CHAPTER IV

RESULTS AND DISCUSSION

4.1  Preparation of chlorinated rubbers

Initially, the experiments we: '
patent No. 5,143,980 [10] and TS pates Saet® Nonionic surfactant and

acid were added to the 30% Re 1 value of reaction was

less than 1. The chlorinationh ‘ e method given in section

33.1. While the chloriné*Cogénid s 4. aisadd) cCame concentrated and
coagulated.
~ The following exper enff ore alae the latex equal 7 and

varied the concentration of lai e latex still coagulated.

Although the experiments were ount of surfactants in the

latex, which were 1-3 phr we ioh level of chlorination.

il .

MCH is capable of film

r T e e e

r !
forming. The latex should Sfill mi lofination. We desired to

Since the primary

process with the latex w1th content of ?nne to prevent the problem of

coagulation. It wa W gew “\gq ﬁi% the latex. The
amount of added chlorine content, whichéwas used forghe chlonnatlo as 1-5 phr.
@mmm R REARE..

maximum of %nly 0.25 phr chlorine. The data is shown in Table 4.1.
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Various attempts have been made to explain the low value and none are
entirely satisfactory.

The ammonia present in the non-acidified latex consumed a
disproportionate amount of chlorine. There was a potential to form ammonium
chloride, which caused low chlorine content.

2. Previous work [12] suggested that excess amount of chlorine is

necessary to achieve high content of chlg

Chlorinated rubbers preparé oducts. They had a specific

gravity similar to original rubber smee ehlorife contentwas slightly increased.

i éd chlorine Specific
Types

ntent (Yowt) gravity
Chlorinated natural rubber 0.07 + 0.010 0.97
(CNR) 0.13+ 0.010 0.97
= 0N € 2 0.006 0.97
i ,I‘é 0.006 0.97
- 5 025 + 0.006 0.97
Chlorinated ﬂ ’% ﬂ ﬂ % w H { 0 0.97
pre-vulcanized rub@ 9 | mﬁ‘:ﬁ 0.97
o ARRINTH RTINSy
qq ' | . MI 0.97
5 0.17 + 0.006 0.97




Table 4.2: Chlorine content and specific gravity of CPC.
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Added Chlorine Obtained Differential
Type chlorine content | content of PC | Chlorine content | chlorine content | s.g.
(%owt) (%owt) (Yowt) (Yowt)
Chlorinated 1 36.34 36.38 0.04 1.06
polychloroprene 2 0.08 1.06
rubber (CPC) 3 0.11 1.06
4 0.13 1.06
4.2  Properties of chlc

4.2.1 Film forming
In the determination of

rubbers was necessary. The filmeshot

y
chlorinated natural rubber (€ R

carrying out the experini

flat and slippery, but nonsc
polychloroprene

"@r‘i&ﬂ
chlorinated polychloroprene rubber

fil

Thus, some properties ied in the
M AT T L H Tt e
q | S

were not.

nat¢d rubbers, film forming of
pess at least of 2 mm for
gty films prepared from
Ani; d rubber (CPVR) were

For chlorinated

AN ARS o o
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4.2.2 The permanent set

The permanent set has been carried out to assess the stability of rubber before
and after chlorination. The most significant result is the speed with which the
chlorinated sample of NR retracted when compared to the NR. It had just 60% set
after 2 minutes versus 125%. After 48 hours it had further reduced to about 2% in

comparison to the NR at 35%.

Prevulcanized NR is already s J/icross-linked and retracts rapidly-
even here the partially chlorinated miais sho retraction and hence a higher

cross-link density.

Table 4.3: The permanent se

100] | %|(L,-L,)100

Types : e
L2
Unchlorinated NR ; ST o : 35.0
Chlorinated NR 2.0
Unchlorinated PVR 2.0
Chlorinated PVR 2.0

Note: L, is original length, L, i e ongation at 2 minutes, L, is elongation at 48 hours.

Audanninenns
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4.2.3 Solubility
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The solubility of chlorinated rubbers in hydrocarbon solvents became

higher with the higher chlorine content. When the chlorine content is higher, the

product can be dissolved in hydrocarbon solvents quickly and completely. But the

solubility of the chlorinated polychloroprene rubber with lower chlorine content is very

poor only swelling has been observed. The solubility of chlorinated rubbers having

different chlorine content is shown in Tabl ’ ‘

Table 4.4: Solubility of chlorinafes

CCR
Solvent
Soluble | Insoluble
Water v
Methanol v
Ethanol v
Toluene v
Xylene v
Cyclohexene v
v
v
v

T21)65 4609
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4.2.3 Ozone resistance [8]

Ozone exists in small quantities in the atmosphere but even levels of
less than 1 part per hundreds million (pphm) can severely attack non-resistant rubbers
if they are in the strained condition. Hence, ozone attack is often the most important
effect of exposure to the atmosphere. The effect of ozone is to produce clearly visible
and mechanically very damaging cracking of the rubber surface. The result of ozone

test is simply expressed as either cra ki ing. The degree of cracking can

be described and a number of been used, but they are all

subjective.

The method mg g exactly with outdoor

exposure test, since the tests with outdoor
performance is, in general, eCilie conditions of both the

accelerated and outdoor expogfe i) ‘Eﬁ ‘ \

From Table 4.4 Expresesa) OZ0ne resistance of CNR is
. »:" . .
slightly better than NR, because eBEzITe D ngs For the ozone resistance of

F g o

CPVR with various chlorine conten ame results as pre-vulcanized

)

rubber. Thus, the ozone risi 2 4hors with low chlorine
" :‘ = o d 4

content hardly differ fron ’r Zine =

=

Autinundnenns
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Table 4.5: The result of ozone test

%Chlorine
Types Results
content

CNR 0.00 No crack
0.07 ‘ A small number of cracking which the length was less than 1 mm
0.13 A small number of g ing which the length was less than | mm
0.19 l 1 ich the length was less than 1 mm
0.20 As ! the length was less than 1 mm
0.25 e e length was less than | mm

CPVR 0.00 » : ength was less than 1 mm
0.03 o ol gt o drac slich theldength was less than 1 mm
0.06 ‘ ength was less than 1 mm
0.10 E ehgth was less than 1 mm
0.14 c'length was less than 1 mm
0.17 ﬁ h the length was less than 1 mm

4.2.4 Water and chemie (
& £

- s
L = ' |

The measiite 1itance depends on the

-

deformation of dimension, I eight ¢ R after it is exposed to

chemical reagent. The gr : formation sh@ws the poorer in chemical resistant
e AUDINENINE TS

Results of the water chemic ista ests _Of
expressed @mmg aapﬁal
q |
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Table 4.6: Chemical resistant property of CNR in various chemical reagents.

Chlorine %Weight change
content
H,0 5%wt.NaOH | 5%wt.HCl | Vegetable Oil Lubricating oil
(Yowt)
0.00 4.57 1.75 >100 91.44
0.07 13.88 >100 >100
0.13 11.56 90.84 >100
0.19 6.35 45 91.19
0.21 4.83 69.10
0.25 4.58 56.56

Table 4.7: Chemical resistant

emical reagents.

Chlorine
Content

H,O Lubricating oil
(Yowt) i
0.00 9.89 3 66 61.34 58.06
7ﬂugﬁﬂ ng mﬂ -
0.06 5.51 3.84 5.81 55.23 . 53.77
oo RHVNSATH NI N
0.14 4.69 2.50 4.08 38.38 37.50
0.17 4.64 2.05 3.28 34.70 37.05
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Figure 4.1 Changes in ma ine contents in various

chemical reagents: ¢ H,0, vegetable oil, and *

lubricating oil.
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Figure 4.2 Changes in mass of CPVR having different chlorine contents in various
chemical reagents: ¢ H,0, m 5%wt. NaOH, ¢ 5%wt. HCI, @ vegetable oil, and *

lubricating oil.
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From Figure 4.1 and Figure 4.2, the trend of changing in mass
decreases, when the chlorine content is raised. It shows that the chemical resistant
properties of chlorinated rubbers have been improved increased with chlorine content.
It is clearly compared with vegetable oil and lubricating oil. The slope is sharp. It
means that the chemical resistance of the product is much higher than rubber, even at

comparatively low levels of chlorine.

4.2.5 Morphology ' '

The films of @ 7 ; b should have the properties
suitable for application. e stfact and ¢ 1 \"'ﬁz -; should be flat and have
small amount of split or _, ; 4 Blech Nic: -oscope technique (SEM)
was used for investigating o of the chlorinated rubber
films.

Figure 4.3 shov s uaid ik RS ographs of natural rubber films
(left) and CNR films (right). 7 :r’”i:i‘ﬁ‘: d ibuting on the surface of NR
films, whereas there are less n :‘ o8 on the surface of CNR films as

compared to ones that £¥en 0 infilar trend was observed
L et

from cross-section.
T

wtaphs of pre-vulcanized
rubber films (le ﬁi i l{ PVR films are
considered, they ﬂ t tﬁﬂ:ﬂn ﬂﬂmﬁ films. However,
cross-secti 1 & m : ﬁg
%mggﬁj gﬂjl h m films (left)

and CPC films (right) were shown in Figure 4.5. The surface of PC films has a lot of

Figure 4.4-€hows scanning electron micrc

cracks that distribute on the surface. However, the surface of CPC film has a long
white split. It can be expressed that film forming of chlorinated polychloroprene

rubber and polychloroprene rubber is quite similar. At cross-section, PC films have

rougher surface than CPC films.
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Figure 4.3 Scannmg-glcqlron‘TlcTo IF rfvx MaW@T ﬂmsw(le{t) and CNR films
0
(right): (a) Surface (x100) and (b) Cross sectlon (x300)
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J b. Cross-section L

‘lf‘hﬁ.

Figure 4.4 Scannm% eleétrfm mdcy EJ LJ pr,e Hcamzed rubbér films (left) and
CPVR films (right): (a) Surface.(x1,500) and (b) Cross-scctxon 01(X3O s '
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- "
Figure 4.5 Scannirrgj efegtrarj ﬁbbrwa?l‘is‘“‘ p‘glﬁﬂofoﬁre;le’ ;ub%er films (left) and
CPC films (right): (a’ Surface (x150) and (b) Cross- sectxon (x300).
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4.2.6 Thermal stability
It is known the thermal stability of chlorinated rubbers has an important
effect on their preparation, storage, processing, and applying properties. Then, the
thermogravimetric analysis (TGA) and derivative thermogravimetry (DTG) methods
were adopted to study the stability of chlorinated rubbers prepared. Jie-Ping Zhong

and others studied the stablhty of CNR with hlgh chlorine content under nitrogen

atmosphere. Only at 291 C did a peak¢ e DTG curve, which indicated that

thermal degradation of CNR is a ¢

In this study, @ # degradation of NR under

nitrogen atmosphere are shown, .96 does a peak appear on

the DTG curve, which indi of NR is a one step

%,
s,

reaction. It can be seen fr deg adation of NR tends to

/%
=)
&

] #

; J / s,
stabilize at 386 °C. Figure 4.768h g ; \ PO guives of degradation of CNR
Wéen g ’k
At o A

curve of NR. The thermal degr: ==aE ] abilize at the same points as

%
T
‘!
&

in nitrogen. Peak appears on tl} hich is similar to the DTG

oo

NR. From above, the thermal ;-—'F—"==:; 0 high chlorine content has lower
= 4

level than CNR with low gh

curves of degradation of

9show the TG and DTG
.‘ ﬂ- DTG curves, peaks

"
e

at is 380.90 C. The thermal“degradation of PVR and

NN NN, ...
- ;;@mmﬂmmm@m::

thermal resistant property as non-chlorinated rubbers, because of the similar major

appear at the same poin =

structure of rubbers and low chlorine content.



tability of NR.

Figure 4.7 The TG and DTG curves of the thermal stability of CNR.
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Figure 4.9 The TG and DTG curves of the thermal stability of CPVR.

46



“03 ¢

F—+—t— 4 —r—p—f—t—d— 4t b - 4 _,__4_,_1_.,_‘_‘_._,_._,‘_{
g 2 bRy 1

2 40 19 "in

Figure 4.11 The TG and DTG curves of the thermal stability of CPC.
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4.2.7 Glass transition temperature
The glass transition temperature (Tg) of unchlorinated rubbers and
chlorinated rubbers are shown in Figures 4.12-4.17. They suggested that chlorinated
rubbers have the same glass transition temperature value as unchlorinated rubbers (-

63.8 °C), because of the similar major structure of rubbers and low chlorine content.
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Figure 4.12 DSC thern ted natural rubber.
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Figure 4.13 DSC thermogram of the highest chlorinated natural rubber.
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Figure 4.14 DSC the 7 e Viliganized rubber.
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Figure 4.16 DSC thes oprene rubber.
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