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Application of temperature sensitive hydrogels to the
development of intelligent fabrics

LIU Shufang , GU Zhenya
( School of Texatiles , Tianjin Polytechnic University , Tianjin 300160 , China)

Abstract Te mperature-sensitive hydrogels are intelligent materials , which can response to the temperature
and have been widely applied to controlled release of medicine , separation membranes , tissue engineering
scaffolds , and so forth . Intelligent fabrics based on te mperature- sensitive hydrogels can be made by grafting the
copolymerization of the hydrogel polymers onto the surface of fabrics or coating the fabrics by the polymer
solution. This paper focuses on some development cases dealing with smart breathable fabric, controlled
releasing medicine fabric , smart wound dressing , s mart wetsuit , smart anti-soaking suit and s mart te mperature-
adaptable sportswear, etc . Moreover, the prospective applications to other intelligent fabrics are elaborated .
Key words te mperature-sensitive ; hydrogel ; PNIPAAm ; grafting ; intelligent fabric

[2-3]

[4]

12007 - 02 - 13 :2007 - 06 - 27
(1978 —) , . . s ,E mail :guzhenya @tjpu .edu .cn.



< 140 - 28

[8]
(UV) NIPAAm
PP R
1 PP 0.3 mL ,
0, 1
PNIPAAm PP SEM
( pH .+ . . s
) s , pp
PP
, . , PNIPAAm ,
. N . 32 C, PNIPAAm PP
s it SRR
pH . . f
p b ..-J
; /pH . AR
/ .
( ) B -
2 . (N,N )
" o <o ) : P RSt
> ( N -
) ( PNIPAAm)
[5]
PNIPAAm s
32 C, R - bk
[6]
, PP A AT
[7]
b U T e AR PR G P L A
PNIPAAm
, 1 PNIPAAm PP
SEM
Fig.l SEM images of freeze- drized PNIPAAm hydrogel onto
PP nonwoven (a) and Ar plasma-treated PP nonwoven ( b)
> PNIPAAm s
. Save
N- ( NTBA) ( Am)
2 [9-13]
NTBA  Am
2.1

( PP)



11

Midé

« 141 -
Save NTBA  Am 40: 60 , , e
( NTBA
27 %) . 1,2.,3,4 , .
( BTCA) , 150 ~ v
160 C Ll
22~25.8 C,
LCST( ) 37.8 C. , [19]
, 2 mm (CS) PNIPAAM/ PP
, 490 % 2980 %, ,
120 min 5mint'’ . PNIPAAny PP , 3
’ s s - 80 uC
15 ~ 40 C. SEM 3. 3 ,
20 min s 2 ~3 min,
20 %, , , ,
( WVTR)15 C 58 % 45 C
94 %, ( )
WVIR 15 C 70 % 45 C 96 %.
WVTR
[11]
<20s, <2¢"
2.2
2 -80 C 3
) SEM ( % 50)
’ ’ Fig.2 SEMimage of tri-layer wound dressing structure
by freeze dried at - 80 ‘C( x 50)
b 9 3 ,
( )
PP , PNIPAAM,
[15] NPAAm uv
PP b 9
, PP
(MW =1 485.7) PNIPAAM ,  PNIPAAm
(MW=194) ’
,PNIPAAm ,
85% 919 3
2.3 % 9%,
2.4



. 142 - 28
SmartSkin , , (521
20 C
[20]
, 3
_SmartSkin 200 % ~7 000 % ', Kuwabara uv
NIPAAm ( AA)
,SmartSkin >
[27]
SmartSkin 70 % ’
[21]
9 5 [28] NPAAm
) _
SmartSkin™ [
Bio Skin SmartSkin™ ’ )
(1,
Utima 2sL™ , ) ’
Velcro hook R SmartSkin"" , ’
SmartSkin™ & (5CD)
’ g CD
PNIPAAM,
[29] 1 PNIPAAM
’ ’ - CD : /pH
2.6
, g CD
, , 1 1
, PNIPAAN PU G0
s > s > PNIPAAm N
, . PU PNIPAAm
,  Daedalus 4

[22]



11

<143 -

[10]

[11]

[12]

[13]

[14]

[15]

FZXB

. [ M].
,2006:1 - 5.
[J1. ,2006 ,23(12) :4- 8.
[J]. ,2007 ,32(1) :32 - 37.
) [71].
,2005 ,22:14 .
. [ M]. : ,

2005 :43 - 64 .

Liu Baohua, Hu Jinlian. The Application of te mperature-

sensitive hydrogels to textiles: a review of chinese and

japanese investigations[ J]. Fibres & Textiles in Eastern

Europe , 2005, 13 (6) :45 - 49 .

;. PNIPAAm
[T].

> >

,2002(6) :780 - 784 .
Chen Ko Shao,Tsai Jui- Che ,Chou Chilr Wei ,et al . Effects
of additives on the photoinduced grafting polymerization of
N isopropylacrylamide gel onto PET film and PP nonwoven
fabric surface[ J].
2002,20 :203 - 208 .
Save Ninad S, Jassal Manjeet, Agrawal Ashwini K. Stimuli

sensitive

Materials Science & Engineering C,

copolymer poly ( Ntertbutylacrylamideramr
acrylamide) : synthesis and characterization[ J]. Journal of
Applied Polymer Science , 2005 , 95 :672 - 680 .

Save Ninad S, Jassal Manjeet, Agrawal Ashwini K.Smart
stimuli sensitive copolymer poly ( N tert- butylacrylamide-
ranacrylamide ) : processing into thin films and their
transitional behaviour J]. Polymer,2003 ,44:7979 - 7988 .
Save Ninad S, Agrawal Ashwini K. Smart breathable
fabric[ J].Journal of Industrial Textiles ,2005 ,34(3) :139 -
155.

Jassal Manjeet, Save Ninad S. Thermoresponsive smart
textile[ J ]. Indian Journal of Fiber & Textile Research,
2006 ,31(3) :52 - 65.

Agrawal Agrawal K, Jassal Manjeet, Vishnoi Amrish et al .
Temperature responsive fibers with anisotropic transitional
behavior{ J]. Journal of Applied Polymer Science , 2005 , 95
(3) : 681 - 688.

Qiu Yong, Park Kinam. Environment sensitive hydrogels for
drug delivery[ J]. Advanced Drug Delivery Reviews, 2001 ,
53:321 - 339.
Chen Ko Shao, Chou

Chi- Wei, Wu  Shi Chih.

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Thermosensitive drug delivery properties of polypropylene
nonwoven/ poly( N isopropylacrylamide) gel composites [ EB/

OL] .http ://acel 36 .auto.fcu .edu .tw/ ~ cslin/ confer/ 2002/
papet/el 4 .pdf .htm ,2002 - 08 - 16 .
Cornelius Victoria J, Majcen Natasa ,Snowden Martin J, et
al . Preparation of smart wound dressings based on colloidal
microgels and textile fibres [ EB/OL ]. http://adsabs .
harvard .edu/ abs/2007SPIE .6413E . .22C .htm ,2006 - 10 -
22.
i
,CNI579559[ P]. 2005 - 11 - 14.

, CNL706503
[P].2005-02-16.
Chen Koshao, Ku Yuamran, Lee Chi Han, et al.
Immobilization of chitosan gel with cross-linking reagent on
[T7].
Materials Science and Engineering C, Biomimetic and
Supramolecular Syste ms ,2005 , 25(4) : 472 - 478 .
Adrian Cho. A swell idea for a warmer wetsuit[ EB/OL ] .
http:// www . comdig . org/ print . article . php ? id. article =
18059 .htm ,2004 - 09 - 17 .
Serra, Macro. Adaptable hydrogel gives wetsuit
protection[ J]. Smart Materials Bulletin ,2002(8) :7 - 8.

PNIPAAm gel/ PP nonwoven composites surface

skin -

[J7]. ,2002(3) :92- 95.
He Changcheng, Gu Zhenya . Studies on acrylic acid grafted
PET fabrics by electron beam preirradiation method I [ J].
Journal of Applied Polymer Science, 2003 ( 89) :3931 -
3938.
He Changcheng, Gu Zhenya, Tian Junying. Studies on
acidgrafted PET fabrics by beam
preirradiation method Il [ J]. Journal of Applied Polymer
Science , 2003(89) :3931 - 3938 .
s . [J11.
,2005 ,24(2) :54 - 57,60 .

acrylic electron

[J171. ,2002(4) :47 - 52,60 .
Kuwabara  Shin, Kubota  Hitoshi .
characteristics of acrylic acid grafted carboxymethyl cellulose

Water absorbing

synthesized by photografting] J]. Journal of Applied Polymer
Science , 1996, 60 : 1965 - 1970 .

Xie Jiangbin, Hsieh You Lo. Thermosensitive poly ( N
yydrogels bonded on
supports[ J].Journal of Applied Polymer Science , 2003 ,89 :
999 - 1006 .

Liu Yuyang ,Fan Xiaodong . Synthesis and characterization of
hydrogel of N
isopropylacrylamide/ cyclodextrin  based copolymer [ J ].
Polymer, 2002 ,18(43) :4997 - 5003 .

Hu Jinlian, Liu Wenguang, Liu Baohua. Fabricsupported
PNIPAAn/ PU
hydrogel and the use thereof in preparation of facial mask :
US  Patent, US20060286152 [ P ].  http://www.
freepatentsonline . com/ 20060286152 . html . htm , 2006 - 12
-21.

isopropylacrylamide ) cellulose

pH-and

te mperature- sensitive

chitosan modified temperature responsive





