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Improvement in coal Slag corrosion resistance of

MgAl:O4 — SiC refractory composites

Hak Man Lee

Major of Materials Science and Engineering, The Graduate School,

Pukyoung National University

Abstract

As progressing the depletion of petroleum resources, it has become
a hot issue to develop novel power generation and syngas generation
systems using coal. Integrated Gasification Combined Cycle(IGCC) is
one of the cogeneration system using coal and also can make useful
syngases. The essence of IGCC is 'a gasifier in.which coal reacts with
water In a partially oxidation and partially reduction atmosphere at a
temperature range of 1300-1600TC. Because of the high reaction
temperature of IGCC, refractories used inside of the gasifiers were
attacked by molten coal slags. So refractories with high chromium
oxide have been used for the gasifiers. Chromium is one of the
restricted elements  therefore  development of chromium—free
refractories which can resist molten coal slags at 1300-1600T is
strongly demanded.

In this study, MgAl204-SiC composite refractories bonded with



alumina were developed. Content of coarse and fine MgAl204 and SiC
particles were controlled to get dense refractories with high strength
and resistivity to coal slags. The composite refractory with 25% coarse
MgAl204 powder showed the highest bending and compressive
strength of 23 and 134 MPa, respectively.

and bonded Gamma alumina powder was used as and and the
ecorrosion and spalling of the refractories were serious problems to
solved. 's inside has eroded coal slag at high temperatures, we need
refractories of heat-resisting property and strong erosion resistance
at coal slag. Currently, it-is commen for refraction of-chromium at high
percentages. But chromium~ refractories is one of high environment
regulatory elements and wvolatility. (That's why they need develop
refractory ' of non chromium,  heat-resisting property at high
temperature of 1600 C,  strong erosion resistance at coal slag. Bulk
density, porosity, -bending. strength, compressive / strength and
resistance to coal slagwwere measured. Microstructure of the sintered
refractories was analyzed® using both optical -and secondary electron

microscopies and crystal phases were analyzed using XRD.
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Table 2-1. 74 ®H&=9] 4
1 % General
Application Coke oven Glass tank crown
purpose
Refractoriness(SK) 35 32 32 33 33
Apparent porosity(%5) 210 20.0 21.0 19.0 20.0
Apparent specific
) 2.33 2.32 2.32 2.32 2.32
gravity
Cold crushing stregth
40 40 35 40 40
(Mpa)
Refractoriness under
. 1620 1620 1610 1640 1650
load T1(TC)
Thermal expansion at
. 1.252 1.20 1.18 1.26 1.28
10007 (%)
Chemical composition
(Wt%)
Si02 95.0 94.5 94.5 96.0 96.0
Al203 0.7 1.1 1.1 05 0.3
Fe203 1.1 1.1 1.2 1.1 0.7
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Bond t Composition Density
onc Lypg Sic Sintering aid Si (g/cm®)
Silicate various

85 clay 15 7
bonded values
Recrystallize
96~98 B - 2.4~2.6

d structury
Silicon

carbonized 50~85 - 15~50 2.7~3.0
bonded

Silion nitride Si3N4
50~80 - 2.4~2.7
bonded 20~50

self-bonded
densified 96~98 - 2~4 3.05~3.15
texture
porous

97~98 C 0.5 0.5 0.25~0.6
texture
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Table 3-1.

MgAlOy, AAE3%

?‘}\é Aleg SiOg FezOg CaO MgO
H] & (%) 75.65 0.18 0.16 0.30 22.18
Table 3-2. SiC &%

T4 SiC SiOy Si Fe
H]&(%) 99.6 0.03 0.2 0.02
Table 3-3. AlO39] AHAE%

?‘}\é AlgOg SiOg Fe203 NazO
H]&(%) 99.52 0.02 0.02 0.32
THCYS 20 TR o=

property Green SiC MgAl:04 Al,O3
Specific Gravity. (gfent) 3.20 3.6 3.9
Green . )
Color White White
black
Crystal Structure hexagonal Spinel trigonal
Knoop Hardness(kg/mm) 2500~2900 2000~2200
Mohs Hardness 9.5 8 9
Decomposition Point(C) 2300 2250
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Figure 3-2. SiC ¢ X-Ray diffraction

_24_



3.2. &4

BoAFo = 750um °]H9 A7E A= BEES ZA(C: Coarse), 1
olgte] A71E 7MA &= IS vE(F: Fine)dl W3 &3tk Table 3-5°1
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!

(3

oA ZES g

v

FooF 0.3wt%e] T #Za7F AASA] wiEel wlde] mYE F 0.3wth=

#4 #9ad. @9, Fesh 3P Sic BEe, 01Me dEHY

¥
400ge ¥ 55 YA g BEdE AR £33 & QB HFEdta
0TCoA 3A7Hser A2 sle] At} Figure 3-3. (c)+= Al203
7} ZEHE SiC YA 3 SEMARZ ot} w9~ v Agk Al1203 YA7F ZEH



(o3

»

o] 9= AL Felst 4= gttt NiO7F Z¥H SiC 228 SiC 29 0.5,
1, 3 wt%s =Z"3s7] 8 374 PE&7]d dEE 50gs ¥,
Ni(NO3)2-6H,0 (JUNSEI 37525)& 7z} 1.807g, 3.613g, 10.839g &3]3k

5 g Aol 1250um¢! SiC 100gs Y1 BS AFE3A] 23 14

:
¢

o
e
2

% NiCO3-2Ni(OH)s-4H.O(DAEJUNG  13478)2  Z+z} 0.094g, 0.188g,
0.566ge Y& F BHE ARt &% & QEAA HdAxsa 37 F
550Coll A 3A17HgF dA2] sho] At

Figure 3-4 (a), (b), ()& NiOZF 247}t 0.5, 1, 3 wt% ZHH SiC 4AH9
W SEMARRlolth,  m¥@ko] S7}ste] whal SiCel-Zwol Ni0o] ko] @ol

A= Aes & .
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Table 3-5. Al WA W} &9k dgol x4
Sample MgAlgO4 SiC AlgOg
name HT 474 % AT LA % AT Y7 %
3~5mm 26
(F+C) 1~3mm 0 1250um 17.5
750um 1.75
MgAls04 Imm 3.25 90um 105 0.3~0.5um 3
- (F+C) | 500um 19.5 u ' T
) 20um 3.5
SiC 70um 9.75 5um 1.75
45um 6.5 B )
3~5mm 8.8
(F+O) 1~3mm 0
MgAl204 Imm 5.2 _
Z () 500um 21 1250um 33 0.3~0.5um 7.1
SiC 70um 26
45um 7.1
© 15
MgA]zO4 -y 5um
~©) 1~3mm 45 750um 20 0.3~0.5um 10
SiC
25% (C) 1250um 43
MgAl204 90um 0 _
_ (F+0) 850um 25 20um 3 0.3~0.5um 2
SiC 5um 22
45%(C) 1250um 21
MgAls04 90um 0 B
— (F+0) 850um 45 o 3 0.3~0.5um 2
SiC S5um 22
65% (C) 1250um 0
MgAl2O4 90um 0 _
— (F+C) 850um 66 50um 3 0.3~0.5um 2
SiC 5um 22
Table 3-6 Aiumina cement®] A 3%
AloO3 CaO Si09 Fes03 Na2O MgO >38um
79~81 17~18.5 0.1~0.3 - 0.02~0.1 0.2~04 18~22
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(C) Coated Aly03

Figure 3-3. Coated SiC ; (a) bare SiC, (b) Coated Phenol resin, (c)
Coated AlLOs,
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T i

(a) 0.5wt% Coate iO

(c) 3wt% Coated NiO
Figure 3-4. Coated SiC ; (a) 0.5wt% Coated NiO, (b) 1wt% Coated
NiO, (c) 3wt% Coated NiO
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3.3.

PE &7]olA E& A}

Table 3-49] 7+

TH
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5 -
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3~10wt%e} 0~3wt%

o 2
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&

]
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el
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Tatel
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oy
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=

=7 0~3wt% 2]

F 25g9l. 0~3wt% <]
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%
el
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vzl

il
110

oA 244
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3.4. +% ¥%

A 7F ¢rw AlEe] vAFx2 #AZS fste] Fedn A (He]
DIMIS-M™) " SEM(scanning electron microscope, FEI XL-30 FEG )&

o] -3ttt

interval 0.05°, scan speed 3°/min& & 3T},

A5 TestE 37] g5lo] INSTRON-44655 o] &3le] 3873 #AEE =A

v}

_ 3PL
e
2 Wi
P Hd Iy k% L: 95 14
W R|dHe Z t AR H e A

Yol B Hil ZAT TA TRFAW,), AW ARG s Az F

A7 AZEA(W,) olat s} l1819]
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AR7] N1FE %) Pol e Aoz AL skt

'LU3_'U)1

W3 — Wy

slags o]&3t] Ar 297914 1500ClA 10A)17FE¢E H A 2388 3519t}
Table 3-6.2 Usubelli slag®] A4 %S ek
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Table 3-6.2 Usubelli slag® =A%

A& Usubelli slag(%)
SiOy 12-73
Al203 18.93
Ti02 0.74
CaO 21.01
FesOs 6
NazO 0.93
MgO BN 3
K20 1.27
MnO 4.93
P;05 034
A 100
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HoAqte] HxE 3 fA 94 AFo] TREA & RV 7]FE
20%m gk w3 el orE=7FwvF ZHzE 10, 50MPa ©]4tel™ usibelli slagell
_]

A WA ol 2mmuREe] B AFA Wsk= <l MgALO,-SiC 534 W3l=

4.1. (F+ C)MgAl,04 = (F+ C)SiC

Table 3-4°14 (F+ C)MgALQs - (F+O)SiCel Ao 2 AFAQ y-AlOs
dwt%et Al,Os & 0~3wt= FH7lste] Casting o2 AldHS vhe &

7] oA 1350TCA 3AIkE DA & AlHe|t). Figure 3-4.+= 48 2
T 9 AYE AFezm AgHe gwHe E7|7F A s Aol HALh
E717F AR Fi s A e AEZe | flel vt We 33 dvjdow w3
a3t} Figure 3=500140 &7] vt= ofgf F AmpA<l (c)e A= MgAlO,
¢k SiCo mlEe]l RBY U Uglar BRI f®Ee R @dAEe =AY
MgAl:042} SiC7F &= AL Bl U3t} o] AL MgALO,$F SiC W&

o] B& gl FEoIA AAzw HAH|AM st BAESlY] WEeR FAH

.
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(@) A 2 ROEEER:

e
Figure 4-1. (F J/C')'MgAlgO4 = (F+C)SiC N g3 a\}\?‘{ A3 Hla

- ¥ X ; " et
) . o - S ol N

(c) (d)
Figure 4-2. (F+ C)MgAl,Oy - (F+C)SiC A& H e B dAn 7 =
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(F+C)MgALOy - (F+CO)SiC Algd e XRDIAE S
SIiC 919 Si0x9 MgALSHOms 4] &S BAFm 3
SICE 2tz Hotol meba A8l FE7) 3742 TR o
© 1350C F-ZolAE Ak4 Egto] 10 *atm o] 4e]W Passive AH3l7b o]
W}, Passive 2Hg7F dojyrm g Si02 Hadbo] olsfq FZA3 SiCeol Aksh
7b A "ok 2 2ol abh E¢ko]l 10 <Poy(atm)<107 Wl gle
A SiC7F Akshake] SiOq(s)7F AP HARE Houhs JdekA] Sotal gdsto]
W] 7] W&o SiCe] #&A el active Absl7F dojdt),

T3 olHtE W& Ak &St ofdl RES I active AFsErE o]
f=a=

rU o
s
>
rot
iIn
i
=
[0}¢]

&=
O

SiC +40, = Si0(g) + CO(g)

2 AP AE F7] FAA EA-EsEA 7] wEol AL RS passive AHs)
7b dojubE 2ol v] mEel FA ®alZE 1% U2 AW Aoz
Aot 28W XRD Aol o] Si0.9] 37k SiCrs kst Alzls o B
433l =4 vsgken ) olAde MgAlkOy, tl# SiCel Akglo] 7)o &t
= AE 9n gk MgALOye 9 971004 Mg(g)oh Ox(g)E HAstHA
SiCe Atsts 3 Al R SlE plez  AgEa gl A x2de
MgALO,7F 571 ol @A gskal7] ol MgAlLO7F &3ld 2712 ok
Atk WA MgAlO,7F SiCel 4t3tE A2 990 Hovtos zhgaof
& Si02¢F MgAlOs7F Whg-3ko] MgoAliSisO1s7F A H ™A Si0E AR 37
el Aow FEHAL,
Ab8lE Folal A 34 MgeAlSisOse] MAS AsH7] 3k

SiCZ AbgebA & A|ES wh== W a Sicel T B3
He-S AAAAA dHE Al MgAlLOs9e] W88 oA 3= WS A=s|

H ket
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4.2. (F+C)MgAl04 - (C)SiC

Table 3-4°A w&¢] SiCE A4 &2 (F+CMgALO, - (O)SiCe =
oz AFAANy-AlLOs 4wt%} Al,O3 & 0~3wt%E H7138le] Press o=
AEHS AZe T F7] F 1350ToNA A Iz st AHS WHEQ)
c}.

Figure 4-4+% (F+C)MgALO, - (O)SIC Alg#A oz SiCel d&Fo] 35wt%
o)

A AFHe] xW F-E XRDE e 243 o=, (@A #H

%
o)

Al SiO7F &% AR Aol gl HJAR (b)A - F-o A= SiO7F A
A A @ S & F ok vEY SiCE AMESHA &g o R s Al
ol A= Si0p Aol 718 Al HALH. MgO - AlO3 = SiO, 3}H3HE©]
A=A e,

Figure 4-5% (F+C)MgAlOs - (OSIC Algl#He] Fst du4d Aoz
press AP o= Qg SiCYAZE FHEo| 7]Fo] T FoZ HolH
Spineld} SiCol A # & o] Wolx] A A2l 7]Fo] HA 3kt
Figure 4-6.2 Spinel®): t&o & 71 A1A EAHO=R 7] FEL Spinel 3+
o] 80%%! AlHA 7H =k =3 AEet = A== Spinel gl 72%%]
AlHo A 7]EEo] FURA 7} 8.4, 35 MPaZ 65%<}F 80%°l wlsl =9kc) 1
olfr= A¥ Al I SiC Y] R lsf B Aste] flo] HAaL
¥ dAte] Agmel met Aol zpolzt vEb7] Wi oleh Als = rh

=

K

(2
N

oo

lo
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Figure 4-4.

f+c-MgAlL O,/ c-SiC
+ —MgAl o,
0-SiC
+ - 5i02
. =-ALO,

Intensity (arb. unit)

F 1 'mer I—=" I ©* T ¥ 1T "=L_"' L al ™1 "
156 20 25 30 35 40 45 50 55 60 65 70
2-Theta (degree)

() Ngwel E1

f+c-MgAle*f c-SiC
. » —MgAl o,
o-8SC
+ - 5I02
1 Ajzoa

Intensity (arb. unit)

o Ut UJL

15 20 25 30 35 40 45 50 55 60 65 70
2-Theta (degree)

(b) Al@H]

(F+ C)MgAlLO4 — (C)SIC A dH 9] X-Ray diffraction
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I

(a)65wt% Spinel - “(b)72wi% Spinel” (c)80wt% Spinel

e o

Figure 4-5. (F+ C)MgAlLO, - (C)SIiC A&7 o] 38t &n] 7
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Figure 4-6. Spinel & %o W& 7|AF Z =
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] Al SiCe H=3k 2bstE o ASH7] $8] Phenol rein, Al:O3 NiOZ
¥ A23 1250ume] SiC YAZ AFE3Ee] Table 3-49lA4 (F+C)MgAlO4
- (OSiCo FYs o= AFAA y-ALO:St ALO; =& FH7bstod
Press o2 AlHS AZ3 T F7] 5 1350CoNA 3A13F DA dte] Al
AE AL
ol# 9] Figure 4-72 #¥ A g SiC Alg¥9] XRD HH o2 (a)Phenol
rein ZY I (¢) NiO ZE A= Si07F BAH A e49kaL (b) ALO; sl A
SiOz7F 73 = At
Figure 4-8& 343t &n7 A2 Aldo= SiO7FA4d"E (b) ALOE ZH
gt Al o] (a)Phenol rein B} (c) NiO Z&e] HJ3l Spinel?} SiCe] AW

oMol gae o] ettt e ok i)

A8 EFY wE Au
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(¢c) NiO Coating
Figure 4-7. 9 A g3 SiC AJgd¥He] X-Ray diffraction
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(a) Phenol rein

) (b) Al:O3 Coating
Coating

Figure 4-8. ¥ ¥ SiCE AHE-3F Al Fet dv7d o
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Figure 4-9. Z®W F /o B& 7143 5A.
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4.3. (C)MgAl04 - (F+C)SiC

Table 3-4¢4 (COMgALLO; - (F+O)SIC ¢ A2 A y-AlLO0s%
AlLOs £ &&= 0, 2, 4Awt%= 7k shar, dFvy AHES] 5 0, 3,

Swt% F7Feto]l A& AR 5, &) FolA 1350TelA 3413 4] 8t

Spinel &l wel Zhzk 25MS, 45MS, 65MS, &uv £9] ghko] we)
A2, A4, AHIE 3t mel C3, Coet W sh3iH.

Figure 4-109) XRD gl ¥4 A3} Table 3-494 (F+ C)MgAlOy -
(F+0)SiCel Al AE Si02, 9 MgO - AlO; - SiOy 9 3lgEo] HAH

Figure 3-12¢ ¢FryZo ks 247F 0.2, dwt% A 7Fsk A|H 9] 33g}

An7 w3 Aol dRuyy E WAk A 2 AFe AaAsE Zat b

:11“
o
o
=
D
olo
—
w
rlo
(o]
o,
A
=
i
>,
=,
[m
Lo
%
ot
=2
=)
(i
ot
B
[-4 {
=
o
>
>
™
o
fr
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A
o

_46_



(c) 65MS
Figure 4-10. (C)MgAl:O4 - (F+C)SiC A& H o] X-Ray diffraction
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! N Cama—

(a) 25MS (b) 45MS (c) 65MS

Figure 4-11. Spinel §&o W& &n|7d w2

(a) 256MS (b) 25MS-A2 (c) 25MS-A4

Figure 4-12.&F0u oo WE<lnl7d a2

I~
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F ek
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(@) 71& & (b) =

Figure 4-15. &Fuv} £9] g & 7|35 v %
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(b) w3 =t 4= A=

Figure 4-16. &Fvy AJWES] stafo] w2 7| A4 54
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Figure 4-17-¢ Usibelli slagE o]&38ke] 15X15X15mmAHS = 5 <
Zui} FHo] Slags 3 2 3T ArE$7]o A 1500C/10h Et H 2

olo >

de & Wk AF zolE ek Ao ARy 3} y-ALOE A

= 3L

1

b AREe] frkere] Hold

O

& Ao WEAe] 95 stk £

=
2 P40 Ast HE AL X 5 Ak

o,
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MS25-A4-53

Figure 4-17. Spinel &< W& Slag Test dAn}H
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Figure 4-17. €F 74 AHWE H7td W& FH4.
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Table 4-1. 2 A|HMe &

oX.

am A= 7NeE | wd A |45 A= 4
(g/cm®) (%) (MPa) (MPa) (mm)

20MS 2.62 23 15 127 -
20MS-A2-53 2.63 22 20 34 -
20MS-A4-53 2.65 21 23 134 0.6
20MS-C3 2.66 24 15 39 0.9
20MS-CH 2.65 20 7 59 -
45MS 2.47 28 12 108 -
45MS-A2-S3 2.53 27 10 99 -
45MS-A4-53 2.53 27 15 74 0.7
45MS-C3 2.60 24 14 79 -
45MS-Ch 2.99 25 12 48 1.3
65MS 2.50 29 11 37 -
656MS-A2-S3 2.40 32 44 -
656MS-A4-S3 2.48 30 50 1.7
6oMS-C3 . o1 27 13 64 -
656MS-Cbh 2.60 25 10 57 3.3
65MS-A4-5S6 2.39 36 3 62 -
656MS-A4-5S9 2.49 35 10 34 1.8
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ezt sl r) o] dk-g-7]ol A AMEE = WstER 1500T °]7de
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AHE &S W SiCe Al Abslz Qlste] thgko] Si0.9F MgO - AlO; -
Si0z9] 3§Eo] AAHE EAH] UJH.

MgALO,ZFA S AFE3F ZACA Si09F MgO - AlO; = SiOy 3HgHEo]
2% AEo] MgAlLO.k SiCel AjtEoe] FXIEHA 7ha Aol Hof
25MS-A4 A|AA & ZAE9} o= ALt 7Hz; 23, 134MPa, HF Zo|7}
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o
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