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Table 1 Chemical composition of Cu-Si alloy powder

wt %
Element  Cu Si Zn Fe Else
Content 98. 48 1. 35 0.078 0.016 0.076

F1 CuSi&akA SEM 5
Fig. 1 SEM photograph of Cu-Si alloy powder'!!

1.2 XWHE

RN E Cu-Si & & MK MLF s, HX 5
SMARIFEAT TG ME /0, S8 N, KRR
200 mL « min ', WERF 2 1100 C, FHR#ER
20 °C » min ', Cu-Si G 4B K M 3% £ A AL R H
A=, 2 B, AR 95vol %N, +
Svol /o Hy IRA A, AL BT . FRI— & &t
Mk A VBl 7 & D7 A BCE R B R
P Jh T i FH AR K E 9 KL SR JE HT IR AR TT O, i
fREF A 200 mL » min™ ', 4 1 h DIK s SHER
WHSEEE Z 5L 15 °C » min ' 19 FH i 5 26 M %5 IR
TAAE] 500 C, R 1 h UEBRZSANE; BRZ
JEFRLL 7 °C o« min” ! 4 T B R 4% 22 TR B A LR
Bk 800~1 000 °C, SR EAFFFFE 200 mL -«
min ', 4% 500 B E 0 ZUG B TR T AL s AU R
UG RBERE A B = i, fERR R R, SRR
HAARE R AR B ERZ G, BULIREE. S8
AKFE 800 °C . Beghnfm 1 h, 45 MPa & 71 & F &
L2525 B T Bs 4 (SPS) iU, bR 4 5 15 3 R )

N P15 mmX 10 mm 1 R AERBE SR,
Furnace b?;‘;/rmocouPl\e [T
95vol% N, +
SV—OIﬁHZ::_j': :CruciblewAlloy powd:erg=:—>

Ceramic tube

B2 Al

Fig. 2 Home-made tube furnace

SR FH A8 [ 3 IR 52 43 A AL 4% 2\ B9 SPECTRO-
MAXx B B 52 0 1% A 3E 47 5 4 4 B s R H &6+
METTLER TOLEDO f#§ TG/DSC1 # & 43 #7 (% ik
TIN50 BT s >R H A B 8 /] () XRD-6000 A X
SEERAT SO 5 ) AH 4R s >R H AR JEOL /A Al 1
JSM-6510LA RI4 4 o T b fof 45 WA 4% 26 THI B 90 5 R
M E LECO A ® i TCH600 # ONH Bt 4 43 #1
S 52 E AR SRR AR N & R T T 28
IR B FQR-7501 AU it S HL At At L il B v
TR R A R B AR A IR A A HV-30Z/
LCD ZY 4 [C A oF i A B, 47 fr 53,9 N, £ R
15 s, Z PR3 1E .

2 #RE5ITiE
2.1 N-Si-FOEZMBAED

TERAE BT, 7R O FFAEM S LT N-Si-
O & &9 g7 5 B 78 SO B B M 2 SiL SN
Si,N,O 5 SiO,, 7E& . A N, fE7EMSRN T, K
ZH A RE LRI RN B AGY GRS T Iy o TR 5t
THERETAMEE S THXRRN

Si(s) + 0, (g) =Si0, (s) (D
AGY =— 904 760+ 173. 38T
3Si(s) +2N,(g)= SizN, (s) (2)

AGY =— 722 836 + 315.01T

28i(s)+ Ng(g)—F%()z(g): SLN,O (s) (3)
AGS =— 850 571+ 230.57T

381, N, 0 () +N, (g) = 25131\1,1<s>+%oz<g> )
AG) = 1106 047 —61.7T

i 2 2
LSI0,(9)+HEN (@ =28, N, O() +0, () (5)

AG? = 627 233 —69.8T

M 5 A 0 B B &S 1 A5 4k
AG = AG’ 4 2. 303RTlg Qp (6)
K R AR FEEG Q ADERM . 4 AG=0, WA
lg Qp =— AG/(2.303RT) )
BN CL) I 43 e Ji
Qr = (P, /P! €

X Po, O, RMEE S P RS E S, #

P° =101. 325 kPa, N4

lg(Py, /P") =—47 253T +9. 05 (9
FH, #ESH lg(P/PHO-T (KR, HTHEH
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950 “C (1 223 K)F lg(P/P") KfH, Wk 2 froxR,
b Py H N, SRIE S
£ 2 Si-N-O ZRFEHEARXF 950 C T Ig(P/P)HE
Table 2 Gas partial pressure equation in Si-N-O system and
value of lg(P/P") at 950 C

1g(P/P)-T 1g(P/P%)
lg(Po, /P") =

’ —29. 59
— 47 253/T+9.05
lg(Px, /PO) =

’ —~7.20
— 18 876/T+8.23
1g(Py, /P") + —lg(Po, /PY) =

2 2 : —24.28
— 44 423/T+12. 04
lg(Py, /P%) — “lg(Po, /P) =

: 2 : 14,01
57 765/ T —3.22
L 1g(Py, /P —1g(Po, /PY) =
3 g : 23.13

32 758/T — 3.65

HiZ 2 oy ¢ & X B8l 22 i SEN-O & 7
950 CR IR oM, dnfEl 3 Fro . it
Bl 5 5 BN AR % ) R A A A5 1R AR 950 TR,
Py, =101.325 kPa, |l Ig(Py, /P") = 0 i}, #5243
B SL,N,, HWE N, iy O, 4R 1g(Po, /P <
—29, B P, /P° <10 %, P, <10 "MPa . JH
BHEH O 43K, SR 95vol XN, +5vol W H, IRA S
PRAE S R, — 7 AE N, 4, [WE H, e
BRI 24 O MM

lg(P, /P")

40 Si(s) SiN

B D0 % % 4 2 o
Ig(P, /P")

B3 Si-N-O &7 950 °C F AR = o0 -4 A
Fig. 3 Pressure binary equilibrium phase diagram of

Si-N-O system at 950 C

2.2 CuSiEHFEHELNERSH

WEFEPE AR N o Y Bl & &R m
HEA PS5 SR B BT SR A OB AN 5 Cu
RNt . X Cu-Si & &k F kA AL 175017

(D X F CuSi 54, NEERSEHIRFMFET
YIRS Cu kRN, M5 Sifem iR &0 T siae e
SR A B Sis Ny B PP A AL . 3 — SO% T R
P A RO Sis Ny AEH A L, BT N 43RS
(i) R, fRT Ak T 52 A MR 45

(2) NAE Cu P9 B R $L Dy K F Si £ Cu
TP BARE Ds . BIE TR FLEEHR 0.07 nm,
ifi St JEF2 PR K, 8 0,117 nm, N JFEF7E Cu
e ST EAES Y

(3) BRRSE RN T #9151 083 'C. SifE
N, A4 600 “C LA E skl A= Bl Sia N, o 5 B 8 [
R . s A SiREE S N, R
Siy Ny o [R5 98 A AR, 55 R 800~
1 000 °C,

(1) NAE Cu W ZA — 5 1Y A . WA S
BT NAE Cu PEE AR, AT G UFE Cu-
Si &4 A — )2 SN, B, il 4 SiyN,/Cu &
B MR B A A A R] AR SCAIF ST 1 Ak R )
4 10~90 h,

2.3 CuSiiBMHRESHNERE

Bl 4k CuSi G E& B RNAENT. TLUE
o FEIREAL T 600 CHE, M A AR 1Y BT AR
A MEEEFEE 800~ 1000 C J5, i B K Rk,
o N fEE R &R AT RS Co B4 RN,
M5 Si Z IRk RE 96 B Az i Sis Ny BB N, 5 Si
K T AR OR . BE R Ak S TR . RN R
Fm. BT CulgERih 1083 °C, FTLAZES %R,
BRBEANTEE Co MM, REEELFN
800~1 000 °C,

148

0 200 400 600 800 1000 1200
Temperature/C

Kl 4 Cu-Si G 4K A aE 50
Fig. 4 Thermal gravimetric analysis of Cu-Si alloy powder
2.4 AUEEEMERANESESH
&l 5 Ca) Sy [l 5 A AL 8] 2 10 b, ZEAN a2 R
RAUEHMARTHN SR, G&EHRT NSRS
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TR BTS2 HL TR, A8 1000 °C Ik 2 &
e HEFERLIEEZ S 1000 °C L R A [A) AL I 1)
AL, AALHRIEE 2 10~90 h, BEE 5 (b)
PR N S, 7ERE - ERRFET, BEA
PRI AE R . &R N it LIS, H
ALK AR ZAG I [8] 7050 25 60 h AT 90 h g, N 4%
A AR DT ] A SE R AT DL A A

IR
0.04
0.03F
g
2
2 0.02f
=
3
4
0.01F
0 K 1 L 1
800 850 900 950 1 000
Nitriding temperature/'C
(a) Nitriding 10 h
0.3
e 02
z
s
=
3
Z 0.1f
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(b) 7=1 000 C

B 5 ZAALJE Cu-Si A4 N &bk
Fig. 5 Variation curves of N content in Cu-Si alloy

after nitriding

2.5 |WFEHMFKR SEM 747

& 6 k950 ‘C T &4k 30 h {5 Cu-Si &4 H K
) SEM BB F-., " LIFEH, Cu-Si & 40 K Pk R~
FEHATE 100 pm LR, /K E AR5 5] A9 H A ks
REF RERIEEA . 28082 7 RF/INEURE ) 5 42
T BBURL AT R B0 5 . A N JBORE B TR
SPACR AR R, RN A RIS, XA R
TR S5 AR TR A B SR A5 . SR S BRIE K AN H T TR AR
(R R 22 8] 25 5 e A s 3 TR AR v 4 o E16 (b))

SElI  20kV

LN - .
(b) 7=950 °C, nitriding 30 h
FE 6 950 ‘CF 41k 30 h §iJF Cu-Si & &K M SEM B
Fig. 6 SEM photographs of Cu-Si alloy powder before and
after nitriding 30 h at 950 C

it 950 CF &AL 30 hJ5 M8 AR WKLY S, L
R 3 6 Ca) H R A IS 25 A K (HL A
RGN, 3R B T AU R R R,
i S KR R A AL RS . A ek R B
KA MBS AR XRE I H AR F Ja S8 il e 4 2
o, ORI X 001 #E4T EDS 434, 45 3L
PN SHEM 1L 29wt%. AT miR A k. N
TLECHEABGEH AT,
2.6 BUEHMARMYESL M
& 7 2k 950 C T &AL 30 h f{ijjg Cu-Si 54K

) XRD &, Cu-Si & &M RKHHAN o Cu . I
R B i < T (AR B W B AT G0 o 3l xS TR T

Ca) WP AT S W ) 43 A T 1 Cu 4 A3 S 064 1) /DN £ BE 7
M, BLH SiC 2 [EE 2] Cu B L T 1% 4
T B AR, Cu S THT O 57 5 S5 48, DY T A R A
TR TR BR 435128 0. 028 75 nm Hl 0. 052 91 nm, M
Si R 242K 0. 117 nm, Si H {8 DL #E # 09 )7 20
[ % F Cur . 38 1 Jade #4431 v] 1, Cu-Sifh K
F A% H KL 0. 361 73 nm, 54l Cu(0. 361 49 nm) Y
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a1n
a0-Cu

-~ 200

= . )(b) 7=950 °C, (220)

E nitriding 30 h

iz (111)

o]

= (200) (a) Before nitriding

I (220)
L3
30 40 30 60 70 30
20/(°)

7 950 CF&AML 30 h {5 Cu-Si &4 KRN XRD jE &l
Fig. 7 XRD patterns of Cu-Si alloy powder before and
after nitriding 30 h at 950 C

Al AR O Ems A AR A, BEBH Cu-Si & 4 19 [ A
REZY:I

FEAALHT G . fb A H B AR AR T LAAE S St
VA R Y R RS . 2 R A R S
P 7 (b v Cu AT 5 0 HE 30 8 A 1) KA 132 7 1 14 B
BARFE, Cu By &A% % %l 0. 361 73 nm Jill /) )
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JEE s [SiJe MINJe, A1 Sis Ny o Cu-Si & 4 8 B ik
AR SN /Co B A BA. T SuN, &
T A%, PR P R R & B Sis N, R AT ST

h T HE— 2T i SR AR A A5 A, T BT A R
HEAT XRD 4387 Fh 38 58 AH 0 1R B B N . %
TN 1 DR R A N T R R A R AR R AR R
k. SifSLN, EFIR T ERE L, N SRR
KR, TR R T R BAR S R A R R
FHAR SR 15 W 6 BUs SE 3 s AH . Sis N, /Cu By oK %
B XRD EE W& 8 fras . 43 Ml Al. AEELY
oSN, FEE R B-SEN,, HIRE o« SisNy . 5558
AR SN, O, 32 B 78 588 1 )RR E T
Si &AL SR 32 EE A B B A SN, . FE AR

3
- i = B-Si,N,
E ol v (ljSi‘;N4
é_ 4 Si,N,O
z
}LZ It o .

0 —Jbb[—;

10 20 30 40 50 60 70 80
20/(°)
B8 SisN,/Cu By RAERY A XRD ¥ &
Fig. 8 XRD pattern of extracted sample of SizN,/Cu powder
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2.7 EREMHEAREMEENBESENEIE

B9 24 SisN, /Cu Hi 5 Bl Ak I 3 A1 A Ak st
AR A ZE . BALSS Cu-Si A& MBS EE &
AT . X EE W T Cu-Si ek A 1k 4b 2%t Hy
FHELA AR . (DT SN, i AR B X
HL - A OGS 3R A5 (2D SN, I & BUTHAE T
Cu FEfR [V 09 SiTER . KA fi A% i A8 15 21 22 i
Xof L - B O AR R e el e R AR . (2) AR
BRF D WMER, B R B SR E S 2
LELOE ST EATTE: N

b & R AL ] A ZE . B AR BEAY SR 2 A SN,
QTR B p SN O S ST = o R A [
I GRS R SR S AR A N (BN =T TE: I NS !
FEU AR BE B . STk B 1 Ak AR EEH
[FIE  7E el A A B2 v B A TR Y T o
RACE ] A A, A ) Aok & AR RS A kL
25 f A Rt 2 il SR E . 1 000 C A
£k 90 h JE i EE R BUE FE R 99. 49 %0, HIXT TR GG &
SRR E MR, BSRIET T 2. 94 £5,

3.0

——7=800"C
——7=900C
2.5F——T7=950C
—A—T7=1000C

2.0p

Electrical conductivity/(10’S'm™")

Nitriding time/h
B9 SigNy/Cu H 5 3 Bl 010 I B2 R Ak B 1] ) 722 4k ith 2k
Fig. 9 Variation curves of electrical conductivity of SizN,/Cu

with nitriding temperature and nitriding time

2.8 MR AL E R E X R R

P 10 Sy Sig N, /Cu fiff B Fifi 0 Ak T RE A1 20 AL I (8]
ARt 2 . dE R EAL S B REAY BE R B I T .
4RSI TA) — 7 I, RE B S N il RE A T R T 4
K, XJe i T4 2 A0 AR SR R 1Y 22 T AL T b
Bl RN JE SN SRR b, iR A AR
Siy N, ki F4u/h, B H i E R, s Orowan
SRACHLE . fE B B, o TR HECER AL AR SisN,
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Bl 10 Sis Ny /Cu B B Fifi 0 Ak 35 52 A1k I a) 9 28 £k il 26

Fig. 10  Variation curves of hardness of Si3N,/Cu with

nitriding temperature and nitriding time

SR A P v . R IAR A R RN B BRI B
SRS 5 AH B R, Z B HPIE R A M, WA
AN TTHIBE K, AE Si, N, R F R B T A .
BF A7 L SRl B, B B e ok B BB . S B IR
7 JE LA 57 8 A o 57 85 VR %) S IO I g s A
KA Sy, N Cu AR5 2] T 50 4k, B B Tt
[

2 TR EEAE 900 C LR B, B Bl A AL I
Ji) 2B K- T 48 5 (H £ 950 °C L 1 19 & 8 i %
SN S AR B M R L B 8 . Xl T O B
RACH LT, N 9 B AR S, 5 8U% 7 N
(R B B Y. BOAUA B  AR A B R E, Si N
(8 A B 56 0 32 B BR 5 O — 5 T, 7 = R
Bl & AL ) SE S s 8 43 AR & A TS TR
4 SNy BT K. AR T bR RE RS A 48
1000 C F&EAM 90 h 5. WELF 82.5 HV,
I, FAL B R B K, S iE— 2 W A R
AE . AT LASR BURRIR (19 R AL 7 ik Cln s 5 /A ) 2 5
B 4 8 R I AL B v R

3 & &

(1) X J 07 4 45 s RN K 25 A il A5 19 Cu-Si & 42
W ARIEAT R A oK N & b AR E
1) T 15 F A e ) ) SE KT RS K. #E 1 000 CR,
A A 60~90 h B B AL Fe W W

) gk FEHEAZE, BRT Cu AT 50
LA IR RS, LA AR E A /N, SREH ST Cu B
R, VAN S N R A SisN, . Cu-Si
BB AEM R SEN,/Cu B A A,

(3) X ARG BBy K AE 800 °C, HEgiAfa 1 h

Fl 45 MPa J& ) 414 N iE AT A R4 gl . 45 3%
Ui = W A =2 A = | = O Al [E1EOJ T S
Si; N, /Cu & A bRk B R0 5 3% 5 B TF. 7
1000 CF, &Mk 90 h ZAFTHHEFREE S MK
ML R TE T 2. 94 %, BEREIAF] 82.5 HV,

S % Lk

[1] Zhang H X, HuS B, Tu] P. Development of Cu-based com-
posites reinforced by particles [ J]. Materials Science and
Technology, 2005, 13(4): 357-360 (in Chinese).

SRLLER, B IS, URVLOF. TBURL NG 9B 4 5 A bR BF 9T
JELJ]. MRR¥%5 T2, 2005, 13(4): 357-360.

[2] HanCS, Guo T M, Nan X L, et al. New research progress
in Cu-based composites [ J]. Materials Review, 2012, 26
(19): 90-94 (in Chinese).

R, W], M. S, R G BRI B 5RO R
(I, MRESAR. 2012, 26(19): 90-94.

[3] Zhang Y Y, Li Y G, Tian Y. The latest development of cop-
per-based composite materials with high wear resistance and
electrical conductivity[ J]. Rare Metals and Cemented Car-
bides, 2011, 39(3): 48-53 (in Chinese).

SRR, AE W R S e S A A bR BT 5
BRI, MAEEBSWHEA4, 2011, 39(3); 48-53.

[4] LiSS,WangHL, LiuR Y, etal. Effect of different proces-
ses on SiC/Cu composites interface bonding[J]. Rare Metal
Materials and Engineering, 2007, 36(Suppl. 1): 689-691 (in
Chinese).

A, W, XEH, 5. AR T L3 SIC/Cu & 448
RS EWHmLI] WA &EMES TR, 2007, 36 (3 H
1): 689-691.

[ 5] Zhang D H, Zhang L F. Study on Cr;O; dispersion strength-
ened Cu-based composite prepared by internal oxidation[]].
China Foundry Machinery &. Technology, 2010(3);: 16-18
(in Chinese).

KRR, SR, PRI HI& CroOs TR0 A4 3 2 A 4
BHBF LT, P E SR A 5 H AR, 2010(3) : 16-18.

[6] LiZ, Guo M X, ChengJ Y. et al. Cu-TiB; composites with
high-strength and high-conductivity manufactured by in-situ
methods[J]. Heat Treatment of Metals, 2006, 31(5): 59-63
(in Chinese).

AR, GRHIAL, REEEZE, S R E ARG RS Cu
TiB, ZAMELT]. 443, 2006, 31(5): 59-63.

[7] Tian S G, Zhang L T, Wang G H. et al. Internal oxidation
of AIN particles reinforced Cu-base composites[J]. Journal of
Materials Engineering, 2000(10); 25-28 (in Chinese).
M5, TRARAE, FAEME, 45 AIN BRI Cu L2 4540
P LB FSET]. AR TR, 2000010) : 25-28.

[8] LiuD B, Cui CX. Study on the fabrication and properties of



+ 464 -

2 =

7 # g R

L9]

(10]

[11]

(12]

TiN particles reinforced copper matrix composites[ J]. Rare
Material, 2004, 28(5): 856-861 (in Chinese).

XIS, BEARFN. TN UKL SR AR 52 A bR 09 A5 K M g
WroeJ]. Wifi4 0@, 2004, 28(5): 856-861.

Wang N Y, TuJ P, Yang Y Z, et al. Preparation and micro-
structure of nanoscale TiB,/Cu in-situ composites[ J]. The
Chinese Journal of Nonferrous Metals, 2002,12(1):
(in Chinese).

EH WLV, Bk, & B AK TiB,/Cu £ &
OB s R LT ] R g )R AR, 2002,12(1)
151-154.

Liu D B, Chen M F, Shen R Z, et al.

151-154

Study on fabrication

and properties of TiNp/Cu composites by means of in situ nit-

ridation process [ J]. Transactions of Materials and Heat

Treatment, 2008, 29(6): 9-13 (in Chinese).

XIS, BRI, sk, %, TiNp/Cu & & # K1 FE LB

R o LRI LT ). A RHEAAL B4, 2008, 29(6) ¢ 9-

13.

Xu Y S, Li P, Jin C P. Selective nitriding process of Cu-Si al-

loy powder[ C] // Collection of Academic Conference Papers of

Metallurgical Reaction Engineering Countrywide. 2013, 344-

352 (in Chinese).

WEM, ZEMS. ¥rRF. Cu-Si A4 koK s b 2L T 2058

[Cl/ & Wi 4 BB TR % 2% R 3808 SCHE. 2013 344-

352.

Liu S Z. The research of preparation and properties of Siz Ny

[D]. Tianjin: Tianjin University, 2007 (in Chinese).
XUAAES. Sis Ny ZARK R % SR ERFSELD]. K. R

[13]

[14]

[15]

[16]

K, 2007,
Liu SZ, Ji HM, Liang H, et al. Preparation of Si3N; pow-
ders by the direct nitridation of silicon[J]. Rare Metal Mate-

rials and Engineering, 2008, 37(Suppl. 1): 378-381 (in Chi-

nese).

XUAA K FEEIOT, MR, AR HBERLIE A Sia Ny b il A
WhoElJ]. A 4 )@ bR 5 TR, 2008, 37 (B 1) 378
381.

Shen Y T, Cui C X, Xu Y J, et al. Characterization of inter-
nal oxides and their volume fraction of an internally oxidized
Cu-Al alloy[J]. Corrosion Science and Protection Technolo-
gy, 2001, 13(4): 192-194 (in Chinese).
MR, BAEM, R, %, Cu-Al &4 NS L™= 9 B H Ak
BRI LT, A= 5B AR . 2001, 13(4): 192-
194.
Cheng J Y, Ao X W, Yu F X, et al. Effect of internal oxida-
tion process parameters of Cu-Al alloy on its properties[ J].
Journal of Materials Engineering, 2010(7): 29-33 (in Chi-
nese).
FREZE, B30, & H, %, CuAl A8 WA T 2S5
PEfE S I ST ). AR TR, 2010(7): 29-33.
LiSL, Song K X, Guo X H, et al. Effect of preparation
techniques on microstructures and properties of Al,O3/Cu
composites[ J]. Special Casting &. Nonferrous Alloys, 2013,
33(3): 272-275 (in Chinese).
AL S, fil & ik Al Oy /Cu B4 #
M W L. 48 Al 65 38 AT 6 42, 2013, 33

ZEFRMR, RF%,
BHZH U BB
(3): 272-275.

Preparation of Si; N, in-situ reinforced Cu matrix composites

XU Yusong™ ,

LI Peng, JIN Cuiping

(School of Materials Science and Engineering, Jiangsu University of Science and Technology, Zhenjiang 212003, China)

Abstract ;

Cu-Si alloy powder was prepared by induction furnace melting and water atomization process, and the

Siz; N, in-situ reinforced Cu matrix composites (Si; N, /Cu) were prepared after gas mixture of N, and H; selective ni-

triding and vacuum spark plasma sintering (SPS) forming. The selective nitriding product and its crystalline struc-

ture were investigated by extraction method. Results show that nitrogen content of composite powder rises with the

increase of nitriding temperature and extension of nitriding time.

nitriding for more than 60 h under 1 000 C.

The nitrogen content significantly increases after

Overall diffraction peaks of Cu apparently move to the big angle, and

the lattice constant decreases at the same time, which suggest that Si exsolves from Cu matrix to form Si; N, while

reacts with N. The reinforcement in Si; N, /Cu composites is mainly g-Si; N,.

With nitriding temperature and time

increasing, the electrical conductivity and hardness of Si; N, /Cu composites gradually increase.

Keywords:

composites; Cu matrix; in-situ reinforcement;

Si; N, ; preparation





