Supplementary Information (SlI) for Journal of Materials Chemistry A.
This journal is © The Royal Society of Chemistry 2025

Supporting Information

Multi-element collaboration in Cr;TiAl;-SixC2 MAX for the oxide barrier

formation in 550 °C LBE environment

Cheng-Feng Du, Qingyan Zeng, Junjie Chai, Hong Yu*, Hongwei Liang, Kun Liang*, Shiyao
Lei, Lili Xue, Xian-Zong Wang*

Contents

Figure S1 XRD patterns of the pristine MAXs and corroded in LBE at 550 °C for 3000 h....... 1

Figures S2-S3. SEM and EDS analyses of corroded CroT1AIC......coviiiiiiiiiiiiiiiieeeeene, 2
Figures S4-S5. SEM and EDS analyses of corroded Cr2TiAlpsS102C2. . nvnvivieiiiiiininiinnnne. 3
Figures S6-S7. SEM and EDS analyses of corroded Cr2TiAlp.6S10.4C2...vvvvinioniiiiiininnn. 4
Figure S8. Cross-section and EDS diagram of corroded Cr2TiAlo8S102Ca.euveennviiiniinnnnnen. 5
Figure S9. SEM and EDS analyses of pristine MAXS.........ovvviiiiiiiiiiiieiiie e eie e, 6
Figure S10. Atomic ratio of Al/Si and Cr/Si in different stages.............ocovoveiiiiininnnn 6
Figure S11. The Ellingham diagram of oXides...........cccevvuieviieneeiiiniiniiiiiieieieeneeeneennl T
Table S1. Phase composition of CroTiAl-xSixCo samples........coooviviiiiiiiiiiiiiiii e 8
Table S2. Refined lattice parameters of pristine MAXS......c.coviiiiiiiiiiiiiii e 8
Table S3. The bond lengths of Cr2TiAli—SixC> in the pristine sample.................coeveennnen. 8

Table S4. Refined lattice parameters of Cr2TiAl1—Si,Cz after corroding in LBE for 3000 h......9

Table SS. The bond lengths of Cr2TiAl-,SiC after 3000 h of corrosion ...........c...ceuvnennn. 9



a b : | 312(58.6%)
( ) R,, = 3.599% ( ) Cr,TIAIC,-3000 h | Al 56Cr10:0,(3.8% Rugp = 4-838%
GOF = 1.30 ALD,(3.4%) GOF = 1.50
| 312(91.3%) : CreAlg(2.9%)
0, Bi(0.6%
o] CrflyS.7%) = | Tit(:(a.s";ﬂ)
H] | TiC(3.0%) S h Ti0,(0.5%)
s SR Ph,Bi,(26.3%)
> > 2 6
E=l N =
[ 0
£ ; ) s
£ ‘ £ .
= A | IIIIII TRILIL | LU
(I N A T AR RN URTRY NIRRT O LT Y ,|||ﬂ“|"|,lH,||l|',|"| i
I l Jdr e I’IIII lnll! A !lll IIlI
| | 11 [| 1
. . . ﬂl. . ! ."‘. ' . llll I|I|HIILIIIIJHII|II lhll“ i
10 20 30 40 50 60 70 80 90 100 110 10 20 30 40 50 60 70 30 90 100 110
2 Theta (degree) 2 Theta (degree)
(c) (d)
= - .. SO - 312(62.7%) =
g R,, = 4.996% Cr,TiAl Si,C,-3000 h | a ook R,, = 4.274%
GOF =1.51 | Tio,(1.8%) GOF =1.33
| 312(92.6%) | Tic(s.7%)
2 | CrSi,C(4.1%) . : gﬁ';’i}i:’/;
3 | TiC(3.3%) S ¢ iy
o & | sio,(2.5%)
0 0n
{ o f =
5|+ . ] g
= =

(| | |1

I

I

| rlll” |I 11 |I“III IIII“ P III" UI IlllI HI'H'IIIIHII
| I III III lII |Illlli|||

n ”I II,qI“I Il

,Il Il1 nf’l! ' III'J

—_
@
~—

10 20 30

10 20 30 40 50 60 70 80 90 100 110 40 50 60 70 80 90 100 110
2 Theta (degree) (f) 2 Theta (degree)
R,, = 4.732% Cr,TiAl Si,C,-3000 h :11.2:;:3 oa.17) R = 5:226%
GOF =1.46 GUF =1.65

l Cr,Si,C(15.5%)

|

312(80%)

TiC(4.5%)

TiC(6.1%)
Cr,Si,C(10.5%)
Tioy,(2 SM

|
|
| Bi(2.4%)

Intensity (a.u.)

11 | 1

| | Eneerr e rmrermenren pwee m
| EEE D ne s e Cnemen Jnwuonm o o onm 1

|

(|

Intensity (a.u.)

|

| ! I 'II‘Ir“IIh II | I‘I‘II IIIIIrI"“ h“l\

’ll:llll:ll ?llJ |‘|||||

10 20 30 40 50 60 70 80
2 Theta (degree)

90

100 110

10 20 30

40

50

60

70 80 90 100 110
2 Theta (degree)

Fig. S1 (a) and (b) are the XRD Rietveld refinement patterns of CroTiAlC> before corrosion

and after corrosion in LBE for 3000 h; (¢) and (d) are the XRD Rietveld refinement patterns of
Cr2TiAlosSio2C2 before corrosion and after corrosion in LBE for 3000 h. (e) and (f) are the
XRD Rietveld refinement pattern of Cr2TiAlosSi04C2 before corrosion and after 3000 h

corrosion in LBE.



Fig. S2 Surface morphology of CroTiAIC; after (a) 500 h, (b) 1000 h, (c¢) 2000 h, and (d) 3000

h corrosion in LBE.

Fig. S3 EDS mapping of enlarged corroded surface of CroTiAIC; after (a) 500 h, (b) 1000 h,
(c) 2000 h, and (d) 3000 h corrosion in LBE.



Fig. S4 Surface morphology of Cr2TiAlpsSi0.2C> after (a) 500 h, (b) 1000 h, (c) 2000 h, and (d)
3000 h corrosion in LBE.

Fig. S5 EDS mapping of enlarged corroded surface of Cr2TiAlpsSi02C> after (a) 500 h, (b) 1000
h, (¢) 2000 h, and (d) 3000 h corrosion in LBE.



Fig. S6 Surface morphology of Cr2TiAlp.6Si0.4C> after (a) 500 h, (b) 1000 h, (c) 2000 h, and (d)
3000 h corrosion in LBE.

Fig. S7 EDS mapping of enlarged corroded surface of Cr2TiAlp.6Si0.4C> after (a) 500 h, (b) 1000
h, (¢) 2000 h, and (d) 3000 h corrosion in LBE.
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Fig. S8 Cross-section and corresponding EDS diagram of Cr2TiAlogSi02C> corroded in LBE
for (a) 500, (b) 1000, (c) 2000, and (d) 3000 h at 550 °C. Si, Al, Ti, and Cr element in the EDS

mapping are colored in yellow, red, green, and blue, respectively.



Fig. S9 EDS of the pristine surface of Cr2TiAli—Si,Ca, (a) Cr2TiAIC> (b) Cr2TiAlosSio2C2 (c)

CrTiAlo6Si.4Cs.
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Fig. S10 (a) The atomic ratio of Al/Si in the raw materials, on the pristine surface, and in LBE
residue after 3000 h corrosion. (b) The atomic ratio of Cr/Si in the raw materials, on the pristine

surface, and in LBE residue after 3000 h corrosion.



=200

~300 - 2Pb+0,=2Pb!

-400 - s
1/2TiC+0,=1/2Ti0,+1/2CO, LOFID™ e
pren)
__ ~500 s
LO -60 2.08x107 &
£ 04 4/7Cr,AlE+0,=4/7Cr,0,+1/7Al,C,+1/7CO, =
- [~ e
X -700 - 2/3€r,SiC+0,=2/3Cr;0.+2/3SiC E
Q Q
< -800 - 718Cr,Siq+0,=7/8Si0, +1/4Cr,C,+1/8CO, 7.35x107¢ &
o
-900 - 1.27%10°"® £
28/25Cr,AlQ+0,=8/25Cr,C,+14/25A1,0,+4/25C0O, |7.69x102° D
-1000 - o
(@]

-1100 - 823 K 1.32x1024

L 1 L] 1 L
750 800 850 200 950 1000
Temperature (K)

Fig. S11 The Ellingham diagram of oxides formed by oxidation of Cr,TiAl;-.SixC> at 550 °C
liquid LBE.



Table S1 The phase composition of Cr2TiAl;1-.Si.C> obtained based on XRD refinement.

MAX Phase & content (wt.%)

Cr2TiAIC: 312913 wt.%)  TiC (3.0wt%)  CrsAlg (5.7 wt.%)
Cr:TiAlsSio2C2 312 (92.6 wt.%)  TiC (3.3 wt.%)  CrsSisC (4.1 wt.%)

Cr2TiAlosSiosCz 312 (80.0 wt.%)  TiC (4.5wt%)  CrsSisC (15.5 wt.%)

Table s2 Refined lattice parameters of CroTiAli-SixC> based on XRD patterns

Parameters Cr:TiAlC: Cr2TiAlo.sSio.2C2 Cr2TiAlo.6Sio.4C2
Crystal system hexagonal hexagonal hexagonal
Space group P63/mmc P63/mmc P63/mmc
a(A) 2.93003 2.92781 2.9265
c(A) 17.88182 17.7481 17.6947
Rwp(%) 3.599 4.996 4.732
GOF 1.30 1.51 1.46

Table S3 The bond lengths of Cr2TiAli—SiC> in the pristine sample

MAX Bond Length (A)

Cr-A 2.702

Cr2TiAIC: Cr-C 1.996
Ti-C 2.136

Cr-A 2.678

Cr2TiAlosSio.2Cz Cr-C 1.987
Ti-C 2.142

Cr-A 2.673

Cr2TiAlo.6Sio.4C2 Cr-C 1.937
Ti-C 2.197




Table S4 Refined lattice parameters of Cr2Ti1Al1-SixC> after corroding in LBE for 3000 h

Parameters Cr:TiAlC: Cr2TiAlo.sSio.2C2 Cr2TiAlo.6Sio.4C2
Crystal system hexagonal hexagonal hexagonal
Space group P63/mmc P63/mmc P63/mmc
a(A) 2.93099 2.93093 2.92685
c(A) 17.88722 17.8314 17.69509
Rwp(%) 4.838 4.157 5.54
GOF 1.50 1.31 1.75

Table S5 The bond lengths of CrTiAli—SiC» after 3000 h of corrosion

MAX Bond Length (A) Length variation

Cr-A 2.680 —0.814%
Cr:TiAlC: Cr-C 1.984 —0.6%
Ti-C 2.170 1.59%

Cr-A 2.668 —0.37%
Cr2TiAlo.sSio.2C2 Cr-C 1.967 -1.0%
Ti-C 2.190 2.24%
Cr-A 2.653 —0.7%

Cr2TiAlo.6Sio.4C2 Cr-C 1.920 -1.78%
Ti-C 2.238 1.87%




