

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































increasing molecular weight of the added polymer. The
initial increase in the enhancement of MST with increasing
molecular weight of the added polymer is attributed to
enhanced adsorption of the added polymer at the
rubber/water 1interface with increasing molecular weight.
The most likely explanation for the subsequent decrease in
the extent of the enhancement of MST with further increase
in the molecular weight is the decrease in the number of
loops of the adsorbed polymer at the expense of the number
of tails with increasing molecular weight. It may also be
a consequence of the extension of hydrophobic parts of the
polymer into the dispersion medium, such extension
discouraging the extension of neighbouring hydrophilic
parts into the dispersion medium. The effects of
increasing hydrophobicity of added polymers of Type 2 upon
the extent of the enhancement of MST were found to be
similar to those of polymers of Type 1, even though it was
not possible to decide the composition of the polymer which
brought about the highest enhancement of MST amongst the

polymers of Type 2 investigated.

The pattern of variation of the viscosity of NR
latex with the level of added polymer was found to depend
upon the hydrophobicity of the added polymer. As the
concentration of added polymers of groups MAA/EHA(60:40)
and AA/EHA(60:40) increased, the extent of the enhancement
of viscosity first increased, then passed through a

maximum, and decreased, passed through a minimum and then
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again increased with further increase in the concentration
of the polymer. On the other hand, the viscosity of latex
to which the more hydrophilic polymers had been added was
found to increase with increasing level of addition. This
observation perhaps indicates that the more hydrophobic
polymers may be capable of inducing interparticle bridging
at low levels of addition, and that the more hydrophilic
polymers increase the viscosity of NR latex mainly by
dissolving in the dispersion medium. As the more
hydrophilic polymers were more capable of enhancing the
viscosity of NR 1latex than were the more hydrophobic
polymers, it was concluded that the adsorption of the added
polymer at the rubber/water interface tends to reduce the

extent to which the viscosity is enhanced.

8.4.2 Effects upon zinc-oxide thickening

The effects of polymers of Type 2 upon the
zinc-oxide thickening were generally similar to those of
the polymers of Type 1. The polymers of low molecular
weight were found to be in general less effective in
accelerating the zinc-oxide thickening of NR latex than are
the corresponding polymers of high molecular weight. The
difference was pafticularly marked with more hydrophobic
polymers at high levels of addition. This is tentatively
attributed to their higher tendency to adsorb at the
rubber/water interface and perhaps to form complexes with

proteinaceous substances whose zinc derivatives are
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relatively unhydrated.

The ability of the added polymers to accelerate
the zinc-oxide thickening of NR latex first decreased, then
passed through a minimum and then increased as the
hydrophobicity of the polymer increased. The ability of
the more hydrophilic polymers to accelerate zinc-oxide
thickening is attributed to their ability to sensitise the
latex towards =zinc ions by forming insoluble =zinc
derivatives. It was observed that the ability of the more
hydrophilic polymers to accelerate =zinc-oxide thickening
decreased as the concentration of added polymer increased.
It is thought that this may be a consequence of the
increase in the abili;y of these polymers to enhance the
colloid stability of NR latex with increasing
concentration. The ability of the more hydrophobic
polymers to enhance the zinc-oxide thickening of latex
increased with increasing concentration of the added
polymer, and this is again attributed to the increase in
the tendency of the added polymer to adsorb at the
rubber/water interface and perhaps to form complexes with
proteinaceous substances whose zinc derivatives are
relatively unhydrated.

.

8.5 Suggestions for further work

The investigation of the effects of added

hydrophilic polymers upon some properties of NR latex has
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yielded many interesting results, and has indicated that
there 1is clearly great scope for further work. The
following appear to be the more obvious areas where further

research is desirable:

1. A1l the polymers used in this investigation were of
relatively low molecular weight. Further work using
water-soluble polymers of a wide range of molecular

weight is therefore desirable.

2. It has been found that the ability of an added polymer
to enhance the MST and viscosity of NR latex did not
depend upon the nature of the stabilising moieties,
amongst the stabilising moieties investigated. However,
further work should be carried out on this aspect before
coming to a definite conclusion. For this purpose, it
would be desirable to investigate the polymers which
contain other substituted acrylic-acid monomers such as
n-propyl acrylic acid and n-hexyl acrylic acid, or other
hydrophilic monomers such as itaconic acid or

vinylsulphonic acid.

3. The effects of the nature of the anchor group of the
added polymer upon the ability of the added polymer to
influence the properties of NR latex might also be
interesting to investigate in greater detail. Monomers
such as n-tetradecyl acrylate and n-octadecyl acrylate

would be of interest for this purpose.
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4.

An 1investigation of the effects of block and graft
copolymers of various combinations of hydrophilic and
hydrophobic monomers upon the properties of NR latex

might also be of interest.

Finally, a systematic investigation of the effects of
well-defined linear, branched, block, and graft
copolymers of various hydrophilic and hydrophobic
monomers upon the properties of well-defined model
latices might provide a better understanding of the

behaviour of added hydrophilic polymers in latices.
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APPENDIX 1

The equation for variation of initiator concentration
with time of reaction for solution polymerisations carried
out according to the Method 2 was derived with the
assistence of Dr. A.C.Haynes of LSPT as follows:

Let the initial solution of initiator in monomers and
solvent comprise I moles of initiator dissolved in M dm3 of
the mixture of monomers and solvent. Let the volume of
solvent in the reaction vessel be S dmS3. The initiator
solution is added to the solvent in the reaction vessel at
a uniform rate over a period of time from t=0 to t=t*, so

the rates of additon of initiator to the reaction system

are
di =1, =i for o ¢ t §t* (1)
t L
and dl = 0 for t > t* (2)
dt

and the rates of addition of monomers+solvent is

daM = M, =m for 0 £ t ¢ t* (3)
dt t*

and dM = 0 for t > t*¥ (4)
dt

Let C2 denote the total amount of initiator (moles)
which has been added to the reaction vessel at time t
divided by the total volume (dm3) of reaction system at
time t. This is not , of course, the actual concentration
of initiator in the reaction system at time t, because
initiator begins to decompose as soon as it is added to the
reaction system. Thus
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cd =90 for t=0 (5)

c? = it/S+mt, for 0 & t € t¥ (6)

When t > t*, C? has the constant value
c@ = it* = 1 (7)

S+mt*  S+M

From equation (6), the rate of increase of C? with time is

given by

dcd = is for 0 g t  t¥ (8)
dt (S+mt)?2

For t > t*, dc'/dt is zero.

Let C denote the actual concentration of initiator in
the reaction system at time t. Thus,

c=20 for t < O (9)

The rate of increase of C with time is given by

dc = dc@ - [ dc for 0 § t ¢ t¥ (10)
dt  dt 3¢ Jdeconp

where (dc/dt:)decomp is the rate at which the initiator is
decomposing at time t. The rate of decomposition of

initiator is given by

dc = kC (11)
dt

decomp

where k is the dissociation constant of the initiator.
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Combining equations (8), (10) and (110)gives

dC = iS -kC (12)

dt  (S+mt)2

This is the differential equation for the variation of C
with t in the interval 0 £ t t*. At times greater than

t*, the variation of C with time is given by

dc = (i@) = -kC, for t > t¥  (13)
dt dt decomp
The solution of equation (13) is

c=c* e'k(t‘t*), for t > t* (14)

where C* is the initiator concentration at time t=t*. The
variation of C with t over the interval 0 ¢ t ( t* is
obtained by solving the differential equation (12). The

solution for equation (12) is

g

C = Ae-Kt 4 e'kt/ is okt dt (15)
(S+mt )?

where A is a constant.

The integral on the right hand side of the equation (15)
can be evaluated as follows:

[ is ekt 4t =[ 1S ekt dt (16)
fS+mtI2 Sz[1+(mt/S)]2

Put i/S = a and m/S = b

Then
i/s oKt 4t =/ a okt dt (17)
[1+(mt/S)]2 (1+bt)2
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Now put U =1 + bt
Then t = U-1/b, dt/dU = 1/b, dt = dU/db

Now the equation (17) can be rearranged to give

a ekt 4t = aje""u'“ du (18)
(1+bt)?2 bu?
= a[e°‘U du (19)
be"U2

whereo= k/b

U du = P[e“u du (20)
be® y2 u2
whereP= 1/be’
_e.;_u gy = = & +ocf[o®U dU (21)
U U U
U du = log U +e¢U + t202 4+ o3p34, .,
U 2.2!  3.3)
...+ oYM . &~ 3
n.n!

Combining equations (19), (20), (21) and (22) gives

afe"‘U du = -ape"‘U + aPa.[log U +e2U + o202 +...
b

e*y2 v 9. 21
....+¢nUn (23)

n.n!

Now the equation (12) can be written as

C = Ae~Kt - age"‘u'kt + aPoLe'kt [log U +eeU yoe2y2 4,
U 2.21
o.o.+£Un 0000(24)

—eee

n.n!
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But oU-kt = k (1+bt)-kt = oL

X k -
b b

C = Aekt - aEe‘L+ aPcLe'kt [log U +ecU + ®202 + ...
U 2,28
u.uo+unUn 0000(24)

n.n!
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APPENDIX 2

The computer programme used for the calculation of
variation of initiator concentration in the preparation of

polymers by Method 2 was as foolows:

10 P = 0.02078

20 Q = 2.822x10"3
30 K = 1.5x10"%

40 L = 0.02078

50 Y = 2.822x10°3
60 V = 4.7745x107°
70 W = 3.1414

80 Input "Time";time
90 U = 1+V*Time

100 For x = 1 to 40
110 T =1

120 For N = 1 to x
130 T = T*N

140 Next N

150 Alpha = (wAx)/(x*T)

160 Beta = (wax)*(Uax)/(x*T)

170 Sum = Sum+Alpha

180 Total = Total+Beta

190 IF Alpha < 0.0005 then go to 220
200 IF Beta < 0.005 then go to 220
210 Next X

220 Print "too small"

230 Print "sum";sum

240 Print "Total";total

250 A=P-Q*sum

250 Print A

270 S=Total+log(U)/2.3025

280 Print S

290 C = [A*exp(-K*Time)]-[L/U]+[[Y*exp[-K*Time]]*S
300 Print C

310 END
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