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The study of concentration estimation method for multi-component
organic vapors using VOC monitor
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Abstract

Long-term exposure to Volatile Organic Compounds (VOCs) exceeding the TLV-TWA is hazardous to
humans, thus, workplace vapor concentrations must be monitored and hazard levels harmful to humans
must be immediately identified. In this study, the main emphasis was placed on an analytics methodology
of multi-component organic vapor using a hot-wire semiconductor gas sensor. If the vapor composition
ratio of the vapor mixture and sensor’s sensitivity ratio to individual components are known, individual
component concentrations can be estimated from the indicated value of the VOC monitor (TVOC value).
In this study, we prepared liquid mixtures of a binary system and ternary system to establish (verify) an
estimation method. The thermodynamic description of vapor-liquid equilibrium was applicable to obtain
the vapor composition ratio. An ideal system of multi-component liquids is described as one in which each
constituent obeys Raoult’s Law over the whole range of concentrations and all temperatures. In contrast,
non-ideal liquid mixtures containing polar species, Wilson’s model was applicable in determining activity
coefficient. The estimated values in the above-mentioned methodology showed good agreement with the

experimental values.
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(a) GCIZ & B0 Hrfii A

— IPA = RAR (BHED : 7 ¥ =3wth, Nr¥r=30wth, IPA=

W43 SRt (ppm) SRR
T M 1.12 0.10
Xy¥ v 6.48 058
IPA 355 0.32
(b) HFMH
s PHANVAE FEAEHL
SRS (ppm) SRR L SRS (ppm) ST
VE AN 081 (0.72) 0.13 1.32 (1.18) 0.12
NyEY 264 (041) 041 661 (1.02) 058
IPA 293 (0.83) 046 344 (097) 0.30
(c) A (VOC = #3575 =81 ppm, N=24)
o PRAH T TRV
L (ppm) SR (ppm)
VAN 1.06 (0.95) 1.37 (1.22)
Ry¥y 361 (0.56) 6.88 (1.06)
IPA 410 (1.15) 357 (1.01)
x9 7«)} - NYE Y - IPA SHSRESR GRBHE : 71 b ¥ =10wt%, ~N>¥ > =30wt%, IPA=
60 wt%

ﬁﬁﬂiﬁ%%&:‘\@ 1/10000 A AR SN ’ﬂT% o ATAER, (o) 2350 < Bl iz, $5llix GC @
s AR (HESRAE, ST VOC €= 57 (2HD  FMIRBEHESAN, 55U GC DREANTHS S 2 Al

(a) GCIZ X B Mk
J555 ZHiEE (ppm) LML
TN 352 0.27
Ny¥ 6.00 0.46
IPA 3.50 0.27
(b) PR
o AR FARR
ZHiE (ppm) SR AL SHiEE (ppm) SPHLE I
T 269 (0.76) 0.34 365 (1.04) 0.28
Ny 263 (0.44) 0.33 6.16 (1.03) 047
IPA 261 (0.75) 0.33 329 (0.94) 0.25
(c) HMeFil (XP-3120-V #87R il = 125 ppm, N=24)
e FRAH FEALT
P (ppm) P (ppm)
T h 354 (1.01) 372 (1.06)
Ny¥ 356 (0.59) 6.28 (1.05)
IPA 370 (1.06) 325 (0.93)

fF % R

b4
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RI0 7MY -RUYEY - IPA ZESRESR BEHK : 72 ¥ =5wth, XVE€r=90wt%, IPA=

5 wt%)
AR A 50 1/10000 FFRFEFAI T % () GC

I2&%

SRTRER, (DSR2 < BERIRE, R GC o

FERATHHT B M GESHE23HTH), () VOC = #1280 < MR ERERAN, 501 GC O FATH 3 2 HixHil

(a) GCIT X 2 5Hris
J% 55 SR (ppm) S
T h 1.56 0.12
NyEy 9.53 0.76
IPA 149 0.12
(b)  PHEHE
o A FARII
ZAiE (ppm) S S (ppm) ST
Vi 158 (1.01) 0.14 2.09 (1.34) 0.17
M 9.28 (0.97) 0.83 948 (0.99) 0.75
IPA 0.26 (0.17) 0.02 1.07 (0.72) 0.08
(c) HEdfli (XP-3120-V 487~ =65 ppm, N=15)
. AR FAT I
SAHIE (ppm) SHIEE (ppm)
T~ 262 (1.68) 220 (141)
Ny¥ v 1542 (1.62) 995 (1.04)
IPA 046 (031) 112 (0.75)
Py S~ N 17 SHI 22 20 45 .
HRImL%Z1ILF v Y N—IZEALTHMEZIT- 72, L o=

RED(a)~()ix, Ty -R¥EY-TPA =K
SIRA T OMFIEE % B U728, Hamin s 5
BYAR i i

WIS, TEbLY, XUEYBIOIPA ORAER
Z, ThEn, WK 1I0wt%, 30wt B L
60 wt% & LCHBL, ZoffRAHLD 1/10
R 1mL%Z1LF v Y N=IZHEALTHIEEZIT- 72,

KID(a)~(C)E, T FY-—RyE¥r-IPA =
SHRA TR O ZRIEE 2 W L 7oA 0L, PRERE & HE 5
L7 ERT.

W, TbY, RU¥UBLOIPA OREHTR
, TNEN, WA HESwt%, 0wt% B L O
Swt% & LCHEL, ZofafliRa#ELAD 1/10 FR
HAImLEILF ¥ U= AL CHIE R4 5 72,

£ 10 D(a)~(c)E, 7 F>¥ -Xr¥ ¥ - IPA =)k
SR TR ORI 2 W L 7oA, BHam s & 55
L7zAE R a2 R
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11 ZRPRE#HEXDKE
31ICBWVT, WAL MR A TH 5 RAER
12X 5L REER R OB R 2R LD, i
NOFBIIZB VW TH A E30% N TR LD H 5
FMRMPR SN, K2R ML LK T 5 &,
QOREGEFIIBVTHTRE ., BAEERE, TF
F—=Ny ZEFMELT, KEOMEDRECLD L9
WKW ZHHFERI0LPIc~Y A, zad ) v DTl
TUTHBL 2, SMEIMELRERZEET S LI
LW, —DO0FERE LT, ZORARAAEIRE
2B 5 KRB L E R RO T AP D 72012
MEFELEEZLND.

42 ZHRPBREROBRIEEHER
FERERZME & LTBUBICB W THH SN B RATE
W AME LT, FEFROMIEIHY 3 2 AR AR
A ST IR B L CHESE L7245 (B3 12
L CTERT 5.

FARE WA U TR i B L 7= Bt &
HHEEER 3 ~5 Db L(OZFREFIURL, fhd A



14

Al & HERAE O LR 2 S EAEBW E LCHER L 722139
AERWEREIE LN, FIZGC I X 2B RS
F 3 ~5D@ITRTA, ZIUIx L THEB S HER R
ORI, WINOZHRSRAR S IR E LT
S LTI A L. 72720, Ty -xv¥
YR, PUEVA L EAEE T OMEATILE A,
M, AHRCEET AR 3 o(a)~(c) & T 5 L, (D
T b= RY Y OSWCT R O PR & FEAE D
AREWZERNS, INE=FOKFREROH
T, ROMEHDPHNZ LICE2HDTH 5.

7, TR ANV EYOTESRERENRVE
v — IPA O R GRARE, mits T & mias 1
DA EDLETH Y, REMMHEEIEHE L TIAUEF
— BT AR C, — 912 BT — AU T-HH
HAE &) S EEWIIIHHEERTH 555, #EEBR
IS END Y 1 VY VEBICHE DT LG E
PRER B L 72 50T st () & ofEmIZ R <
—HLTwb, BEWEGELT, AARMTE—X Y
FOREVEG EEHT DG, BT — AU T
MEMEHOFRIJEIREL 20T, FEELTHERT
LULENHY, SEOZESRERIIB W TIEELR
We LTHR L2239 PRIFRFERPEONS.

43 ZHRMEEROERSBEHE

RIFTIE, 34 DRI LTEET S, 7315,
FE TV — MV Y — m-F 2 L Y OZRDRER
oW TiE, BB T-E— 4 Y MK E VBT F ),
BAGF-E— A bAEFEETIERITDS VIV &
m-¥ LY OMAEDLET, BT VOEGEHEN
WRALEAT 5N TFHEENG. ZOZPMRAR
T, BT F)V, MVIUVBIPm-FY L YORE
O, FhEN3wt%, 0wt%B I
67wt% (£6ZH) &, BT FLOGHREIER
L7z 25wt%, 25wt%B XU 50wt% (£7%H) o
HEHOERARABROBE O REIET S &,
K6 D@OIRTHEMIF U 3wt DEHEDO LN
SRARARIEHEARI L L Tilo THREIVN I W
A, RTIRTHBRZFVEEREZIR L T2 wt%
& L7 = a R, FEAEHRE LTl- 72139 28
AN S WREREFE SN GCIC X B HllETIE,
WTNORAER D S OREGFHRROMRE &M,
FIEE E L COMBHISEVRERTH -7, Lol
BA6, EHEICBVTIE, WTINORAEROMK

T, PSS LTOEMAEmE LT LT b
DOEPLMELNEEZ S,

ZIT, FRENOESITHT B R SIRA R OM
B ORI IR % X 3 D(d)~(IzZhEhuR
A%, TN OZESREROMAE DO
HHOKRE, S D, X3 DOANTTRTHEAFEFIT/NE
WRLVI Y E m-F LY ORLAS HEIE A &
LT THREZR VDS, TOZRPSREZOBA,
M 3 D(e)B & )DL T MO R L Y, Hitko
KREVHERLZF VOEFEIEETH 2 L0 HES
N, TOZLEDPHRIIHBLZDDEEZEZ TS,

WIS, Ty -Ry¥y - IPADZESRER
IZDOWTIE, 33 & 420 )RSRE R DK T
WEORREEZR L EE2HEZT, Ty, X
XU BLUIPA OREGER OB ALY, ThE
N3wt%, 30wt%, BIXUO67Twt% (£8&MW) &
10wt %, 30wt% B X 60wt % (£9ZM|) &
5wt%, 0Owt% B X 5wt% (£10W) o3
DRERIZOVTHIRT 5. WTFROME DL, FIEHE
e LTHESE L7213 ) A5 GC I & 2 g o nt L
T, KB OMMEX LIGEWRFHRE L7z, TR
i, BEOKREWTEFNVEIPAD NS EEAT
WBIERL, TORFOERENE LD EVIGE
RN, BUSCT — SRR B & BT — AL
WA EAE S & & TR L7z F 72,
GCIZE B2MERLICOVWTY, F8~10 DR
5, FIEHEEE L TOMRMIEVERTH L. £
BARE RO RE L HEET 2561, KK E
WARABET-E— X ¥ M2 BRSPS ET 5%
AU, FEEEWEHE L O RREe B LR L
72039 BHRBEOTVH R RS ND.

5. ¥ Ei]

ARRER L BT, BREARERIOERE L
THEET 5 2 &% 0D, BFlo MOS & ¥ % #4
L7 VOC £ =% % 2 iR g o 3L 1 72
e LT, 5 LoMEshzRERKEFML
T, SR REHRRERICRLAERH LT L2 MR L
7. WIZ, o LOPMBINTZREBEI L —ED
MBI CHET 246003 &, JCFHmIcHE-o <
ANV YREAHT L EICHEL W EDHEET
Elz. I lrn, BHMO MOS 4%

fF ¥ R &



L7z VOC =¥ THllE S Nzflin S REAREH
DAL % F A2 B B O R IR BE D HESL AT RE & 72

U]

, AR 2 IO ) BB BT, k) &0

MR ) A7 FMiATREE b DEER L.
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