screen rejects, % o.d.p. 0.1 0.1 0.1

Material loss, % o.d.p.> 2.7 2.2 2.1

feed water, 0.008 in.
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35:65 15:85
4T 2.5
8.7 1h.b
6.3 4.0

65 65
9.7 8.3
69 T1
31 37
5.9 7.2
plate gap
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“‘ TABLE XV
‘ COMPARISON QOF DATA FOR DIFFERENT LOTS OF FIBERIZED
1 | RED MAPLE CHIPS
4E Refiner: No. 418 Pressurized Bauer
Plates: Two Sets of Pattern No. 36326
% Date . October, 1972 March, 1972
Code . , A-sﬁ' A-b1
Chip treatment . --water impregnation--
Chip moisture content, % wet basis 58 60
Weight used for run, 1b. o.d. _ . 95 - 83 .
Conditions:
Steam pressure, p.s.i.g. (°C.) 80 (163) 80 (163)
Steaming time, min. ° 3.0 | 3.0
Plate clearance, 0.001 in. ‘ 30 30
Run time, min. ‘ 10.3 8.8
Feed rate, o.d. tons/day 6.62 6.81
Load, brake h.p. days/o.d. ton™ | 3.2 10.2

Bauer-MceNett classification:

On-6-mesh, % ‘ ’ : 19.9 0.3 .
On-12-mesh, % _ 20.1 0'5.
On-35-mesh, % 25.3 17.3
On-65-mesh, % 17.0 ‘39.7
Through-65-mesh (by diff.), % 17.7 | ho.2

aThis value should be increased 20% to obtain the estimated total, including
allowances for no-load powers and motor efficiency.
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To determine whether this level of chlorine addition can be used
~without detrimental effect on bleached pulp properties, unbleached pulps were
bleached as set out in Table XVI. The process conditions are based on those

-used at an earlier date (Report Sixteen).

TAPPI brightnesses in Table XVI are about 2-3 points lower and yield
is higher than in previous work (Report Sixteen). This probably reflects the
coarger character of the fiberized chips in the present work as referred to
already. A significant éspect of Table XVI is that the unbleached pulps prepared
with chlorine dioxide:chlorine equal to 55:45 in the ;ignin modification had
at least comparable bléachability to'bulps preparéd-using chlorine dioxide with

only 15% chlorine content,

‘Evaluation of Pulps

The bleached ﬁulps prepared as indicated in Tables XIV and XVI were
evaluated by beating in a Valley beater, and by determination of filtration
resistance and handsheet properties. Evaluation data are presented in Table XVII.
More extensive values on which Table XVII is based are given in Appéndix IX.

Table XVfI shows no significant difference in bleached pulp propertiés when the
chemical equivalent of 8.0% chlorine dioxide used for lignin modification is
substituted by chlorine dioxide and chlorine.with up to at least 459 chloréne.
At this point the amount of chlorine dioxide is reduéed to about 6.0% for

lignin modification.

The average values for various properties in Table XVII have been
plotted as a function of handsheet density in Fig. 17 and 18. These figures
also include similar dsta for a bleached kraft pulp used for comparison, and

the evaluation data for this pulp are given in Appendix IX.

o g
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TABLE XVI
BLEACHING CHLORINE DIOXIDE/CHLORINE-ALKALI RED MAPLE PULPS
(PREPARED AS IN TABLES XIV AND XV)

I. Chlorine Dioxide/Chlorine (same for all pulps)

] Chlorine dioxide, % 0.77 Consistency, % 10
2
3 Chlorine, % 0.38 Temp., °C. 60
1
X Time, min. ) - 60 Final pH 2.3

II. Alkali Extraction (same for all pulps)

Sodium hydroxide, % 1.4 Consistency, % 15
. Time, min. g0 Temp., °C. TQ
Final pH . . 10.9-11.1

ITT. Chlorine Dioxide (seme for all pulps)

Rl 2

Chlorine dioxide, % 0.5 Consistency, % 10
Time, min, 80-90 Temp., °C. 70
Final pH " 3.3-3.6 Residual C10, ~ trace

Pulp C10;:Cl,

_ a 85:15 65:35 55:h5
Yield, % 59.0, 59.0 29.9, 59.9 59.6, 59.1
TAPPT brightness, % 85.0, 84.6  84.1, 84.0°  85.6, 86.0

after 1% 804 85.7, 86.0 85.5, 85.0 86.7, 87.0
Steam-aged brightness, % .k, 73.9 Th.5, 73.1 5.4, TT.4
after 1% S0, 7.4, 77.9 78.3, T7.0 79.6, 79.8

aDetermination includes subtraction for material loss on screening.

bFor "unbonded" sheet (ethanol) brightness was 89.0%.
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TABLE XVIT
EVALUATION DATA: BLEACHED CHLORINE DIOXIDE/CHLORINE-
ALKALT RED MAPLE PULPS (TABLE XVI)

’ —Valley Beating Time, min.—
Test Pulp 0 3 T 13

Canadian freeness, ml. 85:15 2ko 215 175 120 ¥
65:35 250 205 170 130 i
55:45 245 . 220 180 125 s
Filtration resistence,” 10~° cm./g. . E-_”
(AP = 10 cm. H,0) 85:15 2.0 2.4 2.8 4.8 ot
. 65:35 1.9 2.0 2.7 k. i;
55:45 1.7 1.9 2.6 4.3 ?
Handsheet density, g./cc. | 85:15° 0.70- 0.7L  0.72  0.75 L
65:35  0.70  0.7L  0.73  0.76 3
55: 45 0.70 0.72  0.Th 0.76 P
. Breaking length, km. ' 85:15 8.1 8.5 9.1 9.k ”
’ 65:35 . 7.0 T.6 8.7 9.4
55:45 7.9 8.0 8.8 9.5
Tensile energy abs., g. cm./cm.> 85:15 119 130 146 152
65:35 82 91 138 152
55:45 112 11k 1k 152
Tensile stiffness, Et, kg./cm. 85:15 517 528 548 551

65:35 k87 217 526 558
55:45 k95 209 527 55k

'Tear factor (Elmendorf) ' 85:15 - 80 80 7 73
65:35 72 Th Th 69
55:45 78 T5 75 T2
MIT fold - 85:15 209 212 395 1006

65:35 190 257 418 897
55:45 166 238 391 878

Spec. scatt., coeff., 650 nm, 85:15 253 2L8 235 202

. 65:35 D52 248 ol2 202
55:45 258 o9 238 200

®Further date in Appendix IX.
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Figure 17. Plots of Breaking Length and Tensile Energy Absorption
vs. Handsheet Density for Bleached Red Maple .Chlorine
Dioxide/Chlorine-Alkali and Kraft Pulps

Figures 17 and 18 show that, although the kraft.pulp is characterized

by providing sheets with a greater handsheet density range, these holopulps have

significantly higher breéking length, tensile energy absorption, tensile stiffness

and MIT fold when compared at similar sheet densities with the kraft pulp.

When Elmendorf tear factor and specific scattering coefficient are

plotted as a function of bresking length as in Fig. 19, it will be seen that

these holopulps have a tear factor sbout compafable to kraft and a specific

scattering coefficient slightlv less than for the kraft. pulp.

L
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. A numerical comparison of bleached red maple chlorine dioxide-alkali
and kraft pulps is given in Table XVIII. This provides a more extensive basis

for comparison than is covered by Fig. 17, 18, and 19.

1000
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® o —J400
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} 1 ] |
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»

Figure 18. Plots of Tensile Stiffness and MIT Fold
vs. Handsheet Density for Bleached Red
Maple Chlorine Dioxide/Chlorine-Alkali
and Kraft Pulps
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‘Figure 19. Plots of Specific Scattering Coefficient and Elmen-
dorf Tear Factor vs. Breaking Length for Bleached
Red Maple Chlorine Dioxide/Chlorine-Alkali and

Kraft Pulps
EXPERTIMENTAL
Raw Materials
The red maple {Acer rubrum L.). chips used for the work described below '

were prodﬁced-from fourteen logsg with underbark diameters ranging from h.25 to 8.5
in., and received from Northern Wisconsin during March, 1972. After being debarked,’
the légs were chipped in a L-knife, 38-in. diameter Carthage chipper to give a
nominal 5/8-in. chip. The chips were screened on a 2U-in. Sweco Dynoscreen. Chip

moisture content on a wet basis was 31%; specific gravity, 0.463 (dry weight/green

vol.).

Fiberdization

Screened chips for fiberization were impregnated with water as described
in Progress Report Sixteen. The impregﬁated chips were fiberizea‘in the Bauer
machine used to fiberize the loblolly pine chips as described in this report,
except that a different plate combination was used. Fiberization and elassifi-

cation data are given in Table XV,

fm—— [P R
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TABLE XVIII

COMPARISON OF BLEACHED RED MAPLE KRAFT
AND CHLORINE DIOXIDE-ALKALI PULPS

Pulp

€10, /C1,-NaoH Kraft
Handsheet densi£y, g./cc. 0.70-0.75 - 0.70-0.75
Beating time, min. ' '0—12& 11—17b
Canadian freeness, ml. o “ 250-135 L400~310
Filtration resistance, R x 1078, cﬂ./g.c . 1.7-L.8 0.95-3.85
Handsheet drainage time, sec. | 5.3-10.5 5.8-7.5°
Breaking iength, km., | T.7-9.3 6.7-7.9
Tensile energy absorp., g. cm./cm.2 100-151 78-100
Tensile gtiffness, Et, kg./em. | 498-552 - 380-ko2 3.‘ '*., :'u '
Tear factor (Elmendorf) T7-72 » - 73-78 - :;
MIT fold 165-T70 | 33-135 _ ]
Spec. scattering coeff., 650 nm. 256-210 350-310 ?_iﬂ;

1:2.0-1{g. bedplate load.
5.5-Kg.. bedplate load.

AP = 10 cm. H,O.

Delignification

Alkali pretreatment, lignin modification and alkali extraction were
carried out essentially as described in previous reports. The chlorine dioxide

and chlorine were added as separate solutions in amounts calculated from analyses

and based on the relevant ovendry weight of fiberized chips. After each process
step the product was separated from spent liquor and washed in a centrifuge with

recycling to avoid loss of fines.
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Bleaching

The three staeges of bleaching were carried out in plastic bags. For
those stages in which chlorine dioxide was added the bags were heat-sealed after
which the contents were rapidly heated to near reactiod temperature in a micro-
wave oven. Tgéts were made near the end of the recorded reaction times to ensure

the amount of residual oxidant was not significant.

Evaluation

Pulps were beaten in a 1.5-1b. Valley beater according to TAPPI
Standard Method T 200 ts-66 except that the weight on the epd of the bedplate
lever was 2.0 kg. for the holopulps. At each beating interval, stock (2.64 1)
was withdrawn to prepare handsheets and to determine freeness and filtration
resistance. Details on handsheet forming and testing are given in Reports
Eight and Twelve. Filtration resistance was measured as described in this

report for the loblolly pine pulps.
CONCLUSIONS

Red maple holopulps can be prepared with the same lignin content
when the chlorine dioxide used for lignin modification is substituted by the
chemical eguivalent amount of chlorine dioxide and chlorine with up to at least
45% chlorine by weight. This reduces the amount of chlorine dioxide to about
6.0% for lignin modification for a high brightness pulp and demonétrates that
the oxidant could consist of a mixture of chlorine diaxide and chlorire as in the

gas stream from a chlorine dioxide generator.

Pulp bleachability and bleached pulp strength properties are not
significantly influenced when the chlorine content is increased up to at least

45% in the chlorine dioxide and chlorine mixture. At comparable sheet density
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the strength properties of these red maple holopulps were generally better than

those of a red maple bleached kraft reference pulp.
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’ APPENDIX I
PRELIMINARY DATA USED IN DEVELOPING EXPERIMENTAL PLAN
TABLE XIX
RELATIVE LIGNIN REMOVAL ABOVE 65% YIELD FOR 4.5, 6.0, 7 5, AND 9 0% OXIDANT
AFTER LOBLOLLY CHTP PRETREATMENT WITH ALKALI
Akali impregnation stesmed twice at 15 p.s.i. for 2 min., then covered with NaOH solution for
30 min. with 100 p.e.i g. nitrogen over pressure, drained for 30 min.
NaOH concn , g./1. initial 22,1 39.0 “
final 19.0 3,2
NeOH uptake, %% 1,'_0 Tl.o
Steaming at 75 p.s 1.g. I
Min. 50 . 5.0
pH condensate 11.8 12‘.3
iberization* 12 {in. lsboratory Sprout-Waldron refiner, firat pass at O 065 in , N
second pass at 0,015 in. ,
Yield, ¥ 93.0 B6.T
dgnin modification. 25°C. to 35°C. in 60 min., 8% gonsistency
I T L 1] r ¥ ) T } ]
Cloz, % ks . 6.0 7.5 9.0 L5 6.0 7.5 9.0
Time, min. 60 75 90 105 50 (] 75 80
Pinal pH 1.9 1.7 16 1.5 18 15 1.2 1.8
Yield, ¥ 8.3 82.0 88.4 86.0 Bk 1 83.8 83.2 82.7
Keppa no. 106, 3 101 1 ol.5 B4 T 100 4 ) 81 L
lkall extraction 60 min., 90°C' 12% conai!;tency |—|—| |—J—| r-L| 'J_'
NaOH, % h B ko L,o 8,0 4.0 8.0 k.0 8.0
Final pH : 9.8 1.k 9.4 11,5 8.6 112 B3 1r 3 10.8 120 9.9 12.0 mh'lLB 83 1.7
Yield, % 8.5 80.1 719.9 7T.4 T7.5 7T1.B 72,7 696 78B4 T4 B T6.1 T2.2 Ti,6 6BL TL6 65.9
Kappa no. 9%.1 92.1 86.6 81.k 5.2 667 61.4 56.8 919 BToO Bk 6.3 T1.1 62.3 sSB.2 50.5

Kleson 1ignin, £ o.d p. 21,8 21.0 199 185 176 15.9 156 12y 23.2 22,1 21.7T 19.3 19.0 15.8 -- -~
Klason lignin, % 178 168 159 143 136 11,4 11.3 B6 18,2 16,5 165 13.9 13,7 W08 -= -—

Acid sol. lignin, % 1,1 11 12 1.2 14 13 1.7 15 1,2 11 13 12 14 12 == -
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APPENDIX IT
HANDSHEET DATA FOR PULPS MADE FROM ALKALT TMPREGNATED CHIPS
TABLE XX
EVALUATION DATA: B86% YIELD LOBLOLLY CHLORINE DIOXIDE-ALKALI PULP (5.3/L.5/86)
Primary Refining Gap, 0.001 in.
18 : 5
PFI Mill, counter revs.
Property Lso 750 1150 1650 bso 750 1150 1650
Canadian freeness, ml. 715 575 400 210 610 L&0 325 220
‘ 720 595 375 25 ) 595 435 260 185
Handsheet drainage time, sec. b4 4.8 5.0 5.8 k.8 5.0 5.2 5.7
k.5 4.8 5.0 5.5 - 4.8 5.0 5.2 6.b
Handsheet density, g./cc. 0.348 0.415 0.451 0.508 0.372 0.411 0.45 0.k492
0.388 0.422 0.470 0.495 . 0.405 0.43%  0.475 0.523
Bendtsen smoothness, ml./min. 3130 2710 @ 2160 2100 2T70 2600 2280 2250-
2940  2hg0 2260 2300 2650 2430 2340 2260
Burst factor 13.8 18B.6 22,9 25.9 18,1 20.0 23.7 26.1
1.9 18.1 21.2 2k.0 17.5 20.3  24.3  27.5
Breaking length, km, 2.8. 3.83 438 5.2 3.48 3.95 L.58 b4.98
2.79  3.65 4.33 h.61 3.56 L4.06 L.sk 5.23
Stretch, % 1.5 1.9 1.9 2.2 1.8 1.9 2.1 2.1
i.b 1.6 1.9 2.0 1.8 1.9 2.0 1.9
Tensile stiffness, Et, kg./cm. 233 291 315 312 273 303 /7 362
. 23k~ 265 290 Nng 300 328 350 380
Tear factor (Elmendorf) 62.8 Bl.T 65.3 61.3 15.3  T0.5 65.3 60.1
6£8.9 65.9 6L.7 56.2 69.3 &h.3 60.9 53.5
Modified ring crush, 1b./in. k.1 k.7 5.3 6.3 5.1 5.3 5.6 6.0
h.1 k.9 5.7 5.8 4.2 5.1 5.5 5.4
Degreeg-to-crack 34 34 38 38 . 38 36 36 39
43 45 31 31 L1 L2 36 38
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TABLE XXT

EVALUATTION DATA: 80% YIELD LOBLOLLY CHLORINE DIOKIDE-ALKALI PULP (11.7/4.5/80)

Primary Refining Gap, 0.001 in.

18 5
: PFI Mill, counter revs. :

Property . 450 750 1150 1650 450 750 1150 . 1650
Canadian freenesg, ml. 725 6ho Lk7s 270 675 5T0 L0 240
730 675 500 280 685 595 koo 210
Handsheet drainage time, sec, .5 4.8 5.1 5.7 k.7 4.8 5.0 5.7
k.5 4.8 5.0 5.9 L 5.1 6.0
Handsheet density, g./ce. 0.366 0.408 0.468 o0.512 0.386 0.435 0.477 0.522
0.366 0.409 0.468 0.ugh 0.371 o0.bo7  0.452 0.506
Bendsten smoothness, ml./min. 3090 2730 2310 2300 ' 3000 2k70 2bto 2310
{vackside of sheet) 3170 2830 2810 2230 3010 2830 2610 2360
Burst factor 9.2 274 3o 36.1 23.6 27.0 31.6 135.2
16.3 25,3 32.3 37.0 20.2 26,9 29,9 35,6
Breaking length, iom. 3.83 4.8 5.63 6.4k .1k L.60 5.54 6.38
2.86 L.28 5.4k 6.08 3.70  L.2¢ k.98 6.30
Stretch, % 1.6 1.9 2.2 2,3 2.0 2.0 2.2 2.3
1.1 1.7 2.2 2.1 1.7 1.8 1.9 2.9
Tensile stiffness, Et, ke./ca. 311 353 373 Lia 302 358  Lo8 448
256 318 340 381 290 319 358 399
lear factor (Elmendorr) ‘ 118 10k 85.5 75.5 106  91.4 82.5 7T7.4
11T 99.5 87.7 T9.1 106  96.2 83.7 Th.k
fodified ring crugh, 1b./in. h.6 5.1 5.7 6.0 4.8 5.1 6.2 6.2
L.o L.o 5.5 6.5 .6 k.o 5.2 5.1
legreas—-to-grack 40 " 39 48 48 by ko L8 by
43 Lo 59 Si U5 43 43 L1
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TABLE XXII
EVALUATION DATA: 77% YIELD LOBLOLLY CHLORINE DIOXIDE-ALKALI PULP (5.3/7.5/77)
. Primary Refining Gap, 0.001 in.
‘ 1 - 5
! . PFI Mill, counter revs.
Property 4SO 750 1150 1650 o b50 7SO0 1150 1650
Canadian freeness, ml. 710 620 490 390 620 430 325 210
: 705 640 Lto 250 580 Lho 290 180
; Handsheet drainsge time, seec. 4,5 4.8 5.1 5.3 ' L.8 5.0 5.3 5.6
] : 4.6 4.8 5.2 5.6 4.8 h,9 5.5 7.4
I ' .
? Hendsheet density, g./cc. 0.40L o0.426 0.501 0.507 . 0.463 0.493 0.526 0.560
E 0.424 0.490 ©0.513 0.556 0.b76 0.505 0.547 0.586
: Bendtsen smoothness, ml./min. 2820 2700 2240 2230 2360 2240 2180 2020
i 2850 2450 2110 2090 2heo  23bo 2240 2330
; Burst factor 25.3 28.4 32.3 34.6 30.4  33.5 3h.5  39.5
L., 2h.6  30.6 31.6  36.0 29.5 32.6  36.9 39.7
L . .
thE Bresking length, lm. k.21 4.82 5.78 5.91 5.16 5.66 6.07  6.70
- 3.9%  4.98  5.60  6.15 4.91 5.41  6.27 6.66
fﬁ' Stretch, % 2.0 2.3 - 2.2 2.5 2.5 2.5 2.8
.;. ' 1.9 2.2 2.4 2.6 2.1 2.2 2.5 2.5
‘L ) Tensile stiffness, Et, kg:/cm- 290 290 332 362 ‘ 360 381 T b2 .
B 211 305 336 368 319 3b7 393 k8 |
%E' Tear factor (Elmendorf) 92.0 83.0 75.8 T72.9 82.1 78.2 Th.2  69.0 '
f:i 843 73.6 T73.2  67.8 79.2 T1.6  68.5 60.8
b
S Modified ring crush, 1b./in. L.8 L. h 5.0 L.g 5.1 5.8 6.0 5.9
L.3 5.2 6.0 6.2 5.3 5.3 6.1 . 6.0
Degrees-to-crack : 39 38 L6 b3 50 L8 L6 L8
sh- 55 Ly 52 kg Ly 42 b
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TABLE XXIIT

EVALUATION DATA: 72% YIELD LOBLOLLY CHIORINE DIOXIDE-ALKALT PULP {11.7/7.5/72)

Primary Refining Gap, 0.001 in.

18 5
PFT Mill, counter revs.
Property L5 750 1150 1650 kso_ 750 1150 __ 1650
Canadian freeness, ml. 705 615 370 230 650 515 390 245
710 625 hio 250 . - 530 - 220
Handsheet drainage time, sec. h.s L.8 5.2 6.1 B ¢ k.9 5.3 5.9
L.6 L.8 5.1 5.7 - 5.0 —- 6.0
Handsheet density, g./ce. 0.430 O.47T 0.50L o.shb ' 0.445 0.478 0.533 0.535
,0.433 0.L69  0.499 0,537 -- 0.b72 -~ 0.545
Bendtsen smoothness, ml./min. 2620 2470 2320 2220 2580 2580  2hio 2350
(backside of sheet) 2810 2530 2420 2370 -~ 2hoo -- 2490
Jurst factor 35.9 43,1 LT.b 50.3 38.7  W3.7 k9.3 s1.0
35.3  bo,.2 L, 2 50.1 - 9.5 -~ 8.6
ireaking length, km. 5.60  6.47 T.19 7.92 5.82  6.37 6.98 T.ho
5.7¢  6.37 T.25 T.62 °* - 6.24 --  T.53
itreteh, % 2.4 2.5 2.6 2.9 2.5 2.6 2.8 2.8
2.3 2.5 2.8 2.7 ) — 2.5 - 2.8
ensile stiffness, Et, kg./cm, 356 396 hzo LLy 380 k03 k23 41
‘ 3t 368 bos 432 -~ 38 -~ h34
ear factor (Elmendoref) 121 110 98.5 90 2 116 110 91.5 90.9
125 110 96.3 93.8 - 104 -- 8B.3
jdified ring crush, 1b./in. 4.9 5.5 6.2 5.6 5. 6.2 6.3 6.7
6.0 5.9 6.3 6.6 - 5.0 - 9.5
agrees—to-crack Ly Lsg L3 Ll 52 Lo 48 46
kg L8 52 56 - 52 - 48
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APPENDIX III
HANDSHEET DATA FOR PULPS MADE WITHOUT ALKALT
IMPREGNATION OF CHIPS AS IN TABLE II1 :
TABLE XXIV

~ EVALUATION DATA: 66% YIELD LOBLOLLY
CHLORINE DIOXIDE-ALKALI PULP {0-11.7/4.5/66}
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Primary Refining Gep, 0.018 in.

—— PFI Mill, counter rev.

. Property Ajo 750 1150 1650 ' {

Cenadian freeness, ml. 705 625 © 380 200 |
700 635 410 225
Handsheet drainege time, sec. h.6 L.8 5.2 6.2
4.6 4.8 5.2 6.3
Handsheet demsity, g./cc. 0.l1h  0.463  0.525 0.568
0.427 0.468 0.510 0.539
Bendtsen smoothness, ml./min. 2670 2450 2150 2200
(backside of sheet) 260 2k20 2060 2190
. Burst factor - 27.8  33.9 39.6 hh.g
27-5 33-0 39-0 ‘u3-7
. Breaking length, km. h.76 5.73 5.09 7.4k
4.90 5.85 6.59 T.22
Stretch, % 2.1 2.5 2.6 2.7
| 2.1 2.5 2.5 2.8
Tensile stiffness, BEt, kg./cm. 342 386 423 L2
353 Loi 420 k31
Tear factor 121 107 92.8 87.8
11k 108 92.6 90.9
Modified ring crush, 1b./in. 4.9 5.7 5.9 - 6.4
5'0 5'5 6-0 6-8
Degrees-to-crack y o lig L5 39 4o
L6 ks L6 51
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TABLE XXV

EVALUATION DATA: T0¥% YIELD LOBLOLLY CHLORINE DIOXIDE-ALKALI PULP (0-5.3/7.5/70)

Primary Refining Gap, 0.001 in.

18 5
PFI Mill, counter revs.
property Y50 750 1150 _ 1650 50 . 150 Y50 750
an freeness, ml. 645  Lsp 260 160 525  Lbo 310 205
o ‘ : 540 U7 320 215
‘ t drainege time, sec. L.8 5.0 5.8 8.0 ’ k.9 5.0 5.5 6.4
d’r L.8 5.0 5.3 6.3
poet density, g./cc. 0.k45 0.505 0.553 0.579 0.470 0.486 0.522 0.54k
; : 0.b58 0.501 0.528 0.5k6
; g:qn_moothness..ml./min. 2620 210 2370 2360 2500 2750  28i0 2h2o
" ogkaide of sheet) ' . 2530 2350 2280 2380
; -+
factor 33.5 39.3 k3.6 6.9 3.6 38.2 b2 439
: - 33.3  36.6 k1.3 u5.6
G
|§’é’-:iength, km. 5.70  6.63 7.3k T.71 5.65 6.22 6.68 7.2k
o - 5.26 5.59 6.68 T.20
L
U 3 2.3 2.6 2.7 2.7 2.k 2.6 2.8 2.7
» 2.2 2.3 2.5 2.7
o/ .
iotiffnesa, Et, kg./cm. 382 Lol h3g 460 316 385 Loz bl
P © 3 3\7  b18  u37
“sctor (Elmendorf) 04 90.2 829  76.k 99.7 96.2 91.0 8.8
‘ , 108  98.0 89.0 81.7,
od ring crush, 1b./in, L.9 5.6 6.1 6.2 4.6 5.1 5.h 5.1
’ 5.4 5.h 5.7 6.0
#=to-crack 48 L8 L8 ke by hé L5 ks
’ 48 51 bg by
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APPENDIX IV

"HANDSHEET DATA FOR 56% YIELD KRAFT REFERENCE PULP

TABLE XXVI

EVALUATION DATA: 55.6% YIELD LOBLOLLY KRAFT (HYX/56)

Primary Refining Gep, 0.001 in.

18 5
PFI Mill, counter revs.

Property 450 750 1150 1650 150 450 750 1150
Canadian freeness, ml. 710 620 385 205 615 505 360 230
705 630 420 - 625 450 385 240
Hendsheet drainage time, sec. ‘4.3 L.8 5.3 T.1 k.7 h.8 5.2 6.1
: by L.7 5.2 - L7 5.0 5.3 5.9
Handsheet density, g./cec. 0.517 0.557 0.604 63h 0.507 0.55% 0.583 0.610
0.559 0.539 0.605 - 0.544 0.550 0.579 0.601
Bendtsen smoothness, ml./min. 1810 1790 16890 1720 1790 1610 1530 1630
{backside of sheet) 2030 1780 1700 - 1950 1840 1790 1810
Burst factor 38.2  47.6 53.3 54,8 33.0 ho.3 k3.9 L5.9
ho.3 k6.1 5k.o - 36.8 3B.1 l1.s5 45,2
Breaking length, km. 5.87 6.15 7.5k 7.97 5.49 6.04  7.03 T.22
£.01  6.87 7.69 - 5.91 6.13 6.73 6.9k
Stretch, % 2.5 2.9 3.1 3.3 2.k 2.5 3.0 3.2
2.3 2.9. 3.1 - 2.6 2.5 2.8 3.1
Tensile stiffness, Et, kg./cm. 379 399 420 k31 383 koo Lh3 hL3
388 Loz kot - hik kit hl2 Lo
Tear factor {(Elmendorf) 126 115 104 a8 117 105 99.7 g92.4
130 119 105 - 113 102 100 96.5

Modified ring crush, 1b./in. 5.4 5.9 €.0 6.1 5.5 5.7 6.1 6.

5.7 6.1 6.1 — 5.7 5.6 5.7 5.
- Degrees-to-crack 58 51 L8 Lo 53 ST 59 60
48 51 54 - 57 54 56 55




Page 61
Project 2500 Report Nineteen

APPENDIX V

FILTRATION RESISTANCE' AND OTHER HYDRODYNAMIC DATA !

TABLE XXVII

FILTRATION RESISTANCE DATA FOR PULP 5.3/k.5/86

Pressure Drop ———————— Resistance R x 10-8, cm./g.&

AP, cm. H20 86-018-h?0 86-018-750 86-018-1150 86-018-1650
10 0.2k 0.31 0.73 1.00 |
20 0.27 0.4i i.oT 1.50 ?
30 0.32 0.55 1.36 1.93 %*
ho - 0.37 0.6L 1.63 2.33 év
50 0.l 0.73 1.89 2.72 %5
60 0.4s5 0.82 2.1k 3.09 |
70 0.k9 0.90 2,39 3.h45
80 0.53 0.98 2.63 3.81
90 o.?? 1.06 . 2.86 .1k

Pressu;e Drop e Resistance R x 16;3, cm./g.a

AP, cm. Hz0 86-005-450 86-005-750 86-005-1150 86-005-1650
10 * 0.39 0.59 . 1.09 1.98
20 0.55 0.85 1.62 2.98
30 0.68 1.08 2.10 3.87
40 0.79 1.2§ 2.53 h,67
50 0.91 1.h9 2.95 5.45
60 1.02 1.67 3.35 6.30
TO 1.12 1.86 3.75 6.96
8o 1.23 . 2.0% k.13 T.69
90 1.33 2,22 4.50 8.36

®Mean of duplicates.
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1« TABLE XXVIII
'
f_f‘ ' FILTRATION RESISTANCE DATA FOR PULP 11.7/4.5/80
; Pressure Drop Resistance R x 10-%, en./g.
AP, cm. H20 B0-018-450 80-018-750 = 80-018-1150 80-018-1650
| 10 10.15 0.29, 0.27 0.61, 0.62 1.35, 1.29
: 20 0.21 0.39, 0.38 0.91, 0.93 2,00, 2.01
{ . 30 0.25 0.49, 0.48 1.17, 1.21 2.61, 2.63
4
. "ho 0.29 0.57, 0.57 1.47, 1.h7 3.18, 3.22
50 0.33 0.66, 0.66 1.65, 1.71 3.74, 3.80
60 0.37 0.74, 0.Th 1.88, 1.96 .29, 4.35
5 70 | 0.40 0.82, 0.82  -2.10, 2.19 h.81, b.89
q 80 0.hL 0.90, 0.90 2.32, 2.42 | 5.32, 5.h2
il 90 0.47 0.97, 0.98  2.53, 2.6L 5.82, 5.94
.:% Pressure Drop Resistance R x 108, cm./g.a
i AP, cm. Hy0 80-005-450 80-005-T50 80-005-1150 80-005-1650
s 10 0.27 0.15 0.90 1.81
: 20 0.38 0.65 1.37 2.79
' 30 0.48 0.82 1.78 3,68
40 0.57 .0.98 - - 2.16 4,50
50 0.65 1.1%4 2.53 5.27
60 0.73 1.29 2.88 6.05
B 70 0.81 1.4k 3.24 6.80
80 © 0.88 1.58 3.57 7.53
90 0.96 1.71 3.91 8.26

®ean of duplicates,
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Pressure Drop
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TABLE XXIX
FILTRATION RESISTANCE DATA FOR PULP 5.3/7.5/77T:

——-—————— Resistance R x 1078, cm./g.®
TT-018-450 TT-018-750 77-0168-1150

0.19 0.3k 0.60
0.2k 0.k49 0.92
0.31 © 0.63 1.20
- 0.37 0.75' 1.5
0.43 0.87 . 1.69
0.48 0.98 1.92
0.53 1.09 2.1k
0.58 1.20 2.38
0.6 1.31 2,99 -

—_— Besi-sta.nc.e R x 10-8, cm./g.a'
T7-005-450 T7-005-750 T7~005-1150

0.kho 0.59 ©0.99
0.58 0.8 | 1.52
0.73 1.16 2.00
0.87 1.41. 2.4
1.60 1.64 2. 86.
1.13 1.87 3.28
1.26 2.10 3.68
1.38 2.31 L.09
1.50 2.53 4.46

®Mean of duplicates.

s
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77-018-1650
1.06
1.66
2,19
2.68
3.1k
3.59
4.02
'y
4.88

77-005-1650
1.79
2.84
3.77
L.66
5.51
6.36
T.16
7.95
8.7h4

i Sk R L w&{ -
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TABLE XXX
FILTRATTON BESISTANCE DATA FOR PULP 11.7/7.5/72
Pressure Drop - —— Resistance g;g 1078, cm./g.
AP, cm, H,0  72-018-k50 72-018-750 72-018~1150  .72~018-1650
10 0.21, 0.22 0.0, 0.k0 0.87, 0.87 1.57, 1.55
20 0.30, 0.30 0.59, 0.60 1.35, 1.33 2.h6, 2.46
30 0.38, 0.37 0.76, 0.77 1.78, 1.74 3.26, 3.27
'8 4o 0.45, 0.43 0.92, 0.92 2.18, 2.13 'h.o3, 4.05
‘?u 50 0.51, 0.59  1.07, 1.08  2.57, 2.51 BT, 4.9
ff@ 60 0.57, 0.55 1.21, 1.23 2.94, 2.87 5.49, 5.53
i}%& 70 0.63, 0.59 1.35, 1.37 3.31, 3.23 6.20, 6.24
i gq 80 0.69, 0.67 1.49, 1.50 3.67, 3.5T 6.89, 6.94
ﬂ'gﬂ 90 0.75, 0.7L  1.62, 164 1.02, 3.91 T.5T, 7.62
(i ,
f‘éé Pressure Drop ‘ Resistance R x 10~°%, em. /g. %
it AP, cm. H,0 72-005-L450 T2-005-750 12-005-1150 72-005-1650
i , .
i 10 0.33 0.51 0.75° 1.43°
20 0.48 0.77 1.14 2.22
30 © T 0.61 0.99 1.48 | 2.91
40 0.72 1.20 1.81 3.57
50 0.8% 1.ko 2.12 4.19
60 0.9L4 1.59 2. 4.83
T0 1.05 1.77 2.72 5.43
80 1.15 1.96 .00 6.02
90 1.25 2.13 3.29 6.58

“Mean of duplicates.

bCanadian freenesses higher than for corresponding results when
plate gap was 0.018 in.
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TABLE XXXI
FILTRATION RESISTANCE DATA FOR PULP 0-5.3/7.5/70
Pressure Drop ~———————- Resistance E.x‘lO'B, cm. /g, 2
4P, em. H,0 70-01.8-kL50 70-018-750- 70-018-1150_ T0~-018-1650
10 . 19.33 0.63 .' 1.13 ) C2.17
20 © 0.kg 0.95 1.76 3.43
30 0.61- 1.2k . 2.32 L.52
Lo 0.72 1.50 2.85 5.57
50 | 0.83 1.76 3.36 6.59
60 ‘ 0.95 2.00 ' 3.85 7.56
70 .. 1.05 2.24 4.33 8.7
8o : 1.15 2.7 © o L.78 9.39
90 - 1.25 2,71 5.28 . 10,28
Pressure Drop Resistance R x 10-%, cm. /g2
AP, cm. H,0 T0-005-50 - T0-005-150 T0-005-450 70-005~750
10 0.52 0.58 0.90 1.42
20 0.74 0.84 . 1.36 2.19
30 0.9%4 1.07 1.76 2.86
4o l.12 1.28 2.15 3.9
50 1.29 1.48 2.52 k.11
60 1.48 1.68 2.88 . .68
70 1.63 1.87 . 3.22 5.29
80 1.79 2.06 3.57 5.86
90 1.94 2,24 3.91 6.43

®Mean of duplicﬁtes.
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- ' TABLE XXXII
| FILTRATION RESISTANCE DATA FOR PULP 0-11.7/L.5/66
Pressure Drop ————r————— Registance R x 10-%, cm./g.a
AP, cm. Hz0 66~018-L50 66-018-7T50 66-018-1150 66-018-1650
10 0.22 ) 0.ko 0.82 1.75
20 . 0.31 0.59 1.25 2.73
30 ' 0.39 0.75 163 3.6k
Lo 0.46 . 091 ’ 2.00 h.y6
 ”' 50 0.53 1.06 2.3k 5.28
; i 60 0.60 1.20 2.69 " 6.09
fé; T0 0.66 1.3k 3.01 6.88
_gl 8o 0.73 1.48 3.34 T.64
fﬁh 90 0.79 1.62 3.67 8.42
i :
* ﬁ ) TABLE XXXIII
fg FILTRATION RESISTANCE DATA FOR PULP HYK/S6
J§Lé Pressure Drop Resistence R x 10-%, cm./g.a
g AP, cm. Hp0 HYK/56-018-450  HYK/56-018-750  HYK/56-018-1150 HYK /56-018-1650
& 10 0.26 0.38 0.92 ' 2.25
20 0.36 0.56 1.%0 3.ﬂ8
30 0.48 0.71 1.82 h.s59
40 0.53 " 0.85 2.23 55T
i \' 50 0.61 " 0.98 2.61 6.62
60 0.68 1.11 2.98 T.5T
70 0.75 1.24 3.35 8.50
80 0.82 1.36 3.70 T.k0
90 0.88 1.48 L.ob 10.3

Mean of duplicates.




"Project 2500

PFI Miil,
counter rev.

k50
750
1150
1650

450
750
nso
1650

450
750
1150
1650

450
750
1150
1650

TABLE XXXIV

HYDRODYNAMIC PROPERTIES OF PULPS

HYK/56

(0.018)

9,150
11,100
16,700
25, k00

3,19
3.30
3.48
3.38

0.00121
0.00149
0.00152
0.00197

0.bk10
0.394
0.396
0.375

Pulp

—— 11.7/h.5/80 ——
{0.018) (0.005) (0.018)

Specific Surface, <-§v>’ Cm-z,/g-

6,800 2,500 7,100
9,200 - 11,500 10,000
13,700 16,100 13,150
18,100 - 23,500 17,600

Specifie Volume, <V>, ce./g.

3.33 3.33 3.69
3.54 3.13 3.65
3.37 3.67 3.62
3.61 3.38 3.48
Compressibility Constant, M
© 0.00154 0.00155 0.00178
0.00152 0.00185 0.00169
_0.00215 0.00195 0.00203
0.00282 0.00209 0.00205
Compreasibility Constant, N
0.381 0.383 0.372
0.3866 0.372 0.380
©.359 0.372 0.372
0.340 0. 367 0.370

RN, +

. ‘ T tfvv‘i.) r ,_':,'n"“_:.l--,;;-*'-nuf_hq.‘-»ﬁ w P e el ’J%ﬂ (3
- . : i)
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— 5. 3/T.5/17 —

(0.005)

10,400

12,700

16,k00
21,900

0.00197
¢.002k8
0.00273

0.00255

0.367
0. 354
0.34h
0.356

W.T/T.5/T2 0-11.7/%.5/66

{0.018)

8,100

11,000 .

15,86q
1g,700

3.24
3.36
3.53
k.08

0.00162
0.00150
0.00225
0.00236

0.383
0.372
0,362
0.359

{0.018}

8.k00
11,500
15,300
23,300

3.50
3.29
3.60
3.56

0.0013k
€.00151
0.00222
0.0017h

0.396
0.391
0.362
0.385
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HANDSHEET DATA FOR CHLORINE DIOXIDE/CHLORINE-ALKALI PULPS

wm—— 11.7/7.5(100)

Property 450 750 115¢ 1650
Capadien freeness, ml. 630 425 éSO l 160
Handsheet drainage time, mec. . b2 4.6 5.2 I 5.2
Handsheet denstty, g./ec. 0.443 ©.493  o0.k9y |u.531
Bendtsen smoothnese, ml./min. ‘2720 210 2910 | 2690
Burst factor T3 b3 bhs.s ‘ 1s5.3
Breaking length, km. 6.51 T71.70 T.76 l 8.h1
Stretch, % 2.5 2.8 2.7 l 2.7
Tensile epergy aveorption, g.cm./em.? 65 & 88 l ol
Tensile stiffness, Et, kg./cm. Lol Ly hé1 l Lg2
Tear factor {Elmendorf) 15 102 ) | 83
Modified ring crush, 1b./in. 5.9 ) 6.1 | 6.4

Project 2500
~APPENDIX VI
TABLE XXXV
EVALUATION DATA: PFI MILL
Pulp Code
— 11.7/7.5{B85:13) 11.7/7-5(55: 45 )———mmr
PFI 111, counter rev.

osg 450 750 1ase 150 250  Lksg 75 1150

6to| 515 325 230 6o swol sm 280 -
- 670 540 _380 280

| we b oS b b2l w3 e o
- L L3 WT 5.3

0427 |o:h52 0.490  0.499 p.ko6 0.471 ‘0.1431' 0.L69 -
=~ 0.385 o.kak o0.L57 0.hBo

25on | zmi6  ew0B  oaso at6e 26al 28 a0
- 2950 2770 2840 2690

Wl 36.6 5 W6 20.3 3350 %L W0 -
' - 29.1 36.0 39.6 k0.8

s.3ﬂ| 6.31  6.94 T.60 L.72 5.66' 5.81 6,91 -
- 5.35 647 6.T1 1.36

ga| 26 27 2.8 2.3 ;.».sl 2.6 2.6 .-
— 21 2.5 2.5 2.5

wi| oo 1 BR ST 4 |« ™ -
TNt &6 67 78

0| B ues kb2 3z 3By | I3 b2k -
- 387 385 k11 ks
125 | 112 95 97 129 120 | 120 108 -
—~ 129 11k 108 98
¥

bel| vE 5.0 5.0 bt bal b9 bg -
-- 43 5.2 5.8 5.9
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- APPENDIX VII

FILTRATICN RESISTANCE DATA {FURNISHES WITH CLAY FILLER)

TABLE XXXVI

FILTRATION - RESISTANCE DATA fOR WEB FORMER FURNISHES
WITH HUBER 8SW CLAY FILLER

Fiber furmish: 30% bleached softwood kraft
" 70% bleached red meple as shown

Pressure Drop, Resistance, R x 10 °, cm./g.
cm. H,0 Holopulp Kraft
20 1.66 ' 1.53

20 | 2.33 , 2.20
30 . L v 2.90 ¢ 2.79
ho : R RN
50 | 3.88 | | 3.90
60 | b, 31 k.40
70 L.7h k.90
80 | 5.16 5.37

90 c 5.55. ‘ 5.85




I L L o - e wty e
s M
“

Page TC
Report Nineteen Project 2500

APPENTIX VIIT

PROCESS COWDITIONS FOR RED MAPLE HOLOPULPS

TABLE XXXVII

CHIORINE DIOXIDE/CHLORINE-ALKALI PULPING OF RED MAPLE

Chip ‘fiberization: As in Table III

Alksli pretreatment: 3% NaOH, 10% consistency, 80°C., 15 min.
Final pH 9.2, 9.3

Lignin modification: 25+35°C. in 60 min,, 8% C10; on chem. equiv. basis

C105:Cl, {wiw) 85:15 75:25 65:35 55.45 3565 15:85
Chlorine dioxide, ¥ T.5 7.1 ‘ 6.6 6.1 ' 4.7 2.5
Chlorine, % 1.3 2.4 3.6 5.0 8.7 144
Consigtency, % 8.0 7.3 6.3 4,0
Time, min. ., ko 133 113 108 65 65
Final pH 1.5 1.3 1.2 1.2 1.1 1.0

Mkal: extraction. T.5% soduum hydroxide, 15% comsistency, 80°C., 120 mn.

Final pH 10.8 10.7 10.7 10.6 9.7 8.3
Yield, % 67.1,65.2 68.5,66.8 67.3,66.5 66.3,67.0 69.5,68.8 71.5,71.3
Kappa no. . 27.1,20.9 27.7,21.2 26.2,23.6 20.8,23 4 30.8,30.2 37.7,36.7
Kleson lignin, % o.d.p. k.6,3.1 5.0,3.7 L.k, 3.9 34,41 6.3,5.5 T.2,T.1
Acid sol. lignin, % o.d.p. 2.1,1.8 2.3,2.1 2.2,2 1 1.9,2.0 2.4,2.3 2.8,2.6

1

'

Primary refining (combined pulps). 3.5% consistency, 195°F. water feed, 200 g. o.d./min., 0.008 in. gap
' Screen rejects, % o.d.p. 0.1 ' 0.1 01 0.1 - -

+
1
¥
1 Material loss on screening, % o d.p. 2.7 2.3 2.2 2.1 - -
5

- ——— —
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APPENDIX IX

PULP EVALUATION DATA (RED MAPLE)

TABLE XAXVIIT

VALLEY BEATER EVALUATION OF BLEACHED BED MAPLE CHLORINE DIOXTDE/CHLORINE~ALKALT PULPS

65 3%

CL0z C1, =85 15 ————r

Beating time, min a 3 1 13 G 3 7 13
pH u g b g

Canadian freeness, ml, s 2ko 215 175 120 250 205 170 130
Handsheet drainsge time, sec, 54 5.9 69 1p 3 73 6.2 §9 12.3
Handsheet density, g fce 0 698 0.710 0.717 0 748 0 70l 0.705 0.727 0 763
Bendtsen smoothnesa, ml /min. 516 bhe b5k 516 64T 599 488 sy
Breoking length, km 8.1 85 9.1 gy .0 76 87 ok
Streteh, % 3L 35 37 37 27 28 37 138
Tensile energy sbsorp , & cx fem ? 119 130 1% 150 82 91 138 1352
Tensile stiffness, Et, kg /em 517 528 sk 551 487 517 526 458
Tear factor (Elmendorf) & 80 T 73 T2 7h 74 69
MIT fold 209 212 395 1006 190 257  LiB8 gy
Spec  Bcatt coeff | 550 ng 253 268 235 02 252 2k k2 poz
Spec  absarp. coeft Th 140 1.7 1 50 128 14 120 3 50

Shive count, ng,/cm 2

0.50 021 0.11 o 0§ 06T 03 0,18 914

e 55 A5 —e———

0 3 7 13
b ¢
2ks 220 180 125
54 6.0 7.3 12.2
0.703 0.723 0.735 0.76)
o ka5 ko7 502
79 80 88 g5
3.3 33 38 3.8
112 11 % 15p
¥95 509 52t ssh
78 75 75 T2
166 238 391 878
258 2h9 238 2p0
110 111 118 1,28

0k2 032 po26 o.08
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24 TABLE XXXIX
i VALLEY BEATER EVALUATION® OF BLEACHED RED MAPLE KRAFT PULP
b Beating time, min. -0 Lo 2 2
: Canadian freeness, ml. 555 k95 375 205
Handsheet drainage time, sec. 4.9 5.2 6.0 12.8
Handsheet density, g./cc. 0.615 0.645 0.716 0.806
Bendtsen smoothness, ml./min. - . 360 370 300 280
Breaking length, km. 3.89 4.96 T.11 9.13
Stretch, % ‘ ' 1.6 2.1 ' 3.0 3.5
T.E.A., g. cm./cm.? 25.0  43.8  90.7 127
" Tensile stiffness, kg./cm. 320 3bk 385 418
Al
%i‘ Tear factor (Elmendorf) b2 56 77 78
,ﬂi MIT fold 4 - 8 L8 791
i
ﬁ Spec. scatt, coeff., 650 nm. he3 395 337 262
1B
i
. Data are the means from a dupllcate evaluation and are from

Report Sixteen.
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