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Research on the Adsorption Capacity for Benzene, Toluene, Acetone and
N-hexane of Activated Carbon Acquired fromthe Domestic Market

Naroo Lee - Gwangyong Yi - Dooyong Park'

Occupational Safety and Health Research Institute, Korea Occupational Safety and Health Agency,

1 N
Hansung University

ABSTRACT

Objectives: To develop domestic charcoal tubes with good adsorption capacity, breakthrough experiments were performed on four types

of activated charcoal.

Materials: The adsorption capacity and the adsorption rate were determined using a modified Wheeler equation after the breakthrough
experiment. For four types of charcoal (J, K, S and SKC Inc. 226-01), 100 mg were used in the breakthrough experiment. The test was

done on benzene, toluene, n-hexane, and acetone in a dynamic chamber.

Results: K charcoal had the greatest surface area and the highest micropore volume. J charcoal had a similar surface area and micropore
volume to SKC charcoal. S charcoal had the lowest surface area and micropore volume. J charcoal had the highest adsorption capacity
at 101, 252 and 609 ppm of benzene. The gap in benzene adsorption capacity among the types of charcoal was the least at 609 ppm
and the greatest at 101 ppm. J charcoal showed the highest adsorption capacity at 54, 106, 228 and 508 ppm of toluene. J charcoal and
SKC charcoal had a similar adsorption capacity for acetone. J charcoal had the highest adsorption capacity for n-hexane.

In the experiment featuring 10% breakthrough volume, 10% breakthrough occurred at 18 liters at 2065.9 mg/m’ for J charcoal

and at 20 liters at 1771.2 mg/m" for K charcoal.

It was difficult to judge adsorption capacity by surface area and micropore volume of charcoal. J charcoal, which was similar
to SKC charcoal in surface area and micropore volume, showed good adsorption capacity at common workplace concentrations.
Conclusions: The adsorption capacity of J and K charcoal was superior compared with SKC charcoal. J and K charcoal can be considered

appropriate for use as sampling media based on this result.

Key words : Adsorption isotherm equation, breakthrough, charcoal tube, Wheeler equation
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2 =A% Y= o8] A = Wheer-Jonas
gateta obe
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deHT A AP HESE PP HeR AR
ﬂi 9= ek (SKC Cat. No. 226-16-02 GWS,
20-40 mesh)= ARg-Ste] utat A sl 2t &
Aete] v EHA (BET 24 7], ASAP 2420), H4t 7]

7], vldlE FuE 543 Aik= Table 134 2
o} K&AJeto] vlmH o] 1648 m/go 2 7H4 7
™, SE/Ere] vl A o] 653 m/g= 7 Al
ggero] v EHAL 1218 m/gE SKC EAJEr H®
HAo] fAsllel mlAlEe] Fule SKCE/dEo
0.4458 cm/go 2 JEAET} GASIY I, KEHAJERS] u
A5 Ha)7) 0.5560 cn/g=2 714+ Zich

SKC&Aeta) SEAJERS ol 20-40 mesh =7]¢]
A EW3| 7HEE sHA bk, KA (10-20
mesh)¥} JEAEE (8-30 mesh)2 20-40 mesh =7]2]
Aol glo], 7H4| MW=L (MRA0S0MCA, Braun)

%W et-S o} XA A|E -8 A|(Fisher, USA)E £
3l & 20-35 mesh?] EAEFS AH3lo] AE-SFTH
AT 1 AS FUsHA st sl A7 4 m, 4
o] 7 cmo HETE AFsto], 4FFHY AT
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Table 1. Brunauer Emnett Teller (BET) surface area, micropore volume and pore size of four charcoals

Test charcoals BET Surface area(m’/g)

Micropore volume(cm/g) Pore size(nm)

J 1218 0.4361 177
K 1648 0.5560 181
S 653 0.1356 490
SKC 1257 0.4458 174
100£0.5 mg¥ frefke] Yol feldf= fefd 3. mpotAlE AR
o, FlE Weste] EAdEHS vEqith TS 2 - 5% 2EALF] 5ol &
= S7IEA oA o] R ol H thFigure 1). 0.01 rm
2. M8 04 27185 ool BAS AAT 4 Gt FIEHFAL A%
4F o BEe wEV1F BA% 3719 0% /17F BAE oo FTaAun-Air 8000-150BD3)R
5o wejstel WAL BRA, obE, wWEAS Y WEoA Az By ainsh $FRE/ HAE
sk WAL FHEFS AN TH B Fo] o] Qb £ FE FUAAUS Fuste] TR
A 2719 A Aske ASBE AN o E 2 oBHth & 4% 2PAAYS 223} uHA Y
BAG-DZE AgHR WA FHIMo] BAFQ  HERE AN o §FAL FEAA(Model 850,
A o] 7] wiof A7 a1(Wood, 2001), E=7, General Eastern)2 474 $E & SR8t =S TjE=uo]
718k =429 F2E aesto] EAoA Aol7t v o|Foj Attt wFFEAY] HE(SageTM Pump model
Bt 790, obMlE, =gEliks AAskolnh o M365, Orion)2 /7| &AE AT FEde= &
49 =27]% ¥ =94 542 Table 29} It A A W7o dRulg 7R 2 FEste] AY
d sEe 7 BEPEE 5YUsHA sk skgle N Tes St £ HHoA AT vEE
=dd a7t it AEAES sty s Azd F71 &A= Al FH 13 oA 3= &
=N FEEE 334 AIHSHATE AsHA Hl. ojuf] &3 W] & - 227 A A
1
B Temperature and
Syringe pump Humidity monitor
Purtified "‘
compressed air > I
‘ Humidity generator T Leu":n?::ti;:;? Personal air sampler
and controller - 'GS’FVGDD’ tor Y ; ) el coat tube
i Test Chamber Il
ot | per g Humidity sensor Test Chamber | Multigas monitor Computer
A flow [reeee " =
Z - H meter  prm— Cha:;l?ar IR
Compressed air filter Air flow
and regulator regulator
Figure 1. Diagram of vapor generation test system
Table 2 . Characteristics of test organic vapor
Exposure Molecular . o s e Vapor pressure
Test substance limit(ppm) weight (¢/mole) Density Boiling point (C) (mmHg at 20C)
Acetone 500 58.08 0.791 56 266
Benzene 1 78.11 0.8765 80 75.0
N-hexane 50 86.18 0.6603 69 124.0
Toluene 50 92.14 0.8669 111 22.0
Journal of Korean Society of Occupational and Environmental Hygiene, 2014: 24(2): 193-200 http://www.kiha.kr/
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Equationl . Modified Wheeler Equation

» : Breakthrough time (min)

« . Exit concentration (g/cm)
o : Inlet concentration (g/cm)

C
C
Q:
W
W

Volumetric flow rate (cm/min)

: Wweight of carbon adsorbent (g)
e : Equilibrium adsorption capacity (g/g carbon)

s : Bulk density of the packed bed (g/cm)

4 SeEse U E48 B}
W glale = kv : Adsorption rate coefficient (min™)
TA ZHt) S  Tbs=(Cx)ofl sl Wheeler
equations WFEAI7]= SR (We)dt F2R&AIS )
o ot e 5.10 % tnt ST AME
(Ky) S 917] Yske] SigmaPlot (SigmaPlot for Lot 5L = asro B
2} S =22 A o] uky o 3Flols o135
Windows, versions 7.101) curve fitting 7|52 ©]-&3} e =7 © ’;}J’}" g2 FRlsk] 2
o o == T
o 10 % HAAE D 50 % TS Agrsrgey, 02 Hermin® K BHLE S 2005 nen, 5
o E= 3 A=Y
= ZFS o]83}e] Wheeler equationgi—‘,j*‘ﬂ zF gt ?ﬂk] LEges S5 177ingmel A A=A
o] Faedwt 28 A Toisch R
Table 3. Breakthrough time of benzene by types of test charcoals
Test Concentration (ppm) 101 252 609
Breakthough
ime (mm) BT](} BTso BT[() BTso BT]() BTs(]
Test charcoal
] 74.7 106.4 38.0 533 20.6 29.3
Q2.7 (3.6) (12) 0.4) (1.4) (0.7
K 61.3 74.1 37.3 45.8 23.8 29.5
(3.0) (2.9) 2.4) 2.4) (0.4) (0.1)
S 14.4 24.4 7.5 13.3 43 7.8
(1.1) (1.4) (1.8) (1.3) (0.8) (0.9)
SKC 72.6 96.2 37.4 51.0 20.8 28.4
(3.8) (1.7 6.9) (6.0) 0.7) (0.9)

(): standard deviation

Table 4. Equilibrium adsorption capacity and adsorption rate coefficient of benzene by test charcoals

Test concentration

Equilibrium adsorption capacity(g/g Carbon)

Adsorption rate coefficient (min™)

(ppm) J K S SKC J K S SKC
101 0.1720 0.1192 0.0393 0.1553 589593599 341940534 812505382 484830769
252 0.2144 0.1796 0.0530 0.2012 91215633 60622877 140894221 87915111
609 0.2872 0.2836 0.0759 0.2756 16015364 10741943 24512776 14595087
http://iwww.kiha.kr Journal of Korean Society of Occupational and Environmental Hygiene, 2014: 24(2): 193-200



2UolM RESIE BAHEIS 0|83 WA, SR, OME U U SN SSEAS Bl A7 197
Table 5. Breakthrough time of toluene by types of test charcoals
Test Concentration (ppm) 54 106 228 508
Breakthough
ime (mll’l) BT BTso BTio BTso BT BTso BTio BTso
Test charcoal
7 230.1 270.7 118.5 145.0 66.0 78.1 25.6 32.8
(16.8) (11.7) (6.5) (12.2) (3.3) (2.3) (1.3) (0.8)
K 198.7 237.7 113.8 139.1 66.1 78.2 36.3 44.2
(17.6) (12.0) (7.4) (8.1) (3.5) (2.5) (3.7) (3.4)
S 41.5 62.6 28.8 42.1 13.6 21.1 6.0 10.6
(3.2) (2.4) 6.3) (7.3) (0.3) (0.3) (0.5) 0.7)
SKC 195.8 239.9 126.1 151.6 553 67.8 23.7 31.9
(29.1) (22.2) (3.2) (5.4) (3.3) (2.3) (1.9) (1.0)
(): standard deviation
Table 6. Equilibrium adsorption capacity and adsorption rate coefficient of toluene by test charcoals
Test concentration Equilibrium adsorption capacity(g/g Carbon) Adsorption rate coefficient (min'l)
(ppm) J K S SKC J K S SKC
54 0.2771 0.2359 0.0610 0.2380 744470833 838930238 1748239393 951687010
106 0.2919 0.2758 0.0849 0.3011 233593975 237722993 411014416 218278976
228 0.3310 0.3331 0.0900 0.2875 43633888 43444909 99533879 51950465
503 0.3083 0.4151 0.1012 0.2998 12742002 10406170 24595602 14793434
M. 2 Y Dt ool w3 #glck.
1. HIFo| EAt=2 2. RSl EAEH
w4l 101, 252, 600 ppmol| A 10 %z}2ke} 50 %t E74l 54, 106, 228, 508 ppmof|A] 10 %3t} 50
Wb Aot AT Table 37 7, Segags %Al dojd k= Table 59 i, S2FAE
AT} Table 49} 2t} #A 101 ppmoj A= J2HA % A= Table 63 7l J ZAEe] S2F8-8F0|
gho] Zargako] A E9ka, Ke4w, skegds  AlY Eeu SKC g Eﬁ%%‘ﬁﬂr 72 Aol
2=0]9lTh. 252 ppm, 609 ppmo| A= JEHAErY] B2} 7b {3k &R =7 wordel wEh S8
gaFo] Aol =olou} KEHJE} SKCEAE &2 °l SR U I Aole WAl FAEETE A
geFate] Zol7k 101 ppmol A mek gastgick g A WU SEAR] FHIFE T2 AT )
o] BAGFL 35E mTolA sKeggetney o AAS] ST dE:
g vehdot 74 A 2o A= HA] 503 ppmof A= H]
Autroz sgere] HEMHo] F42 o x  FHACl T KIAHES] FHEFel 71 Aot 100
Sl §aHegol AGck Buel Hag wu K PNAE LK SKC YR S8l ft
ggere] ulEpiHo] SKCEAE, JgH gl vls) 2 > 54 ppmef Al Kebdete] gatgwgel 2519 7h
ok & AF Ak WA 609ppmel A KT & ¥ A
2 ool SKCHAIR, IR FHgao] fAbsH
gk et WAl we wel 10lppmo] s K 3.OIMES| E3sE
2ol Fagol 3y vE 2 S8 oMAl= 57, 97, 160, 577 ppmol| A 10 %u}tel 50
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Table 7. Breakthrough time of aceton by type of test charcoals

Test Concentration (ppm) 57 97 160 577
Breakthough
time (mll’l) BT](} BTs() BT]() BT50 BT](} BTs() BT]() BT50
Test charcoal
7 45.4 67.9 37.2 50.6 26.9 36.5 12.5 16.2
2.9) (2.0) 4.3) (3.3) 4.5) (3.6) 0.7) (1.0)
K 31.3 459 27.7 36.7 19.6 26.8 8.3 12.4
4.9) (3.5) (3.5) 2.9) (1.4) (1.6) 0.2) 0.2)
S 5.6 17.4 7.2 14.7 5.5 10.8 2.6 4.4
(1.7 (2.0) (1.3) (1.2) (1.9) (2.3) (0.6) (0.5)
SKC 48.5 68.7 38.2 50.4 28.7 36.7 11.3 15.2
5.1 (3.6) 0.9) (1.3) 0.5) (0.3) 0.9) 0.2)
(): standard deviation
Table 8. Equilibrium adsorption capacity and adsorption rate coefficient of acetone by test charcoals
Test concentration Equilibrium adsorption capacity(g/g Carbon) Adsorption rate coefficient (min™)
(ppm) J K SKC J K S SKC
57 0.0474 0.0319 0.0120 0.0475 3600516118 3484000827 7455187123 3237039576
96 0.0599 0.0431 0.0173 0.0598 1010762727 954935695 1969260939 926712892
160 0.0726 0.0534 0.0216 0.0726 365270466 366752892 681837888 299810343
577 0.1099 0.0845 0.0301 0.1031 24710609 36613076 44572241 27716136
Table 9. Breakthrough time of n-hexane by test charcoal
Test Concentration (ppm) 69 90 175 477
Breakthough
time (1’1’111’1) BT](} BTSO BT]() BTso BT](} BTSO BT]() BTso
Test charcoal
7 119.9 154.4 93.3 127.9 50.0 66.7 24.0 31.0
6.7) (3.6) (2.6) (0.3) (1.7) (0.8) (4.0) 2.2)
K 100.0 132.1 70.0 102.2 52.5 65.3 26.8 32.6
9.8) (5.6) (6.3) (5.5) (1.8) (0.8) 3.1 2.7)
S 15.7 26.4 16.2 25.1 8.5 14.7 7.1 10.0
2.1 (2.3) 3.1 2.2) (1.2) (1.2) (2.6) (2.3)
SKC 112.6 145.8 89.1 117.8 53.5 67.3 22.6 28.0
6.3) (6.8) (0.5) 3.5) 3.2) 4.3) 0.4) (0.5)

Table 10. Equilibrium adsorption capacity and adsorption rate coefficient of n-hexane by test charcoals

Test concentration

Equilibrium adsorption capacity(g/g Carbon)

Adsorption rate coefficient (min'l)

(ppm) J K SKC J K S SKC
67 0.1965 0.1553 0.0292 0.1683 790082569 862707270 1440471195 812929986
86 0.2027 0.1513 0.0364 0.1735 563918937 656204743 750416400 506194908
166 0.2054 0.1852 0.0419 0.1938 135693147 106877180 231628978 111526289
477 0.2417 0.2537 0.0766 0.2138 16741051 13251703 22575574 14087213

http://iwww.kiha.kr
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Table 11. Breakthrough volume of toluene on K and J charcoals

Type of charcoal Flow rate (Liter/min)

Breakthrough volume(L) Test concentration(mg/m’)

J 0.2
K 0.2

%ttt Qojyt AWM= Table 73} XL, FLF
& Ai= Table 83 Lt oA Eoll A= 45 5%
oA TS| FA-gTFo] SKCEA T A2
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ppmof 4] K%“ gho] Falgfo| JeAde W SKCE
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ob oo yC o f1 b
o ot X 3 i ob

] 11101'
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