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Humidity Sensitive Properties of Humidity Sensor Using Reactive Copolymers
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2 B 4 3 JEFYE Y4T £ e TEYAE polyl(vinylbenzyl chloride)-co- (n-butyl acrylate)-co- (2-
hydroxyethyl methacrylate) 12} poly [ (4-vinylpyridine) - co- (n~butyl acrylate) - co- (2- hydroxyethyl methacrylate) ] & 2
AL A AR AM-E7] A5t AT f2A4E 30%RH, 60%RH 28]1 90%RHAA HF g ke
2z 86 MQ, 310 kQ 282 12 kQ & B F¢iv}. £ sladH2]AAE +3%RH gl A veldony, LEoEN AP -
0.37~-0.40%RH/C olgit}. Zate) AN A F5YA $ n-BA2} HEMA 9 48 Aig Z7F4]7l= 8.)¢] =) 7|ga}
o H2A e F5) FAEA). 33%RHA 85%¥RHE = Qo2 HE o] g4 hdxo|n] £5¢ 247 A4 F 2§
o) H3Es +0.2%RH ool &3t

Abstract The mutually reactive copolymers poly[(vinylbenzyl chloride)- co-(n-buty] acrylate)-co-(2-hydroxyethyl
methacrylate)] and poly[(4-vinylpyridine)-co-(n-butyl acrylate)-co-(2~hydroxyethyl methacrylate)] were
synthesized for the humidity sensitive material by forming simultaneous quaternization. The humidity sensor showed
an average resistance of 8.6 MQ, 310 kQ and 12 kQ at 30%RH, 60%RH and 90%RH, respectively. The hysteresis and
temperature coefficient were +3%RH and -0.37~-0.40%RH/C. The introduction of »-BA and HEMA increased the
resistance of the humidity sensor however it enhanced the adherence to the alumina substrate. The response time was
54 seconds changing from 33%RH to 85%RH and the difference of resistance was +0.2%RH after soaking in water for
2 hr.

Key words : vinylbenzy! chloride, 4-vinyl pyridine, humidity sensor, mutually reactive copolymers
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Wizazgejrel Bl A2 yhgate] 43 R g e
g4 AT 4+ &2 2 vinylbenzyl chloride &+ 4
-vinylpyridine$ Z#e= TELAEL HE TEAZA
ut-s-4g MoF Aoloh oj2§ LEAE7]E whEEle] A
A% 7taA = Alv]-IPN HeE 7kAe 229 7l g 3§
st A 43 ot gEs) Al g Gz A F
At

2 QPelMe= a8y 4-
vinylpyridine®  n-butyl acrylate Z8]%Z 2-
hydroxyethyl methacrylate®} 3¢9 F3AEL 27 A
z3tlem o]F& ZrFHoE o83 FRAME A2}
I AY &5 9sle) i Ar|H A4S 2AEY 24
A2 Y 8-S HAESGTY. FR449 Hrtolle Ay
B4, slad i, 2EAEAY, FHT gEA, $HEE
8 NEEAH Wy, W FEA 28l g, IF, A
<, & I, L AL, e - Ag, L9874 SelA
Alelg, 8], A7l F3} 2|3 AF 5 AR Ajgo]
AUtk FZAAE A A2 Frdle 7|85 H)
B3 o] E4o] Y AT S4E st AN AFE
AXA" ) B 9T 442 4R aded
A9 HrLE 5t 7125 Aol disle Euslax} g,

2. A ¥y

21. A gl 717]

4-Vinylpyridine (4-VP) 2 calcium hydrideol}A] ¥
€ AAY F 2AF FF3M AREEA. Vinylbenzyl
chloride (VBC), =n-butyl acrylate(n-BA, Aldrich
Chem. Co.) 283 2-hydroxyethyl methacrylate
(HEMA) &= 344 AA 23 (Aldrich Chem. Co.) & ¥
#2171 & molecular sieve (4A4) ol B} & F 2123519
ot Sl A" 4ol WAl ZgE 3H4F, IN-NaOH,
Z5TE A3, calcium hydride® %8 the 253}
o} AHL3lgt}. Dimethylsulfoxide (DMSO) & wlalg H
7hete] E¢ AAT F 60~70°C oA A FFol 93}
A A A

TEEA EME 998l NMR £3HE™L Varian
Gemini-2000& AHg-8tglew, Heol4d e Midac
2000 HA E37)1E AHskac). €5 SA-d AT @
2 35T+ Tabai Espec. Model PL-2G (30 ~98%RH,
-40C~+150C) & AH&3t4E, LCR meter (0.1 Q~
20M Q) & Booton Model 51108 AHg-8tgdc).

22. M =

A 29 134 o] o3 4Fuiy 718 (96%, 10
X 5.08%0.635 mm) 9o} 0.15 mm ZHAo 2 57jel w4k
2ofe Mg Aa~3ay gz e AREstgdc). ol
AHEE AT ABEA HFE Ay, W A= RE2 Ag-
Pd¥ 5 & 283tk

2.3. Vinylbenzyl chloride, n-butyl acrylate 12|10 2

-hydroxyethy!l methacrylate2 2= 8| 3t

Vinylbenzyl chloride (VBC, 12.20 g, 80 mmol), n-

vinylbenzyl chloride
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Fig. 1. Schematic view of gold electrode on the alumina sub-
strate.

butyl acrylate(n-BA, 128 g, 10 mmol), 2-
hydroxyethyl methacrylate (HEMA, 1.30 g, 10 mmol)
283 7§A1A e -azobisisobutyronitrile (0.064 g, 0.4
mmol) & ®A (20 mL) ol £3i5te] FF WS Y2,
freeze-thaw ®Hil-& o]l HHE3le] P& Ex5l+= 7)
AE AAT F, PE-5tod 60CAA 1227 S73e) A
3ot 3] ¥85%E ¥, 15 mLY dWgdazales H
7V ¥, M5 ol Rel A AHE ] FEPAE At o)
A FA4E T o kRSl 50°C 9 AF B4 A
Z3te, B Fdele) 3F5EA 18 A4

1: Yield 96%. FT-IR (KBr) 3380-3550 (O-H),
32568 (aromatic C-H), 2920 (aliphatic C-H), 1742~
17356 (C=0), 1562 (C=C), 1252-1115 (C-0) em™",
'H NMR (CDCly) 8 7.2 (m, -Ph-), 4.1-3.6 (m, -O-
CH.CH.CH.CH; and -0O-CH,CH,0H), 3.4 (br, -CH,0
H), 2.5-2.3 (m, -CH,-Ph- and -CH,-CH-COO0-), 1.
3-1.1 (m, ~CH,-CH (Ph-)-, -CH,~-C(CH» -CQ0O-, -
CH,-CH-COO- and -OCH.CH,CH,CH>).

2.4, 4-Vinylpyridine, n-butyl acrylate 2|2 2-

hydroxyethyl methacrylate2] 2= 8| &4

23 HZo} 4-vinylpyridine (4-VP, 893 g, 80
mmol), n-butyl acrylate(n-BA, 1.28 g, 10 mmol), 2
-hydroxyethyl methacrylate(HEMA, 130 g, 10
mmol) Z8]3 7§A|A| @, -azobisisobutyronitrile (0.064
g, 0.4 mmol) & WA (20 mL) ol &3sted Y, freeze—
thaw el o3le] 7lAE FAHZE F, WEsto] 60T ol
4 24717 B B3 At gAE gt Bie) &
8% %, odalag2ec (20 mL) & #Avlsly, $9E n-
gakol] A A HsIe] 2gHAE Aot ARNA AL T
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2. Yield 93%. FT-IR (KBr) 3380-3550 (O-H),
3240 (aromatic C-H), 2920 (aliphatic C-H), 1732
{C=0), 1610, 1563 (C=C), 1235-1100 (C-0) cm™"
'H NMR (CDCly) & 7.4-7.1 (m, -P», 4.1-36 (m, -O
-CH,CH.CH.CH; and ~-O-CH,CH,OH), 3.4 (br, -CH,
OH), 26-2.3 (s, -CH,~CH(Py) - and -CH,-CH(COO
-)-,15-1.1 (m, -CH,-CH (Py) -, -CH,-CH (CO0-) -
—CHz—C(CHa) -C00- and —OCHzCHchzCHa).

25 BE8A X U 4K 2253}

VBC/n-BA/HEMA =80/10/10 F&gA (02 g &
DMSO (3.8 g) ol T-43tA &-#3te Fvlste = o2 uv}
oladol 4-VP/n-BA/HEMA =80/10/10 %302
g)E DMSO (3.8 g) o] Zd&tA &3zt Evlatsdn). o
A & - FE (BT, 60 $RH) A2 A& A<438HA
TR F 239 &7 &4 20709 &% A A& A
2 (jig) ofl A o2 Fo} A3} Ao TE3HC) =
ZH ASL EvE $£HE FRAFT Aol AAS 10
¥ 5 Ad A=A F, AR XEE 38 60TNA
1A)17 ¥hg-& At e 7wt 3 ¥ 2% Axs)
of 7twst TEIA AES st A=kl A7)
= A7) Exel 7 A ES BAE HEt AT
Z2A43}e] uk-g-a = gle Z'}A A n-butyl chloride ®
= triethylamine® o 3} AefollA F7] 422 60T
§ A8k 2A17HE AREa AF uEEEE AA)
A3t B olekgel 30E AT F oA AT Axs}ho
HF FTAME Azl en A7 AL 248

26 x HAMe M £H

g2 ez 227} 25C, AHFE 30%RHE By
o] E%1& o, LCR meter?] $3& 1 kHz, 1 VellA §=
£ =438t AF & FA3ct 30%RH—90%RH
M543 90%RH—30%RH & AgAe] 4R 3|2
2l A2 FAsHct. 2 9] 25 A& AT &
-G REE 157, 25°C, 35CE WIHAA A7) &
Aol 2t FAstolor, Fatp Hilel wE e 9
E£42 &3& 100 Hz, 1 kHz 282 10 kHzE wi3}4]
A Azt HAFIA 1F Ale]d THEEE 20TA
MgCl, - 6H,09] 3} 843} KCl9] £3} §-4] Alge
ol 33%RH 2] 85%RH HHA &5}

F A% 2Azde, FA4 22 Ao TEEAE

3. Zn & TE

7+42+& vinylbenzyl chloride, n-BA Z8l2 HEMA
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Scheme 1.

9 3Y F3EA 4-VP, n-BA 2]z HEMA 9 34
TERAY 4 235} kgl st Az 4 TFY
A AYA Q] =g S el g5t Ao
A& Scheme 1 Yetiich FE5HAEY statr=
t 'H-NMR ¥ IR &4l 234 galstgden] 544
oA 7 dEAEY 2L FHAANEY £ £ w9t
2 o7} 918 NMR 2#E7je) H& gto & Falsiyg
on 2 A3r} % 19 et ok FFPAEL 2T ¥
o) Rk o8 qdojzien] dubaql §7] Lo 3 &
A= THHEE 0.622 0.53 dL/g-¢ R3Fc},

e TEE 20709 AFE Az AT A
A AFYel STt Ad5A1A FHAARE AT F 43}
B3 uk--& B3ke] A aE ). ol Ayl <
o] R 2= AeSEE A A gYEA)

Scheme 2¢f Wbl uje} 7o) F THgAE A2 W2
& de FEiErie JsAr)E MR 7] wEel
w2 A 43} b 2F3} wbg-o] 21g=o] LA E YA& A
o F FEEA 498 EFY o 43 FRFF ko) =
7)ol A== RS A7) Asted 5T olstel A Al43)
83t o v FEAT] oA AFES] Y4 38

Table 1. Results of Radical Copolymerizations of VBC or 4- VP with #n-BA and HEMA with AIBN at 60°C for 12 hr.

Copolymer VBC 4-VP n-BA HEMA VBC or 4-VP/n-BA/HEMA? Pinn Yield (%)
1 80 0 10 10 78/12/10 0.62 96
2 0 80 10 10 76/13/11 0.53 93

“The components of the terpolymers were determined by the integration of the NMR spectrum.
Y nherent viscosities were measured in chloroform in 1 g/dL at 25°C.
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ol A egatct. HH F 43 ¢RFIs} v Ar=
A)7Yel] w2 Zhgake] g wish) o o)Ak YehtaA] kg
W7k z18E e}, 43 R EF I S A4 27
7kl FA43] A= shal Eglew 60 T4 14]
2k o] Foll= AFe] Wbl o o] veh}x] gkt
zt FFHAE 5 FAEr)e dshlAr)e £ F vkl
FojdtA] L 53] HErht diANE AA] ¢
stod n-butyl chloride®} triethylamine®] 2>)2} w23}
of ZE)d 9 FulA A7) 8 BF A Ao

£ Aol M} zho] 7w rrt & AHgwhe o] FAo)
23, IgollA A7 2HFA] o] Hgolse HAbe] o
ofuf ot-Fulit Zj@ate] Hate] AHatsn] LelEE A}
o] aofidr, o]t AAFE T ol A LA == AR A] A
o] A zkoll e} HApHo g Frhels Fo B o 4 9},
ol WAIEH] f3ted FAAE ¥ 4 9lE n-butyl
acrylate®t 344 ekAlel HEMAE #7bsbich™® n-
BA 9] =42 &2} AbE ol A W §- 713} abgo) 25}
o Ttoll fd4& Fojslz HEMA 9 A7l 3=gA)7)
Tl 2zt FAATE JAAY & 97 dEol 7)AH
AEAde FA FAEAG. H71E HEMA 9 ¢k 3353
A F8A £ ¥E 10 mol% & AH4-sl5ler] HEMA S &=
e AHo] F7lEe BAE BoiFginh. 28y o)ejdt
ALA7)e 24 F31 83 oA e g2y
Al oJzte] 2 F2 THE FAANA 2 454
FTHA =)o) AR} A FrHgo] =A] Yk B
Aol Ae 34 o2 10 mol% o & A M
of 33 UKlch®

HEAQ g 5L i HAHo 24 30%RH, 60%
RH Z2#]3 90%RHNA A= 42 8 MQ, 360 kQ
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Resistance (Q)

Relative Humidity(%)

Fig. 2. Dependence of impedance on the relative humidity and
hysteresis for the quaternized polymeric humidity sensor for
(@) absorption and (O) desorption at 25°C, 1 kHzand 1 V.

283 12 kQE BHFh 20~90%RH g4 n
2 F& AAE BoFglon dukxo 2 Ag-3lE o]
e A FTAAY) FFEA ) HYE BeFT g
ok & A7l A AT AR 20709 A2 S
At BE AR AaEAol ME ZAsl +1%RHS]
Hele]l 2% EXPE & = ANk 27 2004 HA9 o
de £2%RHS] 9% Jehlln] $£8o) tgato s &
FHE 7t AAT MR Al FA3}e) 2jo) 3 2H 7
Al o] ¥9E Blojyz 9en] +3%RH dde4
BolFgleh. ol AlF FHAA sxwHA) A7) T
60%RH7FA] £2%RH <394 Heluz o™ 50%RH
o]3l dHolAE +2%RH otell Egic}. 0|zl & 7tast
THA Adewe] HEHAHY e g4 R B
S22} bR e $E9 #F 5} g oo
e o2 B 4 glo)h =3 24l & - gasrs:
VAL §F - 2AE ) 2k e & £ gy ol
g5 HAo] 7¢ Y Fzo4 el el Aom
& T der dubo g o A SR A T
=} FARE 54)¢ HedFqint”

¥ 3904 15, 25 2|3 35CNA L] AUigE o A
o] FAZE veht Qo Hgatel Fahg ol oshed 4
2} 2 Fade] et dojua 257 Frkebd o]29) o)
TR 227} F7kske] MFgo] ZAage By Foh 2
g 394 15, 25 28l2 35°C Abolel A o] &% o= A A
TE 7% F Ao o] -037~-040%RH/CE &%
A2 48 do)) &&= BAate) B e o 4 Ut &
T oEAQ ASE a7 e Ag o) estod g 4 itk

%RH/C = [%RH(a)-%RH(A}1/10C
or [%RH(A)%-RH{a")]1/10C
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Resistance (Q)
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Fig. 3. Resistance dependence on relative humidity of humidity
sensor obtained from VBC/n-BA/HEMA=80/10/10 and 4-
VP/n-BA/HEMA=280/10/10 at (l) 15%C, (@) 25C and (&)
35CatlkHzand 1 V.
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Fig. 4. Resistance dependence on the applied frequency of (H)
10 kHz, (@) ! kHz and (A) 100 Hz for humidity sensor ob-
tained from VBC/n- BA/HEMA=80/10/10 and 4-VP/n-BA/
HEMA=80/10/10at25C and 1 V.
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Fig. 5. Response time of the humidity sensor obtained from
VBC/#-BA/HEMA=280/10/10 and 4- VP/%-BA/HEMA =280
/10/10 at 20°C; (M) absorption process, (@) desorption process.
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Fig. 6. Durability of semi-IPN type polymeric humidity sensor
obtained from VBC/»-BA/HEMA=80/10/10 and 4-VP/n-
BA/HEMA=80/10/10 in water at 20C.
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4.4 E

AN2L HEe AR Jtugd ¢ e FTFRAS, F
VBC, n-BA, HEMA 9] 3 33%¢A 282 4-VP, n-
BA, HEMA 9] 3 F3HAE YA o1& S Sl
ZEF 42 G2ES tasE AYsted 1AL §5 Al
Mg Azt o]F TN TFEA} A2 g3t 4
A 2 Edstd stast AgHe R dojxl FRAlAe A
4+ 1 kHz, 25°C, 1 V 224 30%RH, 60%RH 8|2
90%RHNA A= 712 86 MQ, 310 kQ z8]x 12
kQeolgler ol ZFHAEA o]fo] M3 B B
qF A}, 22 oEA Aee -0.37T~-040%RH/Col™
FxEE|Alae £3%RH olWellA el =3 339
oA WA AEAA 2412 FH3e W A s +
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