CHAPTER IV

RESULTS AND DISCUSSION

4.1 Preparation of Polyisop | e!////
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The preparation a .- lex have a long history.

Traditionally, latex (pol ' ial elements: monomer,
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Polylsaprene latexes were prepared by free-radical conventional emulsion

d a latex.

polymerization in the 500-cm’ bottle polymerizer. As mentioned previously in
Chapter 3 that a systematic study has been organized to elucidate the effect of variable
parameters (surfactant, monomer, initiator concentration and reaction temperature) on
the polyisoprene latex characteristics emphasizing on the latex size. For this purpose,

technological practices rather than theoretical aspects are considered.
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4.1.1 Effect of Surfactant Concentration on Particle Size

Sodium dodecyl sulfate was used as a surfactant. Under the constant
conditions (temperature 60°C, initiator concentration 8.02 x 10~ mol dm™ and

monomer concentration 2.82 mol dm™) ct of surfactant concentration on the

particle size was examined. Th able 4-1. The same trend of

—

urfz cta@ion has been observed in

ol other .«j (112-115).

decreasing particle size with

the other emulsion polymeri

Table 4-1 Dependence ofthe p of particle\diameter on the'surfactant concentration

Run SDS Particle size

(mol dm™)  %soli o i _ Yabonversi (nm)
500 - -‘ 237
S0l 743 x 107 ‘:;EE | e
S02  1.48x 107 3 il 94

S04 708 x 10

S03 364 xﬁ:u E‘]’@:‘Z] EI ﬂ%’ﬂ;;ﬂ ,.] ﬂi 68

Polymerizati n$/\

mol dm™ Na,$,0s; 6.88 x 102 mol dm™ NaHCOs; 9.34 x 10~ mol dm™ #»-DM at 60°C.

It is well known that the emulsifier concentration has a strong effect on the
average particle diameter, and number of polymer particles (»;) formed in the
emulsion polymerization. According to the Smith-Ewart (54) micellar theory, the

relationship between these parameters can be expressed mathematically as
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N, ~ [emulsifier]"® (4-1)

This equation has been proved to be valid occasionally for emulsion

polymerization of water-insoluble uch as styrene using an anionic

surfactant (25). By increasin on, the number of polymer

particles (V) increases (115 diameter decreases. Increasing

emulsifier concentration ization because of the

increasing number of lat 1e particle size at the expense of

the number of particles. ematical ;\\\ e prediction of particle

growth in emulsion polymetization ¢ N \ oped, from which Lopez de

4.1.2 Effect of ';' ..................... e~

The effect of ghe amount of thg ;monomer on the particle size was

examined at a co%auﬂ); ;tm &Lngvmﬂjlmhietails are listed in

Table 4-2ﬁywﬁs§ Qe ﬁ?mfrﬂcﬁr ?ﬁﬁﬁoﬁdﬁarticle size

increased begcause the bigger-sized nucler produced large-sized particles. In addition,

the longer time for the latex particles to coalescence also produced the larger particles.
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Table 4-2 Dependence of the polymer particle diameter on the monomer concentration

Run Monomer Concentration Particle size
(mol dm™) (nm)
MO1 282 . 59
MO02 63
MO3 67
Polymerizations were carried. out at 3¢ ) 2,8,0g; 7.08 x 1072 mol
dm™ SDS; 6.88 x 107> mol dm#NaFICOs; 9,32 m™ n-DM at 60°C.

surfactant are given in|Lz at a decrease in the

initiator concentration, u r conste 1S norr@ concentration 2.82 mol

dm™, surfactant Cﬁcﬂ Tﬁ ET )Tlfj:‘ e polymer particle
ec

size. The same o‘ervatlon reasmg partlcle size mcreasmg initiator

e QR QIR TN HVTY = o

Hunkins/ qu(h—Ewart assumptions (26, 113).

Sodium persulfate dissociates into two sulfate radical anions which can initiate
the polymerization (26). These radicals may propagate in the aqueous phase to form
oligoradicals by adding monomer molecules dissolved in the aqueous phase. Particle

nucleation begins at this point via one mechanism or another, forming polymer
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particles, from monomer dreplets. These monomer swollen polymer particles become
the main sites for further propagation reactions to promote particle growth. This is
responsible for the ability to simultaneously increase the polymerization rate. By

increasing polymerization rate, the number of particle increases and their size

decreases. Vy

Table 4-3 Dependence of the polyme; an le e~ meter on he initiator concentration

Run Particle size
(nm)

101 o b

102 111

103 59

ene.monomer; 7.08 x 107

Polymerizations were carried

mol dm™ SDS: 6.88 x 102 of dm~> #-DM at 60°C.

Effeﬁwwwwmm
YRR GRHAIART FHNR s o

different temperatures 60 and 70°C. The effect of temperature on the final particle
size was investigated. The other factors such as initiator, monomer, surfactant and

ionic strength were held constant. The results are shown in Table 4-4.
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Table 4-4 Dependence of the polymer particle diameter on the reaction temperature

Run Reaction temperature Particle size
Q) (nm)
T60 60 59

T70 53
Polymerizations were carried ene monomer; 8.02 x 107
mol dm™ Na,S,0s; 7.08 x 165 DS; 6:88 % 10:% . mol dm™ NaHCOs; 9.34

x 107 mol dm™ n-DM.

It is not convenient to emperatures below 60°C

because of the slow rate of ini -4 shows that the diameter

decreases when the reaction t e temperature must be high

enough to give a reasSab;g‘,,: (€ position. High temperature

provides a large number of iber of nuclei are also

generated. Solubility is irmeased by increasing temperatu . This means that more

monomer dlssolvﬂ wﬁd?ﬂ\ﬂﬂﬁw g W:ﬂsﬁ'm the number of

polymer nuclei in a"sequentla] even o§polymerlzat10n More nucled})roduce more

prictes; il ki o) bbb FoH b « v

parameter, Wthh normally controls particle size. However, the low boiling point

monomers such as isoprene and butadiene can evaporate rapidly at high temperatures
and a low solid content could result. Polymerization reactions in a laboratory scale
were not therefore carried out at the temperature above 70°C, evertheless, they can be

carried out under pressure at higher temperatures and frequently are in industry.
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4.2 Grafting

4.2.1 Mechanism of Grafting

Hydrope} ¢ __Q ato; ) form of RO-OH) such as

cumene hydroperoxide, CHP are known to dissoeaie.in the presence of an oxidizable

4.2.1.1 The Initiation Pro s
N\

metal ion to yield a pero adice Figure 4-1) and-a hydroxide ion. It is not

known if the presence of this, \

is still requi \o orm the peroxyl radical

when the peroxide is the ‘inhefe itiator added such as TEPA,

N

which will enable the formatign of a redox ¢ > X e exact nature of the radicals

formed by TEPA in its reactig ith alky] . 18 unknown. A possible route

whereby the RO-OH species und lergo ?4 1 reaction to form the alkyloxyl

radical and an OH ionris-showi-belowal(eg-4=2)=1iic le metal ion has been
A N
replaced by a TEPA molglle, vhie shown to @ oxidized to a positively

charged radical. Thi method Hias been selected-fo balance charﬁ and electrons but

s« ity mekgy s Sk b )

=1 /s

AN TN INYAY

CH3 ?H3
O- H3c—(|:—o .
CH3 CHg3

(2) (b)

PA and what role

Figure 4-1 Structures of the (a) cumyloxyl radical and (b) z-butyloxyl radical.
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RO-OH + TEPA —— RO*+OH + TEPA™ (4-2)
where RO-OH = alkyl hydroperoxide (CHP),
TEPA
RO*
TEPA™ =

The initiating radical e fates. It can react with

polymer by an addition to th n abstraction of a proton (eq

4-4) or it may react with a no bmatlon with a second like

radical (eq 4-5) or addition to amoncmer

L5 78
=l e W

RO N = (43)

RO‘E NR-H — RO—H+NR J (4-4)
ANBInERENINg @
am‘ﬁé“ﬁ?nﬁl“ﬁmwma g “°

M = monomer

Use of relatively bulky oxygen-centred radicals, such as the cumyloxyl radical,

will favor absorption over addition (27, 118) In addition, more nucleophilic radicals
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such as cumyloxyl radicals have been seen to favor the hydrogen absorption reaction

over addition to double bonds.

Based upon this set of reaction mechanisms, we see that the reaction of

polymer graft site, created b _ of 2 | by the cumyloxyl radical, to
commence the polymerizatio The erie radical may react with the
monomer via addition (eq 4-7 mer (eq 4-8) to form grafted and

free polymers, respectively, or if-may 1 ith_another polymeric radical

species (eq 4-9). There 'y """ ty o v r‘;‘i an initiator radical (eq

4-10). ID - m
ﬂUU’Jﬂﬂ'ﬂiWﬂnﬂ‘i

UNR*+M — NR-M" =R/’ (4-7)
ama»mmm'mma i JeRS
NR* +NR* —— NR-NR (4-9)
NR*+RO* ——> NR-OR (4-10)

where M*

monomeric radical,

R;* = growing polymer chain with one monomeric unit grafted.
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The new growing grafted polymer chain (R;") can undergo several reactions
(which are also applicable to the NR" species.) It may continue to grow by addition of
the monomer (4-11), termination with the monomeric radical (or other small radical

species,) (4-12) or another growing chain (4-13). The growing polymer chain may

(4-11)
(4-12)
(4-13)

(4-14)

422 ‘Hairy Layel

The ﬁ‘ﬂlﬁzﬁiwﬂfﬂ %’ew ErarTTTed in Table 4-5.

While the unmodified polyisoprene latex 1s collmdally unstable at low pH, grafted
e B VAP RN TG
one week even at pH 2. The effect of changing pH from 12 to 2 on the apparent
particle size (hydrodynamic diameter) of the modified latexes, as measured by
dynamic light scattering (DLS), is presented in Figure 4-2. No attempt was made to
remove any poly(DMAEMA) homopolymer generated in the aqueous phase before
these measurements were carried out, since this is unnecessary because of the small

size of the homopolymer molecules relative to the latex particles (dynamic light
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scattering is most sensitive to large scattering entities). The fluctuation of the
refractive index of the aqueous phase due to dissolved polymer is negligible because
it is necessary to convert the DLS signals into particle size. The differences in
refractive index between the core polyisoprene and poly(DMAEMA) shell (hairy

layer) present difficulties in determini size accurately. Even though the

sizes determined are semi-quantit

ends are sufficiently accurate
!.d
| T——

for the purposes of this stud mena being observed.

Table 4-5 Properties of lat 1on of DMAEMA in the

Parameter ey ; ~ TEPA feed time (h)

e : \ 2 4 6
Conversion (%) _;W, 76 | 985 | 979 | 981
Solid content (%) |+ — 7 | 143 | 143
Gel fraction (%) 65.1 624 | 614 54.5
Particle diameter 1 ?f ~ ﬁﬁi 84 12
Ungrafted polyisoprene (% . 18.'7“‘ 146 | 146 ‘}6.9 20.6

=

QRGP T LT IV 8 |
GE% T 509 | 526 | 552 | 56.8 | 60.5

The pH was changed by addition of HCI or NaOH. The acidic or basic addition
changes the ionic strength and the corresponding effects due to changes in ionic

strength. The pH changes in our system caused by the addition of HCI are not higher
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than 10 mM introduce a relatively small effect on both colloidal stability and chain
conformation of the polyelectrolyte (see, e.g. (118) for the magnitude of changes in

these properties brought about by changes in ionic strength).
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Figure 4-2 Particle size by P S of the modlﬁii,latex prepared at different TEPA

feed times at 15° @mam&m MY B DBL Qo 40, and o) 6t
W““\Mﬁ“ﬁ“fﬁﬂﬁﬁﬁ*ﬂmﬁ*ﬂ

It was found that the particle sizes (hydrodynamic diameter) of modified latexes
were nearly constant at high pHs (from pH 12 to 8), then increased to reach a
maximum value at pH 5 and decreased with further decreases in pH. These results are
consistent with extensive grafting of a poly(DMAEMA) hairy layer on the

polyisoprene particles. The trend in apparent particle diameter observed could be
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explained by protonation of the nitrogen on the poly(DMAEMA) chains grafted onto
the particle surface, leading to chain expansion. At pH < 5 the size decreases because
increasing the ionic strength decreases the effective repulsion between the charged

poly(DMAEMA) chains causing them to be less expanded from the surface of the

As the feed rate is.i harged particles and the

grafting efficiency incred ns relatively constant. The
apparent decrease in thickne s as the length of the feed
period is extended, i.e., the ra 's 1s counterintuitive, as we

could expect that a reduced radi o 4 i : lonomer concentrations would lead
to a longer kinetic cham length 3@% L : a thicker hydrophilic layer
; igagion. One possibility is
that at a higher radical ;Bl erizﬂn_)n reactions within the

particles, in contrary to the @ssam tlons of the'to ﬂca-controﬁd mechanism. This

would lead to an uﬂﬁ
Wﬂbmﬂeﬂﬁmwmwﬂﬂ B

no more thaf approximately 20%. Another possibility is that the higher radical flux

th the hairy layer;

gives a more extensive layer by generating a larger number of grafted chains on the

surface. As such, this is a plausible explanation for the observations.
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Figure 4-3 "H-NMR spectra of (a) organic extraction product of the modified

polyisprene, and (b) aqueous extraction product of the modified polyisoprene

at 1 h TEPA-feed time.

83
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NMR spectra recorded for the organic extraction product of the modified
polyisoprene latex, shown in Figure 4-3(a), did not show any characteristic peaks of
poly(DMAEMA), but did show the presence of polyisoprene. Conversely, the NMR

spectra recorded for the aqueous extraction product of the modified polyisoprene latex

From the expérimeént, the : eter provides values of

heat of reaction as a function of fime ".‘!‘::m..'..- once every 20 s. the typical data are
s 2 ‘
shown in Figure 4-4. y !_: e T

%

ﬂUﬂ?“ﬂﬂ'ﬂiWMﬂ‘i
ammﬂimumwmaﬂ
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Figure 4-4 Grafting of DMA

\
n all cases the final TEPA

against time curves at different TEPA
AT
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Calorimetric data were processed to obtain,the monomer concentration as a

oot e By W 2L LI YIS T i
data so obta'ﬁdﬁ ﬁvacigﬁf?m ﬂjlﬁ“ﬁﬂ ﬁﬁtﬁ fime. This

plot would be linear i ee radical solution kinetics were obeyed. The
reaction rates obtained using eq 3-1 and the initiator feed profile are given in Figure
4-6 for comparing the large and small latex at the same initiator feed profile, and in

Figure 4-4 for the small latex for different initiator feed profiles, given as heat

evolution, which is proportional to rate.
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In((M] / M)
3

Figure 4-5 Variation of DMAEM ihe during polymerizations at

different TEPA feed times: 0.5 dicated. To isolate the chain-
growth events in the pre sence of constant monomer feed, each data set is truncated at

'! L

the time o ation o A eedm

AUYANYNTNYINS

There are three¥possible loci of pol);;nerlzatlon in this system: graftmg reactions

which v 9 RRFHFEH A ARH A

topology- controlled mechanism); homogeneous polymerization in the water phase

(i.e. producing the ungrafted DMAEMA homopolymer); and polymerization within
the interior of the latex particles. The concentration of monomer would be different in

each of these three loci. One then has:



87

3 0.006
T = small seed - 0.004
2 . ‘ ~
"S -Q\ Vy/ ?9
x = %
‘ h .
© g 7 e Loooz T
d“ N
large seed //ﬁ ‘\\
. i U
T \ I~
0 50 i ‘ T 50 ‘\ - 20000
! R
Figure 4-6 Rates of polymerizatiofias a 1e for different polyisoprene

seed sizes, 59 and 137 Q'g,f,' fetd rates are shown as

T asmonme m
quwawawawanﬂi
AR AT RY

where [R°] is the radical concentration and the subscripts (w, hl, and p) refer to the
water, hairy-layer and particle phases. Polymerization in the interior of the particle is
possible because there are small but significant amounts of both DMAEMA and

TEPA inside the particles at the pH used here. Accurate quantification of the
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polymerization kinetics, and an area for future study, requires measurement of the

partitioning of these species between the aqueous and polyisoprene phases.

The data of Figure 4-6 compare the rates of two polymerizations (Table 3-4)

with the same TEPA feed profile, but i W ' article sizes differ by a factor of

or, Np, differs by a factor of
._-d
10, the total surface area of particles-ditfers by a factor.c i' nd the total mass of seed

(and hence the particle volus i '\i \ ¢ 4-6 show that there is

\\ -particle size. We now

i i i8 | ,7 \ cs the large differences
in particle number and surface PRI (= ), \

a) If the only locus of polyméfizati 1 we water phase (unassociated with
the particles), then Rywould be mdepend: ath total surface area and of

%

y iy

b) If the only locus of&a&ymerization were the interior of the particles, and

initiation ﬂfufﬂ "J m I&Jm ﬁw E’n?rl-anﬁle kinetics were
“pﬁ k”a(' oKl ;Ti ?la,.] a solution
polymerization (2 ) then agam p would be independent of both total

surface area and of Np. If initiator efficiency were significant less than

Np-

100%, and/or pseudo-bulk kinetics were not obeyed, then this independence

would not hold.

c) If the locus of polymerization were exclusively from polymer chains

initiated at, and tethered to, the particle surface (topology-controlled
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polymerization), one would expect a strong dependence of the rate on total

surface area.

Now, the colloidal stability data show unambiguously that there is a significant

W article surface. However, this

reasons given in c) above. It

amount of poly(DMAEMA) gr

instead go into the water phasé, andior from B A monomeric radicals, which

arise from transfer to wa

end is in the water phase !

Although thﬂdﬁ ﬂ W ﬁ W?Wtﬂ 41 ﬂ ?st polymerization

occurring as homop®lymerization in the water phase there is a small but significant
dependencatwr}@)ﬂ)ﬂﬁ m &4 %qgr}% &Jtr]daegsjng particle
size (mcreasmg total surface area). This is consistent with small but significant
amount of polymerization occurring as tethered chains and/or in the particle phase.
The colloidal behavior provides indisputable evidence that significant hairy-layer
grafting takes place, consistent with the dependence on size/surface area seen in

Figure 4-6.
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Another point of note in the data is seen in Figure 4-4 as that the heat flow, and
hence the rate, is monotonically increasing until the initiator feed is switched off. If
the redox initiator couple were to have a rapid reaction rate, so that the radical flux
would rapidly assume a constant value, then the normal steady state rate observed in

solution polymerization at low con - would result. If classical free-radical

ive a In[M] which is linearly
| — :

dependent on time. Howeve , ination rate coefficient k

(actually the termination r, in lengths, <k>) were to

decrease significantly w 7 will ecause of chain-length-

A decrease in k @x co se t@'nination in free-radical

polymerization (beyond the glass transition) is ﬂdminated;)idif sion of short chains
ﬁ e

SR
o T YRIMTIIN N 1D e = oo

conversion i§ not attained (initially [M] ~ 0.4 M, and [M] never falls below 0.3 M at

(25, 51, 121). Ho rrl ould be very small

the end of any TEPA feed), and the system does not gelatinize. Typical data for the
termination rate coefficient in solution under such conditions (e.g. (121)) show that

the change in & for our system will be negligible over this conversion range.
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Given an essentially constant 4, one would thus expect a In[M] which would be
linear in time if the redox couple were to establish a rapid steady state in radical flux.
This expectation is contrary to what is seen in Figure 4-5, which implies that the

radical concentration increases throughout the initiator feed period. The simplest

roportional to the rate of
reaction) is shown as a fun #tors ng FEF '\' rates in Figure 4-4. It
should be remembered t m in_this plot is attributable to
polymerization in the wate ' pokiick phases. In all cases, O
steadily increases with TEPA™ feé ﬁ _th decreases after the TEPA feed was

have been replotted as fol

ith time, these curves

‘\’ ion occurs only in the

l |
water and hairy-layers phﬂes and that the monomer conceritration in the hairy layer

eI eninens
WD MIALINEEY .

Under this assumption, the equivalent total concentration of polymerizing
radicals, [R'Jeq, can thus be estimated by plotting —(d[M]w/d?)/kp[M]w, using the
value of kp for methyl methacrylate quoted above. Figure 4-7 shows the data so

obtained as a function of time. If the redox couple attained a rapid steady state, then
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[R*]eq should be independent of time; instead, the radical concentration climbs

steadily. For reasons outlined above, this is unlikely to be due to a significant decrease

in k¢ over the course of these particular polymerizations.
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Figure 4-7 Equivalent total concentration of polymerizing radi—cals, [Re]eq, as a function

of time for different TEPA feed timesi*(A)0:5hy (%) '1h;' () 2h, (1) 4h, and (0) 6h.

The siniplest explanation of this observation is that the rate at which the redox
couple reacts is relatively slow, so that radical concentration climbs steadily with feed
rate. The dependence of d[R*]eq/ds on the feed rate, i.e. of the reciprocal of the feed
time ff, is shown in Figure 4-8. For the more rapid feed rate, a doubling of feed rate

produces a doubling of the polymerizing-radical generation rate, suggesting that

bimolecular termination does not exert the very large kinetic influence it normally has
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in free-radical polymerizations. However, this is not as pronounced at the slow feed
rates, where termination by chain transfer may become more important and the

uncertainties in the calorimetric data are much greater. While all plots can be fit

reasonably well by a linear dependence of d[R"]eq/ds on feed rate, initial values of

d[R"]eq/dt are significantly higher.

20

-—h
o
1

10° d[Re]ea/dt /M 5™’
>

o
3

0.0 -

2.5

ﬂuﬂawﬂw$WH1ﬂﬁ
@mmﬂ TSI R T

fl feed rate, i.e. of the reciprocal of the TEPA feed time #.

This approximate linear dependence of the rate of generation of polymerizing
radicals with total amount of initiator is consistent with a slow rate of reaction of the

redox couple and a slow termination rate.
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Figure 4-9 Heat flow during the'g AEMA) on polyisoprene after
discontinuation of TEPA feed for 30 (b) adding H,O and (c) adding
1-BHP. The arrows for ca ding feed profile

In order to test the hypcyhglls that the fre dical decomposition of TEPA was

S FH1LETT L CTEEE S
T

added 30 min after t A feed period to ¢ unreacted
TEPA. When this was done, additional heat was generated, as shown in Figure 4-9.
As the temperature of the feed (21-22°C) is warmer than the reaction temperature
(15°C), the same measurement was carried out by feeding in the same quantity of
pure water to see if the observed heat increase is simply a thermal artifact, as shown

in Figure 4-9. The heat curves given by feeding /~-BHP and a similar quantity of water
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are nearly identical, which suggests that the reaction of TEPA with CHP was
relatively rapid and little TEPA remains in solution 30 min after the end of the
initiator feed. An interpretation of these results will be given after consideration of the

additional type of data the next section.

feed data in Figure 4-4 is that the radical-loss proogss is slow: of the order of 104 s.

\ /00
An explanation for this oServmiﬁ{ggrgn. the nex

L

4.2.4 Inferences m

el LAY ,ne MR I
PR TR m%m%% BN Bt ity

explicable in ferms of minimal influence of bimolecular termination. This inference,
although consistent with the data, at first seems counter-intuitive: this is a redox-
imitated system, and one would expect a high rate of termination of polymerizing
radicals. However, further mechanistic inferences will show that this conclusion is in

fact consistent with conventional precepts of free-radical polymerization.
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All results are consistent with a model where the generation of tethered
propagating radicals is a rare event. This involves encounter between the hydrophobic
(CHP) and hydrophilic (TEPA) components of the redox couple meeting at the
interface and forming a hydrophobic cumyloxyl radical. This must cause an

abstraction reaction with an isoprene

' /e olymer at or near the interface, so

that propagation with the hydr: MA) can commence. While

ﬁ"’*

this is the process which fo the dominant mode of

polymerization, which is meri of DMAEMA.

The rate data after T
quantitatively (at least, until o v separate slow residual TEPA/CHP interactions
from radical termination). It mi ntat! ed that these data are semi-

uantitatively in accord with the hypothesis. The most likely termination
q y Mm%, 1ypOo y

-

ONGINGI 1O 101 a ivioinei e radical” this radical will then

process is transfer to

propagate in the water ga-se o forn mopol : E‘nd eventually undergo

termination with another suéh#adical in the wWafer Ej ﬁ test time for this
plac 1

radical loss procesqud&' ’g nﬂ:ﬂ?&)
R LA LR e L G G LIS

1s the rate cogfficnent for transfer from the growing radical to monomer. There are no

mmedlately after the

data for the transfer constant of DMAEMA, but the corresponding value for methyl
methacrylate has been reported as ki = 10°3 exp(—45.9 kJ mol™'/ RT) dm3 mol™ s
(these Arrhenius parameters are re-processed from the original data (122), which were
reported as ki/kp, using the values of kp for methyl methacrylate established by an

IUPAC Working Party (100, 123)). Assuming the same value is applicable to
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DMAEMA, and using the values of [M]y, given Figure 4-5, yields a fastest radical-
loss time (kg [M]w) ™" of 3.5 x 10’ s. This is consistent with the observed timescale for

the slowing in heat loss seen in Figure 4-4 of ~10* s. However, this predicts a high

degree of polymerization for the chain: 10°. The radius of gyration of such a chain can

) atlos as more than 10> nm. While
& of Table 4-5 show that the

_ The observed timescale

be primitively estimated from typica
this value is high, it is not imp
hairy layer can extend as m
for slow diminution of rate feed is thus likely to be a
combination of relatively sl i al g eratic 1 from the redox couple
leading to a slow rate of creatio h adicals which contribute to the radical

A

loss process by short-long terminatic . nd- ,. ibove-mentioned chain stoppage by

43  Grafting of Hydropfilic Polymers onto Natur: be 1t Latexes

e “ﬂeﬂ"’? P (1) (e

onto synthetic polyi§éprene latexes were 1nvest1gated The results showed that while
o oroo R AR G NG o 1
the dommant polymerization process seems to be the formation of ungrafted poly

(DMAEMA) in the water phase generated by chain transfer reaction.

The graft copolymerization of hydrophilic monomers, DMAEMA and DM AEA
or HEMA, onto the natural rubber latex was also carried out in the second-stage

emulsion polymerization using different redox initiator systems, CHP/TEPA,



98
-BHP/TEPA, and K;S;08/K,S,0s. The reaction parameters such as monomer and
initiator concentrations and reaction temperature on the conversion, grafting

properties and some properties of the grafted copolymers were investigated.

K2S,05/K,S,05 were used i rafiing ‘copo ,-\.:"‘h on of hydrophilic monomers,

DMAEMA, onto the hydue atex, to investigate the

locus of polymerization. and grafting efficiency, and

other graft performance of N shown in Table 4-6 and

Figure 4-10.

Table 4-6 Effect ofred initiator systems on the percentace ¢ :i- nversion and grafting
g — \

efficiency, homopolyme DMAEMA) copolymers

Reaction Properties IQS‘é)s/KﬁzOs o BHP/TEPA CHP/TEPA
I N“NSs
Conversion (%) iiid 478
Grafting e a w ﬁZ 0
mﬂ‘q‘m UAINBA
Free homopalymer (%
Free NR (%) 38.8 323 29.5

Reactions were carried out at 25°C for 24 h, DMAEMA = 15 phr, redox initiator

systems K,S,05/K,S,0s, -BHP/TEPA and CHP/TEPA (1:1) = 0.5 phr.
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Figure 4-10 shows tlfj yﬁnd grafting performance

of NR-g-DMAEMA copgl)gers, using c&ﬁ’erent types of initiator system,

CHP/TEPA, tm%ﬁd«ﬂnﬁxm&mﬁ m&leglﬂ ti other parameters

constant. It aw ;Teatlﬁ ﬁﬁmaﬁeﬁlﬁwraqﬁ ﬁf"{lxcy and the
| |
smallest homopolymer content. The A was concluded to be more effective

than ~-BHP/TEPA and K;,S;04/K,S,0s for grafting DMAEMA onto natural rubber.
This can be explained that the partitioning ability of CHP into natural rubber is higher
than those of ~-BHP and K,S;0g due to its hydrophobicity. The partitioning ability
also affects to the locus of grafting reaction. It is expected that, for the CHP/TEPA

system, the higher radical concentration could be found on the natural rubber surface
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than those in #-BHP/TEPA and K;S,05/K,S,;0s systems. On the other hand, because
-BHP is partially soluble in both organic and aqueous phase and K,S,05/K,S,0s is
only soluble in aqueous phase, the radicals are mostly generated in the aqueous phase.

This leads to a higher grafting efficiency in CHP/TEPA and a smaller homopolymer

content than those in Z-BHP/TEPA an. Os, respectively.

A useful q g and/or crosslinking

reaction is the gel fraction. ubber Jate \\-\ e has a gel content of
48.8%. One should be car: f \ data to compare results in
the literature, because gel content analysis* : nique-dependent. Therefore, the gel
content analysis data was used for _ er modified latexes synthesized
in this work. Because ..... _:____________ __;___;___:_;_{_}a ch the natural rubber
chains crosslinking betw ‘ ofﬁle initiator, comparison

must also be made with natugal.rubber latex which has been exposed to radicals in the

T—— LT Ak 3 PRI s o oo
‘haﬁ‘iﬂ‘ﬁa NS AT =

-BHP is 3 x91077 57! in benzene at 130°C (108)).
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Table 4-7 Gel content and degree of swelling for cast films of NR, self crosslinked

NR, and NR-g-P(DMAEMA)

Sample Gel Content Degree of Swelling
(%) (swollen wt/initial wt)
NR ﬁ‘s 28.7
NR/CHP-TEPA & » 12.3
NR/t-BHP-TEPA "14.7
NR/K»S,05-K5S,05 20.9
NR-blend-P(DMAEMA) 27.5
NR-g-P(DMAEMA)/C o X 767\ 20.5
NR-g-P(DMAEMA )/-BHP- ey ; 22.2
NR-g-P(DMAEMAY/K;S,05-K88:05 ) 24.9

X
d'degree of@velling of natural rubber,

The results obtainedmr the gel conte

natural rubber cro lﬁﬁ? iato %!ﬁ( \" ﬁ/ﬂﬁare summarized in
Table 4-7. For aﬂl:ases, g g:?!:o%]:r?lls greateEI:rA]Zolymers with a smaller
¢ o v/
i QARTR TN UAT T TGRS oo o
content is abaut 46.5%, and the swelling ratio is large, where NR films crosslinked by
the redox initiators in the absence of monomer have a range of the gel content of
41.7-93.4% and a smaller swelling ratio. All NR-g-P(DMAEMA) films show
characteristics between these two extreme cases, with gel contents of 62.9—-76.7% and
the intermediate swelling ratios. As shown in Table 4-7, the gel content of the graft

copolymer prepared by CHP/TEPA is larger than that by #BHP/TEPA and
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K28,04/K,8,0s, respectively. This confirms that the initiating radicals are generated
on the surface of natural rubber particles when using the CHP/TEPA system due to its

partitioning ability.

of cis-1,4-polyisoprene w. d particle for-grz fting reaction. DMAEA,

A

DMAEMA and HEMA each \ d as the grafting monomers to

polymerize with the poly fect '\o er concentrations on the

4 '<~

percentage of conversion 3 properties, . gra \;; fficiency and percentage
; 1 '

. .i

of homopolymer and free € monomer concentration in

the range of 5-20 phr and keeping‘ . ration of other reagents constant.
e LR

The effects of mne ¢ A l?j and DMAEMA on the

percentage of conversion and grafting propertigs,are shown in Table 4-8 and Figures

-s1a ne B LB AN S WERID T e o comrsin
TR A

grafting effigiency increases at the lower concentration range of monomers, reaches a

maximum at the monomer concentration of 15 phr and then decreases with further

increase of the concentration.

The increase in the grafting efficiency might be due to the complexion of rubber

with monomers, which is favored at high monomer concentration and gel effect. An
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increase in the viscosity of the reaction medium due to the solubility of poly
(DMAEA) and poly(DMAEMA) in the aqueous phase would be more pronounced at
higher monomer concentration. The decrease in grafting efficiency after 15 phr may

be caused by the higher monomer concentrations, many reactions completing with

grafting probably take place in sol the same time, i.e. combination and
disproportionation of poly(DM o A) macroradicals. When the
prop poly(D : VIA)

concentrations of poly(D _poly ) : croradicals increase, the

rates of their combinati P fonatior more quickly than the

performance are presented.tt-was-fouid-thai-the-eor

3 :# grafting efficiency in
i~ ‘

case of DMAEMA mononﬁr are MA@A. This decrease may be

probably be due to the poﬁn: ac;cessibilit of th Wﬁ\monomew to the
1
macroradical cent@joul'ﬂa& rﬂuﬂeﬂcﬁbﬁ cause of the enhancement of
¢ o o/
the steric hi i
TR AN TINY 18 Y
q
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Figure 4-11 Effect of D

grafting efficiency at 25°C, initiator ‘7 ntrati phr, and reaction time 24 h.
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Figure 4-12 Effect of DMAEA concentration on the percentage of homopolymer and

free NR at 25°C, initiator concentration 0.5 phr, and reaction time 24 h.
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Figure 4-13 Effect of DMAEMA concentrs © pe rcentage conversion and
grafting efficiency at 25°C, initiatorconcentration 0.5 phr, and reaction time 24 h.
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Figure 4-14 Effect of DMAEMA concentration on the percentage of homopolymer

and free NR at 25°C, initiator concentration 0.5 phr, and reaction time 24 h.
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The effect of monomer concentration on the water absorption behavior and
contact angle was shown in Table 4-8. It was found that the water absorption
increases with increasing the monomer content. While the contact angle of
unmodified natural rubber is about 100°, the contact angle of modified natural rubber

films decreases correspondingly upo

the monomer content, implying that

higher hydrophilicity was achieve cr omers.

—J
"—

7 |
Generally natural erglatex sparticle \?\- ~ to be stabilized by the

presence on their surfacé \ om fatty acid soaps or

protein molecules, or bot! e particle surface to have a

net negative electrical chargg C _’ aces ‘inter-particle repulsive forces and

ensures absence of aggregatio } -'j—” ; produced by the addition of

acids to latex, affects destabiliza on' by redt \g:.the ionization of the adsorbed

materials and diminishing—the-inteipaiticle—sepulsive—potertial to less than k7. the
5 ¢

energy due to Browman 1on able shows the s@)ility of modified natural

rubber at low pH increase§ with increasing e monomer concentration used for
grafting. While th H(ﬂ /1 m ﬂxfitem glwl ﬁmstable at low pH,
grafted laﬁeWﬂTW?m wq(a ﬂlﬂ"q}a 8ases when

increasing the monomer content which grafted on the surface of the rubber particles

can be due to the protonation of the amino groups increased.
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4.3.4 Effect of Initiator Concentration

The effect of the amount of initiator on the percentage of conversion and

grafting efficiency of two monomers, DMAEA and DMAEMA on natural rubber

latex was studied over the range of approximately 0.1-1.0 phr while keeping the
concentrations of all other reagénts -v TCentages of conversion and
grafting efficiency are sho w and 4-17. As the amount
of initiator increased, mo;/ | | 'I quently, this increases the

number of grafting sites,

producing macroradicals;4vhich is enhanced by increasing th tiator concentrations
thus resulting in an increé'm in graft . e amount of 0.5 phr, the
grafting efficiency decreases, &hrch results the increasing conversion of free

homopolymer Ov&u&l admtﬁ mdﬁ “ﬂ%ﬂoﬁgmw chains can
hardly anyﬁrﬁqn ﬁn i ﬁ\ Etj ﬁéire polymer
radicals thengreact with each other to form a greater amount 0 the free homopolymers

rather than graft on the natural rubber radicals and the length of the grafted chains
thus decreases. Therefore, the formation of the free polymer is greatly promoted at
high initiator content (Figures 4-16 and 4-18). On the other hand, the probability for

the rate of chain transfer for the free polymer radicals to the natural rubber backbone is
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Figure 4-15 Effect of the iniie nCe ‘the percentage conversion and

N\

grafting efficiency at 25°C, I \ Tation 15 phr, and reaction
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>
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Figure 4-16 Effect of the initiator concentration on the percentage of homopolymer and

free NR at 25°C, DMAEA monomer concentration 15 phr, and reaction time 24 h.
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grafting efficiency at 25°
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entage conversion and

tration 15 phr, and reaction

Figure 4-18 Effect of the initiator concentration on the percentage of homopolymer and

free NR at 25°C, DMAEMA monomer concentration 15 phr, and reaction time 24 h.
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less than the rate of termination of free polymer radicals, favoring the termination
process of copolymers over the chain-transfer process. Similar results were also
reported by Lenka et al. (87) and Ararapranee et al. (124) in the case of grafting

methyl methacrylate onto natural rubber.

Table 4-9 shows the effect.of init n on the water absorption and
the surface contact angle of modified NR films. It was found that the contact angle of
the films decreases with inefeasifigthie init a \w' on. This can be attributed
to the fact that the iS" witht' a1 ! “;». were grafted by a more
hydrophilic group in thé segbng i wever, the water absorption of the
modified NR film decreased initi Qg’ the; squently increased with increasing
the initiator concentration. Thefinitial-decrease wa due to increase in the crosslink

density of the rubber while thefr A' rease was due to increase in the

hydrophilic content in t *crr'“m-="=*"—“=“=—m\ ¢/ of the latex stability at

ol shov iq]:[able 4-9
4.3.5 Eﬁeﬂuﬂﬂﬂﬂm j W E] ’] ﬂ ‘j
REAMESN SNIAHEANHIAL. ...

out at four reaction temperatures between 15 and 30°C while keeping the

low pH when the initlatorﬂmte

concentrations of other reaction parameters constant. From Table 4-10 and Figures
4-19 and 4-21, it can be seen that the higher reaction temperature usually produces the
greater conversion because more radicals are generated to consume monomer

molecules.
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Figure 4-19 Effect of reaction tegipeatute on the pe \\\ on and grafting efficiency,
DMAEA concentration 15 phr, iitiaterconce ) \ ol ,andreactiontime24h.
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Figure 4-20 Effect of reaction temperature on the percentage of homopolymer and free NR,

DMAEA concentration 15 phr, initiator concentration 0.5 phr, and reaction time 24 h.
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80 T 80
. 601 s =1 1 60
o\ L
5 .' S
€ o
> 40 - 40
g v p
o i =
= Pl Q‘iﬂ%ﬂﬁﬂ'ﬁg I3 <
£ 20 {q _
q

10 15 20 25 30 35
Reaction Temperature, °C

Figure 4-22 Effect of reaction temperature on the percentage of homopolymer and free NR

DMAEMA concentration 15 phr, initiator concentration 0.5 phr, and reaction time 24 h.



116

The decomposition rate of the initiators (CHP and -BHP) depends on the
reaction temperature. With increasing in the reaction temperature, more alkyloxyl
radicals are produced. It is also known that the transfer of alkyloxyl radicals to rubber
chain produces the graft copolymers. So, the perusal of the results indicates that the

grafting efficiency increases as the pol i temperature is increased up to 25°C
e

Y

1/ «décreases with further increase in

the initiator yields an

A £
increasing the reaction ((ompesstunc=e uid-be-caused byt e nature of the grafting

A used are temperature
sensitive, which p ﬂa%jiﬁ ?ilijﬂr g‘i‘ﬂtlﬂrﬁcﬁ ﬁmperature reaches
above the lower critical Solution t m’p ature, LCST. This reason supports the use of

¢

o o QTN T APUNAZNEA Qo

temperature Iwhich the phase transition occurred for poly(DMAEA) and poly

monomers. Because the polymers of

(DMAEMA) at about 40°C in water (101).

The effect of the reaction temperature of the grafting reaction on the water
absorption and the contact angle of modified NR films is revealed in Table 4-10. The

monomer concentration and initiator concentration have been fixed at 15 phr and 0.5
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phr, respectively for all latexes. The water absorption and contact angle of the graft-
modified NR films were not significantly different when the reaction temperature was
increased.

4.3.6 Modification of NRL b ith HEMA Hydrophilic Monomer

Table 4-11 Product : e ance aft -‘ - 1: .“ 1 of HEMA on NRL
Run | n\\ ’roduct appearance
HEO1 Aggregated
HEO02 Paste formed

Y

The reactions were carried out at 25°C. initiator concentratic

o1 '.5 phr.
'}

0

The graft copolymerization of HEMA onto natural rubber latex was carried out

using the redox ﬂM&QMWﬁ)M’lﬂ ﬁof the DMAMEA

monomer ﬁ W ,ﬁ a -s% ﬂj ﬁrﬁ pj\ﬁ ﬁgamcles was
carried out wsing the recipes presented in Table It was found that coagulation

occurred during the polymerization in all cases even in the presence of SDS (5 phr).
As presented in Table 4-11 that at 5 phr of HEMA monomer the resulting latex
aggregated, and when increasing the monomer concentration up to 10 phr the paste
mass of the latex was formed at the earlier stage of the grafting reaction. It is shown

that when increasing HEMA concentration, the non-ionogenic hydrophilic monomer
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caused the stability of the graft product to decrease. It can be explained that HEMA
may act as dehydrating agent. It was thought that the graft copolymers themselves
would enhance latex stability. However, the grafted polymers appeared to destabilize
the latex in the sense that the modified NR latex was not macroscopically

homogeneously stable. It is not cl uch a creaming process occurs.

Nonetheless, it might be attrib

.

f the polymer units bound to

the NR. Similarly, poly( article bridging to result in

flocculation.

In the later stage of the added monomers to NR
latex, it was observed th MA (2-4 phr) without
initiator, the latex partly coag d 01 servation strongly suggested
that the HEMA monomer act as a}tﬁ R latex. There are two possible
explanations for the destabiliz omer is hydrophilic in

e
yer a_@he surface of the rubber
particles, thereby reducing the stability of the latex. Second, the monomer might react

with the indigeno@l M,ﬂgomﬂu jc“ﬂr:tl:iflgus substances and
AR ST Iy e

Minoura (125) investigated the effect of various lengths of the alkyl group of

nature, and can reduce thﬁex ent of t

an alcohol, i.e., methanol, ethanol, and propanol, the functional group and molecular
length of which are somewhat similar to the HEMA monomer molecule, upon the
stability of NR latex. At low alcohol concentrations, the stability of the latex

increased progressively with increasing amount of added alcohol. However, at certain
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levels of added alcohol, the alcohols are no longer able to increase the stability of the
latex. In this study, the effect of the non-ionogenic hydrophilic monomers containing
an —OH group upon the stability was studied. This strongly suggests that the monomer
rapidly adsorbed on to the particle surfaces, perhaps bringing about a thickening of

teric stabilization, and enhancing
& of the monomers are more

likely adsorb on to the surface icles than xyl groups, which would

the adsorbed layers, possibly contri

hydration. One would expect t

tend to remain in the aqu 1S " R ibility that the monomer
might become associated with e 1e hrc hydrogen bonding involving

the OH groups.

difference between the Spectr: 3 d the graft copolymers. The

| I

FT-IR spectra of natural rubber and the graft olymers were recorded on a Perkin-

Elmer FT-IR Specﬂmu &}6@% sﬂ %Q} @%&L’ﬂ ﬂ\ﬁg-poly(DMAEA)

and NR-g-poly MAEMf%are revealed'in Flﬁes 4428 to 4-25, res 1vely
ANNIUARIINGTR Y
From the FT-IR spectra, we found that the spectrum of pure natural rubber
(Figure 4-23) is characterized by the presence of absorbance peaks attributed to the
unsaturated carbon-carbon double bonds associated with the polyisoprene molecules.

Some of these functional groups of grafted natural rubber are given in Table 4-12.
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The spectra of NR-g-poly(DMAEA) (Figure 4-24) and NR-g-poly(DMAEMA)
(Figure 4-25) show not only the characteristic natural rubber peaks, but also the
additional absorption peaks of the carboxylic ester carbonyl group (C=0) stretching

vibration at 1730 cm™" and C-O-C stretching vibration at 1160 cm™ of poly(DMAEA)

Cco

and poly(DMAEMA). This indicates polymer contains the DM AEA

and DMAEMA chain structure.

| \ , " -‘ .
Table 4-12 Absorbance / \l“-‘\:‘ wo\ groups determined by
FT-IR speetrg '

7/ "s}\?\\ R

834 (m) wagging

Wavenumber, cm™* / A ﬂ\\\\ functional group

1375 (m) 4 —H bending of CH;

1450 (m) -, end #-_ of CH,

1662 (v) - : i‘" ching

c= O@retchmg

BUE NN TR

2852 2960 (s) H.stretching of alkane

mmmm um:.m okl

s = strong, m = medium, w = weak, v = variable.

1730 (s)
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Figure 4-24 FT-IR spectrum of NR-g-poly(DMAEA).
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4.3.8 Morpholo

Figures 4- 26—4-38 how transmission electron micrographs of natural

I tum mﬂmpmmmm N
R AN T

were stained with osmium tetrox1de (OsOg4) and phosphotungstic acid (PTA). Because
OsO4 can only stain the polyisoprene regions through reactions with the residual
double bonds present in natural rubber, the darker areas therefore indicate the NR core
regions, while the lighter areas are for poly(DMAEMA) film as the shell. Figure 4-26
shows that the NR latex particle are spherical in nature with a smooth surface.

The NR latex particles covered with poly(DMAEMA) revealed irregular shapes,
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Figure 4-26 Transmission electron micrographs of natural rubber latex particles

stained with 2% osmium tetroxide (OsO4); bar is for 2 zm.
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Figure 4-27 Transmission electron micrographs of NR-g-poly(DMAEA) latex particles

positively stained with 2% osmium tetroxide (OsQ,); bar is for 2 zm.
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indicating that the poly(DMAEMA) is distributed continuously on the surface of NR

particle as shown in Figure 4-27.

On the other hand, Figure 4-28 show transmission electron micrographs of the

grafted natural rubber latex particle p are the same latex as that shown in
Figure 4-27. Phosphotungstic acid (PTA g atlve stain. The darker areas
revealed the surface of natural tubber parti T thedigh hter regions show irregular
outer layer of poly(DMAEMZ# | g \ d similar results when
they used phosphotungst ‘aci ; ; ymg the morphology of
polybutadiene/PMMA composite X es. In ad 1on the number-average
particle size was determined b Suring a. 2 loto Cles in TEM pictures. It was

found that the latex particle size i creas : ith the MMA content.

These phenomena 'ma: ""“““‘»- that is, the rubber

n’

polymer is immiscible wg the 12 po ymeﬂ poly(DMAEMA). The

solubility poly(DM MA) i§ hi hly drophilie/ while that ﬁ ﬁk is hydrophobic.
i]a a

Furthermore, it has ge polymer onto

‘”’W‘W"Tﬁﬁtﬂﬁ‘fﬁ TRTINE T

could be fOrmed by phase separation of the immiscible polymers during

polymerization.
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4.3.9 Thermal Analysis by DSC

The thermal properties of natural rubber latex were measured using
differential scanning calorimetry (DSC). Figure 4-29 shows the differential heat

capacity as a function of temperature for|natural rubber latex. A glass transition

temperature (7g) of —65.1°C wa

research, which is consistent v at repotted re (127)..Other reported

T, values for natural rubbegsafe ~47°C" (128) and ~63°C (129). These differences

could be due to the techniqu€ and sample, preparation usec € measurements.

: ﬂuﬂaﬂﬂwiﬁﬂﬁﬁﬁ“““w
amm«nmumfmmaa |

Figure 4-29 DSC thermogram of NR. Scan rate: 20°C min™".
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NR-g-poly(DMAEA) (-100 to 50 C) 20 C/min_1
glass transition

onset:-64.3C

midpoint: -61.1 C
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-100 -80
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T
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~exo

40 °c
= ’\\\\T =R TOLEDO S?¥#R* SW 7.01
‘ r re : W\
Figure 4-30 DSC ther .;J: it NR-g = $ \ )

T
i v
[ -
1 A J
\
\1, NR-g-poly(DMAEMA) (-100 ta §0 C)<20 C/min_1
‘-‘ glass transition
\ F-" onset -64.1 C
iSO —
r T T T T T T T T T T T T T T
-100 -80 -60 -40 -20 0 20 40 °c
Lab: METTLER METTLER TOLEDO ST¥aR* SW 7.01

Figure 4-31 DSC thermogram of NR-g-poly(DMAEMA). Scan rate: 20°C min
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The DSC thermograms of all these latexes revealed only a single 7}, as shown in
Figures 4-29-4-31. The 7 values of —64.3°C (Figure 4-30) and —64.1°C (Figure 4-31)
were obtained for NR-g-poly(DMAEA) and NR-g-poly(DMAEMA), respectively. In

the literature, the 7gs of pure poly(DMAEA) and poly(DMAEMA) measured using

affected by size of the 7 . \ G
disturbing the closest p hain ower the 7§ any factor

. ., . . "J"j"_ T, ; » .;7
insensitive detection of the 7 ggﬂthﬁzs{c”&f 1 polymers-could be due to the presence of

their low amount.

4.3.10 Filmﬁﬁﬁ,fj w 8 w %,w 8 '] ﬂ ‘j
SRR Iy e

rubbery natufe. Visual inspection with naked eyes of the film showed no cracks on the
surface. In the case of NR-g-poly(DMAEA) and NR-g-poly(DMAEMA), no cracks
on the film were also observed. This is probably due to the homogeneity of NR with
both poly(DMAEA) and poly(DMAEMA), and the relatively low 7,’s of these
artificial polymers. The 7§ values for of the NR and homopolymers and grafted

copolymers were revealed in Table 4-13.
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Table 4-13 7, data for NR and grafted copolymers

Sample 1 (%C)
NR =65.1
NR in the presence of initiator —63.7

Poly(DMAEA) -39 (130)

Poly(DMAEMA) ' _»__/_ir 19 (108)

oIS 7 " S

4.3.11 Tensile Properties

The tensile propertie 'ﬂg 3 . and modified NR latexes were

determined following A y 412 Bec: ,f'd Icanized the tensile
<
strengths reported in TableEM are gree engths. LJ

AUYANINITNYINT

From Table 4414 the tensile stren‘gth stress, and modulus of crosshnked NR

im0} G ST DI

increasing the initial DMAEMA monomer concentration. However, elongation did

not change significantly.
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Table 4-14 Tensile properties of unmodified NR and NR-g-poly(DMAEMA) latexes

Run Tensile Strength Ultimate Tensile Stress  Modulus at 300%
(MPa) Elongation (%) (MPa) (MPa)
NR 232 890 0.49 0.16
c-NR 3.72 0.17
MoO1 5.82 0.21
MO02 6.30 0.22
MO03 6.54 0.34
Mo04 6.82 0.39
NR and c-NR are the unmiodi e presence of initiator,
respectively.

The tensile strengths and modu

S

initial monomer concentratigns in

AULINENINYINS

anized NR from the NR-g-poly

. dontrol NR film as the

AR TUNNINGAY
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