TAP CHI KHOA HOC PHSP TPHCM Lé Dirc Giang va tgk

CAT MACH OxXl HOA CAO SU THIEN NHIEN DEPROTEIN HOA
BANG HYDROPEROXIT VA NATRI NITRIT

LE PUC GIANG', PINH MONG THAO™, HOANG THI HUONG”™

TOM TAT
Cao su thién nhién léng c¢6 nhém hydroxyl cudi mach d@a duwoc diéu ché bang phdn
1ng cdat mach oxi hda cao su thién nhién deprotein hoa trong hén hop toluen va nuéc ¢
60°C trong 24 gio, chdt dong thé tetrahidrofuran (THF) va chdt khoi mao
hydroproxit/natri nitrit. Phiwong phdp sdc ki tham thdu gel (GPC) da xac dinh duoc khoi
lirong phan tir trung binh sa, khoi lwrong phan ti trung binh khéi va dg phan bé khéi long
phan tir ciia CSTNL lan hieot 1a 4,836%10° g/mol, 11,317x10° g/mol va 2,34. Cdu tric héa
hoc ciia CSTNL dwoc khang dinh bang phwong phép phé hong ngom va cong huwong tir hat
nhan *H va **C. Trong cong trinh nay, chiing toi ciing da dé xudt co ché phan iing cit mach
va hydroxyl hoa cao su thién nhién tao thanh CSTNL trén co so phén tich cac dir ligu va
cac cong trinh da cong ba.
Tar khoa: cao su thién nhién deprotein hda, cao su thién nhién long c6 nhom
hydroxyl cubi mach, cit mach oxi hoa cao su thién nhién, phan hay oxi hda.
ABSTRACT

Oxidative depolymerization of deproteinized natural rubber using hydrogen peroxide
and sodium nitrite as reagents

Hydroxyl terminated liquid natural rubber (HTLNR) was prepared by the
depolymerization of deproteinized natural rubber (DPNR) in mixture of toluene and water
at 60°C for 24 hours in the presence of hydrogen peroxide and sodium nitrite as an
initiator and tetrahydrofuran (THF) as a homogenizing agent. GPC analysis revealed that
the number-average molecular weight (M,) and weight-average molecular weight (M) of
HTLNR were found to be 4.831x10% g/mol and 11.317x10° g/mol, respectively, with
polydispersiti index (PDI) of 2.34. The chemical structure of HTLNR was determined by
FTIR and *H-NMR and *C-NMR spectroscopic analysis. Based on the analytical data the
mechanism of depolymerization and hydroxylation of NR to form HTNR was also
suggested.

Keywords: Deproteinized natural rubber (DPNR), hydroxyl terminated liquid natural
rubber (HTLNR), depolymerization of natural rubber, oxidative degradation.

1.  Mé dau

Cao su thién nhién long (CSTNL) la cao su thién nhién (CSTN) bién tinh véi c6
khdi lIwong phan tir khoang 2000-20.000 dvC. CSTNL duoc st dung 1am nguyén liéu
dé ché tao keo dan, son, chat hoa déo trong cdng nghiép cao su, vat liéu chng rung va
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chét chéng thim. Dic biét, CSTNL va&i nhém chic cudi mach dugc s dung 1am chét
tuong hop, chat bién tinh cho cac polyme blend va ding dé tong hop cac copolyme
khéi. [6, 10, 11]

CSTNL duoc tong hop bang phuong phap cat mach CSTN nhu cit mach nhiét,
co hoc, oxi hda va quang héa. Trong d6, phwong phap cit mach oxi hda va quang hoa
duoc sir dung dé tong hop CSTNL c6 chira cac nhém chirc ¢ cubi mach [6]. Cac tac
nhan oxi hdéa nhu phenylhydrazin-FeCl, [9], phenylhydrazin-oxi khéng khi, axit
periodic [5], kali persunfat va propanal [1] d& duoc sir dung dé tong hop CSTNL va cao
su thién nhién long epoxy hoa tir latex caa CSTN. Ravindran va cong su [10] da tong
hop dwoc CSTNL c¢6 chira nhém hydroxyl cudi mach bang phuong phap phan hay
quang hda dung dich CSTN trong toluen ¢ nhiét do phong véi su ¢d mat caa hydro
peroxit, tac nhan dong thé 1a metanol va tetrahydrofuran (THF). Gan déay, Pham Hiu Li
va cong su d4 tong hop dugc CSTNL ¢6 nhém hydroxyl cudi mach bang phwong phap
cat mach CSTN bgi tac nhan Fenton va Fenton quang héa. [7]

Trong c6ng trinh ndy, ching toi d4 téng hop dugc CSTNL ¢6 nhém hydroxyl &
cudi mach bang phuong phap cit mach oxi hoa CSTN d4 tach loai protein bang hydro
peroxit va natri nitrit; cau tric hda hoc cia CSTNL da dugc khao sat bang phd hong
ngoai va phd cong huong tir hat nhan; khéi lugng phan tir va do phan bd khdi luong
phén tir duoc xac dinh bang phuong phap sic ki tham thau gel (GPC) va da dé nghi co
ché caa phan ng cat mach va hydroxyl hoa tao thanh CSTNL ¢6 nhém hydroxyl cudi
mach.

2. Phwong phap nghién ciru va thuc nghiém
2.1. Nguyén ligu va hoa chat

Latex cao su thién nhién véi ham lugng cao su khd 30% vé khéi lugng (M, ~
7,8x10° g/mol, pH ~ 9,8) duoc 6n dinh bing amoniac dwgc cung cip bsi Cong ti
TNHH Pau tu va Phét trién Dong Duong (Viét Nam).

Toluen, tetrahydrofuran (THF), natri dodexyl sunfat (SDS; 99%), metanol
(Sigma—Aldrich, USA), hydroquinon, hydro peroxit, natri nitrit, ure, axit formic
(Merck, Germany).

2.2. Ché tao CSTN deprotein hda va CSTNL c6 nhém hydroxyl cudi mach

CSTN deprotein hoa dugc ché tao bang phurong phép xir Ii latex CSTN vai 0,2%
ure va 1,0% natri dodexyl sunfat & 30°C trong 60 phut theo quy trinh cia Kawahara va
cong su [4]. Sau dé, latex cao su dugce dong tu bang metanol, rira sach san pham nhiéu
lan bang nude cat va siy khd trong ti sdy chan khong dén khdi luong khong doi.

Hoa tan 5,0 g CSTN deprotein hoa trong 100ml toluen trong 5 ngay. Cho 100 mi
dung dich d6 vao binh cau day tron, 3 ¢b, dung tich 250ml, duoc lap dng sinh han hoi
luu, nhiét ké va dat trén may khudy tir. Sau do, 20 ml THF, dung dich hydro peroxit
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(0,2mol), natri nitrit (0,1mol) va 20ml dung dich axit formic 5% lan lwgt dugc cho vao
binh cau. H3n hop duoc khudy bang may khudy tir & 60°C trong 24 gio. Sau do, thém 2
ml dung dich hydroquinon 0,5% vao dé tat mach phan ang. Hon hop dugc phan thanh
hai 16p, tach 16p toluen & trén va két tia bang metanol thu duoc chat long nhét. San
pham duogc rira nhiéu l1an bang nudc cat va sdy khd ¢ 70°C trong ti sdy chan khong dén
khéi lugng khong doi.

2.3. Phwong phdp nghién ciru

Céu trac héa hoc cua CSTNL c6 nhdm hydroxyl cubi mach dugc khao sat bang
phd hdng ngoai va phd cong hudng tir hat nhan. Phd hong ngoai dugc do trén may
Shimadzu Irprestige-21 (Nhat Ban) tai Khoa Héa hoc, Truong DPai hoc Su pham Ha
Noi; phd cong huong tir hat nhan *H-NMR va *C-NMR dugc do trong dung moi
CDCl; trén may ADVANCE 125 MHz va ADVANCE 500 MHz (Bruker, btc) tai Vién
Hoa hoc, Vién Han lam Khoa hoc va Cong nghé Viét Nam.

Khéi lwong phan tir trung binh s6, khéi lugng phan tir trung binh khdi va do phan
b khdi lwong phéan tir caa CSTNL ¢6 nhdm hydroxyl cudi mach duge xac dinh bang
phuong phap sic ki tham thau gel (GPC) véi detector khic xa ké vi sai RID-10A
(Shimadzu, Nhat Ban) tai Khoa Hoa hoc, Truong Pai hoc Khoa hoc Ty nhién, PHQG
Ha Noi. Cac phép do dugc thuc hién ¢ 30°C sit dung THF lam dung moi véi tbc do
1,0ml/phut, chat chuan 1a polystiren véi khdi lugng phan tir khoang tir 2,95x10° g/mol
dén 4,22x10* g/mol.

3. Kétqua va thao luan
3.1. Cdu tric hoa hec cia cao su thién nhién léng

Trong phd hong ngoai caa CSTNL (Hinh 1) cho thay cac dinh déc trung cho ciu
tric cua cis-1,4-isopren trong CSTN nhu: Dao dong héa tri cua lién két C-H & 2920cm™,
dao dong bién dang cua lién két C-H & 1446¢cm™; dac biét cac dinh phd ¢ 1662 cm™ va
& 833cm™ lan luot didc trung cho dao dong hoa tri cua lién két doi C=C va dao dong
bién dang cua lién két =C-H. Bén canh d6, con xuat hién dai phd tir 3200-3500cm™ dic
trung cho dao dong hda tri ciia nhom hydroxyl va dinh phd ¢ 1373 cm™ dic trung cho
dao dong hoa tri cua lién két C-OH. Piéu d6 cho thay rang d4 co sy xuat hién cia nhém
hydroxyl bac 1 trong CSTNL.
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Hinh 1. Phé hong ngogi cia cao su thién nhién léng
Trong phé cong huong tir hat nhan *H caa CSTNL (Hinh 2) xut hién céc pic dac
trung cho cau tric cis-1,4-isopren cta cao su thién nhién, d6 la cac pic ¢ 6 = 1, 65ppm,
2,05ppm va 5,12ppm lan luot 1a do chuyén dich hda hoc cua proton trong nhdm metil
(s, 3H), metilen (brs, 4H) va nhdm metin khéng no (m, 1H).
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Hinh 2. Phé *H-NMR ciza CSTNL Hinh 3. Phé **C-NMR czza CSTNL
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Tir phd cong huong tir hat nhan **C caa CSTNL (Hinh 3) cho thdy cac pic dac
trung cua 5 nguyén tir cacbon trong cau trdc cis-1,4-isopren cua CSTN: C1 (32,22
ppm), C, (134,23 ppm), C; (124,45 ppm), C, (26,34 ppm) va Cs (23,34 ppm). Ngoai ra,
cac pic vai do chuyen dich hoa hoc ¢ 78,39 ppm, 76,98 ppm va 75,57 ppm la cua cac
proton trong dung méi CDCl; chua deuteri hoa.

Nhu vay, cac dir liéu phd hong ngoai va phd cong huang tir hat nhan (*H-NMR va
3C-NMR) ciia CSTNL cho thdy CSTNL diéu ché duoc c6 chira nhém hydroxyl cudi
mach va c6 cau tric cis-1,4-isopren caa CSTN.

3.2. Khéi lwong phan ti# va dg phan bé khéi lweng phan ti

Khéi luong phan tir trung binh s6 (M,), khéi luong phan tir trung binh khéi (M,,)
va d6 phan bo khoi lugng phan tir cia CSTNL c6 nhom hydroxyl cu6i mach duoc xac
dinh bang phuong phap sac ki tham thau gel (GPC) véi detector khic xa ké vi sai RID-
10A (Shimadzu, Nhat Ban). Két qua phan tich cho thiy khéi lugng phan tir trung binh
s6 va khdi luong phan tir trung binh khéi cua CSTNL téng hop duoc lan luot la
4,836x10° g/mol va 11,317x10° g/mol, véi @6 phan bb khdi luong 1a 2,34 (Bang 1).

Bdang 1. Khoi hiwong phan tir va do phan b khoi lwong phan tir cia CSTNL

Khéi lugng phan tir Khéi lugng phan tir Do phan b
trung binh sé (g/mol) trung binh khéi (g/mol) khéi lwong phan tir
4,836x10° 11,317x10° 2,34

3.3. Co ché phan ing cit mach va hydroxyl hoa

Trong phan tir CSTN, do céu tric dang cis va mach cacbon rat dai nén lién két o
gitra cac nhom metilen (lién két C1-C4) kém bén, dé bi dut dudi tac dung cua luc co
hoc, nhiét d9, goc tu do hoac burc xa.

CH H
3\02 ; /
1 4 1
C— C
Ny

Pay chinh 1a co s& cua phan ang cét mach lam giam khéi lwong phén tir cua
CSTN dé tao thanh CSTNL d4 duoc thao luan trong nhiéu cong trinh nghién ciu trude
day [7, 10].

Trén co sé phan ung tao thanh gc hydroxyl tir phan ung cuaa hydro peroxit voi
natri nitrit trong moi trurong axit [2, 5] va phan ung cit mach CSTN boi cac tc nhan
khac [7, 10], chung t6i d& nghi co ché phan tng cit mach CSTN deprotein héa bai
hydro peroxit va natri nitrit trong méi treong axit tao thanh CSTNL ¢6 nhom hydroxyl
cudi mach nhu sau:
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Hzoz + NOZ_ ——> ONOO + Hzo
ONOO + H' =——== ONOOH

ONOOH —=—= OH  + NO,
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So' do 1. Co ché phan ing cat mach va hydroxyl hda CSTN

4.  Kétluan

Bang phwong phap cat mach CSTN deprotein hda trong dung dich toluen, véi tac
nhan oxi hda 1a hydro peroxit va natri nitrit trong méi truong axit, ¢4 diéu ché duoc
CSTNL ¢6 nhém hydroxyl cudi mach voi M, ~ 4,836x10° g/mol, M,, ~ 11,317x10°
g/mol va do phan bd khdi lwong phan tir ~ 2,34. Phan tng duoc thuc hién & 60°C trong
24 gio voi chat dong thé 1a tetrahydrofuran. Cau triic hda hoc cia CSTNL da duoc
khao sat bang phd hdng ngoai va phd cong huong tir hat nhan *H va *C. Céac dix liéu
phan tich thu dwoc xac nhan da xay ra phan ung cit mach oxi héa CSTN tao thanh
CSTNL c6 nhém hydroxyl cudi mach. Co ché phan @ng cit mach va hydrxyl hoa da
dugc dé nghi trén co sé cac két qua nghién ciru da cong bé.
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