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Abstract
Kovuttikulrangsie, S. and Khongkot, T.
Natural rubber latex blended polystyrene emulsion for dipping products:

preparation and properties
Songklanakarin J. Sci. Technol., 2004, 26(4) : 577-593

Deproteinized natural rubber latex (DPNR) was prepared using KAO protease enzyme to digest
proteins from natural rubber low ammonia concentrated latex (NR-LA). Polystyrene latex (PS) was synthe-
sized by emulsion polymerization technique for blending with natural rubber. The maximum fraction of PS
blended NR-LA or DPNR used to obtain a homogenous film was 20% w/w. The 300% modulus of PS blended
NR film was increased before and after aging at 100°C for 22 hrs. The tensile strength and elongation at
break were increased at NR/PS = 95/5 w/w and tended to decrease as PS blended fraction increased. DPNR
films had a lower friction coefficient than NR-LA films. PS blended NR-LA or DPNR would decrease the
friction coefficient of films. The rubber-surfaced friction is reduced. The extractable protein of NR-LA film
was higher than 200 pg/g whereas that of DPNR film was lower than 50 pg/g. PS blended NR-LA and DPNR
could reduce the extractable protein to less than 60 pg/g and 30ug/g, respectively. The physical properties of
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PS blended NR-LA met ASTM D3577 and ASTM D3578 standards for dipping products of surgical gloves
and examination gloves at the maximum fraction of PS 15% w/w and 20% w/w, respectively, whereas PS
blended DPNR only met ASTM D3577 standard at the maximum fraction of PS < 5% w/w.

Key words : NR, latex, deproteinized natural rubber, polystyrene, blend, film
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Figure 1. A schematic reactor system.

Table 1. Styrene emulsion formulation

Ingredients Amounts by weights (gm.)
Styrene monomer 100

Sodium dodecyl sulphate (SDS) 2.00

Potassium persulphate 0.25

Sodium hydrogen carbonate 0.25

Water 300

Total 402.5
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Table 2. Natural rubber latex Compounds formu-

lation

Ingredients phr Wet-weight (gm.)
60% NR-latex * 100 167
50% ZnO 1.5 3.0
50% Sulphur 1.75 3.5
50% ZDEC 1.0 2.0
50% ZMBT 0.25 0.5
20% Oleate soap 0.6 3.0
50% BHT 0.75 1.5
10% KOH 0.2 2.0
Total 106.05 182.5

*NR-LA or DPNR latex

Table 3. Weights of NR-compounds and PS-
emulsion for blending

NR/PS NR-latex compounds PS-emulsion
(gm.) (gm.)
100/0 182.50 -
95/5 173.38 20.13
90/10 164.25 40.25
85/15 155.13 60.38
80720 146.00 80.50
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Table 4. General properties of DPNR and NR-LA

latex

Properties * NR-LA DPNR
DRC (%) 60.38 60.41
TSC (%) 61.59 61.36
pH 10.03 9.23
Viscosity (cps) 94.0 72.0
Surface tension (dyne/cm) 44.0 34.5
MST (sec) 720 2,426
Average Particle size (WLm) 0.827 0.818
Molecular weight (g/mol) 6.92x10°  6.71x10°

* After storage for 0-2 weeks
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Figure 2. Nitrogen contents in NR-LA and DPNR.
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Figure 3. Particle size distribution curve of NR-LA and DPNR latex.
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Table 5. General properties of Polystyrene

emulsion

Properties

Amounts

TSC (%)
Conversion (%)
Viscosity (cps)
pH

Surface tension (dyne/cm)
Average Particle size (WLm)
Molecular weight (g/mol)

25.0
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23.5
8.04
69.0
0.118
7.58%x10°
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Figure 4. Particle size distribution curve of Polystyrene emulsion.
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Table 6. Physical properties of DPNR and NR-LA films

. NR-LA DPNR
Properties

Before age After age* Before age After age*
300 % Modulus (MPa) 1.72+0.24 2.51+£0.17 1.03+£0.28 1.39+0.19
500 % Modulus (MPa) 2.75+0.30 6.55+0.20 1.46+0.32 2.16x0.12
Tensile Strength (MPa)  29.38+1.40 21.47+1.37 23.20+1.07 17.46+1.50
Elongation at break (%) 811+32 612+25 992+37 762+15
Friction coefficient 1.21 *k 0.82 o

*At 1002C for 22 hrs. **No results
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Figure 5. 300% Modulus of rubber blended films
(before and after aging at 100°C, 22 hr).
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Figure 7. Tensile strength of rubber blended films
(before and after aging at 100°C, 22 hr).
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Figure 10. Standard calibration curve of standard protien (Bovine serum albumin, BSA)

Table 7. Proteins content in DPNR, NR-LA,

NR/PS and DPNR/PS films.

NR /PS Protein (ug/g)
100/0 (NR) 215.05
95/5 47.73
90/10 50.82
85/15 45.96
80/20 60.75

DPNR / PS Protein (ug/g)
100/0 (DPNR) 47.40
95/5 22.42
90/10 20.57
85/15 23.76

80/20

21.26




Songklanakarin J. Sci. Technol.
Vol. 26 No. 4 Jul.-Aug. 2004

590

Natural rubber latex blended polystyrene emulsion
Kovuttikulrangsie, S. and Khongkot, T.

250

Proteins , mg/g

NR 95/5

90/10  85/15

NR/PS emulsion ™

80/20

DPNR  95/5 90/10 8515  80/20

= DPNR/PS emulsion

Figure 11. Water-soluble protein contents of rubber blended films.
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Table 8. The physical properties of rubber film pass/fail ASTM D3577 specification

Properties 500% Modulus (before aging) T.S. (before, after aging) %E.B. (before, after aging)
NR/Styrene 100/0 95/5 90/10 85/15 80/20 100/0 95/5 90/10 85/15 80/20 100/0 95/5 90/10 85/15 80/20
NR W4 - - - - V- - - - V- - - -
DPNR Vv - - - - oo - - - - V- - - -
NR/PS emulsion - V V Vv O VAV VAV AR VAV VAV VAV VAV VAV VAV
DPNR/PS emulsion - W/ W4 V4 \V4 SRR V4 5 R v i R VA I v R VAVARR VAV VAVARR VAV
Note: \/ pass [ fail - no result

Table 9. The physical properties of rubber film pass/fail ASTM D3578specification

Properties T.S. (before, after aging) %E.B. (before, after aging)
NR/Styrene 100/0  95/5 90/10 85/15  80/20  100/0 95/5 90/10  85/15  80/20
NR \VAV - - - - YAV - - - -
DPNR \VAV4 - - - - VAV, - - - -
NR/PS emulsion - \VAVARRRVAVARRVAVS VAV - VAV VAV, VAV, VAV
DPNR/PS emulsion - \VAYARRRV/ 5 VA VO - VAV V.V YAV VAV
Note: \/ pass ([ fail - no result
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