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ABSTRACT: The work aims to investigate composition and thickness of impedance layers on thermal barrier coatings (TBCs),
so that the layers can effective impede corrosion of CMAS deposit and also easily adhere to thermal barrier coatings. Protection
effects of uniformly blended different content of nano-sized Al,0; and 8YSZ on CMAS deposit were studied with porous pres-

sureless sintered ceramic pellets at high temperature. Microstructure, corrosion depth and reaction product of the CMAS corro-
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sion layers was analyzed and studied with scanning electron microscope, energy dispersive spectrometer and X-ray diffractome-
ter, respectively. Then thermal barrier coatings with 8YSZ/AIL,O; ceramic layers were prepared by performing air plasma spray-
ing (APS) based on optimal composition. Corrosion depth of CMAS was analyzed and measured, and thickness of CMAS im-
pedance layers was proposed. Addition of Al,O; can effectively prevent CMAS from infiltrating. Moreover, the higher the Al,O4
content was, the better the protection effects were. However, there was a nonlinear correlation between CMAS infiltration depth
and Al,O; addition. Concerning thermal properties and mechanical properties of the TBC ceramic layers, optimal composition of
TBC composite ceramic layers was determined to be 70wt%8YSZ+30wt%Al,0;. Based upon the experimental results, bilayer
TBC ceramic layer structure consisting of YSZ/Al,0; composite ceramic layers (50 um) and YSZ ceramic layers was proposed.
According to overall calculations, thermal expansion coefficient of the YSZ/A1,0; composite ceramic layers was
9.93x107° "C™", and thermal conductivity of the bilayer TBC ceramic layers was 2.4 W/(m'K). Finally, the mechanism of CMAS
corrosion being mitigated by Al,O; was quantitatively analyzed. The optimal composition of YSZ/Al,O; composite ceramic
layers is 70wt%8Y SZ+30wt%Al,03, and thickness is 50 um, which can effectively prevent CMAS corrosion at high tempera-
ture.

KEY WORDS: thermal barrier coatings; CMAS deposit; alumina; yttria stabilized zirconia; recrystallization; air plasma spraying
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KEEE (Zr0., Aladdin), 99Kk =&k —42 (Y.0s,
Aladdin ) FI9KEE (o —ALOs, Aladdin ).
T BEBR R AN R L b i —FPoy AR &, Hd ek 1
FIR , BeAs 20 A ] SRR & i 0 B & R il 44
A00. A10. A20. A30. A40. ¥ KM 20 MPa JE /1 /&
IR EAR 15 mm, J5 2 mm BBE A . AR5 TR 4
Y B % A T IR (SXL-1400C, SIOMM ) N, 7E
1300 C R4 2 min. ARPEENRIETT LIS Hbe 4l mi 1)
P i B ~15% M FLBRR . MRAESE — 22 sL i1k
WAy, AR FTES APS il 4 T YSZ-TBC ( Fiig)2
R K 8YSZ ) LA K YSZ/ AlLOs-TBC ( Fi& JZ 41 kLK

TO0Wt%8YSZ + 30wt%Al,0; Z & 41Kl ). #l& APS
TBCs 3R AT BN Hastelloy /&4 (50 mmx50
mmx4 mm ), ¥4 %452 NiCrAlY WS KR, FEE
15 F 8YSZ W14 5 K( Metco 204B-NS )l 8YSZ/ALO5
IRABEHN . H, YSZ/ALO; IREBIEKH 8YSZ
BER B A ALO; BHRHI K ( AMPRY 6062 ) ¥J513R
A 24 h155], APS BURSHUNE 2 Fin. KighZRE
FEZ) R 150 pm, P )ZIEEELH 220 pm, B AR
BETE CMAS R EIZMB ARE, T ARk
4 J8 LA T v R Pk T B s I 1 I D 5
PR R A4 TE 1250 CTF BT, CMAS &k
G TE IR )Z ( Free-standing Coating ) AT,
WO R E R 1 mmx1 mm /NI HEFT KA
B, RBRIEIK

®1 TBCHWERHS
Tab.1 Composition of TBC ceramic pellets

Name Sample Composition
A00 8YSZ 92wt%ZrO,-8wt%Y,0;
A10 8YSZ+10wt%Al,0; 82.8Wt%Zr0,-7.2wt%Y,05-10wt%A1,0;
A20 8YSZ+20wt%AlL,0; 73.6Wt%ZrO,-6.4wt%Y,03-20wt%AlL,0;
A30 8YSZ+30wt%AlL0; 64.4wWt%Zr0,-5.6Wwt%Y,0;3-30wt%AL0;
A40 8YSZ+40wt%Al,0; 55.2wt%Zr0,-4.8wWt%Y,0;3-40wt%AlL,0;

TE: AR ALOs, 00, 10, 20, 30, 40 &7 ALO: 5T 7041

%*2 APSTBCs #liETZ&#
Tab.2 APS processing parameters for fabrication of YSZ TBCs and YSZ/Al,0; TBCs

Gas flow rates/(L-min"")(std.
- ( X .) Current/A Power/kW Spray distance/mm Raster o POWd?r_l Number of
Primary Ar Secondary H, Carrier Ar speed/(mm-s™)  rate/(g-min”) passcs
110 19 6.7 420 60 90 500 10 22

1.2 CMA S #IgR&IEHh

ARICAEFK CMAS iz miirss S s —5, 3
A3 H 45810,-33Ca0-13A10, 5-9MgO(mol%). CMAS
M _ER PR E L L B IR REERES | T
o T A TR S IR A T A ARAE A ST R,
AT BEHE A R HUA A N 12 KUY . AR
I CMAS 3% 35 A1 I B2 Fn 06 o5 20 5l o 764 °C M
1233 "CP,

B EAZH CMAS 2 IR RTE P& A A TG TR
JRFRM, 75 100 C TR AHT, A LW
CMAS & HI7E 35 mg/em® /247 o SRIF B4 K CMAS
BYEESHAE 1250 C R ihALFE 4 h, THE AR AR 1Y
95 C/min, HABHE MR HEIT T 1250 'C . 24 h
) CMAS J& i 5 .

1.3 RIEFEK
AR 5 UL CMAS Ji 5 1 B 25 F i APS

TBCs BB Je )5 4T X Bk fiTht ( X-Ray Diffrac-
tion, XRD ) F149¥iHE 4% ( Scan Electrical Microscope,
SEM ) illi. XRD ( Ultima IV, HZ<) R Cu-Kodjt
2%, TAEME RN 26, H SEM (Inspect F50, FEI, 3%
FE] )Xo R A T P ROUR 5 A 2R AT T ORI , []ERH ] SEM

A AEE ( Energy-Dispersive Spectrometer, EDS) X

CMAS J& PR St i R A T A 7 e 4 o 3 3 o) 75 30 S3
%LU K EDS WHEGRIEAT N, v LB AR b
() CMAS J&5 it DX 35 LA R oA J85 ol X3k, DA T 313345
HHY CMAS 8 %

2 #HR
2.1 BERBMEH

A00. A10. A20. A30. A40 BeghiZSk:Sh#mE
PANE 1 sl EMREE (RO YSZ, WA
F ALOs, BEAI LB ) AT LA H P R FL B R
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TE 15%~20%22 18], BEAFFGH L APS TBC P & )21
LB . MBF%E R I IE SR A , ALOs FiUk: L)
5 AR RIS AR TE YSZ Bokih ], H ALO, & &
BN CE 1h—e ),

FFARTR ALO; & & B & A 42 CMAS JE U5 1
HEEH WA 2—3 FiR. AHGBLSNHEHT
CMAS/TBC 43 F4k LI K CMAS Ji& 1l J2/CMAS A Ji il
B R, A Z AKX ER CMAS JEZE. Kik
INEALER Y 8YSZ B & (B 2) I CMAS & 23
BT =R NHBRRE: (1) 5 CMAS ZZHE
FA)JZ (Loose zone ); (2) 5 CMAS &2 H.Z(% )2 ( Dense
zone ); (3) W ZFL)Z (Porous zone ). K& 4a Fin
CMAS &l 8YSZ W% i #lifi Ca JCR M AMZE, W
P Ca LRI AEEH, AT LAAT CMAS J& 12 1Y &
. mRR, KR CMAS BR—ERishte, @it

ZALEEB A 8YSZ BEIZMNHR . £ CMAS/FI& Fr
FLE, KiE YSZ KRAWMIG, SECTHAEM
P[RS, FEHMNZE FE8, CMAS o] i it FLER g —
B, TERH R RIE S EBE A, S T IRZ W

WA LR PR R (K 3), FAEAREE
F, #REEARI AR FAEZE T CMAS 9B A Hd A0,
A20 JEiZ S5 I T A BB 2 DA SE HLEUE
2, T A30, A40 R T 5 CMAS 2 H M Z, IF
H CMAS &b 2E 22 30 5 b 2 S8 TR 80 2 2 10 T v T AR
R (WECE S Fiw ). [, CMAS )RR
KA ARG M AR R A FLBR (R CMAS 3158, 4
3 Bk R ), FLBRECR M5 M % R R AR A
RO, E A30 A1 A40 FESL R, JF R & BB
A FLIR 454

c A20
A10 A20
AQ0 1\ / \
A30 ' A40 l
15 mm

f ZMEB

1 R 22 8 A I IR 500 B 5 LR

Fig.1 Cross-sectional morphology(a,b,c,d,e) and macrographs(f) of sintered ceramic pelets

(b)
CMAS—>

dénse zone

porous zones

7r0, Particles

4

loose zone

B2 A00 K% CMAS ALFE (1250 °C, 4h) J5 RO EIE S
Fig.2 Cross-sectional microstructure of A0O ceramic pellet after CMAS corrosion (1250°C, 4 h)
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Fig.3 Cross-sectional microstructure of 8YSZ/Al,05 ceramic pellets with different content of Al,0; after CMAS corrosion
(1250°C, 4 h)

100 pm

a A00 Ca

100 pm
b A30Ca

E 4 A00 LK A30 FEdh7E CMAS JE 1l 4 h J5 B
Ca JLE /i

Fig.4 Ca elemental maps on interfaces corresponding to (a)
A00, (b) A30 after 4h corrosion

2.2 ALO,% CMAS & N\iR E 12

53R CMAS B ARE S BB T RILR
I 5 AT, BEAE A ACHR & AN, CMAS JE i

FEAR /N, /0N R i A AR AR R B T 2 1 K D
N MEALER RN 0% N E] 20%, A FEH
R CMAS B ATEEE DA 220 pm /0 5] 180 pum , Z&1i#
BORIEA L . AR N 20%3% in 21 30%F
BEBE R T E CMAS B A 150 pm Bl /> 2] T
30 um, ZFFREACREERTE. MY ARES F i 30%
HOMA] 40%08}, B45FE R CMAS B AREMN
30 pm /D E T 20 pm, SRRCRIETEA R, Kl 6 &
7~ A0O FE5H LA K A30 FESHTE 1250 CFJE Dk 24 h
CMAS JEMGERE, I CMAS B 4584k ARG % H
NS, A A LA B 8YSZ Fij % i CMAS B AR E
IKENT 520 um, T &H 30%A1,0, B4 H B CMAS
BAREL N 130 um, {UH 8YSZ M H Y 1/4.

(3]
W
[=]

-=—1250C, 4h
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=
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=
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CMAS infiltration depth/um

S

1 1
0 10 20 30 40 50
ALO /%

L
S

Kl 5 CMAS 2 AR R A AL 50 5 R840
Fig.5 Variation of CMAS infiltration depth as a function of
Al,O3 content
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g

CMAS infiltration depth/pm
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:
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Fig.6 Variation of CMAS infiltration depth in sample A0O and
A30 as a function of heat-treatment duration (1250 °C,4 h
and 24 h)

2.3 ALO:# 3T 5z Bz 7= 49 B 2 i

7 M A30 55 CMAS 7E 1250 CFJEM 4 h 5
FIERE SEM 8, 75 CMAS/FE F 5 77 & B i
HIR (K SR G Fy . Bt EDS 4558 (£ 3 W P1 A5)
A, KR ETH Siy Ca, Al O JCEYI,
H Al &85 T I CMAS iRy Al &, st Ko R
() e E A, AT ARSI K SR AR 1 3 A A
1 CaALSi0s.

RS L S
Bl 7 A30 Rl 1250 C R 4 h J5 &% SEM F J+
(4t X3 A EDS i X 35k )

Fig.7 High-power SEM image of A30 sample after CMAS
corrosion (1250°C, 4 h) (The red boxes indicate the zones
where EDS results are showed in Table 3)

8 J&/K T A00 Fl A30 M Fth CMAS S iz
19 XRD [&118% . DAl 8 BT LK IR, YSZ B % F v i) CMAS
S )2 EEELL CMAS BEREAR ) 3, 10 YSZ+ALOs B &
A Y CMAS S0 JZ2 Bk CMAS BEESAHAE , i H B0 T 4
KA1 (CaALSIOr ), B9 AT ((CaALSLOs ) RLAARfA1

(MgALO. ) SE&45hhAH . MR4E EDS 4531 (3£ 3 iR )

AT, A30 R CMAS 38 A2 89 S8 71 73 A 9 A
o), B AR EEFELSK A E, MEBA
JEREFEBIN ISR fh A Ry 3

Tab.3 Chemical composition of different zones in A30
reactive layer after 4h corrosion at 1250 C

at%

Position Si Ca Al Mg Zr o
CMAS 27.89 1584 7.80 4.45 —  40.69
P1 2426 863 1921 0.77 1.25  45.69
P2 2264 977 19.07 018 0.71 47.32
P3 0.41 071 3777 1634 6.11 38.27

e1-Zr0, vm-Zr0, ¢ Ca,AlSiO,
# Ca,ALSi,0, *MgALO, o a-ALO,

KLY
& CMAS glass

*

A R
A0 R T

L]
™ ‘ fa e )‘. -
0 10 20 30 40 50 60 70 80 90
20/(°)
B8 1250 CJEih 4 h 5 A00 Figizs A L & A30 F% A
CMAS [ JZ XRD i
Fig.8 XRD pattern of CMAS reactive layers on (a) A0O ce-

ramic pellet (b) A30 ceramic pellet after 4h corrosion at
1250C

2.4 APS TBCH&EX CMAS BB 1ER

APS AREIRZReLE SR M EIE S mE 9 Br
N, HPEEHN YSZ, KEHN ALO,, BNy
FLBR o AT G 32 1T LAAS H 0 B FLBR R I TE 16% 42
i, SHEER FLBURME . & 25T L
K, YSZ TBCs 5t 5345y, A RSFA— (5~20
um), FARA—HIFLBR, WA KRS (40 9b
iR ) fi1E . YSZ/AL,O5 TBCs Fif & )2 R W45 ¥4 LA
FERAaA R E, LBV A, fLER Ry
5~10 um, [Af, 5 YSZ TBCs # L, YSZ/AL,0; TBCs
Wiy ¥ )2 v 3 L ) A R OB D

& 10a—b AHLIEIKE CMAS UMK 8YSZ
TBCs Ml 8YSZ/A1,0; TBC %2 ( /L& M 30% )
TE 1250 CHALEE 4 h JFISMIL, HF CMAS 78 & iR
TR, ERHE R R R, IR
S22 CMAS JZE K . TR E A,
WERME T RFEE, B, HE&A YSZ MIE
EHET RN IS, W& YSZ A ALO;
PIREAR I BB g, Rk, 2RI R
1) CMAS VIR PA S R T A —FEAY4F
fE. YSZ Fii%)2 it By CMAS iy i M () /K %
IR, REDEH; M YSZ/ALO; H%JZ Lt ¥ CMAS
B, R RLRE

P TBCs H s {7 BB 46K IF %) FROUR. 445 ) 3 i) <]

Indensity (arb.units)
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= g 32 o
¢ APS YSZ/ALO, TBC, {&f d APS

YSZ/ALO, TBC, Fif¥

K19 Beslids APS TBCs ok ifi i 4
Fig.9 Cross-sectional morphology of freestanding (a) APS YSZ-TBC and (c¢) APS YSZ/A1,0; TBC after heat treatment at 1250°C

for 4 h (same magnification); (b) and (d) detailed SEM images of (a) and (c) (same magnification); white phase: YSZ, gray phase
Al,O3, dark phase: pore.

a YSZ TBC

¢ YSZ/ALO, TBC

Infiltration layer

Ca-map Ca-map

g YSZ/AL0, TBC, Ca-map h YSZ TBC, Ca-map

El 10 CMAS ik (1250 C, 4h) 7 APS TBC ZWLI T GOWLEHEIJE S LA K EDS 45703 431 (€l
Fig.10 Macrophotographs (a, c), cross-sectional microstructures (b, d-f) of APS TBC and Ca-map of EDS (g, h)
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10b, e f1d. ffi7n. YSZ Fi%)= CMAS B AZKIHFI
H =P s (1 )5 CMAS B HHZ;(2 )5 CMAS
THHEZ; (3) 22 HAsidnZREE R 30 um,
CMAS B AJZEIEE R 180 um ( FEAB ANEAFGEZ ),
YSZ/ALO; BEAFEIZH CMAS B AJZNFI —Fh i

s —ihn)Z, HIEEEN 16 pm.
3 it

3.1 YSZALO, EEHEREM T RBEEMRIL

T LR, EHAWMERPEMABN S EE
CMAS UIBIB ARE ZAELEX R HEEM
CMAS TR g ik, 52 A R kb 0 S A 40 75 228 2
20%~30% T AT BUE ( ARSLEE5 R R 30% ), JFH
— BRI EBUE, HXF CMAS YUY 8 i i 4iE 2%
SR IR BEE A AR O R A A 22— 2k
IREEHRTE. YSZ BIAERN 2.3 W/(mK) (25 C) P,
ALO; T 30 W/(m-K) (25 °C) P, Bz,
YSZ/ALO; A MR G REE ALO; & =W THE i
FhE, HCZRWE Maxwell BHSRIEI . 25 ALO;
TN, B A MR I TR R L i e i £
K M ALO, T /MG F] 40%05), AR ALO;
1 8YSZ WUARFILIA S T 1:1, ARG Maxwell FSHIRL
BAEMEH GRS BT TS, AR
BAEWEZNERI SR 70%8YSZ+ 30%A1,0; .
T LR YSZ/ALO; EAFHE)ZN CMAS
BABREUCN 16 pm, 8 T #E—2 00 S fL 57 % TBCs
PEEVERR M R, AR SCHR S OBUE B B 2 A5k, BD
YSZ/ALO; E A EHEN CMAS BiiPZBHETE YSZ
FM LT 2.2 TR A A X CMAS J6 {75 B 5% 1 1) &%
R, ARSCEEY TBCs H1 150 pum J& 8YSZ i & 2l
50 um JE YSZ/ALO; B & W& ZA R, WK 11 fis.
T SCHRE A PR RE LA B BROR G 1 T T X X2
W 2 b AT FRIS LA .

_ I "
A 4

A

YSZ
150 um

v

Kl 11 TBCs XUz M &= KR
Fig.11 Schematic diagram of bilayer ceramic layers on TBCs
Fan Yang 25"5E i 505045 YSZ/ALO, Z & #18
TEA R E TR SR, HER B IR, 70%YSZ+

30%ALOs A M EHTE 900 CFHIMSRA R 3
W/(m-K)o it Azt (1) "o ERE &R %

,1{,12x(;

/?Q—IJXVI+1

K. A HEAMBHINERFRER; 4. L5
SRS 1 ML 2 IR IREG v 1 550
IRIIARTR . B Se B A (1), AT 22 %
SRR RS RE B INSEA N 2.4 W/mK), 5
8YSZ e F i F AL (2.3 Wi K)) 4342k,

YSZ/ALOs B & P& Z M F K &8 a ol s
X (2) IHEAR™,

aKF | a,KF

(1)

~_ P P>
= 2
CTKE KR, 2
P P,

Kh: o a2 B PIAICH BE K R 5 CTE );
KW SR (K =—2 ) By 4
3(1-2v)
TCINB R p N S W3R 4 HPEdE A (2),
AR YSZ430%AL0: EA#EHE CTE FIS(EZ R
9.93x 107 C~', I YSZ/ALO, 5 A M RHE A 5 b
i CMAS BHATTZ S YSZ P8 )2 AN DB

®4 ALO:F YSZ WIEXMIESH
Tab.4 Relevant physical parameters of Al,03; and YSZ

Properties Al,O4 YSZ
CTE/(x107® ™) 8.8 10.8
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T LLEJLSTHE, YSZ/ALOs-YSZ WUZ M % 2
RE T LA R 2% CMAS J& ik, [) isf ] DAPR 544 2R A
XPRAR AT, IF AT KRG T U ik R B0 [
M7 3 B A AN DR L 1 T o

3.2 AlLO;BEIE CMAS #lIE#R R

T FIRZER, 8YSZ/ALO: & A Wi b 6 fE —
SEFRFE LA CMAS (I35 A o BRAE B 3 12257 (1 HLS
R R ARYE CMAS WA AL, M Ca0-ALOs-SiO. AHIE

(W 12a frs ) AT E H, CMAS EEIETE Pseudo-
wollastonite X388, H: 3= AN WM AR s LR Eh L &
Y R R AR S R BN 2§20 CMAS AL
MR, AT RE S IE BRI S KA (CaALSiOs )
FIEHC A (CaALSIOr ). KA AR H K AR
O ZE RS, &l 10f frx, TBC/CMAS #im F7
MTEZNEERGER, £ 3 JI2409 EDS 45 RAEsL
TREZRGEM M E N CaALSLOs, XL S



<216 - %% E

&

PN 2018 4F 2 H

A B TR B2 B g J2 6 v (R B0 B, O FLIRAIE CMAS
DU R, DR ZE CMAS B AR

Aysegul ZE"" PR YSZ4+ALO: (16wt%ALO; ) &
A VR ZIEARREA R I CMAS B A, JF4A AT g
JR R Zr0, R BETEAR R 0 3 A 2 T 450
I TR E G AHBIEAZ (TiO, ) RATHES K AT U KA
KAMEL M. AXEEREW, Y YSZ+ALO,
ALOs F i B/DRT, M ARSI D, AEeE
WAL B A EEE, M2 YSZ+ALO, FiY ALO, & i
iKE] 30%H}, CMAS/TBC |5 X3 2L & CMAS B A2
HRUTAR T KA i s s Ak 5, DT BE 6% A8 R0 i FH 1=
CMAS B A . ASCRAE DA H#ISEAM -, X ALO;
W% CMAS B JE Ve A T T A Hr .

HEMFFTFRIE, CMAS Ff) Ca JLE A Si JTLE B
kA TBCs NERIT-INiE TBCs JE 2 Hbesh( 3 | 4
h fEfigi2i5 400 um (Y YSZ P2 ) ™, Wik, 424
VR IZ T 0 s s AR e P (I B E S e P R )
FERBEABOBFHLIE CMAS HE—298 A i 5 45 i
FEREEA : WM | AR i
IR i PRERR TSI AZRIAN, 18 AT LA g
CMAS J& il CaALSiOs Fll CarALSIO; Y75 2 Jil 8 B 4%

CaSi0,(S2)
(pseudo-
wollastonite)

09 08 0.7 06 0504 03 02 0.1 2Oy
Mole fracture

a Ca0-ALO,-SiO,
B 12

o HT CMAS H1&A —E &M ALOs, JfH CMAS
HAICERTE TBCs M )2 TP (Y BUs AR, DN AR M
MORH v B 42404 i CMAS A A TR 485 5 0 ALOs & 1o
RIEASCTIGZER, MERWRZET ALO: & EiAH] 30%
i, Kimm i e AT UisE, Bk T CMAS #—4
B BRILZA, SIS REN, 2 AR I A RE
fEiE CMAS HFHEAL S e s5AH , AT Be JR A
CaALSi,0s Fll Ca,ALSIO, # HAEH il —E 1) ALO;,
U6 ALOs 7 13k B8 B s AL B W TR RN S 1,
ALOs RS IR RESE A5 A HE— AT

ZER AR RN, CMAS &2 N v
YA AR5, IR A B A TE CMAS 25
CMAS KRIFH)Z M AR XK. B 12b 1 CaO-MgO-
ALO:HIE 7~ , CMAS &g eI P 20 &, MRS
SIBEEEAN N 3 PR AR R AR IR BESE CMAS B
FEAR R S AL B MgALO, (A&l 12b ek s ).
SRIMITE CMAS B ALY, Kig Ca™. Si"BIHFEIE L
TRERAEYERK A, e CMAS SO A, H
YILA Mg™ . AU, AL B3I aT U s s Sk 59
IS AR, ITTTTZE CMAS Ji2 1% i iR e 35085 11
gk, BHIE CMAS fEEE—23 A

03
02, )
/ : i , / i
0.1/ o FIV A Y S TS i \ 0.9
/Ca,AL0, | CaALD, GaAl0] i\
Ca0™09708 07 0.6 05 04 03 02 0.1 L%
Mole fracture
b Ca0-MgO-ALO,
=JuHIKE

Fig.12 Ternary phase diagram of (a) CaO-Al,0;-Si0,, (b) CaO-MgO-Al,05 at 1200°C  (data from FToxid-FACT oxide databases)
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