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Abstract — A simple measuring device is proposed, and its performance is examined in an adsorption process sepa-
rating a gas mixture. The sensor is made of a quartz crystal resonator and solid adsorbent to detect the target component.
Micro-particle carbon cryogel(MCC) is utilized as the adsorbent, and the gas mixture of air and i-butane are separated in
a column containing bamboo activated carbon. Two devices are placed at the inlet and outlet of the column. The mea-
surements are compared with those of GC outcome to prove the measurements are effective. The experimentally proved
system is simple and capable to be implemented in an in-line system with on-line measurement.

Key words: Adsorption Measurement, Quartz Crystal Resonator, MCC, In-Line Measurement

LA slekgolr el Akl Fast Al ikt 87 39S
FHBHA FAlsk= Blo] F52olrt. o]e|sh sleta o] ¥= ¥
TR o] 7 BB T AolluA Aeyow 7 g0 ks Algeta A5A 0w St} IRl vl 3
& W glom okt FAAS] el w5897 w4 = Alofak= Zlojmw sk e] welE flais 3 =
Al F7FskaL ek1]. 53] A3kt Al e Eeledel 7go] tits] Fadt sFoltt. ol2idt EAIE sidsh] flsiM =
o] S-8HIL 3tk & 5o] pALY AxFH TFHE °lE spekag 9] Alojel] &0l 7Fsd o] AEE S Qleilst
s & A w5 9t Austal oluA] e wke] wie- A 7} 7Fs @ S Rlo] AQ O}E‘r
A FAZE Qo] FEE o83t ek Helede Agsiar ot FAEHNY S 3TN IFH £HY] vE 5
2]. ol=st F2E ] mEAR HE Qe AF 559 A o= 7101 T IAolt 161‘/} HEFolA Qleiel, ArRE
S5 AARROE ST A a7t Qlo], ks SRS o7 JFH 249 FE Sk o] wig- o3H7] Wl
gr1zaglo] AAls] oE L Qltk ool c&aol»} 25 T 5740l Bold TS S5 vE
: Fshs o] 37 2 Al wol &gt Teu olHE W
"To whom correspondence should be addressed. PR DR BAe] Ew gw = HEALG
E-mail: yhkim@mail.donga.ac.kr 2 AA|FANA H&2 B2 wEE & &= vk2lo] of
to] =ito akthelw v wd o] e 7dslol FuE s ez SAX7F 215 $dkskal Qo =49 4o ulE

321



322 4 - or)g

AR A AS AN &, 95H 58] $eE 5793
7 Sdtel 44 FAS B A 5

o o g HYsks AL whsdlel A o

& AMgBIA siet ofe] 71 7

Aol A5 9 7P s, 994 7158 A
8 (3], olskdael LB wlol FHA, 51, olkEE
uLoﬂ sk kAo S 316, 7] =9 37} whaE u) 9t} 19
U} olefh S E AN Pl S FA] T

B39 SPAAROR BESPIO FAEHE,

Y ABARE gRe SR P F& AT WA A
Soll 2712 Q7ska So] Ao Bash Solw
A o] FAFIEE R A BRI o Tkt 54
o) TS A5 uek RS e AR, AFE] b
2ol R w Fahso] vlAle WAL AT IE Sl o
MHz] 579715 24] A3 14nge] #A7E F7h 1 Hee) 5

Sk a7t Yok Ao = el Urks). ol B o] 4
7 AsAF wEgA gl wAlE Z2e] FA WiskE Fukre] W
3% Uehiles 548 7T Aok 54 WEAe) dFe) was
sty ofe] 7HA] FASAl ARE o Bl S8l =
B9E S ZARBION, ke dAe) 9 AAH A
i O] &, &gk s glste] 7
MR ARgsto], 371 FollA o] 7K f71=9] &
O FH] A5 Adsto] EOLE} 10].

o EAlE Eﬂéo}ﬂ Sl g2 il
€ i s
A= AARE

O
=
oL

o O_u
— (o3
o |
o
T
=
K
{0

-

(o3
L

b
b
d
i

B oaé flo
e ﬁ e

o, M

0% I

rO _ll)b

u
i,
o
L2
ol X

> o
R
oz J
2 2
vaﬂ?—rl
od L T
Eﬂoﬁ E
NI oy
T
ﬁr““ﬁjl}f
> >0_>i
O_NL,°= >
o Ty
offt rﬁn_
Nﬂ,rlo
A TC N
>JNT
%%E
o fllo
QEMHN
Lo
Ly -
o
L
2 [t
_>.iu%

phenol resin(@& FA)E H]":’]E‘]E ARg-Eto] MCC
AMS AT ol2]3t AR SR ] BEY &
EEA A W TR G 2 i AN
q A

e o de 2R

]

(o] H JH
2
o
ol
E

w@ o Jv 1
=
oy
-
ol
ﬂ?
ot U
B
ol-,l
o
_p
Hl
we
ol -
o
= ¢
N2
2r
&
g
Zi

<
i
ol
>
[
o
1o I
2
2
o
g
2
\1}
o}ﬂ,
1o,
o
bt
i
Hi
e
_1

ot )y 0 o oX E o
yo
F\‘
Iy
o,
>,
[
o
» Ao
It o
ox
o =2
Ay
o,
>
N
3
oy
i)
2
N
> F
oy
U g
ne
(3

flo lo

o
N
3
o
o
ol oX

[
1

o
>

b

M=
5719 &%% i-5¥(Yeungil Butane, Koreays U]
ZH(Borim Chemical, Korea)> 2 F&15l= 2 o2 44
iR sEE Stk M 7RISRkl mlo]
A& ko] FHE Fete] L AMCO) 1112 AHEBISATE. 7k T2t
o|AE Axal] fI8te] HIZEARS(CeH,(OH),), EE2H|s]=
(HCHO), B F}FEH(Na,CO;)(Wako Pure Chemical, Japan)Z} &
T8 ARSI RF 7898 WA wEqlth. sREFS £4
5% S o] 8H It HxEAIEY BRERS] B
400:1% 3F0H, B2 s 2EYUB|E EHlE 0.5:1, U=
EAIEY Bof T3t 5= 025 gem™©|Qtl. RF 808 w15

o o

ofl
Mo

3}

=
[e]
A

10 031

45 %y

lerast H473H HMI3E 20094 62

- olphE B - 713

of 24121 }%Am o kgl 4@ A2 kg olgs

QiArcRLy hu

&l Ak /\}01%3 s *}%0}033} A2 SPG 2H(SPG
Technology, Japan)y= AR8-5151 00, Ht AlE7d0] 1~10 ume] 1L
ko] 217d0] 10 mmo]™ Zo)7} 7 mmo]t}, RF =842 0.5 cm¥/h
o] L7 AR FEE ARESlo] AEA 0w FYit Y
SH= B<ke] RF 57899 &%= 25°CE =%t o] RF
Fgdo] Zof SPG B AT Hisfshs 3 WAs] SldiA
ojtt. F4jo] eku¥ § ARl {3t 90 °CcollA Astste] &
o|E2 AL m YRS TR, 10i7F 4EE] 7] elA] 3,000 rpm
o £E7 3730 -'?‘3]“5'}03‘:} v A YA ATl 23 &
SR WA Yste] 24A13F R ERE e H7F T3 v ]
UAR= =30 °ColM 6A13E HEsto] 3 Fot Ay 25elM Xy
Az} oA HAIYARE A7) stellA] 1,000 °Ce] ==
H Oﬂﬁéﬁ"ﬂ TFAE s g 250 °C) oA 2413

= 7FdskaL, 250 °C/he] £ 3ARE A1E8ke] 1,000 °C
7]’ 5]“5 4AZE FRE 7Hdste] mlola®E §iate] FRE Fetole A
< AlF3IAT

2-2. MM HIZ

Ade) AFgE 44 ZFA = 8 MHz(Sunny Electronics Co.,
Korea)?] 7|3 F3pE 7= Aog ex=o] 49ke] gbe]
A o] Stk W= E Fig. 1(a)ell YERSITH +8x1E ke A
ol MCC PIAIAE THEl] 371500 L8 iR FES
S8t} 1A 2] FRAEAS ST FABb] flste] HlE
] (Novolac, Dong Kwang Chem., Korea)S HIQIT 2 AR-5191T) #|
= 574 0.3 g AZ A (Hansol Fine Chemical, Korea, LICA 38)
0.3 g2 &S 7.6 mLel| o] 10%7F w3 vl fa8 whs
ek, o] FhE FHNEA A5 FHe] T 2EsP] flake] &
HAFE](Dong Ah Trade. Co., Korea, Ace-1020)5 AM-SIITE 4=
g EX]‘E s stEo] 17gsr] ffste] SrakAl Al AeE

g lojA 3,000 rpm?] EEZ SHAIFALE vl

]“%‘0}04 1 pLe] &5 sdahs dx0sA 2ol gkl
=38tk of7]ef ofo] /\“Laﬂ 15 ARg3to] MCC YA= =3at
et FHE FEREAL AAME el glo] :1x7]elA 130 °C
o] LR 90T FAI & 1%& AUz YA A
w7k 8] Z22ks Fig. 200l YeERAIe. slismAs A Al
7171 S8k vRRIH = ARg3E3l e, MCC YAke] e F77d%s

rl S, r’
&:l mlo m

quartz crystal Ei j
resonator ——=——4
dh = .
O-I‘ing | 3 :_")—: « gas ﬂOW
! =
T

(a) (b)

Fig. 1. A schematic diagram of a quartz crystal resonator (a) and mea-
surement cell (b).
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Fig. 4. The variation of resonant frequency at the inlet (b) and outlet (a) of the adsorption column for the mixture of air and i-butane at the ratio of 8

Fig. 5. The variation of resonant frequency at the inlet (b) and outlet (a) of the adsorption column for the mixture of air and i-butane at the ratio of 7
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M7=
Cs;  :measured adsorbate concentration in air [%]
C, : adsorbed amount per unit mass of adsorbent [mg/kg]
K : constant related to adsorption capacity [% ]
n : constant related to adsorption intensity [-]
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