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Hydroxyl teiminated liquid natuial rubber (HTLNR) was prepared by the depolymerization 
of depioteinized naniial tttbbei (DPNR) tn mixture of toluene and water at 60 °C for 24 hours ia 
the presence of ammonium persulfate as an initiator and tetrahydrofuran (THF) as a 
homogenizing agent. GPC analysis levealed that the numbei-aveiage moleculai weight (MJ anti 
weight-aveiage molecular weight (Mw) of HTLNR were found to be 4.334KI0^ g/mol and 
11.702x10' g/mol, lespectively, with polydispeisity index (PDI) of 2.7. The chemical structuie 
of HTLNR was detennined 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. 

KevMords: deproteimzed namral rubber (DPNR), hydroxyl teiminated liquid natuial rubber 
(HTLNR), depolymerization of natural rubber, oxidative degradation. 

I, INTRODUCTION 

Liquid natural rubber (LNR) is a modified fotm of namral rubber (NR) with shoitei 
polymenc cha,ns. LNR has some benefits foi making adhestves, coatings and sealants. It is also 
used foi vanous rabbet goods other than tires, for example, anti-vtbration rabbet, fender, 
conveyer belt for mining, rabber hose and so on. Especially, the LNR with tenninated functional 
groups are very usefiil fot use as intennediates, foi example, reactive compatibilizeis plastisizets, 
mod,l,eni as well as in cha,n extension and giafting reactions [1-3]. 

There are some main methods that are used to make LNR such as depolymerization of NR 
by thennal. raechanical, oxidative and photochemical degradations. However, oxidative and 
photochemical methods can give LNR with teactive tenninated ftmctional groups [I]. 

Vanous degradation reagents such as phenylhydrazine-ferrous chloride [4] 
pheny hydrazine-aunosphenc oxygen, periodic acid [5], potassium persulfate and propanal [6]' 
as well as ozone [7] had been used in the preparation of LNR and epoxidized LNR in latex state 
Kaxindian and cowoikets [2] reported the pioduction of HTLNR by photochemical 
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depolymerizatton of NR toluene solution at room temperemre ,n the presence of H,0, and 

' odmm nTtrit' T h " " ' " " •"'""'°°' """ ™'^ ""' " " ^ " - " " '""Sen peroxide and 
(LEm) Rece„;rv H ^ P h " " 1 , ' ™ = '"" '" ''"^"'' '•<•"'" ^P" ' "" ' - " »' '->l -^bber 
SuLwati t r X m ^ „/• I , n ? " "f " ' "^*'='"^ ' ' " ^ ' " ' ^ "^ "^'"i^ photo-Fenton reaction and 

a m m l n m m ' n S a t r " " ' ° " ' "" ' ' "'"'" "•"' ''""""' *= P^P^r"""" of HTNR bv using 
obtZeiby GPC TTIR "'l^"TIu ' ° ' ' r ' > ™ - - = NR, the chai^ctenzation of the HVNR is 
ZoT™ !̂  71 • " ' '" '" '^ ""'' C-NMR specttoscopic analysis. The mechanism of 

£ : ^ J m r r d " ^ * ™ ^ ' " ' ° " ° ' ^ ^ '° ^°™ " ™ ^ ' - = ^ °" *= -^',^'0»' 5 - - l ° o 

2. EXPERIMENTS AND METHODS 

2.1. Materials 

g/mol, pH - 9 8) was piovided by the Dong Duong Group (Viemam) 

p u r e h I : i r f L l t n \ ° V , r h 1 u t T " h t d " " - " ' ' " " ' ' * ' ^ ' ^ ' '""''' ''°'-' "> " * - -from Merek (Ge™fny Ure 99 5 y ' ^y^;°'"""°»'=- ™on,um persulfate were purehased 

~ s and s o l v e - w e : t : ; : i : ; ' g : : ^ I ^ ^ ^ ^ ^ ^ 

2,2, Preparation of deproteinized natural rubber and HTLNR 

.rea a n T r S t r s ^ D s T : r i T o f t l p l r S ' ^ c ' r » " ' ' ° " " " T " ™'^ "' "'°^° 
Kawahata a a/ f| n The cnimb rnhher w . 5 """ '>0'=°'-'''ng to the woik of 
w,th methanol and^iL tta c o ™ L t t ; h T : : ^vllTm o ' j e r ' " ' ' ^ " ' " ' " " " " " ^ ' ™ ^ " ' -

5.() g of cramb rabber was dissolved in 100 ml of toluene for 5 davs Tl,, i .-
charged in a reactor, a round bottom three-neck flask of 250 mTc!„» H t " ° " ™' 
condenser, a magnetic stin-er and a water bath After ,ha. ^0 ml ho"̂  , K T""'f " " " ' ™ ' " 
20 ,nl THF and 0,lg ammon,um peisulfa.c w„e ' n t l ' c e d L t ! fl k' T° ""°° * " ' '*' 
snned and hea,ed to 60 "C fot 24 bouts. Aftei 24 houis l eac t l h H ^ ' " '""""'= ^"^ 
2 mL) was dtspeised m the solution and was altwed ^s nd foi / ? " ' " ° ° '°" '"° ' ' '"'^ "'"''"• 
separated at the bottom along wnh some white d e ^ t s a hyp "due Th" """• ^ '''Z " ' " " » " 
hquid rabbet was recoveicd from the ,op toluene laye by d ". h i „ , " " 7 ™ ™ " ' " " " " = 
pressure. Finally, the product w.,s purified by repeated p i c c m t i r K i! "°'"''"' ""'^'=' ' " " 
solution and washed with distilled watei to pH î 7 ten diTej ' ™ r*" ' " ' ° ' " ' " ' 

I men oned at 70 C in a vacuum oven 
2.3, Characterization methods 

The chemical smicture of the HTLNR was examined bv FTIP 
Shimadzu ltprestige-21 spectioraelei at Faculty of Chmis,™ H x,"" "" ' "P^ """'^ " 
Educanon; 'H-NMR and "C-NMR spectta usmg CDCl """"' ""'™rs.ty of 
were lecoided on the NMR specn-ometcrs ADVANCE* I '•; Mu°' ""H T^^ " " " ™ " ^'™''"<' 

^c , o .MHz and ADVANCE 500 MHz of 
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Bruker at Instimte of Chemistry--Vietnam Academy of Science and Technology, respectively. 

The number average molecular weight, weight average molecular weight and 
polydispersity index (PDI) were measured by gel permeation chromatography (GPC) with 
differential refractometer RID-lOA (Shimadzu, Japan) at Faculty of Chemistry, University of 
Science. VNU-Hanoi. All measurements were carried out at 30 "C using THF as solvent with 
flow rate of 1.0 mL/min. The system was calibrated using polystyrene standards with the 
molecular weight range from 2.95>'10^ g/moi to 4.22x10" g/mol. 

3. RESULTS AND DISCUSSION 

3.1. Chemical structure of the HTLNR 

The FTIR specn^im of HTLNR is shown in Fig.l. Those bands characteristic of m-1.4-
isopren. as found in the NR, are also found in HTLNR, such as; C-H bending at 2920 cm'', C-H 
stretching at 1446 cm''; the important charactenstic bands for NR appear at 1662 and 833 cm'', 
which are assigned to lhe C=C (cis) stretching and ==C-H deformation stretching, respectively 
Apart from the major absorption bands characteristic for ci5-I,4-isoprene, other absorption bands 
were also observed in the FTIR spectrum of HTNR such as a broad absorption band at 3200-
3500 cm '. characteristic of OH stretching vibration; an absorption band at 1373 cm"' of C-O 
stretching, that confirmed the presence of primary hydroxy! groups in the depolymerized produci. 

4000 3600 3200 2800 2400 2000 1800 !6'00 1400 1200 1000 

Wave number, c m ' 
800 600 400 

Figure I. FTIR spectrum of HTLNR 

Figure 2 shows Ihe proton peaks of NR at 5 - 1.65, 2.05 and 5.12 ppm which are assigned 
10 the methyl (s, 3H), methylene {brs, 4H) and unsaturated methine (m, IH) protons, respectively. 
The signal due to the hydroxyl proton m the hydroxymethyl group is usually observed around 
, - 4 0 ppm to 4.2 ppm. This however, could not be detected in the present case, since the 

signal/noise ratio was too unfavorable to see the end groups. 
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Figure 2 'H-NMR specuum of HTLNR Figiii-e 3. "C-NMR spechum of HTLNR. 

cacbo?L2;r5R.'j';'^i%trc"tnf;;' "f? •""""" *"̂ ='="̂ * ̂ ^^^ °f ̂  
to «-eaibons attached to the hvdrexv """"' """*' "' ' ' ' ° ' ' """ ''•"' PP" "'"''•' "= ""= 
hence could , n d e e d t ' C o „ d \ ' o r r h y T S , ; " c . h ; 7 r ; . ' ' ^ = » - " <"'' ^ P - - ' ^ - ^ 

(1) 

c I 

(II) 

Seveial minoi peaks could also be obseived at 8 from 77 n ,„ t t I T U U 
specttum of HTNR (Fieure Tl indir»,i„„ ,i ']""'>"'f ^-^2 to 33.22 ppm m the '=C-NMR 
epoxy group ^ '• ' "* " " P™''»''''= '"^^ P""^""^ 'i"= to the formatton of 

The broad OH stretching band at 3200 - 3500 cm"' ,„ , k . CT,D 

(Figure I) and also the peaks al S = 60 85 pnm and M 54 " " * f f ' ™ " ' "f " e HTNR 

charactenstic of thea-carbons of allylalcohol in t h T ' V NMR "•"" " ^ " " ^> " '" '^ ' ' ™ 

lerminal hydroxyl groups in the produ The a y ic h v d r o x T " ; ' " ." ' '^™'^ '"^1^'" ""= 

were masked by the mulbples at 6 = 5.12 ppm o f t > S c H p r o t r ' " " ' ' ' ' " * '"''"""' 

3.2. Molecular weight of HTLNR 

GPC analysis revealed that the number-average molecular wei„h, IM i ., • . 
molecular weight (M„) of HTLNR were found to be 4 334x n" f ' ' / » ' = ' E ' " r " " S e 
respectively, with polydispersity index (PDI) of 2.7 (Table 3 I) ' ' ™ ^ ' " " i ^ ™ ' ' 

TiWeJ; The number-average molecular weight (M.) and wei-hiav,™ , , 
HTLNR ^"'"'-'^"'S' molecular weight (M.) of 

Number-average molecular 
weight (g/mol) 

4.334x10' 

Weight-a\erageinolecularT 
weight (g/'mol) 

11 702^0" 

Polyd,spers,ty ,ndex 
JPDI)_ 

27 
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3.3, Mechanism of depolymerization and hydroxylation 

to all the earlier proposals free radical mechanism has been suggested for the degiadation of 
NR The chemical reaaents used in the process are free radical generators such as thiols, 
peroxides, Fenton reagent, photo-Fenton leagent, etc. [I, 9], to the NR, the a bond between n-
methylenic groups which connect the isoprene units are not in dte same plane wid, the double 
bonds. Thts ,s because there is a tendency of coiltng up of d,e rubber segments due to its els 
configuration. 

3 / " 

y 
CH., 

Structure of natural rubber 

The steric hinderance caused by such an unbalanced structure with pendent methyl groups 
weakens the CH; - CH: bond, leadmg to its rupUire under favorable conditions which are provided 
by thermal energy or the chain modifications caused by radical species or by radiation [2], 

Persulfate sails are dissociated in water to the persulfate anion (equation 1) which, despite 
having a strong oxidation potential (E" = 2.01 V), is kinetically slow to react with many organic 
compounds. Smdies have indicated that persulfate anions can be activated to generate sulfate 
radicals (804'"). which are stronger oxidants compared to the persulfate anion (Eo = 2.6 V). The 
most common approach lo activate the generation of sulfate radicals is the use of base. Recent 
studies have demonstrated the influence of pH on the generation of reactive oxygen species in 
base-activated persulfate systems. Under these conditions most sulfate radicals are converted to 
hydroxyl radicals (equation 2) [12, 13]. 

Based on the above discussion, the following mechanism s suggested for the 
depolymerization and hydroxylation of NR [2, 9, 12] (Scheme 1); 

2504' 

SO4" 

(1) 

S04=̂ - + OH' (2) 

X. 
V 2 3 / 

HO—qH, c 
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K / <-H,̂  yt' 

I / ^ = \ . "0" • >=cC 
—™, ^CHV . . _ ( 1 H / ^ C V O H 

Scheme I. Proposed mechanism for depolymerization and hydroxylation of NR. 

4. CONCLUSION 

prepar'jrSv'Jh!.'!,"^ " ^ ' ' • ^ . " ' ' ^ " " o l . M . ~ I I ,702«I0 ' ^mo l and PDI ^ 2.7) was successfully 

.otrHrZdiihfa-̂ ŝxrarŝ s:̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂  
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TOM T A T 

TONG HOP CAO SU THIEN NHIEN LONG CO NHOM HYDROXYL CUOI MACH 
BANG PHUONG PHAP CAT MACH OXI HOA CAO SU THIEN NHIEN DEPROTEIN HOA 

Le Due Giang', Dinh Mpng Thao, Hoang Thi Hirong. Le Thi Thu Hi?p 

Khoa Hoa hoc, Dqi hoc Vinh, 182 Le Duan, Tp. Vinh 

'Email: LeducsiangfS),^mail.com 

Cao su thien nhien long co nhom hydroxyl cuoi mach (HTLNR) da dugc dieu che bang 
phan img c3l mach oxi hoa cao su thien nhien deprotein hoa trong hon hop toluen va nuac a 
60 "C trong 24 gicr, chat dong the tetrahidrofiiran (THF) va chat khai m^o amoni persunfat. 
Phucmg phap sac ki tham thau gel (GPC) da xac dmh dugc khoi lugng phan tir trung hinli so, 
khoi lugng phan tis trung binh khoi va do phan bo khoi lugng phan tu ciia HTLNR lan lugt l̂  
4,334x10^ g/mol, 11,702x10' g/mol va 2,7. Cau tnic hoa hpc ciia HTLNR dugc khang dinh bang 
phuong phap pho hong ngoai va cpng huong ni hat nhan ' H va '""C. Trong cong trinh nay chung 
loi cung da de xuat co che phan img cat mach va hydroxy! hoa cao su thien nhien tao thanh 
HTLNR tren co so phan tich cac dii lieu va cac cong trinh da cong bo. 

Tir khoa • cao su thien nhien deprotein hoa, cao su thien nhien long co nhom hydroxyl cuoi mach, 
cat mach oxi hoa cao su thien nhien, phan huy oxy hoa. 




