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E. Ll Ca(H,PO,),  PEh 5WAE MR, RAILTOIE LB & AR #EMEA EL Ca(H,PO,),@ Fe,0, (NMCDP) , FF5TILXT
Cd>* P By, Ml S FFAEROR. BSTHLBE(TEM) | ZLAMGIHE (FTIR) | X SPE&ATH (XRD) 278, NMCDP RiA22Y 60 nm, s 1k
R, IR RN 30.9 emu-g ™. WEH BN S12AF B, NMCDP X Cd>* UM 1 h 2 W ED AT BSR4, #5451k —9esh f12#
RO W R B, NMCDP %t Cd>* B B 454 Langmuir 5 Freundlich 253 W BAEARY B ke il 142. 50 mg-g~'. 7E
pH (B FR 2 343 3 B, WM BEA PTG pH BT i3 m, 4 pH KT 3 )5, BWiifefa e ; Wl hLF s+ Na* |
Mg®* | Cu”* XA R Cd>* 35945 — e A2, SRR BE Cu® > Mg’ >Na*. SR 0.01 mol-L~" HCl 5 EDTA-Na, 7] it i
AR Cd*, LA EDTA-Na, R FR4E R, i5%8] 68% , MTSCE NMCDP A FA:.

KR HETE ; BREER AT, 4Kk CdPt W

FESES, X131 XEAREF. A XEHS . 0250-3301(2019)04-1849-08 DOI:; 10. 13227/j. hjkx. 201808020

Adsorption, Reclaim, and Regeneration of Cd by Magnetic Calcium Dihydrogen

Phosphate Nanoparticles
LI Yu-jiao, YANG Zhi-min* , CHEN Yu-cheng, HUANG Lei, TANG Hai-yan

( Chongging Engineering Research Center of Rural Cleaning, College of Resources and Environment, Southwest University, Chongqing
400716, China)

Abstract: In order to improve the adsorption-separation of Cd** in water treatment, magnetic Fe, 0, coated Ca( H,PO, ), nanoparticles
(NMCDP) were developed by coprecipitation. The properties of these nanoparticles were characterized by transmission electron
microscopy ( TEM ), Fourier transform infrared spectroscopy ( FTIR), X-ray diffraction ( XRD ), and magnetization curves.
Experiments were carried out to investigate the effect of adsorption, reclaiming, and regeneration. The results showed that NMCDP was
a stable material with a particle size of 60 nm and a saturation magnetization of 30. 9 emu-g~'. The adsorption rate of Cd** by NMCDP
was fast, and adsorption equilibrium could be achieved within 1 hour. The kinetic data were well fitted by a pseudo-second-order
model, and the isotherm adsorption data agreed with the Langmuir and Freundlich model, with a maximum adsorption capacity of
142.50 mg-g~". The adsorption capacity of Cd>* was affected by the pH and increased when the pH was increased from 2 to 3, while
with continued increase of the pH of the solution, the adsorption capacity gradually became stable. The coexisting ions in the solution
had an effect on the adsorption of Cd** , especially the divalent cation Cu®*. The NMCDP could be regenerated by using 0. 01 mol-L~"
HCI and EDTA-Na, , and the results indicated that it could be recycled with a desorption rate of 68% by EDTA-Na, solution.

Key words : magnetic; calcium dihydrogen phosphate ; nanoparticles; Cd** ; adsorption
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1.2 NMCDP B B e R AE

KD S B NMCDP. ¥ 1. 020 g FeCl, -
4H,0 ## T 50 mL K, ZiEMARIE 2.770 g
FeCl,-6H,0 1Y 100 mL W, MG i HE a1 HE
Y51, HEKATT pHEE] S, A B EvisEy, A
HAK Fe, 0, Uk: ; #5 2. 380 g Ca( H,PO,), #A />
BUCAE 5B Tk, JKymIAE 80°C , L4 m 2 NI
A Fe, O, I, E(70 £5)C, N, fR¥1 54+
TURERBERE 120 min, #4525 UUE ) 15 E] NMCDP.
M EERME B TR IEvEE T, BT, o
V25 1.

K% ) BRUCKER D8 ADVANCE %Y X Hf£k
KARATHAL, Lh Co # Ko HFERTR, 20 FAHE I 10°
~90°, FEF 6(°) +min~", XFEEVEE A BRI
17 b PRI 465 46 i A, 2R FH 2 [ Nicolet 1S10 41
SMGIEAL L KBr R, X A A5 44 R 2047 B R
FE. R HA JEM-1200EX (120K V) 2 3% 5t H1 1 5
R RAF A BPE S 4549, >Rk 32 E Quantum Design
5l Versalab O A 2 UIReIRSIFE MG R 1T RS0
SR A Ry T 2.

1.3 NMCDP XHAEWRH Cd** W, 2088 5 pi:

W B K51 000 mg- L' A CACL, ¥ 5 B FG B =
B WILE W B, L 50 mL 5 A = A, 20 340
0. 100 g NMCDP, 7£25%C 200 r-min ' &4 F % —
el 151 ) 7 = ER N T YA 2 DN L2 8 ) ) 5
TR _F3E W Cd® MV B, TS AR Cd®
1) 2.

IYES 5 AR B 50 mL ¥ A 250 mg-L7'HY
CI W (pH M 6. 14), LL2 g- L7, #5208
AR T 5 O B 8 S, 43 i 50 mL 0. 01
mol -L ™" HC1 5 EDTA-Nal* %1% 3 h, B4 55 [&
PRRRL, I E LW Cd® T PR B, TR R
R ISR R T A

2 HR5ITR

2.1 NMCDP JAME R

IR LB, 1 g Fe,0, IRZAT LI 1.39 ¢
) Ca(H,PO,),, MWHTBERREL S Fe 0, MBI LL 4]
201, B, JE SRR ARG L. A 4 R
FR LA AR PR R AN 2 1, 3 IR 95 ) E 0 B R

F1 HREOERELER

Table 1  Basic physical and chemical properties of the materials

miH HRiAE/nm pH & R WA/ m? g ! Ca(H,P0,),: Fe; 0, AN LRG58/ emu - g !
Fe;0, 5~25 7.03 94. 5644 0:1 6.03 68. 1
NMCDP 60 6.78 91. 9497 1.39:1 3.16 30.9

WP LT A B ARk T, KRB S
Fe,0, Z5AHE—lL, A=A sy Yoy .

REEEW AR A B e, EHAE T
K. 0.1 mol-L™" CaCl,, 0.01, 0.1, 0.5, 1,5
mol-L~" HCI, 2 mol-L~" NaOH #5844 k12 H
Pk FEZE /K d, NMCDP Y Fe B 1B L
RO, PRCE N 4.38 mg-g™, TMEREENY Fe,0,
FERB TR Fe BT RME ] 0.93 mg-g ™', i
KT NMCDP 1 Fe (YRR, RIBEIRELIIES &
CINDEFT =0 p SR OF =0t o 2 R2UP O B S BZ SR
RS

F2A[LIFEH, ££0.01 mol-L~" HCl 5E£E T
K, Fe B FRBCRIILT-NZE, 2 HCLKEEH
0.1 BMEN 1 mol- LI, Fe B i B T 1%
i, 7E5 mol-L~" HCL Hv, M ORL 8 2 f#, 1£ 0.1
mol - L' CaCl, % 5 2 mol-L ™' NaOH ', #1 %} Fe
BRI R BN T P R AE R B TK
2 mol-L"'NaOH 5 0.1 mol-L™" CaCl, ¥ & " B il
BE/N, 760.01 5 0.1 mol-L™" HCI " ik £ 41
M, WTE32% oAy, ARSERE AN HCL We i, W BERR £k

SEATTRRE. ARV TR S B 2 X A bR
AR K FZ W, T FR P 4 18 ) 25 2 Bowk e 3
Fe,0, T I

*2 AREEHEH Fefn PR %

Table 2 Release of Fe and P in different leaching solutions/%

2 Fe BEALH P BER
EBTK — 3.11
0.1 mol-L~" CaCl, 0.16 0.17
0.01 mol-L~! HCI — 32.37
0.1 mol-L~! HCI 17.85 32.99
0.5 mol-L~! HCI 90. 45 100

1 mol-L~" HCl 96. 03 97.11

5 mol-L~! HCI 100 100

2 mol-L~! NaOH 1.36 15.43

2.2 NMCDP Z5#75 4k

K14 Fe,0,, NMCDP ) TEM B F. Kl 1(a)
FR 50 nm U T HEE ) Fe, 0, RYESE, N rpmT
LIE H Fe, 0, 2IKE, RARTES ~25 nm, J34i LK
¥4 8 1(b) 7R 50 nm R JE R NMCDP #9JE 57
K, ATLVE L, 7E Fe,0, PIA Ca(H,PO,), ZJF,
Ca(H,PO, ), R 2RI TE Fe, O, PRI ], K FE7E
60 nm 7247, BERRER I A AT 204 Fe O, JEA 1)
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(a)

(a)Fe;0,; (b)NMCDP
E 1 Fe;0, 1 NMCDP {J TEM &
Fig. 1 TEM images of Fe; 0, and NMCDP

KNGS

K 2 FRRHEER ) Fe,0, . NMCDP & & M 8H1)
XRD &, MHRTLAHEN H Fe, 0, B 6 AMHRAF 1443 71)
7T 260 2h 35.1°, 41.4°, 50.5°, 63.0°, 67.4°,
74.3°, SRR RL(220) . (311), (400), (422) .
(511), (440) fhifi, FERREEIY Fe,0, 5 NMCDP &
AR B ok, 5 JCPDS BdE PEARE R
88-0315 FH—2, MinifERI R M A mAL. Kl 2(b)
HBR Fe,0, MR AE W 2 41, W] LLBA & 0 4% %)
CaHPO, $FAFfiT i, 5 JCPDS K 245l A 70-
1425 F—3, WEE GAHEG S, k&
TR B

H,PO; + OH" — HPO;  + H,0 (1)
AR CaHPO, , SHEEEN Fe,0, A EL, NMCDP (145
(ALY R 2 (A S AR i/ D ] 2 R ]
HoAthod B, ULRH A NMCDP A3, CaHPO,
HTTE Fe, O, FI, (HBA HAWF W BT £ B, w9
TREE S Fe, O, &S A J7 2 FZLARFHLAE I A 235 [A]
10128 E.

K 3 FAREEIY Fe,0, . NMCDP HLLAMGHE
Hr1569 em ™' A IR IS I F T Fey O, 1 Fe—O
MIRZS, 3435 em ™ FIL 630 em ™' Ab 22 A () IR UL IG 0
PR T4 A5 Ak %) 2 T W B /K A O—H i 4 . 25 il
EH, 905 em ™' FI1034 ~ 1125 em™ AR E T
PO, . P—O [UFE3N. XTFHEEN Fe,0, KL, KA
600 ~ 1200 em ™' AbA W B, HE AR
 Fe—O $iRBNIER] ks, #E—L Ui E Ak
ETHBEREL A Fe,0,. X TR AEMEL, HTHERRLE

USEIR, Fe—O AL ISR FE 1Y Fe O, SR ULBE UK
A

Kl 4 251 T RRER I LB IREL S A 1) Fe, O, MU
TEHiZE, PR RIE HIR T A R B R SO0 5
e, RIS B AR R R R 1, BRI Ak

10 20 30 40 50 60 70 80 90
200% )
a. Fe;0,; b. NMCDP

E 2 Fe,0, 1 NMCDP # XRD E
Fig. 2 X-ray diffraction patterns of Fe; 0, and NMCDP

1 1 1 1 1 1 1
4000 3500 3000 2500 2000 1 500 1 000 500
ek/em™
a. Fe;0,; b. NMCDP
3 Fe,0, #1 NMCDP BT 5h itk &l

Fig. 3 IR spectra of Fe;0, and NMCDP

SR JE 53R 68. 1 emu-g ' (Fe,0,) #130.9 emu-g ™'
(NMCDP) , Fe,0, 13 Ca( H,PO,), HI4N K BT
TRIRE AL SR B AR, #E— 2230 T Ca(H,PO,), B
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IR GIAE Fe, 0, F100. T % 2410 01 AL —
KE] 16.3 emu-g ', I HRLRE O A LA F RESY ol
B et i SN TSI R 1 o
VEWSEASYES, AP I] <30 s, = T

80 E:!J 60+

60 %

= 40t

40
_ 20| m
@20 rﬁ_‘/.—/’/_/-
% 0F
&l 0 L 1 1 1 1 1 1 1
= 0 200 400 GO0 800 1000 1200 1400 1600
%

=20

40

—60

-80 1 1 1
=20 000 =100 000 10 000 20 000

5 3 HE /O
a. Fe;0,; b. NMCDP
E 4 Fe,0, 1 NMCDP #4it [ 4
Fig. 4 Magnetization curves of Fe,0, and NMCDP

2.3 NMCDP W fFHERAF
2.3.1 MR B ) SR

WE S WA IR W E 250 mg-L~" (pH 9 6. 14) ,
IS0 mL, MR INE R 2 g- L7, W 1,
2.3.5.10.20.30.45,60, 120 360, 720 11440
min, &3 NMCDP ) W B2 Bl B [ (% 3% fin i 38 i
(F5), GRaTV2, 782 h iF N ik 2 m% JSF
Fe,0, A1 NMCDP 7E 1 min PN I B &2 5351 © 35 3
ST B 60% . 84% LI F, 1 h Z INE £k F
BRI 87% | 94% , 3% AT RESE K WAL Rt
R AR, R[5 Cd* 456 IS 2,
R, AEWCB T AR I, B P Wb Cd®r VR R
K, Cd** 5 AR FRH HT6 EO S 45 . B
JE I, AR T TG A A R R, RO
Cd> " A B e R T /0, R I I 1 3o 6 3% 7 A
1, B IR E 0

RFWE—R B 12 W G 8l ) 2 AR W
BARE, BIEE g 3 i, AR IE 93
JIFRETIRE TR b M AR R A W T R, R® 3976 0.99
DL b AR b 3K, 1 BN, U B R
P, FLERYS T o it 55 SR Y- A R o o A 22 35/
M 1, BOECAE S, NMCDP XF Cd>* (9400 46 W B
BRI | T I W2 P T 5 14 B ) T

lg(Q, - Q) =1g(Q.) - kit (2)

t 1 1 (3)

— =X+
Ao, Q (mgog™) 4 ¢ (min) B 20 I B 5L, Q,

0, Q. k xQ’

I i) /min
5 AERETHR Cd** KR

Fig. 5 Adsorption of Cd** by the nanoparticles at different times

(mg-g™ ") N FH I, & (min ") RHE—H N
HORHEEL, by [ g (mg-min) =" ] Ryl G0 N o R
R

x3 MAFHEBYESH

Table 3 Kinetic model fitting parameters

A Mk ZH Fe; 0, NMCDP
Qe oxp/mg g™ 23.33 112. 63
Wiy Qeca/mete” 10.05 12.42
ky /min~! 0.0015 0. 002 2
R 0.9479 0.9547
Qc.ca/mg g™ 23.31 112.36
ky/g+ (mg+min) ~' 0.002 2 0.003 1
WoWE 1D R 0.996 6 0.9999
h/mg+ (g-min) ! 1.20 39. 68
1y 5/ min 19. 50 2.83

D) BE R, b om0 B R | AR b = k x
0.2 15 75 B30 Bk 2 50 5T 20 26 00 PR ik — S B 9745 £
lﬂ,ﬁ%&&tﬁ%5=ziz
2.3.2  WORHAY A IR FTHARRAE

WEIEWA AW E X 0, 10, 20, 40, 60, 80,
100, 200, 400, 600 mg-L~", pH 4 6.14, HL 50
mL, P2 gL~ AN b AT B, & BRUAE )
BRFESFIR] Ry 24 b P, AEREXT Cd®* B I8 B2 Bt 17 S
iy BE B3 IR WG I (B 6) , ARk %) A5 TR W
AT 2R LA

lemaxce
0. = 1 + ke, (4)
Qe = kl'CeT <5>

K, Q. FoRMRHY PR & (mg-g ™), Qi
N (mgeg™" ), o, MFHE C3 K E
(mg-g™"), ky, b5 R B 50 R B4 S5 R0 A DG 1Y
Langmuir %%, k, 37~ Freundlich WY B %%
NMCDP iy W B %% 48 ¥ 7T | Langmuir 5
Freundlich # B A (£ 4). #RHE Langmuir BRI}
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AT BN R WL R 25 142,50 mg-g ™', fRF SCHRHR

NMCDP Xt Cd** Bk 22 J2 W B, 7 v R B sf i

B R ZHM R (R 5). MR B T BRI, S S8 KT 1, £ NMCDP X

Freundlich BB & 13 B 4F R® 250.9924, U1

Cd** F I AR 28 S kA7

%4 NMCDP # Fe,0, 3t Cd** K% iR W MHE R I S 4HESHE

Table 4 Tsotherm constants for Cd*>* adsorption on NMCDP and Fe; 0,
5iH Langmuir FEA Freundlich &%
Qua/mg g~ ky R k n R?
Fe; 0, 15.97 0.3393 0. 8862 4.6770 7.04 0.8849
NMCDP 142.50 0.003 8 0.9909 0.1770 1.04 0.9924
®5 FEBHFI CA** HIRER
Table 5 Adsorption of Cd** by different adsorbents

G 2 8 51 e pH {H L B/ mg e g ! ik
1 DPL 1 em — 18.26 [12]
2 MNPs-1L 180 ~230 nm — 120.2 [13]
3 FMBA (5.17 £0.06) nm — 101.0 [14]
4 KBC,,.s ~0.05 5~8 pm — 33.89 [15]
5 Fe;0,@ FePO, 10 nm 7 13.51 [16]
6 PVAf-g-CACTS — 7 47. 65 [17]
7 Fe;0,/HA 140 nm 6 50. 4 [18]
8 Fe; 0,/Mg-Al-CO,;-LDH — — 45.6 [19]
9 FeMnMg-LDH — — 59. 99 [20]
10 HANP@ AP 79 nm — 250 [21]
11 FGCX — — 203 [22]
12 Fe;0,@ Si0,-HO-S — 6.0 51.52 [23]
13 PP biochars — (5.0+0.05) 14.7 [24]

14 NMCDP 60 nm 6.78 142. 50 A5

B ior e Feo: TR AG" /NTF 0, FHINLHT AR B & AT
60 Langmuir Freundlich 2 AGQ = - RT lnkl (6)
AG’ = AH’ - TAS’ (7)

50+

40 -

30 -

FHEHE it /mg- g™

20 +

10+

0 100 200 300 400 00 600
o i i e S /me L

E 6 Fe,;0, 5 NMCDP Xf Cd** By Bt 3B £
Fig. 6 Adsorption isotherms of Cd?>* by Fe;0, and NMCDP

2.3.3  ZMMRHER ORI

(1) BRI EZ

NP S B X AR B AT R R, R IA
WA H9 250 mg-L ™" (pH 4 6.14) , B 50 mL,
PRI 2 g-L71, 4300 7E 288, 298, 308 Al
318 K Pt 7ikee, 450 7. #HRbxF cd®* i
IR iR SR D TR S N A b= 3 A = S S R
BT, FIFIR(S) | (6) M FRmEI3A 2% 5
BOHATHE, iRk 6, AH KT 0, FREHT

Krf, AG® I AW A HAEASLAE (kJ - mol '),
AH® JgWe ffF st FRE 72 (kT -mol ~1) | AS® g W fff it 72
JAE [KJ-(mol-K) ~'], R N A &% (4 [8.314
Je(mol-K) ~', T RSN (K).

120

® NMCDP
B FesOy
100
y=0427 8x - 24.2
- R*=0.989 4
w 80
20
E
= 60
=
=
40 + y=0.176 1x - 32.776
R?=0.996 4
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Fig. 7 Effect of temperature on the adsorption

of Cd®>* on the materials
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Table 6 Thermodynamic parameters of adsorption

iH /T AG®/k]-mol 7! AH®/kJ ~mol ! AS®/kJ - (mol-K) 7!

288 -15.01

NMCDP 298 -21.97 109. 88 0.44
308 -22.01
318 -29.51
288 -16.08

Fe,0, 298 -17.16 77. 46 0.32
308 -19.03
318 -26.14

A BUAE R B (AR Ak, X pHL {F A 315
SUALIES= A1 IR R S DO e = R LA S € R e
VSR ) HE e BE M 250 mg L', WIHA pH {E K 2.
2.5.3.4.5.6F17, B50 mL, Ph2 g-L™"A#N
ST AT, W B2 R 8 k. el LA
FH, pH {EM 2 #m3| 3 if, NMCDP X} % i
Cd®* W B F TS i, fh 3 803 7 B, R
BT RE. UL pH H7E 3 DL, XF Cd®* 1y
ORI, 24 pH BT 3 I, #PRLZ pH
AR, NMCDP (& H i £ (pH ) 4 3. 16
(1), & pH>pH W, #ERF AR, SR
IEHfT ) Cd** 2 2 AR S| I1ER, JFREE pH
ERBE A, BB R, DTN Cd®* Al I R )
8. 4 pH < pH,, I, AOERRIEH, HXF Cd** 354
AT W AR AT, U B SR T B R A AR
A B R E—HL, B PEREE BT A, %
GG N

AR R, 78 pH A H IR 2 B 14 o 22 e
ot & p, Cd*t A RE & Wi K A Cd (OH),,
Cd(OH); Ml Cd(OH); ™, SHM KBS Cd** Z [
LS TN, AT ek O B A i 2

W RSP ) pH (BN 7 Fizs, NMCDP [t
Cd** JE ¥ pH fEA BB 284k, pH{E R 2 ~6
HA TR Y pH E¥54 pr 7, pH HH 7 IR pH
HA TR, BRE5EIE MR S pH HA
PLpH (B R 2.5 F1 3 (iAW NS e 2. Ui B A1k}
ST pH (HEA —E R shRE ST, 1T LI RNE R
HEH 5 OH .

120

100

% FiHik/mg g !
ES

pH
E 8 RFE pH ETH##EIT Cd** HRHIE
Fig. 8 Adsorption of Cd*>* on the materials at

different pH values

®7 WMTER pH &
Table 7 The pH values of the equilibrium solutions

Wi pH (&
2 2.5 3 4 5 6 7
Fe, 0, 3.03 4.57 4.86 5.22 5.78 6.20 6. 83
NMCDP 3.01 5.20 5.73 6.22 6. 16 6.37 6.70

(3) BSF5m B By 52

Iy SE R Na™ . Mg Fl Cu® " 3X 3 FPE 1, 851
SREBEE N 0, 20, 40 F1180 meq-L™", Cd** HHEHk
JE8 100 mg-L™", B 50 mL, LAATRHEIIE N 2
g L7 ARG, ARG EE 4 A W B i
IR A 9 FrR. S5 FRW, FEAR IH & 12 7E
IF, BRI e 34 N TR o s, FLREE 75
5 I ARG K B e s D, SR BT LA P S
5 Cd** ZIAAFEse R R, SR —kRpF

MR L, Na ™ SRR B Cd* * isgmi iy, He
Yo Mg®*, Cu® " XEAPRHRZ B Cd** i) T4 e W i
SPATIR B He: 4 ) i 48. 46 mg-g ™' (NMCDP) | 32.41
mg-g ' (Fe,0,) . FKE] T 9.77 mg-g~' (NMCDP) FlI
1.08 mg-g ™' (Fe,0,), RMEARALMWE T, C&* 1Y
Wi ot B S R R, RTRESE R Ry Cu® T LVETE AL
BRI, M55 TR Bz
2.4 NMCDP %35 54

HCl 5 EDTA-Na, % NMCDP {4 i W 243 51 Hy
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55.58% . 68.52% (%% 8), VL] EDTA-Na, 1Jfi# 0
BORHEE. HCL W5 BRI Cd” I ff

50

N 62.08 mgeg~, SEMATAEL, MR EFRART
43.42% ; EDTA-Na, fift W5 09 A BEXT W cd®”
(W B4 69. 30 mg-g ™", ST L, WER R
FEAIKT 36.84%. SEAMITMIL(FE), KRR

A REXT Cd* AR IR, 5 Yuan 55020 AR 5T
a0t b N i R S R R P P TR RS e (1)U
—a— Na/Fe;0; —e— Na/NMCDP > B RS M
e —A— Mg/Fe;0, —€— Mg/NMCDP el 'EE& %% *ﬁ%ﬁ% - )
£ 3or —— CuFes;0; —w— Cu/NMCDP o6 8 A I R I U Fe 5 BE SRS B0 44
e o — o e .
£ FHE AN [] fife W 3 R 3% i 4, % 3L NMCDP 7
z 2f EDTA-Na, & TR R ) Fe N 7.49 mg-g™', 7
e
ol HCL " LI A . X AT RESE RS EDTA-Na, 1
NERETRESH, AMUATLLS Cd® Z I A
L — Bt | WHA T BRI Bt 5 Fe AT
0 20 40 60 80 PR
B B /meq- L™ 'fjﬁ‘n&l}ﬁﬁ*j*‘l‘iﬁg Cd2 * %[]&Tﬂé ﬂaiﬁ , Z'—(Eﬂ:ﬁ@
B9 ETFEEXATRIRH Cd** MR RSN AAG I A W A b o B RE R B
Fig. 9 Effect of the ionic strength on the adsorption []K}"E"‘ E(J*j*"l"ﬂ?]%%%‘:ﬁﬁ} E/Jﬁ‘%/ré , m‘ Uﬁﬁ%%‘mﬁ
of Cd®>* on the materials iﬂ”u Wi%%
*8 FEMBMBREI Cd** BRI E
Table 8 Desorption and secondary adsorption of Cd** on the different materials
0.01 mol-L~" HCI 0.01 mol+L~! EDTA-Na,
bl R B T/ mo e e !
i ARSI me g R % — R/ mgg ! R % Z R /mg g !
Fe; 0, 25. 44 25.44 8.8 69. 15 3.6
NMCDP 109. 72 55.58 62.08 68.52 69. 30
x9 HEHRMERBMFIZT Ca>* IR BERR
Table 9 Adsorption and regeneration of Cd*>* by adsorbents reported in previous research
MR 551 W Bt/ mg g fifk 14 551 R/ % 3k
EDTA-nSiO, 48. 67 0.1 mol -L""HCI 94.36 (28]
HANP@ AP 250 0.05 mol-1.~' HNO, >97.6 [21]
MNHAP 220 0.003 mol-L~" EDTA 66. 2 [26]
Fe, 0,@ Si0,-NH,/COOH 190. 69 0.1 mol-L~" HCI 73.31 [29]
NMCDP 109. 72 0.01 mol-L~" EDTA-Na, 68.52 AT
3 f, ARSI T KBRS Y, ELAG PRI B ASOR A
=A

(1) NMCDP # MBI E , XHEwR T Cd* 1Y
W BRSO R, 3 3 A 0 75T B A mTERGH DV R
syEgite. Wl 1S A WE R B )RR )
BT 2% 455 Langmuir 5 Freundlich #%Y, W Fff 25
O 142.5 mg-g ™, T REZERL W HLEIE
FEFR WL A AR, ARG B TS i
RAEEA L.

(2) NMCDP Xt Cd** AW B 32 3R | pH (B AL
FEES T RZ . i BA e B R 2 R 34T 38 5 24 pH
B H 2 53 3 i, W B H 3 B )
6 B, HEhnggdg, dkmfrHe A AR, JLAEH B
Na® | Mg*" | Cu®" XA RHR B Cd** ¥ — & 5%
), SEMERRE . Cu®* >Mg™* >Na*.

(3)NMCDP W fft Cd** Z )54 HCl 5 EDTA-Na,

4, ATSCELA R E R AL

SE

(1] BEmH, XUSC, XUWEHE, 45, SRR Eh Btk SRk 99 5Kk i Xf 7k
CA(I0) M BiEAT o B AL [ 0], SRR 2%, 2018, 39(7)
3212-3221.
Kang L, Liu W, Liu X N, et al. Behavior and mechanisms of
Cd( II') adsorption from water by niobate-modified titanate
nanosheets[ J ]. Environmental Science, 2018, 39 (7). 3212-
3221.

[2] YangL, Wei Z G, Zhong W H, et al. Modifying hydroxyapatite
nanoparticles with humic acid for highly efficient removal of Cu
(') from aqueous solution [ J]. Colloids and Surfaces A
Physicochemical and Engineering Aspects, 2016, 490, 9-21.

[3] RAA, BESC, m/ME, 5. REVEK R KK &
4 JBICR I A AR S AR X R PN [J]. FREERL A, 2018,
39(1): 89-98.
Yu C C, Zhao W T, Gao X F, et al. Distribution characteristics
and health risk assessment of metals in drinking water sources

from the Luhun reservoir[ J]. Environmental Science, 2018, 39



1856 EZ8 by g o 40 %
(1): 89-98. [J]. Talanta, 2018, 181; 352-358.
[4] Cheng C, Wang J N, Yang X, et al. Adsorption of Ni( II ) and [17] MengJ, Cui J L, YuJ, et al. Preparation of green chelating

(9]

[10]

[11]

[14]

[16]

Cd( II') from water by novel chelating sponge and the effect of
Alkali-Earth metal ions on the adsorption. [ J]. Journal of
Hazardous Materials, 2014, 264 . 332-341.

Zhang Z H, Wang X J, Wang H, et al. Removal of Ph( I )
from aqueous solution using hydroxyapatite/calcium silicate
hydrate ( HAP/C-S-H )
phosphate recovery process[ J]. Chemical Engineering Journal ,

2018, 344 53-61.

Bachoua H, Renaudin G, Badraoui B, et al. Preparation and

composite adsorbent prepared by a

characterization of functionalized hybrid hydroxyapatite from
phosphorite and its potential application to Ph?* remediation[ J].
Journal of Sol-Gel Science and Technology, 2016, 78(3) : 621-
631.

Mishra P M, Naik G K, Nayak A, et al. Facile synthesis of
nano-structured magnetite in presence of natural surfactant for
enhanced photocatalytic activity for water decomposition and
Cr(VI) reduction|[ J].
299 . 227-235.
KA. JENEAL Fey 0, BEXTAE W CA( D) A Ph( IT) 1Y
FERMEREIR D], A5 PALRMEHEIRE, 2016.

Zhu M F. Removal of Cd ( I ) and Pb ( I ) from aqueous
solutions using in situ oxidized Fe;0, membranes [ D ].
Yangling: Northwest A&F University, 2016.

MaZ Y, Guan Y P, Liu H Z. Synthesis and characterization of

Micron-Sized monodisperse superparamagnetic polymer particles

Chemical Engineering Journal, 2016,

with amino groups [ J]. Journal of Polymer Science Part A
Polymer Chemistry, 2005, 43(15) ; 3433-3439.

Ma H, Pu S Y, Hou Y Q, et al. A highly efficient magnetic
chitosan “ Fluid 7 adsorbent with a high capacity and fast
adsorption kinetics for dyeing wastewater purification [ J .
Chemical Engineering Journal, 2018, 345 556-565.

TG, MR, R, A RIERER A TR ER- A R
BRI A B R BRAK P NIRRT [T ], HEERR, 2014,
35(8) : 2992-3001.

Fang Q, Lin ] W, Zhan Y H, et al. Synthesis of hydroxyapatite/
magnetite/zeolite composite for Congo red removal from aqueous
solution [ J ]. Environmental Science, 2014, 35 (8). 2992-
3001.

Lee S Y, Choi H J. Persimmon leaf bio-waste for adsorptive
removal of heavy metals from aqueous solution [ J]. Journal of
Environmental Management, 2018, 209 . 382-392.

Guo S Z, Jiao P P, Dan Z G, et al. Preparation of L-Arginine
modified magnetic adsorbent by One-Step method for removal of
Zn( 1) and Cd ( I ) from aqueous solution[ J]. Chemical
Engineering Journal,, 2017, 317 999-1011.

Zhou Q W, Liao B H, Lin L. N, et al. Adsorption of Cu( 1)
and Cd ( I ) from aqueous solutions by ferromanganese binary
oxide-hiochar composites J]. Science of the Total Environment,
2018, 615 115-122.

Son E B, Poo KM, Chang J S, et al. Heavy metal removal from
aqueous solutions using engineered magnetic biochars derived
from waste marine macro-algal biomass. [ J]. Science of the
Total Environment, 2018, 615, 161-168.

Zhang X X, Sun C L, Zhang L, et al. Adsorption studies of
cadmium onto magnetic Fe; 0, @ FePO, and its preconcentration

with detection by electrothermal atomic absorption spectrometry

[19]

[20]

[21]

[22]

[24]

[25]

[26]

(28]

fibers and adsorption properties for Cd( Il ) in aqueous solution
[J]. Journal of Materials Science, 2018, 53(3) : 2277-2289.
Liu J] F, Zhao Z S, Jiang G B. Coating Fe;O, magnetic
nanoparticles with humic acid for high efficient removal of heavy
metals in water [ J ]. Environmental Science & Technology,
2008, 42(18) : 6949-6954.

Shan R R, Yan L G, Yang K, et al. Adsorption of Cd( I ) by
Mg-Al-CO5-and magnetic Fe;0,/Mg-Al-CO;-layered double
hydroxides ; Kinetic, isothermal, thermodynamic and mechanistic
studies[ J]. Journal of Hazardous Materials, 2015, 299 . 42-49.
Zhou H G, Jiang Z M, Wei S Q, et al. Adsorption of Cd( II)
from aqueous solutions by a novel layered double hydroxide
FeMnMg-LDH[ J]. Water, Air, & Soil Pollution, 2018, 229
(3):78.

Chand P, Pakade Y B.
hydroxyapatite nanoparticles impregnated on apple pomace to
enhanced adsorption of Pb( Il ), Cd( I ), and Ni( Il ) ions
from aqueous solution[ J]. Environmental Science and Pollution
Research, 2015, 22(14) . 10919-10929.

Igberase E, Osifo P, Ofomaja A. The adsorption of Pb, Zn, Cu,

Ni, and Cd by modified ligand in a single component aqueous

Synthesis and characterization of

solution: equilibrium, kinetic, thermodynamic, and desorption
studies[ J]. International Journal of Analytical Chemistry, 2017,
2017 ; 6150209.

Zhao J J, Niu Y Z, Ren B, et al. Synthesis of schiff Base
functionalized superparamagnetic Fe; 0, composites for effective
removal of Pb ( I ) and Cd( I ) from aqueous solution [ J].
Chemical Engineering Journal, 2018, 347 . 574-584.

Zhang C, Shan B Q, Tang W Z, et al. Comparison of cadmium
and lead sorption by Phyllostachys pubescens biochar produced
under a low-oxygen pyrolysis atmosphere [ J ]. Bioresource
Technology, 2017, 238 352-360.

Jin X Z, Wu X W, Zhang H Y, et al. Novel humic acid-based
carbon materials: adsorption thermodynamics and kinetics for
cadmium ( II ) ions[J]. Colloid and Polymer Science, 2018,
296(3) : 537-546.

Yuan F, Gong J L, Zeng G M, et al. Adsorption of Cd ( Il ) and
Zn ( II') from aqueous solutions using magnetic hydroxyapatite
nanoparticles as adsorbents[ J|. Chemical Engineering Journal ,
2010, 162(2) . 487-494.

Wang Y J, Chen J H, Cui Y X, et al. Effects of low-molecular-
weight organic acids on Cu( Il ) adsorption onto hydroxyapatite
nanoparticles[ J]. Journal of Hazardous Materials, 2009, 162 (2-
3): 1135-1140.

W, Z2%F, 2R A, 45, EDTA-nSiO, 44K BRI X Cd?
B[ J]. BREERI, 2016, 37(9) : 3480-3487.

Jiang S C, Qin R, Li M L, et al. Adsorption Cd** from solution
by EDTA-modified silicate nanoparticles [ J ].
Science, 2016, 37(9) . 3480-3487.

B, BRFHE, SROCHI, 4. I AR IE D) Re AL fd PR sk 2%
Bk b Cd( ) A pb(I0) [J]. EMRELIEH, 2017, 36
(12) . 4302-4307.

Zhao F, Chen X M, Zhang W G, et al. Removal of Cd( I ) and
Pb (1)
functionalized magnetic microspheres[ J]. Bulletin of the Chinese

Ceramic Society, 2017, 36(12) . 4302-4307.

Environmental

in aqueous solution by amino and carboxyl



HUANJING KEXUE Vol.40  No.4

Environmental Science (monthly) Apr. 15, 2019

CONTENTS

Source Apportionment and Mixing State of Single Particles in the Nanjing Jiangbei New Area YU Xing-na, SHI Zheng, MA Jia, et al. (1521)
Characteristics of Carbonaceous Aerosol Pollution in PM, 5 in Xi'an MU Zhen, CHEN Qing-cai, WANG Yu-qin, et al. (1529)
Chemical Composition Characteristics and Source Apportionment of PM, 5 During Winter in Taiyuan LIU Su, MA Tong, YANG Yan, et al. (1537)
Seasonal Variation and Source Analysis of Water-soluble Inorganic Tons in Fine Particulate Matter in Zhengzhou YAN Guang-xuan, ZHANG Jing-wen, LEI Hao-jie, et al. (1545)
Elemental Characteristics and Health Risk Assessment of Heavy Metals in Atmospheric PM, 5 in a Suburb of Zhuhai City =«++eeeseeerereeeeee YANG Yi-hong, JIA Yan, BIAN Guo-jian, et al. (1553)
Impact of a Dust Event on the Size Distribution of Metal Elements in Atmospheric Aerosols at a Coastal Region and over the Ocean «++++++++++ JIN Tong-jun, QI Jian-hua, XI Zi-yan, et al. (1562)
CALPUFF Modeling of the Influence of Typical Industrial Emissions on PM, 5 in an Uthan Area Considering the SOA Transformation Mechanism  ++- GAO Shuang, BO Xin, MA Yan, et al. (1575)
Variation in Pollutant Concentrations and Correlation Analysis with the Vegetation Index in Beijing-Tianjin-Hebei -++:++xereeveerereeneenvnnnne SUN Shuang, LI Ling-jun, ZHAO Wen-ji, et al. (1585)
Estimation of Coal Consumption and the Emission of Related Contaminants in the Plain Area Around Beijing During 2015-2017 *+ ZHAO Wen-hui, LI Ling-jun, LU Hai-feng, et al. (1594)
Column-integrated Aerosol Optical Properties Determined Using Ground-based Sun Photometry Measurements in the Hangzhou Region *+++++++= QI Bing, CHE Hui-zheng, XU Ting-ting, et al. (1604 )
Speciated VOCs Emission Inventory and Ozone Formation Potential in Sichuan Province ZHOU Zi-hang, DENG Ye, TAN Qin-wen, et al. (1613)
Characterization of Volatile Organic Compounds from Cooking Emissions +«+xseeseeeresessseesninsinensienen B SRR GAO Ya-qin, WANG Hong-li, XU Rui-zhe, et al. (1627)
Analysis of Peroxyacetyl Nitrate and Ozone During a Typical Photochemical Pollution Process at the Panyu Atmospheric Composition Station +++++++ 70U Yu, DENG Xue-jiao, LI Fei, et al. (1634)
Characteristics and Interannual Variation of Chemical Components in Typical Road Dust in Beijing =~ «r«+«ssesserserseesenenensneneniensininsneennes HU Yue-qi, LI Meng, YAN Xu, et al. (1645)

Sources Analysis and Health Risk Assessment of Polycyclic Aromatic Hydrocarbons in the PM, s Fraction of Fugitive Dust in Nanchang City «+eseseeeresseressensissnnsini.
YU Rui-lian, ZHENG Quan, LIU Xian-rong, e al. (1656

FAN Shou-bin, YANG Tao, WANG Kai, et al. (1664
MA Shuai, ZHANG Kai-shan, WANG Fan, et al. (1670

)

Methods and Application of Road Fugitive Dust Emission Factor Localization )
)

YANG Tang, HAN Yun-ping, LI Lin, et al. (1680)
)

)

)

Characterization of Tailpipe Emissions from in-use Excavators

Microbial Properties of Different Size Aerosols at Human Average Respiratory Height During Fog-haze Days «+++++++++++-

Modification and Performance Tests of Visibility Parameterizations for Haze Days «+:+seeoreveeeseeeees ZHAO Xiu-juan, LI Zi-ming, XU Jing (1688
Application of Support Vector Machine Regression in Ozone Forecasting SU Xiao-gian, AN Jun-lin, ZHANG Yu-xin, et al. (1697
Analysis of PHEV CO, Emission Based on China’s Grid Structure and Travelling Patterns in Mega Cities  +++esresreereereresressensensnnsneeneens HAO Xu, WANG He-wu, LI Wei-feng, et al. (1705
Sources of Nitrate in Groundwater and Its Environmental Effects in Karst Trough Valleys: A Case Study of an Underground River System in the Longfeng Trough Valley, Chongging «+++++++

................................................................................................................................................... DUAN Shi-hui, JIANG Yong-jun, ZHANG Yuan-zhu, et al. (1715)
Pollution Characteristics and Ecological Risk Assessment of Phthalate Esters (PAEs) in the Surface Water of Jiaozhou Bay - * LIU Cheng, SUN Cui-zhu, ZHANG Ge, et al. (1726)
)
)

Distribution Characteristics and Ecological Risk Assessment of Organochlorine Pesticides in Sediments of Zhanjiang Bay -+ PENG Shi-yun, PENG Ping-an, KONG De-ming, et al. (1734

Analysis of the Optical Properties and Factors Influencing DOM in an Ecological Purification System: A Case Study of Yanlong Lake in Spring ~ ++++-: MA Rui, LI Xuan, WANG Lian, et al. (1742
Analysis of the Relationship Between Dissolved Organic Matter (DOM) and Watershed Land-use Based on Three-dimensional Fluorescence-Parallel Factor (EEM-PARAFAC) Analysis -+
+ LI Yun, WEI Hong-jie, WANG Kan, et al. (1751)

Analysis of the Characteristics of Nitrogen and Phosphorus Emissions from Aglicuhural Non-point Sources on Hanfcng Lake Basin ++++++ XIE Jing-chao, ZHAO Xiu-lan, HE Bing-hui, et al. (1760)
Simulation of the Migration and Leaching of Nitrate Nitrogen in the Farmland Soil Profile in a Hilly Area of Taihang Mountain with the RZWQM Model ~ «+-«+seseesseseseeemenmensininnnnien
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" ZHENG Wen-ho, WANG Shi-qin, LIU Bing-xia, et al. (1770)
Spatial Distribution Characteristics of Nutrients and Chlorophyll A in the Lancang River Basin Under Cascade Reservoirs —+-«sseseeseereeseeees CHENG Bao, WANG Xue, MA Jin-chuan, et al. (1779)
HE Lu-lu, YANG Ping, TAN Li-shan, et al. (1788)
Distribution and Environmental Risk of Pharmaceutically Active Compounds in the Traditionally Aqueous Phase of Effluent-receiving Rivers «e-seessessessersesemenensisininsinsininsnnien
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" WANG Shuo, LIU Jian-chao, ZHENG Chao-ya, et al. (1797)
Effects of a Green Roof on Stormwater Regulation and Cost-benefit Analysis LI Jun-sheng, YIN Hai-wei, KONG Fan-hua, e al. (1803)
)
)

Nutrient Distribution of Overlying Water in Tidal Marshes in Five Estuaries and Bays of the Fuzhou Region in Autumn <+

Ultrasonically Activated Persulfate Degrades Typical Odors in Water SUN Xin, SUN Jie, LI Peng-fei, et al. (1811
Metal Organic Framework MIL-53(Fe) as a Photocatalyst for Visible-light Catalytic Reduction of U( VI) in Aqueous Solution «+++++++s+ssssseeeees YAN Zeng-yuan, XI Hai-ling, YUAN Li-yong ( 1819
Effects and Differences of the Release of Dissolved Organic and Inorganic Phosphorus in Different Sediments Covered by Different Materials of Erhai Lake ~e+vereoeeeeeerereenensssimnnenennnines
- +++ GONG Jia-jian, NI Zhao-kui, XIAO Shang-bin, et al. (1826)
Phosphate Removal Using Rice Husk Biochars Modified with Lanthanum Hydroxide XU Run, SHI Cheng-hao, TANG Qian, et al. (1834)
)
)

Characteristics and Heavy Metal Adsorption Performance of Sewage Sludge-derived Biochar from Co-pyrolysis with Transition Metals ++++* CHEN Tan, ZHOU Ze-yu, MENG Rui-hong, et al. (1842
LI Yu-jiao, YANG Zhi-min, CHEN Yu-cheng, et al. (1849

Adsorption, Reclaim, and Regeneration of Cd by Magnetic Calcium Dihydrogen Phosphate Nanoparticles -

-+ MA Hang, LI Zhi-peng, LIU Feng, et al. )
++ LI Dong, CUI Ya-gian, ZHAQ Shi-xun, et al. )
LI Dong, WANG Ying-giao, LI Shuai, et al. )
ZHOU Ya, MAI Wen-ning, LIANG Jia-wei, et al. )
WANG Xu-hui, YANG Lei, REN Yong-xiang, et al. (1892)
)
)
)
)

Pre-precipitation of Sewage SNAD Granular Sludge Process Test

Impact of Actual Domestic Sewage and Simulated Wastewater on an Aerobic Granular Sludge System

Nitrogen Removal Performance of a Sulfur/Pyrite Autotrophic Denitrification System

Nitrogen Removal by Heterotrophic Nitrifying Bacterium Pseudomonas putida YH and Its Kinetic Characteristics

Effect of Sludge Retention Time and pH on the Denitrifying Phosphorus Removal Process WEI Jia-min, HUANG Hui-min, CHENG Cheng, et al.
Microbial Community of Granular Sludge in an ANAMMOX-EGSB Reactor Under Saline Conditions — ++++sesetveeerssnssnesnennssneinenens WANG Han, LI Han-xiang, CHEN You-peng, et al.
Effect of Intracellular Carbon Source (PHA) Storage on the Mixed Growth Microbial Community Resistance to Low Temperature ~«++++++* YANG Jian-peng, ZHANG Jian, TIAN Qing, et al.
+==+ WANG Chao, LIU Qing-wei, ZHI Yin, et al.
Contamination Characteristics and Safety Risk Assessment of Perflurorinated Alkylated Substances in Aquatic Products from Guangzhou ««++sesveseeeseseseensnmeneninniiii
............................................................................................................................................................ WANG Xu-feng, WANG Qiang, LI Zhi-guang, et al. (1931)
Characteristics of the Dissolved Nitrous Oxide (N,0) Concentrations and Influencing Factors in a Representative Agricultural Headwater Stream in the Upper Reach of the Yangtze River
TIAN Lin-lin, WANG Zheng, HU Lei, et al. (1939)
CH, Uptake in Different Saline-alkaline Soils in Hetao Irigation District, Inner Mongolia YANG Wen-zhu, JIAO Yan, YANG Ming-de, et al. (1950)
Allocation and Stabilization Responses of Rice Photosynthetic Carbon in the Plant-Soil System to Phosphorus Application «+++++++++- WANG Ying-ying, XIAO Mou-liang, ZHANG Yun, et al. ( 1957)
Effect of Soil Moisture and Temperature on the Soil Inorganic Carbon Release of Brown Limestone Soil in the Karst Region of Southwestern China -+ :
............................................................................................................................................................... XU Xue-chi, HU
Temporal and Spatial Dynamics of Soil Microbial Biomass Carbon and Its Influencing Factors on an Eroded Slope in the Hilly Loess Plateau Region -+
........................................................................................................................................................................ QIN Qian, ZHU Shi-shuo, XIA Bin, et al. (1973)
KONG Chen-chen, ZHANG Shi-wen, NIE Chao-jia, et al. (1981)
WANG Dong-sheng, ZHU Xin-meng, YANG Xiao-fang, et al. (1990)

Contents and Forms of Phosphorous in the Municipal Sewage Sludge of China ««+s+sssssssessrsssrsmsmssnsnsnesissn e

NG Yuan, HE Xun-yang, et al. ( 1965)

Composition, Characteristics, and Accumulation of Antibiotics in the Soil in Agricultural Land

VOCs and Odors Control and Development in Pharmaceutical Fermentation Industry ««-««-«sesseseeseeseeneeses



