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Abstract

The poly-dopamine/sodium alginate gel ball was prepared for studying the adsorption efficiency
of Cu?* in water environment. It was observed that the adsorption process could be affected by pH,
adsorption time and ionic strength. The characterization of the sample was conducted with Fouri-
er Transform infrared spectroscopy (FTIR) test and scanning electron microscope (SEM) test,
showing the best adsorption condition of the experiment: pH = 6, adsorption equilibrium time
1600 min. SA-PDA had a better adsorption efficiency than PDA under the same experiment condi-
tion. This process could be fitted much better with the pseudo-second-order reaction Kinetics than
that with the pseudo-first order, suggesting that the adsorption rate was dominated by chemical
reaction. According to the R2 value of fitted Langmuir and Freundlich model, the monolayer ad-
sorption was investigated and the maximum adsorption capacity of Cu?+ was 116.14 mg/g by
SA-PDA, remarkably higher than that by the simple PDA (23.78 mg/g).
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FERAEIAEE R, TCEREH DOE B RS ML LR, BEERZEREAREL, He.
HLEAT ML USRI FROT R HESOC R SR K. T T —MEEEE 1, 73R Tk
MR, BEURES RN, FFRESEENRRRE, BORES . Bk, ERREEN, W
W BRI RS2 RIS . I BORT, BUSSARI T A TUEAL] & 7 2C#dk[2]. ARBGA[3]. MR
IR[A15 . AR, R RN B TS R L IERERANIE] . TR TR [6]4F . TR AR S
K, th— BRI,

RN R — M RIREV R F[7], BARME. EVARENE. A AR I R, B R
FEEMIBOR . Bl WA, 2 DGR SRR B R, FRARENREL B, WET
HApp . K2 O e CERNENRESY), RIEEFEIER, KoKk, KM E S
P, ANTERE T Z N FREIR. M8 o AR TS5 [8] .

BT BRI AR RHRAE, A TOR R 2 B SRR AR S, T b Al SRR
B 1 OB B 7K A i CuP* (¥ A b Rk o R RS AR e 21 S 2 Y B B A5 F - S B X A R AT T 3RALE,
XM B B 715 3875 e pH 2N BEAT 1 W5 -

2. SKEETERSY
2.1 MEF{LEE

SRR BRI B 1, 4 2,
2.2. WR B0 A &

2.2.1. RZERREK(PDARIBI&
¥ 90 mL ZE1R/K AT 40 mL /K ZRER A, AN 1 mL &K (25%~28%), %@ +E 30 min. BERI N
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A 10 mL 5% (WV)RIEERR 2 [ EVA T, T 500 T /M 36 h, USSR SRt A TC (A8 b € P 48
Bth. fpRNEEHRIEHATHE, ARG YE 5 i, BT 80°CHAN K2 T4 12 ho BUH AR (™)
BN 2 Lk, PSS HER AT B ok AR L4 JE 82 o

Table 1. Message of experimental materials
=1 ZRMRHER

R4 R Hks AR K

=K A T ER4(Cu(NOs),-3H;0) JrHrat BT Tk A PR A

#HR % L% (Dopamine) srbral BT Tk A PR A 7
Te7K 2.1 (CH3CH,OH) PaxiiEdl I 254 F Ak R R A 7
27K (NH,OH 25%~28%) SrHTAl I 2454 F Ak 2 R PR A 7
#:1(36%6~38%) Fagiieal I 2454 Bk 2 R PR A 7
I BR4M (Alginate acid salt) Srpral [ 24 48 AL 2R 7 A BR A #]
AEALHI(NaOH) srhral e 248 4 2 R AT PR A )
SALA5(CaCly) PaxiEal i BTIA T A PR A F

Table 2. Message of experimental apparatus
2. ZRUBER

NE A e, A7
L RT Mettler Toledo it
HAHAE Keelrein kg
LN S b R g KQ-500B Bl
pH it T i PHS-25 i
FH B R (SEM) Hitachi S-3400N H 7«
AAMERE(FTIR) PerkinElmer Spectrum Two %
PR & S5 B8 T RN O HE (X (ICP-OES) Varian 700-ES %

2.2.2. BEEREIFEERPERITK(SA-PDA)RIFI &

Bic i 100 mL 0.02% (W/V)IEBERRENETR, ARG 0.2 g [ PDA BRBIOR, BEIHHEEEEA, i
P51 8. SR EERINE, W IR SRR O N 250 mL 1% (Wv) EACESEH, TESI8 i
A FEfk, 22 2h, 155 SA-PDA BOERER. K= 2K E TS T, UISER4A ca®, B
T 60°CHEAE A .

2.3. WRMIsEIg

F2HL 20 mL 50 mg/L ¥ Cu® ¥, i 0.01 g SA-PDA B ER, #8745 73 Hit A48 S236: 75 2, A 0.1 mol/L
NaOH =% 0.1 mol/L HCI {75 pH 18, iR FE/1HHE 3he BEE LA, FHI EER, HHEBRRESEE
TR R HEA (1CP-OES) M & 1 8 4% CuP k1, RITAT 45 DU BH Cu & Q.

AN AR5 SA-PDA X Cu* W & Q (mglg):

C-C.y,

v )

Q. =
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Hr, MONIHFIRRE, g5 Comm CUPRMRIMWILEIREE, molL; C.&om t N ZIf) Cu K E, mg/L; V
R, Lo

3. &R 5vHe
3.1. SA-PDA BB FREVFRIE

BT SA-PDA BEIRER KI5 K 1 B S HON 4 B (IR BT, 7 0 B BB AT 0 B 20163 B (FTIR)
A4 1 2 BB (SEM) 73T O ZRALE

3.1.1. ML (FTIR) 4

¥ 1 5 SA. PDA fll SA-PDA ML AMGIEE, FEFRHEWEIEEMT: SA Wik C=0 XFRFIFERTFK
i 4E 3RS HPLE 1608 cm™ Ml 1430 cm™, C-O MI-OH K4 #RzhIE Jy 1045 cm ™t 435}y 3436 cm ™, 2923
cm b IEJE A C-H H4EHRBN[9]. PDA W4k, 437 I8k (O-H) M 4a IR 3N 805 & i i i N-H 45 3R3h
5| 2 3000~3500 cm 8] ) % A7 [10], 1600 cm L AL FT 1511 om ™ &b W ic e A Ja8 T S ER 1) AFR 4 1 5 R AS T
PRFN[11]. 1280 cm ™ AbFJUg NI & B C-N 25 fiRBh T 51 «

3205cm’™
1280cm™!
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3 1600cm™ 1 en!
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Figure 1. FT-IR spectra of SA, PDA and SA-PDA
1. SA. PDA 71 SA-PDA HILI5MEiE

it FL AT gL R, 7F SA-PDA IIZLAMGIE & H 3426 cm ™. 1430 cm ', 1045 cm 'A% 1604 cm*
[ H L T SA FI PDA 58 [RRFHEIR IS0, 43 50 5 2 AR e EmT b BT, R 22 B e i L T A I
By, 24 SEM MRl — 5.

3.1.2. BFHEMEME(SEM) S

NN SA-PDA IS5 HHRE, 243 i T BB, PIETRAmE 2 S ER: B2 DAk
NS, KR —, 2108 40 nm, FEIGEEIRINY TR, RERE. SEM it
W(FTIR) T, HEERIR I I R 2 B .
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Figure 2. The SEM images of the PDA (A and B) and SA-PDA (C and D)
2. PDA k(A F1 B) & SA-PDA ERREK(C 1 D)RIAiE R 5 E

3.2. $Mi SA-PDA BEREKIRMiE RE &
3.2.1. pH BY%m

W pH (B AETR PRI Th P A A, B R R R B R T A B AR L R TR,
e E 0] HE A 4R B T AR [12]. FEARFE pH T, SA-PDA BEERNT Cu? irm bt & & 3 .
CEIRLIEIR, W) SA-PDA BERSERXT Cu® (MR RE F1BEE pH I3 K (2~6) iz %i K, 7 pH A 6 ik
F f KW BT 97.46 mg/g o i B AR pH B W B 7138 T8I 14053 11 2 BELRS IR B I L PR AT 24 pH 1B T v
OH BT %, MWLM FIRERR FLR; HAFE ERG M Cu® P LR amgs], FE{EitT SA-PDA

BERE IR Cu MR [ 13].
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Figure 3. Effect of pH on the adsorption of Cu?*
B 3. pH Xt IR M Cu® BIS I

3.2.2. WRIRTE) RO R NG
WS BRI TR0 Cu?* 4 %5 BB . N &) 4 iR, %27 PDA T SA-PDA K BRAEAS [ 8] % Cu®
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(IR B S . 45 5% 1], PDA AT SA-PDA BEBERT Cu (kW Bt B 240 Bl 5 ) ] R 6 K i 37, JF & A
TN B PATIR S H SA-PDA W B izt izt KT PDA. TEWRBIWIGAMBL, K& Cu® 5 T AR B 77 3 e Aor
SRR B 20— B[R] S AL s v A, WP R LA G OR, R A B BT . ACSEES 2%
7, 2 1600 min & S0 -1, W& 79.34 mg/g.
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Figure 4. Effect of time on the adsorption of Cu?* by PDA and SA-PDA
& 4. IRFIAEFEIXT PDA %0 SA-PDA IR Cu?*BISME

3.2.3. BFRENRID

BT WAFAE X PR 2 S AN 1] 240 SR NaCl ¥, 75 H0#fE 8 0,.0.01,0.05.0.1, 0.5 F1 1.0 mol/L
I, 2RI T SA-PDA BHIEERNT Cu* Bk b, B 5 fis. SR ER, HEEIMNTE T
THUF,  Bes B K & 80.74 mglg.
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Figure 5. The effect of different ion concentrations on the adsorption of Cu?* by PDA and SA-PDA
5. BFIREXT SA-PDA IR Cu®* HS0E
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3.3. IRFHHLEE S 4

3.3.1. WMIENHES

A HE— 2R 5 32 7 REANUE 25 )35 05 FECIURL I 3 BRI B i R), 52 SA-PDA BEIRERYS Cu®™
WBEED S R . I T AT RS, SRS ko IRl HLE AR R EU(RY), HhE T AR A R
% 3RE 6 HoR, WERBNE RN RPEER, KB/N. RUIZEI AT, WY B 35 H R it
FERIME— D TR[14] 0 WP FE DK 22 B A Rt 5 B2 i M B R i s, R BE[15]. R HE
Y EI A 3 g ik e HE2 A Sl =TI A R PO s R K I e DAL i

Table 3. The parameters of adsorption kinetic equation

= 3. MMIEhhEREUEEH

B 3 3% R METiRE Qe (mg/g) k R?
WEe—EN S12 72 y =-0.0018x + 4.2348 69.0451 0.0018 0.97976
W HE SR y =0.0113x + 3.0253 88.3392 0.00004 0.98585
5
304 pseudo-second-order moder -
4 _h*\ —— pseudo-first-order moder 7
. 254 &
~. 3 ! 20+ o
QI) [ - P i
o ™ SIE o
22 -
Y R 10+ |7
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Figure 6. First order adsorption kinetics curve and second order adsorption Kinetics curve

[ 6. E—RIRFIEN I rh L R0 — R MR S5 2k

3.3.2. BMFRE I

I AEFE Langmuir A1 Freundlich PRl i &5 iR AR, B SA-PDA BERCERXT Cu® Wi Bt i 28 75 45 (1) 2
R, SEEG A R, pH MY 6, WRBHE Ay 1600 min, B F-5R/E N 0. Langmuir W AR R E, WF
VTR 53 R IR BT A 2 T — s 0 AR R IR AL . 53T RS TH Y R B R B SR, B AR
B B RABL (W P 1 BR) [16]- Langmuir B B &5 2CffdR Sk BRARIR B AR R R, B2 IR P R R R O &R
Freundlich #<74 LL Langmuir BEARIVE G BEAAE TR, FEIRAEEAER A R T, BZP-FEE R T %
BioE &R, BBAMERIEEEE, W 4 FE 7 PR, HEHERERY), WE s milE%R.

Table 4. Fitted results of Langmuir/Freundlich adsorption isotherm
%% 4. Langmuir 1 Freundlich IR P& BAERIPI &5 R

UER Tyl AT R?
Langmuir y =0.00861x +0.12973 0.95984
Freundlich y =0.25149x +1.45376 0.99425
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Figure 7. Langmuir/Freundlich adsorption isotherm
7. Langmuir 1 Freundlich I Mi& 2485

Nz 4 B HTR, Freundlich W B &5 R B8 INAERA 134878 T SA-PDA Xit/K e Cu® Fm i,
TR LR A B T 2 BT A . AR, oR T SA-PDA BERERNT Cu® I KW ok 116.14
mglg, & AKT PDA Xt Cu i it & (£ 23.78 mg/g).

4, g5ig

AW TR % T 2 B R B (SA-PDAY R ER, HILL T4l 3R £ LI (PDAYER, XKk Ccu®*
IR B e 1R AT, FEIRA

1) SA-PDA BERIR IR — Rl R bR RL, o o i, 20w, RoEtkls, BAWIm
TR T 5

2) SA-PDA BBk S R B A pH AN 6, IR BT[] 1600 min, 2575854 0,

3) SA-PDA BBk KM Cu® Wi Bt 3 g 2l B TR A & e 3h 115 07 F2, LA Freundlich W PR 2535
RV RER TEINAER, & T 5T 2 .

SE

[1]

[2]
(3]
(4]
(5]
(6]
[7]
(8]

(9]
[10]

[11]

Z2Hr B, Francis Ruzagiliza Innocent, BRIZUR, BT, JUIE TR A &80 R K K BT = YR AE[I]. 4b TR,
2011, 31(4): 298-303.

XKz, DR, B FASHkAE EA K SR FT 0], e AUER TR SAAAAR, 1995, 19(2): 184-188.

XIFIR, ®orde, HEDE MEAERGEA B & B K AT 7 [0]. 16 L%, 2009, 29(5): 86-89.

TROIB:, FHEAL, PR, BT HR R XA HUE K R B TR B [J]. /K AL B E R, 2001, 27(1): 29-32.

KR, AW, BUEN. R R S T R ). AR ALK FEEEIR, 2003, 24(6): 589-592.

b BRIEAR, WERE, YORESR. TR E R S TR AT 0] R T, 2013, 27(2): 1-3+7.

AL I, MR B ALY U SO AR S P 45 [D]: [ 22 A0ie 50]. R REER, 2005,

IR, 1ROR, DT, IR, B, BEE. B TRE S CIRIREEBATRL R H] 8 K T B REGR IR B [9].
Rl 2], 2016, 36(11): 3986-3993.

REVR. 15 RN 0BT K 2O 2 AR 2y pda e B R HI [D: [ L 240 5L, B8 VLR K%, 2008.

TeURge, Wk, T 5, M7, T4ER). digeRm R 2 ORI 6 % & RAED]. HrE TR 22 (3 R FHER),
2018, 46(7): 16-23.

A, R2 ORI R B S S50 A [D]: [ML2EA0ie ). bilg: Bilgiliie K%, 2013.

DOI: 10.12677/aep.2019.93062

456 BRI AT Y


https://doi.org/10.12677/aep.2019.93062

g% %%

[12] Sari, A., Tuzen, M., Citak, D., et al. (2007) Equilibrium, Kinetic and Thermodynamic Studies of Adsorption of Pb (I1)
from Aqueous Solution onto Turkish Kaolinite Clay. Journal of Hazardous Materials, 149, 283-291.
https://doi.org/10.1016/j.jhazmat.2007.03.078

[13] =Mk, TR, fiodie K2 ORSPERIOREXS Po~(2+) MR HHERE[I]. R K24l (B AR AR), 2014,
44(4): 416-420.

[14] &Ik, Btao, AR, Braedl. Bk tEim R KA CroVI IR BT [3]. Tk %2 45 5 3R 4%, 2019, 45(2):
69-72+82.
[15] Dural, M.U., Cavas, L., Papageorgiou, S.K. and Katsaros, F.K. (2010) Methylene Blue Adsorption on Activated Car-

bon Prepared from Posidonia oceanica (L.) Dead Leaves: Kinetics and Equilibrium Studies. Chemical Engineering
Journal, 168, 77-85. https://doi.org/10.1016/j.cej.2010.12.038

[16] Langmuir, I. (1916) The Constitution and Fundamental Properties of Solids and Liquids. Part I. Solids. Journal of the
American Chemical Society, 38, 2221-2295. https://doi.org/10.1021/ja02268a002

L
Hans iXth
SRR R IR T =
1. FTIFEIM T http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=\WW.JD

FRHFMEERE: [ISSN], H AT ISSN: 2164-5485, HJI ] 75 1]
2. $THF50ME T http://cnki.net/
ZEM) «E BROCHER A E” BEN, RIANSCEARR, BIAT A

¥efEid b hitp://www.hanspub.org/Submission.aspx
HATIMEFE: aep@hanspub.org

DOI: 10.12677/aep.2019.93062 457 SR AT T


https://doi.org/10.12677/aep.2019.93062
https://doi.org/10.1016/j.jhazmat.2007.03.078
https://doi.org/10.1016/j.cej.2010.12.038
https://doi.org/10.1021/ja02268a002
http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
http://cnki.net/
http://www.hanspub.org/Submission.aspx
mailto:aep@hanspub.org

	Preparation of Polydopamine/Sodium Alginate (SA-PDA) Gel Ball and Its Adsorption of Cu2+ in Water
	Abstract
	Keywords
	聚多巴胺/海藻酸钠(SA-PDA)凝胶球的制备及其对水中Cu2+的吸附研究
	摘  要
	关键词
	1. 引言
	2. 实验部分
	2.1. 材料和仪器
	2.2. 吸附剂的制备
	2.2.1. 聚多巴胺球(PDA)的制备
	2.2.2. 聚多巴胺/海藻酸钠凝胶球(SA-PDA)的制备

	2.3. 吸附实验

	3. 结果与讨论
	3.1. SA-PDA凝胶球的表征
	3.1.1. 傅立叶红外光谱(FTIR)分析
	3.1.2. 电子扫描显微镜(SEM)分析

	3.2. 影响SA-PDA凝胶球吸附因素的考察
	3.2.1. pH的影响
	3.2.2. 吸附时间的影响
	3.2.3. 离子浓度的影响

	3.3. 吸附机理分析
	3.3.1. 吸附动力学分析
	3.3.2. 吸附等温线分析


	4. 结论
	参考文献

