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ABSTRACT
Methyl methacrylate was grafted onto bleached kfaft pulp using
the ceric ion initiation method. It ;as observed that the
lower the oxygen content of thé reaction mixture and
atmosphere, the less drastic the effect of the stirrer rpm w&s
on the reaction conversions. Stirring rate was foung to have
no appreciable effect on the grafting efficiencies of the
reactions when these reactions were carried out with thg'same

level of oxygen impurity. However, lower conversions and

grafting efficiencies were observed at-higher oxygen

concentrations.
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- Chapter 1

INTRODUCTION

1.1 Historical background: .

A

Grafting has been used as an impd;ﬁaht teqhﬁ}Que for modifying
physical and chemical proPertiés bf%polymér§ for quite a long

time. The technique. can be appiiéd to the modification of
preQExisting polymérs.' This becomes‘bf particular importaﬁ&e
wh;n applied to nat&;al polymers such as cellulose.- Ideally

certain properﬁies can be imparted to the substrate without

w

significanflx altering others. Fof gxample,.by graf;}ng
various monomers onto cellulose it is possible to attain manf
different properties, such as elasticity;-so$S§ncy, ion

exchange capabilities, and resistance to micro-biological

attack (1). s

Interest in cellulose modification reactions has been going
through cycles. The interest reached a peak in the early
1950'5,.this was followed by a JYengthy stagnation period when
a lot of reseaéch activities shifted towards petrochemical-

based polymers. Cheap sodrce of monomer, and relatively

stable political climates in petroleum-producing countries
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helped to advance research activities in the fie;d of
synthetic polymers. However, significant political and econo-

mic events in the early 1970's (particularly the 1973 Arab-

Israeli war) instituted a change in a}titude. The changes in

- ?

‘political~c¢limates and fear of impending>shortages or embargos .
of petrochemicals pronounced an end to the era of cheap and
abundant monomer sources. Those evénts forced a rethinking of
imporiaht research-directidns in polymer science. Again, an
appreciable shift in research emphasis toward the most
abundant polymer in the world, qellulése, started to take
piace. _However, in spite of the renewed fesearch‘activities‘
" in the field of grafting cellulose, there has been fe£a£ively
little large-scale comﬁercialization of grafting processes.
The reason for this is partly economical and partly because

many aspecté of this field are still not well known, and many

technical challenges are still facing researxchers.

1,2 Basis and Scope of the present study:

In 1982 V. Hornof and T. Graczyk (2) published the first of a
series of paperé on the results of their_;tudies (carried out
at the Universitf of Ottawa, 6ttawa, Ontario)Aén the effects
of stirring on the graft copolymerization of certain monomers
onto cellulose. The first paper dealt with the grafting of 2-
ﬁt‘hylaminoethyl methacrylate (DMAEM)-qnto dissolving pulp

by the Xanthate initiation method. They reported that

(/ N
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conversions to both copolymer and homopolymer were dependent
on the rpm of the stirrer used'inﬁfﬁe réactor system. They
also carried out further studies using monomers ranging from
hydrophilic {DMAEM) to hydrophsbic (styrene). The results of
these studies were published in subsequént papers (3,4,5). 1In
all the new studies, the degpndence of conversion on the
stirrer rpm was appreciable, although it differed for

‘
different monomers. A sample of the results obtained by
V. Hornof and T. Graczyk is presented in figures (1) through
(12). In 1985, another péﬁer on the subject was published by
 the same authors.. This time the influence of the purity of
the reaction atﬁosphere was investigated (6); Part of their
experimental results is shown in figure (12). The;;-fesults
indicated that alﬁost no conversion took place under pure

"

oxygen, while air slowed down the reaction. However, ‘the
>

dependency of the reaction conversion on the stirrer rpm was

. ™
still present and pronounced.

The main objectives of our study were to investigate further
the effect of stirring, and to try to fipd out whether or not
there is any correlgtion between the am&unt of oxygen present
fh the reaction system, and the effect of the stirrer speed.
It was deci&s?, however, to carry out the new study by‘the
ceric ion initiation method because of its relative simplicity:

in comparison to other initiation methods.
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Chapter 11

THEQORY .

(v

Before discussing the theoretical basis of the graft copoly-

merization of cellulose, one needs to define some frequently

used terms.

HOMOPOLYMER:

The term Homopolymer describes a polymeric chain derived from

a single monomer.

COPOLYMER:
A copolymer "is defined as a polymer having at least two dif-
ferent monomers incorporated into one polymeric chain.

oy

GRAFT COPOLYMER:

.In a graft copolymer, sequences of one monomer are "attached”
onto the backbone of a polymer made from a differgnt monomer.
In the illustration shoﬁn below, one can imagine the "A"'s
sequence .as being the cellulose backbone, ahd'thei“B"'s as

being meEhyl‘mefhacrylate.

-3
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-A-A-A-A-A-A-A-A-A-A~A-A-A-A-A-A-A-

| I | [
B B B B B
| [ | |
B B B B B
| Pl | [
B B B B B

2.1 Grafting:

In general there are two principal techniques for grafting
side chains onto cellulose substrate molecules. These are
grafting by free radical polymerization and grafting by con-
densation. . Only the.free radical method will be discussed

here.

The free radical copolymerization methods use either ‘ini-
\
tiation by chemically formed radicals or by those created by

irradigtion. A few cases are known where grafting is initi-

-
— -

ated by radicals formed by mechanical treatments, such as
~.milling (7). Only the method of initiation by chemically
RS ‘

formed free radicals will be presented here.

The chemical methods for graftihg polymer side chains onto
cellulose backbone make use of the following chemical

mechanisms:

(a) Chain transfer during radical.polymerization of vinyl_\

monomers.



12
(b) Activity of radical producing or polymerizable
substituents introduced prior to grafting, to the cellulose

molecule.

3
(c) 1Initiation by interaction with redox systems.

In making such a subdivision one has to be aware wof the fact

that in some cases it is almost impossible to assign the
reaction leading to grafting to only one of these mechanisﬁs
or methods. This is particularly the case with the grafting
initiated by certain redox systems,lwhere uncertainty exists
if the grafting is caused by direct action with the cellulose
structure or if the attachmént of side chains originates from
chain ikansfef with the activated monomer or growing living
polymer. However, such subdivision seems useful and follows

the treatment given in reviews by a number of authors.

2.1.1 Grafting by chain transfer reaction:

The most generally and widely used method for‘grafting is

based on the well known phenomena that free radicals, such as

i

- N
the radicals arising from the decomposition of a polymer-

'ization initiator, or an activated monomer molecule, or a

N

growing polymer chain, are capable of extracting hydrogen or
other labile atoms from certain atomic groupings in.organic’
compounds, e.g. in a polymer molecule. This process leading

to a radical of the organic compound or the polymer is called
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"chain transfer" and may be written in a more general form as

follows:

>
R 4+ X-H =meceeee—a > R-H + X. < (1) .

In cases where polymerization of a monomer (CH2=CHY) is per-
formed in the presence of an initiator (R} and an already
formed polymer (-CHZCHXCHZCHX—) such chain transfer reactions

will lead to grafting of -CH CHYCH,CHY - side chains onto the

2
-CH2CHXCH2CHX— backbone molecule. The reaction leading to

"this attachment of side chains to a polymer backbone are

presented in the followin§ scheme:
/--_‘ ’ . .
R + -CH2CHXCH2CHX— ------- ? RH + -CHéCXCHZCHX— (2)

RCH,CHY + -CH CH2Y + -CHZCXCH

2 2 2
*CHZCHYCHZCHva-CH2CHXCH

CHXCH,CHX- =------3> RCH CHX~ (3)

2

CHX= —mmm D> ~CH,CHYCH,CHY +

—CHZCXCHZCHX- (4)

2

2

-CHZCXCH2¢HX— + CH2

CHY ---—-3 >  -~CH,CXCH,CHX- X (5)
] _ I

i

CHY.

CHY + -CH,CXCH.CHX- ---=—2» -CH,CXCH.,CHX- (6) .
“CHy 2 2p7 2

CHY
A
e
CHY
A
CH

-CH2CHYCH2

2 —_

s
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The possible chain transfer reactions between the initiator
radical, the aqtivated monomer,.and a érowing chain of the
monomer applied on the one hand and-£he preformed polymer on
the other are given under equation (2). The graft copolymer
initiates either from addition of the monomer applied to the
polymer radical formed by chain.transfer {reaction 5) or from

recombination of two polymer radicals (reaction 6), the latter

v

one being less probable (7).

It has been showﬁ by extensive grafting work on widely-
different systems of various initiators, mﬁnomers, and pre-
formed polymer used as substrates that a large.number of
factors cén influence the grafting reaction. These include
relative reactivities of the primary radicals for transfer and
pro aéatiogf the competition between substrate polymer and
monomer for the radical, and the reactivities of the polymer
radicals. The presence of labile atoms enhancing Ehain
transfer in the substrate pol;mer, and the possible partici-
patign of other ingredients in the reaction medium, such as
solvents and dissolved oxygen, can play a decisive role.

¢

2.1.2 Initiation on radical producing or polymerizable

substituents:

The most simple modification of cellulose leading to the

formation of radical producing groups is ionization. The
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actioﬁ of ionized oxygen creates hyperoxide sites wh}ch at
elevated témperature split into radicals initiating grafting
and homopolymerization. !

.

-~Already in 1955 Polymer“Corporation (?) had applied for a
patent on a process of treating naturally occurring polymeric
substances or their derivatives with ozone containing inert
gases and subsequently éontacting‘the ozonized substrates with
polymerizable monomers. In the presence of redox activators

butadiene, acrylonitrile, and styrene were grafted onto

cellulbsé, starch, casein, gelatin, and rubber (7).

Kargin, Usmanov, and Aikhodzhaev (9) used a siﬁilar technique
of ozonation to introduce hyperoxide groups into cellulose
substrates. They observed grafting of styrene to-onnizéﬁ
viécose tire cord even without the presence of any other
initiating systém:imparting improved rubber-adhesion to the
rayon tire cord. In a later report, Usmanov, Aikhodzhaev, and.
Azizov (10) deécribed the grafting-of acrylonit;ile, methyl
methacrylate, methylvinylpyridine, and of vinyl acetate onto

ozonized cellulose. _ '”

A vapor phase grafting process based on the ozonation .of
polymer filmg and fabrics followed by a treatment with vapors,
such as acrylonitrile, dichloroethylene, and vinyl acetate,
has been patented by PolyPlastic (l11). Also cétton fabrics

can be used as substrates.
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Vasiliu, Feldman, and Siﬁionescu grafted acrylonitrile onto
cotton and poplar fluff cellu16$e which were ozonized before
the grafting reaction. The authors characterized the graft
copoiymer by n;trogen'analysis and by infr§¥ed spectgoscdpy

and studied their behaviour towards acids, bases and swelling

agents.

The graft copolymerization.of étyrehe onto regenerated.
celluloses, such as viscose raydn.and cellophane, and onto'.
cellulose acetate has been investigated by Pikler, ¥Suta, and
Alfoeldi (I12) and by Aifaéldi‘and Pasteka {(13). 1In both
sthdi@éﬁ%ﬁe autﬁors'used ozonized substrate for initiatiné the
graft cdpolymerization.

-

2.1.3 Grafting by interactions with redox systems:

*

Kolthoff, and Miller (14} have shoﬁh‘that persulphate ions
decompose when heated in agueous solution forming sulphate

u ¢ . ‘ B
radicals. The sulphate radicals may react further with water

to form hydroxyl radiéals. Rglymerization by persulphate may

thus be initiated either by sulphatehradicals or by hydroxyl
" . - ] . " v

radicals: ‘

$,07g  mmmmmme=mmmmoed > 2 S0, (6)

SO_:} + ‘2 H?,o. _-_—-————-———--D: H, 50, + 2 HO’ (8)

Asg eaaly as 1903 Marie and‘Bdnel {(16) have shown that aléohols

accelerate the persulphate decomposition. Kolthoff,-MeEhan,

X

oy
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‘gggnd Carr (6l) confirmed this and proved that this reaction is

not between the sulphate ion and the alcohol:

-~ S0, + CHJOH =--=----—-----3»  HSO, + “CH,OH (9)

CHOH + §,0g  =-=---——------d > HCHO + HSO, + 50, (10)

1-

This 1is provea.by“thg observation that phe rate of decom-.-’
., Position of Persulphate drops‘ to the same low value as when
allyl acetate is added %P the ébsence of a{cohol. On addition
of allyl acetate, the sulphate ioﬁ‘radiéals react with  the
allyl monomer rather than with. the alcohol, so that no alcohol
radicals are fo;med in the absence of allyl acetate. It
should be noted that Bartlet and Nozaki (15) could not confirm
these observations. -
It is obvious that should Eellulo;e react in the same manner -
as methanol in the experiments of Kolthoff, Meehan, and Carr
(16) the chance for grafting in tﬁe persulphate initiated
polymerization of vinyl monomers would be low. Howéver, since
grafting has Been obse;;ed by éeveral scientists,.one has to
assume tha% there exist differencgs in the behaviour of
different monomers and alcohols during such reactions. As
expressed by ngmané (17) the initiation éf grafting in
accordance with the reaction mechanisﬁs discussed above will

depend on the relative reaction rates of the monomer and the

alcochol groupinds in the substrate polymer in their competing
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reaction with the sulphate ion radical. If cellulose is

present in excess, which may be the case inside swollen film

or fiber, substantial amounts of sulphate ion radicals may

actually interact with cellulose forming radical sites.

However, so far no proof has been presented to show that the

primary action of the sulphate ion radical with the cellulose

or chain transfer reactions are initiating the grafting step.

-~

r

A well-known example of an oxidation-reduction reaction
» leading to the formation of radicals is'the'decomposﬁtion of
w

hydrogen peroxide by ferréus ions. Haber and Weiss (18)

formulated this decomposifion as follows:

b Y 4 '
+ _ . |
Hj0p + P& —mmmmmmemoos >  HO® + HO  + F@ (11) |
+ _ .
HO™ -+ . Fé ————— S HO + F3+ (12)

The hydroxyl radicals decompose further hydrogen peroxide in a

chain reaction, when H,0, is present in large excess over

ferrous ions (7): . . 7. .-
HOI + H,0, b > H,0 ‘ + HOO {13)
HOO" # H,0, ===-=----=:-3"""HO' + H,0 + 0, (14)

Baxendale et al. (19) demonstrated that the hydroxyl radicals
produced by reaction (l11) initiate polymerization. With

increased monomer concentration reaction (12) is more and more

»
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suppressed until, finally at high monomer concentration all

hydroxyl radicals are used for initiating polymerization.k

Kolthoff and Medalia (21) showed that hydroxyl radicals from
hydrogen peroxide are capable of oxidizing ethanol in
accordance with the following chain reaction scheme:

HO® + CHBCHZOH ——r————- > CH3 CHOH + H20 {15)

CH3CHOH + H202 ———————e CHZCHO + HZO + HO {(16)

4

In the pfesence of monomers, such as acrylonitrile, reactions
(12) and (15) are suppressed, since all hydroxyl radicals are

captured by the monomer.

"It is assumed by some authors that hydroxyl radicals formed
from hydroéén peroxide and ferrous ions react with cellulose
in a similar manner to ethanol in reaction (15) and that

- ‘ .

radical formation caused by such hydrogen abstraction leads to

active sites from which graft copo;ymerization can start:
Cell-H + HO®  ==——-e—m—ee— > Cell”™ + H,0 (17}

However, from the suppression of the hydrogen™abstraction from

the alcohol mentioned above one has to conclude, as Hermans
Ry

did, that cellulose will have to compete with the monomer,
while at th'e same time, for.grafting to occur, the cellulosic

radical formed must be able to react with the monomer at-.a

¥

reasonable rate.
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2:2 The Ceric Ion Initiation Method:

The Cerium (IV) initiation method has also been used quite
extensively for the graft copolymerization of vinyl monomers
to all kinds of cellulose substrates. In the present study,

the ceric ion initiation method was used to graft methyl

_methacrylate monomer onto bleached kraft pulp. &

American Cyanamid Company (21), starting in 1956, applied for

a number of patents on the graft polYmeri?htion of vinyl

monomeis. especially esters of acrylic aclid, with a cellulose

substrate Wising cerium (IV) ions as catalysts. The originaly

inventors, Mino ‘and Kaizerman (21-23) have published a number

-

of papers on this method, jipécially on the mechanisms of

initiation.

The precise kinetics and mechanism governing the grafting of
vinyl monomers onto cellulose are difficult to determine since
the reaction is heterogeneous. Therefore a great deal of work

has been performed on alcohols and other model compounds (1).

Duke and coworkers (24,25) examined the kinetics of ceric ion
oxidation of glycols, Since tetravalent cerium has a co-
ordination number of six, the formtion of mono-, di-, and tri-

-’

glycolated intermediates are possible: £

CeX6 + A E=======m CeAX4 + 2X (18)

CerX, + A w—c=====m CeA,X, + 2X (19}

o
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s
CeAXp + A ---——-?- CeAy 4+~ 2% (20)

where A is a glycol, Ce is tetravalent cerium and X the groups

co-ordifiated with tetravalent cerium, e.g. OH .NO, andH

3 20 -

L]

It is generalf{lassumed, as originally shown by Duke from his
kinetic data (24) that only monoglycolated intermediates are
formed to any appreciable extent. This intermediate then
disgociates forming a free radical wh}&qrjs rapidly oxidized

by another ceric ion as follows: ) ' ‘

A
‘

Ce(IV) + A s====== B e====* Ce(III) + A- + H' (21)
Cel(IV) + A ———m—=e= > products + Ce(III) + HT (22)
where B is the <£omplex formed. | Y 4

Evidence of complex formulation between cerium (IV) and

i

cellulose has been studied‘py several investigators (26-31).
Kurlyankina and cqw;rﬁers (26,27) observgd spectroscopically
that the ceric-cellulose c;Rﬁ{gx had a characteristic
abgorption maximum.at 320 mu. Othéfs have proposed complex

formation on the basis that the initial absorption of cerium

~ Iy

N

(IV) was rapid and the amdhnt\ggforbed was much greater than
e

e
the carbonyl content of the cellulose (28-30).

Fro&/evidence available on the oxidation of celluiose. an

‘intermediate complex appears to be formed between the ceric

ion and the cellulose. This is followed by disproportionation’
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of the complex to form a radical on the cellulose molecule 5

(1).

The.copolymerization of vinyl monomgbﬁ initiated by free

i

) i . eas b .
radicals, formed with ceric oxidized alcochols is expected to

proceed gccording to the following reaction scheme (32):

INITIATI
Ce(IV) + A —===> B --—=3> A- + g(111) + HF ) " (23)
) Ae + M ——mm3» Mj (24)
Ce(IV) + M —-----¥—> M- + Ce(1I11) + Ht (25)
PROPAGA&‘ION': ‘ :
M-, + M e Mn+1 7. ©(26)
" TERMINATION:
4 My + Ce(IV) ~—=——m- > M, + Ce(III) + HY o (27)
A+ + Ce(iV) --——~-~-2» Oxidation products + Cs(III) + HY (28)

where A is the alcohol, M is-‘the monomer and B is the ceric-

alcohol complex. ‘

A similar reaction scheme ,for the graftirdg of cellulose by the
ceric ion method has been proposed by Ogiwara et al. (33), as

shown below:

INITIATION:

/

Lt
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Ce(IV) + Cell-H o _"=" Complex -~---3> Cell’ +Ce(III) +H" (29)
Cell” + M -----3> Cell-M. o (30)
Ce(IV) + M =~———-3> M+ Ce(III) + HT (31)
PROPAGATION:
Cell—Mn + M —————-2>> Cell—Mn+l (32)
L’ »
Mm® o+ M —=eemS» Mm 1 - (33)
TERMINATION:
Cell-M: + Ce(IV) ----3> Cell-M_ + Ce(III) + ' (34)
M* + Ce(IV) ----3> Mm"+ Ce(1Ir) + u" (35)
—~
Cell-Mn" + Cell® -----2» Stabilization . (36)
‘ | | .
Cell” + Ce(IV) =-=-=~-- = Oﬁgdation prqégfts + Ce(III)-+H+ (37)

A similar reaction scheme has been proposed by other workers
for the grafting of celtulosics (33-38). |

The cellqlose'molecule contains several possible sites for.
oxiéﬁtion by ceric salts; The hydroxyl at the Ce position, the
glycol group at the CZ-—C3 position and the hydroxyl at the end
of the cellulose chain. Many authors ﬁave examined model com-=
pounds to elucidate relative rates of oxidation of these
sites. For example, Iwakura and coworkers (39) examined~the
"polymerization of styrene initiated by freé radicals formed on

various alcohols by ceric ions. Since primary alcohols and
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1,2-glycols were found most effective (1) it was concluded

that'polymerization onto cellulose would occur at the C6 or

Bergam et al. (40) found evidence of oxidation at the Ce

position since paper treated with NOZ' which preferentially

attacks the C6 carbon, failed to graft. It was noted that NO

2
oxidation is not totalyx_selectivé and grafting at the C2—C3
position was also possible. Support for grafting at the C2—C3'

glycol group with cléaéége qf the C;bC3 boﬁd was obtained by
bthers (24,40,41). The relative rates of oxidation of the Ce
hyaroxyl and~the C2—C3 glycol were examined by Hintz and
Johnson.(43). They used model compounds such as cyclohexane-
methyl aicohol and tetrahydropyran-2-methyl alcohol for the C6
hydroxyl, and trans-1,2 cyclohexanediol for the C2-C3_glycol.

It was _ found that oxidation of cellulose with ceric ions will

occur mainly at the C,-Cj3 glycol group and not the Cg

.bosition. This increased reactivity of «—glycol groups was

also observed hy others (44,45).

Oxidation at the hé%iacetal unit was also investigated. For
éxample, model compounds containing a hemiacetal unit, “such as
glucose, were more readily oxidized than compounds in which
this group was blocked, suchas «-methyl glucoside (28,41,46).
Iﬁ was found that vinyl polymerization also procgeaed more
;apfdly wher” initiated by compounds containing hemiacetal

units (47-51). ,
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To further examine the most likely site of grafting, several
polymers containing glucose residues were grafted with methyl
methacrylate (él); Reduced reaction rates were noticed only
for the polymers in whlch the 51te of glucose attachement to
the polymer chain was the Cl p051t10n. On the basis of these
results, ;mai, Masuhara, and Iwakura (51) proposed that the
oxidation of cellulose by ceric ions occurred primarily at the a

hemiacetal unit, as illustrated below. They found the

carbonyl radical (B) to be the most likely radical formed.

o E20 39



T 26
Pottenger and Johnson also found support for the rapid
oxidation of the hemiacetal unit, i.e. reducing end group,
using model compounds for cellulose (52). Other'investi-

gators have also noted the importance of the hemiacetal units

in the ceric oxidation of cellulose {31,33,53-55).

In conclusion, it seems most likely that the oxidation and

F

grafting of cellulose takes place predominantly at the

reducing end groub and the glycol units as opposed to the CG

group.

0.Y. Mansour and A. Nagaty (36) carried out extensive studies

on the graft copolymerization of vinyl monomers onto cellulose
by use of tetravalent cerium. They concluded. that in these
grafting reactions, groying polymer radicals are produced
mainly through the transfer of radicais formed at the
cellulose backbone to the monomer where propagation takes
place. The growing polyﬁér radicals either recombine wi?h
acfive sites on the cellulose leading tolgrafting or 'react
with each other through coupling and/or are oxidized with

ceric ions to giva homopolymer. - ¢

'k
&



Chapter III

EXPERIMENTAL

In this chapter, the reactants, equipment and procedures used

to carry out the experiments are described in detail.

3.1 Reactants:

Y

Never-dry Hardwood bleached Kraft pulp supplied by THURSO PULP
& PAPER (Thurso, Quebec) was used as the feaction substrate.
The-puip was eeored in a freezer b:gare use. 'The Methyl
Methacrylate mgnomer esed.came from two sources: Fisher
Scientifie'(Nepeen. Ontario) end Scientific Polymer Products
Iﬁcf (Onﬁario, New York). Both batches .were inhibited with
Hydroquinone. The first batch from'Fisher Scientific, was
pur1f1ed by’ vacuum dlstlllatlon. The second batch was
purified by passing the ménomer; drop-wise, through a
molecular sieve column packed with HR-4 (the columns and
1nstructlons were supplled by Sc1ent1f1e Polymer Products
Inc.).f Cerlc Ammonlum Nitrate used as the initiator was
supplied by Fisher Scientific (Reagent Grade). - Nitrogen gas
cylindérs with d&fferent‘oiygen concentrations'were used.
These were made-to-order mixtures of oxygen and nitrogen

supplied by Air Products & Chemicals Inc. (Nepean,' Ontario).

.,

- 27 -
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Oxygen, of 99.99% purity, was used to prepare different
oxygen—in-nitrogen mixtures (1%, 5%, 10%, and 30% mixtures).

r

The oxygen cylinders were also supplied by Air Products &

Chemicals Inc. Hydroquinone (Reagent Grade) was used, as
. supplied by J.T. Baker Chemical Co. (Phillisburg, N.J.), to
terminate the copolymerization reactidn. Acetone (FCC

specifications) was used, as supplied by Fisher Scientific, in

extraction of the homopolymer from the réaction products.

3.2 EQUIPMENT

The reaction was carried out in a 2-litre Pyrex resin kettle
equipped with a Teflon stirrer driven by a variable-speed
electric motor. The configurations and dimensions of the

reactor system are shown in figure (13}.

The reactor was placed in a conltant-temperature bath equipped
with heating and cooling coils. The temperature of the batﬂ
wés controlled by a Precision Temperature Controller (Model
245) made and supplied by Baléy Instrﬁment Company (Danville,
Californig). This controller was able to keep the actual
tempefature within +/- 0.5°C of the set temperature (45°C).
The speed of the stirrer was measured with a General Radio

1538-A STROBOTAC strobe light. The measurement of oxygen
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dissolved in the reaction mixture was taken with-'a YSI Model

' 4

54ARC oxygen meter made and supplied by Yellow Springs
Instrumént Co. (Yellow Springs, Ohio). The extraction of
homopolymer from the reaction producis was carried out.by
Soxhlet Extraction. The extraction unit used is illustrated
in figure (14). The cellulose Epiqble used was supplied by
Fisher §cien§ific. The ‘'drying of pulp samples and réactién

products was carried out in an ISOTEMP vacuum oven (Model 281}

supplied by Fisher *scientific.
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‘3.3 PROCEDURES

3.3.1 ﬁetermination of pulp coqiisfincy:

The consistgncy. or dryness, of the pulp ased }n_the graft co-
polymerization was determined by Eaking a Sample of‘frozen
pulp (about 60‘grahs). théwing it, and drying it at about
110°C in the ISOTEMP vacuudm oven for 24 hours. The dry sample
was then cooled in a dessicator containing Silica gel for
about one hour, then the sample was quickly weighed. The same
procedure was repeated until constant weight was achieved.
The consistency 6f the pulp was then calculated as follows:

- § consistency = 100 x (dry wt.. of sample)/(wet wt. of sample)

3.3.2 Reaction:

-

An amount of wet pulp having a dry weight of about 20 grams
.was charged in the reactor with distilled water. A nitrogen-
oxygen mixturg of desiréd ration was then bubbled in the
reaction mixture, under continuous stirring, for about four
‘hours.‘ At the end of thé Nitroge?-bubpling period, the
concentration of d¥ssolved oxygen was measured with the oxygen
meter. A solution of about 6.07 g of Ceric Ammonium Nitrate
" in distilled water was then charged into the reaétor; One
" minute later, about 25.66 g of Methyl Methacrylate monomer was
’ also.injecééa into the reactor. The r;action was assumed to

. have started at the moment the monomer was injected. The

»

\’
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reaction was then %llOWed to proceed, at 45°C and. constant
stirring rate,—for one hour; it was then terminated by
injecting a solution of distilled water and about 1.7 grams of

Hydroquinone.

3.3.3 Determination of Conversion and Grafting Efficiency

After the reaction was terminéfed, the products were filtered
.in a funnel with ordinary -filter paper and thoroughly washed
- with distilled water. The reaction products were thén dried,

at about 100°C, in tﬂe vacuum oven, and weighed in a manner

similér'to the one described in séction (2.3.1). The
conversion to total polymer (or polymer yield) was calculated
as «follows:

) % conversion to polymer = 100 x (D-B)/C

»

The homopolymer in the reactionhproducts was then remov?d by

Soxhlet E%trac£ioh-(with Acetone as a solvent)} for about 48
hours. The conversion to copolyﬁer_and the grafting

efficiency were  then célculated as f&llows:

% conversion to copolymer = 100 x (A-BY/C

Grafting efficiency (%) = 100'x (A-B)/(D-B)

where A 1is the dry wt. of the products after reaction and" -
extraction, B is the dry wt. of pulp charged into the reactor,
C is the wt. of the monomer charged into the reactor, D is the

T

wt. of products after reaction and filtration.
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Chapter IV ‘

EXPERIMENTAL RESULTS .,

" nat

As was already mentioned, the main objectives of this study
were to investigate the effects-of the stirring rate (i.e. rpm
of stirrer) and oxygen on the yield.of the graft copolymer-
ization of cellulose. In order to achieve that, experiments
were carried out in sets consisting of f8ur to five reactions
each. Within each set, all reaction conaitions, including the
oxygen content in the nitrogen flow, were kept gonstqng except
foé the stirrer ¥rpm. The stirrer rpm was varied from as low
as 10 rpm to as high as 1000 rpm in some cases. For each set
qf experiments, a differen;\nitrogen—oxygen mixture w;; used.
The experimental conditions of a typical exberiment'are shown
in table (l).

In the first set of. experiments, nitragen with less than 1 ppm
oxygen concentration was used. The oxygentdissolved in the
reaction mixture was found to be 0.5 ppm (tﬁis was probably
due to oxygen originally present in fﬁérsolutiqn,and/or the
frozen pulp). The experimentai résults of thg firgt set are
shown graphically in figure {15). These results show an
initial increase of conversion as the stirrer rpm increases up
to about 350 rpm. Both conversions then attain a constant

level above this stirrer speed. -

. '34"‘
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! Table l: Conditions of a typical experiment !
: , .
! I
| o |
: Weight of wet pulp . ' 119.80 g +/- 0.01:
t ’ ' ]
! Dry weight of pulp '~ 20.00 g +/- 0.01}
! ) <
|  Total reactor volume " 2 litres !
! . ]
1 ’ |
|  Temperature : 45.0°C +/- 0.5 :
! - i
| Weight of monomer : ’ 25.66 g +/- 0.01!
! | 1
E Weight of initiator . 6.07 g +/- 0.01!
. - |

! ‘ . s 1
! Stirrer rpm Varies within each set:
! ]
, " Dissolved oxygen Constant within each’set]
' : ' ' . I
i Reaction time . 1 hour |
‘ : I

! ]
| Weight of, Hydroquinone 1.70 g +/- 0.01:
! ' 1
e e +

Table (2) shows that the grafting'effiéiencies for the first
set of experiments did not show any appreciable dependence on-
stirring rate. The ggafting efficiencies, in this case, were
found to be about B0%. . ~

w
The secbnd set of experimehts was carried out with a higher

purity'nitrogen. For this set, the Q&trogen gradé used in set
#1 was pufified further by passing ig through a heated-cgiumn'
(450°C) packed with coéﬁer shavings. Furthermore, the monomer
and initiator solution were deoxygenized by bubbling the

_purified nitrogen through them for about two hours prior to

' ¢
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| Table 2: Grafting efficiency vs. stirrer rpm for set #1 !
: i - :
! |
| - -
| STIRRER RPM GRAFTING EFFICIENCY (%) :
] - ’ |
| !
1 ]
| I
| 10 - 80.0 |
| - I
i 45 . 78.1 i
I . |

~: 200 ] ‘ 8l.6 :
! - I
: 515 . 81.5 |
I. . . I
E 800 80.7 i
I 1
e e e e e e e e —————— e +

@

the-reacFion. The amount 9% digsolved oxygen was undetectable
by the oxygen meter used in this study. The esylts of set #2
are shown gn figure (16). The behaviour of the conversion vs.
rpm curves for this set are similar to that of the first set
except that the ma§imum conversion level attained is higher.
Table (3) shows the grafting efficiency vs. stirrer rpm for
set #2. Here again, no appreciable dependency on stirring
gate was observed. The valueé of the grafting efficiency
ranged from 79 to 92%.

In the third set of expefiments a mixtﬁre of 1% pure oxygen

and 99% nitrogen (molar percentage) was used. The nitrogen

-
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able 3: Grafting efficiency vs. stirrer rpm for set #2

-3

r

.

————————— T T T ey b —— o
—— T ——— . ——————— k. s o it ok TS W

. STiRRER RPM- GRAFTING EFFICIENCY (%)
10 81.2
45 . . 81.3
265 ’ 82.7
1000 ‘ 79.2 ’
e e e +

]

used here was of thé same grade'used in the first set. The
oxygen was of 99.99% purity,. The mixture of oxygen and
hit;ogen-wés'prepare& using two pre-calibrated rotameters.
The diséolved oxygen in the reaction mixture was found to be
0.6 ppm. The results of set #3 are shown in figure {(17). &
different bghaviour of the canversion VS. rpm curves was

obtained. A slight drop in conversions waslobserved‘at about

400 rpm.

The grafting efficiencies for set #3 are shown' in table (4).
Here again, no dependency on séirring'rate was apparent.

The fourth set of experiments was carried out with a 5%-
oxﬂﬁen and 95%-nitrogen gas mixture. The dissolved oxygen .was

‘found to be 3" ppm. The results of this set are shown in
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Table ﬂ:'.Grafting efficiency vs. stirrer rpm for set #3

— s it s - ——— T —— ——— i ———— iy —— ——
———— —— -

STIRRER RPM GRAFTING EFFICIENCY (%)
44 . 83.7‘
125 - ' 84.7
225 . 84.7
425 . 84.6
e e e e e e +
} .

figure (18). In this-set of‘experiments a new trend‘started
.to develop : An initial increase of conversion with an
increas; of rpm up to a cértain maximum, followed by a gradual
drop in converéions at higher stirrer rpm.

The values of ‘the grafting efficiency for set #4 are shown in
table (5). Although the grafting efficiencies for this‘set of

" experiments are lower than previous ones, they do not show

—_

strong dependence on stirring-rate.

-

The results of the foﬂrth'set Qf experiménts were indicating a
significant andbinterésting effect of oxygen on the
conversions of the graft copolymerization. It was then
‘decided to try to increase the oxygen cbntent in the oxygen-

nitrogen mixture even further. A fifth set of experiments, was '

carried out with 10%-oxygen and 90%-nitrogen. The dissolved
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Table 5: Grafting efficiency>vs. stirrer rpm for set #4

\
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i

1

1

|

|

|

]

|

|

|

STIRRER RPM - GRAFTING EFFICIENCY (%) :
- . |

1

: |

10 62.4 . ol
50 . ! y 69.4 : ) \
. . . |

600 _ - : 71.1 - i
- |
970 o 76.9° ;
: |

o e e e e ———— o +

~oxygen was found to be 5.5 ppm. The results of this get are
shown in figure.(lé). The behaviour of the conversions vs.
stirrer rp curves showed a drastic change from that of the
first three sets. 'At?;owgr-stirrer rpm, an increase in
conversions as the rpm ié“increased was observed. The
conversions then ;eacﬁed well defined maximas followed by a
quick drop as the stirrer rpm was increased. The conversions
even reached zero at an rpm as low as 300. Thé maximum
conversion ré;ched in this set of experiments was "about 48%
(far below the maximum conversions obtained in the first foﬂf
sets).

Table (6) shows that the grafting efficiency for this set of
expéfiments started to show an appreciable dependency on the

stirrer rpm. Figure (21-23) graphically presents the érafting

efficiencies vs. stirrer ;Bh\for sets #4, #5, and #6.
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A sixth set of experiments was carried out with a mixture of

30%—6xygen and*70%-nitrogen. The results of this set are
shown in figure (20). The behaviour of the conversions vs.
stirrer rpm curves were similar to that observed in the

previous set, except that an even lower maximum conversion was

observed.

. 1

Table (6) shows that the grafting efficiency for this set of

experiments was significantly affected by the stirrer rpm.

A seventh set of experiments .was carriédlout with nitrogen
contalnlng less than 1 ppm oxygen. The nitrogen was purified
further by pa351ng it through the heated copper column. The'
new éspect of this set was the use of a Stainless Steel

stirrer instead of the Teflon stirrer. .This set was carried’
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out in order to veriﬁy reports of a decrease in conversion
~when . the graft copolymerization of cellulose was carried out
in Stainless Steel vessels (36). Tﬁe resuits of-this set are
shown in figure f24), 'These resuits.sﬁowed conversions lower
than those of the first set of experiments, although the
'disgolved oiygen in the last set of experiments was 0.3 ppm
compared to 0.5 fér-the‘first-setr‘ The shape of the

conversions vs. rpm curveg was also found to be different1

.
-

"

An analysis of the'significance of the results shown in the

previous six figures will be presented in the next chapter.
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Chapter V-

DATA ANALYSIS AND DISCUSSION-

-,

*All the experiméntal data obtained in this study tend to

1 : v
“indicate that théedependencies of conversion on the stirring
rate reported by Graczyk and Hornof (2-6) were probably due,

mostly, to residual oxygen that might have been present in the

4

reaction system at the start of the polymerization reaction or
introduced in the course of the reaction by flushing the

system with nitrogen containing small amounts of oxygen as an

]
——

impurity.

Our data showed that when the reaction atmosphere and mixture

were highly deoxygenized, the effect of stirring rate was

confined to an initial increase of conversion with increased

~stirrer rpm, followed by a levelling-off of the conversion vs.

rpm curve.” The initial increase of conversion can be attribu-
ted to the enhanced mixing aséociated with aﬁ incrgase in
stirrer rpm. Enhanced mixing is particularly important here
becausé the reaction.system,is heterogeneous and the monomer

is only partially soluble in water. The sdlubility of methyl

- methacrylate in water at 40°C was measured by simple titration

JaN
and was found to be about 11.8 grams per litre of water. The

actual concentration of, methyl methacrylate at the onset of
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the reaction wasg 14.8 grams per litre of water. No .drop in
Eonversion was observed even at very high stirrer rpm. Thus,
the assumption that the decrease of conversion obtaiﬁed by,
Graczyk and Hornof (5) at hiéh stirrér rpm was due to theﬁ
instability-of_cellulose—initiator association coﬁplex due to
high shear rate may be quetionable iq_the present system.
The observed inc}ease, followed by a decrease of the con-
version vs. stifrer rpm curves for systems with high ﬁxygen‘ﬂ
contents could be easily explained. The initial increase of
conversion with increased stifrer rpm is due ﬁo enhanced
mixing, i.e. enhanced mass transport.

=
As the stirrer rpm is increased further,'oxygen is trans-
ported from the reactioﬁ atmosphere into the reaction mixture
at a higher rate, and a point is reached where the enhanced
mixing brought about by the increaée in stirrer rpm is offset
and then outweighed by the iﬁhibigion of retardation effeéts.
of the oxygen being transported into the reaction mixture.

-

. : ) '
The experimental data obtained in this

study weré replotted as
$-conversion vs. dissolved oxygen at constant 1rfer rpm.
The new curves are shown in figures (25) and (26).) The effect
of. oxygen on the yield of the feactipn now becémeanuite

obvious. "It can be seen that increasing the dissolved oxygen

-level leads to lower conversions. Figure (26) shows ‘that at

-~




54

-

very high oxygen contents a high stirring rate leads to very
\

low conversions. This seems to support the explanations given

3

above.

L]
R

.The grafting eEYiciencies were also plotted against the level
> of dissolved oxygen in figureé (27)‘and-(28). These figures
clearly show a decrease in grafting efficiency with an

r

increase in the level of dissolved oxygen.

A

—
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The effect of oxygen and stirring rate on the graf£'25i
polymerization of styrené onto‘diésolv%ng pulp by .the
Xanthate—Fe3+; HZOZ system was studied by Graczyk and Hornof
in a more recent paper (6}. Their data clearly confirm that
at high oxygen content {(i.e. in air). the conversions were
lower. When they used nitrogen instead of air, the con-
versions increased, but they were still able to observe a drop
in conversion at high stirrer rpm. Tﬁis could be due either
to a different effect of oxygen in their reaction;system, or
to the presence of some oxygen impurities in the nitrog;p.(the

quality\of their nitrogen and the method of purification were

not specified). : '
N -

-
-~

Other workers referred to the effects of o;ygen and/or
'stif;ing. While some workers confirmed the importance of
oxygen impurities, others stated that oxygen had no aépreci—
able effects on the graft copolymerization.
b

In a paper published in 1972 Mamoru Namoura, Makota Harada,
Watarﬁ Egquchi’ and Shinji Nagata (56} éiscussed the effects of
stirring on the emulsion polymerization of styrene. 1In their
study they uséﬁ different grades of nitrogeg (i.e; N with
_different,oxygen contents). They plotted their data as %-
Converéion vs. reaction time,‘withﬁthe stirrer rpm being a
parameter. In order to compare the results obtained by this

group of researchers with the results-obtained in the present

study, their data was re- plotted as $-Conversion vs. stirrer
]

= v
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rpm at constant reaction times. The .new plots are shown in
figure (29). Curve "A" represents data obtained when the
reaction was cafried'out undérla nitrOgeﬁ‘of 99.9%.puri§y(
passed through an élkaline pyrogallol solution. Curve "B“;'én
the other hand, represents data obtained with the.same grade
6f nitrogen that was passed through an alkaline’pyrogallol
solution then throuéh an electric furnace contaiﬁing copper
gauze. ?he dependence of conversion on the stirrer rpm is
obvious and it is more pronounced when the oxygen conrtent in
the reaction mixture is higher'(i.e.. curve "A"). Although
their reaction system was .very differént from ours, the
resemblance of the resufts in both studies is striking.

O.f. Mansour and A. Nagaty (36} repdrtéd oxygen effects on the
qraft copolymerization of vinyl monomers onto cellulose.by the
tetravalent cerium initiation method.- They observed that
grafting yield and efficiency decr@asea when the reaction was
carried out under unéurified nitrogen. The decrease was found
to be greater én carrying out thelgrafting without a
continuéug stream ‘of nitrogen. They'doncludgd that the
occluded air partially infibited the graft copo;ymerization
rea;éion. They also stated that this may indicate the free-
radical nature of the reaction.

~

S. Kaizerman, :G. Mino and L.F. Meinhold (57) stated, in a -

paper on the polymerizatibn of vinyl monomers in cellulosic

\

-



CONVERSION

A

10

90
80
70
60
50
40
30

20

61

10

220

330 440 S50 660 770 880 990
STIRRER RPM

FIGURE 29

. . N
Convers;ou vs., Stirver rpm
for thwe nﬂmulsion Polymeriza-
tion of St'y}cne. .

v




62
fibres by the ceric ion method, that displacing the air in the
system by flushing with an inert gas such as ﬁitfogén or
carbon dioxide served té reduce the induction period of the
reaction and to assure the prompt onset of polymerization

_within the fibres. Hoﬁevgr, they also indicateé that homo-
polymeriiation in the reaction solution could be eliminated by
-including some air in the system. This 1ast‘€tatehent_imp}ies
that the grafting efficiency would be improved by including
some air in the reaction system. Our experimental data, as

shown in figures (28) and (29), sharply contradict this

statement.

In a paper on the preparatidn of ﬁigﬁly branched graft
copolymers by the ceric ion method Y fwakura, Y. Imai and
K. Yagi (48) indicated that they have bubbled nltrogen through’
. the reaction solution for 30 minutes prior to the start of the
grafting of methyl methacrylate'Qnto'poly‘(6-methacrylglyliD-

galactose). However, the quality of the nitrogen and the

e - p

purification method were not speciffied. Many other workers

mentioned the use of nitrogen instead of air, but very,K few of

them elaborated on this aspect of their experiments.

E. Schwab, V..Stannett, D.H. Rakowitz and J.K. Mégfane (658)
étudied the effect of nitrogen purge on the grafting of paper
with vinyl monomers by the ceric ion method. They found that

failure to purge the reaction system with nitrogen reduced the
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amount of graft obtained by almost 90% in the caée of methyl
meéhacrqute and by about 80% in the case of acrylonitrile..
" However, they did hot-report the quali;y of nitrogen they
used.

» ] . :

~ On the other hand, in a paper on the effect of grafting on the
dimensional stability of paper, Y. Ogiwara, ﬁ. Kubota,
H. Mdiayaﬁa and A. Sakamoto (59) indicated that they carried
out the graft copolymerization 6f methyl methacrylate and
acrylonitrile 6nto paper in the presence of air. Also,
A. Hebeish and P.C. Mehta (60) carried out a study on the
céeriunm initiated grafting of ;crylonitrile onto cellulosic
materials and concluded that any tréces of oxygen that may be
occluded in the system did not inhibit grafting.

In a review paper én the grafting of vinyl monomers to-
éellulose by the ceric ion methéd, D.J. ﬁcKowall, B.S. Gupta
and V.T. Stannett (1) stéted that a decrease in grafting ‘with
increases in the intensity of agitation might result from the.

incorporation of oxygen into the reaction system.

_ The mechanism of the .oxygen inhibition or retardation of tﬁe
graft copolymerizatidn of methyl methacrylate, or other_vinyl
monomers, onto éelluloSe is not well known. In fact, an
extensive computer seaiqh for publications dealiné with this

topic was not successful.
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One possible scheme for the effect of:oxygen on the grafting

reaction may be simplified as follows: .

Cell-H + Ce(IV) --—==--==1 > cell” + Ce(III) + H'  * (40]
Cellr' e > Cell-M~ (41]

Cell—g‘ | +  (n=1IM - > Cell(M)'n (_4€1
Cell(M) 'n + 0y —====---- =» Cell (M)n0-0. | - .'(43l

The Cell (M)nO-0  would ﬁe expected to be a low reactivity
radical. It is important to note here that this scheme is a
speculative one, and that we ﬁave no solid data to support it.
More kinetic- data is required in'brde; to make'qeasonabie
aSsumptiong about -the ways in which oxygen aéfect the

reaction.



, _ Chapter VI

CONCLUSIONS

It was observed that the ektenf of .the influence of the
stirrer rpm on the conversions of the copolymerization
" reaction was dictated by the amount of oxygen present in the
reaction mixture and atmosphere. At extremely)loﬁ oxygen
cpncentrations, the conversions (to both copolymercéﬁd homo-
polymer)-increased initially with the incréase of'tﬁe stirrer
rpm, tﬁen these conversions reached steady-levels and did not
drop even at very high stirrer rpm. At high oxygen con-
centrations (higher than 1%), the conversion-vs.-rpm curves
showed an initial increase up to well defined maximunm,
followed by a sharp decreas%§as the stirrer rpm was increased.
It was concluded that the drop in conversions at, high stirrer
rpm was due to the fact that increased stirring caused more
oxygen to be transported from the reaction atmosphere to the
reaction sités.‘*Tﬁis oxygen was believed to ‘have inhibited or

*

retarded the ‘reaction.

‘4

The experimental data also showed that the grafting effi-

ciencies did not depend on the stirrer rpm (at constant oxygen

o

. content). This was believed to be due to the fact that oxygen

inhibited both the copolymerization ahd the homopoiyﬁériZation
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reactions at approximately the same rate. 'ﬁowever. lower
grafting efficiencies were'obtained when the oxygen content of

the reaction system was raised.
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. Chapter VII

RECOMMENDATIONS FOR FUTURE STUDIES

* ¥
]

More stuaies are needed in o;der tc understand better -the
mechanism in which the dxygeﬁ affects tﬁe reaction. In the
_present study, the reaction time was’ﬁixed.at one hour for all
eiperiments. Thus, no'time—vs.—conversion dafa'isravailable
at the present tiﬁe. Such data could have helped %mprove our
understanding of the phenomeha observed in this studyf. Thus,
we recommend that more experiments be carried out at different
reaction timesi We further recommend a study of the.

consumption rate of the initiator under different levels of

oxygen in the reaction atmospherel
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Table '7: RaW DATA FOR SET #

Weight of wet pulp (g)

Dry weight *of pulp (g) _

Weight, of monomer - \(g)  ‘o

- nggﬁ£ of iniiiat&f (éy

'§tifref rpé | N\ E
Dissoived oxygen , (ppm). f .
femperature_:. - (C) : .
'R'eac:ion Time S (;n;p\)\‘ . a..ao.
EXTRACTION: - . o ,

Dry weight.ff sémpieﬂ,.3 (g). : fksﬁf'

. .

Dry wt. after extraction. (g) -

- . ) e .

t .:“..-' )
 CALCULATYONS:

%-Conversion to pol¥me£ 

%'ConverSion'toﬂcopolymer‘ L

: R T .
hrd graftlng‘Efflc;ency : S : e 78"
. L N Coe A S
L] "
L 3 ‘ . L]
¢ L] - ~
- ¥ -4 " N
. 1 €
' '_ ta
S g



Vieight of wet pulp {g) 119.86
Dry‘we;ght‘of'pulp (g) - 20.02
Weight of monomer {g) ) : 25.94
Weigh nitiator (g) & o 6.10
Stirrer rpm 45
Dissolves oxygen (ppm) 0.5
- /j@mperature C) | 40.0
Reaction time (min.) « 60.0
EXTRACTION ,
Dry Weight cffsam@le (g) | '_:'< B.10
Dry wt. after extraction (g) i L 7.32
 CALCULATIONS: | I
f%\Conversipn'to polymer o "64.2"
’." - - C - : A *
% Conversion to copolymer '~ = g .- 50.7
% grafting Efficienc§ . -"; _ " 79.0.
o m e e e e e e - ——-— - - - L T,
- . .
| ; o
L * - 7
r,'
'{



i T o- . .
| v Tablé 8% RAW D2TA FOR SET #1
-

I

| = e e
|

i Weignt of wet pulp (g)

I o

| Dry weight. of pulp - (g)

I AN _

| Weight of monomer {g)

l : '

i Weight of initiator (g)’

f @

| tirrer rpm

| .

i Dissolved cxygen (ppm)

l . il

| Temperature ( C)

[ Reaction time ' (min.)

I . _ : -

I - -
- , .

|~ EMTRACTION: ,
BEEELEEEEIOTEE |

! L .

| ory weight of sample + . (qg)

| : S '

| Dry wt. after extraction (g)

|  CALCULATIONS: ‘

I ______________ ) )

| _ -

| 4 Conversi%y to polymer

[ S :

| 7 Lonversion to cCopoiymer

I o

| %6 grafting Efficiency

l . .

|

e r r s et e, n E .- - b T,




4 ————————— e e o o L
l
! W=2ight of wer pulp (3) 119.77
i ; R ' : v
| Dry weight of pulp (g) e . '20.00
I _ . LN ) , Te
[ Weight &f ‘monomer (g) . 25.94
f N . : kN
| Weight of initiater (g) SR " 6.10
- S : o
! Stirrer rpm o s Sli
[ . . . | b
| Dissolved oxygen . {ppm) s C.5
| Temperature (-C) P oo ' 40.0
l : : o .
T Reaction time (min.) e . 60.0°
| - . T
b, :
! . .
| EXTRACTION: :
.! ----- em-- Lo .
| Dry weight of sample (g) : 10.12
[ ‘ o . : et ’
] Dry wt. 'after extraction (g) s - 9.07
l. . ' . A ‘
] : : - ] - H ' i . '
.| CALCULATIONS: L o o«
I _____________ . ‘
| % Conversion to polymer : é2,6 . A
I- . * N [} R ‘.
o | ¢ Conversior to copolyme 75.0
| . o . ‘ a
I % Ggrafting Efficiency 81.0 o
1 . . ‘ .- . . * . ) .
| \ 1 4 '- &{ \_:
? TTESETE T I s i ittt TSI
7 . "
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. |
Table 11 RAW.-DATE FOR SET #1 |
f ' |
. : [
B il et D |
S [
Weight of wet pulp (g) 118,77 N
. : . 3 o 1
Dry weight of pulp (g) 20.00 1.
o . : T |
Weight of monomer {g) 25.94 1.
. . K : ) L
Weight of initiator: (g) 6.10 1
' o ' |
‘Stirrer rpm 800 1
3 o . |
Dissolved oxygen {(ppm) . , - 0.5 |
| ' ' . Lo . y . ' ) B | .
Temperaturd - - (¢)" 40.0 |
Reaczion time. C (min.). .B80.0. ., | .
4 ‘ . . . I
: {_
EXTRACTION: |
——————— -!---ﬂ' ‘ }. *
Dry weight of sarple (g)‘. +9.53 '
Dry wt. after extraction (g) 8.85
CALCULATIONS : .
% Conversion to polymer - 93.2
- % Conversion to copolymer 75.7
% grafting Efficiency = 81.2
--__---:------------_-;-_-_--_ ........ qq-----;-------déh--+
. ~ A ' " . . .
' , R
* - . % |
- - . . . + "
. \ |

)



Table’ 12: 'RAW DATA FOR SET 42
. : : Lot :
.Ne;gh: ci. wet pulp (g) t L 110.38
Dry weight of pulp (g) s 20.20
Weight of monomep |, (g) : < " 26.00
) . ) ._' . . . ) M . f"- "
- Weight of iq*tiapor_ (g) : - 6.10 °
stirrer *am | 1‘ _ 10
' D*sso1ved oxygen} (ppm) .. : Undetectable
. ‘ : _
Temperature ( C) : T 'L 40.0.
. Reaction timg' {min.). : _'_60:0
EXTRACTION \ T
AR AR S e ey e en e e e ‘ . b4 "v'———"‘"‘
'Dry welght of sahple , (g) EP '.?zfl’
Dry'wt. after extraction (g) .2 RREP 6;57'
.‘_ . | f | . ‘/
CALCULATIONS: ' R ¢ : -//
e e . ‘ : . _/‘ .
% Conversion to polymer D %Ztl
7% Conversion to copqiymer o : . ‘42.3
% grafting Efficiency - o Cor ' 81.2
. . ; lr "t P
R'— Lo ' . "



.opr

i/ . .
'r
*l'-.- --------------- e ———— ------;- -------- \- ------------------
| Table 13: RAW DATA FOR SET #2- .
S _ »
‘!' LR R RN ) I e i A iy g
! o . .
: Weight of wet pulp (g} 31C.37
! ' : :
| Dry weight of pulp (g) : 20.20
[ ' ’ . e
| ~ Weight of monomer. . (g) 26.00
| o~ : .
I Weight of initiator (gq) : 6.10-
[ Stirrer rpm 45
| - R C : ‘
| Dissolved cxygen {ppm) . Undetectable
I . . ‘.l._ ‘
| Temperature ( C) 40.0
i Reaction time (mir.) 60.0 L.
I ~
|1 - , \
L "
| EXTRECTION: »
| emcmm e v
| | : &
I Dry weight of sample (g) . = ' 8.02
I v ) ¢ 2 .
| Dry wt. after extraction ({g) L 7.32
. . : : 3 ' ¥
I . ) . # .
| CALCULATIONS: .
|  esececeamcacaa " .
. :
| % Conversion to polvmer 66.8
|- . . .
i % Conversion to ymer - 54.3"
' o
A % grafting Effi ency 81.3
- . : —
I k ] .
L - o '
sl ™
i "‘.. . re



A
Stirrer rpm

Temperature

% Cenversio

- 14

bissolved oxYéen .

"Reaction time

CALCULATIONS: ©

- e AL wm e W o

n

e Conversion

% grafting E
. .

.

- “ » ?

‘.5\"

A "' o
N -,
b4

Weight of wet pulp

Dry weight of pulp
Weight of monomer

Weight of initiator

O.

Dry wt. a2fter extraction {g)

-

to polymer

(ppm)
()

(g)
{(g)

(9)

< (min%) A

7

to copblymer

fficiency
kl
|
r
- - 1
. 4

B
© )
4
g

Undetectakle

40.0

60.0



T e e e e e e e m = = - -+

! . |
N Table 15: RAW DATA FOR SET #2. . |
ol : S L I

l . ‘ 5

L el — - —— PR e —— - - - T R e e .- l

r - \N ) !

I Welight of wei' gulp {c) 1iC.38 :

| o \ ] : - |

|  Dry weigkt of pulp  (g) J: 20.20 ;

I ' ' : ]

| Weight of ponomer (g) . 26.00 |

| ‘ . ’ I

| Weight of imitiator (g) 6.0

[ - ' ’ * o i

| Stirrer rpm . 1000 i |

| AL : - o I

| Dissdlved oxygen (ppm) / Undetec*akle T

| ’ : . wo

| Y Temperature ( C) : -40.0 '
.l : L e . |
| Reaction time {min.) 60.0 ]

I ; ' . ) |-
| o ' ' |
I : A ' I

1 ZXTRACTION: I
S :
| '.s"-Dry weight of sample (a) 6.78 o
! . . ' |

| Dry wt.” after extraction (g) 5.98 | .

1 {

|  CALCULATIONS: S
l Bl T T Cn i I,
|‘ i . _l
| . % Conversion to polymer ‘ S el
l ‘. ' *.‘:. e 99 , 4 l \
| % Conversion to copolymer: . N

| %o grafting Efficiéncy: |

I |
fmm e ——— _«‘...___.._-_....._.._... ------------------------ :
;- : 5.-“‘.7 .

I -

- .l".‘:;ir -
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Table 16 RaW DATA FOR
_ﬁ;:ght ol wet pulp {g)

‘Dry weight of pulp  (g)

Weight 'of monomer (g) °

-Weighzt of initiator (¢r)

Stirrer rp@

" Dissolved oxygen {pom)
Temperature . (cy
Reaction time (min.). ~
EXTRACTION:

Dry weight of safiple (g)

Dry wt. after exfiraction (g)

: —
CRLCULATIONS:
% Conversion to polymer
[-73

« Conversion to copolymer

% gréfting Efficiency




- -
: Takle 17 RAW DATA FOR SET #3 :
| :
e T T i
:,' Welght of wet pulp {g) - l2C.52 :
| 5_ ngx_ﬁ?igﬁt of pulp- (g) ‘ 20.00 _i
- Weight of monomer {g) 25.92 |
: {‘ Weight of initiétor_ (g) ) 6.10 '+
: Stirrer Tpm 'jl; C _F: 125‘ }
i Dissclved oxaegn{ kppm) ‘O.é / =
| Temperature ‘ | f.”( C) 40.0 jf ¢ |
; : 3eactibn time ‘ (min. ) 60.0f/

i .
{ EXTRACTION: R ;
| e * |
: : Dry‘weight of sample -(g) 8;02 {
{ Dry wt. after extxagzzgg (g) _ 7.41 ﬁ}
l ® Coe e i
: CALCULATIONS: :
I . — I
f % Conversion to polymer 75.2 ' }
} os Conveésion to copolymer 33.7, ' :
: % grafting Effici;ﬁcy j: 84.; '4

: .



..-.--._--.—-_—_—---—--—_--_---.—--_--...-_—-_—--.-_----—_-_-_-

Dry weight of sample (gl 76,200
Dry wt. after extraction (g) : "'5.71
. ) . . :
CALCULATIONS:
.. ——— e ——— *.--qnﬁ‘-
7% Conversion “o polymer : 8l.0
% Conversion to copolymer : . - 68.6
7% grafting Efficiency - : - - Ba.7
- « c oL
-

Waelght ¢ wet pu}p ‘(g) 120.51
Dry weight of pulp.’ (g) : 20.00
Weight of monomer ‘ (g) : ‘ 25.92
Weight of initiator (g) S ' 6.10
Stirrer rpm . ° e . - 225

Dissoived,qugéﬁ _ (ppm) : - 0.6
Temperature i ( C) B :' ﬁ 46;0
Reaction time . - (min.) - :-- 60.0



L] aw) -
————————————————————————————————— ‘——--———-‘:--—-I_-:---—---—
. E ’ O
Welght of wet pulp . (g) . T 122.50
Dry weight of pulp (g} . : "20.00 ’
Weight of monomer (g) : P 25.092
" Weight of initiator (g) =~ : . 6.10 )
Stirrer:rpm ‘ . : 25
Dissolved oxvgen {ppm) . . 0.6
Température ) ('C) f : 40.0
Reaction time ' (min.) : 60.0
TYTRACTION:
Dry weight of sample (g).l : 7.15
Dry yt.‘after extraction Xg) : 6.61
CALCULATIONS: .
% Conversion to polymer S 74.7
' % Conversion to copolymer : 63.2
% grafting Efficiency P B4.6
£
¢
\-- -



: Weight of wet pulp  (g) . S 120.51 ,
; ory wgigbt of pulp tg)‘ ‘: 20.00

: Weight of mé&pmer _(é) j ' 25.92

: Weight'of iniﬁiator (g) . : . 6.10

} Stirrer rpﬁ | ’ ’ - : 10

: Dissolved oxygen (pph); ‘ i . 3.0

: Temperature I G o) ,; ' ‘ 20.0 .

E Reaction time ‘ {min.) : :.: - 60.0_
- S
| EXTRACTION ' : .
. E

I Dry weight of sample (g)‘3<- : -6.73

: Pry wt . aftér e#traction (g) : ' 6.49 ‘
| ' : ' ‘ :

: CALCULATICNS: | .i :
e | T

| % Conversiop_to polymer, - : 1111

: % Coﬁversion to copglymer . :: . 1.9 )
: % grafting Efficiency . 71.2



we———
|
Table 21: RAW DATX FOR SET #4 |
I
I
_______________________ e e e e e e i
: - : : I
Welght of wet puld {(g) i 120.50
- ~ ‘.. - H ) |
Dry weight.of pulp {g) : 20.00 [
oo™ ) 7 . . : |
Weight of monomer {g) : .25.92- |
. ‘ : T I
Weight- of initiator (g) . : £.10 = |
o : o
tirrer rpm : 50 |
. - ’ : |
Dissolved oxygen (ppm) : 3.0 |
. ) ’ : ) [
Temperatdre - C) - : 40.0 T
. . . ~ : |
Reaction'time _ (min.) e 60.0 |
- -~ ) . '
<
4 L
ZXTRACTION: |
- - - - — ' ]
) ) . ‘ |
Dry weight of sample o {g) : . 7.42 [
. ’ - : ’ : - s
Dry wt. aZter extraction (g) : 6.77 |
- - B ’I
, . ’
CALCULATIONS: | -
............. , |
. e, . I
7% Conversion to polymer _ : .50.0 [
. s ) | .
7% Conversion to copolymer _ T 39.0 , |
_ ) : o |
A qTi’ting Efficiency- " S -78.0 |
v |
---------------------------------------------------------- -+
. 7 / R
. — - (.. - e - - — b \
-— ’F



Stirrer rpm

Temperature'

Reaction time

Dry weight of

CALCULATIONS:

---—--.———--——-—-----_—-—--n—---—---—---—-—-—---—---—-

welght of wet pulp
Dry weight of pulp
Weight of monomer

Weight of :nitiator

. Dissolved cxygen

sample

—

% ¢grafting ffficiency

(9)

Dry wt. after extraction (g)

% Conversion to polymer

«© Conversion %o copolymer

-



L T e e e A, e e r E r e, - —--- - - +
! B
Table 23: RaW DATA FOR SIZT 44 |
1
I
_______________________________________________________ l
: I
Weight ¢l wetT pulp (¢) 220.50 |
i
¥~Dry weight of pulp (g) 20.00 |
: [

Weight of monomer (g) : 25,92 y
: j
Weight of initiator (g) : 6.10 [ .
: . -
Stirrer rpm - E 250 |

) £y [
‘Dissolved oxygen {ppm)- . .- 3.0 . -

. | . T [
Temperature { C) 40.0. | |
Reaction time “(min.) 60.0: - L

. Co
I
: .
ZXTRACTION: 1 i |
___________ ' ' |
oo |
" Dry weight of sample (g) 7.12 |
- -— . -
Dry wt. after extractiqn (g) 6.30 I
] } b r~'
: . . : I
CALCULATIONS: i - |
........... - .t . ]\
. : l
% Conversion to polymer 3 64.1 |
EAS |
' % Conversion to copolymer : 47.8 ) |
. ) I
% grafting Efficiency . 74.6 l
. . i
I
___________________ o+



__________________________________________________________ -
_ . |
Table 24: RAW.DATA FOR SET &4  ° . |
\ f
............................ et L L L LT T T P
Weight cf wet pulp (g)y T . 220.59
Dry weight of pulp (g) - : 20.00 -
Weight of monomer (g) : 25.92
Weight of initiator (g) _ : 6.10
Stirrer rpm : 450
Dissolved oxygen.  (ppm) e 3.0
Temperature ( C) : 40.0
Reaction time ‘(min. ) : 60.0
ZXTRACTION: :
Dry weight of Eample {g) : . 7.51
Dry wt. after'extra;tioﬁ (g) : 6.84
CALCULATIONS: e | “
% Conversion to polymer . : 46.2
% Conversion to copolymer I 35.2.
: I
% grafting Efficiency : 76.2
_________________ N e et e e m e m— e e r At m e e ————
Y



-

Tacle 25 KAW DATA FOR SZIT #5
Welght of wet pulp - (g) 20,51
Dry weight of pulp, (g) \J/ © ~20.00
Weight of menomer (g)j :_" 25.92
Weight of initiator.(g) : 6.10
Stirrer rpm » ' 10
Dissolved oxygen (ppm) : 5.2
Temperature ( ©) - 40.0
Reaction time (min.) e 60.0
TXTRACTION: )
Dry weight of sample {g) - _ ~ 6.40
Dry wt. after extraction (g) ° : 6.17..
CALCULATIONS: T : g
------------- I -
%, Conversion to polymer - : 6.5
/ .
% Conversion to copolymer : ~—3.5
% grafting Efficiency . aﬂ 53.8
_____________________________ Y. S S



—_-——---—-——-—----——-—-_-—--— Y

Dry weight of pulp (g)
Weight of monomer (g)

Weilght of initiator (g)

tir;ar S?m

.Dissolved oxXygen (epm)

Temperature { C)

Reaction time (min.)

ZATRACTICN:

- e e - . —

Dry weight of sample (g)

Dry wt. after eXtraction (g)
/ _

CALCULATICNS: .

% Conuersion to polymer
or

% Conve;sion;to ¢opolymer

e grafting Efficiency

45

5.2

£0.0
- 860.0



)

+——-' ——————————————————————————————————————————————————————— + 1,
| - o |
| v Table 27 RAW DATA TOR SET & |
| | ¥
| . ’ !
it T |
;j}ght-of wet Dulp . (g) €2 -

- |

Ty weight of pulp {g) .02 |

: : ' |
.Weight of #Honomer. (g) - e2 s e
oo A v |
Weight of initiator (g) 10 |

. . ]

- Stirrer rpm }

' : ' [
Dissolved oxygen {ppm) .2 » |

. . . |
Temperature { C) .0 |
v 0

Reaction time {min.) 60.% |

. . i

|

ZXTRACTION: . | -
"""""" |
Dry weight of sample (g) 82. ]

. . : I

Dry wt. after extraction (g) 20 ]

.'_ ) ot {
CALCULATIONS: |
—pmmm—— Lo S 'r\'[

g Conversion to polymer 22.6 . |

. ‘. - - . . I

7 Conversion to copolymer '14.7 |

% grafting Efficiency 65.0 - » !

. . !

~ . [

e e L R S ot - - - o e - - e e - +

-



Dissolved oxygen (ppm)
-“ N '

T - - — - - ﬁ----'-------“----'----—-——-'-"'----'---+
* I
Table 28 RAW DATA FOR. SET #5 |
L |
e T T !
I
| Weight of wer pulp (g) g 120.50
I . :
- Dry weight of pulp (g) -~ -- : - 20.00
| . : . '
! Weight of monomer (g) ' 25.e2
i ) . :
! Weight of initiatoer (g) : ... 6.10
| . , T SR
|~ Stirrer rom . - : 300 e e
I o . T . . -.' .
o
! . : :
I Temperature { C) .
| :
| Reaction time (min.) T .
I - ; 2
[ <
! : - o
i .ZXTRACTION: &
| L : E
i - : = . \\
| Dry weight of sample (g) : , 7.13 4
| . - : N
| Dry wt. after extraction (g) 2 7.13 °
| :
L .
| CALCULATIONS: :
| e - 2
Il - . :’_'j .
% -Conversion to polymer : 946
| ' , :
| ‘u% Conversioen to copolymer ' : 0.0
I . : ‘ . .
| % grafting Efficiency : ———
I
(.
B el



——-—4————-.-——_-—_...---—.._————_-—_--—-——-—--—._——-u—-—-——-—n—--

|
| Table 29 RAW DAT2 FQR SZIT %8
[ i
I
| mm e it T g U
i _ . :
! Welght of-wet pulp (g) 0 LZ20.:1Z2
I . L
| Dry weight of pulp (a) v * 12.94
’ : .. _ ’ .
| Weight of* monomer (g) 25.92
| . .
! Weight of initiator (q) 6.10
I . : )
| Stirrer rpm 10 “‘
] | S : U '
' | Dissolved oxygen . {(ppm) : 9.2
A~ - i . T : -
| Temperature - (C) : 40.0 —
| ﬁ : : : :
| Reaction time (min.) ) 6C.0
. I - -
!
I . .
| ZXTRACTION:
i ____________
I ' ‘ ' . . .
] Dry weight of sample ! {g) . 6.12
I - | . -
| © Dry wt. after extraction (g) 6.05
|
I -
I CALCULATIONS:
| _____________
| .
| % Conversion to polymer 1.3
| . .
P 7o Conversion-to copolymer 0.5
O p ‘ .
| 7%a grafting Efficiency 38.5
! | : "
| . .
+--,—A-—--———ﬁﬂ——--——; ———————————————————————————————————————
’ /
.. ,//
T .
.. ° * -’\
6‘
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I

[ ~ Table 3 RAW DATA FOR SET #6 . |

I _ . .

I ) e _

e e I

| .

| Welght of wst pulp {g) 145.4¢6

| ' - .

| Dry weight of pulp (g) 20.07

I v ~ ’

i Weight of monomer (g) 25.92

, ) ‘ ~ .

|. "Weight of initiator (g) 6.10

! 4 . '

! Stirrer rpm T 55

| | : '

| Dissolved oxygen {opm) 8.2

I .

| - Temperature ( C). 40.0

| .

I Reaction time (min.) 60.0

| —

| EXTRACTICHN:

{ ...........

I Dry weight of sample (g) 6.02

I ' . '

| Dry wt. afier extraction (g) 5.12

I a

I ~

| CALCULATIONS:

! ———————— L, .

| . ..

| % Conversion to polymer 37.6

I - .

| % Conversion to copolymer 18.3

| _ '

I % grafting Efficiencyp 48.67

I

I @ N

T e e e e e L3
7/



Table 31: RAW DATA FOR SET #6
[ -------------------------------------------------------
» Y
weight of wet pulp (g) ~08.34
Dry weight of pulp (g) 19.83
Weight of monomer (g) 25.92
Weight of initiator (g) 6.10 .
Stirrer rpm ' 100
Dissolved oxvgen. (ppm) 9.2
Temperature (C) 40.0 »
Reaction time (min.) '60.0-\ -
TXTRACTION -
Dry weight of sample (g) 7.31
Dry wt. after ex;gactién_(g) s 6.22
CALCULATIONS: s
7o Conversien to polymer 14.6
% Conversion to copélymer 6.6
% grafting Efficiency 45.2°
N '

T D ettt T Ty ————————————



[

e o e e e e e e e +
| -
| Table 32 RAW DATA FOR SET =6 ]
| ' . I
l , l
l --——-----‘-----'—---*---“--—- --------------------------- |
|
! vieight cI wet pulp (g) . 809,33
l :
| Dry weight of pulp . (g) R 20.00
[ 7 ' ) ' .
| Weight . 0of monomer (e’ : v 25,92

.l . -
; Weight of initiator (g) T 6.10
| o . :
l Stifrer rpm 155
l - ‘ . .
f . Dissolved oxygen (ppm) 9.2 |
[ L , : : L i
! Temperature ’ ({ C) : . 40.0 |
I. - . . . e : ‘ . ,
| =~ Reaction time . _(min. )" T 60.0 |
| ' : [
I : !
l : — 1
| . EXTRACTION:
| emermeeeeea | :
! : . I _
|- Dry weight of sample - (g) o 7.74

1 ' l L e - |
| Dry wt. after extractibn (g): : . 7.06
! - : ‘ .
I .
| CALCULATIONS:
| emmemememcmmo-
| :
| 7% Conversion to polymer - 13,1
| T
| % Conversion tp copolymer s - 5.7
f : . ' ' -

1 % grafting Efficiency . . ¥ 43.5
| .
I

T T e e e e e e +

' -
: g



+—----------------—--_--....—_-..-.. ----------------------------

| &= , - -

[ o Table 33: RAW DATA FCR SET

! . - . - )

[

l ---------------- e e O

l =

[ Weight ol wet zulp (g) (;S> =08.72

i ’ - )

] Dry weight of pulp (g) ' : ' 20.08.

I _ ‘ s . _

I Weight of monomer (g)y - : 25.92

| " .

| Weight of initiator (g) : _ 6.10

| : . K ) .o

| Stirrer rpm . : 300

| : : '

i Dissolved oxygen {ppm) : ¢.2

| “ , . . : o .

I -~ Temperature . ( C) 2 40.0 -

| ‘ . S

| Reaction time (min.) : 6C.0

| - ' :

] :

| . :

| EXTRACTION: : -

S - | .

| Dry weight of sample (g) ;o 7.13

| - . ) e

|*. Dry wt. after extraction (g) -~ = - »7.13 '

:. | " ' N P .‘ . .!

| CALCULATIONS: e,

| S R ' S :

| , ) _ i N N .

| % Conversion to polymer : : . 0.0

i . . . N . . : . '

[ % Conversion to copolymer : - - 0.0

| ‘ : S A |

| % grafting Efficiency . . ' P -——-

o - |

I

i - - - e - - - - S Se e A e e
% ' ’

J.



|! Weignt of wet pulp (g) 119.76
. if ' Dry ;-fei'ght 'of pulp (g) 20.00

il Weight}'}.’} monomer . {g) . 25.66
: Weight of initiator (g) | . 6.10
g . Stirrer rpm . ) " 10
: D-issolved o_xygen " (ppm) ' . . . 0.3
]} 'I}empérature . | { C) . - . ‘,4'0._(_) . X
! Reaction time (min.) _“ : _ ' 60.0 l

.l' . L :
: . EXTRACTION:

§TTTTTTTTT | -
} Dry weight cf sample~_ (g) EEE - 5.17
: Dry w=z. af‘::er extraction (g) 4. 41
T '

| CALCULATIONS:

_‘ . " % Conversion. to polymer : 50.0., o

:. % Conversion to C'opolymei-' ‘ 31.2 .
} o érafting Efficiency B 62.4
B o

T T T e e

" .__ : "'\ )




et et
"
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Tabie 35: RAW DATA' FOR SST ¥7
' R A ,
Weight of weT pulp  (g) 112.80 .
Dry weight of pulp  (g) _ . 26.00
Weight of monomer :‘(é) 25;66
Weight‘of‘iﬁitiator (g) . é.ig'
Stirrer rpm S0
bissolved gfygeﬁ kppm) d.3
- Temperature — { C) - 40.0-
Reaction time =~ (min.) 60.0
) .

EXTRAéTION: )
Dry weigﬁt.of sémﬁle (g) ’_?.87
'Dry wt.'after extraction (g) _6.83
cALCULATioﬁs:_
% Conversion to polymer 59.5
% Conversion to copo&yﬁér- 41.3
%'gfaétihg Efficiency 4



'--—_--------_--_-_-----_-_-a-_--_-___---_-_---—-----------

Weight of wet pulp (g) L 119.77
Dry weight of pulp (g) . : . 20.00
] H ’ -
Weight of monomer (g) ‘ s 25.66
.. Weight of,initiator (g) - f : : 6.10
Stirrer rpm g : 500
Dissolved oxygen - {ppm) : 0.3
Temperature () ' ¢ : - 40.0 -
Reaction time (min.) ' : 60.0
EXTRACTION: ,; ~
-Dry weight of sahple _ (g) s 5.16 o
Dry wt. after extraction {(g) - -; ' . 4.45
CALCULATIONS: :
% Conversion to polymer . ;o 71.3
% Conversion to copoliymer o : " 50.7
7o grafting Efficiency | ; 71L1
o
an

i»



- Dry weight of pulp

Weight of monomer
Weight of initiator
Stirrer rpm

Dissolved oxygen

Temperature

Reaction time

ZXTRACTION:

gl R g e—

Dry weight of sample

(ppm)

(©)

(min.)

“(g)

Dry wt. after extraction (g)

CALCULATIONS:

L-74

o/

% grafting Efficiency

- . 7% Conversion to polymer

% Conversion to copdlymer

-—--——--—_--—--------—--—--—‘---—--——--——---——---—--—-.-.-.-

970

40.
60.

14

91.
64.
70.

.60
.87

g





