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GRAFT POLYMERIZATION OF VINYL MONOMERS
ON PEROXIDIZED CELLULOSIC FIBERS

Claude Daneault*, Bohuslav V. Kokta*, Hervé Cheradame**
*Centre de recherche en pdtes et papiers
Université du Québec & Trois-Riviéres, P.Q., Canada;
**Fcole Frangaise de papeterie
Grenoble, France

ABSTRACT

Bleached kraft softwood pulp was sequentially oxidized with
ruthenium tetroxide, peroxidized with hydrogen peroxide and then
grafted with acrylamide or acrylonitrile monomers in the presence
of ferrous ions. Good polymer loadings and grafting efficiencies
were obtained. [t was found that hot pressed dry paper sheet pro-
perties could be improved by a small addition of polyacrylamide-
grafted pulp.

INTRODUCTION

The methods for grafting vinyl polymers on cellulosic fibers
which give the highest yields and grafting efficiencies involve
redox initiation reactions and free radical polymerization. The
grafting efficiency is a direct result of the formation of free
radicals on the cellulosic surface and the minimization of the radi-
cal transfer.1 One of the methods for generating free radical sites
on cellulose is by decomposing peroxide groups introduced into the
substrate.
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The formation of hydroperoxide groups on cellulose surfaces
by irradiation2 or by ozonation™ has been known for long a time.
However, these methods can result in cleavage of the cellulose
macromolecules, thereby causing a weakenning of the fibers.

A method for introducing peroxide groups into cellulose with-
out excessive degradation is treatment with hydrogen peroxide in

acidic medium.*?>

Kubota and Ogiwara showed that peroxide groups formed by reac-
tion of cellulose fibers with hydrogen peroxide could bu used as
active sites for free radical copolymerization with vinyl monomers.6
The active sites were formed either by thermal decomposition of the
hydroperoxides or by reaction with ferrous ions.7 In the present
work, the peroxide groups attached to the cellulose backbone were
produced by a sequential reaction of the cellulose with ruthenium
tetroxide and then hydrogen peroxide. In this paper we report a
study of the effects of different parameters on the grafting reac-
tion for a bleached kraft pulp, and the effect of grafted polymers
on paper properties.

EXPERIMENTAL
Materials.

Bleached kraft pulp (lignin content ; 0.01%) was used as the
grafting substrate.

Ruthenium tetroxide was formed by adding catalytic quantities
of ruthenium trichloride (1 mg/g of pulp) to an aqueous solution
of NaOC1 (0.5% of C1,).8

Acrylonitrile was purified by distillation, the middle frac-
tion was stored in dark bottles at 4°C. Al1l other chemicals employed
were used such as supplied.
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Pulp peroxidation

Cellulose peroxide was formed by treatment of the oxidized
pulp (10 g) with a mixture of 40 mlL of concentrated sulfuric acid
and 200 mL of hydrogen peroxide (35%) at 25°C for 60 m1‘n.7’]O
After peroxidation the pulp was generously washed with distilled
water at 4°C. According to the reaction mechanism proposed by
Kubota and Ogiwara, the reactions between oxidized celiulose and
hydrogen peroxide are as follows:

OH
Cell=CHO + H,0, === Cell=C-0OH
H

a - hydroxyhydroperoxide

Cell-COOH + H202 ——-CeII—CO3H+H20

The peroxide content of the pulp was determined by the iodo-

metric titration method.H

Grafting.

Radicals were generated on fiber surfaces by reaction with
ferrous ions.

Dry peroxidized pulp (10 g) was mixed with 50 mL of distilled
water, 2 g of surfactant (Tween 80) and 10 g of vinyl monomer.
After a 15 min presoak, 350 mL of ferrous ammonium sulfate solu-
tion (1-3M) was added, the pH adjusted to 5 {with 0.1 N H2504) and
the start of copolymerization recorded. The mixture was stirred
gently and the temperature was controlled at 25 + 0.5°C. After
the desired time, the resulting polymerization mixture was fil-
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tered and washed with an excess of water, and the polymerized
pulps was dried at 50°C for 48 h, The reaction scheme is shown
in Figure 1.

Determination of the grafting parameters.

The removal of the homopolymer absorbed onto the grafted pulp
was achieved by Soxhlet extraction with the appropriate solvent
(dimethylformamide for polyacrylonitrile, and water for polyacryla-
mide}. Grafting parameters were defined as follows:

Polymer loading, (%) : ( (A -8)/((B) ) X100
Grafting efficiency, (%) : ( (A -B)/{D~-B)) X100
Degree of conversion

{ Polymerization yield)(%): { {D - B)/{C) } x 100

Where A is weight of product after copolymerization and extrac-
tion, B is weight of pulp, C is weight of monomer charged, and D is
weight of products after copolymerization.

Testing.

Handsheets were prepared and tested according to TAPPI stan-
dard's (T205, T220, T231) and then pressed with 50 Kg/cm? at
150°C for 60 s.

RESULTS AND DISCUSSIONS

Many methods of grafting on pulp are of theoretical interest
but are not used industrially, Nevertheless, the most interesting
processes are those based on radical polymerization. In this con-
text the redox systems are particularly relevant due to the fact
that water is the suspension medium. One of the more promising
methods for grafting synthetic polymers onto oxidized cellulose
is based on an jon-exchange reaction, whereby a ferrous ion is in-
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Cell-C -OH +H,0,
0 Fe

CeH-CO3H + H,0

2+
= C()a
Celle” + OH™ + Fe*

n CH, - CHX

Cell -—E CH, = CHX —]——~
n

HOMOPOLYMERIZATION

Fe’" + H,0, — > OH* + OH + Fe

n CH,==CHX + OH* —> H—O—ECHZ—CHX—-}—O
n

3+

Figure 1. ACTIVATION OF CELLULOSE PEROXIDE BY FERROUS ION AND POLYMERIZATION.

1 This work concerns fibers

troduced on all carboxylic groups.
modified by graft copolymerization of acrylonitrile and acrylamide
initiated by decomposition of peroxide groups generated on the
cellulose through successive oxidation with ruthenium tetroxide8

and hydrogen peroxide.6’7’]o

In some systems, the rate of radical generation is a function
of the pH of the reaction mixture.]3 The effect of pH in our sys-
tem is shown in Table 1. It can be concluded that the preferred
pH range is 5-7 as far as both the grafting efficiency and the po-
lymerization yield are concerned. It is worth noting that this
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range is also the most favorable for the maximum absorption of fer-
rous ions onto the functional gr‘oups.]4

6,7,10 decomposition of per-

In the work of Kubota and Ogiwara,
oxide groups was achieved by the combined action of ferrous ions
and heating. We have verified that thermal decomposition of the
peroxide in aqueous media at 60°C is not sufficient to initiate

effective grafting when ferrcus ions are absent (Table 2).

The effect of the ferrous ion concentration on grafting para-
meters is shown in Table 2 and in Figure 2. The initial sharp in-
crease in both grafting efficiency and conversion is followed by a
levelling at a ferrous ion concentration of 0.25 mmol/litre.

The results presented in Table 3 reflect the dependence of
grafting on reaction time. It is seen that a rapid polymerization
takes place during the first 15 minutes of the reaction; the rate
then decreases, and after about 30 minutes of reaction the system
is no longer active.

The results presented in Table 4 reflect the influence of the
temperature on grafting. In the case of acrylonitrile both the
polymerization yield and the grafting efficiency increase with
temperature, It must be emphasized that we obtained polymer
Joading of 122% at 60°C in the case of graft polymerization of
acrylamide, while Hatakeyama and co-workers '~ obtained only 65%
loading using ground wood pulp in grafting initiated by an acetic
acid-hydrogen peroxide process ~. Table 5 shows the effects of
peroxidation of the pulp on the polymerization yield and grafting
efficiency. The results also show the effect of the monomer con-
centration on the grafting parameters. For acrylamide an increase
in the pulp to monomer ratio enhanced the polymerization yield.
The levelling-off of the grafting efficiency near 80% may be due
to a constant monomer transfer rate. When acrylonitrile was used,
the polymerization yield and grafting efficiency behaved similarly,
which shows the complexity of the chain transfer mechanism. This
is probably due to the heterogeneous double nature of the system,



275

VINYL MONOMERS GRAFT POLYMERIZATION

Tutw g ‘aWL) uotloead f|/poww Q- +294  T{Ww 002 “433BM ),09 ‘adnjedadwal 0 Q2

o it

‘{splwejAude) uswouow ¢ (3ybram Aup-usno) b g Q| “spLx04ad 3SON[{2] :SUOLILPUGD UOLIDEIY

9/ 69 ¢6 8
174 9L Lt L
G¢ L8 el 9
LT L8 2A S
59 9/ 66 €
(%) (%) (%)

U0 L SA3AUOD AdoustotLyya Hd

10 vaubag Bbuiryjeun Buipeo| Jauk|og

ONIL4VYD NO Hd TVILINI 40 123443

L 37avL

1102 Alenuer Gz 62 :€T @IV Papeo |uwog




“ULW g ‘BWL] uoLdeAUd f (W Q02 ‘43IBM £),09 ‘Suanieuadwsy (6 ¢'Q2
¢ (epLwepAuoe) sswouow ¢ (1ybrLam Aup-usao) b -0l ‘aplxousd aso|n([3d) :SUOLILPUOD uUOL}IedY

fd
=
<
[a]
ps
=]
e
(&
[a]
=4
L.

- 74 L8 1el 0°S 00t
9,
o
14

- Sl 08 0ctL 0°'g 0570
o
=2
Lo

2 2 08 il 0§ 52°0
8

2l L9 9L 0°g S0°0

S e A 0°s 00°0

% ‘pLatk % ‘AouaioLyys % ‘oljed Hd (/1 ouni
uoLjezLaawA[od buirijeay Butysean +Nmu

+Nmu 40 NOILVYINIONOD NO ONILAVYI 40 FONIANIJ3Q

¢ 3avl

276

1102 Alenuer Gz 62 :€T IV Papeo |uwog



13:29 25 January 2011

Downl oaded At:

VINYL MONOMERS GRAFT POLYMERIZATION 277
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Figure 2. DEPENDANCE OF GRAFTING PARAMETERS ON THE FERROUS ION
CONCENTRATION.

consisting of acrylonitrile in water and water in acrylonitrile,
a homopolymerization initiated by a water soluble redox systems
proceeds only in the aquous solution of acrylonitrile. We have
not tried to clarify this point.

16’]9, as well as other stu-

Previous work in our laboratory
dies?®:21 has clearly demonstrated the potential of the 'xanthate"
method for grafting vinyl monomers with excellent results on indus-
trial pulps. A comparaison of the xanthate and hydroperoxide
methods is presented in Table 6. We can see that while the xan-
thate method gives better results with acrylonitrile, the reverse

is true with acrylamide.
It was shown that the properties of grafted fibers vary with

the nature, the length of the grafted chains and the grafting ratio.
In the present work, handsheets were prepared and tested according

22
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TABLE 7
PAPER PROPERTIES OF GRAFTED BLEACHED SOFTWOOD KRAFT PULP (BSKP)
BULK BREAKING LENGTH BREAKING LENGTH
TESTS ce/g AIR DRIED, km WET, km
SAMPLES
5 S p S p

BLEACHED SOFTWOOD
KRAFT PULP 1.64 1.54 5.56 5.29 0.92 0.69
BLEACHED SOFTWOOD
KRAFT PULP OXI1DIZED 1.5 1.40 3.87 3.02 0.70 0.53
BSKP * ACRYLAMIDE
Loading:  122% 3.05 2.90 3.80 4.00 0 0.60
BSKP * ACRYLAMIDE
Loading: 63 2.53 2.36 3.84 4.10 0.20 0.30
BSKP / (BSKP * AM)
Ratio: 171 Loading: 1223 2.32 2.17 4.06 4,59 0.58 0.68
BSKP / (BSKP * AM)
Ratio: 171  Loading: 63% 2.16 2.00 3.92 4.47 0.53 0.65
BSKP / (BSKP * AM)
Ratio: 4/1  Loading: 122% 2.03 1.78 5.18 5.60 0.89 0.90
BSKP / (BSKP * AM)
Ratio: 471 Loading: 63 1.91 1.70 5.65 6.2 0.84 0.94
BSKP * ACRYLONITRILE
Loadina: 1401 0 3.26 0 0.80 0 0.41
BSKP * ACRYLONITRILE
Loading. 72 6.50 2.81 0 0.90 0 0.35
BSKP / (BSKP * ACN)
Ratio: 171 Loading: 140% 4.16 2.26 0.76 1.97 0.03 0.45
BSKP / (BSKP * ACN)
Ratio: 11 Leading: 72% 4.10 2.12 .87 2.14 0.05 0.47
BSKP / (BSKP * ACN)
Ratio: 471 Loading: 140% 2.78 1.93 2.27 3.83 0.08 0.59
BSKP / (BSKP * ACN) 4
Ratio: 471  Loading: 72% 2.67 1.89 2.48 4,03 0.11 0.7

S : Sheets prepared by
P : Sheets prepared by
Pressing time: 60

standard procedure.
standard procedure but
sec.

pressed with: 50 kg/cm2 at 150°C,
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PAPER PROPERTIES OF GRAFTED BLEACHED SOFTWOOD KRAFT PULP (BSKP)

TEAR FACTOR

BREAKING LENGTH
ZERD SPAN

BREAKING LENGTH
ZERQ SPAN

TESTS /g AIR DRIED, km WET, km
SAMPLES
S P S P S P

ﬁ;§§$“§3L§°FT“°°° 16.4 10.1 12.70 12.20 10.30 7.80
zkiﬁg”ggL§°S;¥g?gED 1.4 1.2 5.90 4.90 2.58 1.80
gg:si;ngR¥§g§‘DE 1.6 1.8 6.00 6.20 0 2.12
Eggsi;g?cnzggnros 1.5 1.8 6.14 6.80 1.97 2.43
BSkp / (?ffp . fg;ding: N R 9.4 8.20 9.50 3.28 6.48
BSKP / (BSKP * AM)

Ratio: 1/1  Loading: 63% | 11.3 1.8 8.00 9.50 5.00 7.70
BsKp ! (§§§P * ﬁg;ding: r2z] 183 14.3 11.30 13.0 9.53 10.00
Bske / (§§$P * fggding: 63 | 150 15.8 11.90 13.20 9.99 10.36
Eggzi;ngR¥tgngRlLE 0 2.9 0 3.00 0 2.20
Eg:ii;gfcg;égNlTRlLE 0 3.0 0 3.40 0 2.10
S ] s |00 | s | ew | e | em
Bskp ! (?§§P ‘ tggging: spe | 1023 12.0 7.60 9.86 5.79 7.36
BSKp / (Ejfp * ﬁg:ging: ol 16:2 16.4 10.60 11.80 7.16 8.00
Bekr ! (Effp N ngging: Jpe | 6.0 16.8 11.10 12.30 7.92 8.90

S : Sheets prepared by standard procedure. 2
P : Sheets prepared by standard procedure but pressed with: 50 kg/cm™ at 150°C.

Pressing time:

60 sec.
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TABLE 9

PAPER PROPERTIES OF GRAFTED BLEACHED SOFTWOOD KRAFT PULP (BSKP)

DANEAULT, KOKTA, AND CHERADAME

DIMENS IONAL STRETCH AT BREAK STRETCH AT BREAK
STABILITY
TESTS i AIR DRIED, % WET, %
SAMPLES

s P s P P
i;§2$”§3L§OFT“°°° 0.50 0.50 3.39 3.20 3.52 3.30
ﬁkgﬁg”gBLgog;¥g?gED 0.60 0.55 0.59 0.46 1.52 1.30
EiiziggecRXEQQIDE 2.27 2.45 0.66 0.7 a.57
52:21;95CRZ§£M105 1.00 1.20 0.66 0.80 3.88 4.29

*

S (?ffP fggding: 1224|  0-85 0.70 2.00 2.3 4.30 4.78
R (?ffp ) fglding: 631 0.70 0.60 1.90 2.29 4.05 4.57
BSKP / (BSKP * AM)
Bacior A toding: 1228]  0:5 0.50 1.51 3.86 4.15 4.60
BSkp / (5379 . fﬁ;ding, 631 0.45 0.50 3.20 3.48 3.94 4.20
Eg:gi;g5CR¥kgEITRILE 0 1.85 a 0.56 0 1.08
Ezigi;g§CR;§S"‘TR‘LE 0.80 1.50 0 0.52 0 1.00
BSKP * ACRYLONITRILE
B aror O TR g: la0z|  0-80 0.70 1.83 2.00 2.49 3.86
Bskp / (Ejfp * fggging, - 0.70 0.60 1.93 2.06 2.81 3.92
BSKP KP * ACN}
Ritiof (551 ngéing: qage|  0-58 0.50 2.26 2.90 3.26 4.53
BSKp / (Effp v fggging, 721 0.55 0.50 2.51 1.30 3.85 4.91

S : Sheets prepared by standard procedure.
P : Sheets prepared by standard procedure but pressed with: 50 kg/cm2 at 150°C.
Pressing time: 60 sec.
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o
1
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1

Figure 3. DRY BREAKING LiNGTH OF SHELTS FROM THE UNGRAFTED AND VINYL PQOLYMER
(RAFTED CHEMICAL PULP.

1) Bleached softwood kraft pulp (BSKP)

2) BSKP -grafted with acrylamide, loading 63

3) B3KP + BSKP -grafted with acrylamide, loading
Ratio pulp/pulp grafted: 1/1

4) BSKP + BSKP -grafted with acrylamide, loading 53
Ratio nulp/pulp grafted: 4/1

5) BSKP -qrafted with acrylonitrile, loading 72

o) BSKP + BSKP -grafted with acrylonitrile, loading 72
Ratio pulp/pulp grafted: 1/1

7) BSKP + BSKP -grafted with acrylonitrile, Toading 72
Ratic puln/pulp grafted: 4/1

(72}

2
<

S: Sheet not consistent

to TAPPI standards. In some cases the standard preparation was
followed by hot pressing.24 The pulp composition was varied from
0 to 100% of grafted pulp. The effects of grafted pulp addition
on the paper properties are summarized in Table 7 to 9.

Significant effects on the mechanical properties of the
paper which are clearly due to the chemical treatment of the fi-

bers were observed,
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{1 Standord
14 B77724 Hot Pressed

BREAKING LENGTH ZERO SPAN, AiIR DRIED (km)
@
]

- %
] s
° 5

i 2 3 4 6 7

Figure 4. DRY BREAKING LENGTH ZERO SPAN OF SHEETS FROM THE UNGRAFTED AND VINYL
POLYMER GRAFTED CHEMICAL PULP.

Bleached softwood kraft pulp (BSKP)

BSKP -grafted with acrylamide, loading 63

BSKP + BSKP -grafted with acrylamide, loading 63

Ratic pulp/pulp grafted: 1/1

4) BSKP + BSKP -grafted with acrylamide, loading 63

Ratio pulp/pulp grafted: 4/1

) BSKP -grafted with acrylonitrile, loading 72

6) BSKP + BSKP -grafted with acrylonitrile, loading 72
Ratio pulp/pulp grafted: 1/1

7) BSKP + BSKP -grafted with acrylonitrile, loading 72

Ratio pulp/pulp grafted: 4/1

1
2
3

N e

S: Sheet not consistent

The dry breaking Tength, dry zero span breaking length and
stretch at break for different ratios of grafted and ungrafted
pulp are shown in Figures 3, 4 and 5. Poorer mechanical strength
for the papers containing 100% grafted pulp {(polyacrylamide, poly-
acrylonitrile) was observed.
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Figure 5.
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GRAFTED CHEMICAL PULP.

1) Bleached softwood kraft pulp (BSKP)

2) BSKP~grafted with acrylamide, loading 63

3) BSKP + BSKP -grafted with acrylamide, loading 63
Ratio pulp/pulp grafted: 1/1

4) BSKP + BSKP - grafted with acrylamide, Joading 63
Ratio pulp/pulp grafted: 4/1

5) BSKP - grafted with acrylonitrile, loading 72

6) BSKP + BSKP -grafted with acrylonitrile, loading 72
Ratio pulp/pulp grafted: 1/1

7) BSKP + BSKP -grafted with acrylonitrile, loading 72
JRatio pulp/pulp grafted: 4/1

§: Sheet not consistent

A general improvement of the sheet properties for paper con-
taining grafted pulp could be obtained by hot pressing {pressing
at 50 kg/cm? amd heating at 150°C for 60 seconds) as described

18,23 Improvements in the dry mechanical properties

previously.
for pulp grafted with polyacrylamide were observed. They were

better than those of pulps grafted with polyacrylonitrile. For
polyacrylonitrile grafted pulps, the presence of hydrophobic ni-

trile groups decreases the amount of hydrogen bonding and conse-
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Figure 6. TEAR FACTOR Of SHEETS FROM THE UNGRAFTED AND VINYL POLYMER GRAFTED
CHEMICAL PULP. )

) Bleached softwood kraft pulp (BSKP)

) BSKP -grafted with acrylamide, loading 63

) BSKP + BSKP -grafted with acrylamide, loading 63

Ratio pulp/puip grafted: 1/1

4) BSKP + BSKP -grafted with acrylamide, loading 63 .
Ratio pulp/pulp grafted: 4/1

5) BSKP -grafted with acrylonitrile, loading 72

6) BSKP + BSKP -grafted with acrylonitrile, loading 72
Ratio pulp/pulp grafted: 1/1

7) BSKP + BSKP -grafted with acrylonitrile, loading 72

Ratio pulp/pulp grafted: 4/1

Lo Ny —

S: Sheet not consistent

quently the resulting paper strength. In the case of acrylamide
the decrease in the amount of original OH groups was more than
compensated by the increase of amide groups capable of hydrogen
bonding.24 Some improvement of the dry breaking length and dry
stretch at break {when compared with the properties of the un-
grafted pulp) was achieved with a combination of a small amount
of acrylamide grafted pulp and the hot pressing treatment.
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These observations are in agreement with our conclusion in
a previous paper that the oxidative treatment used to create the
active centers on the fiber surface can be detrimental to their
mechanical properties.8

The same general conclusion can be drawn for the wet sheet
properties as shown by the data in the Tables 7 to 9. Hot pressing
slightly improved the wet mechanical properties of the paper with
grafted pulp. This effect is particularly evident for polyacrylo-

18,20,24

nitrile and is in agreement with previous work. As shown

by Schwab, et al. and Neimo, et al. sheet improvements can be ob-

tained with only a small polymer loading.zs’26

From this study,
a small addition of grafted pulp, followed by hot pressing also
appears to be a potential way to improve the sheet mechanical pro-

perties.

The paper properties can probably be improved further by
additional optimization of operating conditions. It is to note
that even tear strength could be worth while preserved by appro-
priate pulp incorporation and treatment (see Fig. 6).

CONCLUSION

THis preliminary work has shown that our grafting process
allows the grafting of polyacrylamide or polyacrylonitrile onto
cellulosic fibers with excellent grafting efficiencies and polymer
loading. Only a modest proportion of grafted pulp in the paper
stock is needed to improve the final mechanical properties of the
hot pressed paper. In addition, further improvement could be
achieved by optimization of the treatment, as well as by minimizing
degradation of the pulp in the oxidation steps.
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