5% 53 &5 5 W JiE SO > B < N Vol. 53, No.5

I

2025 % 5 A JOURNAL OF THE CHINESE CERAMIC SOCIETY May, 2025

http://www.gxyb.cbpt.cnki.net DOI: 10.14062/j.issn.0454-5648.20240797

T AP RE Y J R IRS Zn® I B A e

oML E R, OEAT auR FENT FEES TR

(1. ZMF TR RIRIES TSR, 22N 7300505 2. LA GERBIIEE, LB 110027,
3. Wi REREARAR, Hlt AR 730600)

OB ARSI ESR IS KA EAT I EAT W 0SS 1, DA oA SRR 5 TR A AR, B TSR Zn®t
(I B AR LR AP B, TR S “ DURIRIR” M H 8. 45 SRR W] il 3 b 5 S A0t Zn™" A9V B 55 I A0V A0 G AR P Py 384
KIMGHEAR, 24 Zo> VEBHTAEIRE A 200 me/L I, ~PHTH FR 2RI B 840 590 98.07%1 196.14 mg/g. W 5h 1240 LR W
PR L R SRS I I Zn® R R A v R ) ) A R Langmuir AR, J8 T b2 B IR B o o e A 5 SR A Nt Zn®t
(IR B DA S e o, ORI 2 kAR RE H RS RRIEAT ARVRE S Bt 25 Zn® T SEEAE AR B o RS 13k Zn® (R 2R A
VIR SRR N 45.52%, 2ot 2 URWR ARG IR, Xt Zn® B B AT REIA 5] 56.83%, RBAE AL R ARG R
HIDEIAF A 1 RE

KR S HTUREY; BT W R
MESES: TQ424; X703  NHKIFERD: A XEHS: 0454-5648(2025)05-1078-10
4% AR AT ). 2025-03-26

AER, BEHEERE . 4. mESFLi R JRRICT I zoL ¥l PYL oL cd
PR, T KESHNESBRE TR, f  NiTLCo™ SFR & Jm B IR AR, B )
NFMERERIR BT 2 A 7 e . WU DA iE A e 0 O IR, B AT R I e iR
H AT &5 o B oK Bl Bk —, % HFEREMZ IR EarEU SR R R A
SR B TR RIS R, BB, g DREKREEMESE Zn® LRME 55t
RO KRR ADE . R AW eI LT IR TR R I FUOR &5 B
BERPRL dI& TR, Rk, AR B EMRSUR SRR Lin 25U
B TR PO, S ES RIS R AR Zn R NG RO 43

AT SR ILH T bR fe f) S FE 7 A0AN E A 145.43 mg/g F1 69.97 mg/g.
b5 5 — 2K e B A DY T AR AT SR D 1 4 R FH e A ) 6 1 5 2R Rt B < T R

VIR IO T BTG = B bRl , % BB B s PRS2 W B 76 55 48 B A WL B 2 ]
BT R, RO, gl Eppas R 3K 0% b, E R ST R A B 2 A
BET KRR, BREERTER. £ BARIENE. ko, BUG T B 5
FEKYE. BERSERSTMR, BRI RS, A ST S R BT R WL AR T T, T
T A 1] 6 R TR R B e Ak B 4 R VS K SO B I T i R 0 PR R MR B 0 A A
RS E S S AL S R R AR R —, A FISRIERD . Jin ORI R IR (BR ) K N REAT
EE CLURIRIE” 1 H e, R, ARTRZE K 16.4%; Tang Z52UF|H EDTA-2Na

PTAESR, BRI RFIAERSE. s+ W% P>, VIR N 62.0%, WA RN
YRR S SRR T 4% T AR R B R B S TR 51%: Yan ZFPTBL 5%[) NaCl AR AR,

YRS : 2024-12-13. IBITHB: 2025-01-03. Received date: 2024-12-13. Revised date: 2025-01-03.
HEATIH: HAE L H (024QB-023); 8+ J5 Fl 25 First author: CHEN Qiao (1993-), male, Ph.D., Associate Professor.
4:(2022MD723861); 22 M HE T K 22 4T W4k 75 2 4F A A 2 5 E-mail: chengiao@]lut.edu.cn
111 (No.062406) .
B—fEE: B K993, B, M, Bl



HS3ESE S

Wi W S5 mlp ks R St Zn® iR B A AR

- 1079 -

W T3 AN AR KL M 5 SR S IAE IR ] 3
BT, WRBf 2R 49.28%. 25 LATR, HRTMUA D4
S o 4t o R A R R ) A PR A P P AT
THIDRTT, AER] H < 8 A WA LA R F 7T i A
RN DI, A TTAR DL il o JEURH ) 46 Ui 6
W B AL S TR S LT 2o AR B BE R AR FIALAR
FEUARS R AR, % Zn® AR LA Kb 5 5%
EOFIRIEAME IR RS B AAE ST SE
5 SR VR B/, Zn® TR PR AR L, B b R
RE VIR RLEE, 9ih e BRI s e
R PR 25 B T < R 18 1 PR K S 5 A B i 3 T S

wIR S,

1.1 E#

P R R R SN (i

ally, NIKE B T al) AR IR (B U & &N
66.5%) A~ H 2B AL =X IR A T A, FEE IR
(B RS & BN 30.0%) 4 1132 78 MR AE b RHE: B
MAERAF L. FIH X $L56 815 ZSX
Primus [1 03030429, H Ay il /&y b v 1) 32 EL4A UL
W, SRWME 1 FTE o Er i s R
TCRATER T, SREY Si0, M ALO; i &
BRI 34.21%F0 16.67%.

EE L) X S ERATH T R W 1 R
B 1AL, fE 25°~35°X [A] N AELE 1 DN IREURIRT

S e, T P v O A O A A TR E T A
(B

] FH IO B A (BT-9300H) 73 A1 4H B ) e v
RS Zr A, 25 SR 2 Bios. 4HES Ja s ks
BEBHARLE 10~100 pm 2 8], 483K T IR
WAL, AR T 1R RS

x1 SHRENEUFERS

Table 1 Chemical composition of the blast furnace slag

w/%

CaO SiO, A1,03 MgO

F6203

TiO, SO; MnO Other

43.67 29.90 17.03 5.25

1.06

1.05 0.84 0.77 0.43

W is mass fraction.
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Fig. 1 XRD pattern of blast furnace slag
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Fig. 2 Particle size distribution curves of blast furnace slag
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3% 2 BFSGP 3 Zn™ By M = FORHEL 1T BFSGP IR E
Table 2  Adsorption rate of Zn’>" by BESGP and desorption rate of BFSGP by nitric acid
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Extended Abstract

Introduction Adsorption is one of the most effective heavy metal ion treatment techniques available. Common heavy metal ion
adsorbents include activated carbon, chitosan, cellulose and natural zeolite. Geopolymers, as a new type of adsorbent material, show
great potential and value for application in the field of zinc-containing heavy metal wastewater treatment. Blast furnace slag is a type
of bulk solid waste in the metallurgical industry, and the current high value utilisation rate is low. The use of blast furnace slag to
prepare geopolymer adsorbent materials to treat heavy metal wastewater is one of the effective ways to realise the comprehensive
utilisation of blast furnace slag in a high value way, which can achieve the purpose of ‘waste for waste’. At present, the related
research mainly focuses on the adsorption mechanism and adsorption effect of geopolymers on heavy metal ions, while less attention
has been paid to the desorption of heavy metal ions after adsorption and the recycling of geopolymers, and only a few scholars have
carried out preliminary explorations by using inorganic acid, EDTA-2Na, and NaCl solution as desorbing agents. In this study, the
geopolymer adsorbent material was prepared from blast furnace slag to investigate its adsorption performance and mechanism of
action on zinc Zn*', and nitric acid was used as a resolving agent to investigate the desorption effect of Zn>" and the recycling
performance of geopolymer adsorbent, which is of great guiding significance for the high value-added utilisation of metallurgical
solid wastes and the treatment of zinc-containing heavy metal ion wastewater.

Methods Determination of major oxides and their contents in blast furnace slag using XRF. Particle size distribution of finely
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ground blast furnace slag was analysed using a laser particle size meter. Analysis of the crystalline phase structure of blast furnace
slag and geopolymers using XRD. The specific surface area of the geopolymer and its pore size were characterised using BET. The
concentration of Zn>" in solution was detected by ICP. SEM-EDS was used to analyse the crystalline structure, micro-morphology
and compositional distribution of the geopolymer before and after adsorption. Kinetic analysis of geopolymers using quasi-primary
and quasi-secondary kinetic models. Adsorption isotherms were simulated for geopolymers using the Langmuir adsorption isotherm
model and the Freundlich adsorption isotherm model.

Results and discussion The surface and interior of geopolymers based on blast furnace slag (BFSGP) contains a large number of
pore structures, which are favourable for the migration of Zn”" in the solution, and at the same time increase the adsorption sites, thus
effectively improving the adsorption capacity and adsorption efficiency of BFSGP. The N, adsorption and desorption isothermal
curves and pore size distribution curves of BESGP indicate that BFSGP is a typical mesoporous structure. The adsorption of Zn>* by
BFSGP increased significantly with the increase in the initial ion concentration of the solution. The adsorption process of BFSGP
followed the quasi-secondary kinetic model and the Langmuir model, thus indicating that the adsorption process of BFSGP was
dominated by chemisorption, and its adsorption process was strongly influenced by the chemical reaction between BESGP and Zn*",
and at the same time conformed to the characteristics of the monomolecular layer adsorption.

In the desorption experiments, within the first 20 min, nitric acid rapidly enters into the pores of the adsorbent and acts to break
the chemical bond between Zn** and BFSGP, and the desorption rate is fast. The desorption rate decreases as the readily desorbed
Zn*" decreases. Despite the loss of some active adsorption sites due to chemical bonding and AI** leaching during the cyclic
adsorption-desorption process, BESGP still maintains good adsorption performance for Zn>*, which provides a new idea for the
recycling of BFSGP as well as for the recovery of geopolymer-loaded heavy metals by the pickling method.

Conclusions The adsorption of Zn* by BFSGP increased with the initial concentration of the solution. When the initial ion
concentration was 200 mg/L, the adsorption amount and adsorption rate of Zn?* by BFSGP were 196.14 mg/g and 98.07%,
respectively. The adsorption of Zn** by BFSGP is in accordance with the quasi-secondary kinetic model and Langmuir model and is a
chemical monolayer adsorption. BFSGP showed better adsorption performance in cyclic adsorption-desorption experiments, the first
desorption rate of nitric acid was 45.52%, and after two cyclic adsorption-desorption cycles, the adsorption rate of BFSGP on Zn**
was still up to 56.83%.

Keywords blast furnace slag; geopolymers; zinc ion; adsorption; desorption



