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Powder Metallurgy Sintering Fe-2Cu-3Cr-0.8C Alloy
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Abstract: Chromium element was added into raw material powder in the forms of pure Cr powder,
commercial low carbon Cr-Fe powder and self-made mechanically alloyed Cr-Fe powder, respectively. The powders
were pressed at 700 MPa and sintered at 1 200 °C for 1.5 h, and then Fe-2Cu-3Cr-0.8C alloy was obtained. The
effects of chromium addition forms on the microstructure and properties of the alloy were studied. The results show
that the microstructures of sintered samples were composed of pearlite and a small amount of ferrite and carbides
with different adding forms of chromium. When added with the mechanically alloyed Cr-Fe powder, the sintered
sample showed a homogeneous microstructure, and had relatively more pearlite; the sample had a relatively high
compact degree with the sintering density of 7.07 g=+cm *; the sintered sample had excellent comprehensive
mechanical properties with the hardness of 95 HRB and tensile strength of 488 MPa; the morphology of tensile
fracture was mainly dimple, and the fracture form was a ductile-brittle mixed fracture with ductile fracture as the
main fracture; the sample had the least corrosion mass loss, indicating that the sample had the best corrosion

resistance.
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Table 1 Main raw materials used in the experiment
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Fig.1 SEM morphology of three raw material powders containing chromium: (a) pure Cr powder;

(b) low carbon Cr-Fe powder and (c) mechanically alloyed Cr-Fe powder
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Fig.2 XRD patterns of three raw material powders
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Fig.3 Green density and sintered sample density with

different chromium addition forms
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Fig.4 SEM morphology (a, c, e) and surface scanning results of chromium element (b, d, f) of sintered samples with different chromium

addition forms: (a—b) pure Cr powder;(c—d) low carbon Cr-Fe powder and (e—f) mechanically alloyed Cr-Fe powder
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Fig.5 Microstructures of sintered samples with different chromium addition forms: (a) pure Cr powder, at low magnification; (b) pure Cr

powder, at high magnification; (c¢) low carbon Cr-Fe powder, at low magnification; (d) low carbon Cr-Fe powder, at high
magnification; (e) mechanically alloyed Cr-Fe powder, at low magnification and (f) mechanically alloyed Cr-Fe powder, at high

magnification
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Table 2 Tensile strength and hardness of sintered samples

with different chromium addition forms
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Fig.6 Tensile fracture images of sintered samples with different chromium addition forms: (a) pure Cr powder;

(b) low carbon Cr-Fe powder and (c¢) mechanically alloyed Cr-Fe powder
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Table 3 Mass losses of sintered samples with different

chromium addition forms after corrosion for different times

J65 ol Bt 1) / B4k /g
h 4l 5% By KBk Cr-Fe ¥y ML A 41k Cr-Fe #;
2 0.033 6 0.024 4 0.020 0
4 0.029 0 0.020 0 0.019 8
6 0.023 4 0.016 2 0.010 7
8 0.017 2 0.015 0 0.008 0
3 & i

(1) WIS 416 Cr-Fe #3 iAL 51 FlBe 45
TR 10 5 A R TN I B B U, S IR B Cr-
Fe 13 (08 /0N s A [A) 8 45 e R 8 45 R Ay 20 21
P RLEROCHR D = o [R5 A 2o ik R R A L
TR IALA A 4 1k Cr-Fe My be &l FE MY 2 134 57,
otk R BUREER .
51



BT A B LF BAFRME XA B RS ERE Fe-2Cu-3Cr-0.8C &4 AR fo b 4k 09 % R

MATERIALS FOR MECHANICAL ENGINEERING

(2) TP A 42 4k Cr-Fe #4845 4 BE 1 25
4 1 RE R BRI B 448 MPa Rl LY
95 HRB; A [7] 4% s & 28 F . e 45 328 B 1 i 54 T
B 3N e VR A T L P R AL A 4 1
Cr-Fe My B 85 RERL M0 IGF O 90 R B 0 B0 38, HolF (1
S 50 LA B T 2 5 VR IBLAR A 4 1k Cr-Fe #
e 225 T RE 1 I o R 450 2 B /1N T S ok A R [12]

[10]

[1] SULOWSKI M, CIAS A. Microstructure and mechanical
properties of Cr-Mn structural PM steels [ J]. Archives of
Metallurgy & Materials, 2011, 56(2):293-303.

[2] BERGMAN O, LINDQVIST B, BENGTSSON S. Influence of [14]
sintering parameters on the mechanical performance of PM
steels pre-alloyed with chromium [ J]. Materials Science [1s)
Forum, 2007, 534(1):545-548.

(5] RS WA R SR 2 BOML LT
bt AR AL . 2007 320-327.

[4] CASTRO F, SAINZ S, LINDSLEY B.%. Bs4k 414 5 41 i %t
T Cr ARG AW N F R m )], BAREEHA, 2011,

29(4) :304-307. r17]

(5] #EE. ALK, XUWN, 5. B4R X 420 N85 1 41 SUR
ey miI]. BRiG 4HA . 2016, 34(5):373-379.

[6] BraE, SF3U0, WA, 45, 4% 0 BRIL T 6 40 K be 2 41 41
PEREM SR T]. SN T T2, 2006, 35(9) :4-6. r1s]

[7] B BZYER AR EMEHS S5 HERR[D]. Ml Ma
BT R, 2013,

[8] TEJEM. FeCr-Mo MR &M AL SHEREMBF R [D]. Kib.

R R, 2014,

sRARAE, B AR, ARET LS TR L Cr-Fe KXt g3t & 4
HAGEREME ML) BRGSO, 2013, 31(2):101-107.
JHEA. B AR 4 Fe-C-Cu-Cr-Mn B4 5 ¥ AR5 (D]
JUN L AERFLT R, 2014,

. vk B A B B by AR 1 4 08 2 b ki o A B e R
FKLD1. 77N AR B TR %, 2015,

FEMESE, B H, AL AL ST R A e 0 38 2R 2 SR IE
JIG[)]. KW, 2016, 35(7):37-41.

WU M W, TSAO L C, CHANG S Y. The influences of
chromium addition and quenching treatment on the
mechanical properties and fracture behaviors of diffusion-
alloyed powder metal steels [ J]. Materials Science &
Engineering: A, 2013, 565:196-202.

A0, FIRM, WKL AE AN Cr-Fe & & 0B K f &4l
UG TERE AR A [T ], B RIA & Tk, 2015, 25(2):25-30.

A IR B S BRI T SE D], R < R E Dol
2012.

GARCIA C, MARTIN F, BLANCO Y. Effect of sintering
cooling rate on corrosion resistance of powder metallurgy
austenitic, ferritic and duplex stainless steels sintered in
nitrogen[ ] ]. Corrosion Science, 2012, 61(4):45-52.
BARILE C, CASAVOLA C, PAPPALETTERE C.
Corrosion effects on mechanical properties of sintered
stainless steels[ J]. Procedia Structural Integrity, 2017, 5.
195-201.

BRas, Ak, R, 4. 8% F E 00Cr25NiTMo3N WA A
54N 1 27 P R BT TR vk R i 52 e [T L AR TR A ORL,
2016, 40(2) :26-28.

AEMNEN MO NON MO NEI NI NENNON MO MO NN MO MO MO MO MO MO MO NEN MO NI NN MO MO MO MO MO MO NON MO MO NI NEN MO MO MO NN NON MO MO MO MO NN NONNON WO NN NN NN

(B 46 T

(5] W3, F b ar, A B PR 18CrNiMoT-6 K Al 2 1 158
FUBR AL K RAELT]. HLAM TR BFEL, 2013, 37(5):100-102.

[6] TOWNSEND D P, ZARETSKY E V. Effect of shot peening [11]
on surface fatigue life of carburized and hardened AISI 9310
spur gears[ R]. NASA Technical Report. Cleveland, Ohio:

Lewis Research Center, 1982 1-12. [12]

(7] Zfh3e, WA, LR S B AR s BT ]. P E LR

C##, 2005, 16(15): 1405-1409.

[8] MORITA T, NODA S, KAGAYA C. Influence of hardness of
substrates on properties of surface layer formed by fine particle [13]
bombarding [J]. Materials Science and Engineering: A, 2013,

574(7) . 197-204. [14]

[9] HARADA Y, FUKAURA K, HAGA S. Influence of
microshot peening on surface layer characteristics of structural
steel[J]. Journal of Materials Processing Technology, 2007, [15]
191(1/2/3): 297-301.

[10] IMREK H, UNUVAR A. Investigation of influence of load

and velocity on scoring of addendum modified gear tooth

52

profiles[ J]. Mechanism and Machine Theory, 2009, 44(5):
938-948.

TERAUCHI Y, NADANO H. Effect of tooth profile
modification on the scoring resistance of spur gears[ ] ].
Wear., 1982, 80(1). 27-41.

THAKRE G D. SHARMA S C, HARSHA S P. et al
Tribological failure analysis of gear contacts of Exciter Sieve
gear boxes [J]. Engineering Failure Analysis, 2014, 36(1):
75-91.

DROZDOV Y N, ARCHEGOV V G. The scoring resistance
of sliding metals[J]. Wear, 1981, 69(3): 299-307.
WELLAUER E J, HOLLOWAY G A. Application of EHD
oil film theory to industrial gear drives [ J]. Journal of
Engineering for Industry, 1976, 98(2): 626-631.

AJAYI O O, LORENZO-MARTIN C., ERCK R A, et al.
Scuffing mechanism of near-surface material during lubricated
severe sliding contact[ J]. Wear, 2011, 271(9/10);: 1750-
1753.



