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THE INSTITUTE OF PAPER CHEMISTRY
Appleton, Wisconsin

SELECTIVE DELIGNIFICATION OF WOOD AND OTHER FIBROUS MATERIALS

RFDUCED CHLORINE DIOXIDE ADDITION AND IMPROVED BLEACHABILITY
OF ASPEN CHLORINE DIOXIDE-ALKALYL PULPS

SUMMARY

An unbleached. aspen pulp was obtained in 67% yield from fiberized chips
by delignification with 7.5% chlorine dioxide and alkali. ‘The chlorine dioxide
was accompanied by 1.%3% chlorine which was shown to effectively replace 0.5%
chlorine dioxide in delignificatién. Essentially similar results were obtained
when lignin modification was preceded by alkali conditioning. Sodium hypochlorite
solutions were used in single-stage bleaching to providé stable 90 GE‘pulps made at

up to 65% yield.

It is noted that the proportion of acid-soluble lignin in pulps can

increase during storage, although total lignin remained constant.
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INTRODUCTION

The work described below relates to improving the -status of the chlorine

dioxide-alkali pulping process.

In attacking this objective, emphasis here has been placed firstly on
reducing the amount of chlorine dioxide required in two ways. - By splitting the
addition of chlorine dioxide the total amount needed has been directly reduced and
through substituting chlorine for part éf tha£ chlorine dioxide the amount has been
further reduced. Secondly, attention has been given to bleaching pulps to high

brightnesses without considerable yield loss.

Along with these efforts an éndeavor has been made to take into account

what has been learned previoqsly about the role of alkali.
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REDUCED CHLORINE DIOXIDE ADDITION AMD IMPROVED BLEACHABILITY
OF ASPEW CHLORINE DIOXIDE-ALKALI PULPS

DISCUSSION

Improvements in Chlorine Dioxide-Alkali Delignification

Some exploratory work described in Report Three led to a 70%—yield pulp
with encouraging freeness and opacity properties using a chlérine dioxide-alkali-
chlorine dioxide-alkali delignification process requiring 9.0% chlorine dioxide and
L4 hours' processing time. At that point in this project, attempts to do better

were disappointing. Also pulp brightnesses up to only 65 GE were achieved.

For the above chlorine dioxide-alkali sequence, uﬁbleached pulps now have
been mgdé ag in Table I at about 65-70% yield with near 2.5 ;nstead of &% Kiason
lignin using only 7.5% chlorine dioxide and 9 hours' processing time. Turthermore,
such pﬁlpslhave bheen bleached to a relatively stable 90 GE brighitness in one stage
with hypochlorite without excessive sghrinkage in yield. As well as clearly demon-
strating the possibility of Improving the process as in Table I, it is necessary to

consider pulp properties and this will be covered in a later report.

The data in Table I have been compiled from the results of numerous
experiments such as included in the tables belonging to the scheme set out in
Fig. 1. 1In approaching this scheme, an ef{fort has been made, as covered in
Reports Six and Eight, to clarify a number of questions about the role of alkali
since this was believed to be most gignificant in causing changes in fiber

properties.

Table I reveals noteworthy features regarding four-step chlorine diowide-

~alkali delignification as follows:
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Process step

Pulp code

Sodium hydroxide, %b

Chlorine dioxide

Available Clp, ¥

Total equivalent ClOz, %

Conslstency, %

Temperature, °C.

Time, min.

Final pH

Yield, ;!

Total lignin, %
Klason, %

Process step

Pulp code

Sodium hydroxide

Chlorine dloxide, 4

Available Clz, %

Total equivalent ClOz, %

Congistency, %

Temperature, °C.

Time, min.

Final pH

Yield, %

Total lignin, %
¥imson, %

GE (ethanol)

Aged CE

8 No &lkali conditioning

b

In all tables, all percentages are on an o.d

TABLE I

SUMMARY OF DATA LEADING TO 9O-GE ASPEN PULPS

Project 2500

Alk Cond. First Lignin Modification First Alkali Extractlion
ADD=ACC ap  Acc  DDT cc” ADD ACC DD €C
1.7 —_— 0 —2.3— — 50— 6.0 6.8
- 5.3 4.97 5.3 b.97 - - e -
- - 0,88 -- 0.88 -- .- . --
- 53— R
6.0 5.0 80
50 —_—D35 35 60—
60 —10— —1B3-210— 40
10.2 3.4 2.8 3.1 2.5 10,3 100 9.9 10k
93.0 91.5 9L.5 99.5 99.0 75.5 7.0 820 820
23.0 20,5 20.5 23.0 24.0 11,5 11.5 14,0 1% 0
19.1 .0 1.5 16,5 170 85 90 10.5 110
Second Lignin Modification Second Alkali Extraction Hypochlorite

ADD ACC DD cc

0,75

2.7 2.53 27T 2.55

ADD  ACC DD cc

ADD ACC DD ceC

— — 0.38 0.5

- 045 «- 05 B 3, 0—
2, e e - — e e -m

5.0— —8.0 12 0—

25 = 35 60 G

205 ~330 285 300 Y O 180——

2.8 2.3 24 24
73.0 7.5 T79.0 80.0
8.0 8.5 11.5 115§
5.0 5% T9O T35

105 10.5 11.2 11.2
65.0 64 5 67.5 67.5
36 33 36 Lo

2,5 2.0 23 27

fiberized chip basis

86 85 7.1 T3
61.0 605 630 65.0
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(l) essentially the same lignin contents after the second alkali

extraction with or without alkali conditioning,

(2) essentially the same lignin contents and yields when chlorine
dioxide was replaced by a mixture of chlorine dioxide and chlorine

having a mass ratio of 85:15,

(3) approximately 1-2% yield loss during lignin modifications when there

was no alkali conditioning, and

(4) essentially in five steps, reminiscent of multistage bleaching,
the whole process of delignification as in pulping and bleaching

to.90 GE brightness has been achieved.

Obviously it would be advantageous to omit the step of alkali condi-
tioning if pulp lignin content was the sole consideration. However, previous work
had indicated both uniformity of delignification and fiber properties can be

influenced by alkali conditioning, so that there are pros and cons for this step.

The evidence that at least some of the chlorine dioxide can be replaced
by chlofine is of ecconomic importance. Firstly, in practice it is simpler and
cheaper to produce chlorine dioxide without having to purify it by removal of
chlorine to less than about 85:15 on a weight:weight basis. Secondly, if the
chlorine present can be substituted for chlorine dioxide on a chemical equivalent

basis, as in Table I, this lowers the cost still further.

The guite small loss in yield during the lignin modifications means the
agueous effluents from these steps are very dilute and mosi of the dissolved solids
are present in the alkali extraction liquors. At the present the full import of
this is uncertain. It is thé first occasion on which so little material hay been

digsolved in the lignin modification. This could be signiticant in cossideration
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of aqueous effluents. In addition, it bears out the concept of lignin modification
in situ before solubilization in alkali as a desirable approach to minimizing the

amount of more costly chemical needed for selective delignification.

The knowledge that pulping and bleaching to 90 GE brightness can be
achieved in five steps reminiscent of multistage bleaching currently rests on a
narrow base and it would be prudent to regard it with a feeling of considerable
gqualification. Nevertheless, if oné envisages the prospect of a closed pulping
and bleaching system, the idea of a prccess such as pointed to in Table I holds

greater attraction.

Background to Table I

Although_the experimental conditions set out in Table I partly evolved as
the scheme ié Fig. 1 was implemented, at an early date some parameters were estab-
" lished in order to limit the number of combinations possible.  After setting the
amount‘of chlorine dioxide at 9.0% for a process with one lignin modification, the
total amount of chlorine dioxide was arbitrarily put at 8.0% for a process with a
split lign;n modification. To determine whether at least some chlorine could be
tolerated it was decided to alternate for 8% chlorine dioxide a chemical equivalent
mixture of chlorine dioxide and chlorine in vhich 15% was chlorine. This means the
lowest total amount of chlorine dioxide added would be 7.5% or one gixth legs than
9.0%, which is a significant reduction. A decision was made Lo divide on a 2:1
basis the chlorine dioxide used in a gplit lignin medificatiomn. Hence the amounts

of chlorine dioxide and chlorine become settled as in Fig. 1.

Details of how each process step was carried out are incluled in the

experimental part that follows.
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% Since it is known from the work in Reports Six and Eight that for a given
degree cf lignin modification the characteristics of the product obtained after
alkali extraction can be influenced by the inclusion or exelusion of alkall condi-

0 tioning as well as alkali extraction time, extraction temperature, alkali concentra-
B tion and amount, these all need to be taken into account in chlorine dioxide-alkali

delignification.

Looking with hindsight at Tables IT and ITI, if the main purpose of
alkali conditioning is regarded as being to facilitate uniform lignin modification
-without causing undesirable changes of either a chemical or physical nature, less
alkéli, a higher. temperature, and shorter time may provide a better combination of

conditions.

In considering the alkali extraction temperature after lignin mcdifica-

tion, 60°C. was chosen following the work described in Report Six.

Data like thoze in Fig. 2 indicated the relationships between pH and time
for extraction with various amounts of alkali were such that pH at a particular
extraction time of more than about 20 min. 1s changing less rapidly than at fivst

and can serve in choosing the amount of alkali for extraction.

The‘pH values, lignin analyses, and yields for various amounts of alkalil
used to extract small lots of pulp for particular times as in Tables IT, IIL, IV,
and V provide a view from which the amount of alksali needed to reach a certain
alkaline final pH can be estimated. This is desirable in order to create a
situaticn where slkali extractions are comparable bj virtue of pH equivalence when
the materials to be extracted have different histories. For example, in Tables IV
and V each product after the first lignin modification was exiracted with pH 10.9-

11.4 after 5 minutes and 9.9-10.4 after 40 minutes. It is reasonable to conclude
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' TABLE IT ke

)

FIRST LIGNIN MODTFLCATION AID TRIAL EXTRACTIONS £
g

K

I. Lignin Modification

Consistency, 5.0%; temperature, 25 - 3590, sodium hydroxide, 2.25%. é
Total equivalent chlorine dioxtde, % 5.3 : 5.3 :i
o
€102, % 5.3 | h.g7 ]
Cla, % - 0.88 :
Time, min.. (to exhaustion) 180-210 180-210
pH after 5 min. — final pH 6.2~ 3.1 b Z 2.5
Yield, % 99,4 .99.1
Total lignin, % ' S 23. 23.9
‘Klason, % 16.3 17.0
© Acid sol., 6.8 6.9
Code ' D C

IT. Aikali Ixtraction of Smalil LoLs

consistency, B.0%; temperature, 60°C.

Material D c
Sodnm{ hydroxide, % 3.0 —b.0 — —6.0— L.0 6.0
Time, min. 120 20 60 20 60 20 ko 120 20 60 190
pH after 5 min. 9.9 10.4 10.9 11.2 1.2 10.5 10.3 10.2  -- --  1l.1
Final pH 7.9 9.6 9.2 10,6 9.9 9.0 9.1 8. 10.5 2.8 9.5
Yicld, %l g0.1 85.5 85.5 826 82.0 88.5 87.5 87.6 82.8 g2.4, 81.8
Total ligntn, % - -- - 15.9 1%.5 -- - - 15:6 5. ¢ --
{lason, P -- -- -~ 1.k 11.2 -- e ee 11 1L --

Acid sol., % - - -- h.5 bl -
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TABLF, III

ALKALI COFDITIONING, FIRST LIGNIW MODIFICATION AND TRTAL EXTRACTIONS

T, Alkali Conditioning

Sodium hydroxide, % 1.7 pH after % min, 11.2 Total lignin, % 23.0
Consistency, % 6.0 Final pH 10.2 Xlason, % 19.1
Temperature, °C. 50 Yield, % 93.0 Acid 30l., b 5.9
Tine, n::.n. 60

IT. Lignin Modification

Consistency, 5.0%, temperature, 25+359C., sodium hydroxide, 2.0%.

Total eguiv. chlorine dioxide, % 5.3 5.3
Clo, % 5.3 Lot
Clz, % - n.88

Time, min. (to exhaustion) 210 210

pH after 5 min, - final pH 6.2 - 3.4 5.8+ 2.8

Yield, % 91.3 91.7

Totol lignin, % 20 h 20.L
Klason, % 4.1 6
Acid sol , % 63 58

Code AD AC

III. Alkall Extraction of Small Lots

Consistency, 8.0%, temperature, 60°C,

Material AD AC
Sodiun hydroxide, % —_—3.0— —h o 5,0 —h .- —5.0—
Time, min. Y0 120 L0 120 40 120 Y0 120 k0 120
oH after 5 min. ‘ 10.1 10,2 106 10.6 10.9 11.1 10.4 103 10.6 10.7
Final pH 8.8 8.0 9.3 B.6 100 93 9.0 8.3 g6 8.8
Yield, % (Y} ° 841 B2 82.1 79.8 775 68 81.6 81,0 78.5 7.8
Total lignin, % (1) 15.9 16.2 15.2 13.8 12.6 119 Wwh 139 12,3 119
Klason, % 11.5 11.7 11.1 1.2 9.5 90 10.5 10.1 92 8.8
Acid sol, P Lk b5 b1 36 3.1 29 3.9 58 31 31
Y - L 68.2 68.0 66.9 66.0 6i.9 64 3 67.2 671 66.0 65.9
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5 ! | 1 | n
20 40 60 80 100 120

TIME, MIN.

Figure 2. Change of pH Dufing Extraction vith Different Amounts
of Alkali After Lignin Modification
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TAOLE IV

FIRST ALKALI EXTRACTION, SECOND LIGNIN MODTFICATION, AMND TRIAL EXTRACTIONS

Lignin Modification
As in Table_ I1
Alkali Extraction
Consistency, 8.0%; temperature, 60°C.; time, 40 min.
Material D c
Sodium hydroxide, % 6.0 6.8
pH after 5 min. - final pH 11.2 - 9.9 11.k -~ 10.4
Yield, % 81.8 82.1
Total lignin, % 1.2 1h.1
Klasen, % 10.6 . 10.8
Acid sol., % 3.6 3.5
Code DE CE
Lignin Modification
Consistency, 5.0%; temperature, 25 = 35°C.; sodium hydroxide, 0.75%. ‘
Materiel (washed dfl. HAc) DE CE
Total equiv. chlorine dioxide, % 2.7
€10z, % 2.7 2.53 2.7 2,53
Cle, % - C.ks5 -- 0.h5
Time, hr. (to exhaustion} k.75 3.5 L.25 5.0
pi after S min. - final pH 2,5 - 2.4 2.l w2l 2.5 » 2.4 2.5 - 2.L
Yield, % {Y) 8.8 79.1 Bo.t1 79.9
Total lgnin, % (1) 1.k 1.1 11.0 11.%
Klason, % t 1.2 7.7 7.7 L T.6
!;cid s0l., % h.2 3.4 3.3 3.8
Y-L 67.4 68.0 9.7 68.5
Code DED - ua CEC
Alksli Exirection of Small Lois
Consistency, 8.0%; temperature, 650°C.
Materianl DED CEC
Sodium hydroxlde, % —_—2, 00— —3,0— —h.,0— 6.0 2 O a3 O
Time, min. Lo 120 K0 26 O 120 3120 W 120 Ko 120
pH after 5 min, 10.6 10.2 10.9 11.5 1i.3 11.8 12.1 10.2 10.5 11.0 11.0
Final pH 8.8 8.7 0.6 11.0 11,2 11.6 12.0 9.5 8.8 10,7 110.L
Yield, % 70.0 69.6 67.1 66.1 65.5 6.3 64,1 0.2 68.7 66,6 65.7
Total lignin, % 7.1 T4 5.2 32 380 - 2.5 6.5 5.9 h.o 3.7
Kasen, ' 5.0 5.4 38 1.9 27 - C1b L3 %1 2.6 2.5
Acld sol., % 2.1 2.0 1 L3 L1 -- o9 2.0 1.8 1.4 L2
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FIRST ALKALI EXTRACTION, SECOMD LIGNIN MODIFICATION, AND TRIAL EXTRACTLONS
WITH ALKALI CONDITIOQNING

Alkall Condttioning (as 1in Teble T7I}
Lignin Modification (as in Table I11)

Alkali Extractlion

Consistency, B.0%; temperature, G04C.; time, 40 min.; sodium hydroxide, 5.0%.

Material AD AC
pH after 5 min, - final pY 11.0 - 10,3 10.9 - 1¢.0
Yield, % 75.6 1.2
Total UHgpin, % 11.3 1.5
_ Xlason, % ' 8.6 8.9
Acid sol., % 2.7 2.6
Qoaiq ADE ACE .
Limin Medification
Consistency, 5.0%; temperature, 25 — 359C.; sodium hydroxide, 0.75%.
Material ADE ACE
Total equiv. chlorine dioxide, % 2.7 -
ClCz, % 2.7 2.53 2.7 2.53
Cla, % . -- 0.hsg -- 0.h5
™me, hr, {to exhaustion) 3,25 5-6 5,25 5-6
pH after 5 min. = final pH 5.k .. 2.8 5.1~ 2.7 . 6.2 3.2 2.7 - 2.3
Yield, % (Y) 72.9 73.5 75.8 T
Total lignin, % (L) 8.1 8.7 4.5 B.6
Klason, % 5.1 5.8 5.5 5.5
Acld sol., % 3.0 2.9 3.0 R
Y -L 6h.8 64,8 €5.% 66.1
Iode ADED -- -- ACEC
Alknl!{ Extractlon of Small lLote
Consistency, B.GL; temperature, 60°C,
Material ADED ACEC
Sodium hydroxtde, % ———l.0==— 1.5 —2.0— 3.0 —1.0—~—  L.5 20— 5.0
Time, min. bo 0 ko O 120 120 40 120 0 Lo ) 120 120
pH after 5 min. 10.h 9.6 1i.2 11.7‘ 0.8 112 3.3 9.0 104 1.3 1l.% 1.9
Final pH 9.7 9.0 10.7 1l.h 10.5 -. B.2 4.7 100 308 9.8 110
Yield, % 66.1 65.5 64.L 61,8 6r.6 61.0 67.9 68.1 65.9 6hoh Gh.0 6GuLs
Totel lignin, % .8 - .0 5.1 2.4 -- 5.7 -- LG osr b -
Klason, % 3.0 -- 2.5 2.0 10 -- 55 - 28 2.2 19 -
Acld zel., % 1.8 -- 1.5 11 LA - 2R .- L3 Ly L2 -
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that the higher yields.and total lignins after the first alkali extraction, as
discernible when the data in Tables IV and V are compared, can be attributed to the
omission of alkali conditibning. The alternative expianatiOn that the higher
yields and total lignins are attributable to the use of insuffiéient alkali for

extraction is considered unlikely.

From the second lignin modification according to the scheme in Fig. 1

there are eight products. Of the eight, four included and four did not include

alkali conditioning. Each set of four revealed no marked within-set differences

in either yield or lignin content, as may be seen from Tables IV and V. Therefore,
further work on the four uncoded products was dropped and attention directed to the
products obtained using either chlorine dioxide or chlorine dioxide plus chlecrine

in both parts of the split lignin modification step.

Although the amounts of alkali in the second extractioné as in Tables VI
and VII vere chosen on the basis of the extraction of small lots of material as
laid out in Tables IV and V with the expectation of a Tinal pH a;}O.S, this was not
realized. Wevertheless, total lignin contents (Tables VI and VII) are comparable
for all f'our products, while yields fTor the two obtained without alkali conditioning,

viz. DD and CC, are apparently greater than for the other two, viz. ADD and ACC.

Fach of these four pgoducts when bleached with hypochlorite reached a rel-
atively stable 90 GE brightness with abou? 3% yield loss as detailed in Tables VI
énd VII. Theée are regarded as encouraging results. It may be noted the bright-
ness sheets were formed in ethancl. This is a nonstandard practice followed here
to avoid confusing the measurement of reflectance by the possibility of a significant

amount of transmittance occurring through bonded areas of the brightness tabs.
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SECOND ALKALI EXTRACTION AND TRIAL HYPOCHLORITE REACTIONS

I. Lignin Modification {as in Table IT)

II. Alkalli Extraction (as in Table IV)

ITI. Iignin Modification (as in Table TV)

IV. Alkall Extraction

Sodium hydroxide, 3.0%; consistency, 8.0%: temperature, 60°C.; time, 40 min.

Materigl
pH after 1 min. - final pH
Yield, %
Total lignin, %
Klason, %
Acid sol., %

Pulp

V. Hypochlorite Reaction (unscreened pulps)

Consistency, 12.0%; temperature, LH0°C.

Pulp

Avallakle chlorine, %
Sodium hydroxide, %
pH aftgr 1 min.

Final pH

Time, min. (starch/I")
Yield, %

CE (ex. ethanol)

Aged GE

Canadian freeness (T 227 m-5B)

2 Mo 50, wash.

DFD CEC
11.5 - 1L.2 11.6 » 11.2
67.6 '67.8
3.6 ‘ 4.0
2.3 2.7
1.3 1.3
DD cc
) ce
1.5 —=3.0— 4.0 1.5 —35.0—— 4.0
0.38. 0.38 o.h 0.5 0.5 0.5 0.5 0,6
-- .- 1 -- - == 11,1 1l.4
8.2 7.. 7.0 1.8 9.0 7.3 7.3 7.6
80 >185 >180 >185 90 >80 180 >180
6h.6 63.2 6h.1 62.9 65,1 64.6 64,6 6%5.7
87 0 87 9 86 o0 8% g
8. 87 8% B9 83 87 & 88
387 207 - 259 392 212 .- 27
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TABLE VIT

I
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SECOND ALKALI EXTRACTION AXD TRTAL HYPOCHLORITE WITH ALKALI CONDITIONIKG

I. Alkall Conditioning (as in Table IIT)

TI. Lignin Modification (as in Table ITI)

III. Alkall Extraction (as in Table V)

IV. Lignin Modification {as in Table V)

V. Alkali Extraction

Consistency, 8.0%; temperature, 60°C.; time, 40 min.; sodium hydroxide, 1.5%.

Material ADED ACEC
pH after 1 min. ~ final pH 11.2 - 10.k 11.3 ~ 10.5
Yield, % 64.8 64.3
Total lignin, % ' 3.6 5.3
Klason, % 2.5 2.0
Acid sol., % ' 1.3 1.3
Pulp . ADD ACC
VI. Hypochlorite Reaction (unscreened pulps)
Consistency, 12.0%; temperature, %0°C.
Pulp ‘ ADD ACC
Available chlorine, % 1.5 3.0 6.0 1.5 3.0 L.0

Sodiwn hydroxide, % 0.5 0.6 0.7

pH after 5 min. 10.9 11.3 11.5
Final pH 9.5 8.6 8.3
Time, min. (starch/I") 120  >180 >180
Yield, % 61.5 60.9 60.2
GE (ex. ethanol) 85.3  90.0 91.3
Aged GE 82.9 87.9 89.5

Canadian freeness (T 227 m-58) L3 koo 322

0.5 0.6 0.7
10.7 10.9 11.0
8.9 8.5 8.4
150 180 180
61.9 60.6 60.1
87.1 90.3 91.4
B85.0. 88.2 89.7

e 372 332
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A logical sequel to the above experiments as summarized in Table I is to
consider the papermaking properties of a fully bleached pulp made by a route based

on the knowledge obtained to date.

Note gg'the Influence of Storage.on Lignin Analyses

From Table XITIT of Report Six the Klason and acid-soluble lignin values
in the regular lignin analyses, for example, are not smoothly related to extraction
time although the sums of the two forms of lignin successively decrease with longer

extraction time, as might be expected.

It is noted that these analyses were carried out in duplicate after

different periods of storage and by two analysts, as in the following table:

Sample
Code

A-21
A-18
A-16
A-33
A-32
A-3L
A-34
A-31

A-li2
Ak
£-39
£-39
£-L0O
4-38
A-37
A-36

s san
TS )

Report Nine

This will be covered in a forthcoming report.
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TABLE VIII

DATA RELATED TO SAMPLES AS LISTED

- Storage, Graphical
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When the data are plotted as in Fig. 5, it appears that samples stored
for 8-9 months had significantly lower Klason lignin:acid-scluble lignin Yalues
because some of the Klason lignin seems to appear as acid-soluble lignin after
extended storage. This accounts for the relationships referred to in Table XITI

of Repert Six.
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ANALYST

STORAGE MTH.

- — N N A

- MM O 0 o

Oo0OD> <> «

0

®)
| 1 L 1
< (o4 0N -
19Naodd °6

ININDITT T10S - QIDY

KLASON LIGNIN, %% PRODUCT

Evidence of Lower Klason Lignin:Acid-Soluble Lignin Ratios

Figure 3.

After Extended Storage
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EXPERIMENTAL
RAW MATERIALS
Chip Lot A3/55 was used.
FIBERTZATION

Fiberized chips were prepared in a 36-in. double-disk Bauer machine
fitted with no. 36109 pattern plates set at a 0.025-in. gap. Before using the
machine, it was heated by purging with steam for about an hour. Other details of

the procedure followed are as indicated in Report Eight, page 93.

The fiberized material was cooled by a water spray, then dewatered on a.
muslin-covered box, centrifuged, and passed through a pulp shredder before being
sampled for moisture content. The next process step was initiated within six

hours. .
ALKALI CONDITIONING

The preliminary alkali conditioning was carried ocut using a technique
similar to that described in Report Eight, page 95. Details of the experimental

conditions are included in Table III.
LIGNIN MODIFICATION

For lignin mcdification, chlorine dioﬁide golutions were prepared in
the usual way according eo the laboratary method of Ernest (E). Solutions
containing a mixture of chlorine dioxide and chlorine were prepared by combining
calculated amounts of a éolution céntaining one component, then analyzing the

combined solution for chlorine dioxide and chlorine (see footnote on next page } -

A
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The lignin:modifications weré carried out in ¢losed polyethylene con-
tainers of appropriate size eséentially as described in Report Bight, page 93,
except for some variation in that the prbduct was first collected on a sintered-
glass funnel, washed with deionized watef, then dewatered in a cenprifuge and
passed through a pulp shredder. Other details are provided in Tables II, III, IV,

and V.¥
" ALKALT EXTRACTION

The alkali extractions were carried oﬁt using the conditions as noted in
Tables II, IIT, IV, V, VI, and VII. After extraction, tﬁe collected puips were
washed with distilled waﬁer on a fritted-glass funnel, then soaked at roughly 8%
consistency for about one hour in dilute acetic acid using equivalent to approxi-
mately halflthe amount of alkali added for. extraction. The pulps wefe again
collected; washed on a fritted-glass funnel with deionized water, and the larger

amounts centrifuged, then shredded.

HYPOCHLORITE - REACTION

The hypochlorite reactions were carried out using the conditions noted in
Tables VI and VII. After filtering, the pulps were washed with water, then socaked
at about 5% consistency in excess dilute sulfurous acid for one hour, unless noted

to the contrary.

¥ The formula for g.p.l. Cls [The Bleaching of Pulp. TAPPI Monograph Series No.
27: 372 (1963)] is unclear and incorrect. It should be [(N - (A/4) x 0.71] ,
wherc N = titration as under ¢, A = the additionsl hitration as under D, and
ml. sample = 5. -
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YIELD DATA

As a general rule, yields were calculated on the larger amounts of
material from a particular process step by sampling the shredded, centrifuged,

and washed products.

Analysis of chlorine water--TAPPI Standard T 611 m-47.
Analysis of hypochlorite liguor--TAPPI Standard T 611 m-4L7.

Klason lignin analysis--TAPPT Standard T 222 m-54, except that the
extraction step was comitted and smaller samples were used.

Acid-soluble lignin analyses were carried out according to the method
of Pearl and Busche (2).

Brightness sheets~-TAPPI Standard T 611 m-47.
Brightness measurements--TAPPI Standard T 452 m-58,

Aged brightness was determined after heating the brightness tabs at
105°C. in a forced-air-ventilated oven for one hour.

Pulp freeness-~TAPPI Standard T 227 m-58.
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