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Fabrication and Properties of Plasma Sprayed Calcium Magnesium Aluminum Silicate
Ceramic Coatings
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Abstract: A CaO-MgO-Al,0;-Si0, amorphous ceramic material was fabricated by a high-temperature melting method, and calcium
magnesium aluminum silicate ceramic coating was prepared on 45# steel substrate via high-speed grinding and plasma spraying. The
phase composition, microhardness, and microstructure of monolithic ceramics and coatings were analyzed, and the bonding strength
of the coatings was tested through tensile experiments. The corrosion resistance and mechanism of the coating were investigated
through salt solution immersion corrosion experiments. The results indicate that the porosity of the calcium magnesium aluminum
silicate ceramic coating is 7.93%+3.27%, without an obvious layered structure. The microhardness value of the coating is 6.63 GPa,
which is only 3.89% lower than that of monolithic materials. The non-porous area has the microstructure and mechanical properties of
monolithic ceramic materials. The bonding strength of the coating is (16.25+2.11) MPa, and the fracture occurs at the interface
between the coating and the metal transition layer, which is equivalent to the bonding performance of other plasma spraying ceramic
coatings. The corrosion rate of the coated sample is 0.102 6 grm>h™', which is reduced by 12.3 times, compared to the substrate
sample, indicating a good corrosion resistance through a 1 000 h-immersion-corrosion-experiment. Based on the analysis of the
corrosion cross-section, the dense structure of the coating plays a mechanical isolation role in corrosion. The dissolution rate of
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corrosion products accumulated on the pores and crack surfaces of the coating is balanced with the rate of corrosion liquid penetrating

into the substrate, reducing the corrosion.

Keywords: calcium magnesium aluminum silicate; amorphous ceramic coating; plasma spraying; corrosion resistance; monolithic

like material

WS — T B AR R s, Hop
oy BIFRWY . BESE. EMULECE LY
SN 4 IR AR AT B AR AR T K AR
S &, DL NaCl, MgClL 25 & Ak ¥1o8 18 iy
HAPp &S ai, BARERNEENE, 20
PR e e B e 1) 2 THI 3 RRAR SR S Ve B
Wb X TV PR R R, St AR S S i
&, StEEAR R R TR, R E R AT
BEP, Uk, WFHETEIA SR 4R A AR
TR AN 4 7 VA % B LR 3

Fi%slBlagt 7 AS17GrQ NZERI I K 45
X AL R S R b = W e AR R M Rl
[ TS Al A k. Ak 22 S U F B
I J5 et DA B A 5 A F P R s B E B
Vi BT 2 NG R I v e, 3L
AR 5 ) 5 11 4 o8 A 5 A o B R
BRGSO RAME . B I K
BeEfaidn, NHEABENEGFEMs A E
ZRNTREME . iE%. AN TR, Hrh i
VR ZHA AR i B R R 5 S
RYERE. AT IRBIEAE B BOR, R AT
& R R E T B DU R PERE SR 1) R4

RIFLBkIERE: 2) Bimmgs & 3) I RKIE
i RE

PERRERR ShATEE H CaO. MgO. ALO; Ml
Si0, 4 Fi 4@ E AW v 32 B ARk R 1) W #F
Ko %P EM AR S ) 5 R AT R )
hikfe, HAPRIRE 2. A, HEESR
FH Joe 46 2 1) 26 55 BE BR R TR 3 (CMAS) 51 Tl s B 3 5
HEWERE, WHFRBNZA R miE - S 45
AT FE3 P PR e R, AT 00 v PR . A 8 25 5 i
[, HIRERMEE P, RO TILEGRE.
2ESUME R 3D 4T BB AR 1 4 0 4R FR AR R T
CaO-MgO-Si0, (CMS) F il i B F % )2 5 1 T B 2
FLBRFIREL, HA RUFI) 15 R BAK A A
B, WEMAERE T Ag AR SR e
ok G OUR P REIR S DR B 440, A RUhiR
&7 ALOs—13%TiO, (AT13)if/Z1E NaCl #hig

RO JE P BE, H n(CMAS):n(AT13)=2:10 I f i
T e AR o

BT HHRHIE N 51 E 2R 4550 3D HTEIHAR
Hl S AR REIR EL R TV AR E, WHAURUR KR, 45
BEERREIR £h A PR B 2 B BT I ) 2 1 R AT
TR RE(CMAS N s i), BB R
RS N FH 1098 77 T8 B T R S R A
(BT 10 000 “C)), T LUK H AT C 40 1 BT A P
PIRE, BRI A5 B T W IR B AR A ] £ &2 P B ik
B LA =Y N v, DR O (= 0 SO = =11 = I 2 7 81 EE
BRI  CMAS W &8 2 A TR E 8
b, BEGTEE B TS CMAS %2 BV RE T 58 AL B
DITAEIRN o AR TAEE S e s e 5 AR i £
HIE G5B TR EMR K, HRARSEET
IR FEARAE 45 SANFEAR_F 4% 1 FhES BEAR Rk R 25 M
BRI, XTI Z O S AN ) S e EAT RALE
IS VAR B S Z IR ETE CUBREE T 1 5
PPEREHEAT IR, oW iR B AEA RV 5 T A 855
IR

1.1 HREREMR

B BEER R IR SR M IR B M R A EHMEHE CaO .
MgO. ALOs. SiO, 4 P MIkn A, 2B 51957t
g, B 1500 4 PR R RO TE SR B CaO
WA RBRAZOR, FARBRRAE DAY, BIRE
BRIV ERER T, ~FIIRIAZE N 38.53 um. MgO 3 K Jit
B HRAARN, 2R, MgO ki el k] B8,
R BB, R R BN R 2, RO (1)
Bk 9 2.53 pmo ALOs B R IR BN BT, RUkL
ZAIANFEBE, A R, P3R4 117 pm.
SiO, B 7R 2 AFI AIHOIR, kL (8 AAH BB
I VERAT BB AT AN E), TP HIRiAE N 50.37 pm
4 MEEALYIR R IR EE S AT Ja L SRS O T
PEAAMIE, HHEEE LRIBSHARNAHT%HE 7
W IR ARG 2338 il aE FE MR, M ANESE, IR
FR 57 SR I R, DAL e A g I o N 2 ) R
ARG B 2 A& AT A B R AR AT



. 2782 - QeI )

J Chin Ceram Soc, 2023, 51(11): 2780-2791

2023 4F

(a) CaO

(b) MgO

(C) A1203

(d) Si0,

BT 4 R AR I SO 5
Fig. 1 Microscopic morphology of four types of oxide particles
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Table 1 Raw material ratio of CMAS

Component Mole fraction/% Mass fraction/%
CaO 33 33.17
MgO 9 6.46

AlO; 5 13 11.90
SiO, 45 48.47
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Table 2 Plasma spraying process parameters

. Spray
Power feeding
Sample Voltage/V Current/A . .. distance/
rate/(r-min )
mm
Ceramic layer 40 800 2.0 120
Adhesive layer 38 780 1.5 120
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Fig.2 Bonding strength testing device
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K3 PSERARIERR Eh M R K 1 XRD %
Fig. 3 XRD patterns of CMAS powder
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(a) Unmelted powder

(b) Broken ceramic powder (200x)

(c) Broken ceramic powder (50%)
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Fig. 4  Microscopic morphology of calcium magnesium

aluminum silicate powder materials

F3 MEBRIERERIE

Table 3 Characterization of ceramic particle properties

Flow time (per 50 g)/s Apparent density of powders p/(g-cm )
1325 1.224
140.1 1.293
144.4 1.256
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RN e | PN AR TR NIV PN BURA NS



51655 11

EET 5 SR T UORE B RERR IR M B IR E % S R < 2785 -

2o 55 B T ARSI IOUE AT A, R R BB AT
MR EBE -

(®)
K5 A5 BRAR I EHh M Bt ACKLEE 73 A1

Fig. 5 Particle size distribution diagram of calcium magnesium
aluminum silicate ceramic powder
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Table 4 Comparison of porosity experimental results

Coating Field Porosity/% Average porosity/%
CMAS 1 13.56 7.93+3.27

2 7.69

3 7.07

4 5.52

5 5.82
ALO; 8.39
AT13 13.20

(a) 50%
(b) 1 000x

Ko FHEtRrEmRELin=RITTIH
Fig. 6 Surface morphology of calcium magnesium aluminum
silicate coating
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(a) Ceramic layer cross-section

(b) Cross section hole size

K7 PSEEERTERR £h M R i R A T3
Fig. 7 Cross section morphology of CMAS coating
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Table 5 Comparison of mechanical properties

Material Vickers-hardness/Hvg » Vickers-hardness/GPa
Substrate 332.06 3.25
Monolithic ceramics 704.36 6.90
Coating 676.63 6.63

(a) Monolithic ceramics

B8 Huiki 5 IR 2 Wosl 3 xT te

Fig. 8 Comparison of micromorphology between monolithic

(b) Coating

ceramics and coating
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Fig. 9 Force—displacement curve of coating tensile experiment
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(a) Macroscopic fracture

(b) Elemental distribution

(c¢) Schematic diagram of fracture location

10 S fi by RSB
Fig. 10 Analysis of tensile fracture morphology
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(a)

(b)

BT W DA RO S e R A

Fig. 11 Microscopic morphology and element distribution at the fracture surface

(a) Uncorroded substrate sample

(c) Substrate sample at 137 hours of corrosion

(b) Uncorroded coating sample

(d) Coating sample at 137 hours of corrosion

B 12 RS R A I AT i B B S0 H

Fig. 12 Comparison of macroscopic morphology between substrate and coating before and after corrosion
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K13 BT 2 PR 7E 305 h RN TR AR
Fig. 13 Mass changes of substrate and coating samples during
a 305 h-soaking-cycle

6 2 MiHE MmN EIE

Table 6 Corrosion test data for two types of specimens

. Corrosion
Material my/kg my/kg Am/kg )
area S/m
Substrate  3.005x102  3.000x102  5.000x107° 2.88x107*
Coating  3.038x107%  3.036x102  2.000x10°° 1.95x107*
RS RV ) Ra = AW = it
. Am
Corrosion rate = 51 3)

B R AR MY 1.263 0 g/(m™h), RZEiR
FERGE %4 0.102 6 g/(m*h). J&ihs = 14027
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Fig. 14 Analysis of surface elements of corroded specimens
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Fig. 15 Microscopic morphology of coating after 1 000 hours
of corrosion
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Fig. 16 Distribution of Fe in the coating cross-section
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