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Desorption of Adsorbed Humic Acid on Carbon nano Tubes

Mihyun Jo - Jai-Young Lee*
Dept. of Environmental Engineering, The University of Seoul, Seoul, Korea

ABSTRACT

Concerns have been raised over the impact of nano materials on soil and groundwater environment with the increasing
attention to the potential applications of carbon nano materials in various fields. Particularly, carbon nano materials
introduced into water environment readily make complexes with humic acid (HA) due to their hydrophobic nature, so
there have been increasing numbers of studies on the interaction between HA and carbon nano materials. In this study, we
investigated the solubility of HA and multiwalled carbon nanotubes (MWCNT) in three different surfactant solutions of
sodium dodecyl sulfate (SDS), Brij 30 and Triton X-100, and evaluated whether the HA can be effectively desorbed from
the surface of MWCNT by surfactant. The objective of this study was to determine the optimal adsorption condition for
HA to MWCNT. Futhermore, sodium dodecyl sulfate (SDS), Brij 30, Triton X-100 were used to elucidate the effect of
desorption and separation on adsorbed HA on MWCNT. As a result, HA solution with 12.7 mg of total organic carbon
(TOC) and 5 mg of MWCNT showed the highest adsorption capacity at pH 3 reacted for 72 hrs. Weight solubilizing ratio
(WSR) of surfactants on HA and MWCNT was calculated. HA had approximately 2 times lower adsorption capacity for
the applied three surfactants compared to those of MWCNT, implying that the desorption of HA may occur from the HA/
MWCNT complex. According to the results of adsorption isotherm and weight solubilizing ratio (WSR), the most
effective surfactants was the SDS 1% soluiton, showing 53.63% desorption of HA at pH 3.
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A FAsEATE 38 NaCi,HysS0401™, A
28838 g, UEE 1.01 glem®]T}. Brij30S H|o]A 7|
A o)H, Sigma-AlrichAHUSA)OI A T8t ATt
Polyethylene glycol dodecyl ether=, 3hAe (CyHunOs),
o]a1, 0.95 g/em®, 7+ FAEFS 362 go|Th.
Brij302 Phenanthrene(PAHs)O.Z 2% Eok A A
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Fig. 1. Isothermal adsorption of humic acid on MWCNT.
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Fig. 2. Fluorescence emission spectra of absorbed humic acid to
MWOCNT (yeg= 5 mg/dm?, excitation A = 350 nm).
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Hydrophobic interaction(i. e., Van der Waals force)
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Fig. 3. FT-IR spectrum of humic acid with MWCNT.

55 = B 71 J5Rrae] TG TS ekl
o},

rd o

3.2.3. pH ¥g}ol| W F3F
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Van der Waals force), hydrogen-bond®l <£]3tF e
pHEISH] Jebl ShEshe w, pHvk 27Ke) wet ofe)
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7] wWjZo]th(Kun and Baoshan, 2007).

B3 Ay} A a=4299, b=0.190, *=0.979°F A2k
HAck. Table 190 7R R=FHe} FEitk 52 Sl &
aff 7+ meof] 285k A¥ gks VRIS Pate]l & A
ol $IARH, Langmuir model®] & U] =& $X& Y¥E}
Ao ol T hEusFHO Fyike] FEF2
Langmuir isotherm model®] 743}l = TY<S(mono-
layer coverage) HEN7} & T} $AI3 Aow AT}
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Table 1. Calculated parameters of adsorption isotherm model of humic acid to MWCNT

Classification Langmuir model Freundlich model
Parameter a b r? n ke P
MWCNT 4.299 0.190 0.979 0.452 0.652 0.970

400 650
—e— SDS vy —@— SDS + MWCNT o

- : ©- Brij 30 +MWCNT
o 3501 v Brij 30 6007 | 4o Tr:{on X-100 +MWCNT P
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E 300 = 550 - - ©
£ g r
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2 2 /
S 200 = 4501 // e
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g g /
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Fig. 4. Equilibrium adsorption of each surfactants to humic acid.
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Feak AAgAdAle] §22 SDSET} Brij30, Triton
X-1000] -$-AIgH A2 Yepsttt.

Fke ol AAEEAIR] SDSHT} Hlo|A4 AW
EA4A Brij 3038 Triton X-1003} © 2 Agsluct. 1
o]+ Luuk et al(2004)7} 8131 n}e} 7Fo] SPSe]
negatively charge¥® - FE4ke] 4] FaE Aol
3% AR7A e wiEeo) weba Feike gole
A (cationic), HI©]2*d(nonionic) AIHEGA|7} S04
AagdA T Qo] S-AstA &g,
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T

ll:
[e)

3.32. 7R R e} A &2

Fig. 55 2t AAEAEAI $2o e 7R FH o
SI=5 YA Aot} AHEAdAle] 57t 1~2%Y uf
= SDS9} FFo] ARAT, 3%FEl= Brij 307
Triton X-1009] &3l5¢] #43] S7Ietdth. 4% 7H=
SDS7} Fassh= R, 7 HlolAd AHEAAlE S718t
€ 302 YEyith T e feieE H
FHHH Brij 30 5%7F FHE=RHE SSE ol ¢
A gt

AHEAGA 9} 7R =FE 7] interaction Fig. 691l
Uehd nke} o] AW 4 ot AW Al 7Ry
=589 ol hemimicelles FEfZ QPES}EH, 71}
=HFHO| graphene W AHEAJA|S] alkyl chain®]

Surfactant(%)

Fig. 5. Equilibrium adsorption isotherms of each surfactants to
multiwalled carbon nano tubes.

sl AP oz g2 Zlolet Bzl vk dth(Manne
et al, 1994; Wanless and Ducker, 1996). 22 2]7d9]
=R 3 S22k o), (circumference) TFHOZ
THY Ae ARG FEE wel AKE(chainys ¥/435k=
Zo] ouRF o= A8l wEoltt.

o9} e MY A Ao} nlwsle,  AFolA 5
st AHe Ao} 7R E=RHe] F3 AYe =2
Aol gltia AT SDSE 12%Y W) F AESEA
Aot Sl=rt XA, o] & FEHEE 837 @
oA LA} o= SDS Tt =oA|HEe TRy
=5Ho)| 3= 4= A= graphene W] IFFE O] L,
W7t gle SDSS] 73-¢- 7R E=FHO] graphene
FHY nn Afo] A7) WSl o= AlEH

Hlo]&A] AAEAdAQ) Brij 30 Triton X-1002 &3}
T 3 gE2EARY, S7F AEe v Ak Sole
3 ARSAAIR] SDseF 28] =t S7HEE S3le
7} EORAl= AL head group?] Aol Aolgl sE):
SDS9| 73, SO, Na'2 ks Hal 97] wize] 7kt
ERFHE W] §2E 749 head group ZF FX71H W
o] 2gsjed nlo] /] AASARET iFos &
Aol @A Ate] g3te] ©f Fobd Aotk webA, head
group®] A Wil QIA] S nlo]LA] AHSAIA B}

7} ERel o ol FHE 4 9e Rol} Aren,

333, Al R 3 vl
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Fig. 6. Schematic representation of how surfactants may adsorb onto the nanotube surface. Tube stabilization depends on the surfactant
molecules that lie on the tube surface parallel to the cylindrical axis (Islam et al., 2003).
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kinds of surfactants.
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ARSI E gl o] Azt ZAjslties 88 A
Holu} EHe] A4S v = e, YAV E=
(CMC; Critical Micelle Concentration)S 7]5ES.2 1
opde] FrAXE o o)t A Ale 5] WA
A HEE, JAudEEE AW e 223 EA
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T Age] Aokt gt weEba, B Aellr] TR
FHol thgk HA o] AMLEAE AAst7] el WSR,
CMCE 133153t}
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Table 2= 7+ AlAAel tigh AP FE(CMC)e}
WSRE YR 3toltt. JAREE ZHZAF A2 Triton
X-1000] 2-2.6 mg/LZ 7Fg & Aoz Yepdth. JAv|
AF=s A3k T8 A T hhe AREAAY &
a7 mE|Qldl, €49 4t SRS CMCE 4Asgitt
(Cho, 2000). Z+ AHEAA ] €A ¢S vlwshd
SDS, Brij 305 1271, Triton X-100& (C,H,0), €27
7} Wi ZgEo] e FHRlHl MO e Al gA
Ho} @ e Aog Hol n Rt} & Aotk

Fig. 8& 7HIi=FHol thgh WSR 315 Ve 1
#zolt}. WSR At A}, 7R =RHS] 79 SDS
1%7} 448 mg/eg 2 7P =itk AHEEAY st
shoole Bslal 7FY 2 WSRE Rt BHE #7)
LAEA AA &8 AUGA T A T
ZI7E 2o v U=EZE B5 bulk molecule
Hoh @4 Aol Ho] B wra T FES] ulods
Pl 71 RHY] SIS wole Hlow rkE)

ed] R R dist Selert TP w2 RS
2743PE Brij 30 5% S90] HAX N AWEAIA F
T e g8iE FREUeRHEe] kS YehllE WSRO
e e 71U RHE SDS 1%/} 2A-st Ao
R =

3.5. AIHEMN| 0 2l EFEf

A7 FHRE AL 3 Aol FEabgRes
H = FERPARSEA 7 247 2AE F9-olt
a3y, Al B-o] & Al EAE Be= A g
A7) Wil vixEto z 43t A FErbaEL
EREAAGGAR o]FoiF] AR Al tigh 7ol
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Table 2. The properties of surfactants

. WSR" (mg/g)
Surfactant Hydrophobic group CMC (mg/L)
MWCNT
SDS CioHos 6-8 448
Brlj 30 C12H27OH 7_]4:1) 355
Triton X-100 (C,H,0), 2-2.6" 359
*Critical micelle concentration
*Weight solubilization ratio for carbon nano material in this study
a) Ahna et al., 2008
b) Wang and Keller, 2008
500 10
—&— SDS+MWCNT —8— HA 10d+MWCNT 5mg
¥ HA 10d+MWCNT 5mg+SDS 1% -V

© - Brij30+MWCNT
400 —-w— Triton X-100+MWCNT

300 o

200

WSR (mg/g)

100

Surfactant (g/L)

Fig. 8. Weight solubilization ratio value of each surfactants on
multiwalled carbon nano tubes.
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AHZ/3A] SDS 1%5 4 B ik A7 5 {Eike]
TEE H3E e Aot

WA, pH 39 A5 AWgEA4 F9 A 3=
0.149010 0}, AREHA FY F Fbe] $
0.6412 FA| Z7M9TE. 7R =R B o) 24
Hol= SDS7F FUHel whet 7l ieRHel S3E
212k @3 (desorption)=o] FrHAHe] FETF ol
OF AlEEM, pH 304 7R bEeRHe F3E 74
53.63%7t AT FHLEG TR RE e}
WSR 3t 7H= SDS7F 7R R=REe] ¥l 31kl
ZE]A 2 73, SDSO ol 7)ok FEike 4
T FHEo] AR71H whiEo] A7)A Ea, o] wf 7k
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MWCNT by sodium dodecyl sulfate.
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