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Modification of Vermiculite for Use as a Floating Adsorbent
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ABSTRACT : The main objective of this study was to evaluate the removal properties of Cu from existing exfoliated vermiculite (EV)
coated with a mixed solution of sulfuric acid and glycerol on the 580C in heating, which uses coated with glycerol of copper ions
can be removed more effectively. Serial batch kinetic tests and batch sorption tests were conducted to determine the removal
characteristics for Cu in aqueous solution. The result of batch kinetic test shows that removal rate, Kobs (1/hr), of Cu are 0.579, 0.878,
3.459, and 6.578 for MEV weight 1 g (25 g/L), 2 g (50 g/L), 3 g (75 g/L), 4 g (100 g/L), respectively. In this case the initial pH
of the solution was 3.26. The removal experiment according to the concentration, Ko (1/hr), of Cu are 1.96, 0.878, 1.25, and 1.04 for
the initial concentration of 3 mg/L, 5 mg/L, 8 mg/L, 10 mg/L, and the initial pH of the solution are 3.46, 3.26, 3.10, 2.96, respectively.
Influence of initial pHs on Cu removal were tested under 1g of MEV with 5 mg/L of Cu solution. Ko (1/hr) were increased from
0.263 (pH 3) to 0.525 (pH 5). It leads to the conclusion that the removal rates are inversely proportional to the initial Cu concentration
and are increased proportional to the initial pHs. Sorption capacity of MEV was determined by batch sorption tests. The maximum
sorption capacity (Qmax) obtained from Langmuir was 0.761 mg/g, Linear and Freundlich partition coefficients were 0.494 L/g and
0.729 L/g (1/n = 0.476). These results show that the MEV could be used as an excellent adsorbent for copper contained in various
types of aqueous solutions.
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purity, Junsei Chemical Co., Japan)i} H2SO04(95%, purity,
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meter(EUTECH INSTRUMENTS, Singapore)& AME-SHA T
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=S Aol SFTE AlAske] pH7F 7~80] H=% 3F
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CuKo radiation(A=1.5406 A)& o]8-3}0] EA3}3]ct MEVY|
55 ehadol djst 54 o a9k HA(TGA 7, Perkin
Elmer, U.S.A)S ©o]|-&3}o] AA]5}TH

2.2.2 Batch Kinetic Tests
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SEM V- 18.00KY  SEM MAG: 500 kx
Dot SE

VEGAL TESCAR S 1on 13000V SEMMAG: 800K Lottt ] | VEGNATRCAN L L —

" il =5 = wll = el

A A } )
75,200 W b WA B AL & 5 ek S 2 -
MEV 5802 EVHCH= BIAAE7F 21 MEV 380320 £ ]
Atk 25825 59 301 W4 o) e s : 2
HbA e B g Alekd 7R Aol ik st
(Medeiros et al., 2009) 3AHF MEV 7802 EVECE AR =
=7} —ﬂoh AL BRI 4 9lgld] /e 2wt o = s s @ 7o e
Aors 242 SRR A9 def 7= WA Fig. 2. XRD patterns of (a) EV, (b) MEV 380, (c) MEV 580, (d)
e g Aos s MEV 780
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Fig. 3. TGA curves in the air of (a) EV, (b) MEV 780, (c) MEV
580, (d) MEV 380

3.1.2 TGA 24
Fig. 32 EV, MEV 380, MEV 580, MEV 7802] TGA&
4 Ans b golth

3.2 Batch Kinetic Test

3.2.1 HkZ A|Zhof| mHE S}

Fig. 4(a)= 27] 721555 494mg/LE 3lo] 2 2
AlE ZEAANE A7l whg 2] AAE Uehd gl
7k 214 0] S2RE-2- RVi= 50%, EV 87.04%, MEV 380 31.98%,
MEV 580 97.77% Z128]31 MEV 780-2 77.94%E H.o] MEV
5800] 2] g2l 71 axpAfolear & 4= itk ERL, first-
order decay model(Koppensteiner, 1998)-2- %]-8-5}0] first-order
AAE et =1 BalAlE F6kaL L B3-S Fig. 4(b)
o} Fig. 4(c)oll Yehflom Hapgle Table 1o YER R
o} Fig. 4(b)= ¥ 2|9 A|A L] first-orderl &
Q11 o™ Table 194 MEV 5809] K, (1/h)<} [(p(L/kg)7]—
747} 1.504, 15772 oh 8 S2AHA|EY ¥ 2 ¢e YER
o] 7P Aol & He SR UEhdTh

o] ZW= B CE MEV 5800 thgt AJte] whE 2]
AAG S dotEI Fig. S 2849 27]Ex7)
4.88mg/LY wf MEV 5802] =]l wh& 2] AjA <&

Table 1. The first—order rate constant and instantaneous partition
coefficient parameters of type of adsorbent

Adsorbents K, (A1) K,(Lkg™") R
RV 0.130 3.28 1.164
EV 0.693 14.41 1.720

MEV 380 0.064 2.11 1.105

MEV 580 1.916 15.95 1.797

MEV 780 0.406 8.21 1.410

L L L L L L [ e s B S s s .

7 L —+— Control | ]
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—+—EV ]
L —&— MEV 380 |
6 r —¥— MEV 580 |
—a—MEV 780 | ]

et + “ b

Concentration {mg L')

@ ]
0 1 1 L1 1 L]
0 1 2 3 4 5 i}
Time (hrs)
14 T T T AL |
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19 L & MEV380 [
o MEV 580 |4
A MEVTE0 |4
—g 1 -
[&]
2
[ =
=]
5 4
=
L4
g
o
3 4
2
o
o
(&1 B
(b) ]
0 1 2 3 4 5 G
Time (hrs)
18
H W Kobs (1) —&—Kp (Lka) (]
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- 16
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F - 12
£
= - 10
E 1+
=
- 8
— 6
05 -
- 4
L I (c) ]
0 2
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Material

Fig. 4. (a) Adsorption behavior copper of RV, EV, MEV 380, MEV 580,
MEV 780 according to the time; (b) type of adsorbent and
fits of Eq. (1); (c) first—order rate constant and instantaneous
partition coefficient as a function of type of adsorbent
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+ 0 X0
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i}
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8
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5L
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— - 20
1 b
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1 F

3| v
ol g
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Concentration of MEV 580 (giL)

(a) Adsorption behavior of copper onto the MEV 580 at
adsorbent dosage; (b) adsorbent dosage and fits of Eq.
(1); (c) first—order rate constant and instantaneous partition
coefficient as a function of adsorbent dosage

209) ) 93.85%, 3¢ U 98.57%, 4g2 uf 99.
AREEl MEV O] ¢Fo] 71 F2aE HokA= A
= & 5 ek ®=3h MEVE] il whet AJTto] uhE
first-order decay modelS 2-&3lo] H& 7L
Table 20] e ATk

Fig. 62 2g9] MEV 5803} 27]%%7} 7171 3, 5, 8, 10

Table 2. The first—order rate constant and instantaneous partition
coefficient parameters of adsorbent dosage

Weight (g) Koy (h") K,(Lkg™") R
1 (25 g/L) 0.579 15.65 1.391
2 (50 g/L) 0.878 11.75 1.587
3 (75 glL) 3.459 26.49 2.987
4 (100 g/L) 6.578 27.65 3.765
B e L e e
—&— MEV 3 mgiL
—&— MEV 5 mgiL
—+—MEVEmalL ||
g —&— MEV 10 maiL | |
i)
g i
8
@
0 1 2 3 4 5 G
Time (hrs)
0.7 T T T T T
o MEV 3 maglL
06 * MEVEmglL |
: A MEV 8 mgiL
o WMEV10mal (]
Qﬂ ]
o
§ -
3 ]
(b) 1
0 1 2 3 4 5 G

Time (hrs)

Fig. 6. (a) Results of batch kinetic test at various concentrations;
(b) copper concentrations and fits of Eq. (1); (c) first—order
rate constant and instantaneous partition coefficient as a
function of various concentrations
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mg/Lel Cugole] Alkol mhE HEmstE bl Aol
z7] 5=}t 3~10mg/L94 27| pHE 3.46, 3.26, 3.10,
296013131 AAEL 22} 97.21%, 94.87%, 94.85%, 93.32%
£ 2o oA ool B o A=t
AL & 4 AUk Y9 A= utEro 2 first-order decay
model®] fittingd}e] 1 W=3ES Table 3¢ YeRH AT

123 Table 39 Ao} Fig 69) 234 Wl elg
57} obISE K, 9 K qlo] UAsHe S 2 4
=dl o= 27] FE8H2 Fe Aol 2t Aito]7|Hy
&= 27] 7)8919] pH7} vio} el smEgolo) Felepe] uf
7] F2l894o] pHol Ajol} WAlet Ao walck. of
= golo] pHr} we uj MmN Fol 23} 4T
el Aole] Bagel BalAUS ol Laks
&(Outer-sphere complex)x}t HEJALZHO|A Si-O ¢} AI-O
250] Ofk U2 Inner-sphere complex)©] @4o] 7|
ahEjolH Faksol WolA K, 9t K9] go] Holxle).
7, P2l pH 5.7 olslol Atz mE Felolo] (it =
ST pH 5.7~6.7 Al Cu( Oy, o] Aol
A A=) wol] 2 4ol efer Fata) WHoleks = of
7iYSol ofsl] 2|7t A =B AAZEC] EobA7] o
wolty. aEuE 2 AYdqis 71 22 275 =9
T gl 27| pHYF st} doe stk

o

3.2.2 pHe| Hsto| ME HE}

pHHSH} F2|A| 7 &G0l vAe 93< & o ¥t
Al Lot §isto] 275 =7} Smg/lLE F AT 28
of &4 IN NaOHEH o= 27| pHE 717} 3, 4, 52
2743 & Aedstelal 1 IS Fig. 73 Table 40f LR

Table 3. The first—order rate constant and instantaneous partition
coefficient parameters of various concentrations

Initial (c;rgl;:zr)ltratlon Ko ) | K, (Lkg ) R nitial pH
3 1.960 22.79 2.139 3.46
5 1.375 20.44 2.013 3.26
8 1.250 18.29 1.914 3.10
10 1.040 15.56 1.778 2.96

Table 4, The first—order rate constant and instantaneous partition
coefficient parameters of initial solution pH tested at 5

mg/L
Copper solution Ko h ) K (Lkg ) R
pH
3 0.263 5.755 1.144
4 0.479 14.393 1.359
5 0.525 20.826 1.520

(1/hn)

os

First-order rate constant, K

Fig.

Concentration (mg L™

Copper Concentration (CICD)

t(a) —&— Control
F —=— MEYV 580 -pH 3 |1
B L —— MEV 580-pH 4 []

L —&— MEV580-pH 5 |4

5 & & &

Time (hrs)
14—
[ (b) o Control ]
® MEVpH3 ]
12 L 4 MEVpH4 []
O MEVpHS |

v 5 10 15 20 25
Time (hrs)
07 25
F B Kobs (1/hr) —B— Kp (L/ka) |
06 [
i 2
i 420 §
05 [ g
1]
(=]
[ =
z
[ B
0.4 C E
415 g
03 | %
2
=
02 - Pl
- 10 T
=
01 -
(© 1
0 5
3 4 5
Initial pH

. (a) Copper concentrations at various initial pH; (b) copper

concentrations at various initial pH and fits of Eq. (1); (c)
first—order rate constant and instantaneous partition coefficient
as a function of initial solution pH tested at 5 mg/L
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ek Addah, S 9] AlAEo] first-orderd] Ae & 4
9l9lT, 7] elewels uhiEslT pH 271t vlHs)A]
Ky &b K 3kol S7htdes = 4 ATk

3.3 Batch Sorption Test

Batch kinetic testS £3f ¥R ZAZIE vg o g2 MEV
58002 27| Lelso] uwhZ batch sorption test A2 A
I}= Linear, Freundlich, Langmuir isotherm modelo]] %]-8-3}
o Fig. 83} Table 59] LeERH AT
o] AA S ghol R® = 0.6575~0.88312 71 Wekow
Freundlich medel(2* = 0.9594)3} Langmuir model(R? =
0.9772)2] XAl 7H2- 0.9 o]0 72 =8 AZ L E Kol

%O Langmuir modelo] ] Xjgts}c wekElgic). Langmuir
model ol 4 T3t 2| F2-EH Q) 0.761mgg o2 1}
B S22 K)+= 7.945L/mgo] itk Freundlich model

Al 7FES

AH LS Linear model

A9l Kz Faeat HAH TR o] Fho] F4E &
2=go] o 211, 1/no] ZHe AR} 0B 7ko] T2kt
o] i Zopdas Fajol ot Agte] At o
otk E3L 1/mQ] Zho] 03~0.7 He] ato] 9L Aool= &
zho] At o g dojigrial & 4= glom, 2 oY A%
ol F2to] offthal & 4= UtkSong et al., 2009). 7]&
o] LA AL FHAY] ZF- Weathered soil 2] -efof of

3t T2 0.318mg/g, TY clay®] 739 1.399mg/g(Kwon
et al., 2003)%ch A8 S2kAQ1 EAlEre] AL 8.0mg/g
© g2 AAFES o83 F2HA vl €58 ==

2t Owamah, 2014). &

[‘

o4

& A3 il | P | ) e
Z A0 Ao FHof FAELS BT Ao g FA |

A7E 2] F2boll ARE7 | Huks A FAo] £2
ofu7] wioll 4

A8 Aol H3) "ol
o2 ot B dApdre 2
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Table 5. Isotherm constants for adsorption of copper on MEV 580
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Fig. 8. The curves of (a) Linear isotherm model; (b) Freundlich

isotherm model; (c) Langmuir isotherm model

Linear model

Freundlich model

Langmuir model
Non-zero intercept Zero intercept
K, (L/g) R’ K, (L/g) R’ Kr (Lg) I/n R | Quu (mglg)| & (L/mg) R’
MEV 580 0.494 0.8831 0.650 0.6575 0.729 0.476 0.9594 0.761 7.945 0.9772
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