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Abstract: Geothermal waters are generally enriched in multiple groups of harmful components, which threaten the safety of
drinking water for the surrounding residents when non-concentrated discharged in the form of hot springs. In this paper, five iron-
based LDH (Fe-LDH) modified materials were prepared and used in the treatment of hot springs in typical geothermal areas of
Yunnan. The results show that Fe-LDH has the best removal of arsenic, followed by fluoride and tungsten, and the removal of
antimony and boron was influenced by coexisting ions; whereas, the modified materials effectively narrow the gap of competitive
sorption between different harmful components, which shows that ion exchange capacity of the lactate intercalated Fe-LDH was
significantly improved and the removal of fluorine and boron was enhanced, while the delaminated Fe-LDHs exposed more active
sites and increased the interlayer contact, thus it had a greater enhancement on the removal of arsenic and tungsten, which are

primarily complexed with iron, along with the removal of fluoride and boron by ion exchange. Finally, the best sorbent in static
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sorption performance, L-asparagine delaminated Fe-LDH, could dynamically and effectively remove multiple groups of

harmful components from hot springs as a filling material for small water treatment devices, which provides a practical

method for the remediation of geothermal waters.

Key words: geothermal water treatment; iron - based LDH; delamination; dynamic sorption; competitive sorption; water

pollution control; environmental protection.
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Fig.1 Structure of LDH nanosheets

K v 22 AT A B0 % W AT S A S DR R
1 SRR RS 5 i

1.1 AMGERBSFR ISR E

K FH PR 370 UE R A K AR G i Mg/ Fe JE IR
Fb ok 3R B B 1 B+ 8 & A Mg(NO,), fil Fe
(NO,), IR A 7 W 5 NaOH 3 W | 18] B
T B A 2 585 BN, VR IR CE T 80 Clfk 4 hs
8B ORI T BIF B A O A R KRR D
KNO, )2 26+ i b Fe-LDH1.

e UTVE A Uk HE B B 7 26 iy Al 1,
b B AR R 59 TR AR A A JZ R 7 E L 3 Rk B
B )2 S mol/L FLIRIB IR E T =
LB L8 NLBEFE, A 2.5 mol/L #9 NaOH % &
W pH Z 10 &£ 47, I A RHA B Fe-LDH £ i fit £k
Joi W T (DR UE L R Ak 2 3 i BOh & RS 119 20
fEUL L) B FE 24 h, 2 B0 PRV T OB O O A
N ZL R AR )2 R R B 7 & 1 g Fe LDH2.

WoR | =N SR 7 A = i SN NE 28 N
W PE A P A O T AT B R SRS BEEL T W R
J¥ie VA TR AT T IR A% T i S5 AT ALV R 0 2k i B R
B+ AT 0 2 AL B F Fe-LDHI AL 8L f AL & 0 5
YT TE W) 43 0] o3 T W I Y L DN IR A 1R AL I
(50 g/L) ¥ 7 v, 38 A 2 & N,, /5 4 B
30 min J& , MLAE 3R 7% 48 h, B .0 ) B A HLE 7
Ve U W OE R TN R 4y 00 b 3RS B U UE W) &
55 °C T i WF 5 15 2] X 17 (9 2k 5L B B 7 % £ Fe-
LDH3 1 Fe-LDH4 , L- K 4 I il &b B 5 19 U0 € 9
22V UR TR A B R B B B &6 - M K Fe-LDHS.
1.2 FREEFZE

K X'Pert PRO DY 2198 15 (%) X 5 £ 437 51X
(XRD) 7£ 45 kV H1 0.8 mA F JH] CuKa % 4 (A=
0.154 nm) i S A A & 045 140 T 19 5 Bl gk JE B B8
Zh 4 XRD KI5 ;5 F0 4k 2L BT 88 25 1+ 09 b 2= 1w AR )

3 33 {4 il Micromeritics ASAP2460 1% 19 &0 S W& B 43
Brak 45, FIH BET ¥ & 104 & L 3R i A2, R H BTH
J7 5 A B LA FLAR LA R R AT RAE
1.3 HHKREREEAS ARG

AW Py MR OK ¥Rk A E = P 3
A TS J BRCDX B o BT e I N R it ) T
Dy MUK BT A PR S Y TR 3 vk L OB AE T
W RO P KR pH R SR S 38 bR
il H5 AL 3 M0 5, I AE BORE TR o

F 1B T 3B X K b BOK 9 TR 1E B
Forp MR8 51 (Y JQ) AL T i b i 5025 0 R K R 4
RO B, R A7 3 R PR A 22 TR i B Y K
A AR LA R SR A S, Y TQ KA
] s & 42 5 R A Lo CHCBI A B AN S ) ,
S B A AR Y AR B, 43 9 ik 16.25 mg/L
9.551 mg/L 1 998.9 pg/L. Kk & (DFQ) {ii T &
Bz 30 5 b B DX, O 2 IR TR Y A
B R T )2 Bl A R S 8 DFQ B & b iy
S0 R R B A A X R L 43 oA 19.40 mg/L .
3.661 mg/L 1 383.6 ng/L. 5 K %& (GIZ) ¥ If fii
T 2w it ) b ARG Bl 5 Z R s K R IX.GIZ A
SRR L 2= R AE S DFQ 2681, & A 139.4 pg/L
(85 A1 3.109 mg/L 1Y 98 . UL Ah , 28 & 7F 3 Fi i 4
JK v B R I v B AR R S A CLOR HCO, (%
1), g2 HoAth 22 35 Yo 1 KSR K AR IE A HL & 11

X EFE T AR LR ROK bR E
BG4 R & VTR AR LB Y R B 5 vk 5 Cao et al.
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Table 1 Geochemical properties and characteristics of the main harmful components of three geothermal waters

P FFELE H A X PR WEE (CC pH EC (ps/cm) F (mg/L) B (mg/L)
YJQ R 455 21 230 HIK 72.5 8.81 3231 16.25 9.551
DFQ PN FR M E[2s 96 8.48 1040 19.40 3.661
GJz IR 5 LI 77 7.08 1557 3.109 1.899
G As (pg/L) Sb (pg/L) W (pg/L) Cl (mg/L) SO,” (mg/L)  HCO, (mg/L)  CO,* (mg/L)
YIQ 998.9 70.8 100.6 814.2 30.29 1069 5.28
DFQ 164.6 5.678 383.6 16.6 73.0 414 24.8
GJZ 0.435 7.236 139.4 6.07 33.1 849 0.624
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Fig.2 XRD patterns of modified iron-based I.LDH materials
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(4 2 o %6 i e L 5 Rk 3 B B 1 286 7 A B ) 4R
e B 4y ) R 998.9 pg/L Al 164.6 pg/L A YIQ Al
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S, DR AT DA D 5 - 52 4 VR T O AR Pl — B4 0 B L
F,HOA BB 5 03 B B 7 36 A A 0 R 1 Ak i

F2 IHWHGEREFRFIOEMBMILERER

Table 2 Specific surface areas of five modified iron-based LDH materials

- B g5
Fe-LDH1 Fe-LDH2 Fe-LDH3 Fe-LDH4 Fe-LDH5
BET & A (m*/g) 80.35 38.59 88.32 90.72 199.90
L% (em’/g) 0.1377 0.296 9 0.262 8 0.2658 0.129 4
1L (A) 68.53 307.80 97.03 115.3 25.88




% 30 LR + LT B T3+ SO b £ 4 K b 8 e g 151
~ 3 X
S s SN
& % »’oﬂ\
Fe-LDH4 Fe-LDH5
F3 LR EREE TR T 26 L e AT RE G Y ITQ R A E A A K B4
Fig.3 Removal of harmful components from YJQ hot spring by five modified iron-based LDH materials
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Fig.4 Removal of harmful components from DFQ hot spring by five modified iron-based LDH materials
GIZ W KX FN\IB AR 25 BRALEE S Sb(V) AL, 32 2 8 1 sC #e 4
100 - - - ML T REA TN R T TR T A el
_ wof 5 B RATH R 385 0, B R ACR AL T Sh(V) A
X i K
¢ A LT, % 9 T BT T Xt T 2
& ?Q K o LB A 40045 T B 0 R B DL, 2 3
X
N FRUR B B B T 56 - % T 3K e S A
X
X 21 r 09 25 BR LB A AT DU (R RE S O 1 A B

Fe-LDH1 Fe-LDH2 Fe-LDH3 Fe-LDH4 Fe-LDHS5
E R
PSR B B B 2 T B MR X GIZ #A b o
VPN G
Fig.5 Removal of harmful components from GJZ hot spring

by five modified iron-based LDH materials

DA 2 b 30K TP B 8 4153, X 5 SCHER (Cao et al.,
2019) HP R B A2 B Fe-O-W P Pl 45 & 1 O 2518 — 5.
X b BRK o  SRA 4E 4) , v 1R = L R
HoAth A T 2 19 1065 LA L Wi S i i Wi o 2% 1
o, SR E T R R LR B R AL 5 R &
A o8 VB 4% G BT 1 TE AR 0 Ak Ok B B A A gR

E AE G R O ACAS W 4/ T 45 2 F A o L BR
PEBEAY 22 15 . UKL P Y TQ b #oK R 9 (& 3) , ikt
4 4k i B B - 2 b RE T R B L B A A5 A
KA F o 0 R BRI W U IR 4 2 b
HJE B Fe-LDHS5 FE i, B 1 £ 48 %5 it 41 43 99 %6 DA
AR BRI X R KB R AR 2
8096 ~90% , UL AhXf 1 A 2 B Fa L Dk 23.7 %0 T+ &
705 A BARCR UG, FAE g 2L T TE Bk ) A 0
BRILFAE 725+ (Fe- LDH1) A e, Fe-LDH2 £ 4 i
TR F AP R THRENE TR LmE
V] JB 3, F 55 T2 AR B AR T, DT BE 5R T A
B BT A e R 8 7E 25 B b HAOK v DL B SS AR

x3 SKEPRBEFHINBEETESHERIIE

Table 3 Removal mechanism of harmful components by iron-based LDH

L RIAy F A 5y As w Sh(V) F B
% B ML 2 Fe-As%4 Fe-W %4 DL T 28 e FH o 6 e iR R 0T BB K Fe-O-Sh R (| e & (|

36 Cao ez al. (2019, 2020) . Guo et al. (2017)F1 Luo et al. (2019).



1152 HIERRL2E  http://www.earth-science.net

o548 %

FH ok 2 0 SR 4 o3 i), S BRASCR A R T L AE S
Rl R I B B 1 20 B RCR SRR X T 5Ot R %
G MRS AL 1 R BR AR B B AR T, &
WIFLRR ARG 2 E g F R PP R REEE X
B PR s AR B T O e ) S 2 MR
12 Fe-LDH3FE i, H I fiie 4k 335 R B 2+ &6
XoF 5 VB 1 25 B 38 AT B R T v, X SR B 1) 25 B A%
WK T Fe-LDH2 & &, 3iE B Fe-LDH3 A & A %
T S BB A R M R AR R R
Tk B 4 J2% A 38 5 A BT B 22 T O P R A R X
FER 9 25 B ELA TE R 0 sk, i B TR R BT S
T30 T3S WA 1 L [RI A, DA 5 28 W A 751 6l A
KA A3 00 2 R 2 BRI LR Y PR R LR
A T e b B S Y BR R B B B e T T LR |
KA R FE R A A R R R DR T A AR
FH R 3 0 SCRBI 4 53 1 25 B, B R IR S, DA AR AR
Mk FH ,Fe-LDH4A Fl Fe-LDH5 44y EFEE 0 5
CINYE X AP AL R R VA=W CilN B =S =P =
HH ) 4 1A 2R 1 22 J22 J R 0K S5 ¢ A i 50 2 50 2
SO N S R P I S e e (N A R NN
Fb, Jt H & XRD &R o J6E B A 1) Fe-LDHS £
i, X T M AR OK T 5 A 21 A3 00 2 B s EL AR
23 HEWFeE B TH L sUiEw R 3T ik iy
AWM ER

Wk X b 5 R gk BE BB &G L ok PR A Rt
X M B K S W B A g5 B T DL E L R A&
Wk e 53 2 b PR FS A 2k &R B B+ &6+ Fe-LDHS
BEG A R R R, N A T it — 4
F HH Fe-LDHS # BFH 58 19 [ 5 #E 52 40 5k 3% 4
Gy 20 Bk BB 7 R 4 6 oK R 4L 4y
1 Bl 25 W B R AR, S 5 25 R a6 T s

YIQ Hbu # ok A E 4L 1Y 5 B 2 R
296 min, R ¥& 38 A B e B A A b 2 —
it F A A B HERCRR A (=10 mg/L, # =5 mg/L,
i =100 pg/L, 86 =50 pg/L, 8 =50 pg/L) Z i, &
EAE PR EEAFEC R LI T 1480 mL Y
YIQ M #K AR AT — 21 4 10 5 35 I 18] AN A 3%
A 700 P R A 2 1 T LA — s R B A2 R PR BN
MR BE R s A 2T FRR I E (C/C=0.95
BF 40 35 9 B I) ) AT LS de 8 s W R 751 ) 2l 25 i A
PR BE LA R TR i 25 B S A7 A 35 a0 i 55 0 B R A o
I 5 55 . 00 B 5 3 81 W B R0, #E S B ] (C/ Co=
0.95) 24> 540 min, It B 360 B6 F1TES 09 C/ Co 18 53 3
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Fig.6 Penetration curves for simultaneous sorption of arse-

nic, antimony, tungsten, fluoride and boron from

YJQ (a), DFQ (b) and GJZ (c) hot springs by delami-

nated iron-based LDH (Fe-LLDHS5) sorption columns
RPN IR A 2k Thomas BRI 5 25 5

J9°0.74.0.76 F10.80 , $2 3 W i 461 F0 , 1 A 20 43 19 C./
CABALH 0.27 , 6 B Fe-LDHS5 421 55 A4 W% Bt A% 7615 47
540 min J& , A5 £ B XF B A5 =5 18 82 BT 25 A, 328 A 3K 3
TL I WL B SF A, Fe-O-As 4% 4 09 W i WL 3 B A
B 2 T Y A 4y S AE Y B S W i
T 3% B B R 1 S A T B BB

DFQ ¥ il 1990 46 B9 v B O 383.6 pg/L, 72 3 Ff
by B IR r R o e e AR L TR B E SRR Y
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R4 HEWHHELHLEIES Thomas HE WIS SH
Table 4 Fitting parameters of dynamic sorption column ex-

perimental data to Thomas model

ROk A Thomas B 24K
B 415> I @ bnf(mL./
(ng/g) (pg-min))
As 0.982 2 385.50 0.012 010
Sb 0.9857 14.30 0.083 330
YIQ W 0.9911 22.43 0.075 550
F 0.9957 4 042.00 0.000 424
B 0.963 2 1720.00 0.001 267
As 0.980 7 74.57 0.072 900
W 0.9857 128.90 0.035 190
DFQ
F 0.966 1 5492.00 0.000 928
B 0.978 6 608.80 0.002 622
w 0.989 9 57.73 0.052 370
GJ7Z F 0.990 3 1014.00 0.001 994
B 0.979 4 433.70 0.005 055

A FE Ay A AL 7E 397 min B U5 HHE i BR
LAY T uE T 1985 mL B W . S 75 &
£ 420 min(FH Y F L3 T 2 100 mL B 0EW ) &£ 4
37 FCHE R AR, DR A I AR RS B A TR
BiF 2o 2 v (660 min) H 55 5 1 0K 28 35 FHE T R AE
W& 6b Jr 7, B R 9802 H5e S 35 3] 0 B4R A 2 4
S HUfg I b B 28 4 A FH B Bk R B B 2
ELEE T2 Fe-LDHS Z RS HHE , HA L
A BB - AR A 2 AR AR DRI B A R 4 Y
W B BB T Y Fe-LDHGS BY B 1 58 4 o7 15 % Hb 4
K BT ES T8 4 AR R Hi AR OK ) 8 R AT Tp
i P R 2% 5 1R T A R R VR R S A AR X S
GIZIIR &8 5 3R A F W), Fe-
LDHS5 # kX GIZ #4519 3h & W 478 5 DFQ
POR AL . BT GIZ AR A 55 453 1 0 06 ok
AR, Bl 25 WL B S 1Y 2 O I [) R RE S B ] 34 A
BT 4E SR, LT AE W B R G AT e R, R
3 300 mL 3 U W A0 AT F 40 5 ¥ AE HE TR M LAY,
15 2 25 W BfE A9 BT 300 min 72 AR Y 3B U8 WY FE L B
e 2 W 2 R K AR E (1 mg/L #1°0.5 mg/L).
BEAN 28 38K 34 M B K Bh 7 I 1 2 3 il 26
5 Thomas #& 8 1 &, L5 98 Fe-LDHS5 3 78 A %}
Hep g EH WM % B K6 A4),
WESHINTRL =ARR DA FEN D FE
il 2k 00 G 19 AH OC &R B R T 0,96, BE 4 Hb i ik
Bl 25 W R o AR L X 3 W 4 R OA E 4L 4 10 [R] s g R

N2 N AN B BRI (Chen ez al., 2012; Khatibi-
kamal ez al., 2019) . [l B} , 7F YJQ Hi #4 /K 114 2 25
B A S 30 v 2k 5 B B 8 xR A A e R T
B 75 B 43 51 Sk 385.5 At 1 720 pg/g. X DFQ Hi #4
K Bl 25 52 06 45 R 0 LA T 5 S R A R R Y I
KRR E, o 128.9 i1 5 492 pg/g. N 3 41 H
FROK v B B WD 46 TR BCAIR, TE YTQ M BAOK 19 3 3
W B A S 6 T 0L 1 B T B 2 R 14.3 pg/g.
3 g5

(D ABEFE A BT 5 R4k 3B 8 7 26 + S Hook
PERRL  BLHE NO, i 2 2B & 5 - FLm R
I J2 (0 Bk B B 7 26 R0 3 b LI 7R Ak B i 4 )2
(A R B S - 8 L e MR 43 2 Ak B S Y T A
BHZR M PREIR R BTS R T HEZW
W R 398 7 A, B T2 IR] 5 7 G T f e AR

(2) 8k 50 B 1 6+ %t b 3ok b g 25 BR
PEBE B A, LA Uk 2, R BE N Y 2 B 2 dh AE
BF 25 7 1 52 e

(3)FAMRARIEZ G kLB & 72 + w3
P05 B T A Bty XS RO Y L BR A W R
R A R LA L R R DO R R
JCEGAE N FE R A R T i
YER S 0 50 00 L B3 0 B 32 0t

(4) L-K 4 B M 43 J2 hb B0 4k 3% B B+ 26
TR R XRD B RN L ERE &
S b A K b B P 3 B AR A TR B AR R/ B K
b 3 RE T B R A RE R I L 3 2 25 B b oK
t 2 R E 4B IR M B OK HE AR
Sy b BROK T e e S R T U0 S e AT Y O
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