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Recently, the improvement of polymers by grafting side chains of another nature 
onto given backbone chains has widely been carried out in such industries as plastics, 
textiles and fibers including viscose.S,.,1,9.11.12,11,18.20-26) But in the paper industry this 
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technique has not been applied yet, though a number of the effort had been done,5,14, 
18,19,28,29) while wood-plastic complex (WPC) grafted by radiation has commercially 
been manufactured.l,e,IO,l.,18) 

Paper is now abundantly used in diverse areas on account of inexpensive. 
However, when wet, the paper has a fatal drawback on strength and dimensional 
stability. In order to modify these faults the addition of soluble synthetic polymer 
or dialdehyde starch2,S,21) to pulps has often been introduced. It is obvious that the 

"true" chemical combination with the pulps opens up exciting new possibilities, for 
example, for the non-rotting (resistant to microorganisms), flame proofing, oil repel
lent and highly acid resistant uses. A new method for grafting onto cellulose has 
been disclosed by MINO and KAIZERMANlS) that yields substantially pure copolymers. 
This method is the result of the finding that certain ceric salts form very effective 

redox systems with alcohols or amines. It proceeds by means of the reducing 
agents, which is able to initiate vinyl polymerization. If the oxidation happens on 
a cellulosic material like wood pulp in the presence of a monomer such as acrylo
nitrile, methyl methacrylate and styrene, it is apparent that the grafted paper can 
be formed.5,15,19,28,29) 

For the purpose of this application to the wood pulps, in the present study the 
pulps were prepared by sulfate, prehydrolysis sulfate and neutral sulfite semichemical 
processes, and bleached conventionally, and then beaten with a refiner. The hand
sheets prepared from them were graft-polymerized with acrylonitrile by the use of 
ceric ammonium nitrate in a nitric solution. The grafted sheets of different polymer 
pick-ups were examined on dry and wet strengths, dimensional stability and water

retention. For lack of the grafting know-how, the preliminary experiment was 
done in advance using filter paper under different conditions. With the resultant 
products, the determination of the concomitant homopolymer, IR spectral measure
ment and scanning electron microscope (SEM) observation were also carried out. 

The authors are deeply indebted and would like to express their gratitude to 
Professor Dr. S. Ishida and Instructor Dr. J. Ohtani of the Laboratory of Wood 
Physics, Hokkaido University, for taking photographs of SEM and kind comments 
to them. 

1. Ma terials 

1. 1 Wood Samples 

The wood samples used for the study were birchwood (Betula platyphylla var. 
japonica) and larchwood (Larix kaempferi) obtained from Tomakomai Experiment 
Forest, Hokkaido University. The former felled in the natural forest had 40 annual 
rings and 18.0 cm in diameter at breast height, while the latter felled in the artificial 

forest was planted 36 years ago and had 15.5 cm. After these two kinds of wood 
were barked and cut with a laboratory chipper, the chips were screened, air-dried 
and then stored in a glass vessel. The proximate chemical analysis was carried 
out on 60 to 100-mesh fraction of the samples by standard procedures, and the 
analytical values are shown in Table 1. 
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Table 1. Chemical composition of samples (%) 

Wood Extractives Holocel- Alpha* Total Methyl Ash LignIn species Cold I Hot I 1 % I Alcohol lulose cellulose pentosan pentosan 
water water NaOH benzene 

Birch 0.80 1.6 2.4 11.8 2.2 81.7 48.0 26.3 1.7 19.0 

Larch 0.51 8.0 9.3 18.0 2.1 66.8 43.1 14.2 4.8 27.9 

* Determined from holocellulose. 

1.2 Reagents 

Extra-pure acrylonitrile reagent was used by distillation at reduced pressure on 
the time of application. Guaranteed ceric ammonium nitrate (Ce(NOs)4·2NH4NOs. 
2 H20) reagent used as an initiator was applied with 0.1 M solution of 10 M nitric 
acid. The determination of the ceric salt was done by titration with ferrous sulfate 
using diphenyl amine as an indicator. 

2. Experiments 

2. 1 Preparations of Pulps and their Handsheets 

Air-dried brich- and larchwood chips corresponding to 500 g of oven-dried were 
cooked in a 4-1 laboratory stainless-steel digester by conventional sulfate, prehy
drolysis sulfate and neutral sulfite semichemical processes. The cooking condition 
of the sulfate process was: addition of active alkali, 20%; sulfidity, 28%; liquor to 
chip ratio, 4; maximum temperature, 180°C; retention time, 1.5 hour. In the pre
hydrolysis sulfate process, the chips treated with water at 170°C for 1 hour, was 
cooked by the same sulfate condition. The condition of the semichemical process 
was: total chemicals, 8% as sodium carbonate; the ratio of sodium sulfite to the 
carbonate, 7; liquor to chip ratio, 4; maximum temperature, 170°C; retention time, 
2.5 hours. 

In order to obtain bleached pulps Roe number was measured, after the cooked 
had been passed through an 8-cut screen. A hundred grams of the prehydrolysis 
sulfate pulp (DKP), the sulfate pulp (KP) and the semichemical pulp (NSSCP) were 
bleached to about 70% in Hunter brightness by a sequence of following treatments: 
chlorination using chlorine solution of the same quantity as Roe No. of each pulp 
in 5% pulp consistency at room temperature for 1 hour; caustic alkali extraction 
with 1.2% addition of sodium hydroxide to pulp in 10% consistency at room tem
perature for 1 hour; finally chlorination with calcium hypochlorite leaching solution 
corresponding to 2 % available chlorine to pulp in 5 % consistency at 35°C for 2 
hours. The second and third treatments were repeated, if necessary, to attain to 
the given brightness. After the yield and chemical components were determined, 
the pulps un bleached and bleached were beaten to 400 ml CSF in a Sprout Waldron 
laboratory refiner equipped with 12527 A disk blade at various clearances adjusted 
from 0.4 to 0.1 mm. The handsheets were made on a Tappi type sheet machine. 

2. 2 Grafting Procedures 

Preliminary test was made using filter paper for the search of grafting condition 
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Filler paper 

Fig. 1. Grafting apparatus used for preliminary test. 

in a 1-1 small apparatus shown in Fig. 1. While the factors affecting the reaction 
were considered the concentration of acrylonitrile, addition of the ceric salt, time 
and temperature, the weight of the filter paper was constantly 3 g in the shape of 
fragment (2 X 3 cm) and total volume of medium consisting of distilled water and 
the monomer was 500 ml. Before adding the initiator and during the reaction, 
nitrogen gas was flushed and bubbled so as to deaerate and stir in the reactor. 
Without expecting synergic action among the factors the experiment was done under 
following conditions: 

(1) The concentrations of acrylonitrile were 0.96, 1.44, 1.92 and 2.88 wt% on 
the medium basis, using 0.6 mM/l of the eeric salt at 25°C for 30 minutes. 

(2) The additions of ceric ammonium nitrate were 0.27, 0.34, 0.60 and 0.86 
mM/l in the constant concentration of 1.44% monomer at 25°C for 30 minutes. 

(3) The reaction times were 15, 30, 60 and 120 minutes in the above concen
tration and 0.6 mM/l of the salt at 25°C. 

(4) The reaction temperature was chosen in the range from 15°C to 45°C by 
10°C-step in the same concentration and addition as above for 30 minutes. 

On the basis of the preliminary test, the grafting onto the different handsheets 
was carried out under the conditions described below in a 13-1 glass box shown 
in Fig. 2. In each experiment thirteen specimens including a filter paper of 18.5 
em in diameter were inserted into a frame with rod-studded raek made of glass. 
Th~ fp,l.me supportin~ the she~ts was plac~d in th~ box, wh~Gh w~s filleq with ~ 
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Fig. 2. Grafting apparatus. 

9.5-1 aqueous solution containing different concentrations of the monomer, and the 
sheets were immersed into it. Being firmly closed with the lid, the resultant system 
was bubbled with nitrogen gas for 30 minutes in a thermostat bath at 35°C. Then 
the ceric salt solution corresponding to 0.6 mM/l was added into the system through 
two funnels. The reaction was maintained for 30 minutes at the same temperature. 
The concentrations of the monomer used for these grafting procedures were 0, 0.5, 
0.7, 1.0 and 1.7% based on the reaction medium. 

The grafted products prepared in this way covering different ranges of poly
acrylonitrile pick-up (the increase in weight of the reaction products was termed 
pick-up, because a small amount of homopolymer was contained in the resultant 
sheets) were thoroughly washed with running water and dried to constant weight 
in a forced draft oven maintained at 50°C. The homopolymer sticked on them 
was removed with a brush. 

In order to confirm whether the handsheets were uniformly grafted, the dis
tribution of the weight increase was examined on the entire area of the products. 
The parts of the grafted of 47% and 41% pick-ups, obtained from birch KP sheet 
and filter paper, respectively, were precisely cut into a 2-cm square together with 
the non-grafted. Random ten pieces were weight with a chemical balance one by 
one, from which the variation was checked by F-test. Furthermore, to assertain 
how much the homopolymer would exist in the grafted products, the 10, 37 and 
48% pick-ups obtained from the filter paper were cut into pieces and extracted with 
P9t qimethyl sulfoxide (DMSO~ which was a. most effect~ve solvent to :polyacrylonitrUe~ 
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The homopolymer determination was made by the weight difference between the 
product and the extracted residue. 

2. 3 Observations with SEM 

The grafted filter papers were observed with a scanning electron microscope, 
Model JSM-2 made by Japan Electron Optics Laboratory Co., Ltd. Firstly, the 
small specimens were mounted and fixed on the stubs of an ion coater Model JEE-
4B made by the above Co., LTD., with silver paste and coated with gold in a 
vacuum of 5 X 10-6 torr. Next, the coated specimens were placed in the SEM, 
inclined at 45° and observed under 25 k V accelerating voltage. At the same time 
the photographs were taken. 

2. 4 IR Spectral Measurements7,G) 

The specimens used in the infrared measurements were grafted products of 
10, 37 and 48% pick-ups from the preliminary test, as well as filter paper (as pure 
cellulose), polyacrylonitrile and mixtures of cellulose and the homopolymer at the 
rate of 10, 20, 50 and 100%. After powdered, 5 mg of each specimen were mixed 
with 0.5 g of potassium bromide, then formed to a tablet. The spectra were 
recorded from 4000 cm-1 to 600 cm-1 by an IR Spectrophotometer, Type AR-275 
made by Shimadzu Manufacturing Co., Ltd. 

2. 5 Physical Tests 

All the tests were carried out under 70% relative humidity at 20°C. Thickness 
and thickness increase by grafting were measured with a dial micrometer thickness 
gauge. Thickness swelling was also shown by the percent thickness increase be
tween before and after soaking the specimens into water at 20 ± 1°C for 10 minutes, 
whose duration showed sufficient to gain the constant thickness swelling. Water 
retention was calculated from weight increase on soaking into it for the same dura
tion. To evaluate dry and wet strengths (the same soaking condition as above), 
tensile, bursting, tearing and folding strengths were tested by Tappi Standard 
method, and expressed as breacking length, burst factor, tear factor and folding 
endurance, respectively, based on the weight of original untreated sheets. 

3. Results and Discussion 

3. 1 Yield and Chemical Properties of the Pulps 

Yield and chemical composition of unbleached and bleached DKP, KP and 
NSSCP from birch- and larchwood are shown in Table 2. 

The yield of unbleached pulps was largely changed by the pulping process and 
wood species. The maximum was obtained from NSSCP of birchwood. As a 
whole, the pulping condition employed are a little severe so as to obtain the pulps 
of different chemical components. The yield of bleached pulps was naturally lowered 
on account of removal of lignin. Roe number of larchwood-NSCCP was 34.6, the 
highest among them. 

The chemical composition of the pulps sufficiently explains the difference of 
pulping. Unbleached DKP contained high alpha cellulose, as well as low pentosan 
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Table 2_ Yield, Roe number and chemical composition of pulps 

Pulps I Yield Roe Components (%) 

No. Holo- Alpha Total Methyl 
(%) cellulose cellulose pentosan pentosan Lignin 

Unbleached birch DKP 34 2.6 97.8 90.7 5.4 0.6 2.3 

" " KP 49 2.3 98.0 82.2 16.8 0.7 2.0 

" " NSSCP 72 17.1 85.5 68.7 20.0 0.8 13.7 

Unbleached larch DKP 31 4.1 95.8 90.8 2.9 0.6 3.5 

" " KP 40 2.9 96.6 85.2 7.9 0.6 3.0 

" " NSSCP 62 34.6 74.0 56.9 8.1 2.6 25.8 

Bleached birch DKP 31 - 99.2 90.6 6.0 1).9 0.9 

" " KP 45 - 99.1 84.5 16.1 0.6 0.6 

" " NSSCP 60 - 99.0 82.1 20.1 1.5 0.7 

Bleached larch DKP 28 - 99.0 95.6 2.8 0.6 0.7 

" " KP 35 - 99.0 88.9 9.0 0.7 0.7 

" " NSSCP 45 - 98.5 81.0 8.6 1.8 1.3 

due to the pretreatment with water, compared with the other pulps. Unbleached 
NSSCP showed extremely high lignin content, especially on cooking the larchwood. 
By bleaching, the lignin was almost perfectly removed. 

3. 2 Factors Affecting on Grafting 

The influencess of concentration of acrylonitrile, addition of ceric salt, reaction 
time, and temperature was investigated on grafting using filter paper as a preliminary 
experiment. The relations between polymer pick-up and each factor are shown in 
Fig. 3. With elevation of the monomer concentration the pick-up was increased 
to 48%, but the tendency became abated in the higher concentration. In a trial 
carried out with an extreme concentration as high as 5%, the precipitate of flaky 
homopolymer occurred in the medium and the resultant product amounted to 73% 
pick-up, which was so stiff that it was broken on folding test. The most suitable 
ceric salt addition was shown to be 0.6 mM/I. The pick-up was increased with 
duration of reaction time up to 30 minutes, after which the curve of the graph 
became gradually flat. The graph of reaction temperature shows that about 35°C 
was the best. 

3. 3 Characteristics of the Grafted Products 

Graftization depends upon the chemical composition of the sheets. As shown 
in Table 3, the sheets obtained from unbleached pulps were hardly grafted even 
under the appropriate condition except birchwood DKP, on account of lignin con
tained in the sheets. Therefore, subsequent experiment was done using the bleached 
sheets. 

Yields of grafted products prepared in different monomer concentrations are 
shown in Table 4, expressed as polymer pick-up. The highest pick-up, or 66% 
wei~ht increase, was given b~ bleached KP and NSSCP of birchwood trea,t<rq ill, 



~ 

% % :::0 60, 60, (I) 
rn 
(I) 
I» .... ,..---" (') 

9-
::r-

9-
~ 40 

/~. 
:;:s 40 

~.--..... 
bj 

~ ~ E... 
'Q. c:l. ...... [ 

~ ~ /o- S' 
'" 

~ 20 ~ 20 0 .... 
~ ~ .... Cl:: ::r-

(I) o. 
n 
E-

O 10 2.0 3.0% 0 0.2 0.4 0.6 0.8 1.0mM/l i 
(I) 

Concentration of acrylonitrile Ceric ammonium nitrate addition W 
%~ % "d 

60 60, (I) .... 
S' 
(I) 

SI-. 
l:S .... 

§- ,----_-n 9- ---. .- "Ij , 40 :;s 40 /. 0 

~ .... /. ~ (I) 

'" 'Q. .~ .... 
rn 

~ /. ~ /. ~ ~ 20 ~ 20 ~ c§: ~ Cl:: 

~ 
Hl20min. 

I Z 30 45 60 0 10 20 30 40 so De ? 

Reaction time Reaction temperatlJre "'" 
Fig. 3. Effect of condition factors on grafting, 



Graft Copolymerization of Acrylonitrile onto Woodpulps (UJIIE·NoMURA) 803 

Table 3. Polymer pick-ups onto sheets in 1% concentration 
of acrylonitrile 

Unbleached Bleached ~~eet Filter Birch I Larch Birch I Larch 
" paper 

~ DKP KP NSSCP DKP KP NSSCP DKP KP NSSCP DKP KP NSSCP 

Pick-up 
(%) 17 15 3 o o 0 o I 41 47 48 I 40 45 37 

Table 4. Polymer pick-ups onto sheets of bleached pulps in different 
concentrations of acrylonitrile (%) 

~:~ 
Birch Larch 

Concen- Filter paper 
DKP KP NSSCP DKP tration (%) KP NSSCP 

0.5 5 15 14 15 13 12 8 

0.7 6 16 20 20 17 16 11 

1.0 17 41 47 48 40 45 37 

1.7 38 62 66 66 46 52 43 

Table s. Uniformity of grafted products 

------- -, _~~~et I 
-~ 

Weight of fragments 
(X10-4g) 

Mean (x 10-4 g) 

Mean square (x -8 g) 

Standard deviation (x -4 g) 

Coefficient of variation 

* 1. 24% polymer pick-up. 
* 2. 47% polymer pick-up. 

Filter paper 

Grafted*l I Untreated 

604 598 407 452 

638 674 440 411 

641 639 414 433 

649 582 413 442 

626 588 426 437 

623.9 427.5 

886.1 241.6 

29.767 15.543 

4.77% 3.64% 

Bleached KP (birch) 

Grafted*2 I Untreated 

370 373 254 254 
384 366 251 261 

376 363 254 255 

375 375 250 253 

380 372 261 255 

373.4 254.8 

38.267 13.289 

6.186 3.645 

1.66% 1.21% 

the 1.7% concentration. Filter paper was less grafted than the pulp sheets. From 

this fact, hemicellulose seems to be favorable to grafting. 

The homopolymer contained in the sheets was vigorously extracted with hot 

DMSO, in the quantity of 4.6, 9.2 and 4.5% on the basis of the grafted filter paper 

of 10, 37 and 48% pick-ups, respectively. It is indicated that the homopolymer 

content is as comparatively low as 5 to 10 % ranges and that the sheet was surely 

grafted. The test of physical properties, however, were carried out without this 

extraction. 

Th~ upiformitr of ~raftin~ is shqwn \n T{lble 5! <;;o~fficient of va,riatjoq qf thE; 
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grafted products was very low, and F-tests, i. e. in filter paper Fe=886.1/241.6= 
3.67 and in bleached KP from birchwood Fo=38.267/13.289=2.88 as compared 
with F (9, 9, 0.025)=4.03, showed that the variance of the grafted products to the 
untreated was statisticaDy unsignificant. 

The appearance of the grafted is similar to the non-grafted, and whiteness of 
the products was a little intensed but brightness by Hunter was not very marked. 
At high pick-up the grafted products were noticeably harder and stiffer. 

The surface of the grafted filter paper observed with SEM are in Photos 1 to 
10. Photos 1 and 2 show the surface of original filter paper, while Photo 3 shows 
that of 25% pick-up, in which the features by grafting are not distinctly found. 
However, Photos 4 and 5 obtained from 48% pick-up clearly indicate the feature 
of the grafted products. In the case of the pick-up as high as 73%, a quantity 
of polyacrylonitrile are combined with the fibers shown in Photos 6 and 7. Photos 
8 and 9 taken after treating the 73% pick-up with DMSO, give somewhat smooth 
surface with a little decrease of weight. It is apparent that the treatment trans
formed the bead-like polymer into membraneous polymer, which covered the surface 
of the filter paper. Photo 10 reveals the residue obtained after hydrolyzing it with 
72% sulfuric acid and removing cellulosic component which seemed not to be chemi
cally combined with the polymer. 

The structure bonding cellulose with polyacrylonitrile supported6,U,26) generally 
IS: 

I i r 1 OH-C-:-CH2-CH-l-CH2-CH--
I : I I I CN CN n or 

~JJtJ::~~::nt::~JJ_ 
I : r I 

[ CN CN n. 

If it is correct, cellulose-polyacrylonitrile copolymer products would not have methyl 
group; on the contrary the homopolymer must possess the -CH, group in the 
terminal. In this point of view, infrared spectral analysis was carried out on the 
grafted products, homopolymer, filter paper and the mixtures. Figure 4 shows the 
spectra of the filter paper, the homopolymer, the 50% mixture and the 48% polymer 
pick-up. The absorption of the -CHs group is observed at 1450 cm- l and 2935 cm-I, 
while that of -CN group is at 2240 cm- l . The spectra of the grafted and the 
mixture were generally similar to each other, but in detailed observation of the 
vicinities of 1450 cm- l and 2935 cm-I, the slight differences were recognized, as 
shown in Figs. 5 and 6. Namely, the products shows weaker absorption at these 
wave numbers than the mixture of similar polymer content. This fact means that 
the former had the less -CHa group, which proves the existense of some homo-
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Fig. 4. Infrared spectra of several specimens. 
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Fig. 5. Infrared spectra in the vicinities of 1450 em-I. 
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Fig. 6. Infrared spectra in the vicinities of 2935 em-I. 
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polymer in the grafted. It might also be concluded that the products are the 
copolymer. 

3. 4 Physical Properties of the Grafted Sheets 

The relation between thickness increase and polymer pick-up is shown in Fig. 
7. The increase goes up nearly linearly with the pick-up. In the low pick-ups, 
however, the swelling appears to occur due to soaking into the aqueous medium 
on the preparation. The increase rate of the low pick-up is to some extent sharp. 

In the meanwhile, the result of the thickness swelling in distilled water for 10 
minutes at 20°C is shown in Fig. 8. It is extremely decreased to about 10% in 
the 50-60% pick ups. It is shown that the products grafted with polyacrylonitrile 
have a desired improvement in dimensional stability. 

The relation between water retention and the pick-up indicated that with 
increase of pick-up the retention was decreased to nearly half of the untreated in 
any grafted sheets. It seems, however, to be a characteristic that these grafted 

% 
100 

DO 

40 

20 

10 20 3D 40 

Polymer pick-up 

--0(.- Filter paper 

~- Birch DKP 
-0- Birch KP 
--- Birch NSSCP 

---.--Lorch DKP 
---e--- Lorch KP 
---..... --- Larch NSSCP 

50 60 70% 

Fig. 7. Relation between thickness increase and polymer pick-up 
of bleached sheets. 
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~ 
~ 
~ 60 ., 
~ 
~ .:,: 
¢:: 
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20 

0--~0----~m~---2~O~---30-----4-0-----50-----6-0----~ro-% 
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Fig. 8. Relation between thickness swelling in water and polymer 
pick-up of bleached sheets. 

possess still a considerable water retention in spite of remarkably low swelling. 
Dry and wet strengths of the grafted sheets are summarized in Tables 6 and 

7, respectively. As the strength of the grafted sheets prepared in the 0.5% con
centration showed the similar values to that in the 0.7%, the data were not offered. 
In dry strength, breaking length was somewhat improved by the increased pick-up, 
but burst and tear factors of the grafted were given similar values to those of the 
untreated. Folding endurance was rather decreased by grafting on account of their 
stiffness. 

In wet strength of the sheets water-soaked for 10 minutes, considerable impro
vement was recognized by grafting treatment. The higher polymer pick-ups proved 
to gain almost the same wet strength as the dry one. As making an additional 
remark, the grafted sheets of the 3-day soaking showed the nearly equal strength 
to the above data. 
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bleached sheets. 

Table 6. Dry strength of grafted handsheets 

~ Breaking .length 
(km) Burst factor Tear factor Folding endurance 

)~ tration (%) 0* 0.7* 1.0* 1.7* 0 0.7 1.0 1.7 0 0.7 1.0 1.7 0 0.7 1.0 1.7 
Sheet 

Birch DKP 6.3 7.2 9.9 11.4 5.2 5.0 6.5 4.0 69 61 62 66 39 39 10 9 

" KP 8.3 7.7 9.3 10.2 7.5 6.3 6.5 10.0 84 74 113 103 56 65 20 17 

" NSSCP 7.9 7.9 9.5 11.4 11.0 8.3 9.5 10.0 94 80 144 105 140 131 33 11 

Larch DKP 8.0 7.8 9.1 10.5 9.5 9.3 10.5 14.7 210 146 144 184 148 140 50 40 

" KP 8.8 8.6 9.9 11.7 10.7 10.0 9.8 13.5 179 148 191 176 177 162 143 55 

" NSSCP 9.0 7.0 6.0 9.3 10.7 9.3 8.8 10.0 124 135 117 127 545 226 264 190 

* Handsheets grafted in the concentration of 0, 0.7, 1.0, and 1.7% acrylonitrile. 
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Table 7. Wet strength of grafted handsheets 

~S"ongth Hreaking length Burst factor Tear factor Folding endurance (km) 
Concen· 

tration (%) 0* 0.7* 1.0* 1.7* 0 0.7 1.0 1.7 0 0.7 1.0 1.7 0 0.7 1.0 1.7 
Sheet - -- ________ 

Birch DKP 0.1 1.1 4.4 7.0 0.2 1.0 4.5 6.2 20 25 75 106 0 0 22 22 

" KP 0.1 1.0 2.9 7.1 0.3 0.7 2.7 7.5 19 27 66 119 0 0 23 29 

" NSSCP 0.2 1.0 3.5 7.1 0.2 0.7 4.7 9.7 25 37 95 118 0 0 26 83 

Larch DKP 0.2 1.5 4.4 7.2 0.3 2.2 6.0 9.2 20 77 135 156 0 0 50 250 

" KP 0.1 1.0 3.4 6.5 0.3 1.0 5.0 11.0 20 56 115 203 0 0 117 157 

" NSSCP 0.2 0.5 1.9 3.8 0.3 1.0 3.2 4.2 26 57 128 155 0 0 111 124 

* Handsheets grafted in the concentration 0, 0.7, 1.0 and 1.7% acrylonitrile. 

Conclusion 

From these results, following conclusion was given: 

(1) Under the grafting condition selected from preliminary test, the sheets of 
unbleached pulps were hardly grafted except that of DKP from birchwood on 
account of hinderance of lignin contained in the sheets. On the other hand, con
siderable polymer pick-ups were obtained from those of bleached pulps. Generally, 
higher pick-ups were shown in the sheets from birchwood than in those from 
larchwood under equal condition, probably due to the higher hemicellulose content 
of the former. 

(2) The 5 to 10% homopolymer content was estimated in the grafted products 
by extraction with dimethyl sulfoxide. The uniformity of grafting was confirmed 
by weight distribution of equal area-fragments and by observation of the surface with 
a scanning electron microscope. 

(3) The products were shown to be true copolymers in comparison with the 
mixture by the -CHs group difference in infrared spectral measurements. 

(4) By grafting of polyacrylonitrile the thickness and stiffness of the products 
were increased. 

(5) Thickness swelling was decreased to 10% in the higher pick-up. It was, 
therefore, indicated that dimensional stability was given by grafting. Water reten
tion was also decreased by nearly half of the untreated, but even the highest pick-up 
retained water as high as 100% on the basis of dry weight. 

(6) Tensile strength was somewhat improved by grafting, while bursting and 
tearing strengths were not so much changed and folding strength was lowered on 
account of their stiffness. 

(7) Wet strength was considerably raised by grafting. In the sheets of 50 
to 60% pick-ups the values attained to be almost equal to those of dry strength. 

(8) It is concluded that this grafting provides characteristics of both dimen
sional stability and comparatively high water retention as well as improvement 
of wet strength to the paper. 
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Summary 

In order to investigate the properties of the products grafted onto woodpulp 
sheet, pulps were prepared from birchwood (Betula platyphylla var. japonica) and 
larchwood (Larix kaempferi) by conventional sulfate (KP) , prehydrolysis sulfate 
(DKP) and neutral sulfite semi chemical processes (NSSCP), and then by bleaching. 
The handsheets from bleached and unbleached were graft-polymerized with acry
lonitrile by the use of ceric ammonium nitrate (ceric salt) in a nitric acid solution. 
The different polymer pick-up sheets were obtained with different monomer con
centration of 0.5 to 1.7% using 0.6 roM/I ceric salt at 35°C for 30 minutes, selected 
by preliminary tests. 

The investigation of the characteristics of grafted products was Carried out: 
extraction of homopolymer contained in the grafted with hot dimethyl sulfoxide 
(DMSO), observation with a scanning electron microscope (SEM), and analysis of 
infrared absorption spectra to confirm the difference between the grafted and mixed 
with polyacrylonitrile. The grafted sheets obtained from bleached pulps were tested 
on thickness increase by grafting, on thickness swelling and water retention by 
soaking into water, as well as on dry and wet strengths. 

The results are summarized as follows: 

(1) The data carried out with 1.0% monomer concentration showed that the 
unbleached pulp sheets were hardly grafted except that of DKP from birchwood, 
while the bleached ones were considerably grafted. The maximum pick-up of 66% 
was obtained from both birch DKP and NSSCP sheets. 

(2) The extraction of homopolymer contained in the grafted products with 
DMSO decreased their weight as low as 5 to 10%. This fact proved them to be 
graft-copolymers. 

(3) The uniformity of grafting was also recognized by weight distribution of 
the grafted fragments of equal area, and by observation with SEM. 

(4) A new information on grafting was given from the result by IR spectra 
of both filter paper grafted and mixed with polyacrylonitrile, showing the difference 
in the absorption of the -CHs group, which was less in the former. 

(5) The sheets were increased in thickness as well as stiffness by grafting, 
without a large change of the appearance. 

(6) Thickness swelling by soaking into water was as extremely low as 10% 
on testing the higher polymer pick-ups, which showed that dimensional stability 
was given by grafting. 

(7) Water retention of the same sheets as above was lowered by nearly half 
of that of untreated. But the fact that the retention of 60% pick-up amounted to 
about 100% with same swelling shows an excellent ability of· the grafted products. 
Even the sheets soaked for 3 days revealed almost equal retention. 

(8) As far as dry strength was concerned, bursting and tearing strengths of 
the grafted sheets were not so much changed, compared with non-grafted, but 
tensile strength was considerably increased, while folding strength was decreased 
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on account of stiffness of the sheets. 
(9) Wet strength of the sheets water-soaked for 10 minutes were remarkably 

improved by grafting, namely the sheets grafted in the range from 50 to 60 % 
showed almost the same as dry strength. Also wet strength did not change even 
in the case of soaking of 3-day duration. 

(10) It is concluded from these results that the bleached woodpulp sheets grafted 
with polyacrylonitrile provide characteristics of both dimensional stability and com
paratively high water retention as well as the improvement of wet strength. 
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P hoto I. An original filter pape r. 

P hoto 3. A view of 25 % polymer pick·up. 

Plate I 

Photo 2. A higher magn if ied v iew in the center 

of Photo 1. 
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P ho to 4. A view of 48 % polymer pick·up. 

Photo 5. A h igher magnif ied vie w of P hoto 4. 

Photo 6. A view of 73 % polymer pi ck· up. 
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Photo 7. A higher magnifi ed vi e w of Photo 6. 

Photo 9. A high e r magnified v iew in the cente r 

of Photo 8 . 

Plate ill 

Photo 8. A view of DMSO·treated 73% polymer 

nick-un. 

Photo 10. A view of cone . H2S04 · tr eated 48 % 
pol ymer pick·up. 


