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Abstract: New humidity —sensitive monomer, N—methacryloyl—/N=ethyl—N~=propyl piperazinium bromide
(MANEPPB) was prepared by the quaternization reaction of N—methacryloyl—N=ethyl piperazine (MANEP)
with 1—bromopropane. Polyelectrolytes derived from the copolymers composed of MANEPPB/MMA/
AA=60/35/5, 70/25/5, 80/15/5, 90/5/5 and 95/0/5 were prepared for the humidity —sensitive membranes,
which were fabricated on the gold electrode by dipping method and were crosslinked by reacting copoly—
mers with aziridine crosslinker, trimethylolpropane tris (2—methyl—1—aziridinopropionate) (TTAP). When
the resistance dependences on the relative humidity of the sensors were measured, it was found that
the resistance varied three orders of magnitude between 20 and 90%RH, which was satisfied with the
requirement for the common humidity sensor operating at ambient humidity. Their hysteresis, temperature
dependence, frequency dependence, response and recovery time and water durability were measured
and evaluated as a humidity —sensing membrane.
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Figure 1. Schematic view of humidity sensor electrode.
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Scheme 1. Preparation of N—methacryloyl—/N=ethyl—N=propyl
piperazinium bromide (MANEPPB).
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Scheme 2. Preparation of copolymer—type polyelectrolytes.

Table 1. Components of Humidity-Sensitive Electrolyte Solution
and Their Physical Properties

Entry no. MANEPPB/MMA/AA MANEPPB/MMA/AA®  7°  Yield(%)
1 60/35/5 60/35/5 072 92
2 70/25/5 70/25/5 068 94
3 80/15/5 80/15/5 057 89
4 90/5/5 90/5/5 052 91
5 95/0/5 90/0/5 047 93

“The components of the terpolymers were determined by the elemental
analyses. ‘Inherent viscosities were measured in 2—methoxyethanol
in1g/dL at 25 C.
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Scheme 3. Chemical structure of trimethylolpropane tris(2—
methyl—1—aziridinopropionate) (TTAP).
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Scheme 4. Crosslinking mechanism of carboxy—functionalized
polyelectrolyte with TTAP.
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Figure 2. Dependence of resistance on the relative humidity for
the humidity sensors obtained from MANEPPB/MMA/AA=
() 60/35/5; (@ 70/25/5; (a) 80/15/5; (O) 90/5/5; (@) 95/
0/5at25 C,1kHzand 1 V.

a1 95/0/58] 75 54do] v Stk 353 MANEPPB/
MMA/AA=80/15/55 #5502 AR 5A4ME 20~90%RH
2ol 4.87 MQ~2.016 kQelA ®skE RolF=Giet o] GolelA
HwA F2 2AAS HolFglon] AntaoR AlgslEe] gl ot
A HFrAlM ] B} vl WEkeS HolFlrh AAgew
20709) MNEE Axd F S Ayl TE AlF0) 75y BAJo] BF
+0.5%RHS] H9lelA Az 23dste] EATRE & 5= AT A
w5 Wstel dist A3 wisks SsIoles Wl AEe MMAS]
o] FtekrE STIsIlth 35 MANEPPB/MMA/AA=60/
35/59F 95/0/5°] FEure R dojxl FAlMz= 20~90%RHe
A 457 MO~12.45 kQ 2 1.17 MQ~1.08 kQold 22 75 &
S HolFsitk 1 Hskh= 1072 Wslel siEr s wheAlo)
FAe] v} FRE HeAIA tieket 1y 5L 7R AME o
S & 5S4 QUi
A A Adsh vist 71 WAe) nlEe I 5499
ZAe| vl Feshk MMAS] §ido] & 353l Hslid o]
ghgo] AF o2 Aof sle]ui= ol A7) witel] T &S 1o
T oot olgt el Ak sfektz o)glef fsute] A
 wshs A50) PIEFT dTAtele) 7H) 9 7issEte] T
A G E=] 2 ARl ARGSE A5 ow] YAJEHAl 1L
Eo] QlaL FEe] ARE A 5 Aklele] 8919 wA
zdato] S 2date] AMgSIgich dntAow ShRAst 44} o
RSl ] A
Hsk= vk
ofshal &
slo] MEwE vepdoiar g4

SIAHZIAIA. BIAHEA 2 A7get A7E Felel] FsEto® 4=
=55 Y 2R Al 2Pgue] Alelolct AJgs)
o] 79 +3%RH Hlol® A ugA ghgutow o
= Qo A9 g & £5%RHS) Sl AERNAT}
Hiel vl Qltk: Figure 30l Al AlsES 25 £2.0%RH
A ERES & 45 Ql8ltE 53] MANEPPB/MMA/AA=

il

J

X

il
il

]

éll
1
RlRN
ML ;
aft
o
oo
&
i)y
.
=
1o
ﬁ

>

L
o
2

0

o

o o

1o

>

[‘
o oX
Ru)

T
) 5
r

S
R
njx@

olm

ni%
do ¢
5

o

Polymer (Korea), Vol. 33, No. 4, 2009



330 ojels - vk
107 T T T T T T T T 3
MANEPPB/MMA/AA |
humidification
10%k —a— 80/15/5 4
—A— 95/0/5 3
&} deciccation
D ——80/15/5
§ 10°% - £ - 95/0/5 4
g 3
3 Qm
x N
10° N QD\ E
N A\Z\D
10°F e
PR TR NP TP SR S BRI SRR R
10 20 30 40 50 60 70 80 90 100

Relative humidity(%)

Figure 3. Dependence of resistance on the relative humidity and
hysteresis for the humidity sensor obtained from MANEPPB/
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of () 100 Hz; (@) 1 kHz; (Aa) 10 kHz for the humidity sensor
obtained from MANEPPB/MMA/AA=80/15/5at 25 C and 1 V.
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Figure 6. Response time and recovery time of the humidity
sensor obtained from MANEPPB/MMA/AA=80/15/5 at 25 C.
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Figure 7. Dependence of resistance on the relative humidity for the
humidity sensor obtained from MANEPPB/MMA/AA= (R, [])
80/15/5 and (@, ) 95/0/5 before and after exposure to water.
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