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Abstract

Raw particles were prepared via granulation process from steel slag and bauxite tailing, and por-
ous ceramics were prepared after mould and sintering from the particles. Effect of sintering tem-
perature on the apparent porosity and bending strength of porous ceramics samples were inves-
tigated. Its phase composition and microstructure were characterized by X-ray diffractometer,
metallographic microscopy and scanning electron microscope. The results indicated that pyrox-
ene and anorthite were the main crystal phases in the porous ceramics with content of 30 wt%
steel slag. Increasing the sintering temperature, porous ceramics would had a reduced apparent
porosity and enhanced bending strength during densification process, while the remained larger
pores formed in preparation process of ceramic green kept 3-dimension porous structure. In this
study, the optimum sintering temperature for the porous ceramics was 1140°C, and the sample
had a porosity of 21.48%, excellent bending strength of 12.86 MPa.
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BR%, B&T AR, M XHEATH. SHRMEMERHE TRMERE T SR ENHA
BABOREER, o T2 AREESAREITREERETENRMNE. AR NEBAE
N30 wt%hf, MRS UESL. SRAENERME, RERREESICEMRRBEL, EARAL
BREGERLZ R A EE, TARERSARMBENGITREST; FN, REHFROBRILREURET
RIER T ZEZATELE A . ALRFMFT RS AREREREREN1140CH, IR AERPNE
WORBIBE MR, HEREM R, HIIPriREiAE|12.86 MPa, BSAEN21.48%.
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1. 5]

B SR T R AR R JFR ke, [ A28 1R TP SRR AR L F R & e st 1], BRIE 235
B AP RE S CORE, PEZEMEI ARG A, 2015 FEREEE OB EI2TF K, 2016 ik
110.76 12°FJ7K, B EFERK 1.81% [2]. PRk SRR IR JEURE 1A B 47 2 1 Lo A SRt 7 1Y) B A 43
WEBEAE TR RE, (Hl TRE = EESAEC, FitaedEh o= REr Ry M2k, H
A B ARTE G, KE MRS R AR RS 2 S AE 2 s 3, it kB3, S48 KI5 5
TRIAIRE[3] [4]. W REEW R A &R A A B SMRE L, BRI PR IR VIR H 25k 8 (1 7 5, B RERS
G 4 [ R AR AL — SR AR I IR AR [5]. 2SN BT 064G — 26 IR BRI . Jvle. R FIHE
MR B[5]. B, B, SR E R A RIIRAEAL, $EH T HH Si0,-A1,05-Ca0-MgO-Fe,0; 5
B, WAL BSKAIERFERAA6] [7]. B R mT LA — 255 RS R, Lo R 1A i T DUAE
NEIER EM R E R . SR EARA T ZEMVT R, LI s T e, (U H AT R WE
Tk A= fkIE . Hod—AMR BB R, Bl JFOREE BR B o R o e AR AR [8]. /K fE R S il i ik
b R EEAGMYRIRL IS 8 AR, R B A RIS E 9], BRI ReFE 32 2
PRIAEHE KR, TS REFER) 80% LA EFH AR [10]. PRI, Je I Ik 43 LR & T 23R
PIRTHE N DR AT . SN TS IR R BRI, B INVR SR A /K R B A ek AR, T I e R 3 e
FERINARAS . T SV EA RS IR, Xk R T AL G BB R o DR T g 2R
TR R R &R B RZ .

Z AL M mRE R, B =Y AR G SRS M B AR, AT KR R T
WAFLIE]. BT RAES S RIAR, (R B ARHAE 32 DL N Sl i JE ek &5 00 o 4
AT 5. T KA ARl EmE e MAGRIEE . RIS M EISE12] [13] [14]; T8k, £
FLIGEE I B AU ™ e B2 e, AT 2 P DRI S AR AL S U S . 2 AL )
MEEHE T 2ERM B S EN, AR TR ERE. N TREAFRERNZIME, &M%
EARARR I, & FLE . AHRIRKIRBUE . IEIRERE. RUEE. BT HE15][16] [17].

TEARSCHR GG TR R AR T — MR i) 2 FLIR B & 7% R RCLr 1 J5oR D SR & ik,
JEBHE % 0.6~0.9 mm IR, P A ROR HERR VR R i Y, ol s AR IR i iR e, IRTS 2 ALK

il
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#o #—Piid XRD. SEM. R HTAELIEREMIR, X2 fLI & 1 bess i R R ALMLELEAT 1 410
o ABETTER 7 vif B BRIR At — Ao R @ AR A, I N2 FLR R 2 3R 4t 7 — Mok i R B .
I FLAR I R /NIE T LA — 2D 4 T 4 B KPR B L e AR, D 1R v (EL AR P B A3 — 2 2
Bz,

2. LG
2.1. ER

SEEG T A AR RSk B AR HLIX, FL ANk B L AR SRR, BEREN WA BiikE
T X SR ). B B RR 2 i XRF (XRE, XRF-1800, Shimadzu, Japan)sifi 7041 W4 1,
TR A IAR S BT WL 4

Table 1. Chemical compositions (wt%) of raw materials

= 1. [FEREEE R (Wi%)

ok} Si0, ALO; Ca0O MgO  Fe,0;  Na,0 K,0 TiO, MnO P,0s Total
s 19.57 292 4293 413 2308 - 0.11 1.03 2.60 2.52 98.88
Ry Ry 60.90 22.75 1.78 0.77 7.93 0.17 4.00 1.19 0.07 0.09 99.64
it 70.39 1975 2.45 0.85 1.58 0.06 2.31 0.13 0.05 0.04 97.6
gl 37.02 13.81 259 2597 419 0.27 0.89 0.39 0.14 - 85.25

Be 7 sy 48.7 15.3 14.5 3.6 11.4 0.1 2.4 1.3 0.9 0.8 99.1

2.2. REHE

PR R AR T2 5 EH bt T 23T %, BB DIRILE 1 SRS T 5 1 101 Bie 7 Fx
50 kg, KECTT B FEREENLA, ERESESIE] 24 hy Bkl 200 B, fHAEDNT 1%; FrEFREL 30 kg A
FALIE RN KBTI R, BN 8%~12% A5 45 17K 7343 W e SRR AR s 3l i 0% 43 3% 4% 0.6~0.9 mm
(UL, I B i 25 BRI 12 b, B IRK 233550 BRI G Ik BHE T B8 Horb, TR 20 x 50 mm KRR,
BTHTHEA, MTEEKE <1%. BT EHREREE T8 BT &% (GR1300/13S, Nabertherm, Germany)
WHEATRRSS, THEMHI LA 5°C/min TFEHREEE(1100°C. 1120°C. 1130°C. 1140°CAHI 1150°C)FHARIE 0.5
h, 10°C/min B&Z 1000°C LA R i B4 21 2 %= 06

Bk Ha SR R P e SRV R

Figure 1. Preparation process for porous ceramic
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2.3. MRHEREE

B4 JE B AT ZE A M R L FE IS A 2 . DU R EE AN R RALE . B BB R R RO B e 45 i
JEHIRFEREE L, 5 L, JFEIARBAT IS 1=(L,-L)/L, D@ A T EHURMIE TR A 505 M
B HUHT IR (TZS-6000)FEAT 4 5 BE K, 7 FHECR iebs -~ RO E R W T & e hy B0 by 3
UAEE [, FFHEIR A QAT I f=3Fl/(2bh2): 2)i8 1 Pl BB 7K 3 A 2 B (CXX-A) R R EAT
ALK R ARSI I EBOK R EFUK P R 2 My, My 5 Ms, FHIEA Q) AT I E
P=(M,—M,)/(M,-M,): 3) L X FLLATH AR BT T B HTRE S VAR LA GSOWARRAIE K doe
25 )E IR RE T A JE i 200 H U, SRA X EATH X (M21X, MAC Science Co. Ltd., Japan) 7341 F & 44
RHOYIA AL, TR 7 O8N LT3, B KN 0.02°, KA Cu $E, 315335 10°min~', 35 10°~70°;
X et I IR AR REHLEAT DS ', RIS s (RO o B TR 0 B 5% HF Wk 90's,  Ji ik
J& S EIAERE it BN P B D ACHIE BE 60 s, IEVEA BUNZETREK, IEEE B E T 105 CEIR TR+ T
P CRE A SR THIBE Au DUE LS/, B 5 34T H1 45 AT (ML A-250, Carl Zeiss, Germany).

3. EREH
3.1. HEBYIEEMERE

FEM PR AR SALER WK 2 Fras. MIE 2 FnT UG BB A iR B 0 s i g B o s, [
I 9 P T 1 S R AL R B 2 PR . FEREEE IR N 1100°CHYFE S IPTHTIRE R 0.72 MPa, 24ke45 iR
B 1120°CHE, FERIIPTT RSB m, LR PITsRE A 2.81 MPa. MRR45IZ T =] 1130°CHY,
UEEF LT AR, JAEI T 9.73 MPa; legh i B 4k SR A W I BUIT R R T R, TEReES IR E N
1140°C A1 1150° CHFPLIF5RE 4> BN 12.86 MPa fil 13.67 MPa. AH [ FFE i 1 5 A FLER Bl & 18 IO T
FRA%. 4BeSETEE AN 1100°CHERE S B FLEN 28.89%, 4BLiR BETHEF 1120°C AL S A B LR
AR 25.54%. MBRE5IREA 1130°C AR G AL E B R N FR UL i B ALER N 21.48%, Mke4hii
FEFH R E] 1140 C o RS FLZMERE A B AR LI I R SALEEA 21.14%. AR EIE = 2] 1150°CHf &
LRI ZL R BRI A B FLEAN 11.97%.
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Figure 2. Bending strength and apparent porosity of samples sintered at different temperatures
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ML 3 A R B B BIRE S AEAS RIIRLRE N US4 22 (A 00, 208 25U FE D9 1100°C I AE i PR Wi 4 %
N 9.95%, B 45 I FE R R il IS AR ZR AR SRR I, MR EE IR 1120°C AN 1130°C A it R USe 4 22
I3 10.39%F10 10.64%. a4t I 5 4 22+ i i b IR 4 28 38 T RIS, e 45 3R 1140°CF 1150°C R
FE IR 2253 78 10.82%F11 10.97% o M Fn] LU Hh Bl 25 T FE PRI v ot FRO AT 4 2 189 4L FE 38 e
%o ARG E T RSB ME Y, XWEMHZAMERSILRN A N EENFREK.
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Figure 3. Linear shrinkage of porous ceramics sintered at different temperatures

B 3. RREIRE FAREBGER

3.2. HmMEEEES R

X 4a) . )BT FERER AWM, KPR LR M EEMHE A ESiI0). Ax bt
(KALSi;010(0H),)« RN (Fe,05) F1 — 28 44, 0. tHF1 A (K, H;0)ALSALO o(OH),) & A 1= g 1
(Aly(Si,05)(OH)4) . A7 U A FEER —45(Ca,Si04)« RO HI(MgO,FeO). f-CaO FlHEAEELH (CayFe,05) 4
M 4(c)HmT BUE BIFE S A R RS 51 XRD EIHE, HBesbiifZy 1100°CRE, A il £ 244
JE(Si0,)« 5K A7(Ca,Na)(Si,Al)40s. #4141 (Na,Ca)(Si,Al)405. #541(Ca(Mg,Fe)Si,04)~ #REN (Fe,05)o ¥
FE b 4h iR BN 1130°C R Ske45 IR AL 1100°Cx ] DB (15 B4 JeRpfE g FRAR, MEa . A KA R b g
Fhim, WATHEEAE BEN . FRE 14° MK ANk, XATReR AN TE KA,
33t B AR WA A W G G N, X TT RS R AN (1) RO AH 43 i 1T 5 20T
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Figure 4. XRD patterns of simples: (a) bauxite tailings, (b) steel slag, and (c) porous ceramics sintered at different temperatures
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3.3. EENERERSHR

ME 5 AHRTULEIFERLE 1100°C~1120°C I #f Sh R TTRTRERURL 2 [R50 WA S LR . 23R T e 2
1130°C I AF SR I T 40 BT BB, (RO 2 [T ARk 45 . B b 4t i 5 PR 4k 8T s BE AL B
IV, BRI (B FOREEEVERE R, P ARE Gl (B AR A B2 103 . ke i THmiE) 1150°C
I, SRS RACRCR B2, (BRI T4 TR, Y RE e, B R BN AL HERR
MG EE VRIS, 3R — DR I8 70K Z A SR FLRR, X FE T RSB LR MFRAR. DI, FEEbess
TRIERISE e, A S RS AR AN AR 0 P e S R ERIORE BE R FLRR I — P A TE, At i B LR B
R E AR .

Figure 5. Metallographic microscope images of sample sintered at different temperatures with 25x magnification

5. 25 AR B RN ERE THEMRIHE

M6 Ha] LLFE HAE 1100°C (I g 80RL 2 (Bl & 72—, (WA RRZE LA, TAE 1130°CH ] LA
B G el OB G 2 2R, A RIORL 2 [A) B 5 (PR 25 o — AN B A . IX B IESFRT R 5 IR, 1E
1100°C iy HAG W/ H R FIUR AR ERG 285 B DAIG B PR3 FE LG, T M IR FE T = 31 1130°C I B A S S A% B2 (1
KIoks 2 [R5 B B 42, FTLL 1120°C~1130°C I B 47 5 B 16 K R e ks

Figure 6. SEM images of samples with different magnification and different sintering temperatures, 50x%, (a) 1100, (b) 1130,
(c) 1140, (d) 1150; 500%, (e)1100, (f) 1130, (g) 1140, (h) 1150

6. BB FRMABHARIRE TR SEM FZ5RE, 50%, (a) 1100, (b) 1130, (c) 1140, (d) 1150; 500x, (e) 1100,
(f) 1130, (g) 1140, (h) 1150
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B 3 AIAL 1130°CZ 1150°C X [AIFE & U 4E 2638 IME /N T 1120°CH 1130°C B RE & (S 4 2 386
B, X5E 5 AE 6 MRess it FE M —5 BIZE 1100°C~1130°C HA a2 FH0k 550 1 B 5 35 1 [X ]
I DX 1] A PR /ISl LR DR A B3 A R T e 28 19 B 7, DRI R 1 2 AN BOREZ R RO RG B2 . Bl i 52
B tE, BAE TV HEE G, HEATISGE LT RE CAHRR T KEMRNRIL, I HEBR R
FLA B R HURE JJ 4 i B 0 B 5K — 2 <AL, RN TSR TR SRR ACFL, Ui 218 0
EH A BT R

Zia K 4 R, MERBERT G, A BRKAAEINEET O AR, R (a8 P R RS
GERCN— A, AT 1 2 FL M B R R AR i

K 7 BoR T Z2HLBRE R RAL T e ZRE LA BT el A, FEA SIS = 4 @ FLIR 11 R R W
Tk AR R ) £ e R e O SRR AN 56 A U G T B S B B IR I T i, R T S5 IV A A
AL JURL T T B AN AL BR T AR BLAL 25, 8115 2 fLBR e B4k B B — @ B BE: TR REHERR 1)
BRALBRM R T A T 2 LIS .

Figure 7. Model of porous ceramic green body

7. ZELREE TR REE

4. g

DARIP AN . BB R O R B RE, SRR SRy 2 & T B JEORRL, 3 — 5 4 R i A e
ghil e T 2 ALIREEARL . PR AR R, R RIS e R M A TR RN — I B . e
WAL EA R TR & oA SKA BRI, (R TR, 15 T% BN LR B kL
Z R ESE, ST 2R RIS PUTR T S B, 10 AR BEHERR BB FLRR W R B %
BT A2 ALBURGE . eSS RS T, ARG 22, S ORAL BRI B R OR[N A A,
PUyTsR G S T R, (HAE T R RAR S T Bk LR, ST HEAILENEERK. A8
1) Jo 225 U P 2 1) 2 B 22 FLPR B O . ARSEIR AR N, IR AEIRE Y 1140°CRY, AR RILE THRF5 1
FIEEREBUHTORE 12.86 MPa) RIS FLZ(21.48%) . A7 N L FLME HH &4 4L T — Rl B, I
H 9l 5 AR A — 2B 38U is 12

oM
JRT ] o U R TR BT B (R SR 5. 2016 YFB0601304).
Sk

(11 #. EEE A ST O RS H bR ARSI, B &SI EL 2012(1): 3.
2] XA, W, XMRE. FIERI AR EA M E TN ML FE, 2017, 27(8): 5-9.
]

[
[3] Rz, ©HFE, SR RERAE N ICRORICRENILT]. H4 178, 2016, 3(2): 87-93.

DOI: 10.12677/meng.2018.54019 143 Bae TR


https://doi.org/10.12677/meng.2018.54019

EEM, F5

M, =T, BREREE, JREDEE. SiO, TN B R R C,S AR AT H A AR B R s )], R4 AR, 2018,
5(2): 77-84.

Toeth, Bk, SRET. &R TR PR &R E[T]. &J8 5L, 2015, 44(2): 177-180.

Zhao, L., Li, Y., Zhou, Y., et al. (2014) Preparation of Novel Ceramics with High CaO Content from Steel Slag. Mate-
rials & Design, 64, 608-613. https://doi.org/10.1016/j.matdes.2014.08.015

Jiang, F., Li, Y., Zhao, L., ef al. (2017) Novel Ceramics Prepared from Inferior Clay Rich in CaO and Fe,Os: Proper-
ties, Crystalline Phases Evolution and Densification Process. Applied Clay Science, 143, 199-204.
https://doi.org/10.1016/j.clay.2017.03.026

BT, REfR. BERURS LR SEIR BT AL, MR, 2013(2): 25-27.
T2 R & M B SRR RT I [)]. 7, 2008(10): 20-21.
Mezquita, A., Monfort, E., Ferrer, S., ef al. (2017) How to Reduce Energy and Water Consumption in the Preparation

of Raw Materials for Ceramic Tile Manufacturing: Dry versus Wet Route. Journal of Cleaner Production, 168,
1566-1570. https://doi.org/10.1016/].jclepro.2017.04.082

Li, Q., Dong, X., Zhu, Z., et al. (2014) Environment-Oriented Low-Cost Porous Mullite Ceramic Membrane Supports
Fabricated from Coal Gangue and Bauxite. Journal of Hazardous Materials, 273, 136-145.
https://doi.org/10.1016/j.jhazmat.2014.03.026

TN, 2, 30 R FH A TRDRLRE ORI LR il 45 B0 i 22 FLIR B S AR T, REBR #h4lR, 2015, 43(6):
753-764.

Hammel, E.C., Ighodaro, L.R. and Okoli, O.1. (2014) Processing and Properties of Advanced Porous Ceramics: An
Application Based Review. Ceramics International, 40, 15351-15370. https://doi.org/10.1016/j.jhazmat.2014.03.026
RERK, XUBesR. Mk 2 TR & I AR & A BE (Y], AL RURHE R 244K, 2011, 33(3): 318-322.

Yang, T.Y., Ji, H.B., Yoon, S.Y., et al. (2010) Porous Mullite Composite with Controlled Pore Structure Processed
Using a Freeze Casting of TBA-Based Coal Fly Ash Slurries. Resources Conservation & Recycling, 54, 816-820.
https://doi.org/10.1016/j.resconrec.2009.12.012

THERE, ghivA. SILEEMEIT]. EERIER, 1998(1): 41-45.

Meng, G., Wang, H., Zheng, W., et al. (2000) Preparation of Porous Ceramics by Gelcasting Approach. Materials Let-
ters, 45, 224-227. https://doi.org/10.1016/S0167-577X(00)00109-9

Hans X

SRR BRI 7 2
1. FTJFHAM U http:/kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
R FIFRHERRE: [ISSN], HAMITI ISSN: 2373-1478, RIF[& i
2. FTHFEIM T T http:/cnki.net/
LM I BRSCRR A E” BEN, I NSCEEARAE, RIA 2

ki e http://www.hanspub.org/Submission.aspx

HATIMEFE: meng@hanspub.org

DOI: 10.12677/meng.2018.54019 144 Ve


https://doi.org/10.12677/meng.2018.54019
https://doi.org/10.1016/j.matdes.2014.08.015
https://doi.org/10.1016/j.clay.2017.03.026
https://doi.org/10.1016/j.jclepro.2017.04.082
https://doi.org/10.1016/j.jhazmat.2014.03.026
https://doi.org/10.1016/j.jhazmat.2014.03.026
https://doi.org/10.1016/j.resconrec.2009.12.012
https://doi.org/10.1016/S0167-577X(00)00109-9
http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
http://cnki.net/
http://www.hanspub.org/Submission.aspx
mailto:meng@hanspub.org

	Reaction Mechanism of Porous Ceramics Prepared from Steel Slag and Bauxite Tailings
	Abstract
	Keywords
	以钢渣和尾矿为主要原料的多孔陶瓷制备机理
	摘  要
	关键词
	1. 引言
	2. 实验
	2.1. 原料
	2.2. 试样制备
	2.3. 材料性能测试

	3. 结果与分析
	3.1. 样品的物理性能
	3.2. 样品的矿相转变分析
	3.3. 样品的显微形貌分析

	4. 结论
	致  谢
	参考文献

