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Abstract: In order to improve toughness of glass-ceramic coatings, 3mol% yattria-tetragonal zirconia polycrys-
tal/Li,0-Zn0-Al,05-Si0, (3Y-TZP/LZAS) glass-ceramic functionally gradient coatings on Q235 steel substrate
were prepared by slurry method. Phase constitution and microstructure of samples were examined by XRD and
SEM, respectively. Their micro-hardness and fracture toughness were measured by indentation method. And their
bonding strength of the coatings was also investigated by pulling test. Resulting data indicate that the seamless in-
terfaces among toughening coatings, LZAS transition layer and substrate are obtained. SiO, in the LZAS glass re-
acts with iron oxides at interfacial region forming Fe,SiO, and FeSiOs;, which causes tight interface bind between
gradient coatings and steel substrate. Micro-hardness and fracture toughness from inner substrate to top surface on
the section of the coatings increase gradually. Residual compressive stress toughening, 3Y-TZP particles toughening
and 3Y-TZP transformation toughening are the dominant factors for improving fracture toughness of the gradient
coatings. Bonding strength of the coatings is up to 16.3 MPa. The gradient coatings withstand more than 30 thermal

cycles at 300°C, demonstrating their excellent thermal sock resistance.
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3Y-TZP-glass mixture
(3Y-TZP:glass=0:100,5:95,10:90,
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I
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3Y-TZP-glass slurry
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accordance with necessity in
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3Y-TZP/LZAS glass-ceramic gradient coatings ‘

Bl 1 3Y-TZP/LZAS BEJEHR)Z Ml &% T 20
Fig. 1 Flow chart for preparing 3Y-TZP/LZAS gradient coat-
ings by slurry method

FLBE (Y BE W% 0 BT ) LS ol PRI OO 5 ) o 66 PS5 3
ARG, O HV-1000 759 554 5 1 W A %
I B4 2 HORERE, 24T 9.8 N, IN#In A 20 so KM s
TRV R AR 4% 2 T A4 SR 4XC R
S AR N T e IR (10 A 2k K RIS K
H4f Evans-Charles 74 30 HST 24 AR o S R 3
FUMTRL MR A A S AN S B R
F WSM-10KN 7 eI WL R /2 5 AN A4 ) 25
Hrm LA & Q235 N IEARAEUREHT IS 11 ) 22 Pk RE

2 FR5HH

21 TERE Q235 Nzl SIERE

BT 1) P BRSBTS 5 4 AR AR T
TENENE, SERRpEh AR BN T, SR VET Uy
FEU R Bl JR 3 R FE 1) % &R

B
lgn=A+
g7 T

(1

0
XA, RS, AL BRITO NS, T oI,

T Y B AR BE T A BB AR S T F, B0ES
RIRE 552 h A48, 2251028 10" Pas A1 10" Pa-s™,
AR, LZAS 75 3 38 (1 B 5 AR % T,
AL Te 4351k 420°CH1 480°CHYY, ik, 7
FH TR P A5 LZAS LR 38 38 (1) v ikl 52 o 28,
W Ton To SRl 52 1 28 v 1 e P A L AH
BN, LA E] 3 AN RE, B sRig ]
3 A, B Ty 24, i VFT MG H LZAS
T BB AL B R B i 2k, WL 2. BEEGEA T4
JE s B RS BE VG R 10°~10%° Pass!" l Kl 2 Wi
SRR FE N KT 730°C .

Bl 3 LZAS T8-S Q235 HNEA T i 5k
56 IS A AR A O, AN S ORI 15 mine

38 i, &F: 3Y-TZP/LZAS Tih B BS T e FE v J= I THOM 5 46 5 P e 65
Factor Value Standard Error
A -0.17539 0.04442
12L B 1031.65639 03.87421
Ty —394.34921 46.18827
= lg n=A+BIT-T,) R*=0.99941
5
2 8t
B
4l .

400 I 600 I 800 I 1000
Temperature / C

B2 LZAS Tl B RORG E 553 P AR O AR

Fig. 2 Relationship between viscosity of LZAS glass ceramic

and temperature
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different temperatures
(a) 690°C, 88.9°; (b) 720°C, 68.3°; (c) 750°C, 35.6°; (d) 780°C, 15.9°
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Fig. 5 XRD pattern of the top surface of 3Y-TZP/LZAS gra-
dient coatings
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Fig. 6 Section morphology of the 3Y-TZP/LZAS gradient
coatings
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Fig. 7 Interface morphology of Q235-LZAS glass-ceramic
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Table 1 Micro-hardness and fracture toughness of differ-
ent layer for the 3Y-TZP/LZAS gradient coatings

Micro-hardness Fracture toughness

Layer H,/GPa Kic/(MPa-m'?)
Transition layer 2.43 0.62
Ist toughening layer 3.24 1.32
2nd toughening layer 3.78 1.94
3rd toughening layer 4.53 2.12
4th toughening layer 5.11 2.83
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Fig. 9 Optical images of Vickers indentation on the section of coatings
(a) Transition layer; (b) The 1st toughening layer; (c) The 2nd toughening layer; (d) The 3rd toughening layer; (e) The 4th toughening layer
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