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Abstract

The layered double oxides and modified Hangjin Attapulgite clay composite (LDO-Clay) were pre-
pared by in-situ co-precipitation-calcination method, using oxalic acid and hydrochloric acid aci-
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dified Hangjin attapulgite and its acid leaching wastewater as the main raw materials. The pre-
ferred raw materials are oxalic acid leaching wastewater and hydrochloric acid acidified clay, then
the LDO-Clay composites with different LDO amounts were prepared. The characterization results
showed that LDO and Clay were uniformly compounded. The effects of LDO amount and dosage on
the adsorption performance of LDO-Clay composites were studied. The results showed that 50%
LDO-Clay had the best adsorption performance, and the optimal dosage was 0.2 g. The removal ef-
ficiency of F- solution with the initial concentration of 10 mg/L was 70%.
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1. 3]

W NREMED DA ME TR —, (AIRAHKPRIR S i, Ssm A1), TP BRI
BRI BAE T RO, | T IROHKBR[2]. KA, SRR 2R E R E A
(Layered Double Hydroxide, LDH) B4 JZ M A6 # 20 BT i« 2 18] BA B 1 B9 1 A] 38 4 AUMURR 1) 5 44 10 12 2808
SR, R B R I B ARRI3]

PUER MY R e S IR X R R VRV, R JE A K bl 2 i ARURN B = L
ZEH, AR B TR B A ) A SRR R B R[4, 9T R TR K A BERR AR (5] 7S O B R R S A L G
FL6]o SRT, BRCCIEBUAR MR e R b 2 A KRR, Horh & K& Ca™'s Mg™. APl Fe**
54 )8 BT o VTR A AR USRI P A A3 DR 1 1 AR o 8 WF 7 38 SR P A R R 6 1 IR YR ) 4% LDH,
I EEA RS H T RBRYRR Cu® [7].

DR BUER I e A A R I BRI A, AR ST DA TR AN R R T8 A U T o7 e 8 1 S LR
PN B JEORE, JE I R A LT 4 LDH-SOM AR M R B £ 52 & 0(LDH-Clay), 4 400°CK5%%,
SRAFH B 428 B A -Clay E 4 9)(LDO-Clay) I+ 25 Bk FH 1088

2. HRIFNTTIE
2.1 ®F

KIS N T El, BT HCo0, (RETHDERE R EA IR A F); NaOH(R T &b T4
BRAT); NaCOs (Lighlfi T AR IR AF); WREEFR (KA TR 2 A IR A F]); MgCl,-6H,0.
TN pidk = IR (CLHBIN, CTAB). AN BT HL T AU RHECA PR A ) s TE/K ZLEF(CHsOH,
KA FEA TAH R A F).

2.2. HEREIE

SCHRBIF 7T [8] A0 A 1 R ZH 1T A R SR [9]128 B, 1 mol/L BERVE TR AN 3 mol/L R FRVA TR N K ARE: T b i 1
BRI, EPE AT N BRI R T i — B b TR, BRI, AR 1 mol/L EESIAA 3 mol/L hER A
WO DU PR R L AT IR AL . TEFTTRIRIZ I P NN — 2 & MgCl,-6H,0, f#iAH 48 B 7R

][l
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M?/M** = 3:1 (ICP-MS Jll5E). F b EhRRIRIZ IR W AE AL P AT AU E I NaOH 3L pH = 1.0, S5HIRER K
W pH ARBL. DL E A B A R BERR R SRR BRIV R A AR 10 OW A HW. & X RiRILE L& 2 ik
K E BER Y, 80°CT IR, rlbridy O-Clay A1 H-Clay.

K JE AT S PUIE ) % LDO-Clay. 1. 235 AR 2 fl S [10] il 4 P R R A 286 - Bl . 2. il %%
LDO-Clay E&%: 5 AR RAEE LIRS IR K 4 & 25 TR %T LDO-Clay &2 & VIR RERI R, 4%
LDH Hig #5445 20 wtdo, Zulk bl BRI - 5 PRI ERRIEAT 2 &, 3/43 4 i LDO-Clay E&4).
AP 1) FRE— % & NaOH Ml Na,CO; fit #1] 3.0 mol/L NaOH F1 1.4 mol/LNa,COs J& & HiiA i »
it S1. BURIZ KW OW Bk HW 15 mL, ic A S2. 2) Kb 1 Frf3 iRtk b+ Bl 30°CK it e, A
RN S1 AT S2, pH RFFAE 11 A2 4y o A5 BB R e 82 2K U N S, 110°C difk 12 he FARRED,
B KEE BIER A E. KBTS LDH-Clay &% 80°CH /il &%, 400CH:H% 4 h, B3 LDO-Clay &
EW PRI S WA 1 FR . 1% 2.4 FiRTTiENAR 4 Fp LDO-Clay H &4 kr s RE (K 1), &5 R R W] 20%
LDO-Clay MEfefflt. 3) TEUtIEA -, NS LDO B X AW mIERE s, RAHAMFDE, L
H-Clay J# 4k, 1878 OW A &2 514 3 mL. 8 mL i1 35 mL, #l#% A~[A LDO 24 &) LDO-Clay & &4,
Fric A 5% LDO-Clay. 10% LDO-Clay #1 50% LDO-Clay. 4) ¥+ 3% 1 i3 Ehm v &+ Bk 4 -
Wb PRk TR BERE 715 B ol B 2 O FEFE S, ARid S CTAB-H-Clay-400.

Table 1. Number of 20 wt% LDO-Clay
%% 1. 20 wt% LDO-Clay 475

ow HW
O-Clay 20% O-LDO-O-Clay 20% H-LDO-O-Clay
H-Clay 20% LDO-Clay 20% H-LDO-H-Clay

2.3. HmiERIE

K HUEARR & S5 B TAA TS 7 T (ICP-MS,  SEEZEER /KRB AR A 7], ICAP RQ)/MTE &+
SIRETEE. RAZH X HELATHX(XRD, HAH kR 24 RegaKu Uitima IV) 7 #E St 4, Cu
B, ThE 40 KV, JeUEIEK 0.1540 nm, FHHEHESE 8°/min, JulH 5°~80°. FIF ZEISS Sigma500 37 & Ht 474
FL R AUBE (SEM) S BUFE dt B3 70 i . R X B 406 T RE1E (XPS, Thermo Scientific K-Alpha)idt 4T 2 i
TLR NS ZEIRET /4T

2.4. BRI SLIS

TR R EL 25.0 mL 10 mg/L 360 T ArEs T8 RHI . pH =8, A 0.05 g £, 25 CIHIEIRY 4 h,
BB, K FH B T B H AN 8 B TR (LB TR G PHSJ-3F B8 T-it, PHSJ-3F 2 Tk B Habl) .
ST BB qe(mg/g) R B R(%) 55 12 A (1) AN (2) s [11] -

C,-C. )V
q (oGl M
m
c,-C
R%:( °C e)xloo% )

0

Hr, CoMREFHEE FHIMEIKE(M/L); CAVREE F PR E(mg/L); V RIEBAAFI(L): m NS A
#(9)-
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3. ERE5VHL
3.1. ERMid

# 1 41 4 F 20 wt% LDO-Clay E- &9 B tERext tbn &l 1 ffras. eI 1 nl WL, 2730 AR R R AL
+, BLOW &)@ & IR & S A B R R A T DL HW &)@ B TR G & a0 M IR 1
BLEE, R e H-Clay 4 2 G208k Rt T H etk O-Clay il & & 44 . 20% LDO-Clay kR
SME A B X AT AE S H-Clay B BK M HLR IR OW & Ca> /b M T4 | CaCOs I A
Ko UL AFEERIRIZ W OW FERER IR 1k + H-Clay JJE R £ A [F] LDO #5244 & 1) LDO-Clay &%), &
TEFC P BRAC 2 TR 5T FEBR P RE . s R 3 A Bl ) R
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Figure 1. Effect of acidified clay and acid leaching wastewater on the fluoride removal performance of the composites
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Figure 2. XRD patterns of samples
2. #dm#y XRD [E
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2 NFESL XRD & . KR[F LDO 24 & LDO-Clay HIFFAEATS 16 5 ek 45 + CTAB-H-Clay-400
—5, RWERB S EENY, W MgO IIRFEATHIE. HRIE 1ICP 455 (GE 2) T HER & )8 & 1 & B s,
TG RAN AT ETRE

Table 2. Metal ion content of samples

z2 HmNERBTRE

Wt
Samples
Ca? Mg®* AR Fe**
5% LDO-Clay n.d. 2.88 0.73 0.83
10% LDO-Clay n.d. 8.10 1.48 1.78
20% LDO-Clay n.d. 11.89 2.41 2.81
50% LDO-Clay n.d. 16.96 3.71 4.70

By ICP-MS, n.d. Not detected.

3 NFENF) SEM B1% . E&%(50% LDO-Clay) B & vl WA ST IAEER F 2 TESR, £ LDO 5
Clay #1218 4.

« "16 > %4 i W -
300 nm EHT=10.00 kV Signal A = inLens Date: 26 Jan 2024
WD = 4.8 mm Mag= 100.00K X Time: 7:17:46
Figure 3. SEM of 50% LDO-Clay
3. #mey SEM [

B 4 AFEMBIE 2 HE XPS g . I, SoitSi L CTAB-H-Clay-400 AHLL, Si 2p &R E
A%, Mg 1s 5 & A B 2 T, B35 44 LDO £ 1 Mg-O 5kt 3+ % 1 Si-O [a) A] AEAAAE B T T 1%,
M= AEF EAE R . HAN TR SRR, MR RH.
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Figure 4. High-resolution scanning XPS spectra of samples
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Figure 5. The defluorination performance of the samples
B 5. #EmAYBREIMERE

4.2. BRSFTIHN 2B

H1 141 6 7] )L, 50% LDO-Clay #5115 M 0.05 g 34 n$1 0.5 g, =25 Tt & M 1.78 mg/g % £ 0.41 mg/g,
ST E PR 35.14% %2 1 3] 82.60%. X T EL 2 PR AR i B0 RG0S L R T BT s 22, TR
PRIEE, (EURE N A 5 R IR TR D, SRS PR E RO T R, &5E
&, 50% LDO-Clay s fE# &N 0.2 g, BRHZ 70.00%, ~Fi i 0.89 mg/g.
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Figure 6. Effect of different dosage on the defluorination performance of sample
6. BREFIZINE X HE PR E 1 HE R0

¥ LDO-Clay &, Ff S RALAER L REN S5 KR W], b #1511 LDO-Clay £&4), HPFA
oy AT REAEAE A AR A, Horp LDO EEUR RN, BRAFRBE LDO 5 4% & 19 K11 i . 50% LDO-Clay
FrRamtEREfeE, AR 029, XA 10 mo/L () F I HIIRR 3N 70%.
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