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Kinetics of Non-isothermal Crystallization of Fe-Cr-Mo-B-C-P
Amorphous Alloy Coatings
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Abstract: Fe-Cr-Mo-B-C-P amorphous alloy coating was prepared by atmospheric plasma spraying. The phase and morpho-
logy of as-sprayed coating samples were detected by X-ray Diffractometer (XRD) and scanning electron microscope (SEM).
The characteristic temperatures of the coating was measured by differential scanning thermal analysis (DSC) methods at
different heating rates. The corresponding activation energy (Ec and Ep) was calculated, based on the Kissinger, Augis-bennett
and Ozawa equations respectively. The Avrami index n was calculated by Matusita—Sakka equation, and the crystallization
mechanism was analyzed. Results show that the Fe-based amorphous coating can be successfully prepared by controlling and
optimizing the plasma spraying parameters. With the increase of the heating rate, the corresponding characteristic temperature
of Fe-Cr-Mo-B-C-P amorphous coating gradually increased. There is a significant kinetic effect in the crystallization process.
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Table I Chemical composition of Fe-Cr-Mo-B-C-P alloy powder
w/%)
Element Fe Cr Mo B P C  Other
Component 42.44 16 28 142 624 299 288

#2 Fe-Cr-Mo-B-C-P 5 & REHBATZSH
Table 2 Plasma spray parameters of Fe-Cr-Mo-B-C-P amorphous
alloy coating

Parameter Value
Arc current / A 400-420
Primary plasma gas (Ar) / (L-min™") 55-60
Secondary plasma gas (H2) / (L-min™") 5-7
Carrier gas (Ar) / (L-min™") 3.0-3.5
Powder feed rate / (g-min™") 16-20
Spray distance / mm 100-120
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Fig.l Surface morphology and particle size distribution of Fe-Cr-
Mo-B-C-P amorphous alloy powder

(a) Surface morphology of coating

(b) Section morphology of coating

2 Fe-Cr-Mo-B-C-P 4Efh & IR ZR ML A AR

Fig.2 Surface and cross-section morphologies of Fe-Cr-Mo-B-C-P amorphous alloy coating
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Fig.3 XRD patterns of Fe-Cr-Mo-B-C-P amorphous alloy powder

and coating
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Fig.4 DSC curve of Fe-Cr-Mo-B-C-P amorphous alloy coating at
the heating rate of 20 K/min
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Fig.5 XRD patterns of sprayed state and after heat treatment of
Fe-Cr-Mo-B-C-P amorphous alloy coating
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Table 3 Comparison of peak positions of crystalline phase
Cris.58Fe7.42Cs and solid solution phase (Cr,Mo)1s.58Fe7.42C under

different temperatures

T/K 973 1173
Phase composition  (hkl) 26/ (°) d 20'/(°) d'
(400) 33.396 2.6394 33.859 2.6452
(420) 38.045 2.3633 37.984 2.3669
(422) 41.824 2.1580 41.746 2.1619
(511) 44.479 2.0352 44.417 2.0379
(440) 48.625 1.8709 48.546 1.8738
Cris.ssFe7.42Ce (531) 51.035 1.7881 50.955 1.7907
(600) 51.791 1.7637 51.731 1.7656
(622) 57.756 1.5950 57.674 1.597
(800) 71.175 1.3236 71.033 1.3259
(822) 76.222 1.2481 76.119 1.2495
(751) 78.021 1.2237 77.939 1.2248

(400) 32.572 27467 32.593 2.745
(422) 40.149 22441 40.188 2.242
(511) 42.702 2.1157 42.723 2.1147
(440) 46.706 1.9432 46.709 1.9431
(442) 49.707 1.8327 49.728 1.832
(Cr,Mo)is.s8Fe742C¢  (711)  60.022 1.5400 60.063 1.5391
(731) 65.048 1.4327 65.109 1.4315
(733) 69.930 1.3441 69.931 1.3441
(660) 72.873 1.2969 72913 1.2963
(662) 75.239 1.2619 75243 1.2618
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Fig.6 DSC curves of Fe-Cr-Mo-B-C-P amorphous alloy coating
under different heating rates
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Table 4 Characteristic temperatures of Fe-Cr-Mo-B-C-P
amorphous alloy coating under various heating rates
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Table 5 Kinetic parameters A and B for Fe-Cr-Mo-B-C-P
amorphous alloy coating

Parameters Te1 Tp1 Te2 T2
A/K 893.1+0.1  898.5+0.2 949.5+1.3 970.2+1.3
B/ min 12.8+0.2 13.2+0.5 15.9+3.1 19.9+3.3
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Fig.8 Calculation of activation energies under different heating rates

%R 6 Fe-Cr-Mo-B-C-PEREECREEFTRHELETH
B RE
Table 6 Calculation of activation energies for Fe-Cr-Mo-B-C-P

amorphous alloy coating under different calculation metods

Method Kissinger Augis-Bennett Ko Ozawa
Ec1/(KJ-mol™)  537.9 546.2 9.3x10% 553.7
Ep1/ (KJ'mol™") 5263 534.6 1.3x10% 542.1
Eco/(KJ-mol™)  498.0 505.5 6.3x10% 513.8
Ep/ (KJ'mol™")  418.2 427.3 8.6x10" 435.7

I LER) UG B BEAF B R 22 B . 22
TE S AL U6 B BOME LUA Bl FOEAZ AR, R
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Table 7 Different Avrami index and dimensionality of growth

corresponding to various crystallization mechanisms!"”!

L . Avrami  Dimensionality of
Crystallization mechanism .
index, n growth, m

Bulk nucleation

Three-dimensional growth 4 3
Two-dimensional growth 3 2
One-dimensional growth 2 2
Surface nucleation 1 1

TETEE FHRERT , nad #8 oh f iz i i
m=n—1; MMZC LR TRAHEYI I, T
m=n"", HAEMRET O ARSI, i)
& TE#
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Ing
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Fig.10 Plots of In[-In(1-x)] vs. In(B) for Cris.58Fe7.42Cs at different
temperature
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Fig.11 Local activation energy of Cris.58Fe7.42Cs at different
crystallization volume fractions
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Fig.12 Dependence of local Avrami exponent n(x) on degree of
different crystallized volume fractions for Cris.ssFe7.42Cs
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