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ABSTRACT : Up to now, most of researches and practical applications of polymeric elastomers have
been focused on rubber, a type of elastomeric materials. Therefore, it has been widely accepted that rubber
industry is tire industry. In this review, we would like to illuminate new emerging technologies of elastomers.
Among many examples, there are actuators which can transform their mechanical shapes with respect
to the surrounding environments. Paper folding (so called “origami” in Japanese) technology can be another
good example. Utilizing paper folding technology, three-dimensional (3D) architectures containing
multi-functions can be constructed from programmed 2D structures. Elastomer microlens can also be
fabricated using lithography technologies combined with chemical reactions.
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Figure 1. Schematic diagram of the characteristic mole-
cular structure of an elastomer.'
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Figure 2. Schematic illustration of the procedure for

casting PDMS replicas from a master having relief
structures.®
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Figure 3. Schematic illustration of procedures for A) replica molding, B) microtransfer molding, C) micromolding
in capillaries, and D) solvent-assisted micromolding.8
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Figure 4. Structure of the microlens. A) optical profile
of the microlens structures on a PDMS hemisphere, B)
magnified optical profile of microlens surface, and C)
surface profile of a single microlens measeured using
a stylus profiler."
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Figure 5. Applications of elastomeric actuators for A) medical applications, B) micro-robotics, C) artificial muscles,

D) MEMS, E) tunable laser front, and F) wiggle.”'zo
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Figure 6. Schematic illustration of origami technology.22
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Figure 7. Self assembly system applied origami, A) self assembled sphere via magnet, B) self assembled sphere
via droplet, and C) self assembled triangle via droplet.’**

g Ao Azt @ o 58 e
Auro} 123 A77L A gk -‘mr———M‘
2 A7)-z29 287, A% 287hH], 1

FEAH A7)2Y Qelsh] S Ao RE
ATFHL Q& 1ER QFoole NG A2H
e A& BA6 FEE Tx A7
ootk A A7)-2Y Lelstule
2399 deprEr] AEY W] AL
gFoA A/E B FH F7] HYS AA
HoR 2YHE Felolth. AR et
PDMS BE| A& BYLE Hol mu] Fuay

_‘

—

Y
Lo
o
rlo

~nun

o |d X & o

—fold

-

< AX¥ PDMS ZE9] ziganug el e}
ENES FAHSE AR xS ozt o Figure 8. Microfabrication of 2D integrated circuit cou-
E AR A B dEis EU-] B2 o] 254 pled elastomeric materials.”

I Eo xRS 83 otk FEIdE A

7]-29 egrhve Q1FA R vk 2 2 (miura- A7z Mo 4us Tz A4S Ea 7193k of
ori) HEE At shte] FxoIAM 7¢I 29 WY TroHE 2a8 A9 s T
A71E B BAANA ol AFH 2e P2 %5 29T & U0 (Figure 7)2“7

2 7EstAola g H oz 7] wjEE AlA F Thekat 7o) heloA] o9l i ARl o
Z9] eggolv FxHs e E84 548 grEn Y Es wss] 98 Ui
ol otk olHd TR/ LrirE v N AeprEvle] BHHS ol Gd 9ne] 42

Elastomer Vol. 43, No. 2, 2008



HIoflolE 7|, 18l FolH7] 7]
to] Z2 e deprER o)y
25 Aoz WEagle v Vies &
A ARESHAl W 91 Aol e oA wE
Alz="l# Akl e F27F FAl FEE] 1
A3 g aQGsL 7hedk 59 tiubelx Azt
o] 7Festelet A4Eh 1 3 ¢ vlojaz A
AgE e e olxtd oz HAE JA 3
29 £ £& 383 jkeAo] & dEfrEH

2 JAete] o A=A sk AXH At
A defiEr 14 3RS AxT F dS
Zo|t}h (Figure 8).”

=
N
Hu

S5HA 220lal = A

= jLS

HrER 2= %’4?‘& H ﬁHﬂ =24
AL BRIt 53] & DH T B
o, 1= —8—%%}01:%‘%1 ofe} eFAl=el o
g =2H WgE doTle AFdelH, ztds
Z2aE oAl HY Fx2E zte depiEd
2AE Fol7] FoEA BRAF A 72
7@ 5

9 | 7o WES B 335
B} WYAD F Qe vlolaE Azsh L
2§ $§RolA AerErle HH9) sl
Brhea gk oA detiErle A2 A

B R BelE
(KRF-2007-331-D00119) A}dell 23]
nrHoze ARty Agns

3 A= At

Age] ARas A7AL
FaEglom
AgAgel 2

I. M. T. Payne and C. P. Rader, “Elastomer Tech-
nology Handbook”, ed. by N. P. Cheremisinoff,
chap. 14, p.557, CRC Press, Tokyo, 1993.

A2 A434A A23, 2008

2.

10.

11.

12.

13.

14.

15.

. J-H. Jang,

J. E. Mark, B. Erman, and F. R. Eirich, “Science
and Technology of Rubber”, 2nd Ed., Academic
Press, New York, 1994.

. A. N. Gent and M. Shen, “Science and Tech-

nology of Rubber”, ed. By F. R. Eirich, Academic
Press, New York, 1978.

. W. P. Mark, N. M. Bikales, C. G. Overberger, G.

and J. I. Kroschwitz,
Polymer Science and Engineering”, Vol.
Wiley & Sons, Inc, USA, 1985.

“Encyclopedia of
5, John

Menges,

. R. B. Seymour, Polym. News, 17, 176 (1992).
. V. L. Colvin,

“From opals to optics. Colloidal
photonic crystals”, MRS Bull., 26, 637 (2001)

C. K. Ullal, M. Maldovan, T.
Gorishnyy, S. Kooi, C. Y. Koh, and E. L. Thomas,
“3D Micro- and Nanostructures via Interference
Lithography”, Adv. Funct. Mater., 17, 3027-3041
(2007).

. Y. Xia and G. M. Whitesides, “Replica molding

with a polysiloxane mold provides this patterned
microstructure”, Angew. Chem. Int. Ed., 37, 550

(1998).

. T. lkeda, J. Mamiya, and Y. Yu, “Photomechanics

of Liquid-Crystalline Elastomers and Other Poly-
mers”, Angew. Chem. Int. Ed., 46, 506 (2007).

E. P. Chan and A. J. Crosby, “Fabricating Microlens
Arrays by Surface Wrinkling”, Adv. Mater., 18,
3238-3242 (2006).

R. F. Stevens and N. Davies, “Lens arrays and
photography”, The Journal of Photographic Science,
39, 199-208 (1991).

N. F. Borrelli, “Microoptics technology: fabrication
and applications of lens arrays and devices”,
Marcel Dekker, New York, 1999.

K. Uchino, “Electrostrictive actuators: materials and
applications”, Am. Ceram. Doc. Bull., 65, 643-652
(1986).

T. Huang, H. Xu, K. Jiao, L. Zhu, H. R. Brown,
and H. Wang, “A Novel Hydrogel with High
Mechanical Strength: A Macromolecular Microsphere
Composite Hydrogel”, Adv. Mater., 19, 1622-1626
(2007).

J. Guan, H. He, D. J. Hansford, and L. J. Lee,

“Self-Folding of Three-Dimensional Hydrogel Mic-



16.

17.

18.

19.

20.

21.

22.
23.

Wejrmrie] Az e wop 71

rostructures”, J. Phys. Chem. B, 109, 23134 (2005).
M.-H. Li and P. Keller, “Artificial muscles based
on liquid crystal elastomers”, Phil. Trans. R. Soc.
A, 364, 2763 (20006).
http://filologanoga.blogspot.com/2007/01/vizualizacija.
html
http://www.repubblica.it/2004/j/sezioni/scienza_e_tecn
ologia/robotmedico/robotmedico/robotmedico.html
http://www.jpl.nasa.gov/news/features-print.cfm?featur
e=492

http://www.memx.com/products.htm

Y. Yu and T. lkeda, “Soft Actuators Based on
Liquid-Crystalline Elastomers”, Angew. Chem. Int.
Ed., 45, 5416-5418 (2006).

Tilman Buchner, Dr. Dissertation, MIT (2003).

S. Kinoshita, S. Yoshioka, and K. Kawagoe, ‘“Me-

chanisms of structural colour in the morpho

24.

25.

26.

217.

butterfly : cooperation of regularity and irregularity
in an iridescent scale”, Proc. R. Soc. Lond. B, 269,
1417-1421 (2002).

M. Boncheva, S. A. Andreev, L. Mahadevan, A.
Winkleman, D. R. Reichman, M. G. Prentiss, S.
Whitesides, and G. M. Whitesides, “Magnetic self-
assembly of three-dimensional surfaces from planar
sheets”, PNAS, 102, 3924-2929 (2005).

C. Py, P. Reverdy, L. Doppler, J. Bico, B. Roman,
and C. N. Baroud, “Capillary Origami : Spontaneous
Wrapping of a Droplet with an Elastic Sheet”,
Physical Review Letters, 98, 156103 (2007).

L. Mahadevan and S. Rica, “Self-Organized Origa-
mi”, Science, 307, 1740 (2005).

G. T. Pickett, “Self-folding origami membranes”,
EPL, 78, 48003 (2007).

Elastomer Vol. 43, No. 2, 2008



