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Abstract: It is essential to encapsulate vulcanizing agent and vulcanizing acceleration agent to enhance their dispersion
and block the undesirable crosslinking by the heat generated during the kneading process in rubber manufacture. And the
microcapsules are melted at the vulcanization temperature and controlled to release the vulcanizing agent and the vul-
canization accelerator. Then the microencapsulation would ultimately promote the formability and ease of the man-
ufacturing process of rubber product. As a wall material, thermoplastic polyurethane (TPU), where the content of the hard
segment and the soft segment can be controlled to obtain the desired melting point and mechanical strength, was used,
and microcapsule was made by solvent evaporation method. Also TPUs which were durable to the temperature of 120 °C
and the tensile stress of 13 MPa and melt at the vulcanization temperature of 150 °C were achieved, and then the appli-
cation to the rubber manufacture process was discussed.
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Table 1. Composition of TPU

Sample name PTMG" (g) HDI" (g) 1,6-HD" (g)
(TPU X-Y) (mmol) (mmol) (mmol)
TPU 1000-25 7.65(7.65) 2.03(12.06) 0.41(3.49)
TPU 1000-33 6.80(6.80) 2.49(14.82) 0.83(6.98)
TPU 1000-42 5.94(5.94) 2.96(17.59) 1.24(10.48)
TPU 1000-50 5.09(5.09) 3.42(20.36) 1.65(13.97)
TPU 1000-60 4.23(4.23) 3.89(23.12) 2.06(17.46)
TPU 2000-27 7.30(3.65) 2.07(12.31) 0.86(7.30)
TPU 2000-34 6.61(3.30) 2.50(14.86) 1.17(9.91)
TPU 2000-42 5.79(2.89) 3.01(17.90) 1.54(13.02)
TPU 2000-49 5.15(2.57) 3.41(20.26) 1.82(15.44)
TPU 3000-26 7.45(2.48) 1.88(9.93) 0.88(7.45)
TPU 3000-35 6.52(2.17) 2.47(13.04) 1.28(10.87)
TPU 3000-42 5.80(1.93) 2.93(15.47) 1.60(13.53)
TPU 3000-48 5.22(1.74) 3.29(17.41) 1.85(15.67)
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Table 2. Molecular Weight and Polydispersity Index (PDI) of
TPU

Sample (gnj‘l/f;ll") (gnAq/[(‘)\l") PDI
TPU 1000-25 3.3x10* 5.1x10* 1.5
TPU 1000-33 3.3x10* 5.0x10* 1.5
TPU 1000-42 2.8x10* 4.6x10" 1.6
TPU 1000-49 3.0x10* 5.2x10* 1.7
TPU 1000-60 3.5%10* 5.2x10* 1.5
TPU 2000-27 2.5%10* 4.8x10* 1.9
TPU 2000-34 2.8x10* 4.2x10* 1.5
TPU 2000-42 2.6x10* 4.2x10* 1.6
TPU 2000-49 2.9x10* 5.0x10* 1.7
TPU 3000-26 2.5x10* 4.8x10* 1.9
TPU 3000-35 2.8x10* 4.2x10* 1.5
TPU 3000-42 2.6x10° 4.2x10* 1.6
TPU 3000-48 2.9x10* 5.0x10* 1.7

Table 3. Melting Temperature and Melting Temperature Range
of TPU

Sample name Melting temp. (°C) Melting range (°C)

TPU 1000-25 30(soft segment) 15~45

TPU 1000-33 117 104~127
TPU 1000-42 127 100~160
TPU 1000-50 138 110~155
TPU 1000-60 153 130~160
TPU 2000-27 120 105~130
TPU 2000-34 127 107~146
TPU 2000-42 132 116~149
TPU 2000-49 149 133~168
TPU 3000-26 120 100~150
TPU 3000-35 134 123~148
TPU 3000-42 142 129~152
TPU 3000-48 154 139~168
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Figure 2. DSC thermogram of TPU: (a) TPU 1000 series; (b) TPU
2000 series; (c¢) TPU 3000 series.

-

AR ol F7tste] §xlo] Sk Ao w Azt
PTMG®] Aol S718+5 e =7t
HS(HDI-1,6-HD unit) =HI<19] &2 -7F X E(short ran
order)e] T7t2 PTMGY] #AMgo] =2 AE7F H =2
e veEpAA"

2 AZolM 5RE § EPDM 25 AlFe] FAAM= 7
g 3L 150 °Coll e, EH gl HL 120°C

ﬁ“.ﬂ

v‘—\__
z
= =

SRR,
ge
o

B

Polymer(Korea), Vol. 43, No. 1, 2019



96 B - oA

o] go] vt} wehi TPUE F 120~150 °C Aol
&8 HHE 7= Aol Asitt. webx DSC 54 A
23X E TPU 1000-50, TPU 1000-60, TPU 2000-34, TPU
2000-42, TPU 2000-49, TPU 3000-35, TPU 3000-42, 2]
3L TPU 3000-48°] ¢ =7 §#3+3e & 4 3t TPU
1000-429] 79~ 8382 127°Col} 8§ HEI7F Hol A3s
A tial ekt

TPUS| 7|HIX £M. Figure 39| UTM 23 o2 3 7}
ANRO| QA= E YeRAQItE =4 A3}, A RS2 HS g
o] Z7IETE AFA=T A F718kes Ae &+ AUtk
HSe] Z7tol| weh Al W] S-det 23] SV AlE
7ke] 245 Qlgo] Frtele] LT F7et o= Atk

25

20 -
% 15
E 10 4
@
B
5
(==
5 =
o T T T L] L
TPU 1000-25 TPU 1000-33 TPU 1000-42 TPU 1000-50 TPU 1000-80
285 o
20 <
s
% 15 4
£Z
B
=
1=
LT
=2
o
e
o
=
O =
o L ; L T
TPU 2000-27 TPU 2000-34 TPU 2000-42 TPU 2000-49
25 -
(c)
20 4
% 15
2
“ 10
&
@
c
o
(=
5 4
0 |- T T L ;
TPU 3000-26 TPU 3000-35 TPU 3000-42 TPU 3000-48

Figure 3. Tensile strength of TPU: (a) TPU 1000 series; (b) TPU
2000 series; (c) TPU 3000 series.
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Figure 4. SEM photographs of microcapsules: (a) TPU 1000-50;
(b) TPU 1000-60; (c) TPU 2000-42; (d) TPU 2000-49; (e) TPU
3000-42; (f) TPU 3000-48.
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Figure 5. UV-Vis spectra of microcapsule: (a) TPU 1000-50; (b)
TPU 1000-60; (c) TPU 2000-42; (d) TPU 2000-49; (¢) TPU 3000-
42; (f) TPU 3000-48.

Figure 6. Melting behavior of microcapsules at 120 and 150 °C: (a)
TPU 1000-50; (b) TPU 1000-60; (c) TPU 2000-42; (d) TPU 2000-
49; (e) TPU 3000-42; (f) TPU 3000-48.

Polymer(Korea), Vol. 43, No. 1, 2019



98 1o

TPU 3000-427} A5l & 71582 & 5 AUT).

4

rh

2 AFolM e I AFY 7 3 F &1 AR lA
7VA] B 7 S S aeke] AR AR HE
ol ofaf WA ehs FEA ThNkS-S Holal, 71k &
Q1 150 °CellA ot 71gA| ok 71 SXAE WEAIA L
7ol 7hl RS Yo7 molaR HES AFsIsh. ¥
=&+ hard segment(HS)?} soft segment(SS)9] 3 HIE
zdsl ks 744 2 €4 BA4S 4S5 e ZF
FERHTPUYS ARS-SaL, E2]&<] PTMGE] #4F3-E 1000,
2000 2] 3000 gmol'Z E2]slal, HDI®}F 1,6-HDE ©|F
o]%1 HS9| TS 25~60 wi%=E E2l3t TPU A& & 13 &
< T FTIRZ GPCE o83 T4 o5& g3t
A3, DSCF UTME o]&3ll §485 A Aes 4o
=3 oM BAsR= 120°C2] D3} 13 MPad] ¢ &
S AYa 718 2591 150°CA S = e AlFE 63
(TPU 1000-50, TPU 1000-60, TPU 2000-42, TPU 2000-49,
TPU 3000-42, TPU 3000-48)2 41743}t A4 A|l82
A o] HEAIE S8AIIA BaL HEE eSS 3l
= W Sl SEHE o] &3 mlo]lAR HES wHEo
EMS Fall 2 FElE RISt 22|l vle]AR JiEo]
A FA A& 7Fes A& Aoz I flshd
nlo]| A2 &S BH 2 UM R 3087 3300 rpme] SEE
ST 93 AEg AT EYTE vlo]|AZ o] 1
2 UEHe Aede] SAF-E UV-Vis spectrometers ©]
Bot] ZRlg 2 ME SEE IHE A Y el
RE AE7F R @ AEHe] HEEA &
WS & T AU TS mlo] AR F&o] E4 B =
AP fl5te] mlolaE &S 12054 150 °CL] QEof 7zt
30 #7F HolE F ZAdlo] mlo|aR e FHE AR
of. 2 A3 120°ColME RE A8/ 98-S agE /4
st WHA 150 °Coll A= HSO| Eego] =0} 150 °C ©]/d9]

[ ol
s

%2

N I 8

f

2]

Zay, Al4338 A15, 20193

$%< 71X%= TPU 1000-602+ TPU 3000-48S A2]3F vhe

A

o

AFEE HolM AEZS WUEsI Aa8og B A
A AT ZAES BF WSS vpol3 2 <& TPU

1000-50, TPU 2000-42, TPU 2000-49, 22]3Z TPU 3000-42

T
L
o=
T

T Az A4 2 A8 P50l Bee Helg

AR

Al Z: o] =72 20179 % AR AYdes

S=AFA T A PS wol P E 7] ZA AL (No.
2017R1D1A1B03033178)°]H, ©]of ZAL=Ht},

10.

11.

12.
13.

il

F 1

o
ror

. W. Y. Kim, D. S. Lee, and G. C. Yug, Korea J. Rheol., 2, 1
(1990).

. L. J. Kim, W. S. Kim, D. H. Lee, J. W. Bae, Y. H. Byon, and W.
H. Kim, Korean Chem. Eng. Res., 47, 4 (2009).

. F. R. Wolf, K.R.Patent 880012390 (1988).

. J.-O0. Nam, C.-H. Choi, J. M. Kim, S.-M. Kang, and C.-S. Lee,
Korean Chem. Eng. Res., 51, 597 (2013).

. M. Jobmann, G. Rafler, J. Sagala, and I. Gross, U.S.Patent
0,127,668 (2006).

. K.-H. Menting and C. Stone, U.S.Patent 6,984,450 (1997).

. S. Freitas, H. P. Merkle, and B. Gander, J. Control. Release, 102,
2 (2005).

. M. Jobmann, G. Rafler, and M. Hensel, U.S.Patent 8,637,592
(2014).

. C. S. Schollenberger and K. Dinbergs, J. Elastoplastics, 5, 222

(1973).

S.-M. Kim, N.-S. Kwak, Y.-K. Yang, B.-K. Yim, B.-Y. Park, and

T.-S. Hwang, Polym. Korea, 29, 253 (2005).

B. K. Kim, D. S. Lee, I. D. Chung, C. H. Do, and H. M. Jeong,

Polyurethane Science & Technology, The Korea Polyurethane

Society, Busan, vol 2, p 60 (2007).

M. Chiba, J. Hanes, and R. Langer, Biomaterials, 18, 893 (1997).

T. O. Ahn, S.-U. Jung, H. M. Jeong, and S. W. Lee, J Appl.

Polym. Sci., 51, 43 (1994).



