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1.1 BURMRAEIH &

S Co ¥4l Ay 99.99%, -1k 4 2.3 um,
F FeB MR UERIIE/NT 297 um, LSRG, T
BIRLEE R 2 pme BREEHT, [0PB KPR & 1
(PEG), H5HARIIFEL R 1:100. PiFRREATE
AUBREEHLG VR 8 h, JLrPEREENLFEH N 220 r/min,
BROBPFCREE Oy 3:1, K/NERBTR Y 1:2, BB BTN
TR LT - BRES J [F)R AR AE 80 “C AT A 1445 8 he
W 7000 TR AR BT AR g i W AT R4, i
ML 420 “CHRBEX (A FHELIE 2 2 °C/min, HAE 300 C
Al 420 CHyHIMAER 80 min HEATMEEE, 7E 420 CHE
1250 ‘CHE45 I B, THEE A4 9 C/min, HAE 1160 C
PR 120 min, AFAFLEERES S A5 b= AL K T ASAH FesB
AR AR E M Fe,BRY, £ 1250 ‘CARHR 150 min, SZHL
FREE MR B A . Fepe 2l o8 U AR 2 I i .
BE . O ARAF LA 48 um T B A, SRl i o
BRRLAR/NT 37 um (R ACRL T, I SRAT I RLAR A
40 pum 1) FeB-8Co. FeB-12Co. FeB-17Co MR A

1.2 AEBEMH&E

K 26 [{ Kermetico 24 #) 45 7 ] AK06 7Y
AC-HVAF Wi ¥ 44 3 FAS ] 5 2 1Rk A DURRAE
316L ANVFARL R L3R 3 A2, Wik T 255
w1 prsl.

1.3 &EMRERE RIS
1.3.1 WRJZSLBRE. AR, 254 0mE Ik
K H] Digital Micrograph {4l 4% )24 11 SEM

R 1 FeB/Co iRJZWHR T ESH
Table 1 Spraying parameters of FeB/Co coating

Spray parameter Value
Air flow rate/(L-min ") 89
Propane flow rate/(L-min”") 83
Hydrogen flow rate/(L-min ') 35
Nitrogen flow rate/(L-min ") 30

Pace distance/mm 2

Spray distance/mm 193
Spray angle/(°) 90
Nozzle length/mm 150
Powder feed rate/(g'min ") 60
Gun movement speed/(mms ") 800

BIFLBRER, BRI 3 M ISR IEAE A
ZIRZ LB K MH-SL 78 35 1l B 5 -
HIRIZ AT AE R, WAL S A s O AE R IR SR a1
AR A A L s 2 BibRvE GB/T 8642-2002
R VR PR &5 5 o S E ) I 5 IR JE K 45 5 o
JEPY, iR I 1) %R FH I A g e 5 i
A7 IR BT MV RIS, n#dcke o RG2000 247 BEIA
ML, IR 0.5 mm/min, B3 ANEE LI 25
(P A Ry 4 R
132 WRIEPHGEIRE

FA JISH86662199  H A T ML bRl Sk 2 H1t
HGETEREP . D) AS R B oy DR 2 T 10
mmX 10 mm [FES, SR J5 A0 2 RSO [ )5 52 JF 2047 2%
N 738 KA P HGEIRFE . L KL-12C B Peid THE A
O, SRR E T 600 C A i R PR LA
B PR SR 30 CKPRED 30 s, KA —iad
h— IR IAGEIGER, I BB SR i R T AL
DL, PR AR LB — 4 SO IR B U b
R P PTIGEIE R IREL
1.3.3 W ANBE R 2 pr 5 401 X

P IR WP A B VL RRVE(OBT  7705—-1995) #4714k
JEFAFE I TS AT B 451 52 36 12, e 40452 MLS—225
RO AR B R BE BRI AL, S50 SR 2 R .
FEXRFETUES 300 r, BEFUTEBURA T N BT,
RIS IE S 5 W, BR300 T, BARFEDET . ML,
FREBE R 0.1 mg PR L7 R TA e s A R B PRV it It
i, VBRI S RRE TR

2 FeB/Co I)2 ML R 5 90 2 40

Table 2 Abrasive test parameters of FeB/Co coating and

substrate
Parameter Value
Load/N 24.5
Rubber wheel speed/(r-min") 220
Rubber wheel diameter/mm 250
Abrasive(SiO,) Polygonal shape

1.3.4  WR)ZT ES PR o5

SEH R K SG2-7.5-10 BUFFC By, BEA A
PN ERIR . K RIS, SR DL A A R
TR EFEHITE 450 °Co By ik FA A Rl K LT
AN dsf FURAT e o, SR 5 BN B DS B e
FEIIRLE o KR TUR)Z B H ke e D) # ik 15
mmX 15 mm [F/NGRFE, IR MR RBHR R 2
A 5 AN IR — 240 2 mm J5 1947 SRR R m ik
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SrE0 I BRSO TE S . B 1 R, 3 g Y
WEER A Ny SR ) 22 AR AR S A . ELARZ
40 pm [IPREFHT 2 pm 2 A7 1R S ek AR 1 Bt R 45
M Co FMTRM, WHRKL B3R e m, R
A TEPEARAE . X ELE TR R4 N, FeB
B S (R G A SEA DR AN, (E B AR AR (1R 25 A
Co £ILFHAk, MIMiY FeB MR RE L&, KL
IR A EIAR I Co SH, el nty REUH LR A5 31
$ew, RN FeB-8Co Ky AMLIEL 73 A1 6 FE IR 96, R
AL s FeB-17Co By AR 73 A 98 e 7, A A I8
W5 FeB-12Co Ky AL o) A 98 AN B LI Jo oo
Kl 2(a)fi7n A 3 AT Co BRI (1) XRD
e BT HB Co nJ LLERZL I X B ATHACT Cu
FURHIRFE X B2, SEOT RIS &, DL TRk

Fig. 1 Morphologies of sintered and crushed powder with different Co contents: (a), (d) FeB-8Co; (b), (e) FeB-12Co; (c), (f)
FeB-17Co
(@) . [ — FeB-8Co spray powder (b) : I — FeB-8Co coating
. I — FeB-12Co spray powder Il — FeB-12Co coating
« | ® . HI— FeB-17Co spray powder Il — FeB-17Co coating
I '] -
L]
*
[ = — FeB S -— (FC,CO)B
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+ — (Fe,Co),B
. m,, = el
R -
"o
m ool T o,
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20 30 0 50 60 70 80 90
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Fig. 2 XRD patterns of spray powder and coating with different Co contents: (a) Spray powder; (b) Coating
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FHRIRE, HBEAE Co M4, FeB [RIUE{EE W%
it. B 2b)F1 R HAIE Co Er R0 XRD %, H&l
2(b) AT &N, MDA TR R, WR)E T IERCT (Fe,Co)B-
(Fe,Co),B. a-(Co,Fe)tl. X THEHT Co J& T Fe
JRARZE AN, By ARAE BRI AR TPk B RIR A
FeB 1 Fe,B W[5 Fe JR T4 Co Ji - E i 437
JE i(Fe,Co)B Fl(Fe,Co),B #H. 4fi& Fe-Co —JuAH &)
Al Fe 5 Co mIJGMENEIE UL EAK a-(Co,Fe)
BT, T Fe JE 74206 K+ Co Jil 72142, Sbififn]
PRSI Fe J 14 Co Jo - EHmai /I, FEU& 2(b)
AF N AR (R WA 10) A S o

2.2 AC-HVAF #I%H) FeB/Co £ BME A ERITER
FALALR
K [ S5 R AR [ o 1 3 Rk Al AC-HVAF
iR LR 3 ARz, LA R 2 T ) TR S A 2
WE 3 Pras. BB 3 aran, AR TSR,
Bi%& Co Frfitm, WMZBURER S, W2 5HK
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' Substrate

B3 A Co &Rk AN 5 R M E AL S

S SRR, ¥R )2 SRR S G TR, BRI
TR RIS e & 5 BRI #A, o FeB-12Co ¥t
MR, WIZEREET] 280 pme 55K 1 050, X
FEIEHTAEEA Co R Mg m 13 b gl i Js 1)
W AKTRL S NS, S ANORL TR R, AN AE R
AR AR R B RO, AU, H
S RHORL 7~ 75 DO i o B S I A O 45 A 2 i 10 4
B SRR LE, PR RS N . (H2
KA SRR B B R R R, R
A S ARORE I ¥ By i R I R A R
GO B IRR AR Z 2. B 3 Fi()~()
Fi7R43 % FeB-8Co. FeB-12Co K FeB-17Co /21
K Ff% SEM 1%, 454K 2 K Fe-Co-B — i),
WETE M a-(Co,Fe). (Fe,Co),B Fll(Fe,Co)B —=AI#)
i o a-(Co,Fe) IR AT AEvR )2

23 HRETLREE. @E. SFaEERN

3 PR RZE AL AL, 455t E
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Fig. 3 Cross section and surface morphologies of coatings with different Co contents: (a), (b), (c) Cross-section morphologies of
FeB-8Co, FeB-12Co and FeB-17Co coating, respectively; (d), (e), (f) Surface macroscopic morphologies of FeB-8Co, FeB-12Co and
FeB-17Co coating, respectively; (g), (h), (i) Surface structure of FeB-8Co, FeB-12Co and FeB-17Co coating, respectively
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Table 3 Porosity, hardness and adhesion value of coatings

) Porosity/ Microhardness, Adhesion/
Coating
% HV MPa
FeB-8Co 4.16 328.87 38
FeB-12Co 1.56 517.70 49
FeB-17Co 1.38 505.52 53

SRPEHE N o 3K R TR KPR 4 AR
1 R R TR RN ) 2 BOSCRB  AE AL Lk
TSR/, R AR A R . 2 Co
Fh 8%, WRE LR R B BB, Y
Co BN 17%, TR)2 BAR A MRMI LR, hTR
JZ AR I 2 Mo A AT > DA R 2 A8 5 S
i AR

24 SEMMAERR

B 4 FioR AR R () 3 A 2 S iz st 2
Jo (2210 SEM . & 4(a)~(c) BTy %)k FeB-8Co-
FeB-12Co. FeB-17Co ¥ )2 PL#GE R 50 I ¥k |2 K i
HHIRS — 4RGN 1) oW, HRGEIRIR IE5) 51k 18
W 10 A2 e B 4 d)~(DFTR 50 3 Bl 234
TEAEIN 30 KINHRTTESR . Wl 4 Fs, fEAHRHGE
I IRECT , FeB-8Co ¥t )z Jai 8 Hh L R 4Lt /b,
FeB-12Co 5 FeB-17Co ¥RJA K MH# H L T K ERLL,

FHEEZ T, FeB-12Co i J2 R IR L %4 45 BT,
RIZR T IR — 4 2L, HGEIRIR B
Co T B (W& m SE PRG35 0 1 Co B i I 12%0,
WIZPAGEVEREIE NI A s 7EAR R AGEIR R AL
T, WRIERIRGUE BN S K. LU A
TOIEHTWRZ SRR AIZIK RECANILES, &M%
RN RGN T & B8RS, WA AR 323
FEIRIRLN. Sy, KV B Z BRI RN ), B
FEN e S BRI 57 T8 4 Co frithy 8%MY,
WIZNEALBRR Z 8BRS InFLBR AR BN N T V2
HZ N IJETCIIER, AR T UR 2R 5 A
MR 2 BT GE M 2 Y, [Nk FeB-8Co &
I AR YT IGENERE . Y Co Sl —E &,
WRIZT A G LA, AR )Z AN 2R B
K, MR ZHiiGErEResem . 5 FeB-12Co /21
Lt, FeB-17Co ¥R)z R H ELF BT AGE T R«

2.5 RBTRYEERL EE IR 1 e

Kl S(a)~(d) 7= 73 A FeB-8Co. FeB-12Co.
FeB-17Co~ 316L ANEEN B Fir 5 401 o IR I B3 K o Hh
Bl S T, 3 i) 23 i iR BE L0 Ay L 7R (%) B
FEARU, TS B T LI BE B, i 3161 SR
PV ) «“ AL 7, X T U (R B R 1 TR
X FeB-12Co X HoAth W Bk 2 e T S /b 1
EHA IR .

B4 Rl Co kiR IAHAE 5K I 218 SEM 14

Fig. 4 Surface SEM images of coatings with different Co contents after thermal shock test: (a), (b), (c) First surface crack of
FeB-8Co, FeB-12Co and FeB-17Co coating, respectively; (d), (e), (f) Surface cracks of FeB-8Co, FeB-12Co and FeB-17Co coating

after 30 times thermal shock cycles, respectively
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5 FeB/Co IR/ZH1 316L ANHAMT BEFif B 453 S 96 J 1 28 1 FE 5

Fig. 5 Surface images of FeB/Co coating and 316L stainless after abrasive wear test: (a) FeB-8Co; (b) FeB-12Co; (c¢) FeB-17Co;

(d)316L

B 6 Fisly 3 FRRJZ AT 3161 L R (mg) 5
BEFA()Z MR R Z. HIE 6 nT%n, LK 316L 11
FHEC SIS IR HIEARLRIFAAR, 3 B2 I B
Fr BRI REAL TR 10 £ DL b LA BE R 00 30 o
PR KR TP RS . X ETREH T a-(Co,Fe)
REEE AR FEARRTRAR,  PEER R i fa b = AR AL IR
F, W2 BT TES AL, (H R 2 R R RS P AT
Ko BTCABERBRICHT 300 r) B R K, BRI
(600~1500 r)i 22 R ITHDRE FE FRAR, il 2 (Fe,Co)B A
(Fe,Co),B AT MM, ATV S B 1k e AR i I T
FasE . MIXIT FeB-8Co 1 FeB-17Co ¥4:)=, FeB-12Co
URIZ I AR I R B B R R . S5 AR 3 IR 3
GBI, X TSR T FeB-8Co I 2 R LI % m H
TR AG, SR 2 ik NS0 B b S BB B 0o R b i 2
TV, T FeB-17Co ¥RJZ RS A& Smn, Hhdk
AP 5 W B o),

2.6 HEMSEREIHIERE

K 7 Bl 3 PR IEAE 450 CHARP R 5 d
MR . BB 7 WAL 3 R SRR R
WIRZE, #EAT R, o, FeB-8Co ¥R/Z 4

28 = — 316L stainless
* — FeB-8Co coating
24 - 4 — FeB-12Co coating
v— FeB-17Co coating
s 207
g
@ 16}
2
2 12r
=
8 -
L
4‘\
. &x . =
300 600 900 1200 1500

Abrasive distance/r
6 FeB/Co iRJZH1 316L ANFHAN I B4 5 5 SRR K G &R il
Fig. 6 Relationship curves between abrasion loss and

abrasive distance of FeB/Co coating and 316L stainless steel

Jig et X I % e, FeB-17Co )2 (18 b s il ik
2., FeB-12Co ¥R )24k Jo5 il X dak /> HAZFl

Kl 8 BTl 3 FR)Z 40 B T 450 CHEB
T3 dy 5 d AT T d S VR AR S R R SR LA
N AL B 5(a)~(c)FT R A 3 FiiGEERA
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FeB-8Co coating

Corrosion points

7 FeB/Co ¥R} 450 ‘CHIFFE L 5 d Ja i) 2B B
Fig. 7 Macro images of FeB/Co coating with 5 d corrosion in 450 C liquid zinc

8 FeB/Co Y2 450 “CHUEFE S ¥) SEM 14
Fig. 8 SEM images of FeB/Co coating by 450 C zinc corrosion: (a), (b), (c) FeB-8Co, FeB-12Co and FeB-17Co coating by 3 d
corrosion, respectively; (d), (e), (f) FeB-8Co, FeB-12Co and FeB-17Co coating by 5 d corrosion, respectively; (g): FeB-12Co coating

by 7 d corrosion; (h) Corrosion interface of Fig. 8(e); (i) Corrosion products of FeB-17Co coating by 5 d corrosion

450 CEEM PR 3 d Ja BRI R AOE S . ] 8 1T LA FeB-17Co ¥R)ZTAAAEEMBLL, 456K 2 w51, Y4
i, B EEERIOVRZMRATE, HEEE Co & Co il 8%, IRZILERA S, I Zn JEF7EMR
(10140 2 g R P S SRR 34 0, S b Tl )22 Y JE T BCRE, I AL R S B sy BR ) PR
R R AY A, SIbEE, 7E FeB-12Co A1 f, MIMRZBE A, HT a-(Co,Fe)Mk 75
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WAL, RJE I 20728 a-(Co,Fe)[EHAAAH )
A5 A6 7% 55 0 v 2 0 T e BE DY, ki it £
a-(Co,Fe) #H 1) 47 75 ¢ by BRI ¥E 28 4 o AH LL T
FeB-17Co, FeB-12Co ¥tz HAT 5 4 IR v 65 i ik
AE. M T2 SRR R EBCRILED, BEAE 6l
IS IE) A ZE K, FeB-12Co 15 FeB-17Co 1)z Hf HY L% W0
244, 1M FeB-8Co ¥ )= tH T ILBR R =, RZRKZLIE
MAARI, I BRI AGETERE, IR )2
W IE R R M4, FeB-8Co. FeB-12Co I
FeB-17Co 12T 450 “CErH 50l 5 d 5 i 5
Sy 8(d)~(HFT~, HILLT 450 “CJEl 3 d F#kTH
TS, TN U2 I U A S A Tt TR 1)
AR B 8(g)FT7n A FeB-12Co 2K 7 d Ji5
ARSI . W2 N IR R gL, KET
WP AR RSN, R ORI S .
IX A2 B I TR (R, % 2 v R e o g i 1
Z PR, BRBENIRIZ NSRRI, A R ik
PP A AT RN IR IR S A R EOHAT,
B SEIRE I FeB-12Co 12 1E 450 CEART T
JE g R 2 15 um/d, M EE 3161 RN R T4 6.5
5B, o BT 2R WC/Co MRZTPER 0.3
510, & 8(h) A1) A7~ 43 il FeB-12Co 15 FeB-17Co
IRIZ 450 CCREMLS o I 0) RV ) 8 b St i R k=) 21
U B 8 i, B A AN ML, Ko
BZ R BT o 454 Fe-Co-Zn = oA MY, &t
P M (Fe,Co)Zny 3.

3 #ig

1) RABEEWILERIE T 3 Fesy i) FeB/Co 4
Ko iR, EMFERSE T2 P ARBUE RS Co
SR, Wi AC-HVAF L 2NN
316L HLJic FivR FeB/Co ¥R, {EAHIRIIIG T 224
N, MARDIUBERE Co & &M s b,
Hr FeB-8Co ¥ )2 #, FeB-12Co i)z )%,
FeB-17Co ¥R)z= R fah .

2) B Co SrimMme s, WIEHREIRME G
PEE, VRJZFLBR R R S 4 i 5 PG

3) HIAGEIEREMNRSE RN, 4 Co &N 8%
I, WIEALBRE E, WREREARZ IR ABR, W2
PUGEVERERUT; AL FeB-12Co, FeB-17Co FILH
HAF R BTAGE T RE .

4) FeB/Co Vi J2 2 I HH I 7 (1) T P RL B i P g, 1
316L FEJEAABEAH LU G 5 52 = 10 %L F.

5) FeB/Co ¥R )2 5 BrE R M 22, B RAF I
FERGERE . FUR TRPESZ R IR EA . BUARAE TERE ARG
SEAH N LSRR A 52, ML FeB-8Co 1 FeB-17Co
U2, FeB-12Co W2 H A AL Mm HPEReE . WRIZT
SRR 2 R REONR, TERIBR BN AR AR Y ) R
TN IERF, Ty 248047 I i(Fe,Co)Zn 5,
WIZFIEIER BN, B RBIRE R
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Corrosion resistance of liquid zinc of
FeB/Co cermet coating deposited by AC-HVAF

YE Ping"?, YIN Fu-cheng" % LIU Ye"*? OUYANG Xue-mei" % XIE Xiao-long'>

(1. School of Materials Science and Engineering, Xiangtan University, Xiangtan 411105, China;

2. Key Laboratory of Materials Design and Preparation Technology of Hunan Province,

Xiangtan University, Xiangtan 411105, China;

3. State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China)

Abstract: FeB/Co cermet powder was prepared by the sintered and crushed process. The effects of Co on the porosity,

hardness, adhesion, thermal shock resistance and the abrasive wear persistance of the FeB/Co coating deposited by

AC-HVAF were investigated. Both the corrosion condition and failure mechanism of FeB/Co coating in the molten zinc

were studied detailedly. The results show that the powder density increases with increasing Co content. With Co content

ranging from 8% to 17% (mass fraction), the porosity of the coating reduces while the adhesive strength is improved,

both the hardness and the shock resistance firstly increase and then decrease. In addition, compared with the base material

of 316L stainless steel, the FeB/Co coating shows excellent corrosion resistance in liquid zinc and abrasive wear property.

Because the wetting property of FeB/Co coating in liquid zinc is poor, FeB/Co coating shows high durability in it. Also,

the coating with 12% Co has the best corrosion resistance compared with those coatings with 8% Co and 17% Co, the

macroscopic crack emerges with the passage of time, which results in the formation of brittleness (Fe,Co)Zn;3 phase, and

liquid zinc will lead to peeling the coating and then drifting into the liquid zinc, as a result, the coating is failed.

Key words: AC-HVAF; FeB/Co; coating; corrosion of liquid zinc
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