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Optimization and Analysis of Natural Rubber Latex Film Formulation
Based on Spherical Symmetric Design
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Abstract: Natural rubber latex serves as the primary raw material for various products, including medical gloves, condoms
and tires. Enhancing its formulation can effectively reduce production costs, improve product performance, and enhance the
competitiveness of manufacturing industry. In this study, a spherical symmetric design method was employed to optimize the
rubber compound formulation. Sulfur, zinc oxide, accelerator UH-301 and antioxidant WSL were selected as key components
for the formulation. The investigation focused on three comprehensive indicators: elongation at break, tear strength and tensile
strength. The indicators were analyzed through hypothesis modeling, regression analysis and programming solutions to deter-
mine the optimal formulation. The vulcanization characteristics and mechanical properties of both the optimized formula and
the basic formula for latex vulcanization were tested. The results indicated that the optimized formula (sulfur: 1.50 phr, zinc
oxide: 0.25 phr, accelerator UH-301: 0.40 phr, antioxidant WSL: 1.36 phr) was obtained via regression analysis, with an esti-
mated comprehensive strength of 1.2891. Verification tests confirmed the feasibility of the mathematical model constructed
using the spherical symmetrical design method. Comparing the optimized formula with the basic latex vulcanization formula
revealed that the former significantly outperformed the latter in vulcanization rate and physical-mechanical properties. Spe-
cifically, the tensile strength of the vulcanized rubber film with the optimized formula reached 32.2 MPa, an increase of
212.4%, while the tear strength reached 60 kKN/m, an increase of 180.1%. The findings further demonstrate the practical ap-
plication value of the optimized rubber compound formulation and would provide a solid foundation for enhancing the per-
formance of natural latex rubber films.
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Tab. 1 Experimental scope and level of independent variables

H i I =X % H T 7K ¥ Factor level of encoding form/phr

Sample Factor ) -1 0 1 2
A ik 0.500 0.750 1.000 1.250 1.500
B AL 0.250 0.375 0.500 0.625 0.750
c fE#EH] UH-301 0.400 0.500 0.600 0.700 0.800
D Bij & 77 WSL 0.800 0.975 1.150 1.325 1.500
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Tab. 2 Experimental scheme

G B (A) bk (B){Ei&?ﬁJ UH-301( C ) Bji=&5 WSL(D )

No. Sulfuphr  ZnOiphr Gﬁfg‘gﬁ‘)ﬂr A\;‘\}isolf}sr?t
1 075(1) 0375(1)  050(-1) 0.975 (-1)
2 075(-1) 0375(-1) 0.50 (~1) 1.325 (1)
3 075(-1) 0375(-1) 0.70 (1) 0.975 (-1)
4 075(-1) 0375(-1) 0.70 (1) 1.325 (1)
5 075(1) 0625(1) 0.50 (-1) 0.975 (-1)
6 075(1) 0625(1) 0,50 (-1) 1.325 (1)
7 075(1) 0625(1) 0.70(2) 0.975 (-1)
8 075(-1) 0625(1) 0,50 (~1) 1.325 (1)
9 075(-1) 0375(1)  050(-1) 0.975 (-1)

10 125(1) 0375(-1)  070(1) 1.325 (1)
11 125(1) 0375(-1)  070(1) 0.975 (-1)
12 125(1) 0375(-1)  050(-1) 1.325 (1)
13 125(1) 0625(1) 0,50 (~1) 0.975 (-1)
14 125(1) 0625 0.50 (1) 1.325 (1)
15 125(1) 0625() 0.70 (1) 0.975 (-1)
16 125(1) 0625() 0.70 (1) 1.325 (1)
17 050(-2) 0500(0) 0.60 (0) 1.150 (0)
18 150(2  0500(0) 0.60 (0) 1.150 (0)
19 100(0) 0250(-2) 0.60 (0) 1.150 (0)

20 1000 0.750(2) 0.60 (0) 1.150 (0)

21 100(0) 0500 (0) 0.40(-2) 1.150 (0)

22 100(0) 0500 (0) 080(2) 1.150 (0)

23 100(0) 0500(0) 0,60 (0) 0.800 (-2)

24 100(0) 0500(0) 0,60 (0) 1500 (2)

25 100(0) 0500(0) 0,60 (0) 1.150 (0)

4 100 phr; KOH 2 0.1 phr; *F->F-Jii O 24 0.1 phr;
S & 1.0phr; ZnO 4 0.4 phr; {25 UH-301 Ky
0.5 phr,
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Tab. 3 Particle sizes of various compounding
agent dispersions

¥ i Sample Dso/um Dso/Um Doo/um
i fk 0.32 0.88 2.05
S AL 0.36 0.97 2.37
2 k5] UH-301 0.42 1.03 2.55
5 2 71 WSL 0.68 1.53 3.48
e RARMEFL (CK) 0.38 0.80 2.02
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Tab. 4 Mechanical properties of natural latex
vulcanized film

300%  500%:E fif

SEMRBLS R Wigd R R bR

95 Stressat  Stressat HEKE Tear Tensile
No. 300% 500% Elongation strength  strength
elonga-  elonga-  at break/% /(KN-m™)  /MPa
tion/MPa  tion/MPa
1 0.7 1.0 1044 26 224
2 0.8 1.0 1045 53 19.2
3 0.8 1.0 1129 41 22.6
4 0.8 1.0 1089 24 20.0
5 0.8 1.0 1026 28 19.2
6 0.7 0.9 1178 40 22.0
7 0.8 1.0 1052 48 245
8 0.8 11 1106 31 27.9
9 0.8 11 1099 27 25.0
10 0.8 11 971 30 17.1
11 0.8 11 1160 25 22.3
12 0.8 11 1082 55 251
13 0.8 1.0 1062 38 224
14 0.8 11 987 49 19.1
15 0.8 11 1075 29 23.8
16 0.8 11 1072 55 27.7
17 0.6 0.8 1087 19 15.3
18 0.9 13 1101 52 30.4
19 0.8 11 1069 27 20.4
20 0.8 11 1022 32 251
21 0.8 1.0 1209 27 25.0
22 0.8 1.0 1141 54 24.3
23 0.9 11 979 30 20.4
24 0.8 11 1029 27 21.0
25 0.8 1.0 1082 27 254
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Tab. 5 Comprehensive strength calculation results Tab. 6 Analysis of variance result
s Jg ¥ Membership degree i H Item df Ss MS F P
zﬁf %glgo\gn@{g = I L3 éffpffhrfn_ IE}UJ Vil 8 0.7300 0.0912 4.4046  0.0057
gation strength Tensile  gjye strength 2% 16 0.3314  0.0207
a break strength Bt 24 10614

1 0.3062 0.1850 0.4709 0.3401
2 0.3083 0.9361 0.2601 0.5353 EES=ATN
3 0.6641 0.5994 0.4884 0.5504 i, A Excel THFEMST “HURIRME",
4 0.4974 0.1260 0.3170 0.2586 PIZEATRE (Y) VERE RS, X EiREIH TR
5 02287 023% 02581 02462 AE-2<X<2 J PRl A TR ISR AR A1, A58t
6 0.8714 0.5834 0.4461 05435 #i: A=1.5phr, B=0.25 phr, C=0.4 phr, D=1.36 phr;
7 0.3380 0.8122 0.6092 0.6633 AR (Y) Y 1.2891,
8 0SG5S 03B 088 08037 273 miEfiihey  LURMAIEITRIERE
0SB 0232 06A0 0TS kg 3 ity BN T A KR 1210%,
10 0.0000 0.2919 0.1228 0.1781 WS99 60 kN/m, F R E K 32.2 MPa, %t
11 0.7933 0.1637 0.4659 0.3778 WOR Y (6o 11139, 5 PRI O (G KR 25 F
Do L m b SMRGUBREBEMRE. )
14 0.0643 0.8396 0.2528 0.4687 kel E/‘J%ﬁ:@a.ﬁ mﬁjﬁﬁﬁﬁ 0
15 0.4362 0.2648 0.5659 0.4325 23 ﬂﬁ BL77 5 R HE T H‘J}jf 2 ﬁ Hi .
16 0.4221 1.0000 0.8220 0.8532 Zf' 1 E.‘Mi% B AN e Eﬂﬁﬂé& L
17 0.4864 0.0000 0.0000 0.0486 REPEXTHCTOLILI Lo pir ] 1A BRI, AL HY
18 05471 0.9006 10000 0.9149 R IR S R TR AR T e . ARBERTE] (o)
19 0.4005 0.2272 0.3415 0.3026 5 pe FE W] ] Z (R AFAE — /2 A DG 5 FE BRI [H]
20 0.2126 0.3602 0.6545 0.4926 B, BB T2 P EAEX T too A IE AR AL
n 1.0000 0.2190 0.6426 0.5089 fE], BRFEGR AL FE b, AR A B AT RE BT 75
- 0.7151 0.9582 0.5966 0.7531 MR, H D 1B AT, EEAREC T SR B
23 0.0314 0.2959 0.3422 0.2926 tio JLF AR, 3R 2% 9 TAE AR — 5 i
oa 0.2413 0.2164 0.3789 0.3001 BRI T 1Y too B R TARAL L 7, X R B ILAL AT
25 0.4677 0.2270 0.6717 0.4735 jjA E/(J @ﬁ{’bﬁ%—z‘% :‘F‘%ﬁﬂj Eaji ’ ;H\:}E Ef ﬁEEJA 'fjl‘:/f’t
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Tab. 7 Parameters related to variable terms
i H EX 4 brfEiR 2 ¢ P 95% '8 {7 [X.[i1]
Item Coefficient Standard error 95% confidence interval
Interce-pt —4.1523 1.3974 —2.9714 0.0090 —7.1146~-1.1899
X1 13.0751 3.9523 3.3082 0.0044 4.6966~21.4536
Xo —4.1798 1.4933 —2.7990 0.0127 —7.3456~-1.0141
X1 —13.2265 4.0285 —3.2833 0.0047 —21.7665~-4.6866
X2 3.6148 1.1619 3.1112 0.0067 1.1518~6.0779
Xq 4.3829 1.3333 3.2873 0.0046 1.5564~7.2093
X4 —1.5429 0.5957 —2.5899 0.0197 —2.8058~-0.2800
XoX3 7.6992 2.4742 3.1117 0.0067 2.4541~12.9444
XaXa -3.1866 1.0854 —2.9360 0.0097 -5.4875~-0.8858
3SrA 3518 — spumiry — 3.0rC MM, M, MM,
TS 3.0 - 30 R4k Iy TE 25 m
Z 2.5 : 7
820 g 20 3
g | & g 157
= L5 = 15+ e
8 —saay E | 10}
&5 -~ - AR ®
0.5 5t 0.5
0 . . . . . , 0 0
600 1200 1800 2400 3000 3600

0
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WAL E] Vulcanization time

LR U Ridiny
#£ 5 Sample

loo

A: Bifbizk; B: BifbifE; C. 3.
A: Vulcanization curve; B: Vulcanization time; C: Torque.
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Fig. 1 Vulcanization characteristics of rubber films with different latex formulas
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