CHAPTER 6

THERMAL ANALYSIS OF HYDROGENATED POLYMER

The term thermal analyses is frequently used to define all methods in which
investigations are made of a material property that changes as a function of
temperature. Thermal analyses refers to conventional methods such as differential

thermal analysis (DTA), differential scanning calorimetry (DSC), dynamic

mechanical thermal analysis

methods, such as DTA a

gravimetric analysis (TGA). Some
esigned to monitor the thermal

properties of material une nges. Whereas others i.e. DMTA

measure the dynamic - 'mple (storage modulus, loss

tangent) while the tempef@ ravimetric analysis (TGA)

monitors weight lossés a of tghipe ture i Anereased."Weight losses occur as the
result of driving off g6latilc ents and the deggadation of polymer at high

temperature (Campbell afid

The advantages of fthg ySes ‘overyother analytical methods can be

summarized as follows: (i) ghe st studied over a wide temperature range
é

using various temperature programs (i) al

St any physical form of sample (solid.
.’.i,} ' b

liquid, or gel) can begacce g saimple vessels or attachments

(111) a small amoun r@— ple (0T g — 1 \4! (iv) the atmosphere in the

vicinity of the samp | can b r e @e required to complete an
experiment ranges from‘several minutes tg}several hours and (vi) thermal analyses

instruments aﬂeﬂﬁ’%‘wggﬂ : w Ejn ﬂ

Hydrogenation reduces the of unsaturation in?e diene polymers and
_— ¢ : Qs . .

leads teys Gjﬁ Ahe m‘jﬁ ﬂjeaa | properties of
the hyaﬁte ne' pol i dRe , 995% iﬂa et al., 1997a:
309-367). Some researchers have employed thermal analyses to investigate the
thermal properties of hydrogenated polymers. Doi et al. (1986) investigated the
thermal properties of hydrogenated polybutadiene in the presence of RhCI(PPh;); by
using differential scanning calorimetry (DSC). The degradation temperature of

hydrogenated natural rubber using RhCI(PPh;); increases with the degree of

hydrogenation (Singha, 1998). Hydrogenated nitrile rubbers resulting from nitrile
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butadiene rubber hydrogenation in the presence of RhCI(PPh;); have improved low
temperature resistance and improved tensile stress properties (Bhattacharjee et al.,
1991). The resistance to oxidation as well as improved thermal stébility of
hydrogenated NBR have been reported (Kubo, 1993). Cassano et al. (1998) studied
the thermal stability of hydrogenated polybutadiene and the heat fusion increases as
the degree of hydrogenation increases from 0 to 89% conversion. Charmondusit
(2001) reported on the thermal properties of NR and hydrogenated NR and showed
that the high temperature properties of hydrogenated NR are much better than NR.
The purpose of this chapter it e thermal properties of hydrogenated
synthetic cis-1,4-polyisoprene (HCPIF ‘ nated natural rubber (HNR). The
differential scanning calesimetry(DSG prtﬁ low temperature properties of

the polymer (glass tra \ al degradation of elastomer
ogk \ \t' is (TGA).

samples was investig

Differential scanny 1 '_._ ' inigue that is used to determine the
glass transition temperatu '-s" 12 '- mers. The glass transition is a phenomenon
observed in amorphous pols ; : s, the glass transition temperature is a
property of the polymer. The siates merWhether it is glassy or rubbery depends
on whether its applicati ; . or below its glass transition
temperature (Rosen :

The low tempetature Ogerfated polyisoprene (HCPIP),
hydrogenated natural rubber (HNR), hydrogenated natural rubber latex (HNRL),

polyisoprene er latex (NRL) were
investigated. %Eﬁhé mﬂ‘ﬁi Huﬂ?tl?olyisoprene and their
hydro ﬁ = 0 “ﬂ‘ lass transition
tempe Bﬁ‘j aﬂ a {51 mﬁiﬁ 1] EJrrﬁ Eﬁle point of the

incline portlon of the DSC curve. The results summarized in Table 6.1 show that the

glass transition temperatures of hydrogenated products were closed to those of
starting polymers. This suggests that the hydrogenated polymers still show the
amorphous properties. This is consistent with the investigation of properties of
hydrogenated natural rubber (Charmondusit, 2001; Singha, 1998) and synthetic
polyisoprene (Lal and Mark, 1986). However, some hydrogenated NRL has a T, in
the range of —11 to 3°C, which is much higher than the T, of NRL because of gel
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formation in the products. This may be due to the effects of crosslinking that restricts
chain mobility and causes an increase in the apparent T,. Completely hydrogenated
CPIP yields the alternate ethylene-propylene copolymer. The glass transition
temperature of random ethylene-propylene copolymer (EPM) is in the range of -9 to
—60°C depending upon the comonomer content (Mani et al., 1994). The standard
EPDM (ethylene/propylene = 50/50, diene = 9.5%) shows T, at —44.6°C which is
higher than hydrogenated polymer product (Hinchiranan). It is interesting that

synthetic cis-1,4-polyisoprene, natural rubber and natural rubber latex show the same

Ty value, therefore the non-rubbeh c¢ r jcts, present in the NR have no effect on
the T,. This agrees well wit the observaticid v :cldman (1985) for different grades
of NR. However, a very simallvariationfin Temaysbesobserved due to the presence of
frans isomers in synthe ~3.9 cported that T, of common NR
isomers (CPIP, balata; gu /

the midpoint of DSC
—70 to —63°C.

-polylsoprene) obtained from
| \\(\\,

of temperature from about

Table 6.1: DSC and TGAfRg

Hydrogena u@ Tiq Tinax

Polymer oA 2, °C) 0
CPIP A0SO, £/ 1 386
HCPIP-1 (77 : ' 385 410
HCPIP-2 ' 404 444
HCPIP-3 57 426 453
quidnenisens
HNR 1 441
HNR-2 -58 o 431 460
TR ANy <
378

HNRL 1 12 -58 351 387
HNRL-2 53 -58 408 443
HNRL-3 99 -57 412 453
EPDM® - -45 453 471

“The ethylene-propylene copolymer (EPDM) has the ratio of ethylene/propylene as
50/50 (Hinchiranan).
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Figure 6.1: DSC thermograms of rubber samples a) CPIP b) HCPIP
(53% hydrogenation).
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Figure 6.2: DSC thermograms of rubber samples a) NR b) HNR
(69% hydrogenation).
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Figure 6.3: DSC thermograms of rubber samples a) NRL b) HNRL

(99% hydrogenation).
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6.2 Thermogravimetric Analysis (TGA)

Thermogravimetric analysis is used as a method to assess the thermal stability of
the polymer samples by monitoring the change in the mass of sample, which occurs as
the temperature is increased at a constant rate. Polymers when heated under nitrogen
normally degrade by breaking down to smaller fragments, which subsequently
volatilize. The high temperature degradation of hydrogenated polyisopfene (HCPIP),

hydrogenated natural rubber (HNR), rogenated natural rubber latex (HNRL),

polyisoprene (CPIP), natural ru ral rubber latex (NRL) was studied.
The TG curves are shown in’ ? nitrogen, there is no weight loss
this temperature range. The
weight loss occurs between s00 2745 ~ s of volatile matter absorbed
by the polymer. The imtl‘ Ceomar ‘ ': _' afure (| Ti4) was determined from the

‘ decomposition temperature. The

maximum decompositién tgmperature [T, /as ealoulatéd from the peak maxima of

Decomposition tempéragire ‘max ofirubber and hydrogenated samples
are shown in Table 6.1. It is arent that $ iq ald Trnax Increased as the degree of
hydrogenation increased. Slm Ar—thermakproperties behavior of hydrogenated

products, was obsed ondusit (2001), for synthetic

polyisoprene and na V ber hydroge 7 : fap reported Tig and Tax of
standard EPDM to beElgh Se ely@ydrogenated NR. From the

thermal analysis of NBI} and HNBR, Tiq4 as well as Ty increases with decreasing

carbon - carbﬁ ﬂﬂ l?n%o&}%ﬁ Wkﬂq m Therefore, the high

temperature propgrties of al elastomers are 1mproved upon hydrogenation. This may

MRCL DN+ PN 1101513

decreased, the attack on the a-methylene group by O, is also reduced.
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Figure 6.5: TG curves of a) NR b) HNR (98% hydrogenation).




Figure 6.6: TG curves 8f ) NF Z; R ) hydrogenation).
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