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A study on vulcanization of rubber by microwave

Woo-Sun Jung

Department of Polymer Engineering, The Graduate School,

Pukyong National University

Microwave energy have been used to various fields such as the manufacture of
groceries, the process of pulp- drying, etc. It is reported “that the studies using
microwave energy  have ‘gradually attempted for practical application to polymer,
processing of composite, increase of polymerization speed etc.

When it comes to, rubber industry, it is practiced in the process of rbbber curing,
especially in “the process of .continuance curing, as the related studies are more
requested.

The study researches-the vuleanization character of polar rubber and non polar rubber
under the condition of microwave -and-the microwave vulcanization chracteristics of
compound with Silica and Carbon Black, which is used as reinforcement filler. The
vulcanization character of rubber by microwave has been analysed by measuring
property of degree of curing and a property of cured compound, and have been
compared with HAV(hot air vulcanization), typically used in the continuance

vulcanization process.
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EPM-2 ethylene®} propylene® Fa @A ol EPDM< ethylened}
propylene % 2k7+9] diene A#9 AY FFIAR ol&gole G. Natta

Fao2 g BHAAUAY J1&6 o) 195396 Hzz FAel

il

T3 vuAd AR FAaFo|tt. HExe 1FE  EPMl(ethylene

oX,

propylene monomer)?] 13 EPDM(ethylene propylene diene monomer)-=

H =olAd 4d 91 1957d ol dEAbel oal oL Az 7[sol FHEH AT

EPM2 1 FAEd4M = HEspA b Fpile A7 ghdsh Y A 5
4

2 Wwshd, oA, e s des B3 sAE Fl o) F

dl B}l 1HF = natural rubber(NR), styrene-butadiene rubber(SBR) &

HolA arfeke] gtk Jhssith. 28 " Eol wobdel wet
EPDMe| ¢ 54, & W4, WeEAo] dojx= AL Fds A3}

ojltf, F32> EPM, EPDM X% butadiene rubber(BR), isoprene

rubber(IR)¢} o] & o] WhHe M= Q)

rlo
ol
%

_14_



2-3-2. o)A 2ZYEY FEvd uy

NBR< butadiene®} acrylonitrile(AN)e] #E FTFA=Z v Z2HAH E4F
I F-o]al styrene-butadiene rubber(SBR)¢} #2 #3TgHoz Az

Av. $¥EE= SBREU W= of7]4 ANS| o] FobA|

1 &xe SUbeh S RsE 25750C 9 s #{¥(Hot Rubber), 5710T

1)
|
i

ol
ol

21 ¥ (Cold Rubber)7} Q1A+ SBRe| 99} zto] AwEe] Z&
= 2= gdot 2y dF HFAY &k Sole esdd: 3t H

7F ofg=ar 9l

N
2ol 26%AEe Zo] dr}t. FHolo] AN o] 36%<! Buna NNo| A%
H9om 1 % gaiudor QA 95 o= gt

_15_



2-4. BAA

& (carbon black)<

x
=

= 712

BAA (fille) 2 7} dg] 2o

Aol M=

=

)

24 Aol wel Channel black, Furnace black, Thermal black®.® v =l

N7}

o

_16_



)

Table 2. 7}

o
blo
T

X

X

Gl

of olo

TR~

i

L

Hj ol

=)

—

)

247

1

ZS_|

7HA

1

7FA
3|

%
=4

J

%
=

Q.

[}
8-

d

;OL —_—
R olo
il

op M
WK

il

=K

.

-

H
olo

G
.Xﬂl

iy
<]

B

24

7FA

SRR

}\3 =]

j
a-

d

%

12/ FHIRlE

(e}
[e]

_17_




2-4-2. A8 7}

7 E-@(carbon black)el =

-
1

A2 7Hsilica)

fite)
_1!
.F_H

el

.F_H

o] du=HY 6

3
=

(scorch) AlZFo] Zolxitt, Ag]7te] &3 #dE ofg A

_18_



Abrasion resistance

Compression set

Table 3. A2|7}8] SA o Wiy =4l PX|+= g3k
Mooney Viscosity L
Cure speed y
Tensile strength  d
Modulus @)
Hardness i
A
1
e

Transparency

_19_




3. A3

3-1. A8 A=

3-1-1. L%

B A3 AlgEolxl EPDME &3 Zg 79 KEP 51002 ENB &2

2 57wt% ©]H ethylened $F#2 71wt%°|t}.

3-1-1-2. ol = HEL FEHd 37

2 A A& E Xl NBR2 w3544t $k8Fe] KNB 35Le|H, NBR¢|

9 B, N, AR 7P Soll ARgH o Xt

R

&%

rr
18

_20_



3-1-2. B7FA

>~
>,
oo
i,
2
™,
k)
I
ol
rlo
—
o0
o,
4
s
5
o
rlo
—
B
14
B
(@)
=]
3
(o)
-
rr
w
1
14
—
N}
o,
K

© Agel AeEARN del7ke 2yl deEgt meEloke] Z-165°It

74
T2 SiOp o|F HlF& 22, HeEdAHEd 2 20 © 40 nm, pH+= 5 7 9]t}

3-1-4. H7}HA

Ak3tobA (Zn0O), ~HloFH Ak(Steraric acid)S 13} ¥l HA7FA 2 ALE sl S
w22k vt HI7HAIL SHS) B ZHEEZIAN(TT, M, DM, TS)E AT

_21_



3-2. 7kl Al ] Az

BAAY] S E=o]7] #8] Yt (Kneader, ¥+ MoriyamaAl®] model
D3-10 dispersion mixer)oll Y ®H7AAl 2 13 wig H7HAE Y ¥H
(chamber)?] =%7} 115TCE w74 1F-9F B4 2 15 wj§H7MAES &

et & 3= U(Open mill, €& Yasuda SeikiA}®] model 191-TM)ol A 22}
Gl

ol

FsblE W sE-EAe Alsd

I

5 34¢ ol Az ANe Age Bag sz A slol njojaw
ol 7)716] Hat vlolLe ol ustE EARe] AW AR O™ Bl
Zzeloln £Ak ARkl mE b Felst mlolmzslolnel H¥ oo
o3 ZhuE Atolg Adhi] 9Aste] 47] the AZkah Ee] e npolaw

Mol 71715 ALga g,

_22_



/ Ma enetrin

Sample

Fig. 2 nlo]azeo] B 7}

_23_

L A




3-3. A1 Y

3-3-1. 7kl =4 W

Zhnx =4 ®wk 3 slubel Differential Scanning Calorimeter(DSC) <

A\

ARgEte] Ao F2917] dtellA 100/ mine.2 7tass 4 sk

3-3-2. 7|1AA A=

ASTM DA412¢] whg} o}= (dumbbel)d A|¥H-S ¥H59] UTM(T| = InstronA}

9]Universal Testing Machine)= AR&sto 71 A4 E4S H7b 38t} of=E

Al el meke Fig. 3¢ WER AT

_24_



R2!

_25_

105110




=1
=

4. 23

4-1. 7}al%

[RI A3 Lot FATIAE

0

HE A3

(solvent swelling) ™', Mooney-Rivend

= DSC

il

H

of o

A Y S

el
o

s

el
)

olt}. DSC
IAIE7F 7FE s A T A

o 71 Z€ WA DSC Q¥ %

s

=0

H

)

el

!

jint
el

==
5

=R
1o =

shehe Aol

o) 75

il

B

| 71ZEA B RAANE} AR EA T AR &

9]

o 9|

<€l
=

Alotsl= 7FAAI

_ZTI

= AWEFH 10C/min $25EE

Zy Al79] 7halXk(degree of curing)

il

_26_



(Degree of curing) =

DSCE ol4@ 7huw %4 wye

AH— A0 0 (%) (4)
TI{O X 10 (0)

Fig. 40l YeR AT

_27_



q {exa)

waker

evaporation
oy ail-plasticizar
medting wolatill=atlon
of sutfur
160 150 i 2o e

Fig. 4 DSCE o3 7fae

- 28 -



4-1-1. vpo]lmAZ g0l B. 7Fue}l FE7tuo| e 7tk B 7}

2 oApelE @A 71 del 2oln Qe A%tm WA JEsme w)
3

olAZgolB FtwA]l Ztal &S Yol i} Table

i
o
offt
:(,)‘:
N
X
R
ki
2;]_11
o
i
e
o
)
T

o
v

2 % Axe] A e sba
7 A7 Fig. 59 Fig. 6914 & 4 Qo] AEsbm Aol e njol L9

o|m shaAl Fhazt we) AARs e Aekom Fig, 69 GFbael A

hedo] ol FojA Fhalr} HuerlolAmglold tmk FAHL 7 Bl
UHF-Field Held 2256 A8 2 H4 25 oa Ad dxgoz
o] o] Fol4 AE/AL YA o] M) s Azke]l WA HolXt Ao
sere o),

_29_



Table 4. 7}ul %=

Recipe code
™ Material UHEF 4-2 UHF4-5 UHF 4-6
KEP510 100 100 100
FEF(N550) 20 80 140
P-3 20 50 75
ZnO 5 5 5
St/A 1 1 1
Sulfur 1 1 1
TT 1.5 15 15
M 1 1 1
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4-2-1. EPDM vs NBR
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Table 6. EPDM vs NBR¢ &4 #H7} vjgt

5

Recipe code
Material UHF 1-1 UHF 1-2
KEP 510 100 -
KNB 35L - 100
Z-155 80 80
P-3 50 A
DOP - 15
ZnO 5 5
St/A 1 1
Sulfur 1 1.5
T 1.5 -
M 1 -
DM - 15
TS - 0.5
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Tensile strength(kgf/cm?)
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Tensile strength(kgf/cm?)
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Table 7. 7}2 &9 vs 287} B4 H7F wig

5

Recipe code
Material UHF 2-1 UHF 2-2
KEP 510 100 100
FEF(N550) 80 -
Z-155 s 80
P-3 50 50
ZnO 5 5
St/A 1 1
Sulfur 1 1
T 1.5 15
M 1 1
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Tensile strength(kgf/cm?)
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Tensile strength(kgf/cm?)
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4-2-3. vlol Az g)oln Fein
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Tensile strength(kgf/cm?)
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Table 8 <% Hul ®jgr%

Recipe code
T Material UHF 5-1 UHF 5-2 | UHF 5-3 UHF 54 | UHF 5-5
KEP 510 100 100 100 - -
KNB 35L - - - 100 100
FEF(N550) - 80 - L -
Z-155 - - 80 - 80
P-3 - 50 50 - 50
ZnO 5 5 5 5 5
St/A 1 1 1 1 1
Sulfur 1 1 1 1 1
T 1.5 1.5 15 1.5 1.5
M 1 1 1 1 1
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5. A&

1. mlola g o]y 7lu 2N E 7M. B ko] wel Axr A U
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52 YJgdigen 80phr 30% 7t ZAAE 100%9 7FaEE e
At

2. 100%¢] 7ha. 285 ©HA77] M= 7t B2 T
173mm ©]stelejor &tar 260°C 7 oS AZto] A QE e i wholA
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ZelA 100% 7Hal =S B AT

3. mpelA R ol B ZhwAlel= HlS4 279l EPDM Bt 54 aiel
NBRo| 181 ®H7ZFA&F 28 7HSilica) Bk 7HE £ 9 (Carbon Black)
o] g4 o]t}

4. 7hiel FFE AT AR Agse] FA, b 24 a2 g
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