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ABSTRACT FeAl coatings having essentially different microstructures were prepared by spraying
the atomized (microcrystalline) and milled (nanocrystalline) Fe-Al powders using high velocity oxy—fuel
(HVOF) and atmospheric plasma spraying (APS) techniques. Significant XRD peak broadening was
observed whatever the thermal spraying technique and the starting feedstock powder used, from which
the calculated grain sizes are obviouly different with those obtained by TEM. This unusual broadening
was discussed in combination with SEM, microprobe and TEM analyses, and considering structural
defects as well as chemical composition heterogeneities formed in the coatings. It is indicated that
the inhomogeneous distribution of Al content in the FeAl phase due to Al depletion during spraying
processes is the main reason for the significant peak broadening.
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Fig.1 SEM morphologies of atomized (a) and milled (b)
FeAl powders
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Fig.2 XRD traces of atomized (a) and milled (b) FeAl pow-
ders (F—Fundamental diffraction, S—Superlattice
diffraction)

& 1 JFEEERE X HALMH (XRD) 2474 %
Table 1 Fine scale microstructure characteristics of the

FeAl powders determined by XRD analysis

Lattice strain Domain size Relative

((£2(L))}/2) (Do), nm LRO ()
Reference >100 0.8
5.8x1073 9 0.1

Powders

analysed

Atomised powder

Milled powder

REE (FEAFMERE) B AHXFFIEZH SEM B
mERAK. A 3a iR, WEERESE HVOF REH
T AT, BIUTABRAR A AE R T~ LA B b e 28 AL 0RE 72
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Pl ) SRPERAFLER. £ APS IRE+ (& 3b),
XV T E A Fes AL #5894t BEARIEMT AT L. {H
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B 4 AETHE BRI E (APS+ BREBRA)
PR ITTHE Al Fe 1 O AR EAR) A% HEA]
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B 3 HVOF #l APS {rEflRE LBy SEM E&
Fig.3 Typical SEM micrographs of the cross section of
coatings prepared by HVOF (a) and APS (b) (A—
Unmelted FeAl particle, B—Melted FeAl particle,
C—Fe3zAl, D—Oxide, E—Pore)
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Fig.4 Distributions of concentrations of Al, Fe and O ob-
tained from microprobe analysis at various positions
in a coating prepared by APS spraying FeAl milled

powder
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Fig.5 XRD traces of the as—deposited coatings

(a) milled powder + HVOF
(b) atomised powder + HVOF
(c) milled powder + APS

(d) atomised powder + APS
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Fes Al ISEAMA. XFAXHAERAF H HVOF
BEMMKEGMRES (B 5b) BHE. XRD g%
L RACIF 4 FeAl 1 Fes Al G HEFTHY. SR %
B R R FIBER L2, 1ERE S5 6 = hARRE TR
BAKRREARFATH KR F Deg (% 2). 3 H HVOF %
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FARZAE.

2.23 TEM 44 BA%EH TEM HHrggR 2
%8, Fl HVOF BHREREE B R A4k B & P
By FeAl 4ok, B i USRI RREE B R 45 M0 TS
T A6 i Ak 5 (FERIETF ) WL R thiE ik
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Table 2 Fine scale microstructure characteristics of the FeAl phase in the coatings determined by

XRD analysis

Coating Lattice strain Domain size Relative Dislocation density
analysed (e2(L))1/2 Deg, nm LRO, § p, cm™?
HVOF + milled powder 4.7x1073 23 0.40 2.81x10!1
HVOF + atomised powder 4.3x1073 28 0.60 2.11x 101
APS + milled powder 2.9%1073 35 0.46 1.14x 1011
APS + atomised powder 3.6x1073 51 0.60 0.97x10!1

T =ik . KIEsy TEM WEHEN 7% —25 5.
16 APS Wi R, JFURPI SR IEA s e (LB kiR
ERILEH SRR () K% & 6a &— APS
R ARILKIRA TEM B5{g, #YH%KEE dh
SR I TG B 0 R R RO R AR S S R . TR 6b
TEM W5t51%, 230 T 45— 5 h #7584 (APDs).
x— FeAl && s I fbkiate HVOF 2Bt
WHEI, FINE 6c R MIE—REATERE B2
KKy APDs. APDs RfE/EA00EE T HVOF 40
APS BERS B Al e, BORERHR RSN HILL AN
134 .
3 itig

# 2 R HVOF BHR i Kl & 0% B Ao A
FRIFXE Deg . RS (2(L)V2 ARISEHRE p 5
Totemeir % (41 B % F A0 Bk KITEE R 570 m/s B
PR A ROBARIR. ST T 0% ALk AR Ay, {8 A
W HVOF L ZmERsREER AR RIS B 138 T S P
ISR REE (3 2), XRH AR B PR TR MRS
RLFA S AR T BRUE A 5 el B 21 1t A4 9 T T A
MR Ay, FRMBFFAEN, R HVOF L¥uiké
TR AR B TBURLAY 2 AT (ADBhAE), Bl d i mr
EFAIRE (s %420 11420 [ A i ok Ay
WATE B TR BN, frsgar e 1YY LR A
gy, warbpit 43 5 HVOF R4, APS BT
TRT TR TR E S AR LR E AR, £E0R R
S AR e A B R bR B R A — s BR R Y SR B
QPR TS EORBE IR AR AL R Rl (%
2). FIEHEG AR, B 2 PREEFEESTS £
TR, HSTREPRUKT. (HRKARE TEM 5%
W, BT AR 58 T SRR S v 4 B B AR AR AR R T
UASh, W AE T Rt R B S R R R . B
it TEM 4t o f SihsgiE XRD JiEth it g9 s
SERmREE, BT APSt SILBRAEMR, S p M
REMELA AL Y.

X T & NRA BRI B R, XRD 5164
HEBI A TR KRS Deg 8% 032 T W5R s 5%
TR RS, WdESEbRERAY R F. T g Ll g

B 6 APS ixZ09 TEM Mg mussii i HVOF RE+tE

Kk REA 1%

Fig.6 TEM bright—field micrograph showing one splat

in APS coating containing columnar and equiaxed
grains (a), TEM dark—field micrograph showing an-
tiphase domains (APDs) within an equiaxed grain
indicated by dotted line in Fig.6a (b) and TEM dark-
field micrograph showing a columnar grain consisting
of APDs in HVOF coating and the inset to be EDP
of the [011] zone axis of FeAl (B2) phase
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RETER HVOF LZBRBRE B RHAEH S0K R B AR
REFITE 12% WEH ZHAK ARG T X BEE R T
B PR R T 4EERGIK . REEES) HVOF wiikid
B TR ML IR, XRD oS
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THEE HRETE AR Al g5 EREM (22%—37%) hEs
WIH Fit kiR, Btk — =B FM - FFM B2
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{8 (37%Al) J5, B2 Sl i EPod B MBS, X
BERRI A (R S ARRE R 2R 5], TEM-EDSHe! )
BT (B 4) WAYFRIERR TREFFET FeAl
MHPH Al & B/ HEE.

Rt R B SRR, B SEMEETN
HIHEAE AR EMEYLAT, XS BEEE A SRR B
WEEM L BAL# 44 A, MEA D TR REN RRE
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BIRmARENE, FEReEERESR Al MELYHEE
FeAl &M Al BFERTERBHE, B2 S5 FesAl
A (B 5). XF XRD s, FeAl 9 Al s
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BEPEARES TEM WEZIM RS R T ITHE, X
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4 g

FIRZfFEST HVOF il APS #WEg TR
FeAl F(LFIRRER RGN UM AR SHANEEHITT
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AR A Y O, RN T e, Jinlk
AR RBRL 8] (EE AR —A B0 P 38 A A7)
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(B AL EREE) f7A5 Mk, XRD B3 FeAl Ai4tig#ts T
AL, %54 SEM | PR K TEM 247 %W, FeAl
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