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Abstract : In this study, to improve the low surface area of domestic anthracite as raw materials of activated carbon, characteristics
on chemical activation and VOCs adsorption of activated carbon according to mixing ratio of anthracite and lignite. For these,
properties of raw materials, parameter characteristics of preparation processes for activated carbon, and VOCs adsorption
characteristic of the prepared activated carbon are analyzed. The experimental results showed that, the domestic anthracite had
disadvantages of high contents for ash and lead, arsenic, which were exceeded for the heavy metal limits, in the properties of raw
materials. To improve these diadvantages, using the mixing ratio of anthracite and lignite, and the optimum conditions for
pretreatment, activation, washing, and pellitization process, the activated carbon had a range of BET (Brunauer-Emmett-Teller)
surface area of 1,154 ~ 1,420 m” g with mesopore development and hydrophobic surface property. The carbons were satisfied
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with the quality standard for granular activated carbon, and had similar physicochemical properties with the commercial activated
carbon. The minimum mixing condition for commercial VOCs activated carbon performance must have the caloric value of
above 5,640 kcal kg'l, and the carbon had higher adsorption capacity with order of xylene > toluene > benzene according to more
higher molcular weight and hydrophobic property.

Keywords : Activated carbon, Chemical activation, Anthracite, Lignite, Volatile organic compounds
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Figure 1. Schematic diagram of activation process reactor.
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Table 1. Proximate, element, caloric value, heavy metal analysis
for low-grade anthracite, anthracite, and ligniet as raw
material of activated carbon

Low- Standard
Items A??;r};lzsed Unit | grade ‘:;tll; Lignite| (KSM
anthracite 18002)
Moisture % 1.85 1.80 | 0.26 -
Proxi Volatile % 6.05 6.07 8.91 -
roxi-
mate Ash % 43.0 31.13 | 14.55 -
f;r’;eoi % | 49.10 | 6099 | 7628 | -
C % 26.20 | 62.50 | 80.1 -
H % 1.10 0.80 | 3.00 -
O % 1.10 2.00 4.30 -
Element
N % 0.40 0.40 1.70 -
S % 0.08 0.24 043 -
Cl % 0.08 0.01 0.00 -
Higher

heating |kcal kg'l 2,431 5,216 | 7,250 -
Caloric | value
value | Lower
heating kcalkg'1 2,360 | 5,162 | 7,086 -
value

Hg |mgkg'| 0.00 | 0.04 | 0.00 -
cd  |mgkg'| 000 | 061 | 1.62 1
Pb |mgkg'| 39.90 |33.90| 9.00 10
As  |mgkg'| 220 | 7.60 | 0.00 2
Cr |mgkg'| 3320 |57.80 | 473 -
Co |mgkg'| 550 | 820 | 129 -
Cu |mgkg'| 520 |28.60| 0.0 -
Mn |mgkg'| 2450 | 74.50 | 693 -
Ni  |mgkg'| 11.40 | 4530 | 31.70 -
TI  |mgkg'| 000 | 0.00 | 0.00 -
V  |mgkg'| 47.80 |20.10 | 7.40 -

Heavy
metal
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Figure 2. BET surface area and ash content of activated carbon according to (a) pretreatment agents, (b) HNOs concentration, (c) HNOs/
anthracite ratio, and (d) pretrement time in pretreatment process.
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Table 2. Coagulation properties of anion and cation in aqueous
solution

Anion— cr NO5 SO~ PO,
Cation |
Ag’

Hg
Ba2+
Ca2+
Cu2+
C d2+
C02+

2+
Fe

+

VSS

VSS

VSS

—

VSS

A13+
AS3+
Cr3+
F63+
v S
Note : S =soluble (>5000 mg L"),SS= slightly soluble (2000-5000

mg L), VSS = very slightly soluble (20-2000 mg L ™), I = insoluble
(<20 mg L"), X = not compound.
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=, o, 2EEET §ANEol dojubH, 14ke] A9 AL
o] G4t uhgsto] Surgol Ao o 4 ek
olgsl E84 SHES 98 YR = x| &4 3517]
o 2ol ZHdet A=Al Al 22 OGS 7)1 sl R
B

SiO(s) + 2H,O(aq) — Si(OH)s(aq) (1)
AlLOs(s) + 6HNOs(aq) — 2AI[NOs]s(aq) + 3H,0 ©)

Fe,05(s) + 6HNOs(aq) — 2Fe[NOsls(aq) + 3H 0 (3)
CaO(s) + 2HNOs(aq) — Ca[NOs]x(aq) + H.O 4)
AlOs3(s) + 6HCl(aq) — 2AICl3(aq) + 3H,O ®)
Fe,03(s) + 6HCl(aq) — 2FeCls(aq) + 3H,O ©)
CaO(s) + 2HCl(aq) — CaCly(aq) + H.O @)
ALO;s(s) + 3H2SO4(aq) — AL[SO4]s(aq) + 3HO  (8)
FexOs(s) + 3H2SO4(aq) — Fex[SOsls(aq) + 3H O (9)
CaO(s) + H,SOs(aq) — CaSO4(s) + H,O (10)
ALOs(s) + HsPOs(aq) — 2AI1[PO4](s) + 3H.O  (11)
Fe;0s3(s) + HsPOs(aq) — 2Fe[PO4](s) + 3H.O  (12)
3Ca0(s) + 2H3POs(aq) — Cas[POsla(s) + 3HO (13)

AA 2 F 38(%) 2443t M2, JAH28.1) > QlAl
(26.8) > BHH22.5) > AAK21.6) 2= 37FA] 2 A 2] Ao H]sf
AAake] sl@gheol 7MW AL & 4 9l o] H4bo]
AR 5 E44 4L FA8A ¢7] doltt. ot
A ol#gt AaE v o2 AAE 34 Al 7MY AET AA
Al Aatoz AH =

Figure 2(b)¢] A@ A3}, MA A swol o vxH
(m® )& 16 M (1830.0) > 10 M (1829.9) > 5 M (1565.4) >
1 M (1194.5) > 0.1 M (1027.0) 2.2 =7} Z7}gto] wha} 1)
#HHo] F7tstH, 10 MY o] o HEHAE Hch o]
Al sl w2 38 Agaart Frketr] o]
S AR Qe gAageFe] SR s SR Alx2A
HEHZ o] Z71et Ao gehEch HAe 4 & 3E
A AL T3 0.5 M (28.6) > 1 M (27.2) > 5 M (23.8) > 10
(21.6) = 16 M (21.6)2 H|%HZ Ao} w4 AS
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Figure 2(c)9] A% A3}, AAb 2deo] w2 v EHZ(m’
ghe s mL g (1832.1) > 4 mL g“ (1829.9) > 3 mL g (1687.3)
>2mL g' (1431.8) > 1 mL g (423. 8)0E Z9lgFo| =73

of wtel vjmH o] F71slv], 4 mL g’ ZZolA A} v®
HA o] BAEGATh o= A AR St whek 3R =
shgEeFo] S7ket] wiitoln, SRR Qg ehaghero
7t Q8 &A%k AlxA] 1 v o] Skt Aow
cHETh A e F mo] FH%) EAEI} | mL g (31.55)
>2mLg' (250)>3mL g' (225)>4mL g' (21.6) = 5 mL
g' QLOZ vEHZA ATe} whulEd AFS Bolck ufebA
ol#gt Ayt i o2 HA A Hirel A-g FoF
4mL g'2 A

Figure 2(d)2] A& A3}, A2 A7ko] w2 v mH2(m’
g")& 48 h (1708.7) = 24 h (1685.4) = 12 h (1685.4) > 6
h (1156.5)2.2 6 h o|Zo) v|FEHZ o] FA3| Z7}slchr} 12
h o]% 7o AR E AL H o mddl= A o= Yehct
o] 12 hitE 3& &Zo] B =Laly] wfioln, 37
TR et ehagheke] F7HE Qe S8 AlxA| 1 H|3#
HAo] 7k Ao g waErh AAe] 34 & dmno 7
(%) B4 6 h (30.8) > 12 h (21.6) = 24 h (21.5) = 48
h 21.3)0 2 vEHA I} el 2 FeFe Bt mhakA
olg 3t AWE vt o r HAA A HAiko AHT AZFE 12
ho g AA =gt

[e— |

Figure 3:& &3} ZAA (a) £F 2%, (b) 7 A7te]
g BAg Az A4 FHAE
mL g, A% aa Am 12 h, 435} 34
7} 900 C, 4 h, 1 L min’,
(KOH/anthracite, wt% wt% )4;_. 2835k
1, A %XJOM% 0.5 M @4 &4, Y=g o]gsto] 4 mL
¢, 2 h 24 v% FUs] et

Figure 3()9] A A7}, 23 2= o] ©h2 v EHHm’ g’

290 C (1685.4) > 55 C (1675.2) > 25 C (1662.8)0.& &%
7} 2713kl whet vl A o] tha Zvbete AR Uehyt
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Figure 3(b)°] A A7}, &3+ Al7te] @2 v EHAm’ g')
2 48 h (1686.2) > 24 h (1685.4) > 12 h (1495.4) > 6 h (1256.5)
o2 F3 Al7to] 74| whel wjEH o] Z7len, 24 h
o] 27 AHLE Ao Yo st ROz ekt
o)t falskAE BBV 97 U YRR Faletr] ¢
A= 2|4 24 h o]Ae] =E3SF 53 A|7lo] Q3J= Ao
2 ojulatn, o] A2 Higto g HH T3 A7 24
hez XAAE
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3.23. 2M351 2 X

Figure 4= 43} FANA (a) FASZE FUF, b) &
At 2= 9 AL (o) A 75, (d) 98 HEF gE &
Aete] v EHFS B3 A= Figure 4(d )94 A 75

AetS T@vEo) et dE ‘?ﬂ_eak'« skt A g
FAoNAE 10 M A4, F90% 4 mL g, %ix%ﬂl AlZF 12 h,
3t 3= 5 9 A7 25 TeF 24 h, A& 3o
M= sto] 4mL g, 2 h 2AL

05 M 4L 24, W2 ol
BE FAs 483

Figure 4(a)2] A3 21}, ZASIA Y =F(KOH/anthracite,
wt% wt% ol T Bl EHA(m” g') 4 (1829.9) > 5 (1435.5)
>3 (13293) > 2 (T91.H)= B/J3HA| F{eFo] F7hetol whet
AYH o Z7hshe e Rolthrh 4 AHoA] Ho) v
HA o] AAFE o, o]F koA Fadhe A HA
t}. o] Equation (14)°f whe} C2} KOHO| &3} wk-5- Hl=
1302 Yep )IARH11,26,27], 32 59 Wejed= <
off L o]k 27l Q1 1:40)4 HI:EH =4

o2 Bk, 2 ole) AT FAGAE AT
o] Bz ol BEHA] 743 A
olefet A vgow B 24 FUuIt 42 A4
sict.
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Figure 3. BET surface area of activated carbon according to (a) mixing temperature, and (b) mixing time in mixing process.
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6KOH + 2C — 2K + 3H, + 2K,CO; (14)

Figure 4(b)¢] A& AT}, 4 h 27N L= v EHH(m’
g")& 900 C(1829.9) > 800 C(1740.5) > 700 “C(1500.5)2 &+
st 2w7b Z7kgel uet v EHAEe S1skE s, 900
CTolA 2o vz o] Y= 9Tt ©]+= Equation (14)°] 4]
A FAEES] AEEA Q] gHiPE-E o] Equation (15) ~
(18)2] ¥h-gof| whek oF 800 C o] Aol 4] Alsld-E O R H3tE]
H[27], o|&gt ek E W ASPAFo] FriH o vt
H-g-5te] vl A Ao Hwestr] wjEolch &&= 900 C
ZAA B EEA(m® ¢')2 4 h (1829.9) > 3 h (1685.4) >
5h (1450.5) > 2 h (1136.4) > 1 h (1025.4)2 A]7to] Z7}3}o|
wte} B EHZ o] F71SIThrL 4 hof|A] Z o7t =, o] 3
238h= AIE YERSITE o] 4 h o] 3o TpEgh 25}
AlZko &2 Qs A" AlFo] B = ks AE ofulgct
whaka ol2e AE vy o R At o HEe 2%
2 AIZRS Z42F 900 C, 4 ho 2 AAE ot

K>CO; — K,O + CO, (at 700 ~800 ) (15)
CO, + C — 2CO (16)
KoCO; + 2C — 2K + 3CO (over 700 C)  (17)

C + K0 — 2K + CO (over 700 C) (18)
Figure 4(c)2] AE A}, A4 fFo) w2 ST vj2H

Z(m® g2 2.0 L min" (1875.9) = 1.5 L min" (1864.5) =
1.0 L min" (1829.9) > 0.5 L min" (1155.4)©.& 0.5 L min"'o|
A 1.0 L min'74#] F23] 7181k} o5 7kl A FFof
Tdohs AR YEyth A4 {2 43 vHeAl B
715 2438 7] B 379 g@ao] Absks
WA AL, v AAEe] gl Z]ofgttta LA glow,
719] A ¥yt HHol Qrka \
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(1,230.6) > 2,360 kecal kg' (633.5)2 etAgef =7l uwa}
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Figure 5. BET surface area of activated carbon according to (a) washing agents, (b) HCI concentration, (¢) HCl/anthracite ratio, and (d)
washing time in washing process.

A5t At 28 AHA FFE HW (hot water), CW (cold 4 BAR 24 2 Y55 o] g3 2o o5 94313
water) Qo] 2 AISIATE A 2] AL 10M 2k £ AAT 5 glon, Fate] F3wEES o gslo] AHsH: A
F4amL g, AA2) AR 12 h, EF FHNAE L= W AR o] ul¢ Aol AL ojujdtt ®3, FAb AlHTH
25 Co 24 h, B3} TAHCME 5 9 ARL Ah $FE 5 75l dato] BFste B FHAS ASHEAS 7}
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Wi wt%) 4 22 BE FUsH] et CA Bad Ao wekHnt ufebd ol At vigo

Figure 5(2)9] A2, A2 FRe| th2 vEddm’ ¢) 2 AAFAHNA 42 AHA TR dab-2-deE A
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AT A=A L] o] whel oF 1400 m* g'o] 2 A
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Figure 6. BET surface area and hardness of activated carbon according to (a) binder kinds, and (b) binder content in pelletization process.
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Aoz wuEw e vielvle] E o gake BTl o
e PEl el AEE 44717 98 RO uhel

o] ool W BEE =3 etk BE(%) 44,
CMC (94) > PVA (67) > Guargum (51) > Starch (36) 2.5 e}
won, KSM 18029 48 AH® FZof w2H X4 90%
olFE WEeof st HiQlTof &3t HjEH A a7t of
25.8%%2 7P WAL, A= VSRS WS CMCTF 7
At Aoz yepyith mebA o2t AuE vige R =
H3AoA 7P A3 vy SR AeHd A&7 7t

A UE AR 7P e CMCE AR E|glon], CMCE of

o|AAYI} T2 AE HUHAR &8E7] el HEH &
gete] vRolt &2 Hgae A SHAAY EA= fie
Aoz TrhEh

g'l)% 0% (1685.5) > 5% (1541.1) > 10% (1379.9) > 15% (1250.4)
= uhele] ghafo] Z71atol wheh v ERAe HEHow 7}
adte AT Bk vhely fer] tE Jm%) B4
T}, 15% (94) > 10% (84) > 5% (77) > 0% (10)2 TFF 5%
274 AmTE 33 Z7En, o] F 5%IE 15%74A
AgHom Z715190) KSM 18020] S48 A= 72 uf
=0 2 90% oS wEslof SEE o] 3 AAT

vpoly] e 15%=2 A4 w it

3.4.1. BET &4

Table 3> 2t A #9157k, T, Foee] =3t o
Z g Aeke] BET 24472 Yehll Aoz A4 v Euy
(m®> g") £ A3}, Commercial AC (1522.3) > Lignite (1419.7)
> Anthracite + Lignite (1191.9) > Anthracite (1154.2) > Low-
grade anthracite + Lignite (885.1) > Low-grade anthracite +
Anthracite (842.7) > Low-grade anthracite (433.8)2 A8 &4
gho] A vl Ao] 7H 97t Aoz YEREh of= Hf
Aef o] Algutalel oJs) A v A o] Hato] ofF 31.5%,
SUAIE HIEHA L of 33.1%, vAAlE H]EH A2 °F 30.6%
2238190 7] giEolch AR v EH A (m® g')S Commercial
AC (1314.2) > Lignite (827.5) > Anthracite (758.8) > Anthracite
+ Lignite (598.6) > Low-grade anthracite + Anthracite (453.3)
> Low-grade anthracite + Lignite (453.3) > Low-grade anthracite
(674 8 BAeto] oF 15~3.58) B $AIRE Aoz yehd
v, S7hE HERAm ) 23 3 Fol= Anthracite
+ Lignite (592.2) > Lignite (593.3) > Low-grade anthracite +
Lignite (447.4) > Anthracite (395.4) > Low-grade anthracite +
Anthracite (389.4) > Commercial AC (208.1) > Low-grade
anthracite (66.5)= A/55¢] 7S Al st -8 B
vls] S7AEo] 1.8 ~2.94] A% Ao= yEpytth

ATz B A AA) 82 em’ ¢')2 Lignite (0.753)
> Commercial AC (0.692) > Anthracite + Lignite (0.654) >
Anthracite (0.608) > Low-grade anthracite + Lignite (0.593) >
Low-grade anthracite + Anthracite (0.523) > Low-grade anthracite
(0242) 0.5 FATHE A ShT A Bkl uls) we 2
e Bek pAAE S (em’ ¢S BE B g 7HA
3E whe, F7HAIE 82 (em¥/g)S Lignite (0.392) >
Low-grade anthracite + Lignite (0.388) > Anthracite + Lignite
(0.383) > Low-grade anthracite + Anthracite (0.314) > Anthracite

Table 3. BET surface area, pore volume, and average pore width of pelletized activated carbons

Sample I;g:;;i??: ;?I\Za%ri?s i af;lct)}‘:a%??: i Anthracite Anil;;ﬁi;e * Lignite ngtlir\r/l:trec(lial

Anthracite Lignite carbon

BET surface area (m’ g') 433.8 842.7 885.1 1154.2 1191.9 1419.7 15223

Micropore area (m” g') 367.4 4533 437.7 758.8 598.6 827.5 1314.2
External area (m” g) 66.5 389.4 4474 395.4 5933 592.2 208.1
Total pore volume (e’ g'l) 0.242 0.523 0.593 0.608 0.654 0.753 0.692
Micropore volume (cm’ g') 0.158 0.208 0.205 0.326 0.271 0.361 0.55
Mesopore volume (cm® g™) 0.084 0.314 0.388 0.282 0.383 0.392 0.142
Average pore width (&) 223 24.8 26.7 21.0 21.9 21.2 18.2
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(0.282) > Commercial AC (0.142) > Low-grade anthracite

(0.084).0.22 uleIE o] ol oF 34.1%
AE AEg) Lelere Aolsla mE

A Eo] 2.0 ~2.84) o $-AS

FaA, 29 F
g 2] v

AL 2 e

Bt ME2ZH(R) B4 A7}, Low-grade anthracite + Lignite
(26.7) > Low-grade anthracite + Anthracite (24.8) > Low-grade
anthracite (22.3) > Anthracite + Lignite (21.9) > Lignite (21.2)
> Anthracite (21.0) > Commercial AC (18.2)2 u}eltjof o)

oF 1.8% 7FAatglom, olulz el ShEre] A2 AL

20 A

Yoz deA 9, B d3 Aae o)|9f SIS ATE W
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010‘11 ]
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ALYR7IGTE F BAY L BAR ol 2 B B

of feld Aoz ArteEh

Table 4. Physical property of pelletized activated carbons

Physical property Dry loss | Particle | Hardness | Density
Sample (%) |size (%) | (%) |(g mL-l)
Low-grade Anthracite 1.5 99.2 98.2 0.55
Low-grade Anthracite
+ Anthracite 1.8 99.5 97.9 0.40
Low-grade Anthracite 16 | 992 | 979 | 039
+ Lignite
Anthracite 1.7 99.6 97.7 0.38
Anthracite + Lignite 1.6 99.1 97.5 0.36
Lignite 1.4 99.4 97.0 0.33
Commercial AC 2.0 95.8 97.1 0.41

under | above | above | under

Standard (KSM 1802) 10 90 90 0.56
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Figure 7. Fourier-transform infrared spectra of (a) powdered activated carbons, and (b) pelletized activated carbons.
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