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Fig. 1 All materials used in Boeing series aircraft'*
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AILLL Al-Cu R A& SN0, WE
TR KEHMMEE TZW TSR T ZRES
ST TR, JFRI T Al-Cu AR B i
EEEEA IV EYCR

1 Al-Cu—-Té&%

Al-Cu i ARG ST AP LA, O Tk
G, JCHARMRIURG 2 Z N HE 1),
Al-Cu &< Cu [I1E A2 [ i sl , i 7 i 25 b 2
ZJaiEE A R e PR T S e, Al-Cu
R ARG G N L R GURNE RN eV BEAEE
HAWMK REOT ALST %4 &ML 2450
FEBERERES, ALCu AHM o FHZ 18] 2 BRI
RN ZE, B A A LS, G e i
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Table 1 Classification and application of aluminum alloys

PEARZE . R, Al-Cu RIS S 4 KZ T iili
RAWLHFAARFE N . TEARBOR T R Z4E, G541
T e P TELRE 9 300~350 °CU7, e g R S el v T
Al-Si &4

ME 2 JERK) Al-Cu &4 MEATLIE L, Cu
TEIL R E (548 C)RIEARE BN, 299 5.6%(Jii &
E0). BEEREN TR, Cu MV IRFE B 28 R B,
FEWR IR T VBN 0.05%™ . BRI T L3 i ) A
Cu MVERREELEA RN T 281k, X Al-Cu &4
HEAT AT 2B, T RAG 0 S54T H SR A,
M BH B AT R ¥ #2 o A Cu FIVAE &4 34k |,
KA SARIAS, A A E T e T iR
Al-Cu &&ihisiEEvERe, 18 W RIU JGRe A
YAk o AH ) ERRLEE .

TER Al-Cu i sl 8 4 1 iR 222 R B Ui b
H R0 IEJ7 (BCT)O Al @' AHSR AL FEAR, 3t
R MOSTAFA 266198 1 Al-1%Cu &4 7E
AN TR R 73 R0 A8 T8 Ul FE R (0 AR RE v o R I AR AH
ALCu M 200 Claa i, FEER Y
PEREM R F%, XFh&4—MrE 250 CLLREH. 4
G M IEERE . DU TP RE S TEIR KA AL
YT AL AR, TG ST AR 2R,
RS RAATRE S, BAHL 255 7% Al-Cu
AE4EH Cu FELE 6.0%~9.0%2 [7] A4 XK
R . B Cu R, RS Al-Cu
RO I R R FRAC. HEH f R FE  A PR 4
B Cu LA & IR 0k 7 2078 AT H 31X
SO RGURE P RS AA AR 3 B Cu 25 & 1R 3G n T 386 K.
T4 J A RORE FE R AR T e = AR, JRFE L
MR e MR a A E, RILEEE Cu =M

Alumi
ulrlnlnum Performance characteristics Commercial models Applications
alloys
Wrought Uniform composition, high SXXX Engine hood, roof, door, trunk cover,
aluminum strength, good plasticity, high 6XXX compartment floor structure and even
alloys specific strength all-aluminum body.
Lightweight, strong wear Al-Cu(ZL201, ZL202, Engine: gear cover, piston, starter housing,
Casting resistance, high mechanical Z1.203) chassis: brake caliper, master cylinder
aluminum strength, good surface quality, Al-Si(ZL101, ZL102, housing. Transmission: clutch housing,
alloys high dimensional accuracy, and ZL104) transmission housing, transmission box.

mass production

Al-Mg(ZL301, ZL302)

Others: wheels, brake pedals, steering wheel.
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Fig.2 Overview of Al-Cu phase diagram(a); Al-Al,Cu equilibrium system, including metastable equilibrium between a(Al)

and GP zone(b); Supersaturated homogeneous o phase solid solution(c); Coherent #” phase formed in a-phase matrix(d);

Excessive aging stage characterized by formation of larger incoherent 6 phase(e

BETIN, K < R R RURE RS AT AR 73 B 3 K 2 fie
BERAUHEA . G55 Al-Cu REE BHIA R ARIAH
KIHTINN, Al-Cu R & &1 Cu & B HRIFIE 5.6%
uT[l4]o

XTH5E Al-Cu R E, A8l ERAR
aFrmatE. Bk, EFEEN TR, FrE R
AN FA AL B T 245 0 A A AR R AIE 2 SR AT B A <
R BT, B Al-Cu &£
BERBOVIRE, NTIEEZRIEARIE I #A Al-Cu &
TR BB HE B PEIEMT 4 Al-Cu &4, DLk

e R A
2 AlCu RZ=1t&%

2.1 Al-Cu-Mg
Al-Cu-Mg A& TH S A, Bt
AN T AERE T 732 FH T A 2 R ATk, 3 ey
J5 3 B DR T A AL B s R K S G OR GE RE
7o 38 3 A A 4 A AR T 7 A8 T LA e A R kT
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EIR SR04, MITEE Al-Cu-Mg #5541
LA TERE . MR SCHR[18—20]3R 1B 145 B, Al-Cu-Mg
FIHT R 54 4 wCu)wMg)f %, T AN=
#: 1) w(Cu)/w(Mg)<4: SSS—GPB X —S"—S'—
S(AL,CuMg); 2) w(Cu)/w(Mg)=8: SSS—GP [X—
0"—0'—0(Al,Cu); 3) 4<w(Cu)/w(Mg)<8: SSS—
GPB X —5"— S-Al,CuMg,

w(Cu)/w(Mg)/Ni Al-Cu-Mg & & HELN %
WAL BRI R Q-ALCu M, w(Cu)/w(Mg) % & 1)
Al-Cu-Mg A4 R 5 E AL G i 2R b #1 ED o] T8 B
Q ML 2). w(Cu)/w(Mg)X} Q FHI BRI FZ 0 AT LA
R « A1FEAA(0.144 nm)H i Cu JF7-(0.128 nm)
B FHUERAS XI5, 1 Mg JR5(0.162 nm)#4- S 3 61
AR X 4. 24 w(Cu)/wMg)B/N, Cu 1 Mg J&-1
W Cu-Mg JLERAE, DUh AR X 3, %X
WS AR S A1 S"H . 24 w(Cu)/w(Mg)BE K, Mg
JRFIIAAAE AT LU Cu JR 751 A s, 4R
Ja, Cu JEFHMRHT R K AAE Al FEAR A B S HE A
P11 4L, GP XBEEEA N Q M. A, Ag
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IS RKRIMPRIXA S . Q e Al-Cu-Mg
H 4 I RO FR = AR AR 2 OR B s, AR (111}
T RKEIEITREU AT, H 2SI FIREER,
HERAEIE, MUEFRLF B ZERI IR, &
B 0 2 1 0 £ 4 A S R R 0 A e e O,
Al-Cu-Mg &4+ Cu TEIIETE BN 2%~
8%, FEMIIRALFE 0-ALCu BT HEAH(ILF 3). W&
Cu S EMMEIN, 7£(200 MPa, 240 C)EiRIEA IR
T, Cu B8 5.82% M & & iR AR I 240 6] 63.43
h, KT Cu HFEDHIA 5.23%F1 5.56% 11 FHARH
Fhér 4, A CONTITERTE . SR Cu fEdk T
Q I R, Cu &8N 5.82%H)G &M 4H 24
HoQ MHERERK, BAREM &R EE.
Al-Cu-Mg &4 Mg M 0.4%~1.2%Z 45
I, b o LA R B e B SRR, SRR
NRRJE BT, pah, B Mg S ERIN, #111)
M43 Ai ) GP X ()% FBEtBE 2 38 n, mT LA 42
Al-Cu A4 IR 3805 ITH o B AN IR5E L, (R4
KR TR R & 1.2%Mg [ Al-Cu 5457 0.4%Mg

&2 Al-Cu-Mg &4+ Q MK w(Cu)/wMg) ™

Table 2 Mass fraction ratio of Cu/Mg in @ phase for

Al-Cu-Mg alloys™
Alloy

w(Cu)/w(Mg) Heat-treatment
Al-4.4Cu-1.5Mg 2.9
Al-3.48Cu-0.71Mg 4.9

Al-4Cu-0.5Mg 8

Aging+air cooling
Solution+artificial aging

Solution+artificial aging

Al-5Cu-0.54Mg 9.3 Solution+artificial aging
Al-5.98Cu-0.51Mg 11.7 Solution+artificial aging
Al-2.81Cu-1.05Mg 2.7 T351+artificial aging

FR3 Al-Cu RAE S AT RIS K 4 Y

Table 3 Composition and crystal structure of some precipitated phases in Al-Cu series alloys

(1 Al-Cu &aAHE, FI# E AR 2805 P hr s
Jo IR B L) s AT 15%, KR T EZ) 20%),

PALFRE AR Al-Cu-Mg R & &M 1R R
BRMNEW., HAl, %G8NG ESHeE T EAR
WIS EE . A RO A B = AN R . TR
2RO} Al-Cu-Mg & G HEAT VA VK (495 °C, 1 hyAl
ANTH22(190 °C, 10 h), i Al-Cu-Mg & 4= [K157% 4% M
TSR] 92.7%, JEARGEEE N 463.6 MPa, it
FisREA 502.5 MPa, KHR 12.7%. HAHHA
T R TEHTH A E L A &b S'H
Lo R AL e AL BRI N A0/ . AR S), e S'AH
T L& R 773 5 9 K BR AR B 7135 & IS & 4
BN JTRIRFERRAG, 185 T &8 msatkae.
BORROS 2275} Al-3Cu-0.5Mg 7E 495 °C K &l VA AL
3 h, SRJEAE 200 C T3l 22 0.5h, 1 h 13 h.
RPN )9 0.5 h A1 1 h IS, &4 B BRI E
POEE, FEE Al BRI O XA R AR ;1
SO TRIA 3 b B, A 4 (AT P R ol 2 Y o
AR . GU 2585t e op B . 3B 0 e 1 s
AR IS AN ph iR, BEFL T TOle #ibiE T2
QR R R 32 IS QN /11 Iy G B N 4§ V)
2519A AL, J1aE I RE AN h o M R 2 e
23 T9I6 AbFR )5, 2519A S84 4 ARBR L, Brf
5 FEE AL KR 43 535 B 501 MPa, 540 MPa Al 14%.
7E T9I6 i FEH, FER RO FEH, GP X HIPTTE B4
%, LTS5 S2AH HIAT H 845 B B4R 4.

2.2 Al-Cu-Mn

Al-Cu-Mn &&mE &, REi, Rk ZH
FREMENATI. £ ENAR Al-Cu-Mn &

[21]

Precipitation Chemical Structure Lattice parameter/A cla. ol
designation composition type a b c ’
GP-], CuAl, Orth. 4.05 9.06 7.25 -
GP-1I, CuAl, Tet. 4.04 - 7.68 1.901
0 CuAl, Tet. 4.04 - 5.80 1.436
0 CuAl, Bc Tet. 6.066 - 4.874 0.803
Q CuAl, Fc Orth. 4.96 8.59 8.48 -
Y CuMgAl, Mono. 32 9.25 2.54 -
S’ CuMgAl, Orth. 4.00 9.25 7.18 -
S CuMgAl, Orth. 4.00 9.25 7.14 -
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&, Mn EE B 1.6%LL T, GE&EFRRT
SRPE . RUFMIMEMER T2 TR, Mn & 2RA)
MG &M IEERE, AN REAEER Mn
E RN E, (HFIMERE Mn S 3 0 A
K 4 Mn FERET 1L.6%N, #iEa ek
FLKM AlgMn BT HAH, SEE SRR,
B 5 IF4E, SRR, a8 e T aAnM
AlgMn [FTHL5Z Mn FIS2IAK, R E 4 Rk
AR S AP BEALZRD, FERE66RAR
1 (TRt J5 e BB Y SR Ak AN A AL 2
Al-Cu-Mn &4 1Btk 7720, (E 2B/ T3
FERIZ) T A SRAGIE A, DR AT 70 N 3 5 P Rk st
] B e 45 () 7 V23R AS R MR Min & =1 ALV Ak
Fermthfe, B VEJOR Mn 1R TR R 15%.
E7 Mn SEMEGET, AlMn BA TRECRIL RN,
SRR LA G2 kA TR, MRS 7 &4
AR . Sa2ulsE. BT, FLHSErE0m
e, FRR SRS CARERE . gifk, M3 2 HeR
BESMEMRL, Prhian SR thae g 2l5E & .
Mn 7] DU Al-Cu-Mn & 4 (0 B A A A Fa 2 1,
SERAKARRE ) S, PR ARG I 2 11 2 A U v
SEBME R Al-Cu-Mn &4 FEEE Al IX,

Al-Cu-Mn =7u&& M FEMHEmE 3 fin, &%
AREE T M AMn. Al,Mn. AlMn.
AlgMns A1 Al Mng) FITEFa AR Y, AlgMn M2 &4
RPN E SN SRR EDMHE, TR
AHE MR, EARHEREEER. AlMn

(@ 100

o
&
Alg,Cu,Mn,,
a (Al)
0 LR
AlMn 20 40 60 100
Al ¢ Al;;Mn, AlMns Mn

w(Mn)/%
&3 Pandat AT Al-Cu-Mn = A

LB E MM A IEZ S K, s B ml
a=0.75551, b=0.64994, ¢=0.88724 nm, =%[AFEAN
Cmem. KANG 258058 7 5@ 1% [ 1) Al-3Mn &
& AlgMn YIAESERAEDITE 1 pm/s IRAEKIE
RS AAEKNEE, ZIBANYIAE AlgMn gk
(1) 3D JEA R O MMl 2k, RHAZ MM
T, I H R EA 58 ) 5 ) 2 T AR K
AlsMn 1A AR IR e A TR R T e 5 44 R 4138
A KSR A AR KRR . AlgMn & B L&
VI AR S R e 1 RO ) N THARTE AR, iR
8 AN {110} T F 5 o BT 5 [l 48 [E] Hh I o RN A (1)
PR A4, )\ AR I+ SR m 2 M, H AlgMn
b PR ANE B4 K A % 5 B 2 M 2 45 o
LITTLE %0778 1947 4% R L AlpMn AH,
FHv4 oA “G M7, ZJG SCHAEFER 2PgHE
AlpMn A2 —MEeE A, 7E 504~521 °C 2 [a)iid A
fi R N IE . KREINER 25097f1 BENDERSK Y™
LA TT A-AlMn A 1-Aly ;M T RTHTTERE,
UESE T IX PSS UE & T AR S DIAR 1, 2-AlMn
A p-Aly oMn #BEAT K B R 2R 1R 7N 7 &5
¥, B SR T MR FE R . A-ALMn [
e 9T u-AlyoMn, A-ALMn #id 693 “C#E R
FEE A, T u-Aly oMn 3L 919 CHFEAAEFEE A
AlMn. Al;;Mny Al Al oMn; A5+ & D Al 8%
PRI, AlLMn M S F N a=1.483.
b=1.243. c=1.251nm, ELEHNIEZ L, 230
B9 Pnma™ 1 TAYLOR Z5*45%} AlsMn 1 AljoMn;
Al
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Fig. 3 Al-Cu-Mn ternary phase diagrams calculated with Pandat software: (a) Liquidus surface projection; (b) Isothermal

section of Al-Cu-Mn system at 530 ‘C
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FHIEAT THHIE, KIL ALMn AH O 4560 H B A =4}
SERIWIAH, B2 o M, [RIBT R I Al gMns AHZ5 1Y
FAUT AlsCoys Mn 5 HIAMEZ B fam 208 10 4>
Al JEFH1 2 A Mn J5 48 s R il ) =+ . 72
Al-Mn RE4E&Y, FETRRHERHED M=+
TR AR A R (7 P R Rt ), 24 AL-MIn &
&4 Mn SE2EEN, o] CLdEd ek D A .
D MHEA — AR FRE, 1  Hin IRk R — 4
SRR AT . 1 A LIRS RR AR B A, (H B
B tE M. T A — M [ 2 s BB 7R M AR
VKGR — RS a(A) BT, TEI#k
SRR 1A DU AR RS E ) AlgMn AH

b 2@ Arrhenius R4S H T8R4 4
WENINE Tiv V. Cr IR Al Y BUREL
Wk 4 prsi.

R4 OhICEAE ALBIOT AN

Table 4 Diffusion coefficients of alloying elements in Al
at 400 ‘CH*!

Diffuser  Dy/(m*s™")  Q/(kJ-mol ") D/(m*s™)
Ti 1.12X 10 260 739X 1072
A 1.60x10° 302.5 531%x107%
Cr 6.75%X10" 261.9 3.17X107
Mn 1.35%X107 211.5 5.18X107"
Fe 3.62X10" 214 8.88X 10 '®
Co 1.93%107 168.4 1.64X107"
Ni 4.10x10™* 144.6 2.45%107"
Cu 4.44%10° 133.9 1.80x107"
Zn 1.19%X10° 116.1 1.16Xx10"
Mg 1.49X107° 120.5 6.61X10°"°
Si 1.38%X10° 117.6 1.03x10"

2% 4 AT LLEH, 400 ‘CHF Mn JGELE Al R
T HAREEN . Bk, AI7E Al-Cu A &N Mn
DAMT H AlgMn FHR 5L AT 344K, 5 ALCu fl Mg,Si
FHEE, AlgMn FHFHAGE R ZRIR 2 . 40 240 C
i ALCu ML SN 128 50N 690 nm’/s, i
500 CH AlgMn AHIFHHALS) 7% 508 0.00234
nm’/s'*l. JONATHAN ZUgi [fj APT 1 STEM
Al-Cu-Mn- Zr A&7 7 V4R 5T, I T PhEE
Jioet FLin 5 R (R g0 o RIS N Ze A1 Mn R BENGA
SHFaE IR ER 200 T 300 C, E&HMNE
Al-Cu-Mn &4 7T LLRSZ ik 350 °C K Ja] v i

TAE¥REE. APT Al STEM 455 EH, Mn BNk
SE QTSR E LAMEY B2 R Ze SR mA AT
() O, AN /L1 ,-Aly(Zr, Tiy ) L UTIE S
o Mn 5HAB TR M E G UL EATTTE I AT 2 1
AT IERR R th 5T A S EE AR oA i s &
BAEH.

CHEN 25373 T 78 Al-5Cu-1Mn & 4 [ b
R KRB TREU Tyn A1 AlCusMny RSV T HY
1T H. 1E 300 CHf IR PERIR 2B, il o B 1) 3
I i T RS R (Te) 7 BT, X5 T,
F AICu;Mny FIUREL P H 3G A RSF 98/ ME G . T
TERS R BE (170 “CHFRL 4 h)yIHT AT AR RIR S T
Film R AR T . 7RSS A R B v A S
HROE IR 7N 73 HORURE 3 5 SR, DA AR I A 3 0
T2 H TR BG40 /N DT E 420 10 ] 4 285 SR 350 a7 DA S 2k
JR K58 . WANG 20004 Mn ) 2024 F112124 &
SR, RN AR EERE ST Al-Cu RE 4
it @ #H. BFFE AL, 2k [ 78 Ab F AN AS [R) sk 2500
B, R QMW CAE & HvR O L3 AE, H Q
A FIE AlyoCupMns AH EFEAZ . UiHH T Mn X Q #H
Mrii s —eE WAHBIER, Wmfedtetz, hn 17e
=P

Ak, Al-Cu-Mn & & ISR 25 5 7= E
PRSI, I miT . Wede . FLER, JCIHR AR,
X4 P B A REP Y BT X e PR R R
TiE M A 4 Rk SRR I Al-Cu-Mn & & i
HPERE. AT T Mn FIIIART Al-Cu R =REE S
G 2 E PR E A SN ERE . B
P FIRE S AR i vl e DA SR B I RE 45 5 T
MR ZRBEENEGERIIEES E—1

I 9T IR A A 2 B RV R A

23 HibAl-Cu=né&E

Al-Cu-Li &4 R H B R om g it A
W, R BTR R, G e 32 SR e T A0
JSEFIVTIESE AT Cu/Li FREEPY, filin, Cu/Li &
B HHBAKH Al-Cu-Li & & A e, XIHHT
FER ARSI Li R EE DL K foRL Y I 32 AT A
§-AlLi A, Cw/Li & LB 9 Al-Cu-Li &
Gk N ST T-ALCuLi 1 0-Al,Cu #H . X EEA4H
Xt Al-Cu-Li & 400775 M BRI phAT ek —
fm e, LT &5 T Al-Cu-Li & &4 Rkt
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TR i o FE A TAERELE AT, I Al-Cu-Li &4
28 155 CH &% 24 h J5 , JE JIRGEFE =78 500 MPa. LIU
TN M AENR TARN TG
Al-Cu-Li && M B AT RIFRER T UG E &M i
FLHL P A G AT A . RIA G AE 170 ‘TR 72 h
SRR, A I TR UM AT DR A o A PR,
27 100~180 pm. X B FHAEH T X, Bl anasin
TCR BT AR, v AR SR AR S0, DA
AL v 2 o

Al-Cu-Si &4 b AL-Si &4 i i o,
Eb AL-Cu & & (i i i ik B 00N, 2 4 R A 4
FE 3 i ml DU 12 5 T T RV #E . 3L
Al-Cu-Si R R L E R MG &M E R . L8
B SRR VO P, 5 A 43 I R
Lo, EATRE A%, I H BT s e [ 5y im
FA A rm s tE, @i N L e eE, o T
J12EMERE . PARK 2T R T BAT AR oy A it
Jii5 Al-Cu-Si A4, MIMTERR T s RS 40 1 3L &
HY, Al-27Cu-6Si = uH4iflid 102~103 K/s A
ARG, T RGHEYNIE A M . BT
M 454 B T (a(ADFALCu) 3 & A9 K f = ot
(o(Al)+ALCu+Si)F i JEAAZH il o 38 4 156 )
EEm IR EIRREN 0.8 GPa, PR KT
Z45R TN 1.1 GPa, ¥EMENAE N 11%.

GAO 2 Al-Cu-Sc &4 ZUEE M 250 C
T E] 350 °C, WFFT T Cu A1 Sc HIPLIE 75 Je H e
AN[ER BEVE I A A BAE . 7E 250 CRtiE, K3
Sc fEFEIT 0'-AlL,Cu BT HAHI =3B X 4 R 48, e
AR X 4 Sc IR AIRE . E 350 C i,
SR AlSc AT H R 0-AlLCu T Sc RAE M
R o IR A X R AR, BT LA
# Al-Cu-Sc R4t 0-AlL,Cu 1 AlsSc FIXUE AT H
Y, DARACHT A0 o B, 4 v I kA i Y7
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Fig. 4 Yield strengths and tensile strengths of alloys A(Al-Cu-2.5Li-0.7Zn-0.3Mn-0.1Zr), B(Al-Cu-2.4Li-0.4Mg-0.3Mn-0.1Zr)

and C(Al-Cu-2.4Li-0.7Zn-0.4Mg- 0.3Mn-0.1Zr) after aging’’"
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Fig. 5 TEM images of 2618 alloy at low(a) and high(c) magnifications, and 2618+Zr alloy at low(b) and high(d)

magnifications™”
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Recent development in Al-Cu series heat-resistant aluminum alloys

FU Jun-wei, CUI Kai, WANG Jiang-chun

(School of Materials Science and Engineering, Hefei University of Technology, Hefei 23009, China)

Abstract: Al-Cu alloy is widely used in automobile, shipbuilding, construction, aerospace and other fields because
of its low density, good strength and forming process. With the continuous development of new technologies,
higher requirements were put forward for aluminum alloys’ toughness and high-temperature performance. By
adding alloying elements, a stable high temperature resistant strengthening phase is precipitated in the aluminum
alloy, and the dispersion strengthening effect is enhanced by controlling the solidification process and heat
treatment measures, so that the matrix is stabilized and the grain boundary is strengthened. In addition, considering
the cost of large-scale production, it is necessary to reduce the production cost of heat-resistant aluminum alloys.
This article focuses on the Al-Cu series heat-resistant aluminum alloys, discusses the research progress of this
series of aluminum alloys from the effects of trace elements and heat treatment processes, and proposes the
development direction of Al-Cu series heat-resistant aluminum alloys.
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