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Abstract

In the context of thriving industrial development, the emission of bulk industrial solid waste con-
tinues to increase. As an important component, iron tailings have been actively researched for re-
source utilization. In order to achieve the ecological and low-energy utilization of iron tailings, a
process for producing functionalized porous composite materials from iron tailings has been estab-
lished. This process aims to meet the market demand for green, efficient, high-quality, high-value,
and large-scale utilization of industrial solid waste—iron tailings, thereby reducing environmental
pressure from industrial production and realizing the resource utilization of iron tailings. Using
iron tailings sand and sludge from a mine in Yishui as raw materials, porous ceramics were pre-
pared using a stirring-foaming-natural drying-high-temperature sintering method, microcrystal-
line glass was prepared using the sol-gel method, and precipitated silica was prepared using the
precipitation method. The study investigated the effects of factors such as raw material ratio, sin-
tering temperature, and acid leaching conditions on the preparation of composite materials. The
results showed that the optimal raw material ratio for preparing porous ceramics was 8 g of sludge,
26 mL of deionized water, 4 g of gelatin, 2 mL of foaming agent, and a small amount of sodium bicar-
bonate. The addition of a small amount of sodium bicarbonate during the ceramic preparation pro-
cess can enhance the hardness of porous ceramics. XRD analysis of the porous ceramics revealed
the presence of mullite, diopside, cordierite, wollastonite, and magnetite structures. Microcrystal-
line glass prepared by the sol-gel method exhibited a shell-like glass phase structure under a mi-
croscope, along with a small amount of prismatic crystal structures. This study provides a new de-
velopment approach for the ecological utilization of iron tailings and the realization of their re-
source utilization.
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B . BEE IR R SR, SRV A AEERE . SRR, #E 2020 4, REREV KFE
Lt 600 12 t, AR (5 LL R [3]. KEVIIAS RN R U7 ) AE BT IR A AR A
[4]. FRm ikl USRI S4k[5]. St & )m UL AR m P . SR A = U7 T o AL A
P KV B S — RSB &, AR GEAR[6]1EFI B RN R MK ST & e s
FEA Young [7]155 N RBLEBRRE AL BN SR T HEREE IR Z AL A, DR L AT AR B ks A 7= 7K g 2
Blo sk, EICRI R RIEARRGE K g, 7] DR AR Rk s KR 2] [8] il 4% 438 2 R 771)[9] [10]
PLA | & Z LR G pRE . R 2012 FEk BN SR H RN 7% [11], 1% 2020 £ 242 7F 4 33% [12]. &
RN BRI RS, EUmEE rmakit. — 0w, BERET RN, By RS
R BT, BRRAIEE— e e R, RO e e A e ) R R3], By, ARG
L 1) 4 R B AR T L S R K AR A T O NIR SR, R AR TR A4, X JE R PR A
I, fad NER[14]. (A2, BET A FHBARMAKTE, TiEA M H BBy A7 &E. B
AIVPE 7 K 2 R i AR AR YR I SR AR R S AT R AR, (R A s AR R,
SELLTZ N . BN T, SRR IR E LR @M R SRS IX IR g R S,
(R ARAIRTVE IS, BEIIEAG « AR 5 ZE I S E 48 B HEAE 5K [15] . BB PR ] . PRETI5 4 AR =1 [16]
& Bk, FHECTGE. SMINME. RIS IR S T, SO RN BHIRNE
GBS G A &, BONAR UL BBk A R 1) R B 2 H o

AT CLYT KA BB (R FIRE) M E R, B PRI - BT R - iRkt &2
FLFRRE, I R PR 12 1) 48 T e B LA S T V) 2% R B, T MK IR A2 A o = PR 2 5 T AT (7=
ZHERENL T BRI SR 2L ARG T2, 3T TR A FE IR AR ) e
R ARFER 70 30 b Rh A H I ORI, K X IR 338 5 G B B AR IS R AR, I
TR T B AR T TN TT . IR

2. SREMRTTE
2.1. KB

A S FR A T 11797 A S M 72 2 FE D AR -
2.2. IWITE

22.1. BF.EERFIF[L7]-[21]

(1) % 10% K05, B 10 g T kel hE] 200 mL BEpt b, ZZ18 N 90 mL /K, DA G 5
WL 2 W BN S A, TE — BUN M BB R, T R I AT

(2) il ZALHEREL. B 8 g RUEE] 50 mL Hebtth, A 26 mL LB 7/KEHERE, SRJEIMA 2 mL
B (AR, ARG B R PR A A 10 min, TRORIYSHE SIS, I 4 g WL, THEZ 60°C, Fi
10 min, IIADERIREN, HRREE BIAGEN AR, Fid .

(3) RN Z AL R KD BRQERIIAE SdEAT HAR T4, IR bt G FHDG B AN PR, AR
RS, Ja S 3kt AE 1000°C FRIBE, FIREGTRIG R M NN I E =T, B2 AME.

(4) XRD 73 #fr o #1520 2 FLFG BT o R, K CRE BB, A it B B f At b,
/NI R LIRS R A, SRS TR (0 38 R T3 XS AT SR B EAT I 5, R A SV 5°~80°,
FHE L 5°/min, 5512 fLIEEH XRD A

(5) TR E M. iR, BRI . SO R BRa IR B R i 18] 7 R 22 £L K & 1L RE
KEERZR . AFFEARIE SR ARSI A, R s AT A8 B AL KB E 5, 2
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Wi ) B U SR o SR ) AR R, AR IX S SR, 1330 2 PR R A B B AT RIICEL , R
Pt 2 fLI R A LR AR A AN IR e M

2.2.2. WEBIBAIHIE[22]-[24]

(1) FIRFERRR. HU 425 mL IRERRRBIBEA b, ke HE, F3 3 500 mL FEI, Peiksma M
Bebf, PR BRI, IUKBFRELEH 1 mol/L #3hE, #24): B 61 mL WRERER IR, sk
PidE, FRF| 250 mL AEES, HAhO7EEE b, B 10007 EHER, B

(2) MR1bBrA. W59 RBHMEJRI)IMANLER L mol/L FithiRE N E 2d 5l k. T4 N
B UE RRAK B[R] R FR AL IR FE A R AL B s, LRV A, FREX S5 g Re, AL &M IRR, EA FRE T it
FPAREI R 8 43 OB, AR a8 Wede S0, M= AR DUie m . A A Q) THE A %

X =[(my—m,)]-100% @)

Forr:

m, —— S5 R LRTER RN R, g

m, —— SR NS R AR RN IR E, g.

(3) #ll4 NaSiOs - HERIZHE M 1.4 g NaOH - 550°C NIk 50 min; KIkeseri)a, BEyAH, 2
200°C LA FJmzK 50 mL, 70°C R#iHE 30 min, 2 JE e #uid JE DU S NaoSiOs ¥ 145 5, 1521 NagSiOs i«

(4) WIS BIES. 7E 70°CF, [ Na SiOs N 10%H #5828 A st i, SRJ57E 70°C N &1k 6
h: F 5 IE4P7E 1000°CRIBE, BB,

(5) FHEHNESHT: ERTR ISR SRR, BRILAKIE. NaoSiOs % HEI A0 ] DL K be st i 5
FE R S B TR S M AP RE O B R . R4 NaoSiOs vt A, miR e Bl T REBRAN T K
FRE YR A 2 1 B, AR v AR RIS [ 7] g 5 B0 0 BE A AR BB AR IS I o B A 41 T i IX L S,
AT LASRASHA 0 7 P R IR T BB A

2.2.3. BREAIHIF[25]-[27]

(1) [ 2.2.2 H3(1)~(3)15 ] NasSiOs 1 -

(2) #14% 20% NaCl ¥ HL 20 g [E1& NaCl £ 200 mL B, o 80 mL £ 1 /K 1k 2 [ 4 4
i, 193] 20% NaCl ¥ .

(3) il IR B, K NapSiOs Wl E — BN RS, I 7 mL 20% NaCl ¥, $RJ57E 70°C R LA
0.4~0.7 mL/min [ FES2 M2 N 10%h 2, % pH {H1E 8~9 M I 4% 1k, W] LIS BIEAER ZURTTIE;
R 0.5 h, BB YO — B [ DMEE RISl 08, 258t digs 2iie, RS KT KB,
HERGBIGHROEY, AP ERR; HoTeBHEM T, BRaRE.

(4) EBHEESN: AR BHIZITFREAR, poH (R R 5] 25 41 A 5 5k ik 35 5 45 F A i ) 3 22
DR o FETIN ER RIS , 7P J2 ) Il B R pH (B, DLIBE 4 5 30 1ok R 5 B e 5 i I AN 500 38 Y
(R A BT S5 40 iR e R s (K, (E K O BAR A B 8] BT 8 5 BOBURL 1 5 o IR R AE i 4
AW, A AR B T2

gr b, IR - BAATE - SRR AER R 2R, W - BRI A R BaE, DU
VEILH % R, BRONE, SEBU R R I B IR AR o

3. %R 5118
3.1. ERAIEBEHMER
DL RRD . RBIR AR, M5 B AR, SR LR Bk Fe 4558, BABERE

DOI: 10.12677/aep.2024.146160 1260 N RI R Y


https://doi.org/10.12677/aep.2024.146160

TR FII 5E o
3.1.1. EKEFERNE
w7 1 s, RBRMEIKZE N 4.5478%; R &K% K 15.371%.

Table 1. Determination of moisture content in tailings/mud
= 1. BWIRREEKEMNE

ZH 5] HERT(Q) 5 (9) JIKE(g) FIKE (%)
e 50.13 47.8502 2.2798 4.5478%
Feike 50.11 42.4076 7.7024 15.371%

VTR RS AR Ve I 52 A SiO2. FeO. AlOs. CaO. MgO Jz Na,O 5, X Ay H S H Tl
#ZALBR . WO BB 5 R T AT RE
R M I AL R I 2.

Table 2. Mineral composition analysis of tailings and tailings mud (%)

2. BW MR L 5 (%)

2R SiO2 FeO Al203 CaO MgO Na20 HAth
b 60.919 20.623 1.58 3.268 9.348 2.128 2.134
=2 61.265 17.28 1.185 3.182 12.927 2.072 2.089

3.1.2. HiRGER S

BURRD . FRVEEERE 150 g, A8 FIRGENL S I E 1A 1 2A RREIRL IR T RSk 2, seib s R
% 3 fim. R EW MRS BN 2.31%, RIRTHIMEE S EN 0.14%. RIEHELS BT UEH, 16
2A HESHHIR T, VRN RIRHEE 5 Lk = e 3 B B4, X R 2A Wi FIRAHIR T 1A W% i RE
AR B 2 R . RIS, FEAHFIRGE IR T, R IRGE S R BT RV, KRR
A B S R B e R R BSOR A RE  . HE— DI A AT ARR S AN TR R R AN R VR R i I REYE AT 4
RS R,  CA AR % o FE IR i Rk T

Table 3. Experimental results of magnetic separation of tailings/tailings mud
3. BW/IRRHHASLIER

453 FEARBRE(Q) WAL BABKBUEN(Q)  WARKR(THE)  MAETURGRE) WA FARFR(Q)

b1 150.65 1A 0.65 0.47% 0.433% 139.04
b 2 150.00 2A 3.47 2.45% 2.31% 138.17
Rk 1 150.55 1A 0.09 0.07% 0.06% 125.84
Bk 2 150.54 2A 0.21 0.17% 0.14% 126.05

3.1.3. REESH

FREXZ) 19 3R, K1 0.0001g, BT O REE ST, KR E T L, BIED BN
RIETFURIZH T =R, 78 950~1000°C FI%E 15~20 min, HUEIHIRE T T TANE SR, KE.
LER WA 4, RWANBKE 0.54%, R AR E 0.58%.
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Table 4. Result of loss on ignition of tailings/mud
F 4 BWIRRREEER

i + W R + WRE RKPRCEAT) BOREOHE

FE i Hm L mRE THRKERE
" @ wne @@ @ M@ R
w1 21.9627 22.9695 22.9641 1.0068 1.0014 0.5364% 0.54%
Fewb 2 21.9615 23.9597 23.9487 1.9982 1.9872 0.5505% >
Bk 1 19.8943 20.8986 20.8946 1.0043 1.0003 0.3983% 0.58%
Bk 2 19.8925 21.9383 21.9228 2.0458 2.0303 0.7576% e
3.2. ZIMEMNFIE
3.2.1. BARRYE MM
FERCHS AR RN, AT DUERRLEE 5 s, AN [ 2 B R ) S B e BL DL 262 5.
Table 5. Experimental ratios of gelatin with different contents
5. TRIE =M
s Ry FEFIK/mL RIBFHImL H /g RS R BERE R /min
1 8 28 2 2 5 135
2 8 26 2 4 10 40
3 8 24 2 6 15 30

&) (b) (©)

Figure 1. (a) A slurry made from 5% gelatin; (b) A slurry made from 10% gelatin; (c) Slurry made from 15% gelatin
1. (a) S%EARRFITSHIIRAL; (b) L0%PARHIISHIREE; (o) 15%BARFISRIR AL

IR 5 SLIRICLE 2 P 1 mTRL, 45 1 FTAnBARER A, AR/ N B2, SROBHEE [ sl 2R I ]
G5 3 ITINMIIR 2, AR ARCRVE MR, A RIISRDE I, PRk K H 2 %i's 2 Frinilik 60°C
RGBT B AR, BRI E N S . P LR 5 2 RS R IR RCEE.

3.2.2. NaHCO3 B9 §2 0

—IFaat & 2 FLB R, 153000 2 FLM & S AR, A SRR, WK 2(a), (B S0 G I 2 FLM %
A LLE B 5 KEFLEREE M, WL 2(b); G4t 7t e 2 TR S 2 I A 1) NapO & & AKME, Frblik
B/ NaHCOs, Firsii R AR ME NapO,  DLHRE i il 4% 0 22 FL M S O R 2
3.2.3. RHEIBRERIFIT

AL 2 B R SL/E 850°CF1 1000°C T e, #3EIFE . 850°C NS R = ER /&M, Wil 2(c);
1000°C FFEMEAL, B3I ZALM%, Wik 2(d).
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(a) ® (©) d

Figure 2. (a) Extremely brittle porous ceramics; (b) Enlarged image of porous ceramics with brittle texture; (c) Samples ob-
tained by sintering at 850°C; (d) Sample obtained by sintering at 1000°C
2.(a) BRI ZILIAE; (b) BN ZFLIERKERIER; (c)850 CIRAFEIMIEM; (d) 1000 CHRLESE
oL =R
3.2.4. XDR 4

PR EDT R P IS, A X S 2R AT S BOMR AT S5k 20 Hr s oA el 5°~80°, 13
FH# E 5°/min.

Z LM% XRD B, UL 3.

50

. *-mullite
+-omphacite
4 -nepheline
o o _kilchoanite
A-maghemite
3 30 8
g
= IS
2 20
£
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|
di
0

2 Theta(®)

Figure 3. XRD pattern of porous ceramics

3. ZFLBBEHR XRD

HER R, ZIMET R RA . S0 A . E A BT EER KWL SR 45H . 20 = 26.236°. 40.884°
B, NERA (mullite), ATEZA18(2 10). (12 1); 20 = 30.001°0F, J&#E £ (omphacite), &b A(-2 2
1); 20=29.484°IF, NFE A (nepheline), @b N(202); 20 =31.137°HF, N&IJTHESS 4 (kilchoanite), i
H(116); 20=235.630"IF, AWLAREH" (maghemite), A3 11).

325 ZIMERMLEH

Figure 4. Microstructure of Porous Ceramic Surface

E 4. ZiRERTDNEHEN

DOI: 10.12677/aep.2024.146160 1263 IR R AT IR


https://doi.org/10.12677/aep.2024.146160

TR %

AL R RSP 4. HIEATR, AT SR U0 NapO AR R T, 38 n] LU B/ ) ALEH -

3.3. WMBFHBEEIZ

331 BRROFMERRK I

(1) BRI SET WRHR Bk 2% ) R M)

HIZ253CHR (VR - il s Bk R T BB RO ) S, HE A5 FeO SR, BRE L AT LA
B2, AR NGERNE, ARAT. R IR WER KRR RIS FeO N, 5 SiOp AN . (HABTIRIR
BT T, HEREA T WIR 5 s BN ZANA, VR RIS S RN RN A A
SN, AR TR SR AEI 7 HIGT), T LA SRR Bk R HEAT FR AL A B

(2) BRI 18] B R AR FE X R AL R 52 i)

XEFRRACER AR B RE, 2 B 8 e ML N [ A1 5 Iz it JEE X PR A R SR (320

12 - . -
@ R UEFelf ¥t %/% 3 (b) @ E%Feﬂ‘]%ﬂj$/{:
11 X
= =~
M Mo
H7 =
% | !
= ="
¥ | |
Nl
6710 12 14 16 18 20 60 80 100 120
B ) /d 18] (min)

Figure 5. (a) The dissolution rate of Fe element at different acid leaching times at room temperature; (b) Dissolution

rate of Fe element at different heating times under 100°C heating conditions
5.(a) BET, FREERATIE Fe TRIALE; (b) 100CMAFMT, TEMMARIE Fe TRAFLE

5 ATLAEH, HIEAINREE N RNV K, Fe (ARG HERA R RV M n# sk
TR NBEFR L R AT S SRR, E R SRR NS R A AR AN B, i (e, SRERIE R
SMRTT R I IR, RN T R, R TR KA EE, RAWERAMET, BRR
2d HHATRR A0 EE . B IR 2d IR, Fe MIVEHIZIE 4.17%; RIEWIR 2d FIR, Fe IV H %2 11.39%.

FAb G DRI N K A, RRVRLERCR, WK 6.

(@ (®

Figure 6. (a) Acidized tailings; (b) Acidized tail mud
6. (a) RILERIER; (b) BRILEHER
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3.3.2.NaOH (Y E
TSR R, Jb NaOH [ &, ASSaG - BLHE i kIR AN 3 A2 A REBRANVA T, 45 Tl
PP K AR B . FTLAERIRE NN 1.4 g NaOH, SRJ57E 550°C R 4J%% 50 min, 53R LK 7.

(2) (®)

Figure 7. (a) After acid leaching tailings and burning with NaOH; (b) After acid leaching tail mud and
NaOH sodium hydroxide incineration
B 7. (a) BRIRERVIN NaOH ¥kef5; (b) BRIZENEI NaOH SR LMK

3.3.3. & Na:SiOs i& ik

F IR N NaOH Jkese i fa, BEH A1, #]200°C BL EmsK 50 mL, 70°C RHiiH: 30 min, Z /5
Pt g, 155 NaSiOs VAW, AT (3% B4 « NapSiOs W RIS BN 5 T B o B 4 (A, 2 Ry NaOH
&S H AR R T R

3.3.4. MWRBEHIEER

H NapSiOsz VARAE 70°C NN 10064 #h R 22 AL Ukt AS , SR J54E 70°C &4k 6 h; H 53k £ 1000°C
Yk, HERBLE

S AR A B 0 £ BB I B s M ] 8.

Figure 8. The microstructure of the prepared glass

El 8. H&SERIINBH E ML

HiP 8 RT LA Hh ] o ORIV B AT DL SSIR I B Es 1, A/ DB SR EE g, WAL, arbln
KhEafimf Ia], A6 B Ay s 7
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3.4. BREBHTIE
il £ Na SiOs i 1) 77 ¥5 W, 3.3.1~3.3.3,

3.4.1. BWRFERERR
¥ NaoSiOs 7AW % B — B a5, NN 7 mL 20% NaCl 3%, 4RJ57E 70°C R LA 0.4~0.7 mL/min {38
P A% N 10%£5 /R, & pH {1 8~9 MIVE IR {515, wT LIS BIARIEIR ZURyTiE, Wik 9.

Figure 9. Flocculation
9. BRITIE

W ERZRUOE HIRPR 0.5, ZJE@d A BT, B FKIATKEE, BeEAm: Kl
RAERAR P, 2R B
3.4.2. HRBENHEER

DUEIER & FUR 2, SRR RS, e AR BATRLEEER, WL 10(a), B T ERE
DL 10(b) o WURBRAGISS TR] . pH B« 0 SO R T8 230 45 SR 00 SR A AN RF & 2K, B Z A3 B HA ™ i o aniRik
WK, 2558 BIBRLER = i, R, WFE 10(c); W THE s, BHERIRERIEHNM 5, W
& 10(d).

© @

Figure 10. (a) White carbon black; (b) The microstructure of white carbon black; (c) Samples with
large particle size; (d) Silicone samples
10. () BR&RE; (b)) BREBHEMEEH; (0) FMARKHIHR; (d) EREOHR
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NSRRI S ARRERERI I, TR BERT H & DL 2 LR GBI T Z, B Tl
WIRIR TN - BREA 2kt R M. AfE. MR a oK, ASERE il - ART
W - wE b LA T 2 LR, VIR - BRI A T RO, DURTIEARIA AR R . XA B
AR5 S RO 1R IR, R SO BAT S B 7 i, SEBIL T Bk (e 2k
FIH o I s T PR B LT 4518

(1) 3o JEORHAC LR FRI BT T AT LAAS 20 i) 46 22 FL R B K e (R JEURHEC B O R 8 9o 77K 26 mL. H]
2 49 ARG 2 mL K/ BERIR A . A ) 25 F B I N/ B BRI SV T LA i 2 LR R A

(2) xifil s B2 FLF R XRD oAl M SR A S0 B ROTESEEA RBRe 5
i .

(3) BRIZBRACIS, MSLIGHEREAN SIS B 5 125 FE R IR 2 d AT R IRIZ PR A AL 2E

(4) N T SERIATEE, S AN B, AR SRS T BB BCHIEEON 3 2 IR NI i
WO S FUR R o AR - BRI ) A PR T B SR AT T DAY B DLSER (1 S A S5 4 »
D EBAR RS .

(5) I YTIEVERI w8 TR AR FIR R, 8 R I EAL IR SC U0 2 PR EOR, 1 0 27 AR B R i
UNEITE

(6) AW FCIBI KR SLIHIE T RAEM R LA T2 S5, B TR M, (5361 & M2 FL0
B PSR BOR AT R SRAEVERE L IIE R TRGRUKT, ARk TRl DRt 2 LR SR At
YRR R o

(7) FLG BN A BT AT AR REAE PR e ), ok 2R i5 G ARARTS 3L . AT FER B0 2E
PR, BRI - BT - mRRAEA . T - BURE AR, R TIMET AR REOR, fE
% 25 PR A P i R P R REAE AN S B, FF SR R B

(8) AWEFTHIFHI IR Z LR G EAT 2 BN AT AT 5, W02 SLM REmT - 30 30k AL
AU OB B AT TR et TS ARSI TR R SRR X
M7 RER, VBRI RUBLA SR 0E 1 R T 2 18]

4.2. RE
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