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MICROSTRUCTURE OF IRON-NICKEL ALLOY PRODUCED

BY CENTRIFUGAL-SHS PROCESS
X1 Wenjun" “, ZHOU Heping’, YIN Sheng’, LAl Heyi’
(1. Department of Materials Science and Engineering, Tsinghua University, Beijing 100084, China;
2. School of Materials Science and Engineering, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: T he microstructure and composition distribution of the iron-nickel alloy lined layer in a
composite steel pipe produced by centrifugal-SHS process were investigated. T he results showed that
a martensitic transition region has been found between the iron-nickel layer and carbon steel matrix.
A composition gradient of alloying elements exists in the iron-nickel alloy layer in the radial direction
of the composite pipe. T he alloying element contents in the lined layer are higher near the inner sur-
face than near the outside surface. The intermetallic compounds AINiz and AINI precipitate in the
iron-nickel alloy.
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NiO, Cr:0s, CrOs, FeeOs Al (
)
(204 76 mm, 66 mm, 100 mm),
300 g ,
(1500 r/ min) , ,
; : Ni, Fe, Cr
Al20s : ,
: Al:0s :

FeeO: + 2Al= 2Fe+ AlLOs + 836 kJ
Cr.0s + 2Al= 2Cr+ ALOs + 530 kJ
CrOs + 2Al= Cr+ ALOs + 1094 kJ
3NIO+ 2Al= 3Ni+ ALOs + 928 kJ

. Ni
45 % ,Fe 30 %, Cr25 %
1.2
, X
2.1
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1( b) 1(c)
20 ym,

(a) Cross-section of the iron-nickel aloy layer
(the left is the inside surface; the right is the outside surfece)
(b) The dendritic grain region

(c) Enlarged image of the transition region
1

Fig-1 SEM back-scattered electron image of

iron-nickel alloy lined layer

(Ni 41. 25 %, Cr
17.73%, Al 4.91 %, Si 1.58 %, Fe 34.53 %),

(Ni 25.55%, Cr 11.58 %, Al 1.47 %, Si 0. 54
%, Fe)
2 2(b) ;
20um
, Ni 33 %
9 %
2000

16 %, Cr 15 %



12.

60

50

Content / wt %
(0%]
[«

50
45
40
35
30
25
20
15
10

5

0

Content / wt %

[ () o Al

o —— Si

40

—— Cr

Near the transition region

0 200 400 600 800 1000 1200

Distance to surface / pm
[ (b)
N = Cr
| —a— Ni
l “‘\w——x\\ 5 —v= Si
[ Iron-nickel alloy \ The transition region
[ o n ;

; O—

- N
[ 900000 B8

1215 1220 1225 1230 1235 1240 1245 1250 1255 1260 1265

(a)

Distance to surface / pm

(b)

Fig.2 Composition distrubution curve of the alloying elements
in the iron-nickel alloy layer (a) and in the transition region (b)
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(a) Bright field image (b) Dark field image (c) Electron diffraction pattern (d) Electron diffraction pattern
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Fig. 3 TEM micrograph and electron diffraction pattern of AINis in the iron-nickel alloy
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(a) Bright field image (b) Electron diffraction pattern (c) Electron diffraction pattern
4 AINi

Fig-4 TEM micrograph and electron diffraction pattern of AINi in the iron-nickel alloy

1 AlNis (Ni41.25%, Cr 17.73%,
Table 1 The iron-nickel alloy composition near Al4.91 %, Sji1.58 %, Fe),
the AlNis precipitated phase ( Ni
Alloying elements Ni Cr Al Si Fe 25. 55 0 , Cr 11.58 % . Al 1.47 % . Si 0. 54 % ,
Content/ wt% 54.8 6.4 11.8 1.2 25.2 Fe)
4
, 10 30 nm 2 (2) AINis AINi
: Ni (
40 %), Fe, Al,Cr Si
: AINi
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