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EMEEARZ—, N Fe FApf& SR TILA
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) Fe HAEdmiRZHEH T SEKR. BHALE KA
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PERYE R, TSR 2 R R N . B T ImES
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FMABETZ IS HER SRAE N 18~48 um [
(FeosNi2)s1CreCoeSis sB175sNbs JE fikn R o K FH #B M
SLAE HV-80-JP 8 3 3 K SR (HVOF) B8 £ R
9 45 mm X500 mm>X 10 mm A32 A 40 2
#% Fe BAEAIRE, Bl mAEM R ZEREL R
65030 um. EARMIWHE T ZSH08: AR EN
53 m¥/h, B EA 22 Lih, 8% A 22 g/min,
MR 2 400 mm/s. JE SRR JE U R %1k R R
AR IR U, B P R R R LR
b, FEE R IBEAGE R . A BRI AR
i [ AR 5 S5 22 78 41 4 B A4 (DS C) SE B &5 SR o o

K E MRS STAPT1000 [H]25 # A ht
e iR Z 747 %R DSC AiTtHE DSC 704, FHE
43514 0.83 #10.33 “C/min, i Z B &/ T 10 mg.

LT DSC 2 iR 2 B A X (AT =Ty Tgs
T AR BE s Ty: B FALIR L) - 18/ D/max—2400
X AT A (XRD) 5 HE df ik J2 HEAT W0 AE 45 4
HT, XRD S £RIE AR K, FEEE N 2 (Y/min,
KN 0.01 FHETE R 2080 K FEI TF200X
% G LT R AT (TEM) WL 82 3E & 0 2 10 0 2 ol &5
¥, AERIREFE SR R AUK B 2 EE N 80 um,
PP ERN 3 mm R, R &7kt
AT RGO . AR B R ] HV—1000 2 Ak A%,
Xof Al d i 2 M T AT AR R, B AR S i
In#AT )9 200 g, PRETR] 15 s, JE iR )= BT
AEK M MFT-R4000 =il k4 53 BE B BE i B AL
TETEEEE AT NI, {8 H BA% 6 mm 1) GCr15 4K
BRAE X EEAE, AR ZRE A AETE, DURIE
JRE ¥ B8 45 S 56 U 2 R T LA [A) — MRS B (R.=0.36
um), EFATFEAN 5 mm, JEBhEEE N 25 mm/s, IE
FIFE] 9 30 min, JEANE A A 10 No Ji& i gl ik
K LR HC-600e B4k 22 T AR, #15 HbLAE
B EAR, AT R AR S LR, AR
TERNTAERMN. FEMEZIRT 100 mL A TiEK
(202453 g/LL NaCl, 5.20 g/L MgCl,, 4.09 g/L Na,SOs,
1.16 g/L CaCl,, 0.695 g/L KCI, 0.201 g/L NaHCOs,
0.101 g¢/L KBr, 0.027 g/L H3BO3, 0.025 g/L SrCls,
0.003 g/L NaF, PH=8.2)iA i H it ATl . A% 7E
N LK 2 30 min, 457 % B fSr A 8 Ja T
G, EhAMALERZELL 0.005 Vs FLE e R4
o WRE 0T 30 KX BE RS BB R TR 3R A FEI
Quanta 450 FEG #14ii fi. 7~ 218 (SEM) A LSM 800
BOGIE T AL B (OM)HEAT W EZ . FLBR
KH Image J 8, N ARIEFLBR 2R DU 45 R 11 v
PE, BRI =), BCFE. RAEE
KLA-Tencor 7 &) A 7= i JE 42 fiph 26 2% 58 B ASOR: il
THE R AR 5 BB AR, 1S H B 2(Q) .

2 #R5E

2.1 ERABHRIIEERERIERE

TEAE AR IR Z L A TRAH X AT,(447.2~505.6 C,
UL 14 P) & LR R 440, 460 1480 °C 3 M
FEREAT SR DSC SEES, 9 PRk et i 1] X Ot i
Ak b B & R A A R N, SR BRI
(0.83 “C/s)%I 440, 460 F1 480 ‘CHEATfRiE. 45 %40



31 %

TR, S5 HALRIXT Fe JEAR SR Z T B Ky & b 4 RE AL 3

B 1 FioR, AR &R 2 7E 440,460 A1 480 “C {45 60 min
B A SR B AR R o IR FEAS R BE B R
T B TRRT A i 2 B S5 S 1t RS, i AAR SR
TR B AL R B R AR IS ) 440 C AR 20, 40
A1 60 min, 460 C{&iE 20, 40 A1 60 min, 480 C{#
75 20, 40 1160 min £ 480 “C ¥ K [ {Rim ], HE
— 5 I 4 ) ORI T ] >R S IR 28 0 2 1) e AL R
o

22 FRMABALIEREREH

2 AR AR SR JETE 440, 460 A1 480 “C#4
A FRARIRASFIRS (] () XRD %, Efb s 2 4 SRR
20. 40 F1 60 min B} 9% A IBLI) mARIELELE, $3
N AR AR e O, B IRERE RS (L E
2(a)~(c)). At — D ER A IAR BRI [ X E R 2
AR BERIS2 N, X 2T 480 °C, fRiE 90~1110

1 AEREEAFRNRE SR DSC 2R & A3 JF 459k
fR 2= THE DSC 2k (i 1)

Fig. 1 Isothermal DSC curve of amorphous coating at
different temperatures and DSC cure of original amorphous
coating (inset)

B2 XRD i Ei: (a)ARALFLA SR f iR 2 MR SR JE 440 CHURIR LRI 20, 40 A1 60 min; (b)JF &%)z 460 C
AL IR R 20+ 40 F1 60 min; (c)dEAkiR /= 480 CHAbH LRI 20 40 F1 60 min; (d)3F &k ik /= 480 CH b {Rif 90~1110

min

Fig. 2 XRD patterns: (a) original amorphous coating and heat-treated at 440 °‘C for 20, 40 and 60 min; (b) heat-treated at
460 °C for 20, 40 and 60 min; (c) heat-treated at 480 ‘C for 20, 40 and 60 min; (d) heat-treated at 480 “C for 90-1110 min
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R PDF KA E@ELLT, RIFHE FeNis 7
[111] (b v Sh I TR PE 2.04 A)FI[200] (b v & 1 18] #E
1.77 ABUEMULE, 5 XRD 75 ERE 4k — 2.

& 3 dEMRELE 480 CHALHEAHE 1110 min TEM 4

K 4(a)~(c) s N IAE R IR E1E 440, 460 Al
480 C HAEFELEIR 60 min U TH OM A, B2
BmEeE H 544 58%, BA RIS, b
HRAOHIRER TR, WEILRZERFC, £ 440,
460 11 480 CHAEFE IR JZ LR ZE 7 512124 0.8%.
0.7% A1 0.7%, MK T 7 46 oK &b 22 19 HE & Ik =
(0.9%). MiFJEAE 440 CHULFE{RIE 20, 40 F1 60
min, ¥RZEMFLBRRIEARB AN, 524 0.8% 7 4
460 F11 480 C #HALFRAS [F] PR iR I (7] FLFR 2R A1 5 Fe AR
WA . TEELE 480 CHALFE 1110 min i, &
JZHFLBR R IR K, 2078 0.6% (WL 4(d)). X2
H T it AR AL R ) 38 0, & i 2 PR R B
FE IR A28 AR, B A A e TR T HEF 1 7 50
B, TR L R S R A [ A RO AT R HE T
AR E TR, SEURBILRREE, 215
g,

Fig. 3 TEM image of amorphous coating heat-treated at 480 ‘C for 1110 min: (a) Morphology and SAED of amorphous

coating; (b) HRTEM morphology of amorphous coating

B4 HEdiR A AEAN [ H b B R AN ORI I 8] i) OM B Fr
Fig. 4 Cross-section SEM image of different heat-treated temperatures and holding times: (a) Heat-treated at 440 “C for 60
min; (b) Heat-treated at 460 ‘C for 60 min; (c) Heat-treated at 480 °C for 60 min; (d) Heat-treated at 480 ‘C for 1110 min
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Kl 5 fras AR R ZETE 440, 460 1 480 C4y
FIHKEFE 20, 40, 60 F1 1110 min I35 E R 1%
TR A AR E . W T LG Y, Bl A ERR
PRI CRA IS ] )38, 42 LR ER D, ARG T8
=, WERMEES LI ES, WaTRALE
R AR AR SR 2 BT $ME.(653.4 HVgo). ZH#AAEEE
T 480 “CARIR 1110 min, JE &% 2 N H FH FeNis
b LS N B (R G | ST B - S NG S s 1171
IEARTERE 1358, BRI IR ZE A S K B A
SRR PS4 931.7 HV 26

B 5 AR AhiAR 2 Hab 2 A ] S R 73 A AR
Fig. 5 Cross-section micro-hardness distribution histogram
of heat-treated amorphous coating
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(mm®), S EWINEEE(m), L AFEINEA(N), JE&H
WETE 480 CHALHEIRIE 1110 min [MEHIR N
1.6X10°° mm?(N-m), BES AL T R AP R 46k
g2 (4.5 X 107° mm¥(N-m)).

25 F@RABHLBRFREMITAH

Bl 7 o REE IR BN TR, 440,
460 1 480 CHIALEELRIF 20, 40, 60 F1 1110 min
sl AR AT 2R . WA DAE e, #ubs s
A AR E i F A (peor) IE—0.25 V 245, 5
KRACELHI R IGE RIRE poon FoA—B, HARLL LG
KRAFRRI AR RZ, S b S AR ER)Z B 5
T LI 25 (Joorr) 3 BT REAG o 7E [F]— K ERIR B, A
F AL ], 7(a), T LLE S ARSI R
AL ELET R0, IRIZ 0 Jeon MG A BEAK. HLE)
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6 HANE A 10 N A [F] AL 2 i 2R O I I T R & I 2 B R SEM TSR AN B JR A& T = 4E T30

Fig. 6 SEM wear scar morphology of amorphous coating with different heat-treated temperatures and holding times under
the applied load of 10 N and three-dimensional surface morphology of wear scar: (a)—(c) Heat-treated at 440 “C for 20, 40 and
60 min; (d)—(f) Heat-treated at 460 ‘C for 20, 40 and 60 min; (g)—(i) Heat-treated at 480 “C for 20, 40 and 60 min; (j)—(k)
Wear scar morphology and three-dimensional surface morphology of heat-treated at 480°C for 1110 min

IHE T, SRR B AR X R R Jpasse 3% FOTRES i3 4 22200, (R, R B A IR 2
& Tz ORI 18] N ERRA7AE FeNig 40K SR A1, FRHIANAK B AAA, XK BAME S Ni JoR,
CAITTRY], AN Ni JTERXTE R Fe FEARS &4 UL ARAR S A S IO e, AR 22N L
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7 ARSREAEN LG KT B AL AR AL 2 P&
Fig. 7 Potentiodynamic polarization curves of amorphous
coating in artificial seawater solution: (a) Original
amorphous coating and heat-treated at 440 “C for 20, 40 and
60 min; (b) Heat-treated at 460 “C for 20, 40 and 60 min; (c)
Heat-treated at 480 °C for 20, 40, 60 and 1110 min
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Effect of heat-treated on wear resistance and corrosion resistance of
Fe-based amorphous coatings

WANG Hai-bo"?, LI Chun-yan"? WANG Shun-ping? LI Jin-ling?, KOU Sheng-zhong"*

(1. State Key Laboratory of Advanced Processing and Recycling of Nonferrous Metals,
Lanzhou University of Technology, Lanzhou 730000, China;
2. School of Materials Science and Engineering, Lanzhou University of Technology, Lanzhou 730000, China)

Abstract: The amorphous coating with composition of (FeysNig2)s1CroCogSiysB175sNbs was prepared by high
velocity oxy fuel (HVOF), and the effects of different heat-treated temperatures and times for the structure, wear
and corrosion properties were explored. The structure corresponding property was analyzed by X-ray
diffractometer (XRD), differential scanning calorimetry (DSC), transmission electron microscope (TEM), scanning
electron microscope (SEM), wear test machine, electrochemical workstation etc. The results show that with the
heat-treated temperatures increasing, the coatings remain amorphous structure, the porosity of the coatings
decrease, the oxidation wear and delamination wear of the coatings surface reduce, and the wear scar surface of
coatings smooth. The heat-treated amorphous coatings exhibit a wider passive region and low passive current
density (Jpass) in the artificial seawater solution, and the wear resistance and corrosion resistance of the amorphous
coatings have been improved. The FeNi; nanocrystalline phase appears in the amorphous coating with heat-treated
temperature of 480 ‘C for 1110 min. The coating has the lowest porosity of 0.6%, wear rate of 1.6X107°
mm?®/(N-m), and the lowest self-corroding current density (Jeor) Of 4.591< 108 A/cm?.

Key words: amorphous coating; heat-treated; wear resistance; corrosion resistance
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