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Resistive Polymeric Humidity Sensor Fabricated
with Ink-Jet Printing Technique
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Abstract: The modified polyionene polyelectrolyte inks were newly prepared and applied to the
humidity-sensitive membrane of humidity sensor. The films were fabricated on the alumina substrate with
comb-type gold electrode using a ink-jet printing technique. The copolymers of methyl methacrylate,
acrylic acid, 2-hydroxyethyl methacrylate and [(2-methacryloyloxy)ethyl]trimethylammonium chloride
were also prepared for the humidity-sensing material, which was fabricated by dip-coating method.
Electrical measurements under various relative humidity were performed. The humidity-sensitive
characteristics of sensors obtained by ink-jet printing technique were compared with that of dip-coating
method. Humidity sensors showed a decrease in resistance as an increase of relative humidity and their

resistance characteristics are in a close agreement each other.
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N,N,N'N-tetramethyl-1 4-diaminobutane,  1,6-dibromo-

ufo| A2 MA@ 7)1 A k3] 2] A 118 A 13 (2004)
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hexane, 2-bromoethanol, N,N,N'N"-tetramethyl-1,6-
diaminohexane, 14-dibromobutane 2] 37 1 3-dibromo-
2-propanol (Aldrich Chem. Co.y& A 2}& AE S
2 2 AHS-3F% 2™ methyl methacrylate, acrylic
acid 722] 3L 2-hydroxyethyl methacrylate:= 5% &
X] Al A A AY (Aldrich Chem. Co. ) S S34AI7)
Z molecular sieve (4 A)ol] 71 EL& & AL251
T} [(2-methacryloyloxy)ethyl]trimethylammonium
chloride (Aldrich Chem. Co.)& 8% 2Z =&
3t & AFE-3}91 T} 2-Methoxyethanol, dimethylsul-
foxide (DMSO) 9} isopropanol-2 A] 2F-& A &-&
2 ARt T

dze HrE FHEA (DV-II+ viscometer,
Brookfield Inc.), £ HA#H -2 3™ A2 A (Surface
Tensiomat 21, Fisher Scientific Inc)E AF&-&te =
Hsisit

AN o 5542 ¥ 85X (JEIO TECH,

TM NFM-L(-20°C~100°C)$] &%7} 25°C, 4t &
= 30%RHZ B3o] 5%0< o, LCR meter(ED-
Lab, KOREA, Model EDC-1630)2] &8-S 1 kHz,
IVolA 28 2d3te] Adate S8t 2+
NEE 22 249 g8t 50709 A & & A &tat
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2.3 % 7|-A0H 1__‘ xﬂ_‘_

TAA7E A8 T2t F2aE00 NNN,
N “tetramethyl-1,4-diaminobutane (14.40 g, 100 mmol)
% 2-methoxyethanol (50 g)oll £33t ¥ 1,6-
d1br0m0hexane (21.90 g, 90 mmol) J-F'/]J_ 2-bro-
moethanol (1.25 g, 10 mmol)2 2-methoxyethanol
SRR 5°C°l 38 A0 Askd 5
60°CoN A 4A1 7k ¥E8-& A3 slith 2 & 80°CE
S5k 24774 t’JS & A& F 8 E 507
F FFHotA AANAG HF &l 30g9]
DMSOE #7bstal BEEEr]o]2Aolo)E (1.5
ye SEAA HE dad i 2AHE §AE
uor Aot ol o] dojRl HF I HE-L 33.0%4]
29 A5EAS 9 F ATk ] AR T
B2 4o 15goﬂ olAx2y °§5 g X< R
3] E-465 (Air product Co.) 001 g& 713t J=
A YAE AxsIAT ol LHEL 25.0% ©l

o, TAFH L 37 dyne/cm, 5 15 cps oI ATH

{

F

24 ZEY 29| M=
ZHA7E AR E S2ute S22 NN,
N tetramethyl-1,6-diaminohexane (17.23 g, 100 mmol)
< 2-methoxyethanol (50 g)oll &-3llate] W 14-
d1brom0butane (2051 g, 95 mmol) 12| 2 1,3-dibromo-
2-propanol (1.09 g, 5mmol)% 2-methoxyethanol
(50 g)oll &allateq 5°ColstE FrAlstH A st 3
60°Coll A} 4A1ZF W& Xt rt. 1 - 80°CE
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of 2x3}o], Fox WAl A ZUHI =
F076000 (Epson Precision Inc.)E 2H3F 3 H32
B & o]8-3te] &Fuu) 7)ol o] A Al
A A=9ol AANE 2~53] A dsta, EAEE 5
o HF AEure P45t FTAANE AU
ol o] Wxjg] AL 100°CA 3087 A £
A&3te 120°CHlA 3087 A2 3.
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Methyl methacrylate (4.00 mmol), acrylic acid (0.20
mmol), 2-hydroxyethyl methacrylate (0.05 mmol),
83 [(2-methacryloyloxy)ethyl]trimethylammo-
nium chloride (5.75 mmol)= 2-methoxyethanol (20
g)oll &313}3L 2,2-azobisisobutyronitrile (AIBN)
(0.1 mol%yg T Y=ol B3 grtislste] U
B3 F 60°ColA 24X 7 2Ht] 2 S 8-2 g5t

49 FEAE TSk MgAS et
Q0 mDE F7Hete] HAE T, §4S -] A
AANA FFIANE SRoH AW B
23, A% 7&10}@1 a4 pegee 359
AE B%e F&2 AUk FI-IR (KBr, cm-1)
3350-3450 (-0-H, -COO-H), 2920 (aliphatic C-H),
1720-1740 (br, s, C=0), 1235-1100 (C-N, C-0). 1H
NMR (CDCl;) 8 3.6-3.4 (m, -OCH;, -OCH,CH;, -O-
CH,CH,N*(CH;):), 3.2 (br, -O-CH,CH,N*(CH5)3),
1.5-1.1 (m, -CH>-C{CHj;)-, -CH,CH3), 2.3 (-CH,-CH-
COO0-), 1.5-1.1 (-CH,-C(CHj3;)-, -CH,-CH-COO-).

471 Qo FFHAE 2-methoxyethanol®l] 2|
T A d ZEA &AL LFE 105% =
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oyt gle A AFEA S 48+ Ak
A7) Al A L EA g AP T Gofol s
AL Zol3A &3l T U= olAZEH dFE
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A7) oy TUY Yo R AR E 7HE
S3 v 2st7] Yste] AFA SEFAI methyl
methacrylate, 7+ #5718 /M D HA EA
acrylic acid 28] 3L 2-hydroxyethyl methacrylate, 7+

CH3 CHS
CHp==¢ + CHy==¢ +

c=0 Cc=0

OCHs OCH;CH,0H
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& S A ZA [(2-methacryloyloxy)ethyl]trimethyl
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A3 Bae At He SEALE o AA
oz 2% 899 Ax ¥l v o)Ak gl
FEFAANA 2 A EY AL FUE v &
# Aol A& t) o] A& ] @A 7t BF of
29 £ WeladyolE g Eo)7) o
SEA & 78] WA vl 7h vl W o8 A
z+E e},

AL A TREA S99 e FEAA
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3 3 ol T Y A3A & T AHFAE Ax
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Fig. 1. Schematic view of sensor electrode.
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Table 1. Humidity-Sensitive Properties of Humidity Sensor Obtained by Ink-Jet or Dip-Coating Method

£4 A8} (Resistance), Q Bzt Zh2sm}
A5 T 30%RH 40%RH  SO%RH 60%RH 70%RH 80%RH 90%RH (+%RH) 784
791 2790000 803000 261000 107000 40300 10300 2700 0.37 ink-jet
72 1890000 639000 201000 78300 27900 8500 2100 041 ink-jet
743 4500000 1500000 440000 154000 43000 15500 4100 2.90 dip-coating

nlelmz A @ 7)1 83 Al11d A1E (2004)
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—e— solution 2
—a4— solution 3

Resistance (Q)
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T

10'F

el I IS |
50 60 70

Relative Humidity(%)

Lo )
30 40

Fig. 2. Dependence of resistance on the relative humidity
sensor obtained from humidity-sensitive solutions
at 25°C, 1 kHz and 1 V.
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Fig. 3. Dependence of resistance on the number of ink-jet
printing using the humidity sensor obtained from
humidity-sensitive solution 2.
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Fig. 4. Relative humidity versus resistance for the sensors
obtained from humidity- sensitive solutions.
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