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Abstract

The steel slag produced by the steelmaking process and the red mud discharged from the alumi-
num industry are huge solid wastes and difficult to be reused. Preparation of foamed ceramic ma-
terials for wall insulation from these solid wastes is a feasible utilization way with high val-
ue-added and large quantity. In this paper, foamed ceramics were prepared by adding 0.1 wt.% SiC
as foaming agent into steel slag based ceramic and red mud based ceramics respectively and their
effects on the foaming process were studied. The research showed that both steel slag and red
mud can be reused to prepare foamed ceramics. The main crystal phases of steel slag foamed ce-
ramics at 1160°C were augite, anorthite and wollastonite. Its flexural strength reached 2.60 MPa
with density of 0.50 g/cm3. While the red mud foamed ceramic at 1180°C had main crystal phases
of diopside, anorthite, hematite and andradite with flexural strength of 9.91 MPa and density of
1.00 g/cm3. Liquid phase began to appear when the foamed ceramic reached the sintering tem-
perature. At the moment, components such as Ca2+* or Fe2* in the ceramic body promoted oxidation
reaction of the SiC and thereby formed a larger amount of gas and more pores in the liquid phase.
Compared with the red mud foamed ceramics at the same density, steel slag foamed ceramics had
lower mechanical properties, lower sintering temperature but larger temperature range of liquid
phase formation, which was benefit to form lower density foamed ceramic products.
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FEWIXF0.50 g/cm3; ARERMEEE1180C FHERMAABERL . BEKAMKREY, HARTHS%
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. SHREREREME, WERRHEBEEHREZET HFERRK, ERIEREEMAMNREK, &
FFRRIX AR, BeE T R AR 25 B A R ML R s i o

E3: 45
RIBERE, AE, KV, FeO, Fe;0;3

Copyright © 2019 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1. 518

RS A 1 e 0 S DR EL M AR P v i T o AV S T AR 2 7 T R o A W B 7 A 1 L
BRI = S 20 AN = B 10%~15% . X 2 A I K&K CaO Fl Fe O 5 30 LA iy b 51 b 775 Jom 1 P B Fic
Ji, HERRAT R 2 i B M o5 RIS B [1] [2]. ARV SR Tl 3R B A AR e HE T et B, R
PP AE, o NRG LR EE AR . SPIRAE= L iR, P =k 1.0~2.0 Mgk
VE[3] [4]. i EAE At S5 DU RS A5 A 7= [, B HE I 2V = IS 0 o AR e R R B A AR s st
o R HER 2068 7R L 3838 AR R IS e o DR IHRAN VS A 1 Y08 PRI B ) P o — AMELAS T 90 R R A

R AN ARl 35 ] £ PR & Rl . XL AR[S]5ETIT T CaO-MgO-SiO, 14 & AN B A k), A9 1)
B EILF] 40 wt.%, 7E 1210°CHil& T Ryl ik 143 MPa [ . Gorokhovsky A.V. [6]5 A1 &
IR BE RN T 33~50 W% AN, il 4 1P IR B A m 4 203 MPa (B ES . Emilia Karamanova [7]%5
7 1200°C~1220°C FRIRFE AT T 407 &8 30 wt.%, 50 wt.%A1 70 wt.% ) M & AR R TERE, 15 T 45
i BE TR T A5 KA [ AR I A o AR e [8]55 LU SE I ARUE . FF B2 AR Ve (8 44 R 7 4 o 2 T R
146 H T P RE 0 7R Ve R M S P B, BT 9 WTIA 20~35 MPa. 25 K AH[9]48 1% 1 20 wt.%. 757 80 wt.%
(BC EE AR = T RFA B bR S, HPURSRETE 20 MPa LA b, TROKZRTE 18% LT . B HE[10]
LW T ARSI 30~60 wt. Yot X H 4k L WL RE RS2, DORARE = RS R KR B B T
BRAh L TSR . FEIX e FH A R o e i 4 be 4l A (1 At b ol 46 R B = — P AT B 7 v

KA E A — P R AT B ACRIR A B, T2 BN T i U A (R BR A DR, P 3 K = i 3 PR A<FL T
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DA 255 9/ B P 79 00 P A 4k B ORIR R A B BUR . [FIR, RO EAE R TN At k), AMUEAR
e PR R T S s TR R RO AT, ISR R B ORI R A AR . ARSI AME R B KR
BB S B K B R A B N A [11] [12] [13].

il & IR S R TR I IR, BIAE O 1 P B AR BRI b, NG IE [ A7)
fi AT R A S OB AR AR, R R AR A B — R R I S, B RINER, R
SRR, AR SREEENTIERRE, REEREA AN REEE[14].

R P R ) 6 1) SR BEETE T R IR I A 28 OB, DRI JER A A ) P £ 2 B 43 R 08 SR 5 R TR AR K
ISZI o ARV AN FRUE TR B A Bk, (RN T R 2 HOh R, T AR R AR =Bk . A BAFL[L5]
SRR HENGIBELLENT 6 WeomITE I T ol RSG5 . PR M R IBPE &, %R LA H
170~270 kg/m®. #1615 90 7 % 2. BRERES. FALEk. WALREDNUFR A W7 10 2 S 1F F R R &
PERERISEMR, AR S AT R v M) e AR B R i K T IR K R 5, B SRR FL IR T i 2 3 5
WA o YUK 2 [ 1 7] S FE A% PRV FR I NAS TR R AL 7, F TR 3R B Fe,Og AT AR A Sy R Y75 A A 771 41 4376
VAR e, 2 Fe,O5 N AL 3 wt.ool), A LAl S MR IBMI . AT W=Maknt k
TR R &G RRAER, (B ERAER LA RIS . A SO A R e/ 8 A Bk F1 = A8k
KR, R T SICAENER AR, BT IE S XRD 4T HLE R X R R R .

2. KWER5ER*
21 SRR RES T

AHIE T A R R A L o e 1, BRI T I RENEREE ], AR TESRIE T I R A, He
W e JEURE R B L 25 OB REZN 7 ANV L 77 SO Hi 30 wit. 96474 .5 wt.%iH 41 F1 65 wt. %0k 1= 1 i i pl
FRPEETT RO H1 5 wt.% KA. 37 wt.o%kit 2. 40 wt.% 7RI 18 wt.%H £ i ik, M 1 Al LLE H,
B AN FRUR R 1 £ B R S KB RAS L, REAES /D, kGt 1. RSt 2 AR IR NRERNAR )
WFEIINEETT ¥ A BRI A EE . 7E SO A RO HIFERE I, 4» SIS 0.1 wt.% SiC {E N A
7, Hrb 50%ki42 /N T 6.923 um. PERPEESLICA S1 A1 R1,

Table 1. The chemistry composition of raw materials, SO and RO
= 1. FE# SO M RO BILF R SR (Wt.%)

Wt.% Sio, Al,0; Ca0 MgO Fe,0; Na,O K20
Wit 19.6 2.9 429 41 23.1 —_ 0.1
PR/ 18.8 13.2 30.6 1.0 23.6 5.3 0.2
Hit 1 63.1 211 2.3 16 6.6 0.2 3.6
W 37 13.8 2.6 26 42 0.3 0.9
Kt 2 69.05 19.75 2.45 0.85 1.58 0.06 5.84
KA 61.48 19.41 4.96 4.69 445 0.49 3.56
S0 487 15.3 14.5 36 11.4 0.1 24
RO 42,58 17.45 13.47 6.44 11.43 2.18 313

22. SEWAEE

B JFRHE U BC 47 5 7247 2 EREE NP 3 ) i ree B 4 J 3@ i 200 H §i, 78 105°C LT 48 BT 24 h,
M 6~8 Wt.% /KI5 IR 4 51t 20 B, 7E 15~20 MPa [ /1 T JE#] A% 50 mm x 10 mm x 5 mm [FIf & R
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i, HRET 105 CHETAETRHLT 24 h, BUH S FBEEENT S AP 247 be4h, L 5°C/min FTHIEHR 2 T e 25
R, R 1h, JEREA S

i E - 2= EPU(TG-DSC; SDT-Q600, TA Instruments, USA)Z 7 5 kHE TR I A2 H itk 47
HIBRRL, X S ZRAT S (XRD; M21X, MAC Science Co., Ltd., Japan) 7 #5845 il 5 FIVIARAR AL, S22 BT
(Leica Microsystems CMS GmbH, Germany) S £ 45 & 1 O 3%

3. BZREHh
3.1. ERHASITER

SiC. W FI7RYE ) TG-DSC M2 LI 1o MK 1 rR ol LAE H, ANV FRJE A ZAE — AR E IR
A, 700°CfEIREAZMA K. SIC FEL) 1000 CHf A FFaH [ B, F 2R RN (L) N, LA 5 EE )
ThE, N —ERFET. X RN SEE MG E, SiC #AE N Sio,, it E S EAE Y E BN R
i) SIiC #4050 wt.%. Hi1/& 1 "IN, BRALEEAE 1016°C PRt &, (HiMingEts, —E %) 1300°CHf, Hi¥
HAN 2.2 wt%, WAL 4.4%0) SiC KA THEMR L. CHBTTERH, SiCEMEIT Si0, 27 SiC
RIEEREEEA)Z, B 78S 8 ik, BiRE(E IO rEn, nTeARREAEH; (HRER
R, 8RR AR IR I AR, AT b f ik ot B 22 500 HHE % 1000 H o ASLES it H 1)
WALEE N 200 H, BORIEOHL, A SRS AR 2. R &M R T, B 53
ERE RN ES, DI nILan g, (R 21 Sic Ak,

SiC(s)+20,(g) - SiO, (s)+CO,(9) ()]
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Figure 1. The TG-DSC result of (a) SiC, (b) steel slag and (c) red mud
1. () SiC, (b) W&, (c) FREAIH ST HTENLL
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3.2. REmBIHIERE SRMA SR

W Re st 5 AR AT LT IR . WROK SR 25 B A, R AN (R T A AR AR A, [ 2 i
B T LSRR S IO TE S . IS 2 RTDAE H, FEAL S17E 1120°CHUdT s 8 b 2l i m ROK R &A%, M
1130°C JF 4f i B AN % FE #ORGE B A, WK 2466 B i, 31 1160°C I K 200l F sy, 2% FE AT R 22
0.5 glem®s M 3 BIMOUIE S TT LA . 1130°C I FES PGS TR 2 (0 AL, PUIT o3 b (R e
EIKSE s FESRTE 1140°C R 46 IR BH B X 73 O FLANFLEE , FLAIAZ AR 1150°C Bk 46 HH R 00 ) 53
TERIAL, FLIILZeE, HALEE FARE— BB MOFL; UbeshiR A S 1160 CIHFLINEAI B K, fL
BE E I TR RIAL, HA M RG0S . B 4 08T TR ST ZEAN R AE IR BE N B A
AR, FEATE 1140 CRVIEAFAE KB A SAIRE A, B IR T P 3 A BB AIS, A s Ko &
HREIN, BELEIR A E] 1160°CH E AN A S K A, BEDERKARIS, JLTFEA AT,
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Figure 2. Flexural strength, water absorption and density of S1 sintered at different temperatures
2. FEIRET S1 MR E .. WKRMBEE

@)

Figure 3. The microstructure of S1 sintered at (a) 1130°C, (b) 1140°C, (c) 1150°C and (d) 1160°C
3.S17E(a) 1130°C, (b) 1140°C, (c) 1150°CHn(d) 1160°C T Eess+E MMM AL SR
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Figure 4. The XRD results of S1 sintered at 1140°C, 1150°C, 1160°C
[ 4. S1 7£ 1140°C, 1150°C, 1160°C FIELEFESAD XRD 45

EA LA R TR A, B S1TE 1130°CH R TE AL, MU Y SR SRS, 4R 7E 1140°C
FRUETE AR I FLE, e 254 AN e FLEE SR AL B 2R 10 S 4%, DRI oo P T Gl sk~ Hﬁfﬁ HId R
FEAE SR L AR IR T B T ARAL, IR S EUARRE N, ER 2 PR, HiE s — DTt
IR, PRARR T IRA SR B T RRL, R RN K 780 N R 2 8], S EURK R R
FhiEr o 76 SRR A, BRIG 25 17 32 BN S A0 Rk 55 B8 1 45 5 T BROVE A, A 485 SR mh 80 Bk S A P P R U

M5 HRTEAEH, R AR EBIHE S S1 FERARBIR L. 7E 1080°C~1120°C ] M ZEAF fi 4b T2
AL B, PR A SS BEE EBL ET S . 1120°C 2 S5 IR AR B, TR IRE AR g 7 A A SR AR AR
REita 2 4L, EMZ ERIBHTEE N, WoKEF . 5 SLAMAFEMNZ, RL MERLERE N
18, BEARS LB ER, 1180°C 5 4TIk T 4%, BERMKATEE 1.00 giom®s WA
6 ATLAE R, R1TE 1160°CA FFUATE SA LA MM 50, 1170°C ¥ R 2k B 5 HALIU i KHL, FLS L
Z M E AR E KTl MEETE 1180°CH, AR 75 S1 #E 1160 CHFAHLLIESE, (HiETE
HARNFIBORAEECR o LUE 2 RL (LB LG S1 (1 fLEESE )2, [ 7 R TRE S RL 7ER[AIRE R 1) XRD 45
B, ATLLER], 75 RL 5 SLARMIM S A FL LSS T, RL S NEE A K AR, A0
FRIEIETE 1180°C N A AT &, FRERD BOIEIA I AL, (B —8 0 Fe® SA5RESE & A4 Am B 1o .
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Figure 5. Flexural strength, water absorption and density of R1 sintered at different temperatures
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Figure 6. The microstructure of R1 sintered at (a) 1140°C, (b) 1160°C, (c) 1170°C and (d) 1180°C
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Figure 7. The XRD results of R1 sintered at 1160°C, 1170°C, 1180°C
B 7. R1 7 1160°C, 1170°C, 1180°C THR&5HEMmAY XRD L£R

3.3. RiBHETE

Nk 5 TV P R [ R R TR R, 4%t SO S1. RO R1 #HAT#wr#T, H TG-DSC ihiZk
il 8 i . 8(a)H AT LA H 700°C A S1ARXT T SO f 2 HE ks> T 2.0%, £ 1300°CH R H ZIAF] T 2.5%.
SO 7E 1180°CHY A5 — AN #lég, EBP SO 7F 1180°CJE4L, 7E 1180°C 2 Hi kb T4 AH A BRIVIE AR A s S1 1
W A BERT S 7 1150°C, HIEARZE. 14 8(b)H [FIFE R x  R1 AHX T RO (12K B A B s, kb
HIAH T 1.0%, F|1300°CHKEZXE] [ 3.4%. [FINF RO A R1 (W Hg s HILFE 1180°C, R1 B #k
UEE L RO A MR AR B B 2

8 Hh J H ek AT BB A T SIC TEZES AU R Tk P o S S A= J i) C O, 4 T BRI 6 55 43 1 7 fif
[18], BHJSBEEIEEZERTEE, SIC PR R BT IEPUE BT, ff S1F1 RL FIHIZE N T — M E LR,
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Kt SO 5 S1. RO 5 R1 Z [Alf{I 2k B 2556 K. Bbabh, ANHEC Ty it Ca® Bk Fe® 54140 RENL 1 SiC 1)
AR PR RT, HRFARLZ, XAFT SIC G187 i Sk, LIl AR S misceRe
775 SiC IR A X ISl FE A R, (R Rl (e B kAT, 4 1100°C LLJG I RSB JRI BN, R E 208
F 3.4%, XFHILG AT DME RIS AR P TE K, H2E 5 5 8UR S PO AT T A 5 R
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Figure 8. The TG-DSC result of (a) SO and S1, (b) RO and R1
[ 8. (a) SO 5 S1, (b) RO 5 R1 RU# AL

gl 2 AE SRR SRR R RS IR T ST IR A A i TN A P B, (H IR R R
Je kM R FEAN AR S P B . FTRE TR T TS ERAE A, (R A T R AR TR
FH PN A P BT KRR SR, TCVE SEBL AR AR S P e R 3, TR i, &
BURAAEE.

LR LA, AN T B AR R e AT HORE, IS SIC TR & REAE SR FE A AT
TP BRI ZARERE s 5 TR R AT P, e &% AR LR AP % JRieS SiC IR &t
S NLIE FEBA T, AHAEREIN RSN (I EE A A TR B B A PR B A, (H 2R Je Fl e AR AR S At
FESEH, AR R R, RN X a4, AR T AR R % ] .

4, &Eig

RS AN AR 38 AT D T ) % R VR PR RS, BNV RV A 1160°C N [ E AR N A S KA AR A
U5 E Al iA#] 2.60 MPa, ZZR[iAF] 0.50 glem®;s FRiB KM ZAE 1180°C F HIE MALNEM 1. H5K
ARFREET, HAR TS a, PLaREZ N 9.91 MPa, %4 1.00 glem®.

RN G IR AR B E 5 SIC RS AIR B A — B, W38 R 2R BT, TER BT i 4 RPN
ELAERR T W S R e o 24 5 0 B ek B IR B I SRR TF G 77 25 VAR, I P e R A 1) Ca® el e
Sy e (R BB AR F AR B, A R B T K B S AR TE B AR R TR RS AL, SRAF AR 2 1)
AP o B TR ) B P e Pl AR T AR Ve P e PR L 30°C, SIC AU A T TR ANV v B e
W12 1150°C, AR HE 7R Je K IE AL 30°C .

55 R YR W AR B, A ) B L ) % 0 M o (B N R I M A AE R ) R S MR RE AR,
FOMUARTE X TR K, R T B ARG 25 BE 1R A VLB B 7 i o TE R R R v, 4NV v ) — 0 Bk AE R BB %2
(1 S SR 22 5 S BT RREAT, AUl HR I = A0 Bk U AR 1R T SAZLE , CF D4y = Bk 7E 1180°C
B REN T BB A A, %5 78 AT R A2 75 U PR RS V0RE K B 3 00 i A R 4k S LI R 2R AL

EHEWH
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