hE ISR 2025,45(11): 6068~6078 China Environmental Science

&R, T 3%, 5 NiFe LDHs [0l 45 K U2 BBk PRI #h (0 PEBERILER 40 Hr [7]. v [ EREERLSE, 2025,45(11):6068-6078.
Qi L, Chen S Z, Ding S Y, et al. Preparation of NiFe LDHs and its adsorption performance and mechanism analyses of removing nitrate from wastewater [J].
China Environmental Science, 2025,45(11):6068-6078.

NiFe LDHs K9l & K E K i 2 Bk BE 7K #r AF ER &5 Y 4 gE FR AT T2
ST

F R TEE S B EANE LR R 2 R A E AT (1 R S A R AT
BRI B R ARG 0,65 1008725 2. H i ADGIL 2= T ERIHF R 25, Hil G4 730900)

THE: MR ER I KO N2 B A A TR E 38 P I MR PR AT ot % o AR AN FE RSO 22 o Al LA R 1) B P 5% 7 otk 4 S S8 A 0 (1) )22 D R
PEAT T X6 IR B 1A W R FH LT — K A 4 T 4R 2R 4 i S LAk ) (NiFe LDH), 305k 1 A8 50 1 5 e 4l 4% 4 PR ARAR R AR LU R 421,
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Preparation of NiFe LDHs and its adsorption performance and mechanism analyses of removing nitrate from wastewater. QI
Lu', CHEN Si-zhe', DING Su-ying', QIN Yang', WANG Xiao-jun’, SHI Yu-gian®, ZHOU Guang-wei’, LIU Guo-hua'® (1.Research
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Beijing 100872, China; 2.Gansu Yinguang Chemical Industry Group Co., Ltd, Baiyin 730900, China). China Environmental Science,
2025,45(11): 6068~6078

Abstract: Nitrate wastewater was considered a potential threat to human health and the ecological environment. The adsorption
method was regarded as promising for nitrate removal due to its high efficiency and low cost. The interlayer spacing characteristics
of layered metal hydroxides were found to be favorable for nitrate adsorption. Nickel-iron layered double hydroxides (NiFe LDHs)
was prepared by coprecipitation-hydrothermal method. The optimal preparation conditions were determined through orthogonal
experiments as follows: nickel-to-iron molar ratio of 4:1, hydrothermal time of 12hours, and hydrothermal temperature of 120°C. The
adsorption capacity of NiFe LDHs for nitrate can reach 37.48mg/g. The adsorption kinetics curve conforms to the quasi second order
kinetic equation, and the adsorption process conforms to the Langmuir model. The predicted maximum adsorption capacity is
38.88mg/g. High nitrate adsorption efficiency was maintained by NiFe LDHs within the pH range of 3~10, and a considerable nitrate
adsorption capacity was observed even in the presence of high concentrations of coexisting anions, with HCO; identified as having
the most significant impact. The optimal desorption of the adsorbent was achieved using 0.1mol/L NaCl solution, and after five
consecutive adsorption-desorption cycles, a nitrate removal rate of 87.1% was retained. Characterization results indicated that the
layered structure of NiFe LDHs was essentially maintained before and after adsorption, and the primary adsorption mechanisms were
determined to be electrostatic attraction, surface complexation, and ion exchange.

Key words: nickel-iron layered double hydroxide; nitrate; adsorption property; adsorption mechanism
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#3 NiFe(HT)Re W i 1o 251 A8 # AR B8 W B A 2
AR T AT e A I A O Y 2 R
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P 4 B U NiFe LDHs, A1 362 ] ] #E o« 2
TR K LA S AR R B AR S M B 2R
V%) e 2SR P O o 90, 8 I o 12k e, 0 i G 0 B
BUBE, IR 0 1) v 5 2 BRI T 22 1k 9%

1 MR57A%

1.1 NiFe LDHs 1514

AHIEFE R H FLUTTE - K G il w5 B K A 6
RIPEAR D 3R U0 AR & Smmol () FeCls6H,0
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Pt 21 A1 1% B o (1) A7 e SLAR ARG 50, 53 AT R B
TE R SR X SO TR (X ray
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250X 7 BT AE b s = OIRE R A B B L
M K AL B 43 BT A (BET)(3% B Micromeritics
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1.4.2 WGBERESCE:  SEH 100mL WKEN 25,50,
75,100,150,200,300mg/L ¥R th i 2 HEE L,
3N 100mg W B K HETEE T 25 CH R =
DA L 120r/min (GRS 24h RN SEHE IR
I35 WL 0.45 pm TR338 Sk 908, 0 5 Y Ji5 v o
(RIS B2, U1 SR B 1) P R e O o 2%

ASEG R H Langmuir A1 Freundlich W B 7 R X
TR A (AR B S FEREAT S5 P LA A U it R
FR:

KLq
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K 1+K,C, °© )
g =K.C" @®)

A :Co g W B ST 9K P mg/Lgm TR B
mg/g;qe A V-1 W B mg/g; Ky Ay W B B 1 4
L/g;K; +& Langmuir %, L/mg;n & W A 5.

1.4.3  pH {EXSWR IR %4 100mg/L (1)
R SRR T T pH AR WS B ) Wik B 12k o 1) 5%
m . Horh pH M % #5182 (0.1mol/L) 5 & 4 1L 8
(0.1mol/L)FF MW 15,537k 3.05 4.0 5.0, 6.0 7.0,
8.0, 9.0 M1 10.0.5 5L 5 SOV IR IF] 1.4.1.AEA[R] N

ZII_FIE,
1.4.4 LS FXNWRSCREm % Cl.

SO4™ HaPOy 1 g SEAF B S 1 W9 5T L X 12 3 WS P
Tk PR 53 ) PR R B 7)1 B2 A A5 o o) i PR R 1)
TR I BE ) b CI. SO4% . HLPOL R 4
Sl 100mg/L A1 200mg/L. i 82525 K it A
BRIH] 1.4.1.
1.5 WRPH AR RE

P R IR . SR AN S B A A AR
T FCEATT AR MR 2 B, AR i 3 96 e £ ) R R 7R
BT PR 70 P A= R 2 BB 3 A4S 100mL [IHETE
L2 NNy 0. 1mol/L #5512 . 0. 1mol/L A48,
AEANFT 0.1mol/L Y SAL BN 100mL, K 1g W B Al
i 5 R R I TR W B R T A T O TR R AT A R Ak B
120min, i P85 T 60°C B AT EEHL T 12h 4t
TR B R0 T IR A R AT MR R B S T
ORAEERIR B SIS U TS ARG IR B S 56
R e I O ) P T A 2 o Ak R g IR Ak N P A
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2.1 NiFe LDHs &l R 45 15 My

211 NiFe LDHs i KM IEAZ X NiFe %1 NiFe LDHs EXitla%
LDHs [{)75] 4% 2 A 3E4 T4 JC’ Ay BLAK G E . sK 3k Table 1 NiFe LDHs orthogonal experiment table
I} 18] S5 8Bk M T i) & LU AE o s R & i v IE AT SE WH B E L AKHERI)  KIREECC) T (mg/g)
i NiFe LDHs #0104 % 1g/L, il hk b ji : iig ;22
100mg/L Bf,25°CF 120r/min #i=3% W 24h J5 1155 2:1 12 180 12.94
NiFe LDHs [FIFFR &6 W bt i AR IEAS 286 Witk 2 ii ‘8‘ izg 298_'7292
HYER R S S 3:1 12 120 33.00
P 1 R JA01, PR R0 ) ol e i R v A ARG B 41 4 180 27.61
S T Dl LA A B, B B R £ » . o o
It L KB TR I BN S R R R IR e Ll 401, Ki 50.24 72.64 85.47
KA 154 120, KR 4 120°C I NiFe LDHs 1% ﬁ . o o
Pt 510X i P 5 LA e A T R A2 32 3 0% IR R ) k 1675 2421 28.49
HEAT B TR 0 W Bt 52 560, 7 o A S BV 4 20 1 045 A i ke 23.67 21.97 2642
LR Y 37.48meg/e(UIHA R BEVE i 100me/L, " e e

W B 7NN B R 1g/L, e IR EE A 25°C Lk

wih

2 NiFe LDHs ] SEM &, EDS figi 5] e R 70 Aii
Fig.2 SEM, EDS energy spectra and the corresponding element maps of NiFe LDHs

2.1.2 SEM KAt AEHHMH F BB ERE  A0F NI NiFe LDHs SoWESEAT 204, Wi
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(10 b 2 1 AR 5 L B B S B E A DG 1M BHR K
{14 b 25 TR A o R 2 7K Ak 3 rp R B M R 1)

L A8, 5504 ) ol 4 B N 1) L AR A (003)
2.1.3 XRD#E KH XRD Xf NiFe LDHs ] &t 21 _
GRIIEA T O3 AT, A 3 s 4260 53 53 9 11.0°.22.2° 3
34.3°, 38.7°. 45.8°. 60.0°M1 61.2° - HH B HH B U1, %
. EH (006)
L FeNi-LDH #5#E < 7 (PDF#40-0215)#](003) -
(006). (012)~ (015). (018)« (110)HI(113) ks At J
I, ZEE B (¥ LDH MR 25 #1228 Bk NiFe I i. PDF#40-0215(FeNi-LDH)
N 1 1 1 1 l| R
LDHs [/ Dyl #. 10 20 30 40 50 60 70 80
21.4 BET F#1E AH A A3 R A AL A 20(°)
S M NiFe LDHs #EAT T Ny W B/ W il ik K3 NiFe LDHs [f) XRD &
(BET), LAZ3 B A it 1) EE A T AR S FLAR 0 A1, an Pl 4 Fig.3 XRD pattern of NiFe LDHs
@N, bR e [ LA

I~ au"y g

& 20

= E

E E

= ¥ X

Hic .-l". ) §

= Sy

] z‘._. .
0.0 0.2 0.4 0.6 0.8 1.0 0 20 40 60 80 100 120
HARL R A(P/Py) 4% (nm)

& 4 NiFe LDHs [ N, W B —Afm S5 il 26 FrFL A2 o AT

Fig.4 N, adsorption—desorption isotherms and pore size distribution of NiFe LDHs

2.2 WRINEN ) ERUA S R b

WAE AT R4 NiFe LDHs #EATW F
&) )72 925 B NiFe LDHs [N 1g/L, il th
WRE A 100mg/L, I 73 s #E — 2 sl Jp 2 i il | o
TG ) D) 2E R RN RRORL A A RS 2R 0 BoH 2R AT A
& 45BN 5 frs NiFe LDHs {ERT 30min N AJ LL
DI TAE R i TR 2, B A WO B B (1] (%) 3 0, NiFe  LDHs
AW T4 P55 AN T 2RI, #E 90mine 2 A7 32 1] I B~ 16,
Y IR R SR VR B S AN AR IR B SR FE K v Ak T

B Bt R PR B A PR ok 2 s e U5 ),

15 A SR ) 3 A 2 B e — R B g SRR )
LA E (RP>0.9T)K T 1k — 28l Jy 24 B 7L (0l 45

(R*>0.99), 1 14 v 4001, A Eb v — 2 5 g 2 WY A 1Y) e
TN )RR AR NiFe LDHs fW B i F 55t
14, NiFe LDHs (110 Bff i 72 35 52 A f 2 281,

X NiFe LDHs W BHAr e 5 W i sh ) 2 25 31
HHATRURL A OB L5, 4l 6 BT, NiFe LDHs
WA IR SR 1 FE R A0 3 AN IR LR B S —
B B 3 L e PR, M i R SR /E NiFe LDHs [4hk
T 0 R 20 B B S R R B i P HU#] NiFe
LDHs (1L, 24 FL A B T2, 2 F 0 T8 2
TR R R ) AAORE YT O BB BRI B
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Fig.5 Adsorption kinetics of nitrate by NiFe LDHs

% 2 NiFe LDHs B} Bt i B% 55 B9 OR B 3 71 F S S H
Table 2 Adsorption kinetics fitting parameters of NiFe LDHs

for nitrate adsorption

YIUHTHIR WE— 2 3y ) 2 AR W) )y A
Ehk 0. ki 2 0. k )
(mg/L)  (mg/g) (min) (mg/g) _ (g/(mg'min))

100 3574 004 097 4257 0.001 0.99
40
35F
30F
3 25k
)
o 20
15F
10
5 1 1 1 1 1 1

t1/2 ( minl/Z)

¥l 6 NiFe LDHs Wi IR £ O RIURL 47 #
Fig.6 Intra particle diffusion of nitrate adsorption by NiFe
LDHs

2.3 WP LR A A R b
I3 AE ] 25~300me/L ¥4 S5 1R i 1R Ak v 0t
NiFe LDHs #F47 W fff SZ 56, 3 H Langmuir 5

Freundlich W S5 A5 R00) 25 Fb AT 900 &, &) 7 fr
71N, BEAE B R SRV 0 2 (1) AN W4 =1 NiFe LDHs [#]
R Eh W I A R AW Bt i3k 3 w4,
Langmuir #5747 7K NiFe LDHs il #h 55 K%
bt 2554 38.88mg/g.Langmuir Wi JH &5 AR R
3 0.99,Freundlich Wi fff % i A5 AL (1) R* Dy 0.80,
Langmuir W B4 A5 80 F AT 5 i R AH OC R 48 T A
{8 H] Langmuir W ff 553 8280k ik NiFe LDHs (1)
WSz B e B B 4 NiFe LDHs o i R 25 4 W8 B o Fi mf
LR 55y 1 2 W B0,

100 -
) FE R YR IR [ 1 40
90 ‘ o /.——.——. 4 3
e 8r \ /0’ 436 _
£ 0 & -B- No EBE %) - 34%
& 60 \—.— Oe (mg/g) - 32&
H 50k 4 307
= 40 \. 4 8Q1
Z 30} N 1%
ok " {2
[ TT—p {2
10f 1 ] 1 ] 1 ] 20

0 50 100 150 200 250 300
G (mglL)

SO GEC -~

381 —

gl Eredich

~ = = Freundlic

ol

)

E

of
] ] ] ] ]
50 100 150 200 250 300

¢ (mglL)
B 7 GRS AR VR BE 2 K NiFe LDHs X AHMR £ At i it 45

Fig.7 The influence of initial nitrate concentration and the

adsorption isotherm of NiFe LDHs on nitrate

*3 WMMFEREBESSH

Table 3  Adsorption isotherm fitting parameters

Langmuir Freundlich
Onm Ky 2 Kr 2
(mgg)  (Limg) (mg/g)(L/mg)"
38.88 0.48 0.99 9.85 23.56 0.80

2.4 NiFe LDHs X} iR 5 i B G VR
2.4.1 pH {EXIHHER TR0 B RE I 5 mn

o AfE
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i 5 T 5 S AR Tl 100mg/L FRIRH R 2RV VK
() pH 45k 3~10,18 H] NiFe LDHs HE1THH R £5 %
B s, S 4 B 8 R, M pH {HAE 3~10
2 TR) W I K IS) NiFe LDHs  FRAH 2 £ 55 W Bt
RIS PR RER ERW pH E4 3~6
I} NiFe LDHs iR #h 55 KW Bt = AN 38 in, 75 pH
> 6 W) NiFe LDHs ¥ P& &5 b 25 5 e i N
38.42mg/g, IR RIAE T pH RIS, & 3K NiFe
LDHs ) 2R 454, 5 3 NiFe LDHs [KIHi R £ 0 B i
VEAL 98D, (875 NiFe LDHs [RIG PR £6 % b 250 %
R BY LE v pH {8k 6~10 I, NiFe LDHs FIA &5
T KR B AN B3 A2 P TRl R pHL (13
TN R R S AN i, (73 NiFe LDHs M
Hi i R B, WA T NiFe LDHs 3f it i v 5 | W B
5 b IR fE 77,93 NiFe LDHs A6 P8 £6 W I 250 %
%[32]'

3 4 5 6 7 8 9 10
8 ANE pH fH 41~ NiFe LDHs RS £ e KW it
Fig.8 Maximum nitrate adsorption capacity of NiFe LDHs

under different pH conditions

242 WILAT YT T I R ik R Ak 1 5
W) 7E S bR KA AR AR I 2 M YT B - <3 X NiFe
LDHs W AR &6 = A= AN R R B (19 T4, 7 100mg/L
i MR R v b, 20 i N 100mg/L 5
200mg/L ) CI'. SO, . H,PO, K HCO; g7 H:
T a9 B, PURREH & I A FEAK T NiFe
LDHs [/ #h W PR 208, Bt 2 LA [ 25 R 2 ) 3
Jn,NiFe LDHs [P 4l 5 W Bt 7% /= 8 — 20 F .
HCO; IR TN i 12 5 P 08 B LA B 2 e ol 4
2 HCO5 HIFINHE M 100mg/L 14 1% 200mg/L I},
AT SR WS P 25 B 23 ol TR T 45% 1% 56%,3X W] fig /&
11T HCO 15 NOs [ 1 1 2PARAH I, & 7R B 1

L AFAEBR AN SE A L o SR HE IR, 12 PR R AN IS
TR BE5 A8 WS HCO; KR, G4 T2
AL TRAL T KA A A m i B L AE B
A71E N NiFe LDHs {7588 Of-Fr 458 i A 1 6 05 b 7%
i, A& NiFe LDHs )2 R[] FE 5 A8 AR 257K
/INFHE 71 [0 B VR B 22 Fofr B 125 7 B i 7R k26 A )
B, AT RLUT IO PR 610 X NiFe LDHs Wi
Bl 1R 6 T P R 1% th K 31/ 43 53 b (HCO5 >80, >
H,PO,>Cl.

4 T
100mg/L
40 200mg/L
sk 7 % 7—_: %
30
25
E
208
15F
10}
5F
0
cr SO” H,PO, HCOy

KO EBEIEAR BT 1 XA IR R B 2R PR S i
Fig.9 Influence of coexisting anions in solution on nitrate

adsorption efficiency

2.5 I AR 45 R M

251 fRRAFIPER 25 0.1mol/L 1
HCI. 0.1mol/L NaCl #1 0.1mol/L NaOH 1 fi# 1 24
B W PR A R L MK NiFe LDHs $e\ IR
HHEAT AR 240, K fi# % )5 ¥ NiFe LDHs i 25 25 1
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