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E&: IR Ay FEAME AxS] Asle] [2- [(methacryloyloxy) ethyl] dimethyl] propylammonium
bromide MEPAB), [2 [ methacryloyloxy) ethyl] —2—hydroxyethyl] dimethylammonium bromide (MEHDAB),
n—butyl methylacrylate BMA), 2—hydroxyethyl methylacrylate (HEMA) 8} styrene?] &8 E A18-51%3
o}, 4712 F79] 35 EAE S MEPAB/styrene/MEHDAB, MEHDAB/BMA/HEMA, MEPAB/BMA/
MEHDAB Z18]1 MEPAB/styrene/HEMA% ol 7)) 1al®l Ag/Pd A= #ol] blocked—isocyanate 7}
RAR 7tRAA EX3E W, e & U9E Btk R4 2] gz ot S &y, &%
&4, A A2, g%M—T‘E 213 WFAE 37138190k MEPAB/BMA/MEHDAB=3/6/1 3Z8A412) 7%,
30~90%RH HHANA 2.9 MQollA 1.8 4 kQe] AL HoiFor £ AXGH FE 3| AHYAAE Ko
Tt

Abstract | The resistive—type polymeric humidity sensors were prepared from the copolymers of
[2— [ (methacryloyloxy) ethyl] dimethyl] propylammonium bromide (MEPAB), [2— [(methacryloyloxy)
ethyl] —2~hydroxyethyl] dimethylammonium bromide (MEHDAB), n—butyl methylacrylate (MBA), 2—
hydroxyethyl methylacrylate (HEMA) and styrene. Four kinds of copolymers, ie, MEPAB/styrene/
MEHDAB, MEHDAB/BMA/HEMA, MEPAB/BMA/MEHDAB, and MEPAB/styrene/HEMA crosslinked
with blocked—isocyanate on the Ag/Pd electrode/alumina substrate showed good durability at high
humidities. The various electrical properties such as frequency dependency, temperature dependency,
hysteresis, response time and water durability were examined. In the case of copolymer MEPAR/
BMA/MEHDAB=3/6/1, the resistance was varied from 2.9 MQ to 1.84 kQ at 25 T in the range of 30
~90%RH and this copolymers showed a good linearity and low hysteresis.

Keywords : humidity sensor, 3—component copolymers, ammonium salt, isocyanate crosslinker.

M = phosphonium® ™! @ otm g gzAPe 71AE Ml 184}
7} @o) AREH 1 9lom B3] NN-(2—dimethylamino) ethyl
H é_\:_\ﬂxl‘:_@77a A A AsE 3 a2k&] _/:EL] .
IR} FEAIAM s 13 43| ulet A} *g‘_o 3 A methacrylate SHEAE 43 Ashibe s ol Tobakx) 9}l 23
M2 Lhrolaith AR SEANE A% S719 A3 gl

: o] golaku T B8ty W] FhEEuE P WHAR Bo)
glor] w4y 2RAT ATk JAG e BE A o o -

R0 WIS o] 85 SEANE 204 1RAE Algsls 7 Ae0] 1A SEANS S4 SRl o] wa) mal
- - 1 h T L h LY
o] & o], o) W14 Ao] W] mze] AL 243

& HqFoEN SEE 274

TEZE A3 S5 7+ AEFA carboxylic acid, 8 22 o)rk TEu Aad 1A o SeiEo] waelA Ak
. . . . - - 2—4 = . 1

sulfonic acid, phosphoric acid=} 54 o] o1& JACIE T g go oletgel ynk oleler mARe WPa] sAall 2

5 TS A L=k &&= 3
tTo whom correspondence should be addressed. o]] %BHQX] wEE i?sﬂzé A Z]‘—“ tﬂaﬂo]&# O:FH 7]-;(] k t‘go] ;ﬂ]
E—mail: msgong@dankook.ac kr Q= Qlek 7P ] o] RH T Qe WS A9 dEEe) A

194



A GFAZ PR FFRAS o) Rak= WP A5
A mAtel Ztwsf J2lm W8 oAk a5l mEARe) IPN
(interpenetrating polymer network) & 0] 8-81= B ? oo ¥
Fohe AENSA FERASY Zhs Y dajd nEAY -
77) spolugl= 7hasl ' ® FA7G TR el sl
3% LBLUS o8-8 SAl4 So] Ik

Aaha TEAR Jh RS2 7REFE) A, WA, ek
4 383 e 52 AE 5 e ofg 7R FeT)e| o
2} st 7hnAlZ ARSE T Qle) dRbA oz S=EAY|9) gk
EAREPZL 7hagkee] 59 Be7|E o83 glen, Akt
7tk 7|2 AMEE Wi obn|ieA] 8|3 o] AaAlohdlo| EA 7}
2A7} E8) ARHL B3] oliAlohlo)Er)E S8} uhea)
o] Sl Ago| WHERA T 2ollr] T7] 5 719k €4 nt
3lo] o7& WL o|YA olarjo|o|EY stwAlE A
oMol WhgAdol ZRg 2 A HeR AR Aol vigkalsiH
A7e9/de 71A)= blocked—isocyanate® AFEE 3% kRS
ZFEIZY E 3L o)F SRS s WAllA F1hel Qs BEEA
7} o] A fa oliAlofdlo|EVNE AEAIA AMgol A
st

B ArolMe 43 dRueEE I8k A 9, a4
A g1
T

AP HEANE AT, FERA ST sl dehy
AZR FEAN JriGEe] ThE BEEA, SlaHAn 2
ey, FokeolEd, SR TElT e 58 S4a0] 4
4P FTANZA S80S BT,

Al
=

oe

At 7171 254 S @Al ARESE 2— (dimethyl—
amino) ethyl methacrylate (DAEMA, Aldrich Chem. Co.), 2~
bromoethanol (Aldrich Chem. Co.) & 74 $lo] AMg3IAT). [[2—
(methacryloyloxy) ethyl] dimethyl] propylammonium bromide
(MEPAB) &} [[2- (methacryloyloxy) ethyl]l —2—hydroxyethyi]
dimethylammonium bromide (MEHDAB) & &%of] Xy uh
o]l w2 DAEMA®} 1—bromopropane %= 2—bromoethanol 2}
4213} ol ste] 247t ddict FRNAR 22 a0
azobisisobutyronitrile (AIBN, Junsei. Co.) <2 methanol®l] A2
A&tod ARSI}, n—Buty] methylacrylate BMA), styrene, 2—
hydroxyethyl methacrylate (HEMA, Aldrich Chem. Co.) &
inhibitor removal column(Aldrich Chem. Co.) < £3) Z8o)#]
AE AAZ 3 ARSISICE T80 2—methoxyethanol (FA1ek
&) T ethyl ether (H4ekE), ethyl acetate (HAeEE) & calcium
hydride® %% ¥ FHste] ARSI F58AY 7lae
Asahi—Kaseir}] blocked—isocyanate 7FA(MF—K60X, Du—
ranate) & ARSSIGITE

AFAzel] 2221 M7 )12E LFAVH96%, Nikko Japan, 0.635
t, 27 X27) & AMEBIR O W2 Ag/Pd He]~E (Con Coat DS—
9075D, Ag 78.012.0%, Pd 5%, 5 dAEAD & ARS-3ISiT)

B AZE FEAMOD ;39 FFEA 195

AZAH el ARE AFTZHE BloomsburyAl, MCR10-C) & At
Bl ddlssEel mE R4 AL F2FE2(TH-
NFM-L, —20~100 C, 5~98%RH/20 T, Jeio TechAD) I8’
LCR—meter (EDC—1630, 0.001 &~99 MQ, ED Lab) & A3}
o] Z4313r).

HIMZE. FEAMY A Q] fote] v dsvv
(96%) 713 AHE3ISIT) Ag/Pd Hlo|AES HAATHE|E AN
glo] Hlo]E 71 570QL §F <] HlolER M-S AHEISATE A
2ollx] 307F HAIele] BEsRsk 120 TollM 1A 30 &<t
AZAIZ] 3 850 TeollA 108 Bt 2493181tk Ag/Pd 5o <1
¥ 7)ol Ag/Pd soldering padZE 23] 183t & 850 CollA
108 B9 2448150tk mixlgte 2 2lmxs Ralglon] 84x5.08
mmOZ Aste] Y FEAN A= ARSI

e 289 ®MZE. 2—Methoxyethanol(16.8 g) ofl 754
@3 MEPAB(5.6 g, 0.02 moD), 7k ©4)el MEHDAB
(1.13 g, 4.0 mmoD), &5 =11 AE1#-1(1.68 g, 16 mmol) &
2IYE Z3issich ZiAAl AIBN (1 mol%) -2 £33 v ol &
HE Z3 B2l Y freeze—thaw B7IA3) WPHS E3l0] 7H1E
AT 3 Whale] 60 Collx] 24A17F B9t £3& et A
A FFEIES 2—methoxyethanol (20 @) 2 3 AAA ethyl
acetate®l] AFAsl] Lt MEHDAB/BMA/HEMA, MEPAB/
BMA/MEHDAB, 1#]1. MEPAB/styrene/HEMA$} 20| w1k
ZnlEs 2tk IETAEE v Rlo R Ao =
JH)Z Table 19 Yehygich

ZEMo| = A JiuHi2, MEPAB/styrene/MEHDARBS] 3
4 FEA(1 g) S 2—methoxyethanol (6.72 g) ol L351ick
Blocked—isocyanate 7}AlE DMFo] o] 10% £99(3.28 g
& Alxsta gl FFEA £ A7 10 wtnd] 25
He AZ3IGCE o] FAE A HF Ho mEzstn d=9
TEE FAEI] HalE Ay ¢l ¥ o 40 Tolld 1Az A
™ 100 TelA 2A1RF Bt AsE AlA 7she s5eo)
FEAXME ARGt ofg] vl&e] 23818 7 349 &
9] £ 9 7ludhg s 4719 22 o R REsieich

&

kY>
(e}

3l
A
3L

1 W
it [0 nfo

t

3)
=]

ol
N

Table 1. The Composition Three Component Copolymers
Containing Quaternized Ammonium Salts

Monomer MEPAB Styrene BMA HEMA MEHDAB Yield
copolymer (mol%) (mol%) (mol%) (mol%) (mol%) (%)

MSM1 50 40 - - 10 87
MSM2 40 50 - - 10 89
MSM3 30 60 - - 10 79
MBH1 50 - 40 10 - 83
MBH?2 40 - 50 10 - 84
MBH3 30 - 60 10 - 86
MBM1 50 - 40 - 10 78
MBM2 40 - 50 - 10 87
MBM3 30 - 60 - 10 82
MSH1 50 - - 10 - 85
MSHZ 40 - - 10 = 87
MSH3 30 - - 10 - 79
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Figure 1. The illustration of electrode of resistive—type humidity
sensor.
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Figure 2. Dependence of resistance on the relative humidity for
the humidity sensor using MEPAB/styrene/MEHDAB and MEPAB/
styrene/HEMA at 1 kHz at 25 C.
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Figure 3. Dependence of resistance on the relative humidity for
the humidity sensor using MEPAB/BMA/HEMA and MEPAB/
BMA/MEHDAB at 1 kHz at 25 C.
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Table 2. Hysteresis Characteristics of the Humidity Sensors
Containing Quaternized Ammonium Salts

%RH Absorption (kQ) Desorption (kQY)
Copolymer 50 60 70 50 60 70
MSM1 250 95 33 191 71 32 35
MSM2 300 110 40 260 90 43 2
MSM3 350 130 50 310 123 21 09
MBH1 400 85 27 290 61 21 2.3
MBH2 600 110 40 500 93 33 1.2
MBH3 700 130 45 650 110 41 1
MBM1 23 6 2.3 19 5.1 2 14
MBM2 412 118 448 39 10 41 1.2
MBM3 66.7 179 640 62 16 6.1 09
MSH1 450 180 70 370 150 55 2
MSH2 580 230 90 490 190 78 0.9
MSH3 700 300 130 650 270 120 2
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Figure 4. Hysteresis characteristics of the sensors obtained
from MEPAB/BMA/MEHDARB copolymers.
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Figure 5. Durability of humidity sensors obtained from MEPAB/
BMA/MEHDAR after soaked in water for an hour.
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Figure 6. The resistance dependence of the humidity sensor on
the applied frequency of (l) 0.1 kHz, (@) 1 kHz, and (&) 10
kHz (MEPAB/BMA/MEHDAB=3/6/1) and (() 0.1 kHz, (O) 1
kHz, and (A) 10 kHz (MEPAB/BMA/HEMA=5/4/1) at 25 T
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Figure 7. The resistance dependence on relative humidity of
humidity sensor obtained from (MEPAB/BMA/MEHDAB=3/6/1
at (W) 15 C, (@) 25 C,and (&) 35 C at 1 kHzand 1 V.
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Figure 8. Response time of the humidity sensor obtained from
MEPAB/BMA/MEHDAB=3/6/1; (@) absorption and (M) desorp—
tion process at 25 TC.
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