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Preparation of hydroxypropyl-chitosan nanoparticles and their properties for Ni** absorption WANG Ting', XIE
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Abstract: Hydroxypropyl was introduced into chitosan under the alkaline condition. the hydroxypropyl-chitosan
(HCS) nanoparticles was prepared through the ion-gel technologies, Results showed when HCS concentration was
0. 8-2. 0 mg/ml, and sodium tripolyphosphate (TPP) concentration was 0. 4-1. 5 mg/ml., HCS nanoparticle could be
generated. The nanoparticle size was mainly ranged {rom 200 nm to 300 nm, the size distribution was narrow. Apply-
ing the obtained HCS nanoparticles to removal the Ni#* from industrial electroplating wastewater. results showed the
smaller nanoparticles had a better adsorption capacity for Ni**. The higher substitution degrees of HCS. the greater
adsorption capacity of HCS nanoparticles to Ni*' , The desorption experiment demostrated that the performance of 4
desorption agents follow the order of H; SO, >HCI>HNQ,; >EDTA. Appling H,S0, as desorption reagent and de-
sorption for 30 min, the desorption rate could achieve over 87 %.
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2.1 HCSHARXRBEHHE
2.1.1 CSHskd

HEFFRIL 4. 00 g CS, 5 60 mL FABEAH
$ 60 min, MIA 6 ml 35% (REBA ¥ 8 KOH B
B AL BEFE 90 min, #d . WA 1.8 mL ) 25%
WARESAERR IS, ERELT RS A
40 mL WA E R, EZ B F KM 60 min, JHE #]
65 CR R 10h, RHEZR. ApHA R 7. BETF
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¥ 1.00 g HCS ¥ #% T pH Jo 5~6 A9 4K . Bt
HEHBERR 2B H0.45 pm IR IR, 73 51
B #1570, 4.0.8.1.0,1. 5,2, 0.2, 5 mg/mL{y HCS
. ITPP BT 4Kk, il BB E R E 4 31 R0, 4,
0.6.0.8,1.0,1.5.2. 0 mg/mL#y TPP ¥, LA 0. 22
pm SR I8, 4 BIE 0. 4.0.8.1.0.1.5.2.0.2.5
mg/mlAY HCS ¥ 5 mL, TR T 285
1 0.4.0.6.0.8,1.0.1.5.2. 0 mg/mLA TPP &5 .7/
BN R 20~40 1§/ min, & 1V NS SK B HE 5
min. §14 HCS gUR %L,
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H 8

3 BIEL 0. 01 g AIRBI4E (150,300,450 nm) fy
HCS R B MAF 25 mL Ni** TR E 4R 32
mg/mLAY 2 BH LAk g% % K+ .38 pH Xy 6. 5,
WHHEE R 110 r/min, FF HCS 45 KoLk 2 0% Mt
IS4 BB LR 1 ml.. 12 000 r/min .0 G
FE S —T] WA YER BT 2 530 nm &b MMROLE
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N EERE . HIE. KRS0 CHHBRTFHE.
2.2.5 HCS gtk it B S2 36

BB 25 mL & pH % 6.5 1 Tk B 48 B K
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HCS g4k fachi , LA 110 r/mindR ¥ 2 h. HRHEHAR
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g/Liy EDTA W 4% 10 mL., Iin A B 45 15 M i
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Fig. 1 FTIR spectra of hydroxypropyl-chitosan and chitosan

3.2 HCSHiAk#uE#&i84b L

RIRRTARBEEERN HCS 5 TPP MR
MER EPRMGHEREAIEHERAE HCS
KB AR, R 1WA, X HCS 5 0.8~2.0
mg/mL . TPP 3} 0, 4~1. 5 mg/mLAt, 7] 4 g HCS

& 24 HCS Yk i kiienfm. HE 2 )
AE . HCS 44Kk Bk EE R 24 2% 200~300 nm,
BRI, FH PR N 260 nm,

£1 FRAREREHCSH TPPHEMER"
Table 1  The results of the reaction between hydroxypropyl-
chitosan and sodium polyphosphate

HCS TPP/(mg « mL~!)
/(mg + mL™") 0.8
0.4
0.8
1.0
1.5
2.0
2.5
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Fig. 2 Size distribution of HCS nanoparticles
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AL 0. 726 W, AN A RLA2 HCS 445K
Rxt Nt RHERER LR 2. MR 2 ATLIES,
B /NE HCS Bk R X NP IR AR E KT
REKHEHREZ XREFRZB/N REBEER
il #—NH, . —CH, OCH, CH(OH)CH, 7 fi§ B #&
Z.5ECRETFEMMLEEHRBBR, RHER
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Table 2 Effect of different size of HCS nanoparticles on
adsorption performance to NiZ*

Nit*+ 4]t Nit+ R

/(mg « mL~1) /(mg » mL™1)
450 33.927 8 30.097 5 957.575 0
300 33.927 8 28.077 8 1462.5000
150 33.927 8 27.648 1 1569.9250
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XEBEAIBRAES S, %&£ FTH—NH,.
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BEE X Ni*" RAETHAEAT M E=E T R,

o 2]

¥ hEp e



REFESHA £33% FL0H 2015 0A

M 3 T LB A Y FE ORI HOS 49 K 5
RExE Ni*© B 0% 2R BEBA B 4F T HCS XF Ni*' 9%
MAR ERNEFREERR, XBEATH
HCS il % B HCS 94K Bk f5 b 3% TH AR A 38 3 1R
WIRCRE PRk . REE BB R4 &, 9 3 A
HMROEEHB BN UL AKNBZRES S
Ni*" R MR B E R BEMER.
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Table 3 Effect of substitution degrees of HCS nanoparticles
on adsorption performance to Ni**

WA NPT PG REWRE Nt EAREWRE WA
/(mg » mL.71) /{mg » mLl.™1) /img+ g~
1

0,726 33.927 8 30,1015 956,560 0
33.927 8 28.077 8 1 462. 500 0%
33. 92 31,875 513, o

0. 465 33.927 8 31.875 8 7313. 000 ¢
33,927 8 29,175 6 1 188,050 0¥

WD Ak HCS A Ni%' (9B 25 152 4 HOS gl 24 Bk (300
nm) XF Ni%* 140 B 45 it .
3.5 HCSwA#esfmsymiEiir

B 3 5y CS, HCS, HCS % B Ni¥' j§ (HCS-

Ni**) (HCS K Beh | Ni** /5 (HCS 44K foki-
Ni** ) XRD @i, B3I ATW.CS T 20 12°,
22°Ab L 2 NIRAY R IR, U ER 22°4h EE R
FHTE CS EHYFI AR HCS £ 20 J 12°4b #9 R i ig
W1 22 MGE AL R i B E R 5 M E HCS |
M8 N B, 4 FHWEEESEEREE M. B
BEAE 22° B A &b T i 14 78 75 B8 58 s HCS #K Uk
MRE Ni*' J57E 23°~ 24740 B — A~ 2R 8 A TR L
0 X REETF NG EH/N HCS Ik T 2 S
THFARNEN . EB2THEERESEET K. &
SGOFRXIFHRERRERNIES. XRD BHiE R,
HCS g XK pr g 8 HCS | & £ 19 Ni** . H % [t
BEMER. FMIEROHBEERERHK.
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Fig.3 X-ray diffraction patterns

3.6 Bk MIbiR

CS.HCS A K& HCS Zik ki3 5 EETF 20
mL 0.1 mol/L HCl 8 10 BEEe e , 838 1.2.4.12
h sk, KRB R E 4. WX 4 TTLIEE HCSH
KR TGS TE 0.1 mol/L HCl (pH A4 DR BT
10% BB (pH %7 2.3).12 h IEBRA LA E B
BEME .5 CS M HCS WM R KRR, ZTHEH
&) HCS g4k f0hE AT LA 78 382 57 20 B9 BR P 3R 85 op 4TS
R R AR R .
3.7 HCS & & 5 BL I o 8

Bt B B[R] A 15, 30 min B, 4 8 b % H, SO, .
HNO,; .HCL.EDTA 4 F A [ i B 3 % HCS 45 % 1%
PABHE. KRS, BLERWE RN BEE B
FIEIA . ¥ G 50 HCS 94 K Tk 7 #7748 3R 3
&, UM & HCS KRR RE LA N R
W R B . 1l S 58 &5 SR XF L\ T, 4 i 58 6 50 4 i BT
B8 5 MK B H,S0,>HCI>HNQO, >EDTA, B 3 #
BRI B BB 0 AH X, B4 EDTA B RE 13, EH
PR AT, B4 B H, SO, i, i i BF ) R 7 30 min fE
HERE] 87 L L Y BERHE 2R .

R4 FRHETHERYE

Table 4 Acid dissolving under different time

0.1 mol/L HC] 10 % BE#:
B ) 1h 2h 1 h 12 h 1h 2h 4 h 12 h
Cs poag by iR by by 5 g R
HCS B by 3 B by by IR g ey
HCS 44 4¢ o AL g T [pe] 8 G iy I 85
5 7[5 B B B 18] T 69 B B 22
Table 5 Desorption effect under different time
; . Tk B 22/ 4 A . I8 B 5 / %6

BRI min) £ AR %2 AR LML S0 min %1 KRR %2 WRR

H, S0, 69.15 G7. 35 H, S0, 88,52 87. 39

HNO; 61.10 59. 86 HNO; 78. 85 72.38

HCl 60. 82 58. 45 HCl 85. 15 80. 32

EDTA 27.85 26. 30 EDTA 54, 83 47.58
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4 & it

(1) 581 8 T BRI B 1 4 HCS 44K fdohr, 45 R
FE0,4 HCS 4 0. 8~~2. 0 mg/mL,TPP % 0, 4~
1.5 mg/mLif, ¥ 7] 4 i, HCS 44K ffoki . hi e 4
FE L, HCS 49K Bk = B W 42 29 58 200~ 300
nm, BLER 4> T A

(2) HCS 444 fohr e Tk b 88 B 7K o i Nt I
FHYEREBT FE 3R A B2 /NI HCS 9RO X N+ By
MEBRERTRERKBRM AR, XRIRAEB/N,
TAEFEEH—NH, .—CH, OCH,CH(OH)CH, & 8
HIBE 2, 52 4 Jm B T Mk v 2% T AR M K, R
FEMBMA; HCS BURE &R, WX Ni*™ R i 25
BB, TR M AR R L X R B O HCS B Bl
&R A& W —NH, .—CH, OCH, CH(OH)CH,
BERARLE . SELREE FHEMALETFBERL,
M ARG,

(3) XRD B 3% & W, HCS 44 K 55 %7 g8 3¢ HCS
WME L N, IR MR E I &, 3 R
FREEBERK.

(4> HCS #k ok 5% 0. 1 mol/L HCl(pH
#h DIBRTE 10%EERR (pH 2 2, 3),12 h PR#%
FHEHBMBEBIE, 5 CSf HCS MHBREX
KIEF, = W5 & 7Y HCS 44 5 3ok nT BA7E 826 %
P R T4 20 5% 3 A B TR B A AR o

(5) Bt b 9 96 € B . 4 56 IR 700 ey JB58 E 0 2
&% H,S0,>HCI>HNO, >EDTA, & 3 Fh 8 15 1%
MHRE 7140 24, 5B 4% EDTA BiF B8 7738 , | L3R F .
HAE R H, SO, 1, 3 M B (8] R 30 min {8 ik 3
87U LA EHIBRMT .

B

[1] R, FRa, RREX P ERER Y NET R Tk
IKALHE,2007,27(12) :46-48.

£z] EH BIEC. KRR ERRED CrOVDBRM S4H
SENTLI]. B Fac i M . 2010,26(3) : 248-255.

[3] ZOU Kaihuang,ZHANG Lixue,ZHOU Sannv,et al. Syntheses
and crystal structures of 4-amino-3-( 3-hydroxypropyl)-1H-1,
2, 4-triazole 5(4H)-thione and 6-(4-bipheryly!)-3-(3-hydrexypro-
pyD-7H-1,2,4-triazolo[ 3, 4-b][ 1,3, 4] thiadiazine[J]. Chin. J.
Struct. Chem. ,2006,25(12) ;1517-1523,

[4] TAN Tianwei, HE Xiaojing, DU Weixia. Adsorption behavior
of metal ions on imprinted chitosan resin[JJ. J. Chem, Techn-
ol, Biotechnol, ,2001,76(2) :191-195,

[5] BEPPUA M M, ARRUDA E ], VIEIRA R S. Adsorption of
Cu( Il ) on porous chitosan membranes functionalized with his-
tidine[J]. Journal of Membrane Science, 2004,240(1/2),227-
235,

[6] SCHMUHL R, KRIEG H M. KEIZER K. Adsorption of Cu¢ID)

and Cr(¥]) ions by chitosan: kinetics and equilibrium studies[]].
Water SA,2001,27(1):1-7,

[7] KURITA K. Conirolled functionalization of the polysaccharide
chitin[J 7. Prog. Polym. Sci. .2001,26(9):1921-1971.

(8] H ki, B @ RHEES B0 R M2 R 25 R R
BRI, LR 1991¢4) : 158-160,

[9] WAN NGAH W S,KAMARI A,FATINATHAN S, et al. Ad-
sorption of chromium from aqueous solution using chitosan
beads[J]. Adsorption,2006,12(4);249-257.

S B WHEF R ) 2011-05-20)

(L% 4T

(2) 2F R BER R MR A &R,
R B ERAR 2.0 h AREHIT . RIGFE 4.0 h
I THRE X B WAL

) MBYHHBRREETERATE 1 KR
B.ZEBERREKEEM. BRREEBHBT
T,

) REAFRTT 2 BB PR BRI,

(5) AR pH &4 T R AB B EINF B>
W >k,

a8

D13 20, DU M, 3131 ORI X)W 0 IR 10 )L kg B
HESHT]. HIRITFE.2006,25(1).

(2] w#sE. WRmAKEERMYEE SHARM] FEREy
#1.2000,20(1);1-10.

[3] &L B0 KAMNBYFEMEES A wEl] RER
#.2008,29(7).1831-1837,

L4] B0, BR 35 RINAPIKBEDIFALT). FEER 4, 2001,
22(1).

(5] XU, W4 . TEW %, S0 R 7 94 B 45 700 R 199 488 O o 90
S AW S WERY S (T ], S BILE 5 - 2004.23¢5) - 593-604.

(6] SHALBHEHE PHAEER/LBEBEIM]. et p ETE
B R, 1990,

(7] ZBi, BRFFHERE GUIRY R RE SRR ER R
HAF R B X0, s R, 1998,17(2) 115-20.

(8] EMN THR.H4%E. AT EHREERTAWPERLNOE
-1 (T ). 45 ¥ 71, 2000 19(1) £ 76-80.

[9] TORRENT J, SCHWERTMNN U. BARRON V., Fast and
slow phosphorus sorption by goethite-rich natural materials
[I]. Clays and Clay Minerals,1992.40(1);14-21,

[10] MANSELL R 8,SELIM H M, FISKELL | G A. Simulated
transformations and transport of phosphorus in soil[J]. Soil
Science,1977,124(2):102-109.

[1i] WHITE R E,BECHETT P H T. Studies on the phosphate
potentials of soils. Part 1, The measurement of phosphate po-
tentia[ J]. Plant and Soil,1964,20¢1).1-16.

[12] HENNING S J, FREDE $ A. Important of temperature, ni-
trate and pH for phosphate release from aerobic sediments of
shallow, eutrophic lakes[]]. Limnol. Oceanogr. ,1992.37(3).
577-589.

[13] R&W. FEEETRYHERATALEML. R . BELE
*t,1997.102-112,

HHREF  (BWHEIKDIAE $.2011-05-20)

. 23 .






