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A study on the sampling efficiencies of mixed
organic compounds(VOCs) by diffusive monitor
using activated carbon fiber

Sang Hoon Byeon

Industrial Hygiene Research Institute
Korea Industrial Safety Corporation

34-4, Kusan-Dong, Bupyong-Ku, Inchon-Si, 403-120,Korea

-Abstract-

This study was to evaluate the efficiency of diffusive monitor using
activated carbon fiber(ACF,KF-1500) in measuring airbone organic solvents.
The following characteristics are identified and studied as critical to the
performance diffusive monitors: recovery, sampling rate, face wvelocity,
reverse diffusion and storage stability. Organic solvents used were MIBK,
PCE and Toluene.

The results of the study were as follows:

1.The desorption efficiencies(DE's) of ACF diffusive monitor ranged from

83 % to 101 % In contrast, those of coconut shell charcoal ranged from 78 %

to 102 %. The DE's of activated carbon fiber were slightly superior to those

iv



33 % higher than experimental sampling rates.

3. The initial response{l6 min) for the testing monitors was 2 times the
actual concentration as determined by the reference methods at 242 C, 10x
5 *RH. Within 0.5 to 1 hours, the curve reached-a linear horizontal line at
the actual concentration. But sampling rate for PCE decrease with time after
& hours exposure,

4. At very low wvelocity (0.00-0.02 m/sec) ACF diffusive monitor poorly
estimated. But ACF diffusive monitor were not affected at higher velocity(0.2
m/sec-0.6 m/sec).

5. There was no significant reverse diffusion when the ACF monitors were
exposure to clean air for 2 hours after for 2 hours at the level of 2 x STD.

6.There was no significant sample loss during 3 weeks of storage at room

temperature and 5 weeks of storage at refrigeration.

Key Words: Activated Carbon Fiber, Diffusive Monitor, Desorption Efficiency,

Sampling Rate, Reverse Diffusion, Storage Stability, Face Velocity
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1. 48 A= 9 ¥H

7. A=

2 Ao Ayt adekaMdf(Activated Carbon Fiber, ACF)& Y+ Toyoborle
A E(KF-1500) 2.8 AFELZAolm u]EAo| 1400-1450 n'/grdl H-H4HE2A
2 7184 §4& = 13} 2k it gA4EdwI BATLH A (KF-1500) 2
71ZEEE I 19 Yehigdch fEULEFE E MEE o] 32 md
BoE UE o A8 A AF o8 150T, 124 A= dMe ¢ F 2
d 28} Z2 2 MEEHELE do Agsie FHHEE TSl HE 7T
gold AEE AREHY7E A FotEch Fate] 23t {7 &4 E3ef alof 2
48 3718 difRddel A 2L AATH] $i5te] & 0.5 ] FHFY JFS
713 H=E A B AHEIgch AEELE AEY fIEAHE WS i
44 FF(Aldrich, HPLC grade), #HEA|2 Methyl isobutyl ketone(Junsei,
Extra Pure, ©]3} MIBK), ©=3 3EQ Perchloroethylene(ALDRICH, HPLC
grade, ©|3t PCE)& AHE3tact. oldfe] ABXIYEHEE F317] #1381l Methyl
ethyl ketone(TEDIA, Reagent Grade, ©|8} MEK),Diisobutyl ketone(BDH, Analytical
Reagent), X=U#ih(Sigma-Aldrich, HPLC Grade), Xylene(Sigma-Aldrich, HPLC

Grade), Cumene(Tokyo Kasei Kogyo Co. )52 cjatEz= stgdch



Table 1. Characteristics of ACF

e 8-2 2 (p) 17-18
TR 2 = (kg/mn’) 7
B 23 (n’/g) 1400-1450
2 E38% (n'/g) 0.3-0.7
3 2 (g/n) 180-220
AU =(g/n’) 0. 045
B2 (n'/g) 0.3-0.7
BH 7.9
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Fig. 1: Pore size distribution of ACF(KF-1500)
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P 4ol 37 3o)Me} o] EEINAUAT (Permeator PD-1B, Gastec, Japan )&
o] &3te] LAY o RIEAH FIAE WEAIE FEZAFPR M U2 F
712t B3l ZAHelM T F F2 ol FEAHE B w72 E Fol]
UrHA HES stgot. FE2EAM s A2 AAE 23 30cn x 30em x 40 cn
A7 2 AHAsigoen A RNEAE Yoy o LS ¢ =& sgc) Ay
Uiiol ddgt 71FE 48 + U=F WE dxsach(Yao, 1993). w2 g
e & &% - 7] 77 (KANOMAY, CLIMOMASTER MODEL 6521, JAPAN) )& o| 23} =
Y = UES, qEg: 7S UFgdo

HiF=ES 97 #%te AET @REE SKC A F(U.S.A)LE 4 mo fFE 72
2l el 20/40 mesh(Lot 120)8] ofxlgAE uiE Tgrtes FHFSE Uy
o] =gt BEdTiHe UdFEZ 100 gl E YA HLE2 50 mg 22
WA alrk. of7lo] @@ ste] AR MIE & Gilian(U.S.A) DUAL MODE Model LFS

1130CE AH&-3t4ich

. AE24

34 #7188 o4& £4817] #lgte] NIOsH(1994)2] FH AR Y oiel Fgwt
BS SMstgch #HEATEY 43100 ng)t S13(50 mg)S 2zt ofE ule] el
ol o|HHELA(CS,) 1 nl¥ do of 0ET olE the FAsjdch YL ¥
AtEZ 7S AL FAE {I18AE €3G #ste]l FAAF 10 nlg F2He
who} o| 3 5}%l4(CSy, HPLC Grade, Sigma-Aldrich,USA) 5 ml§ 93 ¢ 1A S
ol FHAM 71 E£80] Ul o 1A% F AFAEFYIE vloldef ¢F 1 nl
AE &7 c}E AT SulE T Z(HP-58904, USA) E E43tgct. EH2AE 4
E5t7] fl8te HAE JREEELE A5t 2Rt

= 12—



gyt 9 AgE ZAEAse oyt EREEE A, F 319 A ¥E FE
(TLVe] 0.58) ,TLVE] 1uf, TLve] 2vf)e] EHELE n|sk FA7IE ol &3t 74U
ol S2ho] BAHE] o|Fo] AEH o 2447 A= Aol wWAAZ] chf o]F
S1ELA(0S,) B BHatsle] Easldr). 7lAIEn}E 2= (HP-58904,USA) 8] EM =

AL & 22} Zoicl,

Table 2. Gas Chromatography Conditions

Variance Condition
Column HP-1i{Crosslinked metyl-
silicone,

25m x 0.32 mm x 0.52 um)

Detector FID

(Flame lonization Detector)

Oven Temperature 50 Clisothermal)
Injector Temperature 200 T

Detector Temperature 225 T

Hydrogen gas flow rate 33 ml/min
Nitrogen carrier gas flow rate 28 ml/min

Air flow rate 300 mwl/min

Split ratio 50:1

- 13-



et gl HaEole oyt ¥WAREESE HIY EESFEsT(Standard
Concentration, ©|5} STD)&] B EE €3 Yt & E43l1x 3t= /7]E48
0.1 x STD, 0.5 x STD, 1 x STD, 2 x STD2] S=& n|gk Fa}7]5 o] Lsle] Feg}
o2 o7 2 w2 ¥, dL2oM IFHFE YR A F o|HERIL(CS)E YA
E48tgch
L AREENESE 53

A4 % 24+2 T, AEE 5015 T XM EE7TIL W7 E ol &
ste] ¢aAhE RIIEHEES HEAA PHA €3 =4 #7184 71EE Y
Aaliche AEE HAEZZPINE AL TG FEAv e YolM FEAZ o}
& 2" /7183 oF EMstdch AHe FEE FEUTES ol &3t A
35l JtAAZoIEDZE BEAMsidct. E3 FIE JpAEIHE A2 A
ote] Z7|E 2)2lsled FlaIzvtEHLE £l Acle] SEE elsact
wpjote] S8 HeldiHA YA AT E B Gol M F2A7 F Aol
Faste] BATAYRU] FHH #7164 22 AEY F ol B2 A=cH
5, 1963)8] A& olgso NREYLES Foigich
T . Azl W FasEe Wy

MIBK, E54¢, PCEY] #4445 =5 2 x STDY 5, 2= 24+ 2 C, &= 10
+ 5 %ol A 158elA BA 7Rl HEAD F Ao ©E FALS 45t FEW

%9 AEEP4Ee) HHE o)

e 71wy 9%

o] HHE AR FolME 7RI A ZEA] s FFE HRHE



+ rth ol2gt FEE 71Ese Y K2 7|FE AL T2 oA 3o AEFH
deon, vtz zAdate] 7RI FE dE 7R 2894 A & VRS =
ol A dEstach.

Ay %o 7158 0.00 n/sec, 0.01-0,02 m/sec, 0.3 m/sec, 0.6 m/secE H3}
AA JtEA AEE HAEUsE €FAN FEAD F FHE /U8 IS
=4 st h

IR,

AAFF #7184 =7 1eEE Z2Y F ATVN FU vF W2 ==
ALE Aol g A /7847 o= FitEe] AR E4o] Yojudtrhd
Aggt EA7E @ 4 ok d=ate] Ao RF U] fiste 6718 AlEE TAE
715 24759t 2 x STDE] =2 F2AF|2 I F 371§ #ulel BlE E43)
2 ymz] EA7E AR B2 £497100M 0.2 - 0.4 nisecd] F|FelA 240F
ot B2 F 93
H A g

ARE EAYN F EHAINA] 4L E& YAEE =M Ae] 4E BF
7} glch Alzte] Zael wiel §718A1e] FAete] whg W AF e B
Hbg o2 gk &4l 5o 43E sty Aste & 12 /& 1 x STD 8] FEoiA
2A1 7t A4 &= oA FEAF T A Hal HAEE R £45a F HA] A
EL Agold 33 B F EMsigon A Haj MELE 2 °C o YA Hof B
A F EMsle], FEA7 F vl £4% 22} vlaste] Bl
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V. AE8Z23
1. 22878

2E S-S vl Uidt 2AEEY o, T &, LAY I FF.
e Sd-&nje] 2E, wiAg f£xx, £M7e] oG8 M yigd O
2l 23719 AL et @etdl 4 glrh(Lautenbergers, 1980). o7t 4
T o Bl Aa] SAFTES M7 Aol ¥ FAseiol Yk E 3 oM
o] A|EE& HatxFs|7t 83-101 % U €= TLETHFL 78-102 % o|gich. FAE
E42 YAA=E B/ HT EREES 0T IFEALLA LA AL (NIOSH)
ol 75 % o4 Uuf AMEI=E WA ach. YFHEETSE AHzH F3A
el s oddAAEDS T2 FERIIEAY FF EHEE] 78 ¥ FLE I o]}
2 yehted BERLHERE AR BARLAI & YAEF] 5 % ol A U
Ebgich Edgte] AL IHR7EAE HAREEo] Helxle 22 HAUT ERd
ASALL ZE 34 F718AH 79y (NI FA)] W2 HeE €
Ql Zes 2FFHcHRudling 5,1986). VA u|Td FHAA A EA G FH(NIOSH)
ol HAUANLAEES AEERY ZF oA E vHE Fdnioiale] whaExtA
(carbon molecular sieve)S FAss glon] n|F AriehA N7 (0sHA )l &= Al

2|71 S ol &% A ERXHE St Qlrt
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Table 3. Desorption efficiency of charcoal tube and testing passive sampler

Components Charcoal Tube Testing Passive Sampler
Mean + SD cv Mean + SD Cv
n-Hexane 102 + 2.9 0.03 93 + 1.8 0.02
MEK. T8 ot 4.4 0.08 83 + 1.0 0.01
MIBK 93 + 2.5 0.03 91 + 1.9 0.02
DIBK 94 + 3.2 0.04 02 + 2.4 0.03
MCF 101 £1.7 0.01 96 + 1.3 0.01
TCE 100 + 1.6 0.02 07 +:1.1 0.01
PCE 99 + 1.4 0.01 97 + 0.9 < 0.01
CB 96 £ 1.3 0.01 896 + 0.7 < 0.01
Toluene 101 £ 1.2 0.02 101+ 2.6 0.03
Xylene 98 1.3 0.01 97 £ 2.1 0.02
Cumene 101 + 1.5 0.02 98 + 2.0 0.02
n=9

MEK :Methyl Ethvl Ketone, MIBK: Methyl Isobutyl Ketone
DIBK: Diisobutyl Ketone, MCF : Methyl Chloform,
PCE :Perchloroethylene,

Chlorobenzene

TCE: Trichloroethylene



AR EEZRF
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A&7} TA SA Bols &7 btz slen I 42 AlFEHEEH7
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Table 4. Sampling rate for ACF sampler

(24X2 °C, S0x5 %)

Components Experimented sampling rate (mé/min) Calculated
sampling rate

mean * STD cv (md/min)
n-Hexane 40.58 £ 1.91 0.05 56. 24
MEK 45.94 + 3.45 0.08 86. 62
MIEBK 41.29 + 2.85 0.07 63.76
DIBK 39.50 + 2.33 0.06 42 81
MCF 41.24 £ 1.21 0.03 59, 06
TCE 41.29 + 1.18 0.03 61.75
PCE 41.80 + 6.22 0.15 55,53
CB 46,90 + 1,38 0.03 57.37
Toluene 43.73 £ 2.09 0.05 58. 43
Xylene 37.26 + 3.36 0.09 52.85
Cumene 41.74 £ 2,50 0.06 48.75
Mean 4193 =+ 261 0.06 55,74
n=18

MEK :Methyl Ethyl Ketone, MIBK: Methyl Iscbutyl Ketone
DIBK: Deiscbutyl Ketone, MWCF : Methyl Chloform, TCE: Trichloroethylene
PCE :Perchloroethylene, CB : Chlorobenzene
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AS v = 0012 x + 0026, ©° = 0997, BFAL y = 0022 x + 0.165, r* = 0.999,
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£ v]a3 JABPAJ QEIU PCEE H4BUA BT %= HoiFyes Hoix|:=
Ao g yeldtt I ojfE 3¢ SelAM B4 gl 23 ol PCEE 8A|7 = 4]
71 Fof FAedo] MYEHoE FrIsiA] b Wi vl oA veisich
o]Z & o ZYLYIA R AATH(NIOSH)2] Aghe] w2 Fa=2] + 25 %
ol &35 x7l Eol7terlE ®|UsZlisisl £ dEelA e =& Fgctzahis
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E w2 & Uehdgd e} 0% ol FiE = AEEH4ET 4F5A fAEdeH
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5714 R BRIV E ZHsEE, BE BAEZHIof ofsiy 2719HS(308
o) FiguhHeo e 2% AR} 2 - 258 BE EA U2 Az g2t
Ach

Table 5. Sampling rate variance with time

Time n Sampling rate(sé,/min)
{min)
MIBK Toluene PCE
16 4 68.81 84.10 73.03
33 4 40,90 45.72 3944
8 4 43.04 48.69 39.50
196 4 38.60 45.25 38.03
381 4 41.48 46 61 3964
485 4 42.47 45.78 33.70




Table 6. Concentration Variation with Time

Time Concentration(ppm)
{min) n
MIEK Toluene PCE
16 4 112,30 250, 31 181.68
a3 4 66, T4 136.07 98.12
85 4 70. 24 144,92 98. 26
196 4 62.99 134,67 94, 62
381 4 67.31 138.72 98. 60
485 4 69,31 136.25 83.83
Concentration 38 68.73 130.15 99, 67
by active
sampling

k%! Sample loss
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gtz o Y Hxdct @A Usten 7HE 0.2 n/secE g HEE=
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MIBK= 99.53 %, E-F4912 105.98 %, PCEE 105.27 xE T3P o s F3¢ =
o} vlstA Ueldch o2& 2go® vehie] £ F 19 99} ol NFS
=7} yote] miel AEEH T A= Ho EofAs 7]1F7} 0.00 n/secd
e A M =x2] 54-60 %, 0.01 n/secy] whis 67-73 %2 F7| 83 ZFof 4
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Table 7. Concentration measured at different face velocity

Face velocity n MIBK Toluene FCE
(m/sec)
0. 00 3 Mean(ppm) 23.04 32.06 18.37
STD 2.40 4,69 1.99
cv 0.10 0.14 0.11
0.01 3 Mean( ppm) 28.33 38.55 22,36
STD 1.29 2.79 1.10
cv 0,05 0.07 0.05
0.2 3 Mean(ppm) 43.56 59. 48 34.086
STD 1.69 2.44 1.26
cv 0.04 0.04 0.04
0.6 3 Mean{ ppm) 42,31 b6.23 32.61
STD 0. 66 1.53 0.38
cv 0.02 0.03 0.01
Concentration 12 Mean(ppm) 42.51 53.06 30.98
by charcoal STD 5.29 5.15 1.98
(active) cv 0.12 0.10 1.98
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5. o &t

Ak FaAo] datA FaAEE R718A A d¥S & £ e a)F
e {FI1EAH7 5718 EUY obe EAY S Aoz F2EG b)
A=l 7] EAHd FREEF 4B7|E vF EAU AL 2490] de =417
of ZEHo c)AEEHI I FEF 2895¢ AL F2 EAHE FE 5
9ith(Cassinelli, M.E.%,1987).

AEite] W RE Yrl9ste] AIHE HUAEHINE 2 AE 2 x STDE] =
2 FEANFR 3F 4FE 7Ade] B2 EM3tn UeA] 2P AR 3] £
#71ell 4 0.2-0.4 m/sect] Z|RolA 247 Fet U2 F £Hdlglen o AAE
E 8] uehladct. = 8ol o] MIBKE 47%1.5 ppmollM 49%1.4 ppnl=
104.3 x B2 56+1.6 ppnofl 4 58+ 1.6 ppm2E 103.6 % 123 HF=So)Y
#l2 38+1.1 ppmoll A 39+1.1 ppno E 102.6 %= H 2o & Ho|x] ¢lo} HHato
dolux] dstE& Eof Ferh

Table 8. Comparison of Reverse Diffusion by Test Sampler

MIBK Toluene PCE
n 3 3 3
A Mean 47 56 38
STD 1.5 1.6 1.1
cy 0.03 0,03 0.03
n 3 3 3
B* Mean + SD 49 58 39
STD 1.4 1.6 1.1
Cv 0,03 0.03
B/A(%) " 104.3 103.6 102.6

A" : Only exposure to 2 x STD for 2 hours
B*" : Sampling for 2 hours(2 x STD} and exposure to clean air for 2 hours

.,



6. A% AFY
AEe HAEAINE o]L3te] 223 ABE Ah2(24+27T)8 YA2=(2T)e

3% 9l 55 Hob Ruyt F A Fdae ® 98 Ttk ARE EHUI HIE
B Azha]e) vastd Aol 3F RAFE 95-104 %2 LEIESH 555
WA BFE 95-98% FEE Uit B@Ev|z 2Ed ohE & Heles #EY
T glaich

Table 9. Storage stability of testing sampler

Date aof Storage MIEK Toluene FCE

Analysis Condition

Day 1 RT Mean(ppm) 23.67 51.79 66. 31
STD 1.36 3.23 3.26
CV 0.06 0.06 0.05

Feek 3 RT* Mean(ppm) 22. 81 53.70 68. 06
STD 1.38 3.00 3.92
cv 0.06 0.06 0.06
Recovery 96. 37 103. 69 102. 64

Week 4 RF** Mean | ppm) 22 57 50. 49 64.69
STD 0.96 > 47 2.74
cv 0,04 0.05 0.04
Recovery 95, 35 97.49 97.56

n=4

* RT : Room Temperature
"™ RF : Refrigeration
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= ol AXE AREZIAEKEE FH3H= Zlo] dAFHe] otd + glrh AEEF
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& 0|83 Ao ZAE Ech ¥ FiAsT wha] AgH 42 HEe ol
AN 82 £ o by A& 53 g3 A4 dolekE ol &3hd ofH dEe
cisiAd= 8% 4 qlch FAEFI|5] oA es 23] U& 4= 9 2t
A4 $30] YA dE = 27 il ALY HEEFE=] AHHEE EY
41 81# FtcHFeigley 5, 1988).

AREZ7Y E2F H3E3) Fakzol vlof oiy FEEAY Fabgo]y v A
gHo® 313 EAU7L ANEEZIRKET o LE F T AREIEER
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of ths AMZajlold AT dgFes F8 AEXHEE9 Feigley 5ol o432
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ABEZ7He] "t AAES A4 J2a F3H ¢e EHoE RE Zile o
HUAAES7 9 W o wE HAoeE SFPHCL
GASBADGE™=2 A#8 Tompkin5(1977)& HHE7} 75 cm/sec ol4te]ztd
A7 o oiFt 7R dE382 AL g& Folile & HEIHLE FAFFAUCIL
ot o3t ZEL SIUHY 1 AEANE A= st
R Aol gdeojits HEEE EHAF 015 - 023 m/sec(50 - 75 ft/min)
o]7] wiEeoll Bixgr|e] Zedatele] A AL glo] &F AAS MUY Y2
AL FAE T A& F=olch T A 37171 ALl BEA] ¢l= 3R
A AGAEEY T2 YL 22 ¢ + den® pdtes Fo| F5 o= Tt
chE )
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(Lantenberger &, 1980).
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23718 AEEA4EE FAEE K784 Jha] FiAeDg 2Y7]2] kA
HA (Ao FF alastz J/atdo|(L)o] v Fich
Sampling rate(em’/min) = D(A/L)
o3 714, Dlem®/min) = Diffusion coefficient at 25 °C, 760 mmHg
Alem®) = Cross-sectional area of the cavit:.r,:!rrz
Licm) = Length of cavity
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Appendix 1.

Hischfelder Equation

BT —ﬁ + 1,3&2—

p.o=
£ o7 Ip

7] 4
D, = gas diffusivity (cm®|sec)

B 1n.?—z.4ﬁ1l/—j}ﬂ+jﬁ; ] x10°

T = absolute temprature(°K)
M;, Mz = molecule weights of components 1 and 2

ahsolute pmsmﬁ‘e (atm)

= collision diamter A

(11 + 12)/2

Is = collision integral for diffusion function of kT/€12

2 =y ESHE

k = Boltzmann constant
= 138 x 10%/k

-
1]

o
]
I

£12 = energy of molecular interactionf{ergs)

115 Te
192 Tw

Ty = temperature of component boiling point(°K)

x|
(]

Tm = temperature of component melting point{°K)
o 7|4 gl2] FHES Uit Zehd] ),



e air vale9TK)

ET = YV (97°K) (1.15T,)

ET _ 29815 o B
£12 vV (97°8) (1.15T) VT,

7 = 1.18( V¥
T = 3.62

A = [(3.6241.18ViM12)?

#18 EEz} e BF gshd, AS42 ol o] EHE 4 gtk

p. — [22.08 — 5.070.0345 +1/M][V 0.0345 + 1/M,]
£ 1(3.62+ 1118V3"%)?





