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ABSTRACT

Hydroxyl terminated liquid natural rubber (HTLNR)}w prepared by the depolymerization
of deproteinized natural rubber (DPNR) in mixtufeéauene and wateat 60°C for 24 hours in
the presence ofammonium persulfateas an initiator and tetrahydrofuran (THF) as a
homogenizing agenGPC analysis revealed that the number-averageaualr weight (M) and
weight-average molecular weight {Mof HTLNR were found to be 4.334x3@/mol and
11.702x16 g/mol, respectively, with polydispersity index (PDf 2.7. The chemical structure
of HTLNR was determined by FTIR afd-NMR and™*C-NMR spectroscopic analysiBased
on the analytical data the mechanism of depolyraéda and hydroxylation of NR to form
HTNR was also suggested.

Keywords: deproteinized natural rubber (DPNR), hydroxyl terated liquid natural rubber
(HTLNR), depolymerization of natural rubber, oxidatdegradation.

1. INTRODUCTION

Liquid natural rubber (LNR) is a modifiddrm of natural rubber (NR) with shorter
polymeric chains. LNR has some benefits for makidgesives, coatings and sealants. It is also
used for various rubber goods other than tires, eékample, anti-vibration rubber, fender,
conveyer belt for mining, rubber hose and so opeEiglly, the LNR with terminated functional
groups are very useful for use as intermediatessXample, reactive compatibilizers plastisizers,
modifiers as well as in chain extension and grgfteactions [1 - 3].

There are some main methods that are tosedke LNR such as depolymerization of NR
by thermal, mechanical, oxidative and photochemagradations. However, oxidative and
photochemical methods can give LNR with reactiventeated functional groups [1].

Various degradation reagents such as phgdrdzine-ferrous chloride [4],
phenylhydrazine-atmospheric oxygen, periodic abid potassium persulfate and propanal [6]
as well as ozone [7] had been used in the preparafiLNR and epoxidized LNR in latex state.
Ravindran and coworkers [2] reported the productioh HTLNR by photochemical
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depolymerization of NR toluene solution at room penature in the presence ob® and
homogenizing agents such as methanol and B4dE.et al. [8] used hydrogen peroxide and
sodium nitrite in the presence of formic acid taduce liquid epoxidized natural rubber
(LENR). Recently, H.L. Pharat al [9] synthesized HTLNR by using photo-Fenton reacand
Suhawati Ibrahirret al.[10] used hydrogen peroxide and sodium nitrite in tresg@nce of formic
acid to produce LNR

In this paper, we report some results t@icern the preparation of HTNR by using
ammonium persulfate as an initiator to depolymeNE the characterization of the HTNR
obtained by GPC, FTIRH-NMR and *C-NMR spectroscopic analysis. The mechanism of
depolymerization and hydroxylation of NR to form NR based on the analytical data is also
discussed in this study.

2. EXPERIMENTS AND METHODS
2.1. Materials

High ammonia stabilized natural rubber latex conita about 30 % of dry rubber content
(M, ~ 7.8x10 g/mol, pH~ 9.8) was provided bihe Dong Duong Group (Vietnam).

Toluene, methanol, tetrahydrofuran (THBpdium dodecyl sulfate (SDS; 99 %yere
purchased from Sigma—Aldrich (USAhydroquinone, ammonium persulfate weparchased
from Merck (Germany)Urea (99.5 %) was purchased from Loba Chemie (Jndi#d other
chemicals and solvents were of purest grade comatigravailable and used without further
purification

2.2. Preparation of deproteinized natural rubber ad HTLNR

Deproteinized natural rubber (DPNR) wagpred by incubation of the latex with 0.2 wt%
urea and 1 wt% SDS at a reaction temperature dC3fdr 60 min according to the work of
Kawaharaet al. [11]. The crumbrubber was recovered by centrifugation followedcbygulation
with methanol and dried to a constant weight imeuwwam oven.

5.0 g of crumb rubber was dissolved in 1d0ofmtoluene for 5 days. This solution was
charged in a reactor, a round bottom three-neagk 88250 ml capacity equipped with a water
condenser, a magnetic stirrer and a water batker &fat, 20 ml borate buffer solution (pH = 9),
20 ml THF and 0,1g ammonium persulfate were intceduinto the flaskThe mixture was
stirred and heated to 6Q for 24 hours. After 24 hours reaction, hydroguisolution(0.5 wt%,

2 mL) was dispersed in the solution and was allowedamodstor a certain timeA layer of water
separated at the bottom along with some white despas byproduct. This was removed, and the
liquid rubber was recovered from the top toluengeitaby distilling of the solvent under low
pressureFinally, the product was purified by repeated preation by methanol from a toluene
solution and washed with distilled water to pH thé&n dried at 76C in a vacuum oven.

2.3. Characterization methods
The chemical structure of the HTLNR was examined HIyR spectroscopy using a
Shimadzu Irprestige-2Epectrometer at Faculty of Chemistry, Hanoi Natiddaiversity of

Education;'H-NMR and™*C-NMR spectra using CDghs solvent and TMS as internal standard
were recorded on the NMR spectrometers ADVANCE 2%z and ADVANCE 500 MHz of
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Bruker at Institute of Chemistry-Vietham AcademySafience and Technology, respectively.

The number average molecular weight, weight averagelecular weight and
polydispersity index (PDI) were measured by gelnmstion chromatography (GPC) with
differential refractometer RID-10A (Shimadzu, Japah Faculty of Chemistry, University of
Science, VNU-Hanoi. All measurements were carristiai 30°C using THF as solvent with
flow rate of 1.0 mL/min. The system was calibrategsing polystyrene standards with the
molecular weight range from 2.95x1@mol to 4.22x16Hg/mol.

3. RESULTS AND DISCUSSION
3.1. Chemical structure of the HTLNR

The FTIR spectrum of HTLNR is shown in Fig.1. Thdsnds characteristic @is-1,4-
isopren, as found in the NR, are also found in HR.Nsuch as: C-H bending at 2920%r&-H
stretching at 1446 ¢ the important characteristic bands for NR appeda662 and 833 ch
which are assigned to the C=€g stretching and =C-H deformation stretching, resipely.
Apart from the major absorption bands characterfsticis-1,4-isoprene, other absorption bands
were also observed in the FTIR spectrum of HTNRhsag a broad absorption band at 3200-
3500 cm*, characteristic of OH stretching vibration; an@psion band at 1373 cth of C-O
stretching, that confirmed the presence of printgroxyl groups in the depolymerized product.
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Figure 1.FTIR spectrum of HTLNR.

Figure 2 shows the proton peaks of NR atl.65, 2.05 and 5.12 ppm which are assigned
to the methyl ¢, 3H), methylenelqrs, 4H) and unsaturated methin@,(1H) protons, respectively.
The signal due to the hydroxyl proton in the hygmethyl group is usually observed around
(1= 4.0 ppm to 4.2 ppm. This however, could not btected in the present case, since the
signal/noise ratio was too unfavorable to see tiiegeoups.
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Figure 2."H-NMR spectrum of HTLNR. Figure 3.**C-NMR spectrum of HTLNR.

The'®C-NMR spectrum is shown in Figure 3 which includgsmracteristic peaks of 5
cacbon atoms on NR:;@32.22 ppm), €(134.23 ppm), €(124.45 ppm), €(26.34 ppm), €
(23.34 ppm)Apart from these major peaks the spectrum alscagwed minor peaks at d = 78.39,
76.98 and 75.57 ppm due to CRGDther minor peaks at= 60.85 and 64.54 ppm could be due
to a-carbons attached to the hydroxyl groups in strestuike (I) and (ll), respectively and
hence could indeed correspond taxamydroxymethyl group.
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Several minor peaks could also be obseavtédrom 22.32 to 33.22 ppm in tH&C-NMR
spectrum of HTNR (Figure 3), indicating the proleabkide products due to the formation of
epoxy group.

The broad OH stretching band at 3200 - 36®0 in the FTIR spectrum of the HTNR
(Figure 1) and also the peaks &t= 60.85 ppm and 64.54 ppm (Figure 3) which were
characteristic of the-carbons of allylalcohol in thEC-NMR spectrum of HTNR suggest the
terminal hydroxyl groups in the product. The altyiydroxyl protons in théH-NMR spectrum
were masked by the multipleséat 5.12 ppm of the >C=C-H protans

3.2. Molecular weight of HTLNR
GPC analysis revealed that the number-average olateweight (M) and weight-average

molecular weight (V) of HTLNR were found to be 4.334x1@/mol and 11.702x£0g/mol,
respectively, with polydispersity index (PDI) of74Table 3.1).

Table 3.1.The number-average molecular weight,(ldnd weight-average molecular weight,)\f

HTLNR.
Number-average molecular Weight-average molecular Polydispersity index
weight (g/mol) weight (g/mol) (PDI)
4.334x16 11.702x18 2.7
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3.3. Mechanism of depolymerization and hydroxylatia

In all the earlier proposals free radical mechartisis been suggested for the degradation of
NR. The chemical reagents used in the processraee ridical generators such as thiols,
peroxides, Fenton reagent, photo-Fenton reagemt[1et9]. In the NR, the bond between-
methylenic groups which connect the isoprene waésnot in the same plane with the double
bonds. This is because there is a tendency ofhgoilp of the rubber segments due to dis
configuration.

CH H
N o’
RN 1 4
.—CH, CHz—%z .y CHy— ---
c=cC
5 / AN
CH, H

Structure of natural rubber

The steric hinderance caused by such an unbalastngrture with pendent methyl groups
weakens the CH- CH, bond, leading to its rupture under favorable coor which are provided
by thermal energy or the chain modifications causedadical species or by radiation [2].

Persulfate salts are dissociated in water to tihguffate anion (equation 1) which, despite
having a strong oxidation potential®(E 2.01 V), is kinetically slow to react with manyganic
compounds. Studies have indicated that persulfisitena can be activated to generate sulfate
radicals (SO3), which are stronger oxidants compared to theytfate anion (Eo = 2.6 V). The
most common approach to activate the generati®ulddte radicals is the use of base. Recent
studies have demonstrated the influence of pH erg#meration of reactive oxygen species in
base-activated persulfate systems. Under thesatiomsdmost sulfate radicals are converted to
hydroxyl radicals (equation 2) [12, 13].

Based on the above discussion, the following meshanis suggested for the
depolymerization and hydroxylation of NR [2, 9, 18kheme 1):
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Scheme 1Proposed mechanism for depolymerization and hydation of NR.

4. CONCLUSION

HTNLR (M~ 4.334x18 g/mol, M,,~ 11.702x18 g/mol and PDF 2.7)was successfully

prepared by the depolymerization of NR in tolueokition usingtetrahydrofuran (THF) as a
homogenizing agerand ammonium persulfate as an initiator a®@dfor 24 hours. Chemical
structure of HTLNR was examined by FTIR alitNMR, *C-NMR spectroscopic analysis.
The obtained data confirmed the occurence of thieatixe degradation reaction y@eld LNR
with hydroxyl terminated group¥he mechanism of depolymerization and hydroxylatdhR
to form HTNR based on the analytical data is algggssted in this study.
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TOM TAT

_ TONG HQP CAO SU THIEN NHIEN IONG CO NHOM HYDROXYL CUWI MACH
BANG PHUONG PHAP GAT MACH OXI HOA CAO SU THIEN NHIEN DEPROTEIN HOA

Lé buc Giang, Binh Mong Thio, Hoang ThHudng, Lé Thi Thu Higp
Khoa Héa lac, Pai hoc Vinh, 182 Lé Dén, Tp. Vinh

"Email: Leducgiang@gmail.com

Cao suthién nhién éng c6 nhém hydroxyl @i mach (HTLNR) d4 duoc diéu ché bang
phan (tng cit mach oxi héa cao su thién nhién deprotein héa tradg Hop toluen va néc ¢
60 °C trong 24 g, chit dong tké tetrahidrofuran (THF) va éh khoi mao amoni persunfat.
Phrong phéap &c ki thim thau gel (GPC)da xacdinh dugc khbi lugng phan i trung binh 8,
khdi luong phant trung binh ki va d6 phan 6 khdi luong phan caa HTLNR &n luot 1a
4,334x16 g/mol, 11,702x16 g/mol va2,7.Ciu tric héa hc caa HTLNR duoc khingdinh king
phuong phap pb hong ngai va ayng hrong tr hat nhan'H va **C. Trong cdng trinh nay ching
t6i ciing da dé xuit co ché phan ung cit mach va hydroxyl héa cao su thién nhiéo thanh
HTLNR trén @ s5 phan tich cacidliéu va cac cong trintd céng .

Tur khéa:cao su thién nhién deprotein hoa, cao su thiéénnbing co nhom hydroxyl @i mach,
cat mach oxi héa cao su thién nhién, phaty loxy hoa.
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