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Adsorption capacity of magnetic-modified sepiolite for
humic acid in source water
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Ministry of Education, Hohat University, Nanjing 210098, China;
2. College of Environment ,Hohai University, Nanjing 210098, China)

Abstract: In order to remove humic acid (HA) in source water, magnetic-modified sepiolite ( MSEP) was made
and its physicochemical characteristics were investigated. The adsorption and desorption behaviors of MSEP for
humic acid in source water were studied. The results showed that the specific surface area and specific saturation
magnetization of the MSEP were 25. 354 m*/g and 32.36 A + m’/kg, respectively. The adsorption isotherm of
MSEP to HA could be fitted with the Langmuir equation, and the adsorption kinetics could be described with the

pseudo-second-order kinetics equation.

Key words: magnetic-modified sepiolite; removal of humic acid; adsorption; desorption; specific surface area;

magnetization intensity

AR AT K P B KRB DL IR K A B X R 2 — A G i 2 AR, E 24
15 BORR T BE R A T R KA N AR G AT A KR S B TR ORI NS TR FE R (HA) J2 KKK
AN R 3 E N 2 — KA HA e B — 7 10 mg/L Ze Ay, fieim Al 3k 30 mg/L, i 7KL
AHLIE 50% ~90% ', B2 R R I K IR AT LA TS Y thl A B A x>0

RARWFHLAT (natural sepiolite, NSEP) J&=—Ff ) ZHEIR & 7K B TCHL S BERE R ER 25 7 ,EA R M
AR AR E VRS | 5 Y/ NI AT 8 A A0 P A5 00 A7 o (L DR S DA S R 43 85, 10 Ay W A 50 48 e
RN MR, — e R E R 1 AR5 Yy SO B 25 B v A R, T NSEP LRGPl A7 %50k 38 oA
W B 53 B B A TR B R RIS, BEBH A1 DA Vit A1 Rk R SRR /MR & A T i 4 MSEP, FH T
Cu® JRE 7K f W B Ak 2, 1843 28 Il ((CuFe, O,) 53K 96. 4% o Liu %7 /N fF T AETFRCHR & il 46 T

i A 2016 -09 -20
E£mH: EXRAAREEETESITH (51438006)
YEER N BRIL(1958—) , 4, BRI IRIEN B0 1t , EE NG5 Bia AR K & R ARDIIE . E-mail : cw5826@ hhu. edu. cn



110 RTINS S (SN S BE /S S e ) 5545 %

MSEP, I T7K BT AFhiEe (ATZ) 9 B 25 A R, W B 300 DI e ir$ 5t [R]B MSEP X ATZ 1% 8 R Bt
HAIA 15,9 ¢/m” , WL Bt AR A Langmuir SRIRERARAY T RS20 38 13 Bfiif 56 il 4 19 MSEP AL H2 Tt
TR R A TR T ELGE CPT R R B it R R R . ERT, 7 DG MSEP [ A ST B AR rRfEXT K
W4 B B T AR B 22 5% (E MR A L ) £ MSEP 10 FH T R BR/K JEK Fh i HA 884 468 |

EH A T MSEP fil &8 B SR — 2 R L TTTE TL il 25 MSEP, X & BUpT BH 4544 | 41 RN A2
HEATHRAE , AF5E MSEP XK UK o HA A Bt B AT A, LAIA AR FH KA S0 B HLTS e 3R 5 — 3

.
1 REA T

1.1 REHHERIEFE

RIS RN T . KARMEIH A (LR T BZR R 7= i T A KA <74 wm) JEFEIR (BTyLIR Y5 (rh
) fb2t A IR A F A A2 al) s 75K A =Sk B gk AR uin 2K ERRAE Y N A M4l 1 A AT
MR TR,

I AR AT - e A AR E I 5 {3 ( Micromeritics ASAP 2020) X S 2B AR AT ( PANalytical X Pert
pro) FAiHLAE (S4800) HRBNFE LRI ( Lakeshore 7404) Zeta HL{7 43 B ( Malvern ZEN3690) | 48 #h ] L
IEIEREETE(T6 HFrith4d) . pH 11 ( Sartorius PB-10) ,

1.2 #l&3% &R MSEP #l& M

Bl 1 MSEP — Rk A e 8, 0 8 F B A 4h —

SN S AR TR I R AR R A B g 3 RO,
VAT 4 MSEP 20 1.0 ke, iz

1 300 g NSEP 465 g b5k 359 g WilR .2k T
il B2 K 30 L, T i 0 IR AR 40 °C L i
FERAET (100 r/min) MAWZIK ZIRGW pH 9 ~

R
s

W s 251

10, 60 min Ji f5 IF 45 ¥, (4206 8 S0 E R A8 iy \
11 120 min. HF 9 I S 5 4 T i, 11K - i
K VRDLTE Y 2 B pH T, WU E T =

ST AT 110 CHET 3 h, 33 N0 BT )4 b —
PRAEG (200 H ) 75 | vtk R Bt |
1.3 RBkESEERNE ; LR

EER L& MR S
R K LA 22 X R B 45 L T ‘

TR ALK HEATIC &, BN E 2l K rh$n — 2 & 1Y 1 MSEP — kL& &iEE
JE B , PAICAR B KR KA v (A ML) , H NaOH #01 Fig.1 Integration device for preparation of MSEP
HCL ¥ pH 3T EBE(AE.,

RIIK P A I 2 LR T I8 5 oy T i & A C=C SR C =0 B 5 T AL a9 32, it
W B 254 nm (9 EEAMEHAT B B R UK . PR FH S0 AT UL 235601 BE 31D 5 /K AR 7R 1S 254 nm
Ak B SN CREAEL (UV o5, ) A5 i AR PR B SRR 5 B A FE 5
1.4 WHHRIE 7%

PR 30 1t (1) MSEP [ (K J50RE, 3591 B T 264 50 mL BLBKEE A HETE I, A 0. 01 mol/L HCI 5§
NaOH 58 pH , S8 45 ST i BT 90 500 50 Al 88 P S0 AR I 3 i o 4 R T80 4R 357 3k 3 142 fih e
O ] T AT IR B3 o 8 0 B 5 i BRSSP AN NG 32 [ o3, I B3 o, I e AR K 254 nm 4k
(9 SN (L, I MR A B KR R HA WREE #2 B8 (1) 7158 HA YL BRR 1, (5X(2) 71 MSEP X HA
Wi g, o FERUGRIGEFATINE 3 W, O e A 85 2R

c,-C

HA — C
0

© x 100% (1)



552 1 Wi L5 AR A AT K IRK r R IR 14 % B RE 111

0. =(C =€) (2)

AP Co——HA IR BT e BE 5 € ——T B A I ) HA o Bk B8 5 V- KRR R R 5 m—— T S 51 i 4
q.— -t HA (et it

2 #R5itR

2.1 HRIRAE
2.1.1 XRD %#7

Pl 2 S B RET IS LA (B NSEP T MSEP A5 ) 19 XRD 35181, i1l 2 w1, i Tl 4 MSEP fit 11
PRSI TR, R AR SRR R rh VA | 1 5 A B3 DN A R AR o R A 5 | 4T 6 A8 2% ot 5 TR PR VR
[z B el JE B, RO N AR Wi P a0 55 BT 2K 5 (RIS ORE Fe, O, D B 28 BNV 2 1H I sty

A F=A VNN E Pl
= SEINA m EINA
o il o ML
¢ Fe,O,
Ir . TR I of _— I e
0 20 40 60 80 0 20 40 60 80
20/(°) 20/(°)
(a) NSEP (b) MSEP

B 2 NSEP #1 MSEP ) XRD & &
Fig.2 XRD patterns of NSEP and MSEP
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Fig.3 SEM images of sepiolite before and after modification ( x10*)
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Fig.5 Nonlinear fitting results of adsorption isotherm of HA onto MSEP
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Table 1 Parameters of HA onto MSEP adsorption isotherms
Langmuir Yl Freundlich 75 &
MR/ C
K /(L-mg™") R, R? qn/(mg - g™)  Kg/(L-mg™) n R
20 0.453 8 0.042 2 0.992 45.37 15.53 2.700 0.905
25 0.442 1 0.043 3 0.979 42.76 14.42 2.819 0.908
35 0.4389 0.043 6 0.988 39.45 12.31 2.660 0.913

K R Langmuir SRR B0, R, N TC A H B, ., W R 550 BRI 000 R 25 52, K R Freundlich #%0, n W ICE A HEL,

2.3 KMz h=E
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HA ¥ HA AW IR SO FF 4R 2 N T3] 15 min, W FHE 43 35 F)] 6. 96 mg/g(20 °C) 6. 25 mg/g
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Fig.6 Adsorption kinetics of HA onto MSEP
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Table 2 Linear fitting results of HA onto MSEP adsorption Kinetics

‘ - —
RE/C g/ (mg-g™h)
ky/min™ g, 0/ (mg e g7 R ky/ (g (mg-min)™) g, 0/ (mg-g)™ R
20 7.67 0.017 7 1.30 0.959 0.040 1 7.60 0.999
25 7.93 0.0212 1.98 0.920 0.034 7 7.90 0.999
35 7.28 0.016 5 1.01 0.916 0.074 4 7.27 0.999
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Fig.8 Effects of pH value on adsorption capacity and Zeta potential
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Table 3 Effects of desorption and regeneration on performance of MSEP

BRI M/(A-m® - kg™h) HA LA/ % (EEIRYN M/(A-m® - kg™h) HA LB/ %
0 32.36 78.4 4 30.56 73.8
1 31.81 77.6 5 30.17 73.1
2 31.32 75.1 6 29.77 71.6
3 30.92 74.2 7 29.38 71.0
3 &% it

a. AT MSEP il &4 8 AERRRL TR ( my, o, /mysee ) N 1/1.5 SEFEHEE A 1001/ min A 40 °C
Ko NSEP #4044 10 o/ L 400 F , Bk Al i £ MSEP 2 1.0 kg, il & (A B He 26 TRy 25. 354 m?/ g, HLARL AN
TEALBRIE A 32.36 A - m?/kg, ZEH0 H BLAF A W2 FHA: BE ANTE SMINRE 3 T (R RS 1619023 B BE 7 , 122265 i MR AL ]
£ MSEP () %A1 2B P A —E S5 E,

b. ZETR W A F W, MSEP XHEAUKAR H HA AW FEA CHGE 72 , HOoA AR R 1w L 0 5041 2 W B
Bl )12 g 45 R B MSEP X HA A7 ¢ 55 0 W [ 38 ) W B2 i vl o sl ) 2% R A 3R
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