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Abstract In this study, we investigated for natural rubber foam to replace petrochem-
ical-based neoprene foam. Experiments were conducted on vulcanization system and
2-step foaming process of natural rubber. The vulcanization system were EV(Efficient
Vulcanization Cure), Semi-EV(Semi-Efficient Vulcanization Cure) and CV(Conventional
Vulcanization Cure). In the 2-step foaming process, first molding temperature was 14
0°C, times were 15, 20, 25, and 30minutes, and the second molding temperature was
160°C, the times 5, 10, 15, and 20minutes. The cure and viscosity characterization
were evaluated by oscillating disc rheometer (ODR) and mooney viscosmeter. Various
mechanical characteristics, including hardness, tensile strength, elongation at the point
of rupture, and tear strength, were quantified. Subsequently, an assessment of alter-
ations in these mechanical attributes was conducted post-immersion in a NaCl solution.
In addition degree of volume change was measured after immersing the NR foam in
NaCl solution and the low-temperature permanent compression set was evaluated at
4°C. And expansion ratio and shrinkage ratio of NR foam were evaluated for 28 days.
As a result the EV wvulcanization system showed the least change in physical proper-
ties before and after salt water immersion, and the lowest shrinkage ratio for 28 days.
In addition it was confirmed that the 2-step foaming optimum condition differed de-

pending on the appropriate vulcanization condition.

Keywords natural rubber, 2-step foaming, vulcanization system, physical properties,

shrinkage ratio
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Al x5t A8 Al3dAPE =4-6kL e AT o

Est Yo 7tuA] AFRE+= 7t EXIAQl ETU(Ethylene
Thiourea)= AlF 43% tHF=0] HEYS FUshs Jo=
IR AL QAo HFE SYEHEN= AYsHA] don
ylomel Axig ciAlsl] oJgt i) ghere] Rlshzolchs)
olefat A gatsilute] Yenal Axig chalsh] glat Axi
D2URA F535F AHTT(NR, Natural rubber)’t 9J00
AATEE= vemdl tiu] A& AFQ] AR F7d0A ol4tet
TS 80%7IHR] 4Aard & Qe AFEAQ 2A|9]
- AA1R = F(Main chain)ofl o529 RS IR
olof Hlomalu che shwAlARS £QIE Wast gk,
HAnes Jlaasle PHoss dasdoz wse
1(Peroxide cure)?t & Ztu(Sulfur cure)?t ¢Jow & 7tul
+ 2 VEELIAIE Eoto] ARSRITE 2 S8 1y &
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stof] 9Jgt 7tw &= Polysulfide(-C-Sx-C-), Disulfide
(-C-S-S-C-), Monosulfide(-C-S-C-)2 WHA = Agh|
U{X]&= Monosulfide > Disulfide > Polysulfide &2 30
st saEAIAe] gt vl wel sbaast gebick

79 J18A| AEIO|A=  Conventional vulcanization cure
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oT,

(CV), Efficient vulcanization cure(EV), Semi Efficient
Vulcanization cure(sEV)Z WHA|H &t 71EHEXIA|Q] v]&
of mat depxict. CV 7t A ARl 7HFEAIA| /% vl&o] 0.1
HE 0.6 7}X]o|t Polysulfide #&7} QA&o|t] EV 7IuA|
AL JHEELA/S "lgo] 2.58F  12.00]4 OIRE
Monosulfide L& 2 o]2o{A Qtt. Semi-EV 7IuA|AEL
7IEEXIA/Z 8]&0] 0.7%F 2.50]0 Polysulfide 35%,
Disulfide 35%, Monosulfide 30% $£%&0 =2 7tu 125 FA
SHTp0-12),
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= &0l AR 1IAfoM s B 7taE sto] WaA7E wh
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71A] 22591 Natural rubber= H|EWojA] ABAFSE SVR-3L
S AMZ3}I Hanil chemical AlEQ] AFgtotid(ZnO), LG
Household & Health carefit®] Stearic acid(ELOFAD
PH100)& ARE-sHICt.

Processing oil2 0O]&AG0] P-3(5A%: 56.5¢St, of2dd
A 108°C)2 AR8sY L Filler= Vanderbilt Minerals©]
Kaolin clay(Y¥AF27]: 0.2um, EHA: 26m?/g)S AMLstgo
0 LSPHA]A= SINOPECH Q] HPPDE AREsHACE. 7T A9l
22 Miwonjite] MIDAS SP325, 7HHEXIAlE OChHite]
CZ(n-cyclohexyl benzothiazyl-2-sulfenamide)S AR5}
o, HEAE= (F)2U° OBSH(4,4 -Oxydibenzenesulfonyl
Hydrazide, de composition temperature: 158~ 163°C)S

AHg T,

2.2 NR ZZN| M=

NR Lxx|E Axs] 9okl Al &37](Internal
mixer, MORIYAMA, Japan)E AFg3sto] &%= 30rpm, RH
Z7] 2% 30°CoA FFT2E 80°C2 A5t NRO 7|AA
A AT S5 WA 1R B0 TEOR £Y & ARARM)
sigion] olgo] A7k % Wel, 713 US £Usto] Al
Ztt U4ojlA F&3$t CMB(Carbon master batch)of] 71A|
oF 7IHELA, HEAE A7l Yl open roll (Two
roll-mill, Daejoong precision machinery, Korea)g A5}t
oo AFX| U 2xA|Q] _75_7] —‘ﬂréﬂé 8x]517] 98 30°C]
2204 37 U dE2 2ARIFT Alx® FMB(Final
master batch)t 31% 44 F 49 A7 e wx 242
gholshr] 9ol wx e A(Sponge foam press, Kukdong
Company, Korea)S AREsto] 1x} A& %E 140°ColA 15
% 202, 25%, 30 JPARFE 2SI 24 oAM=
=5 160°ColA] 5&, 108, 158, 20802 HIAHE &F
oroq HYe NPt AR Tie Hat sl
AAlE 2751920 Table 10] vl ®E YUERHIT

23 7lu £ 9 FLHEE E7t

NRO] 7ta E£%42 ODR(Oscillating Disk Rheometer,
Curelastomer W, JSR, Japan)& ARg&sto] 160°C, 20202
X590 2t E3(MH), 24 E3(ML), AEI(MH-ML)
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Table 1. Formulation of NR foams

NF-EV NF-sgvV NF-CV
Vulcanization type EV Semi-EV v
Natural rubber 100 100 100
ZnO 5 2 2
St/A 2 1 1
Processing oil 10 10 10
Antioxidant 15 15 15
Filler 10 10 10
Sulfur 0.8 15 3.0
(4 3.0 15 0.8
Blowing agent 9.0 9.0 9.0
*Unit: phr (Part per hundred rubber)
Table 2. Processing of NR foams
Initial temperature (°C) 30
1st Ste
P Kneader Final temperature (°C) 80
Mixing Time (min) 10
ond Temperature (°C) 30
nd Step Roll-mill
Time (min) 3
Temperature (°C) 140
1st Molding
Time (min) 15 20 25 30
Cure and
3rd Step .
Foaming
Temperature (°C) 160
2nd Molding
Time (min) 5 10 15 20
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stk Eas_r NR wf o] 18 He EAS sl
DA™ = A(Mooney viscometer, Daekyoung engineering,
DMC-200C, Korea)g AHgsto] KS M 1SO 289-1 240] &
sty st 54 2712 100°C & 125°Cof|A] 121t o
B 5 427 ML(1+4)2 31Ac),

o

40 Jpw
:O.L_"

24 7|AH 24 "7t

NR @ZAe] Azt KS M 66600 F5fo] AL
(C type)Z 53] 54 ¢ HFdtat2 YUERSITH
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He FMABIYE T old7le= KS M ISO

34-1 ;Pq% ﬁﬂa}gﬂ;gm HArdS B7tek7] sl 4°C, 7%

114 9 443 AR 59] 71AA d=8 54

A AEA

e, 100% BEeis, Miles U ABFE+ AFAE
7](UTM, DAEKYUNG ENGINEERING CO., LTD., Korea)
AF8sto] AR2ollA 500mm/mine] £E 2 EXston| 57
AlHE olgsto] XL} FAX]E ATt 3719 HHHS
Alstdet. Al2ojA 1189] F=5AZ FHIIs] s A4y
z589 EMsIACE KSM ISO 815 7S ztustel &

29.0mm, £ 12.7mm©°l A|FHLE A|xste] 50% L 75%
5% 4C MAHo| 42 S 6ARE & AYlo] 30% F &
He S A5 A(1)eR AXlsl.

mg ulm _I-[>{' ﬁ:\ 1o nju o9

Compression set (%) = 100 X (T;-Ty)/Ty (1)

where,

Ty Initial thickness of rubber sample

To: Recovery thickness after compression

C/set: Volume change ratio of sample after
compression

25 NXHolE "ot

NR LA Ul 2 3
9 Eol SARE BN UGS WL 7% NaCl
SEo00] BjY TRAW hRe Axlste] 4C Ao
o] 289 E9F AIANSSL Sl A(2)92 NR foam

o Awste-L A
Degree of volume change (%) = 100 X (5;-S,)/Sy  (2)

where,

So: Specific gravity of NR foam before immersion in
NaCl agueous solution

Si: Specific gravity of NR foam after immersion in
NaCl aqueous solution
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where,

ER: Expansion ratio

ER¢: Final expansion ratio

ER;: Initial expansion ratio (after foaming)
Di: Density before foaming of natural rubber
D¢ Density after foaming of natural rubber
SR: Shrinkage ratio
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Figure 1, Figure 29} Table 30f YR QT 71EA| AETof A
= Polysulfide, Disulfide, Monosulfide 7} E%E0] A3Aoj
e} e 2 & el 778 EXo| delxich CV 7t
A|AEIT}L Zho] glo] JIEHEXIN| L H]8o] =& HS Poly-
sulfidee] 727} SAloPI AYED E5F 12 A1S7jle] 7}
o Aol ohd g AbEUioA BlR&AQl AE Sh= Cyclic
sulfide®] H] &= EA LRI,

7t S0 = &o] 2aliE EH”V\I 7t U7t ot CV
7GR ARl THY =2 ZhU TS HolX|gh X[&EAQ FHof
&9 4% 7k 271 7iRl= 97Fd (Reversion) ¥g-o] &
A5t} 7t EF7F Al RolRl= AibE Bt CV 7HAIA
g2 ol2gh drigoz Qs Wishdo]l st E3s] Ao
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oA=& Polysulfide (-C-Sx-C-, X=3) : 270 kJ/mol O]
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(-C-S-C-) : 285 k]/mololt} ZAgtoflufx]of we} 7hu e e}
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Figure 1. Cure torque of NR compounds.
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Table 3. Cure properties and mooney viscosity of NR compounds

20

Mooney viscosity (MU)

«  ML1+4,100¢C
o ML1+4,126¢C

T
NF-EV NF-sEV NF-CV

Figure 2. Mooney viscosity of NR compounds.
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Mooney iscosity = Mooney iscosity

Tc10 Tc50 Tc90 ML MH AM
. . . (ML1+4, 100°C, (ML1+4, 125°C,
(min) (min) (min) (dNm) (dNm) (dNm)
MU) MU)
NF-EV 6.78 7.61 8.89 0.049 0.441 0.392 15.7 12.6
NF-sEV 5.79 6.68 7.50 0.051 0.461 0.410 15.2 11.6
NF-CV 433 5.40 7.49 0.048 0.504 0.456 15.0 115
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Figure 3. Specific gravity of NF-EV foams with different
molding conditions.
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Figure 4. Specific gravity of NF-sEV foams with different
molding conditions.
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Figure 5. Specific gravity of NF-CV foams with different
molding conditions.
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« Before
®  Afterimmersion 7% MNaCl solution for 1day at 4°C
After immersion 7% NaCl solution for 4days at 4°C

f

3 o
252 O[3l 2o 2, &2 HAIE:

40

30
o) T i
= * £3 £
Q
w 20 4
w
[ih]}
C
B
(1]
T

10

+ Before
= After immersion 7% MNaCl solution for 1day at 4°C
After immersion 7% NaCl solution for 4days at 47
U T T T
NF-EV(025) NF-sEV(0.25) NF-CV(0.25)

Figure 6. Hardness of NR foams before and after immersion in
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Figure 8. Tensile strength of NR foams before and after
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Figure 10. Tear strength of NR foams before and after

immersion in NaCl solution.
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Figure 11. Compression set of NR foams.
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Table 4. Specific gravity of NF-EV foams with different molding conditions

2nd Molding time (min)

NF-EV Foam
5 10 15 20 25
15 0315 0.305 0.29 0.301 0.320
15t Molding 20 0.286 0276 0.261 0.281 0298
time (mir) 25 0275 0.250 0.262 0272 0.288
30 029 0278 0.288 0.302 0322

Table 5. Specific gravity of NF-sEV foams with different molding conditions

2nd Molding time (min)

NF-sEV Foam
5 10 15 20 25
15 0.285 0276 0.266 0.275 0.288
, 20 0.266 0.252 0.255 0.266 0278
1st Molding
time (mir) 25 0.288 0277 0.266 0.279 0.288
30 0.295 0.288 0.301 0312 0.320

Table 6. Specific gravity of NF-CV foams with different molding conditions

2nd Molding time (min)

NF-CV Foam
5 10 15 20 25
15 0.281 0272 0.262 0.271 0.285
_ 20 0263 0.251 0.259 0.267 0275
1st Molding
time (mir) 25 0.291 0275 0262 0.282 0293
30 0298 0.285 0311 0319 0326

Textile Coloration and Finishing, Vol. 35, No. 4
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