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Nghién ctru ciu triic va tinh chit ciia cao su thién nhién epoxy hoa léng
Structural Characterization and Properties of Liquid Epoxydized Deproteinized Natural Rubber
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Tom tat

Cao su thién nhién epoxy hoa Iéng (LEDPNR) duwoc téng hop bang phuong phap epoxy hoéa cao su thién
nhién vé&i axit peraxetic moi sinh (33% thé tich) va sau dé thuc hién phan tmg cat mach bang tac nhén natri
nitrit (NaNOz) két hop hydro peoxyt (H202) trong mai truong axit. Céu truc clda cao su epoxy hoéa Iéng duoc
dac trung béng phé héng ngoai FT-IR va phé céng huéng ttr hat nhén 1 chiéu ('H-NMR, 3C-NMR). Két qua
cho thay, sau phan tng cét mach, ngoai cac nhém cis-1,4-isopren, nhém epoxy, cao su epoxy Iéng con ¢o
cac nhém trans-1,4-isopren xuét hién do bj ddng phéan héa. Ngoai ra, nhém OH ciing xuét hién trong céu tric
clia cao su epoxy hod Iéng do sw xuét hién ctia cac tin hiéu trén phd céng huéng ttr hat nhan. Gidn dé phéan
tich DSC ctia cac méu cho thdy cao su epoxy hod I6ng c6 nhiét do chuyén thuy tinh Tq Ién hon cla cao su
DPNR. Biéu nay chirng té sw dnh huéng ctia cadc nhém chie trong cao su epoxy hod 16ng lam gidm tinh mém
déo cua cao su.

Tir khoa: Cao su thién nhién epoxy hoa 16ng, dac trung ciu tric, epoxy hoa, si dong phan hoa, phd héng
ngoai FT-IR, phd cdng huéng tir hat nhan 1 chiéu.

Abstract

The liquid epoxydized deproteinized natural rubber (LEDPNR) was prepared by epoxydation of deproteinized
natural rubber with fresh peracetic acid 33 v/v% in latex stage followed by degradation with sodium nitrite and
hydrogen peroxyde in acid medium. LEDPNR was characterized through FT-IR and 1D-NMR ("H-NMR,
3C-NMR) spectroscopies. It was found that LEDPNR contains not only the typical structure of
cis-1,4-isoprene but also epoxydized unit and trans-1,4-isoprene units derived from isomerization.
Furthermore, hydroxyl groups are also detected and confirmed by NMR spectroscopy. DSC thermogram of
samples shows that Tg of LEDPNR was higher than that of DPNR. This suggests that the interaction of polar
groups in LEDPNR decreases the flexibility of natural rubber.

Keywords: Liquid epoxydized natural rubber, structural characterization, epoxydation, isomerization, FT-IR

spectroscopy, 1D-NMR spectroscopy

1. Gié6i thiéu

Cao su thién nhién (NR) duoc biét dén rong rai la
vat li¢u co6 céac déc tinh co 1y hoc vuot trdi nhu do bén
kéo, bén xé, do dan hdi cao va tré thanh vt liéu quan
trong trong nganh cong nghiép san xudt 16p xe, gang
tay va cac san pham cao su khac. Mt khac, viéc bién
di cao su v6i cac quy trinh khac nhau ¢é thé mé rong
cac ung dung khac tir vat liéu nay. Trong nhling ndm
gin day, cao su thién nhién long (LNR), cao su trong
luong phan tir thap, di dwgc nhiéu nha nghién ciru
quan tam t&i bdi vi cac ing dung tuyét voi cua no trong
nganh son, keo dan, vat liéu chéng rung, vat liu chéng
tham,...Dic biét, cao su thién nhién long véi cac nhém
epoxy (LEDPNR) dugc tong hop tir phan mg cit mach
cao su loai protein epoxy hoa, da lam tang kha nang
két dinh, khang dau va kha nang truyén dan cac ion.
Viéc sir dung cao su epoxy hoa dang long da dugc s
dung lam vat liéu dan ion Li" trong pin Li-polyme véi
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cac dic tinh dién hoa, dic tinh dan dién cai thién rat
nhi€u so véi cao su thién nhién va cao su thién nhién
long [1, 2].

Cao su thién nhién léng va cao su thién nhién
epoxy long c6 thé dugc tong hop tir phan tng cit mach
bang nhiét, co hoc, oxy hoa hoa hoc hay oxy hoa quang
hoa. Trong d6, phan tng cit mach sir dung tac nhan
oxy hoda hoa hoc va oxy hoa quang héa duoc nghién
ctru nhiéu hon do kha ning kiém soat phan tmg dé tao
ra lugng cac nhém chirc va muc do cit mach mong
mubn. C6 rat nhiéu hoa chit cit mach bang phan tmg
oxy héa nhu axit periodic, kalipesunfat két hop
propanal, natri nitrit két hop véi hydro peoxyt, fenton
va fenton quang hoa...[3.4,5]. Do rat nhiéu cac kha
nang cit mach co thé xay ra VOl su xuat hién cta cac
nhém chire, nén viée ddc trung cAu truc clia cao su san
pham sau phan tng cit mach bang cac phuong phap
pho hién dai 1a rt can thiét. Hién nay, tac gia Saito va
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cong su da sir dung phd cong hudng tir hat nhan 2 chiéu
dé nghién clru cau truc cua cao su thién nhién epoxy
hoa 1ong cit mach bang tic nhan amoni pesunfat va
propanal [2]. Ngoai hé xlc tac nay, tac gia Lé Duc
Giang d3 tién hanh cit mach cao su trong dung méi
hén hop, dung méi hiru co va nudc, st dung chét khoi
mao NaNO; va H,O; trong moéi trudng axit. Tac gia
cing da xac dinh chu triic ctia cao su cit mach bang
phd hdng ngoai va pho cong huong tir hat nhan 'Hva
PC [3]. Tuy nhién két qua tir phdé "H-NMR 1a chwa du
thong tin dé quy két.

Trong nghién cuu nay, cao su thién nhién epoxy
hoa 1ong duoc téng hop bang phan tmg cit mach cao
su thién nhién epoxy véi tac nhan natri nitrit két hop
hidro peoxyt trong méi truong axit. Cau tric cua
LEDPNR s¢& dugc nghién ctru k§ hon boi phd hong
ngoai FT-IR, va phd cong huéng tir hat nhan 'H, C.
Tinh chét nhiét vi sai cia miu cao su epoxy hoa long
ciing dugc xac dinh dé danh gia anh hudng cia cac
nhom chirc trong mach cao su epoxy hoa long dén tinh
chat cia cao su thién nhién.

2. Thye nghiém
2.1. Héa chit

Latex cao su thién nhién str dung trong nghién ctru
nay la cao su c6 ham lugng amoniac cao (HANR) véi
ham lugng cao su khd khoang 60% vé khdi lugng
(60% DRC) dugc cung cip boi Vietnam Rubber Latex
Co., Ltd. Natri dodexyl sulfat (SDS, 99%) (Chameleon
Reagent, Nhat Ban), ure (99,5%) (Nacalai-Tesque,
Nhat Ban), hydro peoxyt (35%) (Tokyo Chemical
Industry Co., Ltd), axetic anhydrit (98%) (VWR
Chemicals) va natri nitrit (Merck, Puc). Cac hoa chit
khéc dugc mua cia hang Sigma-Aldrich.

2.2. Logi bo protein khdi cao su thién nhién

Cao su HANR dugc 1 véi ure 0,1% va dung dich
SDS (Sodium dedocyl sunfate) 1% khéi lugng trong
1 gio ¢ nhiét d phong. Sau khi U, dung dich duogc ly
tam va tach phan kem rdi phén tan lai trong dung dich
SDS 0,5%. Phan kem tiép tuc dugc 1am sach thém hai
lan, 1an luot v6i dung dich SDS 0,5% va 1% khdi
lugng; cudi ciing thu duge cao su loai protein (DPNR).

2.3. Téng hop cao su epoxy héa

Axit peraxetic (PAA) (33 v/v%) duoc tong hop
boi hydro peroxyt va anhydrit axetic lanh (5°C) trong
90 phut ¢ 40°C. Sau d6, cao su epoxy (EDPNR) dugc
tao thanh boi phan ung gitta cao su loai protein voi axit
peraxetic mdi sinh trong 180 phtit & khoang 5 + 10°C.
Két thic phan tmg, pH cua dung dich dwoc chinh vé 7
bang dung dich NH;OH 28%. Dé loai bo tap chat, dung
dich dugc ly tam véi tdc d6 10.000 vong/phat trong
30 phiit & 10 °C. Phan kem dugc phan tan lai vao dung
dich SDS 1% khéi lugng. Phuong trinh tong hop PAA
va EDPNR nhu sau.
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2.4. Chudn bi cao su epoxy long

Cao su epoxy long (LEDPNR) dugc tao ra boi phan
(g cit mach cao su epoxy. Trudc khi tién hanh phan
(g, cao su EDPNR duoc chinh pH vé 5 = 6 bang axit
formic 5%. Binh cau ba c6 chira cao su epoxy duoc dé
trong bép 6n nhiét va dugc gia nhiét téi 70°C, khudy lién
tuc trong 30 phuat. Hydro peoxyt (0.2 mol) va natri nitrit
(0.2 mol) dugc thém véo ciing luc. Tiép theo d6, hn hop
phan img duogc dun hdi luu & 70°C trong 8 gid. Két thuc
phén tmg, cao su san pham dugc déng tu bang metanol;
cao su dong tu dugc sdy ¢ 50°C i khi khdi lugng khong
doi.
2.4. Phwong phdp nghién ciru

Cao su epoxy long dugc dic trung ciu triic thong
qua phd héng ngoai (FT-IR) va phd cong hudng tir hat
nhan (NMR). Pho FT-IR duoc thyc hién trén may
FT-IR JASCO 4600. Ph6 'H-NMR va *C-NMR duoc
do trong dung m6i CDCl3 ¢ 50 °C twong ung véi 400
va 100 MHz, véi s6 vong quét lan luot 1a 5000 va
20000 vong bing may JEOL ECA-400 FT-NMR.

Dé dic trung tinh chit cta cao su epoxy va cao
su epoxy long tién hanh xac dinh ham lugng gel cua
cac miu bang cach hoa tan 0,04 gam méu vao 40 ml
toluen va giir trong bong tdi trong 7 ngay. Phan gel
khong tan trong dung méi sé€ dugc loc qua ludi loc thép
va sdy ¢ 50°C t6i khdi luong khong dbi. Ham lwong
gel dugc tinh theo cong thirc sau:

Wge/

%Gel = ——

V6i: Weer 12 khoi lugng gel sau khi sy kho, va Weao su
12 khoi lugng chinh xé4c ctia mau cao su khé ban dau.

x100

Nhiét d6 chuyén thuy tinh (7,) cta cao su dugc
do trén may DSC 220 hing Seiko, Nhat Ban. Mau cao
su dugc can khoang 10 mg cho vao mot dia dung mau
bang nhém va bi kin duoc dun néng dén 80 °C va giir
trong khoang 20 phut dé 1oai b6 lich st nhiét ctia mau.
Mau sau d6 dugce 1am lanh vé nhiét do -80 °C va do
dén nhiét d6 80 °C véi toc do 10 °C/phut.

3. Két qua va thao luin
3.1. Ham lwong gel

Béng 1 dua ra ham lugng gel ciia cic mau DPNR,
EDPNR va LEDPNR.

Nhan thiy sau qué trinh epoxy hoa thi ham lugng
gel ctia miu ting 1én. Tuy nhién, sau khi cit mach mau
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LEDPNR c6 ham lugng gel bang 0. Viéc ting ham
luwong gel sau khi epoxy hoa dugc 1y giai la do mot
phan nhom epoxy da m¢ vong tao cic nhoém OH, cac
nhom nay sé tao céac lién két chéo lam ting ham lugng
gel [6]. Sau qué trinh cit mach, mach cao su cing voi
céc lién két chéo nay ciing bi cit ddn dén ham luong
gel ctia mau LEDPNR béng 0.

Bang 1. Ham lugng gel cic mau DPNR, EDPNR va
LEDPNR

Mau Ham luong gel (%)
DPNR 31,5
EDPNR 83
LEDPNR 0
3.2. Phé hong ngoai FT-IR
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Hinh 1. Phé hdng ngoai cua DPNR, EDPNR va
LEDPNR

Tién hanh do phd hdng ngoai cla cac miu
DPNR, EDPNR va LEDPNR va két qua duoc dua ra
nhu hinh 1. Trén ph6 hong ngoai cia DPNR xuét hién
nhiing van dao dong dic trung cua cac lién két trong
cu tric cis-1,4-isopren. D6 13, dao dong hoa tri bat ddi
xtng ciia lién két C-H trong nhom -CHj tai 2960 cm™;
dao dong hoa tri dbi ximg cua lién két C-H trong nhom
-CH»- tai 2850 cm™'; dao dong hoa tri ctia lién két doi
C=C tai 1662 cm''; dao dong bién dang cua lién két
C-H trong nhém -CHa- tai 1450 cm™; dao dong bién
dang cua lién két =C-H tai 838 cm™. Trén phd hong
ngoai cia EDPNR va LEDPNR xuét hién thém cac van
dao dong dic trung ctia nhom epoxy ¢ 1255 em! va
877 em! 1an luot 1a dao dong hoa tri d6i ximg va bét
db6i ximg ciia vong oxyran (vong epoxy). Dic biét, trén
ph6 cia LEDPNR xuét hién van dao ddng tai
1640 cm™, duoc quy két cho dao dong hoa tri cia lién
két C=C trong cAu trac trans-1,4-isopren [7]. Biéu nay
chimg t6 trong qua trinh cit mach da xay ra sy dong
phan héa cic mat xich cis-1,4-isopren thanh
trans-1,4-isopren. Ngoai ra, sy xuét hién cua van dao
dong trong ving 3700 = 3100 cm™ duge quy két cho
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dao dong hoa tri cia nhom hydroxyl (OH) [3]. Déng
thoi, cac tin hi¢u déc trung cia nhom epoxy o 1255 va
877 cm™ ¢ phd IR ciia mdu LEDPNR giam so v6i phd
IR ciia mau EDPNR. Diéu nay ching to, trong qua
trinh cit mach, mot phan cic nhom epoxy da bi mo
vong va hinh thanh 1én céu tric diol.

3.3. Phé cong hwong tiv hat nhin 'H va 3C
'H-NMR

Hinh 2 1a két qua phd "H-NMR cua mau EDPNR
va LEDPNR.
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Hinh 2. Ph6 '"H-NMR ctia DPNR (A), EDPNR (B) va
LEDPNR (C) va vung mé rong tuong ng.

Trén phé 'H-NMR cia miu EDPNR va
LEDPNR c¢6 nhing tin hiéu dic trung cua cdu trac
cis-1,4-isopren nhu: 1,67; 2,04 va 5,11 ppm lan luot
dac trung cho do chuyén dich hoa hoc cua cac proton
ciia gbc metyl (-CHs), metylen (-CH»-) va metin
(=CH-); va nhiing tin hiéu dac trung cia nhom epoxy
nhu: 1,27; 1,53 va 2,67 ppm lan lugt dic trung cho
proton nhom metyl, metylen va metin ciia nhom
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epoxy. Ham lugng nhom epoxy, Xepoxy, dugc tinh toan
theo ty 1€ cuong d6 (I) gitta cac tin hiéu ¢ 2,67 va
5,11 ppm, theo phuong trinh (1) va ham lugng epoxy
ciia mau EDPNR va LEDPNR tinh duoc lan luot 1a
17% va 19%. Nhu véy, ham lugng nhom epoxy tiang
nhe sau phan tng.

12.67
+1

epoxy

x100

5.11

7 (M

2.67

Ngoai ra, trén phd ciia LEDPNR con c6 céc tin
hiéu tai 1,59 va 1,99 ppm lan luot dic trung cho proton
nhom metyl va metylen ctia mit xich trans-1,4-isopren
[2]. Ham lugng cao su bi ddng phan hoa thanh ciu tric
trans-1,4-isopren, %I, dugc tinh theo ty 1¢ cudong do
tin hiéu cua cac tin hi¢u tai 1,67 va 1,59 ppm theo
phuong trinh (2) va ham lugng cao su bi déng phan
héa ctia mau LEDPNR trong nghién ctru nay 1a 62%.:

]1.59

+Il.67

%l = 100 )

1.59

bac biét, tin hi€u tai 1,25 ppm dugc quy két cho
proton nhom metyl trong cAu tric trans- epoxy. Diéu
nay co thé 1a do qua trinh epoxy hod cic nhém trans-
1,4-isopren do bi déng phan hod sinh ra. Ngoai ra, tin
hiéu méi tai 1,11 ppm duoc quy két cho proton nhém
methyl trong c4u triic diol. Trén phé con xuét hién cac
tin hiéu nho trong vung 3,0 + 4,5 ppm. Trén pho
DPNR, céc tin hiéu nay dugc quy két cho cac hop phan
phospholipit va axit béo trong cao su. Trong khi do,
sau khi epoxy hod dang l6ng, xuat hién thém tin hi¢u
6 3,99 va 3,35 ppm. Tin hiéu ¢ 3,99 ppm dugc cho la
proton cua ca hai nhém OH va tin hi¢u & 3,35 dugc
quy két cho proton canh nhém OH trong ciu tric diol.
Nhirng diéu nay khang dinh sy c6 mat ctia cu trac diol
trong cao su LEDPNR. Céu tric diol dugc hinh thanh
la do phan ung m¢ vong trong moi trudng axit [8].
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Hinh 3. D& xuét cac mit xich trong chudi cdu tric cia
LEDPNR.
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Tir céc két qua phan tich tir phd 'H-NMR, hinh 3
dua ra mot s6 cu tric clia cic mét xich ¢6 mit trong
cua cao su epoxy long. Ngoai nhom cis-1,4-isopren,
con c¢6 cac nhom khac nhu nhém trans-1,4-isopren,
nhom trans-epoxy, nhom cis-epoxy va san phdm mo
vong ctia nhom epoxy do 1a ciu trac diol.
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Hinh 4. Phé 3C-NMR ciia LEDPNR va viing mé rong

Cao su epoxy hod léng tiép tuc dugc phan tich
bang phb 3C-NMR. Hinh 4 1a két qua phd *C-NMR
ctia mau LEDPNR. Trén pho c6 cac tin hi¢u dic trung
cho ciu tric cis-1,4-isopren nhu sau: 32,0; 135,0;
125,0; 26,4 va 23,4 ppm lan lugt quy két cho C1, C2,
C3, C4 va C5 (cdu triic duge danh s theo danh phap
IUPAC) cung voi céc tin hi€u didc trung cua nhém
cis-epoxy ¢ 60,7 ppm (C2) va 64,5 ppm (C3). Cac tin
hiéu manh & 16,0 ppm duoc quy két cho C5 ctia trans-
1,4-isopren; tin hiéu & 39,8 va 40,0 ppm dugc quy két
cho cacbon C1 (nhém CH») cua céu tric frans-1,4-
isopren trong trinh tu trans-trans va cis-trans.

Pang chii y 1a tin hiéu xuit hién ¢ 33,3 va
27,3 ppm lan luot dugc quy két cho cacbon C1 va C4
clia cac nhom CH, trong cau triic trans-epoxy va tin
hiéu xudt hién ¢ 36,5 ppm dugc quy két cho cacbon C1
ctia nhom trans-1,4-isopren lién két véi nhom trans-
epoxy [2]. Cac két qua phan tich tir phd '*C két hop véi
sy quy két tir '"H-NMR moét lan nita khéng dinh sy ton
tai cua mét xich trans-epoxy la san phim epoxy hoa
ctia cac mét xich trans-1,4-isopren. Bén canh do6, su
xudt hién cia tin hi¢u 31,5 ppm da khang dinh sy ¢
mit ctia cu trac diol khi tin hidu ¢ 31,5 ppm nay dugc
quy két cho carbon nhém metyl trong cau tric diol.
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Su quy két cac tin hiéu trén phd 3C-NMR cua
mau LEDPNR duoc tong két trong bang 2. Nhu vay,
tir viéc phén tich cdu tric ta thay, qua trinh cat mach 1a
mot phan tng phirc tap xay ra kém theo 1a mot s6 phan
g phu vi du nhu phan g dong phan hoa ctia nhém
cis-1,4-isopren, dong phéan hoa ctia nhom cis-epoxy va
phan trng mé vong cua nhom epoxy.

Bang 2. Bang quy két tin hiéu phd '*C-NMR ciia
LEDPNR

bo dich Vi tri bo dich Vi tri
chuyén cacbon chuyén cacbon
hoa hoc hoéa hoc
(ppm) (ppm)
16,0 T3 33,3 trans-E!
22.4 cis-E’ 36,5 T!
23,4 C? 39,8 T!
26,4 ct 40,0 T!
26,6 T4 60,7 cis-E?
26,8 cis-E* 64,5 cis-E3
27,3 trans-E* 1244 T3
31,5 diol-C? 125,0 C?
32,0 C! 135,0 C2T?
33,0 cis-E!
3.4. Gign dé Pphan tich nhiét vi sai (DSC)
0
1000
2000 |
=
2 -3000 LEDPNR-a
&)
D
Q -4000 |
w000 | DPNR
6000 b
75 -25 25 75
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Hinh 5. Gian d6 DSC cia LEDPNR va DPNR

Trén gian d6 DSC & hinh 5, ta thdy cao su
LEDPNR (%E=19%) c6 1 gia tri Ty & -50 °C cao hon
50 v6i Ty clia cao su DPNR ¢ -67 °C. Viéc ton tai 1 gia
tri T, duy nhat trong miu LEDPNR chung t6 sy dong
nhit vé mit cdu tric trong cao su epoxy long. Pdng
thoi, sy tdng 1én cua 7, cua cao su LEDPNR so v6i
DPNR c6 thé dwoc giai thich 14 do sy xuat hién cua cac
nhém epoxy trong mach cao su lam cho cidc mach cao
su twong tac voi nhau t6t hon va kém mém déo hon.
Pdng thoi su c¢6 mit cua cac nhom chirc nhu
trans-epoxy hay nhom diol cling s€ lam cho tuong tac
giita cac mach cao su tot hon.
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4. Két luan

Trong nghién cru nay, cao su epoxy hda long
dugc tong hop thanh céng bang phan tmg cit mach cao
su epoxy trong méi truong axit (pH =5 + 6) vdi tac
nhan hydro peoxyt va natri nitrit, d@ dugc danh gia
hiéu qua phan tmg qua ham lugng gel, khao sat cau
trac thong qua phd hong ngoai FT-IR, phé cong hudong
tir hat nhan 'H, 3C. Qua cac két qua di phén tich, ham
lugng gel ctia mau LEDPNR giam rd rét so véi DPNR
va EDPNR cho thay hiéu quéa cua phan tng cit mach.
Mat khéc, cao su long co6 cac mét xich bi d@)ng phan
hod tir cis-1,4-isopren thanh trans-1,4-isopren, ciing
nhu qua trinh dong phan hoa nhom cis-epoxy thanh
trans-epoxy. Ngoai ra, trong ciu triic cia LEDPNR
con xuét hién cac nhoém hydroxyl xuét hién do sy mo
vong nhom epoxy trong qua trinh cit mach. Két qua
phan tich nhiét vi sai cho thiy, cao su long ¢ T 16n
hon cao su DPNR thé hién sy tuong tac tot giita cac
nhém chirc xuat hién trong cdu tric ciia cao su long.
Su c6 mat ciia cac nhom chuc phan cuc nay lam giam
tinh mém déo cua cao su thién nhién.

Loi cam on

Nghién ctru nay dugc tai trg boi Trudong Pai hoc
Bach khoa Ha Noi, dé tai co s& ma sb T2018-PC-226.
Tai liéu tham Khao
[1]. Warunee Klinklai, Seiichi Kawahara, Tomonobu
Mizumo, Masahiro Yoshizawa, Jitladda Tangpakdee
Sakdapipanich, Yosinobu Isono, Hiroyuko Ohno
(2013), Depolymerization and ionic conductivity of
enzymatically deproteinized natural rubber having
epxoy group, European Polymer Journal, Vol 39,
1707-1712.

Takayuki Saito, Warunee Klinklai, Seiichi Kawahara
(2007), Characterization of epoxydized natural rubber
by 2D NMR spectroscopy, Polymer, Vol 48, 750-757.
Lé Puc Giang, D.M. Thao, H.T. Huong (2016), Cit
mach oxy hoa cao su thién nhién deprotein hoa bing
hydro peroxyt va natri nitrit, Tap chi Khoa hoc PHSP
TP HCM 3(81).

Suwahati Ibrahim, Asrul Mustafa (2014), Effect of
Reagents concentration and ratios degradation of
natural rubber latex in acidic medium, The Malaysian
Journal of Analytical Science, Vol. 18, No. 2, 404-410.
Suhawati Ibrahim, Rusli Daik, Ibrahim Abdullah
(2014), Functionalization of liquid natural rubber via
oxydative degradation of natural rubber, Polimer, Vol.
6,2928-2941.

L.R. Gelling (1987), Epoxydised natural rubber, NR
Technology, Vol. 18, 271-297.

Y. Yamamoto, S.N.B. Norulhuda, P.T. Nghia, S.
Kawahara  (2018), Thermal degradation of
deproteinized natural rubber, Polymer Degradation
and Stability, Vol. 156, 144-150.

J.T. Sakdapipanich, T. Kowitteerawut, S. Kawahara,
Y. Tanaka (2001), Depolymerisation of highly purified
natural rubber. I. metal-catalysed oxydation of
deproteinised natural rubber, J. Rubb. Res., 4(1), 1-10.

[2].

[3].

[4].

[6].
[71.

(8].





