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— Abstract—

The Sampling Efficiencies of Volatile Organic Compounds (VOCs)
to the Diffusive Monitor with Activated Carbon Fiber

Sang-Hoon Byeon, Cheon-Jae Park: Se-Min Oh, Chang-Ha Lee*

Industrial Health Research Imﬁmte,Korea Industrial Safety Corporation,
Deparmment of Chemical Engineering, Yonsei University*

This study was to evaluate the efficiency of diffusive monitor using activated carbon
fiber{ACF KF-1500) in measuring airborne organic solvents. The following characteristics were
identified and studied as critical to the performance of diffusive monitor; recovery, sampling rate,
face velocity, reverse diffusion and storage stability. For the evaluation of the performance of this
monitor, MIBK,PCE,toluene were used as organic solvents. In the sampling rate experiments, eight
kinds of solvents (n-hexane, MEK, DIBK MCEF, TCE, CR, xylene, cumene) as well as the above sol-

vents were used,
The results were as follows:

1.The desorption efficiencies{DE's) of ACF diffusive monitor ranged from 83 % to 101 %. In con-
trast, those of coconut shell charcoal ranged from 78 % to 102 %. Especially, the DE's of ACF for the

polar solvents such as MEK were superior to those of charcoal.

2. Experimental sampling rates on ACF were average 42 ml/min(37-46 ml/min} for 11 organic sol-
vents at 24 +2 ', 5015 %RH. However ideal sampling rates(DA/L) were 33 % higher than experi-

mental sampling rates.

3. The initial response(15~16 min) of the testing monitor was 2 times higher than the actual con-
centration determined by the reference methods at 24-£2 ¢, 8:£5 %RH and 80145 %RH . Within 1
hours, the curve reached a linear horizontal line at low hurnidity condition. But sampling efficiencies
decreased with respect to time at high humidity condition. And sampling efficiencies were higher at

high humidity condition than low humidity condition for MIBK.

4 At very low velocity (less than 0.02 m/sec),the concentration of ACF diffusive monitor were pootly

estimated. But ACF diffusive monitor were not aifected at higher velocity(0.2 m/sec-0.6 m/sec).
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5. There was no significant reverse diffusion when the ACF monitors were exposed to clean air for
2 hours afier being exposed for 2 houss at the level of 1 TLV.
6.There was no significant sample loss during 3 wceks of storage at room temperature and 5 weeks

of storage at refrigeration.

Key Words : Activated Carbon Fiber, Diffusive Monitor, ‘Desorption Efficiency. Sampling Rate,
Sampling Efficiency, Reverse lefusmn, Storage Stablhty, Face Velocity
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1) M=

£ a7 A8 ZddHF(Activated Car-
bon Fiber, ACF)& 9¥£ ToyoboAle] A& (KF-
1500) .2 AFZL=Aoln v EHFHo] 1400-
1450 m*/grel ARSEFHAZ 71EHQ AL ¥
13 2k, dukEQl QBT a4 F
(KF-1500)9] 713&XE 29 1] Jepiuio

DA AE BE dES o] 32 mmS €3
(T% < 86 mg)oE TE Ty AN A AF
28X 150, 1242 A= IA & F 39 2
o} e X Ag¥xF Loz g AMgsle JHE
£ Fst TE 717 FolA AlEE ARERY
E AFBATE Akl g {718Ae] - 3
o] ZAYFFe] 7Rl & dFgFS AAN] Ao
oF 0.5¢#me] A7 73S /I HZE A =7
< AHERRRATE AR R o2 AR 7] 8AlE W
= g3l449 EF4(Aldrich, HPLC grade),
AEAQA methyl isobutyl ketone(Junsei,
Extra Pure, °]3} MIBK), =73} 33E<1
perchloroethylene (ALDRICH, HPLC grade, ©|
3 PCE) & AMS3stgith olutel o2 7] stshEa
o] ANBEHEEE F317] 38t methyl ethyl
ketone (TEDIA, Reagent Grade, °©13} MEK),
diisobutyl ketone(BDH, Analytical Reagent),
n-#4t(Sigma-Aldrich, HPLC Grade), xylene
(Sigma-Aldrich, HPLC Grade), cumene

Table 1. Characteristics of activated carbon fiber

@A /2 7 () 17-18
@A 7 = (kg/mm?) 7

¥ ¥ 2 (m¥/g) 1400-1450
] A A (m?g) 0.3-0.7
ZF(g/m?) 180-220
=212 % (g/m?) 0.045

A Z84 (mYg) 0.3-0.7

pH 7.9
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. Fig. 1. Pore size distribution of acti-
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Fig. 2. Basic design of diffusive
dosimeter using activated car-
bon fiber. :

< 9EL

71E 5% (reference concentration)s ¢7] 4
Bl AHSE 489S SKCAN AE(U.S A=
FFEE 100 mge2 YA Yz FYEL 50
mg 22 AHA en o7 HE(Gilian,
DUAL, MODE Model LFS 113DC,U.S. A}S
dAZs ALgERT

3) AlREN

FZE #7849 Fe EAdss] #sd
NIOSH(1994) 8] TAHAIg el we} ggedkas &
M3t E4eds] ¢3(100 meg)F 2250
mg) € 2t c}& nlojdel ol o) HS}RA(CS) 1
ml¥ o] ¢ 3023 ¥olE the FHsisT. A1g
4 P72 A FHE 77 8AE 2N
Azt FAAE 10 mle) F2lgol ol o|Fags
{CS;, HPLC Grade, Sigma-Aldrich, USA) 5
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Fig. 3. Vapor generator and dynamic
exposure system
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Table 2. Analyticai condition of gas chromatography

Variance Condition

Column HP-1{Crosslinked metyl-
silicone,
25m x 0.32mm x 0.52 zm)

Detector FID

~ Oven Temperaiure 50 C(isothermal)

Injector Temperature 200%T

Detector Temperature 225 ¢

Hydrogen gas flow rate 33 mimin

Nitrogen carrier gas flow rate 28 mi/min

Air flow rate 300 mifmin

Split ratic 50:1

miz ¥ % 1A Bt ¥oF THA S 89
TR < 1ARE ¥ AT AR U714 vlo|de] <}
1 mIA=E $7 9L 7l 2ne o8 = (HP-5800A,
US AZ N3, E¥eAs Jazsr s
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F2vtExe] $H2AL ¥ 28} A3t
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292 o8 ol Ut oF dedd e

= AL O ) BATA(CS) = 23] ¥4
Sl '

) NEEZST &Y

AYE 25& U4+2 T, AAEEE 5055 %9
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#7184 7k28 SYNAG 2F AP S 4z
718 43N FU =2Wude] FolA] 2471
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Table 3. The desorption efficiency of charcoal tube and testing diffusive sampler

Charcoal Tube Testing Diffusive Sampler
Components N
Mean=+SD(%) CvV Mean=+SD(%) (6AY

n-Hx 9 102+2.9 0.03 93+1.8 0.02
MEK 9 78+4.4 0.06 83+1.0 0.01
MIBK 9 93205 0.03 91+1.9 0.02
DIBK 9 94+3.2 0.04 92+2.4 0.03
MCF 9 101+1.7 0.01 96+1.3 0.01
TCE 9 100+1.6 0.02 97+1.1 0.01
PCE 9 99+1.4 0.01 97+0.9 <0.01
CB 9 96+1.3 0.01 96+0.7 <0.01
Toluene 9 101'+152 0.02 101+£2.6 0.03
Xylene ) 98+1.3 0.01 97+2.1 0.02
Cumene 9 101+1.5 0.02 98+2.0 0.02
Mean 97+2.1 0.02 95+1.6 0.02

MEK :Methyl Ethyl Ketone, MIBK: Methyl Isobutyl Ketone
DIBK: Diisobutyl Ketone, MCF : Methyl Chloform, TCE: Trichloroethylene

PCE :Perchloroethylene, CB: Chlorobenzene
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Table 4. Sampling rate for diffusive sampler

»

¥FE 41.9 »/min°l1 EFARE 2.6 w
/min ZHZ WAAFCV) & 0.0622 vt 7
7o) AlgEALES] vEH 2 Aolg Holx] ¢k
o

(24127, 50+5 RH%)
Experimented sampling rate (ml/min) Calculated sampling
Components N ——— -
mean+STD cv - rate (ullmir;)
.n-Hexane 18 ~ 40.58+1.91 - 005 56.24
MEK 18 © 45944345 . 0.08 66.62
MIBK 18 . i 41291285 0.07 53.76
_DIBK 18 .7 i 39.50£2.33 0.06 42.81
MCF 18 L 4124121 0.03 59.06
TCE 18 41.29+1.18 003 6175 |
PCE 18 41.80+6.22 015 5553 1
‘CB 18 46.90+1.38 ".0.03, 5737
Toluene 18 43.73+£2.09 0.05 58.43
Xylene 18 37.26+3.36 009 Feoown., D285
Cumene 18 41.7442.50 0.06 + 48.75
Mean 18 41.93+2.61. 0.06 55.74 -

MEK :Methyl Ethy] Ketone,
DIBK: Deisobutyl Ketone,
PCE :Perchloroethylene,

&0

MIBK: Methy1 Isobutyl Ketone
MCF : Methyl Chloformn,
CB : Chlorobenzene

" TCE: Trichloroethylene

70+

Sampling Rate {em®/min)

Fig. 4. Correlation between experi-
mental sampling rates and

10 F 4
o ] - l." L ]
0.05 0.086 0.07 .. 0.08 -0.09

Estimated D (cm' /sec}
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Fig. 7. Diffusive monitor response
with respect to time for MIBK
at24+2, 8+5 % RH and 80+
5%RH o

Fig. 8. Diffusive monitor response
with respect to time for
toluene at 2442, 8+5 % RH
and 80£5%RH



Fig. 9. Diffusive monitor response
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t =4 vgr £3 3Hdx = MIBK, 54,
PCE 25 AZte] 7ol wiel EA &L FA &
oAl AL BRI

4. 7|2 9

2 dpoa Mol 71REF 0.01 m/secoldt
S Afod ByeiFez 23T WY Fx
g 71Fod YL w X 5olAe} o] MIBKE
54.19 %, %4 60.43 %, PCE® 59.30 %=
B vehdd, duge) 71FE 0.02 m/secs
9¢ A$E MIBKE 66.63 %, 74 72.62
% a8l3: PCEE 72.18 %= A2¥d&%7 715
£ 0.01 m/secoldt® QS ASol HiE ot &
7l oy SyEmgos 3% FERT WM
vgith, a2v 7185 0.2 m/sec® 39 E ALeE
MIBK, &5, PCE7} &2t 102.48 %, 112.09
%, 109.93 %= A&7 Ad=z ETHEL ¢ & 9%
Qon] AW e 71HE 0.6 m/secE FYL 3
< gAaP o Hls) MIBK: 99.53 %, &%
dl& 105.98 %, PCE: 105.27 %2 SR
o2 23% = vkl vebd. olRe 2

Table 5. The concentration of organic solvents in diffu-
sive monitor at various face velocity

Face velocity N

(tisec) MIBK Toluene PCE
<001 3 Mean(ppm) 23.04 32.06 1837
SD 240 469 199
Cv 0.10 014 011
0.02 3 Mean(ppm) 2833 3855 2236
SD 1.29 279 110
Ccv 0.05 007 0.05
0.2 3  Mean(ppm) 43.56 5948 34006
SD 1.69 244 1.26
Cv 004 004 004
06 3  Mean(ppm) 4231 5623 3261
SD 0.66 153 038
cv 002 003 001
Concentration 12 Mean(ppm) 4251 53.06 3098
by charcoal tube STD 529 515 198
(reference) Ccv 0.12 010 198

goz uehle] 2 A% 19 108 2] JFSE
7} wolAdl meh AREASTI} J1EEENTD 9
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70 | ‘ : ; : ‘ - ~ Fig. 10. The changes of concentration
measured of various face
velocity.
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AL 56+1.6 ppmolM 58+ 1.6 ppmo= 103.6
% 223 PCEE 38+1.1 ppmelAd 39+1.1
ppm2ZE 102.6 %2 ¥ AolE HolA] ol AT
ato]l dojubA] YghEE Hel FUth
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rEd

Table 6. Comparison of reverse diffusion by test sam-

pler
Tgpeat MIBK  Toluene  PCE
exposure
n 3 3 3
A* Mean(ppm) 47 56 38
SD(ppm) 135 1.6 1.1
Ccv 0.03 0.03 0.03
n 3 3 3
B**  Mean(ppm) 49 58 39
SD(ppm) 1.4 1.6 1.1
Ccv 0.03 0.03 0.03
B/A(%) 104.3 103.6 102.6

A* :Only exposure to 1 TLV for 2 hours
B** : Sampling for 2 hours(l TLV) and exposure to
clean air for 2 hours

2(4+20)% BFL=20) 3F # 557 ¢
HAZ F 2N FAoe X T Zodth AlEE X
Aste] w2 BT AR} wwstd FolA 3
F BE FE 95-104 %= JYEhden 5535t 3
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Table 7. Storage stability of diffusive sampler

Duration of storage Storage condition N MIBK Toluene PCE
Day 1 RT 4 Mean(ppm) 23.67 51.79 66.31
SD(ppm) 1.36 3.23 3.26
Cv 0.06 0.06 0.05
Week 3 RT* 4 Mean(ppm) 22.81 53,70 68.06
SD(ppm) 1.38 3.00 392
Ccv 0.06 0.06 0.06
Recovery 96.37 103.69 102.64
rate{%) '
Week 5 REF** 4 Mean(ppm} 22.57 50.49 64.69
SD(ppm) .96 247 274
cv 0.04 0.05 0.04
Recovery 95.35 97.49 97.56
rate(%)

*RT :Room Temperature
** RF : Refrigeration
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