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Microstructure and Properties of Fe-based Amorphous Coating on Q235 Steel
Substrate by TIG Welding
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I n order to study the effects of different heat input on the microstructure and properties of Fe-based amorphous coatings, Fe-based amorphous
alloy coatings were prepared on Q235 substrate by TIG deposition. The microstructures, phase composition, mechanical properties and ther-
mal stability of the coatings were analyzed by optical microscopy (OM) , scanning electron microscopy ( SEM), X-ray diffraction ( XRD) , nanoin-
dentation and differential scanning calorimetric (DSC). The results show that the coating is uniform and compact, and metallurgical combined
with the substrate. The degree of crystallization of the coating increases with the increase of the heat input of the weld, and the Crystallized pha-
ses are o-Fe, Cr;,FegMo,, and CrFe,. The average nanohardness of the coating decreases with the increase of the heat input, the maximum
nanohardness reaches 7. 55 GPa, which is three times that than of the substrate. The crystallization temperature of the coating decreases with

the increase of the welding heat input, and the maximum crystallization temperature is 506. 8 C.
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LEATHHMY ( X-ray diffraction, XRD) 2 #7 HEAL)Z B4 ; K A O-
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13%8% ( Scanning electron microscope , SEM ) WLZEHEIE )2 19 2 15
20 21, 5% FH Nanomechanics iMicro Y484 R AU HEAR )2 347
F12EPERE IR S R AE s R H] NETZSCH STA449F5 I 22 34 43
Y ( Differential scanning calorimeter, DSC ) ¥ 458 /2 47 E &
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Table 1 The chemical compositions (mass fraction,% ) of Q235 steel and

welding wire

Materials Fe Co Cr Mo C B Y Mn Si S P
Q235 Ba. — — — 0.14 — — 0.41 0.1 0.017 0.038

Welding wire 41 7 15 14 15 6 2 — — — —
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Fig.1 Morphologies of HAZ: (a) base metal, an enlarged view of region A
in Fig. e; (b)fine-grain HAZ, an enlarged view of region B in Fig. e; (c)
coarse-grain HAZ, an enlarged view of region C in Fig. e; (d) fusion zone,
an enlarged view of region D in Fig. e; (e) overall morphology of welded
joint
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Fig. 2 X-ray diffraction patterns of coating with different parameters
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Table 2 Chemical composition (at% ) at different regions of Fig. 3

Sites Fe Cr Mo C Possible phase
A 90. 43 7.17 1.04 1.37 a-Fe
B 74.20 19. 68 4.33 1.79 CrFe,
C 58.08 17.16 21. 06 3.70 Cryy Fesg My
D 55.83 32.72 8.41 3.04 —

Toomsiion lnyer
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140 A, (d) )2 Rk

Fig.3 Microstructure of the coating in cross-section with different parame-
ters; (a) 120 A,(b) 130 A, (c) 140 A,(d) high magnification image of
the coating
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Fig. 4 Distribution of indentation in coating: (a) location of nanoindenta-

tion; (b) morphologies of nanoindentation
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Fig.5 Weld joint hardness distribution curves with different parameters
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GPa, HEXR)Z A 9B A A AN K S AH , BB 21— 2 1y s Ak A
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Table 3 Hardness and Modulus of coating with different parameters

Samples Hardness ~ Young’s modulus ~ Wear property parameter
GPa GPa H/E,
120A 7.55 231. 94 0.0325
130A 7. 46 234.34 0.031 8
140A 6.75 241.39 0.028 0
Substrate 2.57 232.49 0.0110
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Fig. 6 DSC curves of coating with different parameters ;
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