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IREZ (tylosin, TYL) Fl CuC 1) i W i 47 K o 1) A8 L i 28 30 21 A0 Y6 3% X (Fourier transform infrared spec-
trometer, FTIR) 434 Hi, 7 2 ###% (scanning electron microscope, SEM) \ X &7 §1{Y (X-ray diffractometer,
XRD) Hil Zeta B AL AFFAE T BB BAME BT RAL , IF- 558 pH AR5 5% r i S50 vk 8 25 PR 3R 060 1R o
AFERE o G5 R R AIME Z 3 7 A AT AR AR AL, TYL AN CuC Il AW R A 2 5 4252 W B T 8
2 BRI TYL A CaC Tl i 32 2R B 25 3R s Freundlich BERY SIS S A540L TYL 90 Bl A 32 B ik
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Adsorption properties of tylosin and Cu( ][ ) by
SDS-modified magnetic chitosan nanoparticles
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(1. School of Resources and Environmental Engineering, Hefei University of Technology, Hefei 230009, China; 2. Anhui Shuguang
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Abstract: In this paper, magnetic chitosan nanoparticles(tMCNP) were prepared by co-precipitation and
hydrothermal method. In addition, the anionic surfactant sodium dodecyl sulfate(SDS) was coated on
the surface of the adsorbent to form hemimicelles and admicelles. The adsorption performance of MC-
NP before and after SDS modification for tylosin(TYL) and Cu( [l ) was studied. The physical and
chemical properties of materials were characterized by Fourier transform infrared spectrometer (FT-
IR), scanning electron microscope(SEM), X-ray diffractometer (XRD) and Zeta potentiometer. The
results showed that the adsorption process of TYL and Cu(]] ) could be better simulated by the pseu-
do-second-order kinetic model, indicating that the chemical adsorption was the main rate limiting step.
Freundlich isotherm model was fitted well to the equilibrium data of TYL, indicating that the adsorp-
tion process was a heterogeneous interaction. Langmuir isotherm model was fitted well to the equilib-

rium data of Cu( ][ ), indicating that the adsorption process was a homogeneous interaction. The
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effects of pH value and background electrolyte on the adsorption process were investigated. The re-

sults showed that the optimal pH values for TYL and Cu(]] ) adsorption were 4 and 6, respectively.
With the increase of background electrolyte, the adsorption capacity of MCNP for TYL and Cu([]l)

increased. The presence of TYL significantly improved the adsorption capacity of Cu( [ ), which
could be ascribed to the bridging effect of TYL between Cu( ]l ) and MCNP. This study can provide

reference for the efficient and advanced treatment of TYL and Cu( ]l ) contaminated water.

Key words: sodium dodecyl sulfate(SDS); magnetic chitosan nanoparticle(MCNP) ; adsorption; tylo-

sin(TYL); CuCIl)
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FNXE A o A s R A4 K >R FH B 2l 7K A 25

5 FH 14 e 7 2 73 8% (scanning electron mi-
croscope, SEM) | X &} 28 177 HH X (X-ray diffrac-
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A H Gemini 500 % SEM; fifi F§ Thermo Nicolet
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DAR 5 A RE b A B i 2 1T R RE AT s 8 PANalyt-
ical B. V. i) XRD, M AT 5 #1785 R 57~ 70 fiff
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1.2 MCNP &R
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1 FeCly « 6H, O, 7 40 C FMA 30% NaOH %
W TER AR S AW 1 7 A A DTE
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R I 50 26 13 I VA WL 1 TR 9 A
PR 12 h DISCHR .
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1.3 MCNP B

SR MCNP 2P pH {HIR A5 2 4. 6
LA A —5E ) SDS, 18 12t 183 Ui 5t 1 s 1 1
2 min, JE W% # SDS 1y MCNP 277 ; 2% )5
FHRR LN TR SDS 1) MCNP 57K i 2§ SDS
e B K AH, 15 2 3R T Bk SDS ekt Y
MCNP,
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CuC 1) 5 v B2 FH IR OGS0 7 (38
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AHRECE g V(KHPO,) 2 Vg =65 ¢ 35, Jiid N
1 mL/min, KH, PO, F W BYH & 0. 01 mol/L,
pH=2; KK 290 nm,
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NaOH # 47 9 55 3 i 40 #r K- FrHC TYL Al
CuSO; *» 5H,O, i 100 mg/L B4R HE B, A<
SE5 TYL A1 CaC Il R Jo e 8 i 2ok A B S A
25 Ry T WFFE A A () X B TYL A1 CuC D By
S, 43 BFE pH=4 T XF 40 mg/L ) TYL.7E
pH=6 X} 40 mg/L ) CuC 1) #4753 H7 s £
B SR 2 Se ge Hh TYL F CuC DD B W) 46 T 5 e
JiER 20~100 mg/L,pH {352 4 F 65 5245
(e R RRORE 1 2 5 0 o iR R A ) W 5 [ IR B s Pk
SEEG VA FATRE A FLRE SE R BRI 3 IR E R
SEG A
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1
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dlich #ERIEF TG, HF R 53 5 -

(3

R D
qC Qmﬂx ‘OL K L qmax
Ing. = In KFJr%ln Qe (5)

1 : g A Langmuir BRI R 5 Ko o8
Langmuir FEE# 2:%0; Kr & Freundlich #5541
A K n ol Freundlich AP 280, 36
TIE W B4R AR 55 » AT LA FAE W B S5 1R 4R i AR £k 1
FREE,

2 KWHERSITIR

2.1 MCNP yR1E
FIF SEM W 5% il %5 ) Fe; O, 1 MCNP )
TSRS SEM E Hanid 1 fis. WIE 1 LA
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t, Fe; O BYARIAE N 100~130 nm, JEARIEBRIE .
TESAI 5 RS /MG - ] AR B & 376 R
BEANFRAEY s B Fes Oy, HHR 2 3E— 20 38K,
A 150~200 nm. P 58 R O 2005 Fes, O, BTN
(2F FP N

SEM HV: 3.0 kV
SEM MAG: 30.0 kx | Vit
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2.2 MBI AZESZHT
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Pem 1A%, o 51, 23 mg/g, uEH] MCNP Mk A%
Iy s W BB T s el Akt f5 MCNP %) Cu
CIDD AR MR B S DR G i s SR )5 T T % e
FE 6 h Ze A3k B e R o

97 B PERT I MCNP % TYL,CuC )
H—{R R I TYL/CuC Il & A4 F 1 W BB A
K R FHHE— S8l ) B e — R gy ) 2
RO SRR HEA TG B A R MR 0L G 5 R
Bl 5 fm. 2 Bhgl ) 2# i i S 805 A G R F0R
HILZE 1 FTa),

5 — R 8h ) SF AR L HE By ) 2R
TR S R B R T 0. 99, HitEE 3 . 14
BT B D) 5 mBR E W) &, LInas LR
Y, B PRI IS 9 MCNP % TYL.CuC I #—& &
K TYL/CuC Il 54 1 R W 20 ) 22 3045 5 U

T Eh Fy AR S LR R Ao R Y AR o A R
AAL W B R

= MCNP-TYL#i— v MCNP-Cu(Il)#.—
60F - SDS/MCNP-TYL#.— - SDS/MCNP-Cu(I)#.—
4 SDS/MCNP-TYLHE % < SDS/MCNP-Cu(IDE 4
50+ *—@ —e
@
-
40+ » t i A A A
o A
20
230 A e——
= s R R
> _ .
20+ —a v v v v
gy = ¥
10 /‘ g
W57
>/’
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B4 TYL.Cu(ll)E—R TYL/Cul I ) E&HRHZ ML

s5r =MCNP-TYL#— 0.40r . MCNP-TYL#.—
4t 'SDS/MCNP'TYLEZ 035 *SDSMCNP-TYLH -
~ ~ 4SDS/MCNP-TYLE & 33 ASDS/MCNP-TYL& % r
oo 3 AN ¥ MCNP-Cu (11— v MCNP-Cu(IT)#.— /
N * SDS/MCNP- Cu( I1)ifi. - _ 0307, SDS/MCNP-Cu(I1) .
= L O g SDS/MCNP-Cu( I3 7 *§00257 « SDSMCNP-Cu(IDE#r v
T) o \\\\ ; v 3 P , . N
z NN v £0.20- o
E 4+ O\ = e . .
A O S T0.15 o . « &
\ A b *
3F N\ 0100 7 1 :
4t L NS ¥ pe 1 v
- o . $ 0.05F " %
-57 1 1 1 L 1 L 1 0 L L L L L L L
1 2 3 4 5 6 7 I 2 3 4 5 6 7
t/h t/h
(@) M-S Sy 2 (b) ¥ Eh Iy R
B 5 2FhRMEHFERLEER
F1 2HRMINFRBSHREXRERE
J— HE— Bl 1 2R i T PAE Y i
WRR
k1 /min~! ge/(mg g ) R? ky/(107* g+ mg ! » min 1) qe/(mg g 1) R?
MCNP-Cu( [ ) #— 0.022 66. 024 0. 883 8. 412 23, 641 0.998
SDS/MCNP-Cu( T ) #i— 0.021 43, 845 0. 885 11. 603 33.898 0.999
SDS/MCNP-Cu( [ & 0.016 63. 190 0. 970 4.392 51.125 0.998
MCNP-TYL #.— 0.016 74. 360 0.789 3.452 32. 447 0.999
SDS/MCNP-TYL #i— 0.023 194, 646 0.910 2.923 59. 137 0.997
SDS/MCNP-TYL 4 & 0. 020 107. 160 0.933 3.810 46. 970 0.997

2.3 WMMEFRZDH

HNTHRA T TYL A1 CaC DD 1E MRS
MCNP | 5y FBILER , SR T 2 i A 25 J A5 A7
(Langmuir fE &I FI Freundlich #8589 X W [ - fir
BTG A SRR 2 B, WA AFIR
LT A8 715 W R J5 7 25 Y8R R 5] v g8 ~F- A AR
A& AT AT DA — 25 T i W B AL A Y A R

Langmuir 550 n] F 5 B BA 2440 05 R 28 492 r 0
SEAE R AR W B bR AR R B SN T Freun-
dlich #E1Y F) 75 e o 256 75 Fe » 2 IR R 2 )2 4
P RH R

MR 2 ATLLF S 2 B R e 1 i e MC-
NP W TYL 5 CuCIl) 2 B A7 B8 1 4005 4%
A, Freundlich BB BUE S AU MR JH MCNP
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Xt TYL B — (K R & A R & 0 W B 2 72 i
Langmuir 5 % 57 38 A B2 480 ol P A7 J§ MCNP Xif
CulID B — KR ME A IRR DRI SR, XL
Langmuir F7 i) e KIS 0 BB g AT LAFS
B F TYL A1 CaC Il A 2p— 0% B, MCNP
X F R AR CuCll) BB BT 2 & - % 2

GRS TYL B 2RI T, X &l T7ERE
SR AP AR MCNP—TYL—CuC 1) 2R 1E
F . S8 MCNP X} CuCIT ) Al W B4 7100 5 SR 1
MCNP—Cu( [[ >—TYL B4 F 2 B 2,
CuCID5 TYL &4 A0 B 4, B2 &
KRR T TYL By A7 B AR

®2 WMEFRL 2 HERNUSSHEE

Langmuir % %)

Freundlich #£781

SRS
Ki/(Lemg b Gmax/(mg + g~ 1) R? Kr/(mge+g 1) n R?
MCNP-Cu( [] ) ¥— 0.012 5 60. 387 0.993 1.775 2 1.543 2 0.983 3
SDS/MCNP-Cu( [[ ) Ba— 0.018 5 71.633 0. 987 3.5530 1.755 3 0.962 8
SDS/MCNP-Cu( [ & & 0.019 0 104. 493 0.993 5.574°5 1. 802 2 0.973 8
MCNP-TYL #— 0.010 4 95. 238 0. 961 2.099 6 1.447 3 0.982 2
SDS/MCNP-TYL #— 9.161 8X103 190. 114 0. 979 3.472 9 1.392 5 0.986 5
SDS/MCNP-TYL & 4 9,086 31079 159. 490 0. 955 2.963 0 14032 0.987 1
2.4 pHEKZNM B3 i w1 K
VSR pH B2 2R W R 5T 0 TR 285 R 71 %
1 REMT, PRI 5T pH (BRI B o 2 1) 52 i) 2 60 v
T B, B ———
- u
AL 40 mg/L ) TYL F1 CuC Il g W bt o M
JT W9 AE pH {2 3~10 T etk J5 MCNP X 20

TYL #1 CaC 1) #-F W B 00 » pH (EXF TYL,
CuCIl) MRtz 6 iran. pHEN 2 i,
TYL A BEB A I B, Cu 1) A BE Bl W2 Bt 5 Sk
[30J#F5R %W, 2 pH (EARMKES, TYL 7Ky
TR MG, K, pH=2 W45 R &5,
Hi& 6 A%, B pH (EI N, TYL /£ B
BRETRE BT ESfE pH=3 i TYL 1k
B f K, 38 #)] 52, 306 mg/g. BT pH=3 Fi
pH=4 1E0L T TYL AW B AR 32230, % 18 3| 4
TR ER R pH=4 A5 M EefE pH A
MCNP FE/K A 1) Zeta H A {H 30 1 5255
R3], G50 7 frs. B 7 aT LA H MCNP
T pH K25 3. 06, ki pH {E3 0,
ML PRSI, 72 pH=10 Bk 2 K(E. TYL &
ST 4y 7. pKy fH SN 7.1, 2 pH<T7. 1 )
TYL" BCAPLS#FN e TYLT (5 R24K.
I R B R TY L B 2B hL Y, 24
pH {H & T pK, B, TYL 2k, SR, 76 pH
HA 7.1 DL E i, MCNP 22 18 45 A A0 >4 555t 1
TYL Wt 3 2 0 & A= A & # i VR A T2
AN o F B SZ O BV L SCER 32 B
TR X PE TYL s B i 2K A ol R &
SEM . pH>7. 0 B, TYL AW R it b pH

q. /(mg-gt)
(o8]
L
|

20r

i i

pH
B 6 pHEX TYLF Cu( 11)IRHEIS N

ZetaHif,/mV

2 4 6 8 10
pH
7 MCNP fE/K BB Zeta BLAL{E

X CudD K& pH {EHE N, CudlD W & A8
Ko CallDAEBRM:ZME T 555 1E HLfaf » T FE AR 5%



% 6

G AR, E . SDS BOb R S R st AR A Culll) 69 R 45k

HTFREAEM., BRET CaldD W ELZIEEN
Cu®*", Cu; (OH),*", CuOH" ., Cu; (OH),*",
Cu(OH), (s) .Cu(OH); ™ .Cu(OH),* , HiXx ¥y
TR Z e R RS . ZERARY pH E 551
T MCNP i ¥ 3 [ K % 53 'B AE A 8% i+ 1k
n—NH, B2 i F 428 —NH, *, ffif MC-
NP fi i iIE A, 5 CuC D) Z [AIfE7EAR 5
RIERAHER ) P R H 5 Cu(ID Z (1]
A EFE4 MCNP R+ b 1YW A i — 20 7
O R A s 7E pH>>7. 0 15F, {13 4R BEAG I 5] —
AR CuCll) X2 T4 8 A 8 AW P 1
i Ca(OHD, (s) o 2l i M & F 15 i CaCID Y
S Jo MR R R SR B I TR A R A
FALY S FIEW CuCll) A9 o R B AR . A
MG T CuC Il By FUME Fff 2 .
2.5 EEBEMBRIRENZN

HAIRF KA T T & RIR K IR I8 &
BeT5 YL K R G, #8347 AE K 1) B2+
FIBAES . I KT, Ca?" | Zn®" | NO; . Cl™, SO~
&L e S5 YW R B A T RN K AL K R
Gt ke 2 o R BRI 4 A A7
SR S M R O 1 %) R B o S v e e 0 el e
Ji MCNP Wzt TYL i1 CuCIl) B2 ma dn & 8.
El 9N .

ME 8 W LLFE L B KT f Zn™ WM
0 mol/L_EF#] 0. 100 mol/L, TYL f % ff & &
FEREALE BT IR E Zn” T AR E R R T
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