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Adsorption of Tetracycline and Tylosin on MnO, Coated Carbon Nanotubes
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210098, China; 2.College of Environment, Hohai University, Nanjing 210098, China )

Abstract : Carbon nanotubes have strong adsorption affinities to organic pollutants in water due to their large and hydrophobic surface areas.
However, carbon nanotubes are easy to flocculate. Here we studied the adsorption behaviors of two typical pharmaceutical antibiotics (tetra—
cycline and tylosin ) on multi-walled carbon nanotubes coated with manganese dioxide(MnO,/MWNT ). MnO/MWNT showed extraordinari—
ly high adsorption affinity to both antibiotics. Adsorption of tetracycline and tylosin by MnO/MWNT enhanced 5~8 times, compared to
MWNT alone. This enhanced adsorption of tetracycline and tylosin by MnO/MWNT was due to strong interactions(m—1r electron—donor—ac—
ceplor interactions, cation—m bonding and Lewis acid—base interaction) with the graphene surface of MnO,/MWNT. Similar pH-dependent
adsorption was observed in tetracycline and tylosin. When pH was increased from 3 to 11, adsorption coefficient decreased significantly. In—
creasing pH facilitated deprotonation of charged amino group and protonated enol groups, hence weakening the cation—m bonding, m—m E-
DA interaction and Lewis acid—base interaction between antibiotics and MnO/MWNT. The presence of humic acids prominently suppressed
tylosin adsorption on MnO/MWNT, but only slightly affected tetracycline adsorption on MnO,/MWNT. This was because relatively large hu—
mic acid could not effectively compete adsorption sites with relatively small tetracycline on MnO,/MWNT.
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Table 1 Water solubility(Sy ), n—octanol-water partition coefficients(lg Koy ), acid dissociation constants(pK,s),

and chemical structures of tetracycline and tylosin

2 [k i Adsorbate S/ge L8 1gK,, "™ pK.s"™ A 2E4E#95 Chemical structure
PUFEZE Tetracycline 1.7 -1.19 3.30.7.68.9.69
RIRFEE Tylosin 5 3.5 7.1
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Figure 1 Scanning electron microscope images of

MWNT and MnO,/MWNT
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Figure 2 FTIR transmission spectra of MWNT and MnO,/MWNT
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2 MWNT #1 MnO/MWNT BJRETRAM  tb RERBFLER
Table 2 Surface elemental compositions, surface areas and total pore volume for MWNT and MnO/MWNT

7 [ 3] FKMICHR AL Surface elemental compositions/% H A HFLAR
Adsorbent C 0 Mn Surface area/m*+g™! Total pore volume/cm®+ ™
MWNT 98.16 1.84 131.44 0.67
MnO,/MWNT 45.39 37.40 17.20 67.83 0.33

TE : FADTRZESAN I XPS Sl FRERSINE ; LRI Brunaver—Emmett-Teller(BET) Jy B35 BALUTRIE PIPy =0.99 2614 T ill15
Note : Surface elemental compositions determined by X-ray photoelectron spectroscopy (XPS ) ; Surface area measured by N, adsorption—Brunauer—

Emmett—Teller( BET ) equation; Total pore volume determined at P/P,=0.99.
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Figure 3 Adsorption isotherms of tetracycline and tylosin by MWNT and MnO,/MWNT plotted as solid—phase concentration(q )

vs. aqueous—phase concentration( Cy) at adsorption equilibrium on logarithmic scale

%3 MWIRE FEREEAE MWNT F1 MnO/MWNT _EIEFHE Freundlich #2E181 & 541
Table 3 Freundlich model parameters K and n and adsorption distribution coefficients(K,)

for tetracycline and tylosin adsorption on MWNT and MnO/MWNT

W Adsorbate W3] Adsorbent R Ke/mmol+L, kg n K/L-kg"
DU Tetracycline MWNT 0.97 390415 0.17£0.01 10%~10*
MnO,/MWNT 0.98 2000100 0.22+0.01 10%~10°

FIRIHZE Tylosin MWNT 0.94 8413 0.09£0.01 10°~10°
MnO,/MWNT 0.95 60030 0.13£0.01 10°~10°

T Ko Tl n AAEFR N I (bR ETT 22



MRS, %5 : — SRR R B DR 22 I8 R € R 785

CAVFRRH, WA RMBERE R SH M
REIAL, AT S5 RN K A8 & 2B iR W BREVE T, AR 5 2 A7)
TERRANKAT L R FRES2, FE 525G pH 244 F , PUIA
FANZE IR AR A BIAP M 2 7 R P TS 7E . Y
WEMZERAEE LB AR FRe )T, 5
A 95 B R SR AN S A T LA m BT A2
. DRIE, BRbTAE R AR T LS MnO/MWNT 216 5
FEM AR A BRI 248 (o L P AEA) Bk m—m HL P58
HAEM . ZAithAa o RIS &Rk S e A
B PR KAE SR B VE N m-m LT
A& AR HK, R RS AR & R AR
BT LU S MnO/MWNT 7 SR 45 0 I E m BT
X3 A LA T BB S - BB, R, BT
A AT BB, TUIR N2 SR A 3 AT R 8 5 Bk
5 MnO/MWNT (¥ & %0 E BE 1 & A I 5 R i o
RS
2.3 pH X0 Bt 89 %2 i

pH X VU IR 2 N2 AR P R AE MnOy/MWNT | W fff
B2 ) LT 4 P ETRTAT, DUPAR 2R RN 28 AR B 2 AE MO,/
MWNT AW B K, B AR TR 34—, B pH T
PRI A Z7E MnOy/MWNT b (1905% [ i 25 R j L 4351
FEARREIE 1~2 MECE S, SIS s R, e A 0F
FEF, DU PR ZR FIZE AR TR ZEAE AN KA e} 1 W B i
% pH Fhin B TR % ARk 34T U B AT
4= 25 MnO/MWNT (RAH T AE ALK R . 24 pH>
3.30 i, PURRRMIEIEE AR & A 25 I E T s 24
pH>7.68 B, PUFRZE ) o5 — A0 B RE A A28 SR A R
(LT RER A LR FAPERT s 24 pH>9.69 I, U
RN EILE A LA LR FEA . i, %Es
(VU PR 28 RN SR T R A m L T2 b & W 1 g
S0 P T PR LA R S MnO/MWNT i

1000

DU oxre

- o o

z o ®

2 )
O

= e0®

e O
100 1 1 1 1
107 10 107 107 10

Cy/mmol - L™

7.0r
*
65t
&£ g O
= 6.0r ‘
=
N
5
5.5} 5 "
sof  DPURE %
’ ORIRH
4.5 1 1
2 4 6 8 10 12

pH
E 4 AR pH EX MIRE R REHZTE MnO/MWNT
ESERFE (LK) BT
Figure 4 Effect of pH on adsorption coefficients(1gK )
for single—point adsorption of tetracycline

and tylosin on MnO,/MWNT
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Figure 5 Adsorption isotherms of tetracycline and tylosin on MnO,/MWNT under different concentrations of dissolved soil humic acids

plotted as solid—phase concentration(q ) vs. aqueous—phase concentration(Cy,) on logarithmic scale
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