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ABSTRACT

Hydroxy! terminated liquid natvral rubber (HTLNR) was prepared by the depolymerization
of deproteinized natural rubber (DPNR) m mixture of toluene and water at 69 °C for 24 hours in
the presence of ammonium persulfate as an inator and tetrahydrofuran (THF) as a
homogenizing agent. GPC analysis revealed that the number-average molecular weight (M,) and
weght-average molecutar weight {M,) of HTLNR were found to be 4.334x10° g/mol and
15.702x10° g/mol, respectively, with pelydispersity index (PDI} of 2.7. 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.

Kevwords: deproteimized natural rubber (DPNR), hydroxyl terminated liquid natural rubber
(HTLNR), depolymerization of natural rubber, oxidative degradation,

1. INTRODUCTIQN

Liquid natural rubber (LNR) is a modified form of natural rubber (NR) with shorter
polymeric chains. LNR has some benefits for making adhesives, coatings and sealants. It is also
used for various rubber goods other than tires, for example, anti-vibration rubber, fender,
conveyer belt for mmning, rubber hose and so on. Especiaily, the LNR with terminated fincticnal
groups are very useful for use as intermediates, for example, reactive compatibilizers plastisizers,
modifiers as well as in chain extension and grafting reactions [1 - 3).

There are some main methods that are used to make LNR such as depolymerizaticn of NR
by thermal, mechamical, oxidative and photochemical degradations. However, oxidative and
photochemical methods can give LNR with reactive terminated functional groups [1].

Vanous  degradation reagents such as phenylhydrazine-fercous  chloride [4],
phenylhydrazine-atmospheric oxyger, periodic acid [S], potassium persulfate and propanal [6]
as well as vzone {7) had been used in the preparation of LNR and epoxidized LNR in Jatex state.
Ravindran and coworkers [2] reported the production of HTLNR by photochemical
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depolymerization of NR toluene Solution at room temperature 1n the presence of H;_O; and
homogemzing agents such as methanol and THF Bac er a/ [8] used hydrogen peroxide and
sodium mtrite i the presence of formic acd to produce liquid epoxidized natural rubber
(LENR) Recently, H.L. Pham ez al [9] synthesized HTLNR by using phota-Fenton reaction and
Suhawati Tbralum et of [10] used hydrogen peroxide and sodum nitnte 1 the presence of formic
acid 10 produce LNR.

In this paper, we Teport some results that concern the preparation of HTNR by using
ammonium persulfate as an imnator to depalymerize NR. the charactenzation of the HTNR is
obtained by GPC, FTIR, 'H-NMR and ''C-NMR spectroscopic analysis. The mechanism of
depolymerization and hydroxylation of NR to form HTNR based on the analyzical data 1s also
discussed in this study, .

2. EXPERIMENTS AND METHODS
2.1. Materials

High ammania stabilized natura] rubber latex contaming about 30 % of dry rubber content
My~ 7.8%10° g/mol, pH ~ 9 8) was provided by the Dong Duang Group {Vietnam).

Toluene, methanol, tetrahydrofuran (THF), sodium dodecyl sulfate (SDS; 99 %), were
purchased from Sigma-Aldrich (USA), hydroquinone, ammonum persulfate were purchased
from Merck {Germany), Urea (99.5 %) was purchased from Loba Chemte (India). All other
chemicals and solvents were of purest grade commercially available and nsed without further
punification,

2.2. Preparation of deproteinized natural rubber and HTLNR

Deprotemized natural rubber (DPNR) was prepared by iacubation of the latex with 0.2 wt%
urea and 1 wi% SDS at a reaction temperature of 30 °C for 60 min according to the work of
Kawahara ef al. [11} The crumb rubber was recovered by cenmifi followed by lation
with methanol and dried to a constant weight in a2 vacuum oven

5.0 g of crumb rubber was dissolved in 100 ml of toluene for 5 days This solution was
charged in a reactor, a round bottom three-neck flask of 250 ml capacity equipped with a water
condenser, a magnetic stirrer and 2 water bath. After that, 20 m1 borate buffer solution {pH=9),
20 m] THF and 0.1g ammonum persulfate were mtroduced into the flask The mixture was
stirred and heated to 60 °C for 24 hours. After 24 hours reaction, hydroquinon solutton (0.5 wr%,
2 mL) was dispersed in the solution and was alfowed 10 stand for a certain nme. A layer of water
separated at the bottom along with some white deposits as byproduct This was removed, and the
liquid rubber was recovered from the top toluene layer by distilling of the solvent under low
pressure. Finally, the product was punfied by repeated precipitation by methanol from a toluene
solution and washed with distilled water to pH = 7 then dried at 70 °C 1n a vacuum oven

2.3. Characterization methods
The chemical structure of the HTLNR was examined by FTIR Spectroscopy using a
Shimadzu Irprestige-21 spectrometer at Facuity of Chersstry, Hanor National University of

Education: "H-NMR and “CONMR specira using CDCl. as solvent and TMS as internal standard
wete recorded on the NMR spectrometers ADVANCE 195 MH; and ADVANCE 500 MHz of
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Bruker at Institute of Chemstry-Victnam Academy of Science and Technology, respectively.

The number averagc molecular ‘eight. weight average molecular weight a.nd
polydispersity index (PDI) were measured by gel permeation chromatog_mphy (QPC)vwnh
differential refractometer RID-E0A (Shimadzu. Japan) at Faculty of Chemistry, University of
Scieace, 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/mol to 4.22% 10 g/mol.

3. RESULTS AND DISCUSSION

3.1. Chemical structure of the HTLNR

The FTIR spectrum of HTLNR is shown in Fig.1. Those bands characteristic of cis-14-
1sopren. as found in the NR. are also found in HTLNR, such as: C-H bending at 2920 cm’', CH
stretching at 1446 em™; the important characteristic bands for NR appear at 1662 and 833 e’
which are assigned te the C=C (c1s) stretching and =C-H deformation stretching, respectively
Apart from the major absorption bands characteristic for cis-1 4-1soprene, other absorption bands
were also observed in the FTIR spectrum of HTNR such as a broad absorption band at 3200-
3500 em ', characteristic of OH stretching vibration; an absorption band at 1373 cm™ of C-0
stretching, that confirmed the presence of pamary hydroxyl groups in the depolymerized product,
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Figure 1. FTIR spectrum of HTLNR

Figure 2 shows the proton peaks of NR at & = 1.65, 2.05 and 5.12 ppm which are assigned
i) thc'methyl (s, 3H), methylene (brs, 4H) and unsaturated methine (m, |H) protons, respectively.
The signal due to the hydroxyl proton 1n the hydroxymethy! group is usuaily observed around
.= 40 ppm to 4.2 ppm. This however, could nol be detected in the present case, since the
signal/moise ratio was too unfavorable to see the end groups.
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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 meludes characteristic pcaks of §
cacbon atoms on NR: €1 (3222 ppm), C, (134.23 ppm), Cs (124 45 ppm), C, (26.34 ppm), Cs
(23.34 ppm). Apart from these Nigjor peaks the spectrum also contamed minor peaks at d = 7839,
76.98 and 75.57 ppm dug o CDCl, Other minor peaks at § = 60.85 and 64.54 ppm could be due
1o a-carbons attached to the hydroxyi groups in structures like () and (II), respectively and
hence could indeed correspond to an a-hydroxymethyl group.

] i
C, - C,
e \\C/L\O“ \CéC\C/UH
(31 [40)

Several minor peaks could also be observed at § from 22.32 10 33.22 ppm n the "C-NMR
spectrum of HTNR (Figure 3), indicating the probablc side produets due to the formation of
epoxy group

The broad OH stretching band at 3200 - 3500 cm™ i the FTIR spectrum of the HTNR
(Figure 1) and also the peaks at & — 60 85 pptn and 64 54 ppm (Figure 3) which were
charactenstic of the c-carbons of allylalcohel in the -'C-NMR spectrum of HTNR suggest the
termnal hydroxyl groups in the product. The allylic hydroxyl protons 1 the "H-NMR spectrum
were masked by the multiples at § = 5.12 ppin of the >C=C-1 protons

3.2, Molecular weight of HTLNR

GPC analysis revealed that the number-average molecylar weight (M,) and weight-average
molecular weight (M,,) of HTLNR were found 1o be 4.334x]0} gmol and 11 702x 10} g/mol,
respectively, with polydispersity index (PDY) of 2.7 (Table 3.1)

Table 3 { The nurber-average moleculac weight (M,) and weight-average molecular werght (M, ) of

HTINR.
Number-average molec_ular Wetght-avcrage molecnlar Polydispersity ndex
weight (g/mal) werght (g/mol) (PDI)
- e Mol -
4.334x10° | 11702x10° ) 27
- —_— - -
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3.3. Mechanism of depolymerization and hydroxylation

In all the earlier proposals frec radical mechanism has been s:uggested for the degradation of
NR. The chemical reagents used in the process are free radical gencrators such as thiols,
peroxides, Fenton reagent. photo-Fenton reagent, gtc. [1, 9] 'ln the NR. the & bm?d between g-
methylenic groups which connect the isoprene units are not in the same plane with the douhl.e
bonds. This 1s because there is a tendency of coilng up of the rubber segments due to 1ts cis
configuration.
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Structure of natural rubber

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

Persulfate salts are dissociated in water to the persulfate anion (equation |) which, despite
having a strong oxidation potential (E° = 2.01 V), is kinetically slow to react with many organic
compounds. Studies have indicated that persulfate anions can be activated to generate sulfale
radieals (S047). which are stronger oxidants compared o the persulfate anion (Eo = 2.6 V), The
maest common approach to activate the generation of sulfate radicals 1s 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
depolymenization and hydroxylation of NR [2, 9, 12] (Scheme 1):
2 t° .-
$:04" —— = 250, (1}

SO;” + OH — 50,% + OH' (2)
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Scheme 1. Proposed mechanism for depolymerization and hydroxylation of NR.

4. CONCLUSION

HTNLR (M, ~ 4.334x1¢0° g/mol, M, ~ 11.702x[(* g/mol and PDI ~ 2.7) was successfulty
prepared by the depolymerization of NR in toluene solution using tetrahydrofuran (THF) as a
homogenizing agent and ammonium persulfate as an mitiator at 60 °C for 24 hours. Chermical
structure of HTLNR was examined by FTIR and '"H-NMR, “C-NMR spectroscopic analysis
The obtained data confirmed the occurence of the oxidative degradation reaction to yield LNR
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TOM TAT

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

Lé Pice Giang', Dinh Méng Thdo, Hoang Thi Huéng, Lé Thi Thu Higp
Khoa Hoa hoc, Bat hoc Vinh, 182 Lé Dudn, Tp. Vink
“Fmail: Leducgiang@email.com

Cao su thién nhién léng c6 nhom hydroxyl cudi mach (HTLNR) da dugc diéu ché bang
phan {mg cit mach oxi héa czo su thién nhién deprotein hoa trong hén hep toluen va nuéc ¢
60 °C wong 24 gio, chit dong (hé tetralidrofuran (THF) v& chdt khoi mao amoni persunfat,
Phwong phap séc ki thim thiu gel (GPC) di xac dinh duge khéi Tuomg phan tir trung hink so,
khéi lucng phan tir trung bmh Kkhéi va 43 phin b khéi hrgng phan o cia HTLNR lan Lugt l4
4,334 107 grmol, 11,702%10% g/mol va 2,7. Céu tric héa hoc cia HTLNR duge khing dinh bing
phucng phap phd l:u:)ng ngoai vi céng hudng tir hat nhan 'H va "C. Trong e6ng trinh nay ching
11 cling dd d&é xudt co <he phan (g cit mach va hydroxyl héa cao su thién nhién tgo thanh
HTLNR trén co s& phan tich cdc dit lidu va cic céng trinh da cong bd,

Tie khda- cao su thién nhién deprotein héa, cao su thién ntuén tong c6 nhém hydroxy) cudi mach,
cit mach ox1 hoa cao su thién nhién, phin hiy oxy héa.
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