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Adsorption Characteristics of As and Se lons by HTMAB Modified
Anthracite

Jeung—Bea Kim'
Faculty of Environment Studies, Keimyung University, Daegu, 42601 Korea

Abstract

The removal characteristics of As and Se ions from aqueous solution by hexadecyl trimethyl ammonium bromide (HTMAB)
modified anthracite (HTMAB-AT) were investigated under various conditions of contact time, pH and temperature. When the pH
is 6, the zeta potential value of anthracite (AT) is - 24 mV and on the other hand, the zeta potential value of the HTMAB-AT is +44
mV. It can be seen that the overall increase of about 60 mV. Increasing the (+) potential value indicates that the surface of the
adsorbent had a stronger positive charge, so adsorption for the anion metal was increased. The isotherm data was well described
by Langmuir and Temkin isotherm model. The maximum adsorption capacity was found to be 7.81 and 6.89 mg/g for As and Se
ions from the Langmuir isotherm model at 298 K, respectively. The kinetic data was tested using pseudo first and pseudo second
order models. The results indicated that adsorption fitted well with the pseudo second order kinetic model. The mechanism of the
adsorption process showed that adsorption was dependent on intra particle diffusion model according to two step diffusion. The
thermodynamic parameters(AG®, AH’, and AS°) were also determined using the equilibrium constant value obtained at different
temperatures. The thermodynamic parameters indicated that the adsorption process was physisorption, and also an endothermic
and spontaneous process.

Key words : HTMAB-impregnated anthracite, Isotherm model, Adsorption, Kinetic model, Intra particle diffusion model,
Thermodynamic parameters
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HEREE oke SPgAT 4L SAE B
A& B flote] w2 f7lsktEa vhash,
EoFolut ElA =l o A EEES TRt s

158 73517 B35} QJtk(Mortland et al., 1986).
¢l HEFES Zl/d(hydrophilic) o] /d8S
who] ol 4to] 47 oty LshE
4Alo] 3 40z wujero} vl e
Fol& Fa% Aol ojggo] Sk 1
7188 2&A 71§71 4 E(organic clay)= A5
(hydrophobic) 9] J&-& 7HAL QlojA] Eof 47
cho] dojubx] ekl ZFe] dojubd frlEelut
o8 FE4TH e stel g AT,
H|2(As)= A5/l 20 R wro] EAsh= ¢
agA FE, A, FAES v Bl dY
sh, =S| pH 9 AKS}, 2kl 27dof| whet Aol 3t
shsow wslo] B U] o[4S Holt B4J0] 7
F ¥4 %9] dlvbo|ti(Ronald and William, 1982).
Ml RN} HO 58 R 15 werE
o|m(Boffetta, 1993), QIA| 2] H|4 =F2 9] 7, 7,
AV, S ol gFe] bl A7) 1 A
oA lth(Jarup and Pershagen, 1991). H|4
7V Egk Alale o@EAlel sictoln 9izke) 3
o] eJgt @ ¢iat 2ot 7]9lo] ol @ o] w7}
b j2ee] 20 B4, Aslrol £L S

Zras

= E& A5} ¢} (Islam et al.,
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2013).

Al E(Se) Folut FekeHeol pHtEof Ak
Ho FAAoR 7 a5 AT o) A=
Solek. Aeee] Bet JAe §3 $ABHA
g S AL Als] 20 o] ik 2w He)
slo]l tisto] 714 kg YeEhfE 2 RE=AL 3
ARGl 20| AY, AMG2] o) 2MA, HF7], ¥
A& oz 2Au; AYleS St T52 42
713l Aol A=A jigol; ¥y 52 doXith
(Wen and Carignan, 2007).

Antrracite'= €F3p7} ZEl= Het JHo g =g 71
Aol e x| SollA] AAkETE we AollA F
=42 AAsk=d anthraciteE ARg-8}aL Itk Zuo
et al.(2016)2 KOH-activated anthracite coal2 ©]-&
3} phenol} 4- nitrophenol-& A|7dk= A& 4=

1.

ox ol
) H.HU

-

Y5} 0, Zhang et al.(2015)2 LDH-modified
anthracite & ©]-8-5}9 phosphrous& A| 7 3l= A&
Fayskqich

7lER aWEE HEA S2HA gt =U
o] A5+ A= 2T 0] Ask 2 % 7=
of gk EAI7F Az A HA] W IS 7HA] AL 9l
= Ao of] o] Fofof| thgt A7E = o] Fof
AR AL Qe Aol

HELL AAE/ Ao S2tol gt
o] ofstH, AHE/IA S FErt WAL 3
At w& o) F2HAd-e A71E |
718 @ AREAGA EX7e] A7 Aol o5
o|F0jX= Ao 7 HH5HTHThomas et al., 1991;
Shihe and Stephen, 1995). AHEAA| 9] =7} =0}
A AHE A 2AFY] e me] Aexte] ol
of ofsf S|gtste] Het & Fole|7t P4k A%
Holl F2HE AHZAlE 2o dwoll webA
hemimicelle®} admicelle -2 2 JLE-EICH Shihe and
Stephen, 1995). o] o F&=2 4714 A} 44
3 gleo] o3l o] FofA|n o] T2 JFAF AW
A Y] S 2A 7RI

53] ol AvIAE HEZES zeta
potential & 9+ 9] SO ZIHAA Solen ©
0] F2HE 15 Tk o] WS Soled 2
HEZ 90% 7H7to] A|AZ 4= Q1L sF3ItKBasar et
al., 2006).

2 dAtolAs ol AHE/A HTMABS
anthracite @] EHo|| GXA|A 4=8H FO| Jo]2/
S-=E%2121 As (arsenate) Y Se (selenite) S -2+ A
At SR ARS Folol 5LE BRwlel
vRgEeltAle) BAE Fsle] S0l FHEE)

FEA ol et A Bkt s,

2.1, BAFIe| R S4 o7

2 Aol AR AloRZ AldrichAl, Merk#] 2
Wakorle] SAlefole], SRt 17 SRE 2
Milli Q Reagent Water System SFAX| & F1FA|7]
T, TA SRAIA EekibE 2 AN SHITE AT



HTMABZE A 2]E QFEefAto| Eof &]3) v]a 9 Al o] 2-9]

S2HA|Q] anthracite (AT) % HTMAB-anthracite
(HTMAB-AT) ¥ £4-2 CEC (Cation Exchange
Capacity, ¢ol& nghsd) =7], 2 AP 9|(zeta
potential) =785 53l 1+ 33

CECY: sodium acetate o=z =A%t
(Rhoades, 1982). 718|311 A|EFA $|(zeta potential)2]
H = Zeta Master (Marvern Instrument, England) =
ZA35}9) TRRAES ¢34 50~100 mesh =7]
FAAES 8510l ASHCE

2.2. SEH HHolQ| Lol AT 1 d
#H 7§&(impregnation)S $J3t S2HAIEH L 3)H
A Sl AHgT ol e ANBAAE
H25F2] Hexadecyl Trimetyl Ammonium
Bromide (HTMAB)2- AMg319ic} 82EAS 245
7] €504 0174]13]/\“5‘—E(Cr1tlcal Micelle Concentration:
CMC) H22] 3. 0x10° M HTMAB =gl Z+z} 10
g/L anthracite 7}3}3l pHE 3~100.2 243 &,
g0l o] 7t 0.01 M NaCl2 Z&3IT] 244
7k Zgsto] FEof| =X $-0.45 pm o A= o
Hsto] Goito] 2hEsk= AHE/IAS] 4= TOC

1o

2 279510] 27135 moke] AR A F2HE A
o) g AFESHL DmiE FAHEAS AAs

3t AHE A 14 o] whE HTMAB-AT 9AH9] A
EPA 9] HIkE S48

2.3, HTMAB-AT SXtH|9| Ot&A o171

3 7| 2% HTMAB-anthracite (HTMAB-AT) &
2Aje] P94 AT AWRAAS olgelo] s )
23 TR 0] Qo] A0l ATES u|E Fo|m
2, 7 & 39/ e = &= 2 anthracite
o 1173t ¥ HTMAB-ATE == A sto] A7 A
O] AHEIA| w25 TOCE EAI5t0] H2abe AW
A &= S5kl 12| HTMAB-AT 9] ¢
/dofl gt pH Fa2 ¥H2ks7] 218l pH 2~10 919
BAS AlH Nz ARg-Sto] 2zt g pH FeF
2 3} th(Haggerty and Bowman, 1994).
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I

T4 AN L 2ol H 200 ml 7L
Hol 9A&%(20, 40, 60, 80, 100, 120 mgL)-/] As
(NazHAsO4 7H,0) ¥ Se (NaHSeO;) F}3HE-S dof
2100 mlE 311, TS0 HTMAB-ATE 5 g & £9]

3l 4~H A7 (Johnsam, Js-Fs-2500)& AE-5}o]
120 rpmofl A} nRFSFHA AL A 0= A7 E
A F 3, AZE 0.45 pm S THX|(PP filter, Whatman,
USA)Z o33t 5 ICP (Jobin Yvon 38-S, France) =
BAslo] % wole] nmS Blo] BAFS T
hoic}. 8ol o] pH= 0.1 M HCIZH0.1 M NaOH £-o
2 Ag-5to] 24319 01, pH meter (Istek, AJ-7724)
o1g3to] ZAsielct. F2e| Qdefstal HlAL
Tobe 22 FAEEAE 288 K, 298 K 9! 308
Kol Ajsteick

m{m ru

AIZE tofl 4] HTIMAB-ATO]| S2H4 S5 o]29]
2 qt(mg/g)= th= (1) A2 2ol AlAlskaitt
_(Cy—C)V
@ = T W ey

A7 Coz Tu5 ol 275 =(mgl), Co=
A7Fto|A] 34 0]29] =T (ngl), V= £Ho] =
FU|(L) 125 W= ARSRE F2HA 9] Hg) ol

3. Zut & 1

3.1. S3Hlel #H EY 7Y

HTMAB-AT+= CEC7}14.51 meq/100 mgS & H| 1L
& o CEC F UERYAL, B|EHZ2 124 m/g
o]glt}. o]AL oFolLo] wal FFsEt 2224 site7}
A3, RRHOR 2SS B siter} WS RS I
vk Eo] Sojolis Sole AR =

B g XS] glout ool Aw

J Aeh= A= ofR] 33} FH o] olx] o}
. el HIMABE 2 ofol e A
AT317] SsAE st e Houw,
== i?}?} BAS}ES ol8s7|e Tk
(Nayyar et al., 1994). & A Lo)4 A|=gF TOCE o]
B3t ol AHBYA Y F= A BIE 8ol Lo
Ak R71EEo] ol AHEIA d=o
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ox
2
e
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ZAslok Ttk Ble X Aue A o) FE
48 ) glak AT TET 4= lrks A
Q2 9.
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40 M ]
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g
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N
-40 - 4
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Fig. 1. The zeta potential of AT and HTMAB-AT as a
function of pH (adsorbent = 0.5 g/L, 298 K, ionic
strength = 0.01 M NaCl).

Fig. 12 0.5 g/Lo] ATS} HTMAB-ATo|| tjj5}o],
A pH ool A AleR 2 91gke] ske 73t dfol
k. ATO] - UG gho] 0~-45 Wz 274919
AshghE UER, HTMAB-ATS] 3RZIghe
+30~+44 V=, 744 pH H{]ollA (+) Ak 7H4]
= AOR WAt 53] pH 6 wf AT| AEA
9} e -24 mvolil, HTMAB-AT2] A9k +44
WA A Z 02 60 WV AE HHOE F7HE A

AL % Yk () A9 Fol FHHGH A
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e ey >y
© DN N N N
-
02 h Ay 2 ®—w
. h\
O —g———0-——0———
00 Il Il Il Il Il
0 50 100 150 200 250 300
Time(min)

27le] Flo] v 7kt FuskE Yehe] gole %
=50 F2to] & dofd A o= d5d o= Qe

3.2, 3o Hi3&r U SHSIN sHA

HTMAB-AT Z2H4|1& AF85)0] As 2 Se -2-<49]

27] E=2 20, 40, 60, 80, 100, 120 gL = 3}o] &
2F AL o, WRSAI ol wheh S o] 9] H=
3= Fig. 20 YERHGIH: T3 oflA] K= vk} o]
HTMAB-AT Z2HA o] &gk As 9 Se o] 29| A|A &
= %7] 80 min E¢tof W=A Y=gl o, 120
minof| 4] 9] FHof| =I5t
HTMAB-AT S0l o3t o< o229 A|A
&5 5 golr 7] 9J5le] FAF 12HESSE Al(pseudo
first order equation), -3-AF 2 XRS5 Al(pseudo second
Shatw dlA(diffusion  model

order equation) L

equation)& }-§-5Fo] H &35k
3.2.1. HE. QA_EAI

SAF 1ZHES S AT SA} 23RS L AL 2]
(2)2} A1 (3)°o. 2 LERd 4= It Lee et al., 2012).

(g —q) =g —kt 2

t 1 t

— = — — 3)

Q@ kdq Qe

714 qe= B EEetdle o 2 &
o) g B2 2ol 2] o (ng'g)ol T, qi= Al7ht
o of S2HA 9] A S S ol &

—@— 120 mg/L Se
O 100 mg/L Se
——-%w—— 80 mg/L Se
—A—-- 60 mg/L Se
— | — 40 mg/L Se
— - 20 mg/L Se
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Fig. 2. The effect of time and initial concentration on the adsorption kinetics of As(a) and Se(b) by HTMAB-AT adsorbent
(adsorbent =5 g/L, 298 K, pH = 6.0, agitation speed = 120 rpm, ionic strength = 0.01 M NaCl).
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Table 1. Kinetic data calculated for the removal of As and Se ions by HTMAB-AT
2 Pseudo first order Pseudo second order
T lo < 10° ? o fox 10 ?
(mg/g) (1/min) (mg/g) (g/mg-min)
20 5.71 3.64 4.26 0.910 5.89 3.79 0.990
40 7.33 6.24 3.31 0.994 8.15 3.12 0.991
60 8.31 7.08 391 0.956 8.73 2.49 0.995
As 80 8.89 7.84 3.66 0.922 9.23 1.47 0.989
100 9.14 7.92 2.36 0.973 9.89 1.28 0.994
120 9.31 7.95 3.01 0.992 9.94 1.15 0.967
20 4.08 3.24 4.07 0.936 4.06 5.55 0.998
40 6.05 5.32 4.39 0.864 6.90 4.50 0.997
Se 60 7.25 6.78 5.17 0.908 7.39 432 0.997
80 7.78 7.13 4.57 0.913 8.19 3.27 0.996
100 8.13 7.46 4.75 0.943 9.17 2.39 0.986
120 9.21 7.54 4.09 0.860 9.56 2.02 0.985

& Experimental data R Calculating data from equation (2) ° Calculating data from equation (3)

(mg/g)°l™, ki A 1AHFS-S T AR(1/min) 0] 12,
ko= A 2S5 5 /d<(g/mg- min) o] T}

o171 Fig. 29] 712 $AF 12ES 4 4] ()9
SAF 2L A] (3)0] HgBlo] T3 7 AR 2k
= A= Table 1o LERH LT

Table 104 2= e} o] F2A|Q] HTMAB-AT
o I3t As % Se 0] 22] A AL EE fFAF 1A} HRGE
of AR 22 BRI A of| WhESh= Aute] AAl S
ZHr’=0.985~0.998)2 A} 12|31 23} HFSSE
Aol M SRR ) S H I e 0] Ut
SEE AT e TR S A B wE
& o 5 Qe B2 S0l80) B H2 g A
AT fAL IO 4] R fA 23
A€] qe gkol ZA| vrepton], Akt 2 dx|stal
t}. o]= zeolite-Y ol HDTMAE 1145}0] W= 53
A2 8] (As) o] &= A A3 A3 Yusof and Malek,
2009)2} modified zeoliteE ©]-&3F =52] H|A(As)
A AAE AN Noroozifar et al., 2014)2} -F-AFSFATE

&

322, 8+20] EOfEHH A

AT ol BHHOR SAHA SwA)

FARA SEA] AT GO, o5 FE B

o 8hik w7 S Al 7] ok, wet &

Au) SAZ 5317] 9IIA IARRE A A intra
particle diffusion model) (Noroozifar et al., 1989)3}
NSk Fl(liquid film diffusion model)(Boyd et
al., 19472 ol §3to] FAAI FHAY AgS =
(e CER LT ERR LD ERS R
upERAE LS A (5)92} o] Lhehd 4= glck

qi — kipd t045 +C (4)
q
ln(l_q_t):_klfd't (5)

QAR A ke APHSHARES AR
(mg/g min*’)o]w], C(ngL)= AL vl A A%
o] e} o] Yt C gho] ALSE AAZ]
ko] A= AL ojulgitt. uFE AR A ki
+ 9}8hAkE 5 (1/min) S LFERALE,

Fig. 29] 225 4] (4)9} 4] (5)0]l H-g-ato] 13k 2
AFFHE-S Table 20 LFERY ict.

Fig. 32 4] (4)9] QA g4tz Alo] w2 o} ¢
o] TAES Uit 28 B F2kEAo] 7]
£717F A& T2 2749) Al ke & Uro] R g,
A AR 712771 GrtR e AT oE
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Table 2. Model parameter data calculated for intra particle diffusion and liquid film diffusion for the removal of As and Se ions by

HTMAB-AT
Intra particle diffusion(eq.4) Liquid film diffusion(eq.5)
Concentration >
(ne/L) (ml;z- rxnilr?ls) (;Z/E) 3 k(];d/;llno) q(emg/ 2) ¢
20 3.65 3.22 0.951 421 3.64 0.965
40 6.37 2.47 0.942 3.25 6.24 0.992
As 60 6.91 3.15 0.953 3.53 7.08 0.986
80 9.09 4.61 0.970 3.61 7.84 0.979
100 8.33 6.82 0.975 3.31 7.94 0.965
120 8.58 9.12 0.962 3.62 7.98 0.992
20 2.98 3.62 0.961 4.05 3.24 0.987
40 4.85 3.58 0.944 421 5.32 0.975
60 5.26 5.42 0.967 4.75 5.78 0.982
se 80 5.82 6.31 0.935 4.47 6.13 0.973
100 6.21 7.36 0.975 4.62 6.54 0.985
120 7.12 8.25 0.962 4.08 7.02 0.991

ko] YojLhs F7ko . AAZS Ea| Bhalo] 9
3] &A1 HTMAB-AT & EFH7A] A4 EA|=
2 A7} o}t wlol . = A A4
olHgmozHE 5x49] HTMAB-AT]
B2 BAL 2ol Mg uR

FH = A0 S = YA ghbdA ol
(Kana and Sundaram, 2001). 12|31 Table 24| &
4 gl vlep 2ol 2olee] vt kel wet
Kipa Zko] 5718z 3ol Bt 527t 71

flL

(a) T T
8L ® 20mg/L As i
@] 40 mg/L As
v 60 mg/L As
A 80 mg/L As
6 B 100 mg/L As -
_ O 120 mg/L As
K
o
£
= 4t .
o
2 |- -
O 1 1 1 1 1
0 2 4 6 8 10 12

tO.S(minO.S)

2 33 gobw 247
AEERRTE S7Fe AR sfAEr(Hameed
and El-Khaiary, 2008).

21 (5)°) SIFORERE A2 S
o He 2 Ueke ofe

)\
ST

geo] o] A I

N
2 ekl ki 3t

oA AR SEA ko Gto) 710) ARjsteeh. ok
zeolite-YE o|-83}o] Sra} Cs&
(Lee et al., 2015)2} R4

]_

A7 A

& 0|85t Red-45

2shs A Lee, 2014)9F frAFSFSIC
(b) T T
8L ® 20 mg/L Se i
O 40 mg/L Se
V¥ 60 mg/L Se e
A 80 mgl/L Se
6 B 100 mg/L Se b
—_ O 120 mg/L Se
=]
E-)
£
= 4r B
o
2 | -
0 1 1 1 1 1
0 2 4 6 8 10 12
tO.S(minO.S)

Fig 3. The intra particle diffusion plot for As(a) and Se(b) adsorption onto HTMAB-AT at different initial concentration
120 rpm, ionic strength = 0.01 M NaCl).

(adsorbent =5 g/L, pH = 6.0, 298 K, agitation speed =
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33. BY S2REA A

) B-ATof 93t As U Se 20]& =
452 AR T ) e e
S Langmuir, Freundlich,

ofl -8l AEslt.

Langmuir 52212 5249 FHL #U3}
v, F2pdo] F2H4) Erel Qs TRE SA10] 31
59lol) TS AR ol o) S0l Uol
b st o ke 4 (6)2F 2k ol 2S A4
Ao vrepi A (7)3h 2

L)

_ WKiCe
= TR, ©)

qe quL Ce qm

oJ7]1 4 Ce= BEALE o] A Q] oato| sl =
T4 o029 5 E(mgL) o], gei= BT
249] B E AT ngle)0| 1L, Ki-
Al 5% o3k FHA Abolo] Hgkee vhehy
= Langmuir F2H(L/ng)ol 1L, que &) Ao
B2 B FE4 0129 o] 24 At ZXHug)o|

ko)

Freundlich= B Q3 S2HA4|¢] 2o tEAE:
o7 o]zl HlolFA]l FAE HARE A4S

AXIBROm the 4] (8)3 2tk 0|7 HAaA o
R 4] (9)2) 2.
Q. =K -Cl" ®)
log g, = g Ky + % g C, )

I

9] 2]o|| A Freundlich 414201 Kp= 5214 0] Hul
AG(L/g), 12 F27F e & Yehdick
Tmmnﬁ%?&ﬁ°xwﬁuwr1l}£%§%

Qo] T weahE FA vhg

212 Alole] 582 Adte] 19 e e
BA T A (10) 2 2k
@ =B IhK. + B InC, (10)

&]7] 4 Temkin A<= B(= RT/bT, Jmo) = S2HE 0
A-88hE Ad=olal, RE 714K 4H(8.314 ok K), T
A2%(K), br= Temkin i/\ok/,:, Kl Zthas
iAol t-53h= 8 A A d<(L/mg) oIt Temkin
Ala= B= F& 2ol %E]XJI &2 TA QX slelA
2 3AHAANE weksls A7} Hek B 7o) 20 9/
mol B} A o B & 2k 2Ao)al, 20 J/ml Fo} 2
9 s}sh4 2) 57g o] Sivakumar and Palanisamy,
2009).

3] Yrepfi At

Table 3-2 EH Langmuir 5252} of| 4] 0|2
28 qm)> As2] 79 7.81 mg/g 31, Se?]
78= 6.89 mglg ©| Utk oA thE ARl 9
3] 2315 organo zeolite (5.5mg/g As) (Noroozifar et
ol 2014)9) A7 UI%T S Lehsich 1)
3 Z2AIOI Ky 412 0.217~0.417 L/mg ©] M__D:], r
Zk©] 0.988~0.993 2 Z-ZF d|o]E] 7} Langmuir A]of] 2F
S o= Lebgrh

123 Freundlich 523 2-2]0)| A, *ZFo] 0.936~
0,926 4Jo] tifg QA=A AT H o 7] oFe 2

2 9% 9)31, Freundlich Sfetu] ] Zofl 4 452

Table 3. Model parameter for Langmuir, Freundlich and Temkin model for isotherm constants for the removal of As and Se ions

by HTMAB-AT
Langmuir Freundlich Temkin
Tons K. qm ) Kr ) Kr B 2
T 1/n T T
(L/mg) (mg/g) (L/g) (L/mg) (J/mol)
As 0.417 7.812 0.988 3.288 0.216 0.936 9.292 1.262 0.995
Se 0.217 6.891 0.993 2.521 0.351 0.926 5.614 1.112 0.988
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Table 4. Thermodynamic parameters(E,, AH’, AS’, AGO) for As and Se ion adsorption onto HTMAB-AT

Parameters
Tons E. AH® AS° AG° (kJ/mol)
(kJ/moly) (kJ/mol) (I/mol-K) 288 K 298 K 308 K
As 17.72 3.01 59.85 -11.62 -12.13 -12.64
Se 15.96 6.71 60.42 -11.77 -12.42 -13.06
AS° AH® 1 3t Ao 2 X135} ©m(David et al., 1982), Donald
K= R "R T (12 = a9 monmorilloniteo] = E47 7heluks

017] A Kotz TFS- (13) A 0.8 F == 25 Tof|A]
9] Bl Al9x(distribution coefficient : mL/g)o]t}
(Barkat et al., 2009).
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