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Effect of Heat Treatment on Microstructure and Properties of Cold Sprayed Iron Coating
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Abstract: Cold spraying has great potentials in deposition of a majority of metallic coatings and metal-ceramic composites
for many industry applications. In this study, iron coatings were deposited on aluminum substrates and the effect of post—spray
heat treatment on the coating microstructure and microhardness was examined. The results showe that the as—sprayed Fe
coating presents a relatively dense inner structure but a relatively porous top layer. Some large open pores were present on the
coating surface due to the influence of in—flight particle surface oxidation which was observed as the bright spray jet during
spraying. The microstructure of the annealed Fe coating changed little, but the coating microhardness was decreased
significantly. The intermetallics of 10um thickness were formed between the Fe coating and Al substrate.

Key words: cold spraying; vacuum heat treatment; Fe coating; microstructure; microhardness

jilll3

0 3l

B W IR R T 2R3 ) A S FR A R gl )
JREEAE SR B AN , B8 1 AR T (5~50 pm)
IENE A (300~1200 m/s) i iR,
AESE A AT R A, 7 AR RO B B AR TE
TR TR R TR R BWEsAE h —Fhr
UG JER B BAR, BRMIBREA A (IR KR
Chiy) REEARMILIE, 104K 51T MR L

s HEE: 2009-12-15; f&[E HER: 2010-03-04

Mz R

WL T SR T2 ST BER T2 oy
PERE, MR G AR BGE RN, TS
BRI A I SAAL 7 HIE S GORESHIADRL
BIRKRE. BEPHTR&ERBIER 68 &
JR-M %R Aw RN BRI LAEEE Tz
L FABERBESE, FEATZAIR IXFHE AT
SRA TSRS 4 BT, gk sk
FEHR R RIRE CURLIER R

EEWB: *P5Ib Tl R0 2 BRI, ZEmspritens A4t
£1(NCET-08-0463)
fEEET: W76, B, IWHREIWA, 8%, Ht.

TR TR IRR ) RRIRIE BRI S %
MR, EEAG 4R 22008488 H 3K [ %7
e T — AR BHEE ThRED, A ABREEAR R



52 1

FOMA: BAL PN R Fe 3 EASUS PRSI 91

ey B IR T S FE

X &k FeiR )2, HEiER R HfE R
AP, steenkistes A PHRE T R I E 4288 B
Felf 2 & DIBRCR. 458 E S WA .
McCuneZi A\ P38 T 3% FIHe /A W i Feig 12 i 411
SURE 2351 B e BAE AT BATT R e o AR BEARATT Y
DR GHEY, praFelf B s, SHKLS A5
I o (HARSEIRATHPIL IR, BBRFeiR )20
VIR 5 Cuik EZ MK . A F IS BHRFe
WETERMEAT R B AR &R LA
W BTN, SCHRGE T AR Fe
2 WIUTRR R It I Pk BEXT 4 B 2 5 1 RE A 5210

1 AR5

R I Feld A H AR (IRON METAL
1-1021) , %ifEHK44 um(-330 H), 4ifE99.9 %.
BIARTESIA I , GHEILFTR

W5 T R AR 4 mm B AR, 55 AT
700 um(24 H) AR ERPRLEES T R E LS5 HAL o

BB A ECGT /A A £ iy Kinetic—

B 1 FelpEs
Fig.1 Morphology of Fe powder

__Som__|
(@) WWEMEMIR

(b) B HSEME F

3000&4t. AWM A ELERMPS AT, ¥
K249, THAHCEELT0 mm. 5 H 4 A <
IEAAE, SAMERER R BN NS ES
2°42.7 MPa, R EZ) K415 C . E/SE S 43.0 MPa.
R BE B 30 mm.

WS 36 5 R BT A B AT A AL B, IR
450 'C (£90.4T,) , fRIRESEI2 h, BEJSREN A

A JEEE(OM) 35 B (SEM)IIFSE T Bl 4%
WAL R B MRRAE . R 48 IC WA g (BRA
2009, WfHJ15s) RAE T Al i 2 M HERE -

2 REERSWE

21 BRERREMR

T 24 I 45 4 1 R 1T AR A58 150 i Fe X UL
WA, 15 2RI . E AT DB & A 5%
2192 W FFDHDRS BRI, QI 2(a) NI oz
HREBK SRWRHBIFLAE BEL mm). %4 FISEM
RN (E2(0) , XA RESR, R
15 R AR YURUBURL I i BRI - 43— B RO 52—
AFLIRE (F2(C) , MR . X — K
TESUAE S BRR IR 2 I 2 e — BUX AL
B, J5 SR G SRS A BE T L, ¥ 2 R B,
ARSI b7 MR A AU Rk 5
Ab, WESII R MBI B ASER, STiRR
KM, X ERF AT R R R A X, (kL
THRE RS MR TREFEEER, SREER,
LA & B TIR E Wt 3 2 AL, AR H RTE AR
S8 TG R AL A A SRR DA, BB At 4
FEF (JICU Zn) MIPURER S, BRI G IR
KT EAL R EE . (520, FelR)2h
W& E R E IR AR R, inSteenkisteZEPlRag, J5
IRFe AR 0.1 %, Fei&Z X ~0.2 %,

{3 e ¥ ]
X 200 pm

(c) B (o)RsHoR

Pl 2 WIS Fe IRIERTH TS
Fig.2 Surface morphology of the as—sprayed Fe coating (a)macrograph (b)SEM micrograph (c)high magnification of (b)



92 B X @ L IE

2010 4

22 REMTELALR
WE3@)Fa, SXFE R iR E B T g
R, B WAE—E MR, HERERE
MBI, 5P GBS K. RS
P FER ARSI RPN T2 %, SteenkisteZE i
RIFFelR BRI TL %, XEARFRFEERLE
L A R IR AR AS ) - Pk B S (E3(b)) ,
W2 AR BT, FEG—E R
TFAE. XU 2 W0 TH 3204 748 B B ol J5 R FISEMIWL 2%,
R (B3(c)) yFeid 2 Fekiv 1l i & A mlf fi
AL, RLF AR B % 8D R AL T B S
(E13(d)) , RrF3wm KBRS KT B,
fERLF N H AR K, X 5HAEFR N R
04TnA %o HHEMcCunes NPIpyZE R, HIEH
R EHAE RS (875 )C 51100 °C) , wIWLEEE|H B
B RORE K R AR~ TR) 5 T P 40 2k

(@) RS

3 e 20 pm
(c) WERE (BRIEE)

RS RERE, PSR BT
W 38 iR FE AR A B BIR 1), 5388 4k SR i R
e U B AL B

LR SEM Xt Fe i7EH Al BER S5 & Fm it
TGRS, aE 4 fis, RAERE LER T2
RN BZ, BEEY 10 um. REIES R, 37
BZEH Fe-Al &8 AL S 4. RTEY Ryt 2
WET, HEEFREETHRENY B XBENRE
SRS EH— S e
23 REMOSH

T 2 4 M A BT YORURL - A1 45 A Y
SO, 1 3 i BEAR , 5 0 2 W B F T, TS SEM
TESUINE 5 Atm « X F BRI 2 (B 5() 5 5(b)),
Wi ILP- 250 & LR ], IXREFEA BRI T
WEREAERBORES X, BITHE IR R
. RUDKLTF IS E 008 T BRI & o HRYE

(d) HALILE (RIS

Bl 3 Bk HX Fe 3% 2 W AL U R

Fig.3 Effect of heat treatment on the cross—section microstructure of Fe coating (a)as—sprayed(b)heat treated (c) as—sprayed

(slightly etched) (d) heat treated (slightly etched)



52 1

FOMA: BAL PN R Fe 3 EASUS PRSI 93

4 PAEEX Fe 3R)ZIAl S FH SR
Fig.4 Effect of heat treatment on the interface of Fe coating/
Al substrate

(@) ¥&ZWERAH D IEH

(c) WERAEBEZ M DL

high magnification of (c)

Wl 38 %. Steenkiste 2Bk 4% Fe W2 1Y DA
BESP-HE N 133 HV, McCune 2 prfiisag Fe )2
T 2R 193+12HK(100 g), HHfF5EHYRE BEAEAH 2
54 Fe Yot EL, W28 BT R maR R h

Steenkiste 2§38 R FI B A IRBR AR Fe W2
2698 JEAE 68~82 MPa Z W], (HIFZEIRIE M4
RS, XSWHRAM RAMIRBR AR
PbE)E (B 5(c)5 5(d) , IRIE Il S5
TR, IR 7 5t e A AE ot PR 40 5
JE R IX 2 B — e PR W R I TER, X AT BB T
PHROERA . BTz HARRSREE, XEARR
Aiig.
24 ARERMEE

AR, o34 2 A S A B TR A5 AR, W
A4 132.3+17.0 HV,,, BEFEHUEH 5 A 82.419.8
HVooo HALHBIRFEART Fe REMBAMNE, 4

(@) )Rk

B 5 BALBEXT Fe 32 i DESLEE M
Fig.5 Effect of heat treatment on the fractograph of Fe coating (a) as—sprayed (b) high magnification of (a) (c) heat treated (d)

RS REAR T R o MTRAEBR )G, 3X Ao TAREAERKL
REH 5, AN TIAE B B B AR . McCune P2 iR
TRALPHTIR ) Fe 2N 105~115 HK, &5
SCHRIFFE AL B A L R 2



94 b B X W L 2

2010 4

3 & it

PAEWFEATEREY: O % WiR Fe IRZ IR
Kk TidERM, M5 CudREEAR; P&
Fe ¥ZMIRM ZI L FLFR R, T ARLLZUH R 2L
%o @ WHRZAS Fe IRBERLT R VAL, FLEWE
TN TAEACRLRY. 5 AEBARIRLEE T HAEEL R, Fe IRk)E M
BHALBAANE, (BB EREARZ 38 %.
Q@ #AbELJE KA D Bk il A 45 il ad 4
Mg, 5 Fe ik)2 5 Al R Z MY HEIE, B
JZ) 10 pum JE B AL S92 o

B 3K

[1] Li CJ, Li W Y. Recent advances in coating development
by cold spraying. in: Liu X Y, Chu P K. Surface
modification of materials by coatings and films [M].
India: Research Signpost, 2009.

[2] Papyrin A. Cold spray technology [J]. Advanced
Materials Processes, 2001, 159(9): 49-51.

[3] Stoltenhoff T, Kreye H, Richter HJ. An analysis of the
cold spray process and its coatings [J]. Journal of
Thermal Spray Technology, 2002, 11(4): 542-550.

[4] 8, 2nile, 2300, RWBHRBOR I BTt e &
AEML S RSB R B [J]. i dilEsoR, 2009,
(5): 72-74.

[5] A8, 250t 2500 BRWHRTERE G KA BE S B
et ey R [J]. APRHSEHR, 2008, 22(X11): 153-155.

[6] F X, ik, FCW. ABERIERE TR bR
F 5 [J]. 4542, 2008, (9): 13-16.

[7] MIL-STD-3021. Department of defense manufacturing
process standard, August 4, 2008. Materials deposition,
cold spray [S].

[8] Van Steenkiste T H, Smith J R, Teets R E, et al. Kinetic
spray coatings [J]. Surface and coatings technology,
1999, 111(1): 62-71.

[9] McCune R C, Cooper R P, Popoola O O, Post— processing

of cold—spray deposits of copper and iron [C]. Berndt C C.

Thermal Spray: Surface Engineering via Applied
Research, OH: ASM International, 2000, 905-908.

[10] McCune R C. Potential applications of cold—spray
technology in automotive manufacturing [C]. Moreau C,
Marple B. Thermal Spray 2003: Advancing the Science
and Applying the Technology, OH: ASM International,
2003: 63-70.

[11] Wang H T, Li C J, Yang G J, et al. Cold spraying of
Fe/Al powder mixture: Coating characteristics and
influence of heat treatment on the phase structure [J].
Applied Surface Science, 2008, 255(5): 2538-2544.

[12] Li W Y, Zhang C, Wang H T, et al. Significant
influences of metal reactivity and oxide film of powder
particles on coating deposition characteristics in cold
spraying [J]. Applied Surface Science, 2007, 253(7):
3557-3562.

1EEZ ML P2 AR ER 127 & 710072

P b Tl K 2= R A B
Tel: (029) 88495226

oo oo ofo ofo ofe ofe oo fo fo o o o oo oo oo ofe oFe oo fo Fo To Fo o o o oo oo oo oo
(4256 85 1)
surfaces [J]. Journal of the Chinese Ceramic Society,

2008, 36(1): 30-34.

[5] & fH, k¥, &4, & AL R EE
Wi B FCAE Rl o v PR R 22 PR RE (D). RERR R AR,
2008, 36(9): 1210-1214.

[6] Gao F, Xu Y, Xu BS, et al. Synthesis, characterization

E-mail: liwy@nwpu.edu.cn

and growth mechanism of nano-scale hydroxyl
magnesium silicate [J]. Advanced Materials Research,
2010, 92: 263-270.

fEE L JRd A Kikgxk 21 5 100072

Tel: (010) 6671 7144 E-mail: gfccp@hotmail.com

o oo fo oo oo o oo o oo fo oo Fo oo ofo o oo To oo To oo ho o o o oho o B %

(4258 89 1)
attached to a silicon substrate [J]. Tribology Letter, 2006,
22(2): 189-196.

[6] Liu Kuokang. Deformation behavior of soft particles: a
revies [J]. J. Phys. D: Appl. Phys., 2006, 39: 189-199.

[7] Zzhang Z L, Kristiansen H, et al. A method for
determining elastic properties of miron—sized polymer
particles by using flat punch test [J]. Computational
Materials Science, 2007, 39: 305-314.

[8] fi ik, BRENS, Mfed, & HIEEAREN WKL
PER HRATE [J]. B EAR, 1999, 24(5): 23-25.

[9] Veeco Instrments Inc. Veeco Dimension V Instruction

Manual. 2006, 209-217.

1EEHbnt: JbmivEe s 100084

A E R AR
Tel: 1381124 9821

E-mail: yy-wang07@mails.tsinghua.edu.cn



