B8 1M
20144 3 H

MoR B o 5 MM
MATERIALS RESEARCH AND APPLICATION

Vol .8,No.l
Mar .2014

XEHS :1673-9981 (2014 )01-0001-05

MREBEEHRSEREGHHANARARELZRES

F/iﬁ J:é’]gjlﬂéig ’%‘\g"lﬁﬂ

JRA TR O MA & mAT TR ) )4 )M

510650

B LBRIGERG S LE SRR Sy 2k B SOk M 5 iU [ 45 0 5 S Ak B = A
P AR TR B G S M A ROR RS BUR [R]EH J AEAT T R A LA
AR ISIE AR B A B R AR 4 i U BB BR 1547 B N S

KR MRS MRS R EMHE
FESHES . TC178 T ERFRINAD (A

BB A R ARG B /N | LS v | T
i ok B R v Ak P AR A DRI ) B FH AR
f%% sSim iz AR T DU s oK R
ML T Tl AT H # AR

Hil& A A R Z AR N R EA S
Bk (IMOFIE ARG 49 (PM ) L[ 20 42 70 4E4R
RISk TR EAN T AL T IM T8 IR s Al
VAR ALY O A BRI A5 v R i SR b
BHITRATRROR B 28O/ R PM TR
AT DASkE G A o IR TT 7T LA R e 11 i L3k
2l IM T Z2AREHI G 4 L JF HLRe g i
LAY s HIEAS B AR AE 5 0 AR 2R
IM 4R A AR LG L PM 48 R A 4 LA TR AR
SIER A sE K PR R R AR 4 TR
il E R A 2 MR AR FE A — .

MAIGE A S LG AR Rl & R KB
A3 R A 45 L IR [ 5 B S S b B = AN BR
AR S AR R AN ] R S B — 2B AR
AR A AL AR IR E TR R4t o A v 2 BHLASH T
KT G 454 il H ARG E T2 BE
— BT A L AR R B R i A
S R EAMR FERPRHR A RER S D T THGRSA
TRARIE AN MR B R M RSO AT s R Y

I f5 B #A .2013-11-12

MR E & ME SR AEBAE T 2 R AT R
SAb B L B BBOE S AR AN AT D A i
R EEATHUIN T A REAS B BT IR A9 5287 i
R HIEIN T ARG SR E B M G R A
A BRG] T IR ARG AR ARG G E M E
AR R R A LRI SERy AT o L R [ 245
FJE SEALFRIX = AR5 A AT IR IR H
K

1 H&IZ

1.1 MEHEIZ

RN SR 5 ik 2 28 JHh R
RS AR H AT Tl AR A 7= 45 83 1) 322077 L
BREE DI 2 TS 9K R R
1.1.1 SAARZE ik

TESMARS AL R0 A 2 i fE R Y
BHIBEETIAF] 1X10°~1X 10" K /s , A i 7
MR PR B L R R R RIS A4
TGRS ANk SR gD A R B AR R AT
XM RS R S Rk & R & 4 ek
2T P A AR A VR A O T B A AR K RIE

*BE&WB ERAARBAILEF BT H (51004040) ;[ R B FRBHIF B BT B A TF & WF 58 £ WU9E 4 98 B Wi H (2012EG215025) 3/ M 17 2k

VLRHEB AL T 0% 4 % B T H (2012)2200096 ) 5
TEH /I BRIGE (1979-) 55 ibldb e pli A, TR0 A .



2 L S

w5 N H 2014

A BT S A R BB L Y 2 . s A R
Al-Zn-Mg-Cu AR IM T2 & AA =K
P AR % A4 IR (Zn Mg Al Cu)
R EIEIN A A R B A B e AR P RE A
—ERERTE S B A SR A EEL
FLBRE (B 400 1206 ~13% ), F T8 [ H
FERIBR ] (— AT 10 K /s) /B Sk
PR IR — WA H A 3 26— R AT AR AR M S8 2o ) 2
{18 [T A L s 8 R v IR AL TR 45 T
PERE R EOX A & I BRBTHLR B (o )R IR
£ 5007600 M Pa 2R HIPHEE [ T 205 , i FHl#
I FE A A T 20 [ R L RO 28k = A 4T
R 120 ~ 130 [ SRR 3 8 A 4 10 oy
Wt AN S IR R R — AT H AR L [R] Bsf 2 40
BB ANL AR TR A & IR B & R B
B SR A AT B 2 T L AL R A R 2 i
MR REHE = L AR BRPTh 38 B FT A 600 M Pa $2 55 5]
800 M Pa LU HAMARZS A1 il £ BB 9 E 22k
SR ARIAR 3 A X (A1 B8 AR HL AR
DA R R L 40 7E 17200 pm 2 ] Hirfr
K ARARAE T 45~100 pm Z[8] JRIARAE 10
pm PUF AR AL b = R 196 22470 X Fh
TR A AN A3 1 RIS SE Fe e PR i ELE LAAR
PR
SRS By T LR A T 2 1 A A 3 AR
i & BT L D 0% D7 VA e O B S A
PP TETE PRS- AL BT (A N F1 He) FiR AR
SRR 0.1 %6 ~2 Y BYSS AT A JB0RL 2 1T i
— JE R E AR A 25 A T R 2 R K R
SAESIANTR R (TR ORI T Ak 1
(RI7K S Ao P A 5 B0 A 1 1 B2 B A B, 38 T
T A s ORI T 42 iR 4 Na,S,CLLK,
Ca,Fe ,Cu M Zn SEICETEAURL 4 M I 58 LMK T4
PR BRI AR 5 (338 i T 4aL AR J %) JEEJ3E (451
g R DL R AR R R R R T I BR K
VHEBIE2 M L1 .E . Anderson %Am%ﬂ%ﬁ%—éﬁ/ﬁ%
(4lFE R 99 .998%0 & mi i —67 “CHONFEA T M
FAZE TSI ZE 6 .67 Pa F7E 55 A0 R 171 76 w5 4l
RV E IS N LA T AR S
9275 nm P HAT SR ER SRR AN
ARG HIRRE M (FE AR L 300 “CRYZAE T
$100 h S ALBEISEE (N 80 A i ELEA i &
(RGeS 1 1 (FE 300 “C R bedh JBURr 2 Al nT LB AR

BELEI 1E 550 C M LA IREE T hedh Jovkr 2 i () 48
AR RIAT B T T B D X AR SRR S Sic ARl
SRR A A I B T R e s T 1
1.1.2 HUWERES L

SSRSEAEAR . AUBRER B 1k ] ] £ 40 >k 2%
IR T DA R0 3 AR AR A 40 K 4 i s A i
T L EERE AR P A RHICR AT O AR AR
A KEBE AR LT 1 Sy K 1Y [ 2 AP435
PR EEEOAAR LA AL-7 6Mg A4 24 HIBURL R ] U
/N 25 nm 2R R R A 100~230 °C,
A5 IREE A 370 CHY  HETE 277 & TARIEBR
BEROR R A R EA BT AR A i I
AT DA IR B B SAR i L] el 2D B8 ke o fel
FHa AR il
1.2 BFEEZE
1.2.1 #4E

BB A BARA M AT 10 R il T A A He g
% Xt N SR RS RIE AL-Si &4k R
JEF1°H 270 M Pa B, B AT 345 8000 S0 B 1Y i 48 .
SR EH FERR I s T R AS R D 25 S PR, 2 B0 5
PERE 22 AASE 55 FRERSR FEAIG BOME e 2 A A
T TR 2 A AT R R &) SRR L A
AR AL R Sl e AL S T VR B S 2
B SR PR RE I M S B S B o 5 BB A T 5 4G
JE RSP A o I 75 I A — 5 S B T R L R
1.2% ~1.8% WMtz .
1.2.2 WiSEIE

WL HE R A SR A T LR R
FH RS AR B i 25 AR 1 20 /N YR T
AR B 2 5 o] e AT A X R 3 R
SERBEERT K DU B EA — & IR SRR 12 5))
FIFISEEIC I 2 BUE 2 AR 2 TR P
T P Ol 1 € MR e I B i 1 D&
R R T R R R AL S R TR TS IA
F= I R A AT G TR, R 3 b B 8 T o 1)
IVERIME S — R LR T RIR S
B RE S R T A7 F 0 A T A
A i G SRR A T B T I S U R AR B 4
PEEFE SRS W OB EOR F B T R
L NGUE O TN TR E RN L o3 e PO A )
il 28 B R 77 i



B8l 1M

Wrige A5 ARG RS S MR BRI BUIR S & R 3 3

TEMESFHTTRR Y St L 2 Jré ke > i FH il 5 h
HAMEHIEBUR TR AR SR 5 4 a AR ks
RIS B TAR A% b AR TR i SR %07k
AR A WS TR ) [ A 0 1T L H T3 i 0k
14 i R R 2 Mk P s () AR AT LA 6 S T S L PR
M LARAS SRR = A kL .

1.2.3 s

EHE R (HVCO R AR R Fi LAY Hoganas 2%
FI Ml Hydropulsor 2y &) JfE 2001 AEFE [ H H i) —Fh
R A S B SRR AR B S F B RN .
ZHARAE T FZ R R S ARG AR TP A0 A L5
R AL AR B & HVC 238 i il iR 4%
il B R GRS 2710 m /s )= A i 210 ks 30 17 D
) SEHU R B B AL BRI TR Rk R R
TR S B B oy R OY SRR SO
AAREFRHE AR R PEBERE . HVC R E
AR H AT AT AT ARG S R R B B A IR
FER AR R R R I — o B B MR RIS
PIREPE A BT 76 BOE o R 400K 2 (8] 006 42
S5, DRLTT R PR 3% B0 T R G T R L BR AR
AR HVC P 2Rk AR 10020 308 1%
AR
1.2.4 a4k

EARBEZE T AR A A R e B0 1 A AL R
JEEss B RH AR Y B e RS R SE IR, 2 R AR
e e NIRRT A SN N IS S rS T T P Ul
T R il s A 5% 2 P DT B A% A R T 5T
A3 FF I JOURLEE fil T AR X 0k 2D T BUARFRAT T R ik
MRS E " RGBS T AR R A A X
SERIFSY S B o ) BG4 R AR — 2 be st Bl 7]
18 Bt B 5 S8 A AR & 2B B N R e IR R AR g LI
OB S AR AR 2 TR) AT R 2o B e 45 Bl 3R s
TG LA SO st B 0 SN IR TE A e A
SCE T UL S 6 T8 BUIRIE S n 2 Ak s bedh Bl 7e
B4 TR i FE AR DI TR BUR B 2 WA 5 &
S TERELE BRI B AT — 2 T A B AR e 45 1)
AT AR S FEBe bR A 4 TR
EPh AL A A Mg, PR S P
Bi“ AL R ARSI L TR A AR A
SRR A A I s — SO AL A X 4F
BHERE A — LER R W AN Zr .Se, Cr Al
Mn 0 R AT LIAE—E R RE A4S & 4 iAr

BREEIT ) iR R AT AR e S 23 4 il i RUTH
JE R AT B 42 il >Fe PRI

FEAH FVBORH I e 45 B0 3 2 5 W RLIS 184 ik A 45
LA 4 B 2 6] A 50K it i) A4 i, 2 4] 2 ) 4
RARR AN SiC TERRR R ARRRE 1 TR —)
SR AL Cs 51 Al OsFE & Mg B A& 5
AR Al M gOs ISR IURL 5 FEAAR A 4 1 3 Fh AL 1 i
NS E A R BE R B A SRS
G Ay YESE AR G FERRAELRE J TR SRS .
1.3 FE4E

H AT ERARTER IR 2 Fnbe st T2 i 7ok
BT AH T AL A BT R PR s
WAMELIARAG R BUE R IR E AR B RIS S M
IR AIG 40 A & MG A M EHEE K+ P
45 AV /AR T AL B s, L B 55 i i ax st
T AN BB B FURE AL T 285 A 1 0 L 1 LA Rk —
SRR B B S AN 2 e R mT B = R
R AT X TR SR A — e B e R L
BORBYEFE L 40 20 ¢+ 1 s Bk HA IXAEARELL
WA R IR 4 0 2 T 1) S AR B i 4 0k
ZHSEHIR AL A = BB R Lk a] DLE— 2P e
HESRARBURLAE & 4 S Al B I S v AR R
FUA AR, 8 A B L B R R A
SR A R A 5 SR B S R RERYIR 1L .

ITEAE AR R AL BT AE DR R T —
SO SR IBVEAS I T2 s PR i A5 £
¥ & ¥ ( Equal-Channel
ECAP) ™45 NS A BRI FURE R, T AW E
FFE P KPR E R BBk B LECA P i5 & 5cfi il
TR AL 0 T2 R T RMy Tl
RHME B2 2 T T A ALG A LA B
B D (1) | L1 v s R D P R ey v | D |
10 pm 7247 1% ECAP 1 LIFRAS Sk ) 1
pm ZEATHR A 4 T A BRHTT S R A ECAP
T AT DA R AR T — 2 B B A HES A fif
MEHER—Jr i B AT R ECAP
O % T AL Mg ,Cu I Ti 5805 4 )8
FeA4s A0 B . Martin 28 N5 BEHIE &1 6%
Ko dio=1.3 pm BIERRY R JERE SR ] ECAP HAR
R R T PTPIRIE A E T 316 MPa f¢
300 CRHUPLam A SR v LIk F] 188 MPa,7E 350
CTF 4t 20 h (R KALBRS MR S5 F R ) 2

Angular Pressing ,



4 L S

w5 N H 2014

RESAICA W] b R % O 20 AERY K LECAP LT
RE A 1 JCFR AR AL B SR v T g e i kAR iR R
SPEMIT 20 mm X 20 mm X 100 mm , HE L 2
B TSR

2 KRE®BR

Ml ERRF il s ARG SR a S XA
AR B BRI ER L B T R i
o R 2 RS I E R R B v 1 48 19
BT 3 7T S L R ) 65 e e TR ) 463 R BT 24
FAERITEZ R AT LIRS BAT R 48 G P g O
SERE RO G B J HATH & s rERERR & B0
R AZIE TR BB RS R G
HOE EiZ0r ik WiE TR S R S AR BAESPR
AR A AETE 22 IRXE L AT R I3 56 T 1 77 1 5
SRR TGS

LA ECAP HAR AR 8 B (Y PR 8 3%
W AT F R e o B IR R 5 & M BT RE
PSR A 2R T ) ARV RE A A
BB R B WU TURIE L X 2 R
TR B T HAEEAS 2R TR AR IR 84
AT BORE L Tl B A LU B 5 AESEBRI
SR TR H BRI

DIy ARG G B R Bl T & -5 BREE ] b AH A
I —h T2 SRR e il # e PR R A L
SRR R I LR R B3 3 75 1w . F R UA
S B AR R REBRIE S5 RO I A, EL 2 B A i e
TR B AR R R R B ) i TR A SO [ 4
A Rt — A O R R AT L A AR A il
wRTERER ARG S e & LSRN SCHE L5
FAS TGS B 73] slob A B0 45 T B, LR T LR
AR ARAFAENE R s A 1o Ry 2 (RIS S AT
B RBIEST 32 2R T AR AT 4 1S 2 Ak PR
W7 TS PRRCR A B P R TARA X
B DL I AR A OB B AR B A 8
BRI AR M IOE B BE A P11 AB I SR

38 & i&
B A O R PP R R T T B

Z— A I R BRI 2 A R A% [
FIBIFSE N O3 L G5 ) A T 200 A A ol 5 A A

PE— AR PR TR A TAR MRl £ 0T
[ 25 A1 SEAL B = AN PR R AR 5 315 /Y
BIFSE TARAE I AN K nT BEA TR B B8RSR Y
Va1 S R B N U e R oS i )
FF R T U [ 25 HR |, A/ b ik 6 %o I 2240 21
PR ROMOT AT R T 2R s AR & e
G MHEZ B FREST L RS AT Bz 4
LT

B3Rk .

(1] B BAE R E 3CF 58 MR RELHI& R RE A
HAUGHEREL) ) RE T 25K ,2004(7) :16-17 .

[2]LLOYD D J. Particle reinforced aluminium and magnesi-

B

um matrix composites [J ].International Materials Re-
views ,1994 , 39(1).1-23.

3]t AR A FEEE (M .55 iR bt da 4 Tkl
fizkt: 1997 .93-110.

[4 ] OZBILEN S .Influence of atomising gas on particle char-
acteristics of Al ,Al-lwi% Li,Mg,and Sn powders [J].
Powder Metallurgy ,2000,43(2).173-180.

(5 5k REMITT A0 1 JF PREEEE 7000 8 m sk i &
EHIBFFEIAR [ ] ARHFR ,2005,19(10) :91-93 .

[6] LEE S,UTSUNOMIYA A ,AKAMATSU H ,et al.In-
fluence of scandium and zirconium on grain stability and
superplastic ductilities in ultrafine-grained Al-Mg alloys
[J].Acta Materialia ,2002 ,50 ;553-564 .

[7] ANDERSON I E,MOORE J A .Powder collection appa-
ratus /method ; US ,5277705[ P ].1994-01-11 .

(8] Zerboit I AEAR AR A5 A Bk T 25 A 2 e
AT Y o E LCN102554247A[P].2012-07-11 .

(9 i A BHRE F AR HTER A0 5083 A 7= e A S 4 AR
%: . E ,CN201735527U[P].2011-02-09 .

[10] ANDERSON I E,FOLEY J C. Determining the role of
surfaces and interfaces in the powder metallurgy pro-
cessing of aluminum alloy powders[J].Surface and In-
terface Analysis,2001,31:599-608 .

[11] ANDERSON I E,AYERS J D. Environmentally stable
metal powders ;US,5073409[P ].1991-12-17 .

[12] ANDERSON I E, TERPSTRA R L. Environmentally
stable reactive alloy powders and method of making
same ;US ,5811187[P].1998-09-22 .

[13] FLUMERFELT J F. Aluminum powder metallurgy
processing [D ]. Iowa :lowa State University ,1999 .

[14]ZHOU F,LIAO X Z,ZHU Y T ,et al. Microstructural
evolution during recovery and recrystallization of a

nanocrystalline Al1-Mg alloy prepared by cryogenic ball



B8l 1M

Wrige A5 ARG RS S MR BRI BUIR S & R 3

(2]

milling [J].Acta Materialia ,2003 ,51 ,2777-2791 .

(15 ] XkAe A A 27 5 AR SR A ek
BERHGTIZE ) ] SR 408 12007 (3):56-57 .

(16 ] 5K5E SKEE M7 A7 U Y T 200 & JEBUR S H Xt
Jedb it A &l AR ) ] AT 2005 (4) 1-6.

(17 3 TS S8 PRI A5 AR 16 4 s 3 T i) B S L7
DT ARG EHAR 12007 ,27(6) :455-460 .

(18 Wit 1 a5 JEAR DT A5 IRUM) e P 2 0 e HO e
AT [ ] ARG SRR 5 TR 201116 (1)
604-609 .

[19] SCHAFFER G B,SERCOMBE T B,LUMLEY R N.
Liquid phase sintering of aluminium alloys[J].M ateri-
als Chemistry and Physics ,2001(6).85-91 .

[20] LUMLEY R N,SERCOMBE T B,SCHAFFER G B.
Surface oxide and role of magnesium during the sinte-
ring of aluminium [J ]. Metallurgical and Materials
Transactions A ,1999 ,30A ,457-463 .

[21] KONDOH K ,KIMURA A .,WATANABE R .Effect of
Mg on sintering phenomenon of aluminium alloy pow -
der particle [J ]. Powder Metallurgy , 2001, 44 (2).
161-164 .

[22]MARTIN J M ,GOMEZ-ACEBO T ,CASTRO F. Sin-
tering behaviour and mechanical properties of PM Al-
Zn-Mg-Cu alloy containing elemental Mg additions [J].
Powder Metallurgy ,2002,45(2):173-180 .

[23]SHOWAITER N ,YOUSEFFI M .Compaction ,sintering
and mechanical properties of elemental 6061 Al powder
with and without sintering aids [J]. Materials and De-
sign,2008 ,29 ,752-762 .

[24]SCHAFFER G B,HUO S H. On development of sin-

tered 7xxx series aluminium alloys [J]. Powder Metal-

lurgy ,1999 ,42(3).219-226 .

[25] SERCOMBE T B,SCHAFFER G B. On the use of
trace additions of Sn to enhance sintered 2xxx series Al
powder alloys [J]. Materials Science and Engineering
A ,1999,268 ;32-39 .

[26 ] SCHAFFER G B,YAO J Y ,BONNER S J,et al. The
effect of tin and nitrogen on liquid phase sintering of
Al-Cu-Mg-Si alloys [J]. Acta Materialia , 2008, 56 ;
2615-2624 .

[27]MISHRA R S.BIELER T R,MUKHERJEE A K. Su-
perplasticity in powder metallurgy aluminum alloys and
composites [J]. Acta Metallurgy Materials , 1995 ,43
(3):877-891.

[28 ]SAKAI G ,HORITA Z ,LANGDON T G . Grain refine-
ment and superplasticity in an aluminum alloy processed
by high-pressure torsion [J].Materials Science and En-
gineering A ,2005,393 :344-351 .

[29] VALIEV R .Nanostructuring of metals by severe plastic
deformation for advanced properties [J]. Nature Mate-
rials ,2004 (3) ;511-516 .

[30]SEGAL V M . Engineering and commercialization of e-
qual channel angular extrusion (ECAE) [J]. Materials
Science and Engineering A ,2004 ,386 :269-276 .

[31]IWAHASH Y ,HORITA Z,NEMOTO M ,et al. The
process of grain refinement in equal-channel angular
pressing [J].Acta materialia ,1998 ,46(9).3317-3331 .

[32] MARTIN B,FRANTISEK S,OTTO B,et al. ECAP
vs . direct extrusion-techniques for consolidation of ul-
tra-fine Al particles [J]. Materials Science and Engi-
neering A ,2009 ,504 .1-7 .

Research status and development tendency of aluminum-based alloys

and composites fabricated by powder metallurgy

CHEN Feng ,YAN Zhiqgiao ,CAI Yixiang
Guangdong General Research Institute for Industrial Technology (Guangzhou Research Institute of Non-ferrous

Metals ) ,Guangzhou 510650 , China

Abstract; Research status of aluminum-based alloys and composites fabricated by powder metallurgy was

overviewed including powder fabricating ,consolidation and following deformation treatment . The develop-

ment tendency was also discussed . It was presented that the recently emerged forming technologies such as

high velocity compaction might make new breakthroughs in the linkage between forming and sintering in a -

luminum powder metallurgy .

Key words : powder metallurgy ; aluminum alloys ; composites
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