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Reaction synthesis of Fe3Si reinforcement
via light beam surfacing of Cu based self-fluxing alloy

SHAN Jrguo, ZHAO Nanmnan, REN Jia lie
(Department of Mechanical Engineering, Tsinghua University, Beijing 100084, China)

Abstract: Based on liquid separation characteristic between Cu and Fe, and the reaction within base metal and the sur-
facing material, the copper matrix composite coating dispersed with Fe;Si reinforcement was obtained by light beam sur-
facing. With X-ray diffraction, SEM, EDS and microhardness test, the microstructure and the phase of the surfacing lay-
er were studied. The results show that liquid Fe coming from base metal separates from copper alloy in the molten pool,
then floats up because of its lower density, and reacts with Si in the molten pool to form Fe;Si. Fe;Si reinforcement dis-

perses in & Cu matrix, and its content decreases from top to bottom in the surfacing layer.
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FRRETOSE L 5340, FIH Cu 5 Fe SR KWAH
SPEIRGTE AT LUK AT LU BR sk 3R b 1Y R A
LRI R T

ASCARRE M R AR R HEIR S M Fe 55 Si T
RIEFRAE RN L Fe 5 Cu TR IBAR D BOLA,
[N FesSi BESRIIMIAEE & &R R, 45 AHEIRR R
TREHZVRR 1L, BRI FesSi SEBRAH 1 SN & BB LR

S
1 sE5

HESRAFEBEAA N A3 W, RPN 12,5 mm x 12.
5 mm x 50 mm. MK KA B AT B H
CuSnZnPSiB ¥ oK, HA (ST 740 A 92. 6% I
FH CurSnZnP 442 (Sn 8%, Zn 3%, P 0.2~ 0.
4%, Cu R=) F 7. 4% W) N5 4x(Si 50%, B
50%) . KA HURG 45 7008 S 5K R TR 72 A R
T, BWER TR 20 mm x 5 mm, BEHEFER R F&ER
AF(216 mg, 324 mg, 432 mg), BHEE N 0.5
~ 1.0 mm , HESRSCH0 R TG R K= 5 kW 5
FOLH A &, HREITESHCh: HRIZE P=
5kW, HHRAREE v= 0.5 mm/s, HEETFEFH
SRS, A HE AR T A ) AR, R
F CSM 950 4= 41 Hi. B3 F1 8 3 43 73 A7 100 4 23 K A
WAL 504, ] D/ max-RB 8 X S 2667 5 GHAT
YIAERRE, HEAR RT3 AR B KT A ke
M PTG 3508 2 N F10.5 N,

2 RN

2.1 THMALR

TEHERR D) AR AREEAL BT, &
TR R R, WIREB T A R B R
2 AR, NHER AT AR s (B 1)
K EDS Reil 4T (2R 1) RIL, B K A H & 11
I, HEXEJZE PO 2R TSR AN BT AR R AE A7 A W2
X 5

2ok AR B (216 mg) I, SRS HEIE E M
MALIS(E 1(a)), K&K, HEDS &l
HESE ZAN R X AR S R, R BARIR A R 4
FSC73 25 AN AH 7] PR [ A4 . ok R FH =3 K08 324
mg I}, HESRZEADIR S EEE BT T > 8 fORA A
(B 1(b)), EFERS b 55 s A AR o e A o X
SRR PR KON 432 mg I, 3R KERECD
A AR AR 2R _EIE Fe B0 Si AL TEA
edm( B 1(c)), ZERARTE WAL e 1R 2 8 4
(K 2(a)), BEETHEREZSTN, 940 % %
R (B 2(b)), MR ERZ BN B BRI
k(B 2(c)) .

MEHEIE E IS A X ORI, ¥ ARHEN 216
mg NIEGEEH, HRE SRR 2 6k
WEE(E 3(a)); AR HER AN 324 mg I H IR
W IR, a8 MK 3(b)); MAHE
BN 432 mg I H IR BEECR a3 2 (B 3
(o) . LA HRKY, MEMRKHEG M, BME
BRI, B FEZH Fe uHESH T I
IR & R

2.2 WIAHAHT
AHE AR 2 BE D 23 A1 K S AR R B 4 R (3R 1)
A5, TEAETEA b S AT H A HEAR 2 Oy R =216

o

B1 MR R VR B X HE 2 2 SOWL 2 2R 5
Fig. 1 SEM microstructures of light beam surfacing layer with

different mass of surfacing pow der
(a) =216 mg; (b) —324 mg; (¢) —432 mg
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Table 1 Compositions and microhardness of light beam surfacing layer

Mass of surfacing Molar fraction of element/ % Microhardness/
M easured area
powder/ mg Fe Cu Zn Sn Si (kg*mm™?)

Surfacing layer 1.75 95.76 0.19 1.81 0. 49

216 Column grain 1.83 95.21 0.78 1.81 0.39 103
Column grain 2.19 96. 13 0. 00 1.29 0.39
Surfacing layer 1.75 95.92 0.00 1.75 0.58 110

324 Bunchy structure 1.48 96. 92 0.51 0.96 0.13 97
M atrix 2.00 95.94 0. 84 1.22 0.00 94
Surfacing layer 4.11 88. 69 2.83 2.12 2.25 135
Floriated dendrite 75. 83 2.54 0. 87 0.00 20.76 769

2 M atrix 2.10 94.33 0.83 0.89 1.85 90
Spherical particle 98.52 1.17 0.00 0. 002 0.31 662

B2 HERR R AN R DI AOW 41 23R R
Fig. 2 SEM microstructures in different areas of surfacing layer

(mass of surfacing powder is 432 mg )
(a) —Bottom; (b) —Top; (c¢) —Surface
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Fig. 3 SEM microstructures of bond zone in light beam surfacing layer

with different mass of surfacing powder
(a) —216 mg; (b) —324 mg; (c) —432 mg
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mg K 324 mg) F & PG R S B K W A TJE A
JEIX N, A AR TE A AT R R (O R =
H 432 mg) H Fe Fl Si JCE FY& & M B0 B
B RN, HACTE R 5 0 2 g i 2
T EEIRAL . kAT DA, HERER R R B
BRI, (EHEIEZE B RN N [F—Fh A .
SR ALTER B AT AR E AT T X SR AT it
SN 4) . BT IETEM R ST H AR HE R R
FR T 5 AR 2D, A5 X S AT o S 5 SR M
WHRESZ 3] — B . 454 EDS MAREE (£ 1), 1%
TERA S Fe R Si TR W EE/R LA 3. 65, K
FeSi AHE AT LR 2 BT H (A TE R AR di K FesSi, 3
JRAZLA o Cu, TRZMEKRTEIFLA eFe. FIK,
LU KGR AON, HIEEHR—K o«Cu
PRk MR RREERLZN, #IEEFE «Cu
BE FOREONT T FesSi WA, MR ERERM
/D REERTE AT

*—q-Cu
= —¢-Fe
’_FC3Si

e
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B4 HESRR X S AT i
Fig. 4 X-ray diffraction pattern of

light beam surfacing layer
(Mass of surfacing powder is 432 mg)

2.3 FesSi M A 1 s B 15 L ER

H T SE 56 R B HEAR B R AR AN Fe U,
A LA E A B FesSi 3 3 AH A ) Fe JUERIR T
BER . SRADE AR RE R AL TR Tl R I (U HEAR
AR AR, RN R Rete s 284, SR
B AR AL B R AR DB AL, BRI & X IR
(& 3) AT, BEE R AR NN, A AEHER S
RS E BN K . BT Cu 5 Fe LR IH]
HA W B MR LS, IR RS e 556
Z IRt 22, HER R T DL B IR,
HFH, BARMERS, REBEEBA, fERLES
H KL S ™, 455 P B bR = 1 R I

ANBE R A FH 2 (0 3 i B e (3 Mo K & 4
T HESRJE ) SE Bs SR FEARK IR R 0. 40, 0. 50 T 0. 65
mm) . HEE KA BB /N (216 me) B, TiiRZEEE
BN, BYARISETE Sy, BN B A O HE AR
WA, BMAELRGEENER T RAEWN D> B
th, Fe LRI AMESEE MR D, B2 DU
WHRERGFET aoCu . BEE R K R K1
Tn,  HEARA A DRV I 1T 45 2 FR 6 ) ke k™ B, gk
ANSE IR R k>, T2 R Re & BEM
e, RIS AMEIRER Fe TEZ WM £ |
HEIER KBRS —E 5(432 mg) B, KIkIL%
SERIRIZY, I MR R R RO Y e ORI, B
MR Re B %, 18R KRR, BEZ 1 Fe
TCRBEANMESRIA A . B TR G T AT s
SENFHEE, EEmth 2 ERER, BARERE
YR Fe 76 LR REH S5 H 1) Si mR KA
RV AERE FesSi, TR VTR Fe ¥ 484 B, H
RRARS MR . WIS, Cu, Fe Ml FesSi =
P Fe (9% m B, DR, 7R A H1 i F2
HIRE AR TH K Fe B 56 Kk AR B A2 Bk &
Fe ffL, 1 FesSi k4 LA S Hiamdi £k, X3
PRECARAS, X H T FesSi %5 BEAR T 3N 1t (1)
R, b2 FesSi AH 2 A % B ph HE 4R 2 R 1 )
RS AN EE T

WOCHEIR AR, WOBIE I A8 & % ),
JEI N AN A HE R AR AR A0 IR 8] N 64T, [N
T EOL I T R BRI 2, KK AD T Fe
TCERE LFRILR . B, A HBOCHEREGES
G, HEREPRE T REEHRAY . 5T
FHEG, RGN RE &% BAHX AR, it m#ARn 4
W ARG, AT DU FH SR AR O TR S s e o [ ok
BB UM Fe 5 Cu MM 2 B, 1f Fe
TLRSHIEBESTORZ RN, ERAEREE R
EYREC A AL A 3G SR AR .

3 4iie

1) RESCRHRME AE G SN, BT Cu s
Fe BA WA > BAEE, o BEA45 40 T 28 A4 i e
M Fe TREHEGEPM S THARMNFET
FesSi, 3R7% T o Cu FEAK_EIRE A FesSi LB
B A & & B G HRE .

2) HEMRIEFE S B B FesSi A6 TR A fit 78 HE
P2 PR AL AT, A Rl HE AR SR T 1) R 29
INEH
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