F43E B3 % TR

2022 4F 7 A PACKAGING ENGINEERING +79 -

KCI B i 5 BR S Bk 1Y IR B 1 g

F1l, Bk, KR, FEH
( BT R2E {@EERAS TR, i 200093)

HE. BY ATRIGERNBEN AR SRBLEE, Fik EEBRMAA R, XRBETHEE,
o B4R — AR AR, A el E3E AT KCl Btk , H &4 3 B A IR R Al KSPZ
( KCI-SA—PVA-—zeolite Microsphere ), i it 3 [ Z X 3613 2| AR R W &b, 2R AT | G AF S BE4T AR,
FIRRZ LRI, &R 35 KSPZ 9 ZERM &M, BpPpHAEA 9, RWAAmEA 1 g/L, KM BE
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Adsorption Properties of KCl-modified Sodium Alginate Microspheres

WANG Li, YANG Guang, YANG Bo, YAN Hui-min

(School of Health Science and Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China)

ABSTRACT: This paper aims to improve the adsorption capacity and decolorization rate of sodium alginate micro-
spheres. Sodium alginate microspheres were prepared by blending polyvinyl alcohol and zeolite with sodium alginate as
raw materials. On this basis, KSPZ (KCI-SA-PVA-zeolite microsphere) microspheres were modified by KCI. The optimal
adsorption conditions were obtained by single factor test, and the samples were characterized before and after adsorption
and the adsorption mechanism was explored. The results showed that the optimal adsorption conditions of KSPZ were as
follows: pH 9, adsorption amount 1 g/L, adsorption time 6 h, initial mass concentration of MB (Methylene blue) 500
mg/L, adsorption capacity 426.63 mg/g, decolorization rate 85.33%. SEM showed that MB was successfully adsorbed on
SPZ surface. FTIR showed that there were hydrogen bonds and electrostatic interactions between KSPZ and MB. The ad-
sorption process followed quasi-second-order kinetics and Langmuir isothermal adsorption model, which indicated that
the adsorption process was physical diffusion accompanied by chemical adsorption. KSPZ is an adsorbent with good sta-
bility and high decolorization rate, which provides guidance for the application of sodium alginate composite materials in
the treatment of dye wastewater.
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Bifi 5 Hp AR Tl AR 7 Y 3% o & R N R A I
KR H 2R3, Jekle w2 TEv YL . i,
{2 B dhohn T 2R 450, W B 3 ( Methylene Blue,
MB) J&—FlE UL BH B P ALk, RS AR
A, a2 A R AR B0 P )
FEZsfb ™, oAb, W SRS BAT TR . e . i
Ak . A G AR A RS AR MB K S
R e oS N NN 6 175132 NV S S AR P N <
TP MB R K (9 W B ] 251

HAl, & RAEY . b2t RaE Ty ok kst Y
BRI K, H A A g B B A8 Dy B L AT
GRS, Mgk Z . W ERRE (Sodium Al-
ginate, SA) JE—FE SR REMZHEIILEY,
HoK#WRES Ca (11) BiAL, 7= HAA<HE & MR
ANV W O P O B ek VA S TR B FOER AT AE AL R
ik, WeRFF 2RI BRAEBLE M, s CAEPE i AR
CIRBERAR E HHUMGR B 5 HONG 2510 3 [1 4 45T
FIRSR A L i 1 = - Y KAk}, iE
I B LU SR T AR R B8 v W B PR B aE D)
TR ECPE Ty e, T DA A AR R L T i A ) A R A
0, AE LR B BE A A $E T A A ) o A PH 450 1
B T A5 15 2 K—MMT B0 0 52 A K, HE 0 Bt
4 57.08 mg/g, HLePERTHET T 26.7%, FHuEAH A
I KRRl AT DAk — 25 B T R RE

SCHFI KCL 2 il 4 v 388 TR M sk W ffF 5]
KSPZ, DIfifade . WA hdatn, IRIEAS [0 B
RGN . pH {A. MB WI4G BT W B . W RfF s i) 45
TRt RE RS2, @k SEM. FTIR. BET. 4§
W F S 780 )2 By o 2 RS R PR G L R AILEE , o KC1 el
] 28 VE: 5 TR R T 7K I R ) R o 7 4
PR AR

1 SKI§

1.1 #HENER

FEAR: WA . KA, iral, b
A2 e AR BR A A LS (MB), L
B TAHRAR; FAR ., ROMHEEE (1750450 ),
Ni&#h A, e, E25EB ARG A RA A

FEALLS . Unic 7200 B90] DB 60, F
T ELIASE ML A BR A 7] 5 XM—400ULF 15 i 48 £S5 AL FEHL,
BA/NEBAEARAT; Scientz—25T HZSET
ML, T Z AR B A B Fl 3 LC-MSH-Pro
WPy, i ERS A BRAE ; YZ15 iFshE,
s MR AT PR /7 4 s THZ-100 f6 R 35 5542
K, bilg—tER RS A BR A,

1.2 Ak
121 BUEEREBRMEEKeH &
PRI —E S BEIR BN (SA). ROMEE (PVA)

AR AR, AT 100 mL 2857k i, A 500 t/min
AR BERE I PiE 10 min, fHSEIRE), RiGHEA
20 min PATHBRIITR,, RIS SR AT K% 3h R — 5w
W AR AR B IR AW, 5y — i s B TRA
40 g/L CaCl, Ml BRI AR BEAs 07, Ji sk sh 52
TRAWOE 1 5 ) B A 40 g/L CaCl, BIFR 1R FvA T
W, TERLE AR A 2~3 mm AYEERCTER . K5 BEIR TR 1
4 °CTF3cHt 8 h )i, FEBEF/KUERER G T, /I
153 SPZ ( SA—PVA—Zeolite Microsphere ) ¥k

1E 30 °CF U 32 min Ji&, 3725 KCUER, [FICH:
HOER, AR PR BRSSO S, T &N,
BT IS MOk S T—80 °CUKAETT Fik 4 h 5, fEHE
SHETHLRET 12 h, EH &5 B &0 T
KSPZ ¥k .
1.2.2 KSPZ HyR1E

Wt 4 [ sl e A FLBRE /AT (BET), LA
BET i H &Rl 155 KSPZ kK 22 1 ALUFF- 2%
L2, Wi HEM BT B (SEM) 451K 100
H15000 1%, X KSPZ WOV FFY 35 5 975 W Rl i A o0
TSR EE F AT 5347 o R R B £ A% {X( FTIR )
1A KSPZ WY Y 35 5 V3 ) B BE AT AR 1k 1
W, BEWERET . 5 AY KSPZ 7E 40 °C. 120 min 54 F
W E R, SRR, 515 KBr IRA 0
J& | FEAE R ALAC R, K15 2] AORE SR 7E 500 ~ 4 000 cm !
FAH DX IR A T A

25 B g O 5« B TS 50 mL HETE O, 4351
%A 20 mL NaCl ¥ (0.01 mol/L ), 475 pH i ( J
0.1 mol/LHCI #1 NaOH ) £ 2,3, 4,5.6.7.8.9,
10, 11 (g4 pHy), 4571 0.02 g KSPZ f#sk, FHEK
(298 K. 150 r/min) ¥R 10 h )5, W pH . L
ApH (pHy—pH") Xf pH, fE&l, & ApH Hil pH, B4k
FRA s B A A 25 (pHpze )o
1.2.3 MR Bt £ 4 3o R i 14 &6 B 2 1)

W I B 25 1 Q. R (LR D AR Ay 4 W7 Wi o 5] 1k g
FIFE AR o 20 BB 20 mL A ] J 2 e B 44 0 Y 3 5
W, JFIA 0.02 g THERYMCRTR E T 100 mL #EIE R
. THER (298 K, 200 r/min) H17%% 6 h, Z5.0
JEEU 1 mL FEWCE FHAE, M 10 5, #E
15 min, J%E 664 nm TGRS . T B L5 AR
12 A5 H R P ) B R C, PR (1) —(2)
AR D A2 E Q. 4 Hilm ad B H 21k
HERE RIS pH {H . B FAnE X KSPZ, SPZ T
B HERE RS b, MRS N 1) — AR Y
MB 5 T HF R T B 750 19 Jo5 o o

D = (1-S)x100% (1)
CO
_V(C,-C)
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Q ()
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K. D MR IEEMBER, %; C, i 3R
W2 RSP 0 ) S R B, mg/L; C, il AR L5 4 ih
Bk, mg/L; Q. MW R, mg/g; V AR
WAL, Ly m WA iR, me.
1.2.4 BHhFEE

FRECE T 0.02 g o0 (UL 1.2.1 75 ) Tl
19 KSPZ 3R T 100 mL 4, FEEE 20 mL
JREWEE l 500 mg/L B IR IEE W, BT RRIR,
435 F 298,308,318 K %5 3 FOA ]I T LA 200 r/min
B 7 ¥ 420 min, BB 30 min BUREI E 105 18] T
Tl 4% IV Y 5 S O VP TR R VR B, RV O o A
Q. AL t T (A W2 BF 28 5 Quo SR 5 43 0K TN A5 Y B A1
2R, DAE—2 . T Ysh S eE Rk N O
RIEATG, 5l (3) — (5),

InQ,-Q)=mhQ, -Kt (3)
t 1 t

——— 4
Qt K2(?e2 " Qe ( )
Q =Kit2+C (5)

e QUmTE] ¢ AFAYIRR AR, me/g; t AMRRR
], min; Ky, Koo K 05— G085 R, — R
BB EL, minT'; C O SRR A R AL
1.2.5 FHRRHHEER

FRECGE T3 0.02 g Fed2&F (WL 1.2.1 7)) Tl
#1) KSPZ 3k T 100 mL 4, FHH 20 mL
— B (200, 350, 500, 650, 800 mg/L ) f¥
W LS, 430 TR 298 308, 318 K &4 T,
TR FLL 200 r/min 52 360 min J5, R4
V. VSR I VR B, TP B A i Qe
SRIG 7 BIARPE Langmuir F1 Freundlich #4552,
XFHAEATIIA, W (6) — (7))

cC. C 1

e e 4 (6)

Qc Qm QmKL

IgQ, = llg C. +1lg K, @)
n

A Qu WI KW 4 8, mg/g; KL oA Langmuir
W, L/mg; n A Freundlich % %(; K & Freundlich
W B A AL, mg/g.

2 HRE5H

2.1 Nz S W B BE B R i

W2t KSPZ . SPZ % MB 4 W [ 14 i 52 31| £ e
IR 52 m, A5 RF A8 & . pH (B . B . MB
TR o e U 8 45, W SR R DA R | IR A S 4
bro Zoad KB TE, B2k B bR A (3
FHBTRREE RN ) 0.5~2.5 g/L, K% 2 R[] g fh
. AEA [ -8 30 BBl P %k g B BE A S, LI 1,

750
90 |
1600
80 | =~
on
. &
§+ 1450 E
570 - i)
?jé &
1300 §
60
1150
50

0.5 1.0 1.5 2.0 2.5
B3 B B R BE (g L)
PR T I RS0 74 o X S 8 1 52 i
Fig.1 Effect of adsorbent addition on
adsorption performance

W2 F 5510 8 S o 2 S e W SR DGO W B 5
FIREIAE K o 24 2 Ffz RS9 %) o MR B 2R 0.5~2.5 g/L
AF, R o i o O 700 S o 1) B84 2 A R AR
P (2) Argn, M VARRHEE, BEE mrgsg R, &
A B 25 B S5 B 2 08/ o T8 €0 SRR DA s, 224 W o 5] )
JRERERINE 1 g/L BT 2% X2 i T
FETH 7 A R 1 U BRI A s, BE A I R 3
B A AN DB, S R B, — Bk 0 i
BT TF . LA 2 P bR RO AS, X BUKG T v
JE 1 g/L RN, %85 R 5 i B B2 .

W pH (R A SR R R A1, M7
— B R 0 T4 A A B R BE S Gk MBI
MR o K MB WA pH (B2 51 R 3~11 647 W Fff
SN SRR ULIE 2, 7E pH {E N 3~9 W, AS[R] )
F14) W I 25 e AN €2 SR B4 Bt 25 pHL A 388 i Ai 34 i . 24 pH
9 B ENT0E, RIS WA R, woX B pH=9 {F
S fe AR B 2 BRI A B (LR 1—2),
2 KC1 Bk J5 W 57 KSPZ W EE N 1 g/L. pH
k9 B, B ERE R Lt SPZ RIS, H
W B 75 2 1 372.93 mg/g $2THF] 426.63 mg/g, 1M (4
Rl 74.67%3E 5 5] 85.33%. KSPZ Byt 7525
T 21 14.40%, PEIAZ KCl otk A —&EEH .

W BE R0 A pH AR A W P e O B PR B4 55, X
TR —OH 5w h H kA 17 W MU Rz, M
25 TR S MB 255 07, 7224 T se gk
B, AT EC pH Hh 3 B AW BFHE B4 22 . BE# pH
EHIER, B LT, WP H B,
LW B9 5 PH 2 ekt MB PR A T RIS il 5E 4
PR B RS, (20t T e X MB B9 R B 3
", Eid KSPZ A2 HL M ( pHpzc ) ] DL —4
AT HALRE, 1354533 pHpse M 5.6. 24 MB AR 1
pH < 5.6 i}, WFHH KSPZ AR A RlaF IEd e, 5
FHES F YR A% o 24 MB A pH > 5.6 B, WZRH 5
KSPZ Wy 1H B Rty i s oy, SEAL RS 1 5 5
PHEEFL54, WO BT 5 S5kl MB 254121, 4
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pH Hm#| 9 J5, WP HE THRERR, %5 MB

JeRHRSS &, FRAR T B0 5 deRtas S bl s, AT
T R B
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57 - o -SPZjifas 280
% - o - SPZIR AR
50 i 1 1 1 1 1 ] 240
3 5 7 9 11
pH
12 pH B W B4 R 1 52 0
Fig.2 Effect of pH on adsorption performance
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Fig.3 Point of zero charge of KSPZ under
different pH

R Bft Zh 71 S A= B
N T —RIT KSPZ IR G MBI Bt
REMLIE, 505511 R FIVS R 80 ) 2258, J0pr 3 AN TR

B (298, 308, 318 K) T KSPZ FEAS[R] M Ft bt
(8] T X B 25 i e, WA 4, MRPES (3) — (5)

2.2

RIS 3 SRS T IS, ASARILIE S, E 1L 2
450
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Fig.4 Effect of adsorption time on the adsorption
performance of KSPZ microspheres

M & 4 AT LUE HY, Bl W B A ] A S, 8 B2
R MU KO S T R . BB KSPZ
SeXt MB HEA TP I B, B 0 7 1k 58] 1 ek ST iy i o
B BE 4 AR 0~180 min PRk 0 R B, 1 B S0 K1
THEHAT, WRPRIAR MB %%, 1EL-5WRHE
TAAFAE R KA B S A5, IR B T PR B A RICR 5
FE 180~360 min P2 3 B B Bt , KHB /o7 s i i 55
IREN A, WA R . KSPZ 7E 340 min A7 AR
INE BT, ORI T 1 AR

& 1 A,  KSPZ MWCEHAT AAE 3 FlA R R
JE 5 A W RSl SR (R>0.97 ), HiEE
Q. 5L Q. FEMGT , 1R F 12 W bt 3 L A7 2 £k 2= W fff
sz, HICF ey s, R 2 R YL
BERIRT RN, 76 3 FOANRIREET , 5P i B Bt

(0~180 min ) AHLL, P P Bz ( 180~360 min )
HRUR N BOCR B K AS /), Y 8l A= C A2 K,
UiHH KSPZ 1 W BT o5 Bt 25 82 6 B (i) P 860, 328
MB fi#E, SE@ HELRZRAER, MR TP
I, WO R ARG, RV

8 1.0
4
- gggﬁ 0 298 K .
X 0.8 1 |+ 308K J382
= 6 4001 318K f1et
‘ % 0.6} ~ 350} N
£ 4 g bo .
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S D 04] g 300y
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S 2} < S asol .
k=l s | ~IQo2l N
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Fig.5 Fitting curves of first-order, second-order and intra-particle diffusion models of KSPZ at 298, 308 and 318 K



¥4z H13M

FAL, &, KCl ki

TR TR Py B 1 -83-

x1

BN FEEB S

Tab.1 Dynamic model fitting data

E— 2 8l ) 2 Y

S W 2R g Sy 2 AR Al
TK S Qo
(mgg ") B Q./(mg-g ™) Ky /min "' R It Q/(mg'g)  Ky/(10 min') R
298 426.63 523.22 0.012 0.933 518.130 2.43 0.991
308 414.32 314.19 0.012 0.969 458.716 5.66 0.971
318 404.57 262.43 0.011 0.845 431.034 7.99 0.973
K2 NFRAYEERNSEE
Tab.2 Intraparticle diffusion model fitting data
0~180 min 180~360 min
T/IK
C K/min™! R C K,/min™" R
298 102.05 18.09 0.967 358.94 1.41 0.957
308 97.81 16.4 0911 347.67 1.62 0.985
318 112.36 14.79 0.921 336.24 1.69 0.928
= 700
2.3 ZBRMER —= 298K
T #E— L HIT KSPZ SR A Yk MB (905 Bt 600 1
FEFNMLEE, 3500 R FH S5 1R MR R 40 A 3 A Ta] iR 500 |
B ASTE] MB AT 45 Jo v B X I PR RE B s, DL A T
6. WA (6) — (7) /51X LIk 2 PRI FEFT I £ 400
B, BRI TR 3, S|
I 6 nT N, 75 3 FIASRREE T, W25 o 5]
H R R ROE . X TR AR & 200 F
MB i £, KSPZ 5 MB il i) i & 1k JE 6
ke, AT T W ER S Sy, A )T RO 100F . . . .
Hi%2 3 001, 3 FIORIRIRE T KSPZ HYWEBHAT o0 e e s
Y44 Langmuir Z5E0ZH (RE>0.99 ), BLHIT 1L Hmg 1)
L ir 257D W BREASE 7R SR VB 4 R KSPZ [t MB,
angmuir %515 I S TR R B 6 RIF MB ) i X K SPZ 1 WP B 1 B

OO M A O My B YR, R AEREE L R, H

0<Ky<1, F|F MRt 5N i) A& A o
0.40
= 208K
e 308K
0.35 . 318K
030}
2
2 025
SRS
020 | y
n
0.15 |
0 50 100 150 200 250

C /(mg-L™")
a LangmuirfiZi

Fig.6 Effect of different initial MB concentration on the ad-
sorption performance of KSPZ
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e 308K
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< 2.6
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™
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1.2 1.5 1.8 2.1 24

Ig Ce/(mg~L")
b Freundlich#%i%]

K 7 KSPZ 7 298. 308, 318 K /Y Langmuir 1 Freundlich 5 #4515 il £&
Fig.7 Langmuir and Freundlich model fitting curves of KSPZ at 298, 308 and 318 K



g4 T

202247 A

®3 AREMEXTHHEESHIZR

Tab.3 Data parameter records under different adsorption modes

1K Langmuir 25 75 I BFH A5 7Y

Freundlich %5 I3 W Jff 45 A4

(o K n K R
298 813.010 0.014 0.992 1.568 4.797 0.943
308 862.069 0.012 0.993 1.799 4.623 0.968
318 925.926 0.008 0.999 1.658 4.031 0.988

2.4 KSPZ #MEkpRIE
241 REBEFEHME

HT HE— BRI KSPZ BRI Y 3 5 v T
W FEHAILEE , S RO B AT L S B T R A T i e
T EL, SEitR 100 f5 0022 H R (R R UE 51
FEHLK 5 000 f5 W0 H R BRI g0 78,

H & 8a ATLAE H, MEMNHT KSPZ R AEH HHKE,
ORI R AR S, IR MB 2 TR Z R
W RRHAV . AT 8b WS AT, RS KSPZ FRIFEHL
K100 fEIEIf AR LA B B AL, SO FEET . 5 KSPZ
FWEPEATHOROWES, HIE 8c Al WL, WL MR KSPZ i
FERL T MR- | SRR IGFLIE , 8 T Bk sh g, fifi
MB 5T 5 Gy ik BB a5, AT T Wi
XFEG Il 8c—d &I, W bt Jm e mfLiE LR T KM
ARE5H, UL MB 8 B R T FE KSPZ sk im, ik %)
TR

c WZRFFAT (x5 000)

K8 KSPZ WGHHRT . Jm 419 B B ]
Fig.8 SEM photograph of KSPZ before and after adsorption

2.4.2 EHEBEMOIMIERRE

AT HRSE KSPZ sk W B i A B /= 9 AILER, 43
SRR S AT 2T AR, HaE R LA 9.

MK, WekHT. WS KSPZ ZFIFAR &
A X, KSPZ MR MB R, 7E 3 415 cm™ ' ZEXR Y

TP HIE SR 1 KSPZ iR SA \PVA /K121 f)—OH

P IRENE R, WS 3 423 em ™ Ab2T S, X FEE
f—OH SIRsCI TS, HULBE2E—OH 7EMK il f
AHEEEAEPY, 76 1653 cm 'l 1430 cm™' AbXF 7 43
R KSPZ fERFN SA Flfi—COO—FHIXTFR AT FR M
PR, RGN FRIR — RYIMRHENOE . i8] KSPZ
Rk ) —COO—1E R A id e & 5 T i ™,
1M 1008 cm™ 4bJE C—O—C BURFEM OIS, 27 ik,
TR P B R PR, ELU RS WA | I
AR, M KSPZ 5 MB 22 Ji] 38 0 Hys g kit 72

b HHE (x100)

d H/E (x5 000)
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243 KERERRFLESH

N T RIT KSPZ BRI PR BE , A2 A3
FETT S AL IE S AT AT AT, Ao 3 SR B — A
ek L fLie oA, LI 10,

3415 165314301008

/
A
N

KSPZ

KSPZ+MB

Wi B R

i

1 1 1 1 1
4000 3500 3000 2500 2000 1500 1000 500
WH/em™

K9 KSPZ WERHT . J5 LAt
Fig.9 FTIR of KSPZ before and after adsorption
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Fig.10 KSPZ adsorption-desorption curve and pore
size distribution of nitrogen

H & 10a ATHI, KSPZ Bk Y 20 B —ff i i
R AW G I, HW SR H3 B, TV R i il
4, ULP] KSPZ 2—F - fL k. X & T KSPZ
TN T WA X PP G 04, (N ™= A T B ag AL
BRI AR IR AL A A LR SR A T A LAY
JEEIN (2~50 nm ), H KSPZ fSE4FL42 4 5.889 3 nm),
it — L B KSPZ J& TAfLME, ULEl 10b, KSPZ
HABRM R, X AW MB #2475 38 i
BREASE A5, AT ) T W8 RSS2 1 1 A

3 45iE

DA R AL e R R, 44598 T KCL el Pk ifg
T TR A Tl R 118 R 1 A e R O S ) T R
Hm MR, JEIEAT T RAE AR 8, 53]
T4t

1) MR REWE N 1 g/L, MB % pH
{ER 9, WIMRIEEWE A 500 mg/L, WHATEY 6 h
i, KSPZ WK%l 426.63 mg/g, Bi{aR K
85.33%, el SPZ FEkmym Mt 2 A 174
14.40%, UiHH KSPZ o3k AT DA by Mg i MB 59

2) I HEM BT RS KSPZ WM AT S /Y
TS5, BRIV P 35 s 0l s D W B 72 SPZ 2T
W FTIR UEPA, SPZ R 5 MB Z [H £ 7F & M
FAH AR o e Fe R R LA & B, KSPZ
TRRER A W B FR AT A TV AU B il 2R, S it KSPZ R4
FLAERE, BT W B iy A A o T A BT 2 e
(pHpzc ) KB, MB AW ) pH > 5.6 B, W50 5
HYyvkl MB 454 .

3) MR FRAF A 98 Ji2% . Langmuir Y55
T R | 2 A Bk R S B, IRk R A2
W i o

S E k-
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