The control of liquid phase behavior during sintering of Clay/EAF dust bodies

Abstract The electrical arc furnace (EAF) classified as a special waste contains many flux
components producing melts during a sintering process, so it decreases the sintering temperature
and improves the mechanical properties of specimens. Increasing dust content in a clay—dust
system brick, however, may cause the fraction defective higher due to the excessive liquid
produced. To control the ligquid behavior produced during sintering process for the clay—dust
system specimens, the AlI203 was added and the physical properties were analyzed. The
microstructure for the clay—dust system body sintered with Al203 became homogeneous and the
overall size of pores decreased. Adding Al203 to clay—dust system body increased the mechanical
properties and the temperature of maximum strength increased as much as 500C, and the apparent
density increased and the absorption decreased. The mullite (3A1203?Si02) was produced during
sintering process by reaction of Al203 and Si02 which could participate to liquid—-producing-
process and the viscosity of melts increased which was proved by measuring a critical viscosity
temperature (Tcv) therefore, the refractoriness of specimens were improved to lower the fraction
defective.
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mul lite(3A1203 - 2Si02)E MAEAEC=Z N, HUAMEHH ZHOHE S |
=0, 222 HWSEZE SEAIIILD [etA 2Z2HEUAMH AE SHES2 Y& A2 4 L/ULCH
1. M8

SO =2 &Y HII22 ez Ml 2L ekl 222 stHHEN EEr2 olst ES
2 Xot=r2 28 S2 ZHES 21 UCH. OIE 2AGHH Z=Z2 SIUHAELZ &Y HIISS CHESHA
HA =8 Xstote JI=0 Ool X2 H3R2IF MDD QACH1-4]. Sol 252 U gxot2 U
= MII29 2% (electric arc furnace dust : EAF dust, Olot HAEZ & )2 K& HIISZM Zn0
Fe203 S SH(flux) =20 UIg 8RN UCH. HAEE HEFEQ &6 AZolH HMAZHO K&
T AZ2EE EFFD AZHY LE SAAI= AFHO0I UCHSL, 6]. Sol HAEL} BEE MR
TZLUGHH =EoIH, HAES =355 4250 EEU A&ME S0 8l 28N 2= 53
= 220 UFZFPX9 RAYE K2l WEH 280 oHEsE s &0 ACHT7]. dLE fluxdb 2
AEE 93 A2 SO0HXAEZ, HlnAE 2 2&FHHE e HE 22 AME20IH HEMAS &
2, HE2 =HE0| =0tK= SHE0 UCH. TtM AIEUW HAEQ HIIEE2 =0/dl & 22,
AZME S0 2Mol= HAQ H=s= HES] HOSHHOoF stit.
2 dR0ME HAE-EE H AT AI203E &EIlol, AZA MAEL=E HAS EHS MOGHDA
OtAULCH. Ol ®IotH 2 AIEHS DlMz=x, &E2)] 25, S22, LT 52 228 E4 s2 =4
OtQCH. LN20A2 ME 4 22 WSZH &6t Ole AZUNENAN MU= HAMo 2, B3
SH A HRHYB=Z HxE AME2 Ug & 2S2EE =300 0l XRD 22 HHGHH 245



2.1 AIE X

280 AMtEeE REEY HAES d=HIES Table 101 LIEILHRACH. HIII=C! dustet HEBE= 4=2H

©Z HF Ot 40 mesh Olotel DIE2Zx =4HotH ALEotRACH. A& HAES g2 5~10 wth,

Al1203 EIE=2 5~ 15 wihE HSHAIZCH HXZE AlES X4ES Table 20 LIEHHRACH. A0
|

AMNEE
Al203= AlUSCE =% 99 % L. AlEE 150 MPall oz U= HEGIQCH. d-E AlEHo HZEX
X242 900C/24 hOlDd, AZ ZTHS &2 =S 100C/min2 1100~13000CHIA 2 hr SO K& & 24
ot CH.
2.2. ANEH 249D}
MZEE AlEO Z2HE)| LT E4£8= archimedes methodZ2 ZXoIUCH. ZFA EH0l2 X-&(D/MAX
2500/PC)3l & 2A4& AIZolRUCt. =& ZHE2 Cu-kad, 40 kV/40 mA, scan speed = 0.1o/sec, el
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=& Y= 100 < 29 < 8000 .
oA 500 AIEO CHot Bgt2
O Ol &&0| E0|otEE A0 1

= && 10 mm, =0l 10 mme S AIES M=ot =
FRACH. OIM A= SEM(JSM-5600, JEOL Co.)2=2 2tE Gt
% =&HH )ROHOH/\-I 1 sec SQH0Il OIEOHALCEH.
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2.3. d= x40l HE Utz &8

ANEOl D20lA €401 RFUXNAL FERLZ S8HeE S8 =801 Zdote A2 UHa 2
82, AMEHY Ust L SSAES ~HoIACH W L 28 2 A= R0l N JUSM[8-
10], & AF0M= ASTM D-1857-870l 221Gt Z(cone) 222 AIES MAGHH AAIGHACH. 2 AIE
o FJl= HWel Z0IJt 6.4 mm@! ZaAEs LH2Z ot1), =0/E 19.0 mm 2 GIALCH. 2 AMEHEZ X
AN =25 20l 80o £= 900 2==2 MA LHoHRALH. XXUe ME2 2=F0ILet HE&EE 7 @ 3 4
=2 ot 2uUe EtS= 245 of UL

= AdEiA SHE UWsate 28 252 40t SFO0ICH 8002 A& 201 #J| Al&Hcte 22
TI, 800 20 #0A BIE0 €= 2EE TR(USRE), A2 M2 201 28EH0 =0[JF 2Ho 2
Ot Sl= E&9 B0 SRS Mo 2EE TS, deld =2 20| E8EH0 =00t 1o 202 22
A0 BRI SIS [ 2ES THetD SHCH10]. Ol2d8k WS 2t 2552 29 #Hu il EXE A
FES SOl 12 2A=8 EHFS AZotH SHGIULH. 2 JE UM s2855= 500/min2 GHULCE.
3. 2 € 1=F

HAES 10 %, AI2032 0~15 wt% HRI2 HIIAIH 120000/2 h2 AZAIZI ANBESS DIMPES 25t
DIZOR &G0 Fig. 101 LIEIHACH. HE 100 %2 AIESl DIMIPEO HIGHOI HAED 10 % &0t
€ 100-0A AIBIOIE 3019} 150 mn MGl {0 B BIGH0] Chyst 2019 J1Z0l EMoH0, B2
Ust OMPES 2D UCH HAEDN BIIE AIHO 22Ys 0IMPES URHQ 018s HAENE

flux d=01 HOF AEHEUA A= ZAAIILD, 0 K0l AIEES SMBAH AlHE LH—|—— BEE?
JIZ2 2t=J] H20ICH. AIE WRIL S35 E Fe2030t &AIIAS S E0tH HH SAIU 012
R0l Z2oH OIM+TEE Usdlz 2= =0
1Lt 100 AHIE AIEOl AI203E FItotdE HUdls=2 A8
Jb 15 % &Otel 100-15A AlE S| OIM 20 e 22
50 HE AIEOA AI203E 0~15 wt% EFIZ HIIAIA
22)| €& E+== Fig. 20 LIEHUHRACE. j*‘Z‘DI
Ch. S8H® AIEL AI203 EOHE0l SototH &=+80|
(Fig. 2(b)). Old&t Z= Fig. 19 DIHI?EOHH‘:
0 XEsk O EZ Bt Dl HE20ICH

100 HE Al 25 & 240 OHE =Z TS Fig. 300 LIEILHRUCEH. AI203Jt IR Xl &2 100-0A
ANEZ2 AZ2E2 8 2= SIOtEM 11500CH A =10 Z=gts =0 WZ 10500001 8IoHN
1150002 A~ZE AlES ZEJF 200 % SIHEJCH DU 1 0142 A2Z2E0AM= 20l 2L
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2 = UACHFig 1(e ).
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b MBHEICH Ol 1150000+ XEEH MAto] SHMO2 Ao XUsIl LoiLls 20K 1 0lA9 &
S 25 YSII20l ZHEH0 AR WHUIIK 25101 HE0 CHE4E9 DIMTPEES 20 92 et
N SELEI Mote 228 M2Ae

P = =l
Al12030t Eotel AlE=2 109 =
SIt=l 120008 & =olg
OlZ 120002 2

JE0t LEtLE 2501 A12030F EOtEIXl &2 A0l Blol 5000

S b. B AlI2032 EOEOl SIHES 2 AYFLE FAl SItetlt.

SO0IA 100-0A A0l HISHO 100-15A AlE S| =Lt 330 % SItEIRULE.

AZB2T S0l 2ol 250t SotEl= A0l LEHHO0IXIEH, 11500CHI A =

D 2S00 Uthie A2 1O 0149 2Z0AM W JIB3501 L E(bloating) &0 AIEHO0| ZE3HEHA
O g
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2D LOE 21o2 EoI0h, O Al2030F EJIE AlEHS 1 YE25)F SJHE A2 2 2= UL,
3.2. Mullite &2 M4

10D HIE AIEOl CHSHO! 11000C2F 12750COIA AZ8H H XRD 242 o0 11 ZME Fig. 400 LIEFLHA
Ch. 1100002 %2 AZ2Z0A= AI2032 FHIIOFH T quartzet Al2030F A& BHSoHAl 210 229
ACZ  EMSHCH. olXIBH 12750C AZ 20 M= Al2030F EIOFEl AIEQl  quartzIdb  AetXl D
hercynite(Fe0 - Al203)2F mullite (3A1203 - 2Si02)JF &&= CH. & &II=E Al2030F quartzlt Fe0E £
PANFSS L £+ QUCH SHE AI2030F HILE X 22 AEHE2 12750CH A quartzdt SZEOIAS LOH

crystobaliteZ &O0|SHCH.

Al2030t EIIE A|EHO| 2BCI0IE A 42 SEMCZE OIS0, 10D HZE AIEHO AI203Z 15 % &It
10 12000COIIM AZ8H AIEHO DIM=EE Fig. 501 UEILHJUCH. AlHLY 2aAQ Z2EE2 MEAOI
mullite A 2oz A MHG/ASS 2 = UL

3.3. LHstE AIE® 2

AIECO| HAIQ] WCH MAEEH AIH FHA0 HEE=E S2 20| LS, Loz JFAHE B3N
2 0|F= ASIE=2 ZD|(base)d AtSt= 1 AtM(acid) AtSIESE2 PRS0 EI|4 M2 2524
MBS Z2 K2l EAAl network modifiers H&ES 6t10, AA MSIE2 HISSRA AMSEZ network
formers E&=2 SHCH. [M2tA S2SAULHN HIIH MSS0| oM 2Wo M= 2ASCC.

SHC dI|Z (basicity)= CtSH 201 Ho=ICH10];

Basicity = base/acid ratio

= (R20 + RO)/(Si02 + Al203 + Fe203 + Ti02) (1)

HIIMd R = 18 E= 25 JFAAL=2AM W2 Na20, K20, Ca0, Mg0ot &CH. A(1)0 23t AIEHSC
basicityE A& Fig. 601 LIEHLHRACH. Ol 28 CAES] HIE0 2 AE0l EIJ1=JF AW, =
ANEAHSU A AI2030F FOLESE SII=0F ZOtEITH =, HAEE 4AX2 SIIEE SIHAIZIN, TetA
LU= MO HEE ZAARICH &E Al203= XS FIEE ZAAMIEZ LML= ESHS
B2 SIANZ A2z o=t
200 HE AIEO CHoHO ==™E Wate 2 EE& A& ZUE Fig. 700 LIEHAJACH. DA (
Al203 EItE0l HE 2 Wt = 2% E LIEtYH RJ0ICH TI, TR, TS el THOI 28t &
<2.3. d&8 X80 OE Uatz &8> Z0AM £ZotRUCEH. Al2030F EItEH 2 TI 22 N
2= Us & Es2ts St 10l (b)= 1002 200 HISAIEO CHGHO TR
Al203 EItEH0ll CHoktOd LEEHHH =t E FIIF0l 2 AIEAHZE0 O ¥2 Ua2Es
ig. 701AM & = UAXO0| WHat2=, TRS 100 HIZ0l 200 HE AEEL =C=s AE & =
HE W AIBOI= Al2032] EOtE0l Sotg == TR g0l =g, = A12032 EIt= =X
a2 FHIM0l 2ol AlE Wet=JF =O0t& X0l OtLIM, HAEN 2o d8= S&H &= =
ig. 49 XRD), LS =0 HE0 AIE &0 D2MX RUXIX 210 AL Je2 HAEC.

=
O
o
RS

e
SR erlo®
S o O R

Q
i rno

==l I urr

(F

Ao Hx= 20 o EtHlgl ZAHE 2o, D892 LIEHH 240] Fig. 80ICH. = &30
2= 2= AIEHN ol o W & 282 219 2HeE TI < TR < TS < THE S Fig. 70A &
g = AL, EBM2 2% vs & DHZ0A LAHAEE &5, Toeve Fig. 80 & Hiet 220,
S Tcv ?TSOICH [10]. Ol 2=0lM M= Bingham plasticOlA Newtonian flow 2 S40| &O0I=Ct.
U g4dE dAM2 BEI AIHEAMNN =22 A $2 352 =2 8% =, Bingham plastic &
£ 2= XID2]2E01 Teve AI203 I SH SI1StCEH. AI2030F EOIE ™ AlE A B51DF 2



ot= 250t =0t&Cs 2I0I0IC. E= 1 Olot 2=0AMsE 8xJt S0l =0tA AlES a=E0|
LGl @=Ct= 20I0ICH. W25 23 Al203 S0l 2IoH 1000l A1 12900CHI A 16000CHH Kl = OF
ZICH. 200 HIZ AIEONA= AlI2030t EILEIXl &2 AlE2l Wat=IF 12300CH A AI1203 EHIH0I 2o &
el 0| 156 % HItEl AIEE 14500C0HA| =OF&ICE.

4. 2 &

OAE-BE Al AEU LAZA ddEE A HSE MOt AI203E &ototd AZe =, 28 AlE
°f OlM==x, 22 €5, S8, 52T, UHat2E, XRD S= =4otACH. AIEUW Al2032 & &
Sote L20M ddE= °”/<5*9| 2= ZAAIH D204 AIES Wet=E SHAIZCH. AYE0l Za
e 82 M20lK EMotEd quartz &0 20K Al203%2t BHSOHH mulliteE SN Ry
MEU FHEY Si2E AZAI210] MEel Hexz BAZUCH. SAI0 Al2032) Elte MEET = W9
B E SHNBLZAM L20A AlES & KA sHS SaAIZCH Al2032] 2t d8EHes Aa
of FEMS 2= UstE & ESHENAM 20E FAEE 2&(Tev)2 SIHZRH AFHOZ =0l
SIACH. CAE-HE A AEON AlI203E EIELZAM Scl® E401 3N BHeEUACH =, AlE2 H
CoF SItELD &2 ROHNL, JIAE 220t SAHUL. Sol 2l =TIt 2elde 250t
Al2030F EIotE2=2 A 28X H2 AEO BlotH 500C Olaf =0IF-CD, 25 STE2 =10 330 %=
LIEHLH RACH.

= g7s ZJ|Ustw W AFBIX20 2ot +=HEASLICEH.
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