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M R B R TR 150~350 °CHRAAEL N RA LIS ArE, IF HAER-TIR & IR E/ER T,
H & Puli e th UL 2R & 0. R ESEMENHIR . Sl . M. ARl
B[R, Bl U AT R RS FERELAR e I 2 S BT A, A 1
AR, BEE AT Tl PUIESIE S A TR AR, BTN TR R & S SR A TERE Crili s e
MR FPERE . PUR DT VERESE) SR 1 S (0 BR. AR1M0, KER > vy s 4n & < A B AT H AR (ALzCu MgaSis MgaZn
SEME 200 °CLL L TE AL, G & eom B SR TR Bk, JFAE &R A, o ) KR R
T RO O AT IR T

A< AR ) R R AR R E, SR A R R AR, R RN ORAIE E R
SRR A R O AR E M. H AT, AR R aAn & T FUEA b, SRTHIR FAPE RE (1) 32 2L 2 A
SR NI R A o B AR aRA AT, DRI AT SRAL A L L 57 O AT HLAE I SRERTH & & i i
gRathht. DUHONIIFUE K, B TAEEZMN=ATTEAT: RAGEmr . Beg & T Z U IER AL
BT Z, RERE LA Py T S e R AR 20 B HL RS A IR AR 8 s A A, AT SR T80 & < A PV g
ORISR RN 7 5 AP RE oK, fR b FIE & BT ViR & SR AN 25 5 . A SCME s ik Pl bt
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Fig. 1 The classification of heat-resistant aluminum alloy based on their application areal!®-!17]
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1 $FEMREEE

MNTWHREEENS, %iEL2ZRBELZFEH O, EIRE. ISR, MEmIRas 7z
IS FH o TE 1138 ST, 140 A319. A380. ZL702A %5454 O Ih i F K I F TR R BILI A = il 1 18191,
BRIE I AR A SN TRUE MR HIE AR, HH T2 SEUCRENAERAL, MG SR E N
TE R AR o3 B BT A2, I B AR IR R I 200 °C LA BN, P9 #BI¥ MgaSiv ALCu. AlCuMg
LR B WO, R ERE TR, BEIETN AR & & e i P R SR 22

TEIR TR ENHIAWHE RF FAM SR TR LT, BN OB AL-ST &A1 Al-Cu R
WA 4, TS SRS WA SR RN LR SO 538 T 2R AW i s T R & & 1 e iR
RS
1.1 Al-Si REFEMRIEBEE

Al-Si REER G S AR ZMHEGEHRES, HAELRESIAHERE S 90 %Ll 2324,
T HER R BR2ORUR SN 27, O T ESEAR TR U B (AT AR SR SR AL AL-ST &8, IR
0 Mg, Cu Je 3 K42 = H Z= I )= RE, TR INRE Ze2829), Scl2-30, Nil31-32, Til22185 50 KAk dl A R ~T
L LSRR A B RIF IR E T, HSEEAEE —E AR R, @I HARTE S &N mES
FAE AR T i 2 M e 334,
1.1.1  Al-Si-Mg #i&M AR &4

AL-Si-Mg #3&E 506 &0 R IFIIPLIMERE . B ME R AR 35 MR RS, V2 LA T W R RV 425540
1RIS-41, AL-Si-Mg #4538 #7454 10 - EEAR AL A MgaSi, 280 [F 7 AR RN T A0 4 3 LASRAK R B°° (MgsSie)
FOTR B AR A3 50 4040 T AL FEAR T, PIRAG AL (¥ 7 2 PR AR, ORI 24 AR AR B 5 T 180 °CI 5 AL
MRS PR B R, k200 AL BEAARROETHLACR, S EWUMIERE PO T R4, AR KFR R LRR
HT Al-Si-Mg & 4 R TG L.

W a2 Bilit s Al-Si-Mg BRI & & miliE NG 8O0 E, 1= TR E S 10 1% Rt
D A S, 7RI N IRGE & & ) P BRI TEIR IS0, B FUR L Ery S Zr TG T AL KL SF IF
SRS Si, AT TR A e R B R . o R LU0 ER Br WMINTE AL-7Si-0.4Mg &4+, AlRAEIL R
Si BEWEANERAL . BEAR B S (R RE . AALAH SO A BTG Er SJB R EY): Sl #bi)s,
Al-Si-Mg-Er &4 %A 200 cCHURLHEEE 4 A3 F+4 165.8 MPa. 115.7 MPa CGR¥ES N Er B4 119.3 MPa,
95.6 MPa) , [RIIN$iim 1 & <6 i 5 5 5 IO DAAE A BE AN BT I RUCPERE, A 2(a)Fiste). IR R YilT)

3] THBIIAR, M A356 &< A356-Er & il FEFEE N TIN RU AE R BUEINAS €, 7T W Er &
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G A356 & 4 B EAEMIHUIL I ALRE Ty RN Fbk R, I 2(b) LN 2608 o 7ESbIERl |,
Colombo S5EMUE I, Zr JTLERAE A356-Er & < th Al PRt — 4w & A AR E 1 DL )2 # 1 g, S IR 200 °C
PURLSRZ ]Ik 181.1 MPa fl 123.3 MPa, # HA& &L AEREBA R — @ ieTt, W 2(c). B T a4
1, BEFURIL AL-Si-Mg £ 4 7E A B FE i S0B BeRAY, Si BUkE, MIFSIEE AL SR8, F BEER
VORI SR A FR RS SRA M R B S0 0 A TR rh, R IR ALSi-Mg &4/ ERESY. FE = R H6IE
Al-Si-Mg & B AL B R, B I RAL 2 BB R A2 #51E Kang SR 50 R BLAE f 2 1]
WALFE(520 °CH1.5 h) T RIA RO =4, B3O, S AN B ORI AR FNIREE o o B A Jee IR

o IA 3 £ 51(296 MPa, 240 MPa).
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Fig. 2 Evolution of hardness during aging: (a) A356, E3 and E6 at 200 °C1¢!, (b) A356 and A356-Er at 180 °C without natural
aging*! (¢) E3 and EZ series at 200 °CH8, (d) Al-12Si-0.9Cu-0.8Mg alloys with the Ni contents from 1.0 % to 4.0 %[78]
1.1.2  Al-Si-Cu #i& AR &4
Al-Si-Cu R& 42— M I ARG SRl 3 EZaR i ACu REREIREEZ) N 225 °C, 7E 200 °C

Jr A TR Ay RS A FHI33, (BAE R T 250 CCHERIR L NI, R AL-Si-Cu A 4 (A319) K I 280 #2111
0°#H Ostwald #44k, FEOLAMERE RE TR, DL ME Mz 4 70 MPa f 7.0 %5556, H #iFHt
N 7 32 Pk S R R TR B (SDAS), - A= plife e 4 Ja I Ak S 4058 BRI AL R 28 0T AN AL A4 FA AL B 160155
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T, RARTE A319 && M H IR EIR I F R . BRILZ AN, UAEEHIIR Fe S REET 0.5 wt%I, £
A R T AE T B-Fe(AlsFeSi), X & 4 1 SRR = AR A 5200 s vl AR 4k Fe AT Min (1955 1, {i B-Fe(AlsFeSi)
FHEEAG g R AR LRI o-Fe(Alis(Fe, Mn)sSia), FHEHE Cu JCER M) 504, A ALCu SAAHTRE
41T o-Fe f A EL a-Al fid 5, PACH S DL 0 80 0°AHAELE o A T RO A8 4L, B 3L Al-Si-Cu-Fe-Mn
B EAEEIR 300 °C R PR SR 73 3y 336 MPa fl 144.3 MPal®l, 7ESLIEAN [, ZREE K% Liao S5020%¢
Al-12Si-4Cu-1.2Mn & B REAT A BT, R IAE B A IR AN [E] (510 °C-5 h) &, HAHZUN E AT i 2
/NIREUH Al2oCuzMns £ AllsMnsSiz, A& <G il 28 A5 2R Z 1R T, 250 °CHIFLRE T IA 191.9 MPa.

ALSi-Cu-Mg &4t — R & &) AL A &, 20 HIRETR A & 85~90%!6304, SR 4+ 5 i 1
(¥ B> A1 0 SRAL I TE fili N 2B RLAL . BHE N RSO3 R & b Cus Mg Je & i o LLlos- 671, i
P A A 10 ok I T 2165 8T I8 A P A FRISSTL I 22 2% [ 5 b TRV, W] DU R0 a5 < 1) 0 2 R e - BR L2 A1
Zr E el Al-Si-Cu-Mg &4, AR A0k Aokl HIE B TARY BCREUN & Ze B HAH(AL-SI-Zr-T) I Cu
B AH© A1 Q*), A 4TE 200 CCHY IR SRAF BT, 8 I BE AR s BEAH LL T A & &4 i i
T 26.5 %7H132.3 %(224 MPa 1 246 MPa)™". K ITE Cry Tiv V. Zr 1 Al-Si-Cu-Mg & & A JE A
[FITESR Cr/Ti/V/Ze SREUH, HH Alio7SiTises Ali4SizaTiarVZris S5AHTE T6 #UbH S %€, REMA
S AR A 4 IR IR AN B 5 A3 B 30 %A1 5 %, 200 °CF Ji JIR 8 B ML 5 P 20 Tl 4 e
12.8 %M1 4.9 %, 300 °C™F Ji JIR 5 B ML 5 22 AT R 45 7E 184 MPa Al 196 MPal’!l,

Al-Si-Mg F# A1 Al-Si-Cu R¥GiE & e it e R A R, — M A BEAE 225 cCLAUN IR, W5tk W]
4 Ni MFER R R B R fa s, I Al-Si-Cu-Ni-Mg #5388 & & 2 A T K 2 505 R LK
SRR 28, WARRJ9iG 28 & &7, B RS D) AW &, 05 28 1) AR AR 19 5N & R MeF 21,
ZR AL-Si-Cu-Ni-Mg V& 264 & B BN 57 P2 rEge . Ak A DLRBTpE o7 MR . #ih Ni A (10
AR RAE TR R 2 P BE T AF RO, /& Al-Si-Cu-Ni-Mg &8 & &Rt E 4. Yang 501K BLAE
Al-12.58i-XCu-2Ni-1Mg(wt.%) & 4, Cu &I IS AN /H(e A)EE 6 Cu SR B E R IR E
PERETE4F 1) Al7CudNi HH(y H), &&= iRPrhisRfE N 263.8 MPa #23] 278.9 MPa, 350 °Craii N 5
78.1 MPa F+&#] 93.5 MPa. Sui 271k Hi[A] Al-12Si-4Cu-2Ni-0.8Mg &4 RN Gd 7t&K, #/f# AlCuNi
RIS B AEDIREE AR A/ NERR, O S B PR (SDAS) L H 23 pm FRMIKZE 16 um. fEA4HER N 0.1 %Gd 7]
DAL B 535 200 °CRA TR )57 VERE, AHEL IR IG5 & iR BTh R fE 5 5 30 %(260.3 MPa), 200 °CHiH7 51 L
P2 9.1 %(206.8 MPa); ¥RAN 0.2 %Gd K& 47 350 °C R RIME A, Hihisi/E s 8.9 %(76.1 MPa). Gao
U Al-13.5Si-3.8Cu-2Ni-Mg #HT Zr A &AL EE, KIRIN 025 %Zr SR 2 )5, FERW IR T Hek
ZrAISi &g R A, PR T HIAE Si B S &, A4 350 °C N P58 B A E M 2R 4> B T 15.8 %413 %.

Feng S58IET A 1 e-ALsNi HHX] Al-Si-Cu-Mg-xNi &< (T ZAFITERE I FEME, KB e-ALNi AH AT ARGk M & <



6 o E G 4 R A 2022 4F 0x A

7E 350 °C )RRy 2 M RE AN BAEE B, Al 2(d). *FEE 350 °CHREFE 200 h {5 BMH ARk, WE 3
Fias, AL e-ALNi A B AR R PUHALEE J1 A AEE E 1

B3 Al-12Si-2.5Ni-0.9Cu-0.8Mg & 47 350 °CHE 5 200 h 51 J5 (I AOM 20 Z178)

Fig. 3 Microstructure of the Al-12Si-2.5Ni-0.9Cu-0.8Mg alloys: (a) as-fabricated, (b) after thermal exposure at 350 °C for 200 h{8!
12 HtFEmMHRmeE
1.2.1  Al-Cu RGN E &

HECT AL-Si REGE AR A S, Al-Cu RAEEH Cu JUERMAALE, FHA AR BTV RITR 55 1
REBOS, (HEEB/> Si JURMATE, HAFEMEREE, BUBE BN, G- E%Eshiat. Biliza 8w
F T (a1 SR B AR 1 4%, 0 R BHL T S BT 26555 . Samuel 2511 F 5 3 I N VKK VR A5 4048 1o sk ]
HERI TR TR AlL27Cu-581 =Zethdh G &, SE&ARMARKERER oM =JcmAnm, H
B4 N EA T = 0-ALCu SRAARRFR 80, 18 B SR B2 B35 52 1224 HV) A LE A319 &4, Al-27Cu-5Si
&4 200 °CHLPIREIRE T 54 %(347.1 MPa), 300 °CHifisnEE#Em 139 %(217 MPa). Chen ZFB341%f
Al-5Cu-1Mn 347 Ni 5640, KB R 5 TR )Y AT T 4/ MIT H AR 0°), 1240 AT 235 4R TH5 8 7E 300 °C
(K102 RE, T IR A S I BURE BR B H 5 21.6 %.

122 Al-Mg RG-S4

Al-Mg REEEHEA S H& RIFIOEEERE. I RS KN E e RE, BRI s & 4055, Al-Mg
RGN G ST Al-SI RESHDILE Sifsat, ZRMBERIR: MLLT Al-Cu REEHDHE
SE B AR, s SR B AR X IR, Choi 258090 4 7 LL Co-Ni ZEAHZEALIK) Al-Mg-Si-Co-Ni &4,
Co-Ni #I7E Al ZEAAH LL AL(Ni, CoMfF-1E , EAHTE 450 °C i A7t 54 H 3% 5 i i s ALV, A6 & 42 450 °C
B (R4 LB AT IA 205.4 MPa, AHLL S IRPTHIRAE R T T 50 MPa, RILH T 0510 mili /) 1 Re

R PG AR A I R A RE

Table 1 Mechanical properties of cast heat-resistant aluminum alloys at room-temperature and high-temperature
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Room temperature Elevated temperature

Material HT  UTS YS TE T UTs YS TE  Ref:

(MPa) (MPa) (%) (°C) (MPa) (MPa) (%)
Al-7Si-0.4Mg(A356) T6 1193  108.6 3.7 200 95.6 80.3 7.4 [46]
Al-78i-0.4Mg-0.22Er T6 1658 1392 5.6 200 115.7 104 12.7 [46]
Al-78i-0.4Mg-0.25Er-0.59Zr T6 181.1 160 7.4 200 139.9 1233 169  [48]
Al-.8.6Si-3.8Cu(A319) cast 211 1557 2.0 300 93.5 82.1 8.5 [87]
Al-13Si-5Cu-0.6Fe-0.6Mn T6 336 280 0.82 300 1443 130 7.2 [61]
Al-128i-4Cu-2Mn T6 245 3.61 350 96 9.28 [88]
Al-128i-3.5Cu-2Mn-1Cr T6 279 33 350 106 8.8 [89]
Al-78i-0.5Cu-0.3Mg T6 282 261 2.74 200 224 177 339 [70]
Al-78i-2Cu-0.3Mg-0.2Zr T6 355 291 1.77 200 246 186 3.8 [70]
Al-7Si-Cu-0.5Mg T6 3013 2307 62 200 217.6 1984 1.7 [71]
Al-78i-Cu-0.5Mg-0.5Cr-0.4Ti-0.4V-0.25Zr T6 313 300 2.7 300 197.4 184 12.3 [71]
Al-128i-4Cu-2Ni-0.8Mg(M142) T6 240 225 <1.0 350 90 8 [14]
Al-128i-0.9Cu-4Ni-0.8Mg - 350 116 2.0 [78]
Al-12.3Si-0.9Cu-4Ni-0.8Mg 208 1729  0.52 250 187 1413 0.73 [90]
Al-12.9Si-5.5Cu-1.8Ni-1Mg T6  278.9 350 93.5 [75]
Al-128i-4Cu-2Ni-0.8Mg cast 2003 1746 0.72 350 69.9 53 13.5 [76]
Al-128i-4Cu-2Ni-0.8Mg-0.2Gd cast 2472 1929 091 350 76.1 61.8  9.75 [76]
Al-13.5Si-3.8Cu-2Ni-Mg-2.5Zr T6 350 86.8 82.8 4.5 [77]
Al-12.5Si-5Cu-2Ni-0.84Mg-0.5Fe T6 350 94.3 8.6 [91]
Al-128i-4Cu-2.7Ni-Mg-0.6Fe - 350 106 93 5.4 [92]
Al-138i-3.7Cu-3.2Ni-1.1Mg-0.8Fe-0.5Cr T6 350 98.6 [93]
Al-Si-Ti-Zr-Cr-V-Ni 252 104 6.8 250 192 8.0 [28]
Al-27.4Cu-5.4Si - 300 2184 1647 274  [83]
Al-5Cu-1Mn-0.5Ni T6 300 141 117 4.7 [84]
Al-5Cu-0.8Mg-0.3Ag - 516 482 9.5 350 99 89 18.2 [94]
Al-5Cu-0.8Mg-0.3Ag-0.2Ce - 562 528 7.3 350 156 154 16.3 [94]
Al-1Mg-1.1Si-0.8CoNi - 2558 2403 16 450 2053 1951 205 [86]

1.3 $FEMARESMNER M

TR BINLIBLAA R FE 2K 2 3 P DR B A PR B80T R R TR0V R S A BB S B A A 8 00 55 2ty
B R R AW, RAIEBIRE R RN T PP G i HvR & S i N KO AR
(i, BFFUIE 57 M RE X T SR A S R SR B BB . B IE T R & S0 57 BF 98 32 BEAR TR E % 57
R RO, Bt GREEOS100 g AR 0], R ) RiAR EEH06-107 - & Sl e R A B AL (Cu Fe)l7®: 1021041
TR 3008188 T 2 A0 BE S HON I 55 1 RE AU B2 . Feng 25 USIBF AT T e-ALlsNi AHXT Al-12Si-0.9Cu-0.8Mg-xNi
R4 350 °CCIR A 7 PERE IR, R IR e-ALNI I R B & & 0 97 7 . (H24 Ni &8 4 %0,
e-ALNi AHIHEAL, TESR/NVEAE IR T3 T &S5 il & 2.5 %Ni & & A sl 7 1% 5%

FHERE, fF 350 °CILJE NLEIEF5 5 280N 198.3 MPa, 57 mEIEHUN-0.1295. Wu ZEN0OEF 5 T
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a-AlisMn3Siz A 7E = iE A1 350 °C R X Al-128i-4Cu-1.2Mn 85 & 5845 4 1 JE 9% 57 PERE RO RE T, R o-AlisMins Sia
FHEE a-Al B 55 1 TTRRBE K, 7RSI 350 °CTF i A9 55 5 435l 9 125.0 MPa 1 47.5 MPa, RILH
R E R CAia

TR R BN K TR E o i AR PR T A LA, b R R S0 i R AR L LS AR FR SR (M 55,
] LR R R AR A S R B bR . T H, A SERREE BMAS S RETL, H
AT REHTAIE A b FETCHT H 5 (PFZ) R JE « AT HEAE R G5 J 1F) 4 A5 DL UL B S R R R s Ak, kT4 52
W5 B 4 (1 ) 2 PR RRIO-TI O JUAE ST 3G T AR & - AR R TERE M TR I, AR R PERE IR T £ 2R
Al AlsSc MHAIGK Si(syn)AHI2, SREC AT AlsZr AT AU e-ALNI A8 2R A §-AlsCuNi AHI4L,
AloCu2Mns3 FHIS 42K AliiCusMns AHUSI, HORFFAAR 1) o-Fe(Alis(Fe, Mn)3Si2) & ZkAH6! 1181, a-Al(Mn,
Fe)Si FRAAHM. BFR AloCuaMns F1 AlisMnsSiz & R IR HUHI. AlisMnsSiz 44 48 & #AH /A 7E . Lin
LEI2RPAE Cus Ti F &1 Al-Si-Cu-Mn-Fe & 41T 300 °CH AR 100 h SE5, K ILHER F2 5 1 sl /%
PEREREE Cus Ni JCER S EMBI NI, EHREE 0.5 h 5H 0(ALCu) R MFFEMRE FEAZ, 17
# % 10 h J5 0(ALCu) s AR FRZBETHLAL S B0 A PR RETGE N B 45.9 %; (KSR FR 2] 100 h I, DY
FasE MEREIL S AlzoCuaMns AT a-Fe(Alis(Fe, Mn)sSi) M IFEAE, HRZ X R T 4.3%.,

2 REMRBEEE

IS 2B A2 H TR R BIE S G0 ILSENE, SRR 2 BT HHABTE i T 2B Wi A T ok 2 x ek
PRIETHULAE o BE G DRRE[E B AR R, ARG AL AR & S OB BRI T — ol i A v JEL
(L9-1207, sk ek [F] 1 AR AR LU A% Ge i T 2O R 1 1 & & A WRE [T FE LA S & G Je RAE AR Bk b i v A
[E VA P, AT b B v AR 43 ORI AR S A /N TR IBOR R T R0 v 4 VSR B S5 T A PR L2122 L
1 Wang ZE02315 RS TR AR % 7 BT Cus Mg Fe & fLBid 35 AL-Si &4, VAR T- B st [ 5 A
B A ENIR AR, R S A A URLIR ST 9RHIUAAN B iR 428 A1k & 7)(3-AuFeSi2 I B-AlsFeSi 4H),
FHER K1 411 Al-20Si-3Cu-1Mg & &2 BAT AL 10 =i e .

2.1 PREMABEENHIETIE

H A PUBE R A & 1AL Golil 4 L2 F AR SFERRAGE RIS, SEAEORm Sy REY, =
P L2 B A FH R, b P RAEIEVE R HIEE N 109~100 K/s, S ALIEA EIHE Y 10°~10* KUs,
WESHURE A I B AIK, 29 103 K/s A LA b T2 m gt A i S () AR 5 35 Ao s 5 J8 40 gt g T A
TORAR,  DARE RV R B SR B [, 5 HARRE 5088 . DU [ B i bk i £ A (1 AR
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®, WRRE R, ERUEIN AR A ST LR AL

V- 4% % (planar flow casting, PFC) 13 /A 7] Allied-Signal T~ 1979 4E ¢ SeH U281, 41 & 4(a)fi
(23], HIERIFILN: SR 4 N4 Jm U R N B s e i iR (SRR b, Rk ka4
JBRFE A RE RO, R LESRTET T AR, 4 s 1) 0 T 5 52 380 S v BV FH 1Tk ] PO 4 sy, BTy
A5 AN B E AR ORGSR ) S T RAG VRS EE T T IA 105 KJs, & 457 i BE AT 4 Ik 0 o
SR, Bl NEREEE, EFHBE. BARME, MREEFFEEERTE, Al s>,

FATE B P 2 55 E R HE L Grant B2 K8 7 FLIER Pratt-Whitney 2 "B 1850 55 4072,
i 4o)FRI0, HERAEEL : 7E ol m A ksl R s m R S R B O I ER R, Rl S
G173 53 B 1 ST /N R, T S T A R X A T A S AT TR A R AR L3134, X Ry
VEMAVRHE R W AR TS 10°~10* Ks, ByRBOBEE @, ST SR EH/N I HIE A /N ] 4 1251970,

B TR AR fc i 1968 4FJEE Singer #UIARH, J5 HI9EE Osprey 2 m] SEHL TALAKIS, & 4(c)
FiRt, HEEARFIR . SATIRNISAAT GRS S8, 81T Osprey 32 B S NN fE, BT
SRS BRI b o MRS BB I B e (o s T v T R, (R T A LA — o B0 B RN &5 5 5
R R, A N 2507 s BT 7= i o BESH TR R AR REZ ik i 5Lt FR ik, HFEK
e DN AR A0 [E A BT T TR T 58 B, JETAT SE A RO & &y RIS By a8 ] BB & K
RSP BUE S RIR, MR L2 BREARN 1, (B, B TITREARA N ERIL, 8%
P REAC T HAR DB A .

Sizes of the
powders
Collection chamber <53um

75-106
108-180um

K4 PHmRBG. Fik, BRI 8RR E 2. 130,139
Fig.4 Schematic diagram of (a) planar flow casting!!2), (b) as atomization!!", (c) spray deposition!3!
22 Al-Fe RIREMHAAREE
PO BEFE FOR Ty Al-Fe REESHISTIRE T — 6@, £l E5%E T2ZABE T, SouREHANE
—MAFERAGT, PO ARG S T AR A BRI BAE S8 10 R H AR BOR K B e i <5 & )1k
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Y, Bl AlisFes(0)'*). SRIMTILAE, BRICH R IUIE IR E M EA R IO SR ), O Eon R AR
A4 PR B B L A AR A T (S Cu A M) RIF LN BCER SR 1 A Bh Dt e BR S 5 Fe T
TERRFE AP S R, o) DR s e AN (6 B A& . i pl DRI 8 [E B AR Rk R v 4 1 4% 1)
Al-Fe ZPUEHI #ER A STE il A NI A IERER I, FEE T SHURFERE SAH Lplis2 1921431,

2.2.1 Al-Fe-V-Si Rt A 4

25 [E A 15 5 Al (Allied Signal)BF R (148 S EREE #VER & 4 Al-Fe-V-Si, [FFEMEPIME S LW
R g R R R R S A O R, R R T O R UK £ G ¥ B AR D 44-146) [RRE, Al-Fe-V-Si
EaR TN E RS SRR R R KM R, SRR E TS & SN ERIR AlisFes AHIUZERL, T AR
FaiE 1) Alia(Fe, V)3Si #AGAH, AT B0 & & S I g, mT 00 AR RE[E 45 A i) % AL-Fe-V-Si iiif #4H
B4 I ZAENAT],

Al-8.5Fe-1.3.V-1.7Si(AA8009) 1 K F TRs it [ AR 783 R 6 4 H AR (RS/PM) [l & T2 TF K Hf A AR
RMPE A &4, BEPEHE R EL 24 %1 Alia(Fe, V)sSi T HGRILE, HELEE ISR #GE & & A
A AR SR, i AA8009 E =R AT 250 °C R Hidi sk E il ik 400 MPa M1 300 MPa, fi%%it
Th#EA 4 Al-12.38i-0.9Cu-4Ni-0.8Mg(M142)7E = 5 A1 250 °C R HTHL 3 XA 208 MPa £l 187 MPal*l, Wang
SENANE I WS TR R AR B4 T AL-8.5Fe-1.1V-1.9Si il #R A 4, R BUESRTIURREE AR T 40 1K gk [ 3k 2 T
(IR DK LB ¥4 it ke it A RO o PR3 AR, ELYESRRAA R A 6 e RATF A4/ ERIR Alia(Fe,
V)3Si FURL, 4l 5(a-b), AL H HAT A0 57 1 20 R sl ) 22 R g, ZIR AT 300 °CT R i s B i) ik 445 MPa
#1229 MPa.

2.2.2  Al-Fe-Ni [ Al-Fe-Ce tRIEHMN TAH & 4

Prisa ZFISOVH B0 S5 A EAR B & A IRBURL K, B 450 KA & L2 AT S % H Al-12Fe Al
Al-7Fe-5Ni 4. XFLUARR G &4 R, PubiE & BR R IURT I RAR I A i, (R B2 25
e, WEEEESETHKHAKKSBIEL G, M AN L& 8 AL & Y)(AlisFes 1 AloFeNi))
EIHRA A AT AEER IR T, A1 5(c-f) o X EL 863 AL-12Si-1Cu-1Mg-1Ni & 45, Pkt Al-Fe & 448 300 °CHl1 400 °C
B 2K 100 h Ji5 A8 A He 48 ot ot B2 TLF- o284k, T & <6 B B 2R KA 50 %: PRUEE Al-7Fe-5Ni &< 1E
300 °Cifit BE A 120 MPa Hs 77 19 s 45 i A% S A SR AR R AR A 15 %, T i & & i A2 TRl i 22,
WEAR AR Al-TFe-SNi =5 2(50 %). FFSFR, i B0 FAL R R & ASFIERI% 1 Al-12Fe F1
Al-7Fe-5Ni <M HU G & & B A A R a2 1k

[l K2 T SR S S R F F T TS5 VA1 4 7 Al-7Fe-4Ce & &M, FFWIFL T8 KALHN & S0
Ko IR RERIREN o WIAARAS TS, WA BT AR 2 ZEA W) 2EA] AlsFe. MEAGAH AlsFe A1 AlioFexCe. 1E 340 °C
IBKALFLS, &4 R SRR E I H AR LT (AlsFe A2, AlsFe AVKAL), AU & 4 7E
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340 °CI ] {RH5 U (K AR E 1 -

@ F e

B=[011]

\ ,/ . Al- ].ZF(?" (d)-l"u

a AI + AIHFe., eutectlc : -

Al-7Fe-5Ni

K5 BURCIR Alis(Fe, V)sSi AL &4 T S PABIIE fT . BEE ADLRER] % 1 Al-12Fe 2 Al-7Fe-5Ni & {4 10140, 150]
Fig. 5 TEM micrograph showing particle-like phases of the Alis(Fe, V)3Si compound: (a) Bright-field image; (b) selected area
diffraction pattern, B=[0 1 1]{!*%; Microstructures of the slowly solidified alloys: (c) Al-12Fe; (d) Al-7Fe~5Ni; TEM brightfield

micrographs of the PM alloys: (¢) Al-12Fe; (f) Al-7Fe-5Nil!4%]

3 EBMFIEMREEE

R

AR, & @3 )% (additive manufacturing, AM)[F F B8 ] £ RSP ARG FE s HALIPE R R 4 (1) = 303
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ARG TR 45 R AR 7 ) SRl D BORHIR SR RO ER 55, 38T R ) A M) 5 0 2 S A AR R B AR L1213,
AR, e B R T R0k X O 1 K (selective laser melting, SLM)$ A AT #4E & 4 124 MR RE O3 T8 ok
TH AR RO, M POE B E AR, SLM AR A EE R B AR 12 MR R (107
K/s)U5o-101, - MR A5 50 N2/ (oW 4L 230 HLAT 8 ik FE A A, 8 e B0 & & i il M e L2,
SN, £ SLM EZRPER AR T, BHRGSM ARSI R m. Weiem . RGBS B sh MEEE Ry
PE, A S S T B FLRIAGEERFEUO1T, Lan AI70751960, AAS00967, A126181181, A121241691F
A120241700 PR, HATE & @R HE — BERIR TR B0 IS ALST &4, 1 AISi2U7H172
AISi1OMg! 1741 AISiTMg! V%% . JRINTET AL-Si A4 B ARG X (7], 76 SLM PR i 2 b A
A R IR B A B FAGRAT [r) 76177 SR, bl T il N O A 2R IAN AR T C ek I 2OU781790,
Al-Si B4 AE 200 °C R IPLRLREEEN R A R M) 50 %/ ty, Hs T Uil B Lo e, i 9 fros.

ZR BRI, RIS T X BOE AR AL KB L o S A 5 < R T A i BSOS R A R
Wb AIL RECESIEIONTIR T, R T RG], I HIE S IRQS0 °CLA L) FRELR R
TRERIBEE (FE o S A AN R 2 IR B U821, DRI, 75 A o R e e s i B ) SR Ak
FERARTF IR FAPERE o TR R AR AT KR o A =K RRaE 3L S AR ARG ZR AT HH AR R 3 425 252 1)
P R ARLSS 1841 DLt Ry B (), SR A0 A 4 i ek 32 B0 = 25508« 1) 51 A\ ¥ 42 J& JG 2 (transition metal, TM),
TR AR BN L AR s 2) BRINAR 0 R B & B s E (W1 Sey Ery Zo)il A Ak, TRl I i AU # AT
HOAL AR ROBT A 3D IR NP BN A5 AR . = FhSEms AR AHE R, & Gt al RER A b —Fb
B 2 B SR AT T A B VI [R] H 5
3.1 AITM fi#AHREEE

o IV < B < A Bl PRERE [ A AR B BOR NIB T A, 7E 300~350 °CAEAT ) R 1) S H T 5%
(o4, 1851870 L AOM 4H 2R e TH LB R (A R AR N SR SO AR I V8 42 )8 6 3% TM(W1 Min. Cr. Fe. Ni il Ce
5y, FEAE BRI H R B SLM BRI T REE AR, FEARIEAA N T s AR 23 L (>~20 %) #vER E
ATMy JLdAH. EH, ALTM & & TILm e 3L i sy, A2 BB/ B ] X TR) A] DAK R ks> 4
i, FERANEAL, Flin Al-Fe-V-Sill7- 1871 A]-Fe-Nil'83-1891 ALNill58 19011 Al-Cel'82 19114 4,
3.1.1 Al-Fe Rif#AILRAE S

PEIRIE, Al-Fe & 4 7E55G 90dURE 1 AR b 25 B TR LR . FoIR B £HIR 1 0-AlisFes F B-AlsFeSi 43 /@
A, KKFEARE SPMER )5 002193, 51 SLM B ARMRF 1 5 3505 Ak A PUs e [ 72, Fe It
RAEA A< LA Fe-Si-Ni UKL AL 70 8, A RER & 7 300 °CN HIHTHL R B MIAE 2 1185 MPa, 24 %)%,
SLM #ill % I 3 5 Al-2.5Fe & 09015 36 Al-15Fe & 419, #FELA 2 ANt 2H B i ke 2 S 4R RN R

HUI A A8/ NEFS RS AleFe )& 1B, 1 6 s ML G4 iE, & eomBEMEBIER 2] 7 A 83Tt
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I Al-2.5Fe SR SRR AR 0-AlsFes HHHIE & e m 7 — 2% W 3Lih Al-15Fe
R RAE 300 °CTHRIAEE, HAERMEFEER 2 100 h G REREAE 165 HVIY,

Al-2.5Fe

Bl 6 Al-2.5Fe 55 Al-15Fe &1 2 /a1 B A SRS AleFe )& 4L & #1102 193]

Fig. 6 Optical microstructure (a, c) and metastable AlsFe phases (b, d) in Al-2.5Fe(a, b)l! and Al-15Fe (c, d)[1%?) alloys

H1 T Fe Al Ni Jo 3 7EAR P9 BUR HUBR B PRI Bt [EH AR wT bR DA P e P 47 A AR L% 1960, SEME iR
il % e AL-Fe-Ni i #ER A 85207 SRR A IARR I D48 . M2 17 15 57 IR IR K % Loginova S5O 158
AR Ding SESF T T —Fiud B SLM MURE OB RFIE B HT B H Al-Fe-Ni 54, JExS LURF 5L 17 A F ]
#% L2 CHIEA SLM HR) X Al-Fe-Ni & 4 WA ZURAH RN o RIMAERAER T 2240 SLM HoR 11
P gt [ v A AR AloFeNi AHIIIZ I, IR ZUMAIME L 350 ALFeNi M3 5104 15 1%
PEREJTTH, SLM il Al-Fe-Ni A& 7EE I MR k8648641 2~3 ff: 7E£ 300 °C'F, #IR AloFeNi
SR E A RA R AT E R 7 BRle 158,

JE R AR K SRS 18IE SLM i Al-8.5Fe-1.3V-1.7Si(FVSO0812)Ii #R & 4 5 T T
WREMFRTAE, RIEGEHLH o-Al FE. 99K Ala(Fe, V);3Si #1(20-70 nm) FlZb & AlnFe M4 K. KIL
WA TS HFTH BRI K AlnFe AHFIAVGE A R 70 S BUW A IR, TR A B 2 99.3 %, R
AN G, PIRSREETTIA 454 MPa, WEETIA 250 HV, HIES VI i A SRy
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(130-158 HV) A # KR TE. fEHFEE 7T, Al-8.5Fe-1.3V-1.7Si &4 7E 400 °CiB /K 1 h J& 7€ kLAl A4k
Hrh 4t/ Alia(Fe, V)3Si JREUH, H A FEAER KSR PR B 180 HV: BEJS7E 425 °CHFRER 500 h, XfEL#k
AT RO SR I AlmFe 1 Alio(Fe, V)3Si MHFHAG AT ZEATH, 1B 8 FivR, SIS EE N RTR

10 h J5 /] — EH R EMERE 150 HV, JE@/nH Al-8.5Fe-1.3V-1.7Si & &4k 5 (i i A .

300°C/1h

7 Al-Fe-Ni §47E 300 °CIE K 1 h H Ji i fr L 058 189
Fig. 7 SEM images of the microstructure: (a, ¢) as-fabricated, (b, d) annealed at 300 °C for 1 h in Al-1.75Fe-1.25Ni(a, b)['*" and

Al-2.5Fe-7.5Ni (c, d)I'*¥ alloys

. 425°C/500h
_ Al (Fe)

'},-“" ! y : 'V"..}.’
i LRBZ (s AN Fz & SERBG MAMAZ:

by & s AR

Fire “ALEEST ¢
$ e .

-

e -

KB 8 Al-8.5Fe-1.3V-1.7Si & 47518 K B 5 AR T 10 B2 20981

Fig. 8 SEM images of the microstructure (a) as-built, (b) after annealing at 400 °C for 1 h,(c) after thermal exposure at 425 °C for

500 h in Al-8.5Fe-1.3V-1.7Si alloys!'*®
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3.1.2  Al-Ni } Al-Ce Rt #JtBE4& 4

ALNi o Al-Ce B3 & & B T 5 1R 8 Ve Tl M TR RS, A IR AL-Si RAE10L190,
WEFEIESE T ALNi L8 & S 7E SLM HOAR T AT B m B0% FE(99.83 %) 1 e sy #4 & & FAFIS8, FEDREA i
RN R AHABNDIERT R, A ALNi & & BA RIFIJIEERE, SR 300 °CTF MIHTRL 58 FE 43 Jl AT ik
410 MPa 1 140 MPa, {1 9 i 7 . Chang £ 190 Ui 5 [ FAKEFE 6T SLM 1) 4% AI-Ni-Cu # Al-Ni-Cu-Fe-Zr-Sc
i TR A G 2HL SUH AR RO TR (R, R IS AR AR FEAE Al7CuosNi AHAT HY R SR EET AL-Ni-Cu & & 453t
WA, b VMRS T iR B, AR R 1M 7 W R s T R o R ] VA A R AR A
AL-Ni-Cu-Fe-Zr-Sc & 48132 SR 43 A4 i X (8 Je , HEAEZH i X 4341 % AloFe(Cu)Ni Fl Als(Sc, Zn)ZK
SEAGAE, AREREAERE, SehEA SR IRk,

2 [ LR K% Manca 250U AL-3Ce-7Cu Mif #EE & 4 SLM T ERBE AU BEIET T R4
W7, Al-3Ce-7Cu A& E NG/ AliiCes Al AlssCeCuss 3t iiAH, EXTHBEAT 400 °C-5 h B KALFES,
Al.sCeCuss #HRT To 2 E AR HA G0 R KA R s 7273 MERE T T, & S A W IR 55 A R HThi st e 459
MPa, 250 °CHifisEEEN 197 MPa, FF HIAKEBEHT S 1) )7V Re JLFAHIA,  Al-3Ce-7Cu & &R I H R4 1)
it R R e 2 R . SRR IS [ 530 s U182 SRR T SLM il 4 Al-12Ce 1 Al-10Ce-8Mn &4
MIAISSRETT . S5 RAIL, Al-12Ce &47F 300 °CIE-K 24 h J5 ¥ A RILH BSR4k, HAEE —HfaEr
85 HV: Al-10Ce-8Mn 4pifiid SLM gkt [l 2l fE A0 23404k, FFAEFAA N HIIE UK E AloMn2Ce 1
AlnCes EJBLAY, I Al-10Ce-8Mn &4 7E 300 °CHF [ /12 MERE T AT AR FEE RS 2, Wil 9 Fio. wf
T Al-12Ce 1 Al-10Ce-8Mn & 4410 5 F TR #A: g
3.1.3 Hihé&4

AL-Si(-Mg) R & 4 AE il T R BDIRIL A M B ROR, I RB R I A (M e 2200, o] AL-Si &4
IR EET0E, 1R S G S BN SEE 5 R RO2020 B SR I Ni W] U EHIRTE Al-Fe-Si
MR SF, T v & AL B0, Manca Z5204fa] AL-Si A& Hiin 73 B R BRI Ni Fl Fe J0 &,
FEFIH SLM FeAR 4% 7 # 8N #5 Al-Si-Ni-Fe &4:. 1 Siv AlsFe(Ni, Cu)Fl Alx(Ni, Cu)ZHKZiHr HAHTE ik
FREANS5H R, AL-Si-Ni-Fe & &M 1A 186 HV, H1E 200 °CHY & 4 H.4& 355 MPa [1) 5 FE4A#EE, 400 °C
IR R T 125 MPa. Al-Ca-Ni-Mn i3t 5 &4 AlaCa L A B &R m#vdae tE, & 47 200-400 °CIX [H]

5T 1 L) A 2091,
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(2)500 (b)s00
g
= 4004
=
=11}
§30(}'
2200/
£
2
o 1004
=
0 - £ 0
0 30 100150 200 250 300 350 400 = 0 30 100 ]50 200 250 300 350 400
emperature (°C) Temperature (°C)
(c)‘ﬁﬁ v r T T v v
Al-Si-Mg
ES{] —@— Al-Fe
= —&— AINi
£40 @ Al-Ce-Mn
= A —— Al-Mg-Sc-Zr
230 —&— Al-Mg-7r
= —&— Al-Mg-Si-Se-Zr
220 ' 5 = —— ALCr-Zr
Z ) m Al-Cu-Mn-Zr
R e — ALCuMg N-Fe TiB
AL-Si-Mg+2vol.%TiCN
0

] 0 160 'qglmbz;}qzi;uzrs‘eo(c 20" 350 400
9 BOBIETR A £ 4 AR B I RECYS. UTS I LSRRI A (K01 156,155 15,218 24228 2029 20425
Fig.9 High-temperature tensile properties ((a) yield stress, (b) Ultimate tensile stress, and (c) elongation at break) of Al-Si-Mg!!"%),
Al-Fel!5], AI-Nil'58], Al-Ce-Mnl'82], Al-Mg-Sc-Zr2'8], Al-Mg-Z11244, Al-Mg-Si-Sc-Zr224], Al-Sc-Z112%5], Al-Cu-Mn-Zrl243],
Al-Cu-Mg-Ni-Fe-Ti-B??° and Al-Si-Mg+2vol.%TiCN?28 samples as a function of testing temperatures.
32 ERAMAEEE
BT R ) 2xxx 6xxx B 7xxx & M RHEEE X [A] 50K, 76 SLM 5 2 FAE PR 1) PR Is s 10 i gt ]
TR, SRR ) TV FT EO 7 1) AR KT B IR i 2 2R B3 T s B 7™ B 1 R S0 Bl A S S [ 12062081 S [
FAE JE VK52 Martin S5RYIE Nature & SCHa Y, 8 1 H R PR 456 S0k R SR TH 51 AGK ZeHe K1, FIH
AlZr PR FURAZE, TS T 7075 A1 6061 56 4 FITC RS db b 3G M it o BF S0 N D2 B 45k B id it
MG eI X JGER(X=Sc. Zr. Tiv Er %), ¥ SRR RER L MK ALX 4, ZMHEERN
S UEAZ T R AR 2E R A A2 10-212) S a4 g REe s BIATT HRAHAELE, 7 250~400 °Cili FE X 8] P9I ] OR 4
HEAEMIALRR R, £, — TS e, SENEEHER, H—r il & tiss), et
TIPS, UIUERIET LA A 10 flrR(213-214.2241
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Dislocation ™

!

Pinning effect on grain boundary ‘

10 VUERIETHLRLR : ()i, (b)dn 224

Fig. 10  Pinning effect of precipitation: (a) dislocation, (b) grain boundary.?>4]
3.2.1  Al-Mg JiiE AN G & 4

B R & A FIER H—1X Sen Zr A &4k Al-Mg 4 42 (Scalmalloy®), 7F SLM #il % T2 F A HF 1
JIE M RRI2100 RGO 2IUR & 1) [ 1210 2190, 52 8] i i AR A ST N RS2 O3 . Spierings
SERI26IGE SLM i Al-Mg-Sc-Zr & 4 (A FITEREREAT T REWHIT, 1EEYH MR AR E Als(Sc, Zr)
FridAHRETSLIE RS, &< 4E 350 °C Rl 4 h KBRS & &R I AL R T 28 (500 MPa L L), E{#
(8.6 %Lh ) BEEE(137 HV)LA LK & WIS %LAR); R AR T, X R ITE 350 °C b EEHT 5
ab P RS LT A8, Wi 11(a-c), UEBH T Al-Mg-Sc-Zr &4 R A& %) 300 °Ciiit. Bi 2SI RL{E
KA 2T Al-Mg-Sc-Zr & &I R IERER I, KINAE 300 °CHIAIT 2 144 h il B b T A FE AR EFA
A5, K 11(g-i), £E 200 °C PR E =ik 393.9 MPa, 1 9 FiRs. &%aadi/N ki 2 2 L J B #%-
FELER L 5 AL FERRRR S IR 6 2R DA S RE RE 1 AlLs(Sc, Zo)dRBIOHT SR L0 S KT Ak B T v, ) 2
REfiHE T R E B DTk
322  Al-Mg-Si ¢ Al-Mn T sRAb T #VER &

BT Al-Mg 5424k, Sc 1 Zr TG G A R i 0 5 PE RN Hi: Bl 10 Rt e 2 B 7E A 5
(2202261 A1-Mg-Si-Sc-Zr & & AEYRHU A 1 Mg2Si 1 Als(Sc, Zo)PiiE AT FLAAMN T, Wik 10 fiw, =i
PRI AL B ik 488 MPa, 200 °CH FATLRHF7E 394 MPa, 101 9 FioR, BAM T SR/ ERER24, Cr
A Zr & A ARG 8 (AL-4Cr-1.5Zr)7E 400 °C/10 h WEEAE I R 4 [RAEEE AT A 130 HV H B A Hid il 2k i
AR I 2 SR PR R (E 400 MPa UL L, HAHL Al-Si-Mg A& B AR IMREIERE, Wi 9 FiREs,
% SLM Bt i) Al-Mn-Sc TR &<, & @i KuREZAIA 580 MPa, {E 350 °CHI 450 °CAFIRIN 2% 6 h it
Frh, AFE I AleMn 1 AlsSc FURLG SRR A SR ZLA0HI1E T, JET ARIIE & 4 VR RE e 226,
e 11(d-0H.
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Grain size distribution for FG and CG material

SSUAC x4h F o bl ik ¥l (C) ;s—u'ntps‘edandH\de condition
2 5 3 3 2 ki + €6 -as-huilt
X 3 16%
+ £G - as-built
g 06 -HIP
g L oFG-HIP
/ ;m»’a DR
/ A P
fo ¥ T
PN i "
p,——--—' o = o N\
o \
5" o Wl 0 ¥
i °oo—65’ff it Yy ?
o 2 20
Cirele equivalent grein diameter (um
8
(f) - - As fabricated
e . —=— 300°C 300 min
—=— 350°C 360min
e —=— 450°C 360min
£ 12
c
2 10+
8
&
w 2]
4
< g
u
4] -
.

- M
60 (i) — As fabrication — 325°C-144h
50 —— 275'C-144h — 350°C-144h

300°C-144h
40

§ . : - > 4 30
-l : S iligs - @\
B f Vi
; y i B ' 10 13 A
s, 6 20pm e 20pm | [ it £ = 3

11 Al-Mg-Sc-Zr Al Al-Mn-Sc & G AEANF I 26 1 T B RO AL GURT ikt OS] G215, 218, 226-227)

Fig. 11 Back scattered electron microscopy image of (a) heat treated (350 °C/4 h) Al-Mg-Sc-Zr, (b) magnification of Al-Mg-Sc-Zr
in FG region!’], EBSD images of the microstructure after different aging treatment conditions: (d) 300°C for 5 h, (¢) 350°C for 6
h?26] (g) as-fabricated[??”), (h) 275°C for 144 h!?'8] in the SLM-fabricated Al-Mg-Sc-Zr[?!% 2271 and Al-Mn-Sc[??%! alloy samples,

(c)(N(i) Grain size distribution of the Al-Mg-Sc-Zr and Al-Mn-Sc alloy samples?!>> 218, 226]

33 MEFRIERETAEES

HILFEMPUE SRR & SN, P B RURHY SRR A 62 ) A AR S A o A IR = 4% 45 (>1000 °C) BAS
AV RO PR R (0 TICNI28), TiBo292311 SiCI232 231 TiC3423Ma) AT HL k7, R vk 2E KAz
Hiag), XAHEERE S EiE RS B OCEENE . 2 BUIPUKB ERR A T T 1 G 4
i P, RN S P AR AL PR S U A% - 8 T 200 St RS B AL A AR P AR g 228-229. 2382390 (AR 45
SR LA ) S R B
3.3.1  Al-Si-(Mg)F B RO SR T Hvin &

LRI, S ] it 1) B R 1 SR AR 5T A MR A T 8 2 B R 7E AL-Si-(Mg) & 411, b TiC P
UKL A AL R TiC BURLIR T A VF 200 i BB, 10 ELAF EE SiCOBTRLAR /> 7E 85 RE 44 AR g
BAMREEAR AT 8 St A BRTT AR P AR [ FR AL RUR240242), I H. TiC BUKLTE AlSi10Mg & 41 SU% L 72
TS R TSR AL AL-ST WU, I BAE @R R TR AR A T LA 5 B AL HE 23 MRS 4,
TiC 1458 AISi10Mg & B 7E AR TR N # BAT 5 & (1 R B JF HAE T o el B4 58 & (R b e e
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w9 frRe28l,
3.3.2  Al-Cu B B RURLI R AR & <5

BT AL-Si-(Mg) &4 BASh, BHFFT N D3 E ] e B MB0RE 1 5 72 FH 440 A AL-Cu & & USWEAT T RV T, B
FEARH TiC BURLIE A A TiBo FURLTE Al-Cu A4 %A AR I B4 TiC W % RURLIE 4R B pA (116 2272
SR T 780 °CH HAG IS RIERA RAFIIENRIE, (E Al &% B o B K R AN IR 51257280, J T
AR B TiC i) Orowan 54k SRRLAAAL . B A% SR B 45 & B0 T, AI-TIiC(35 Vol.%)48K
A PR R AR 50 i IR 2 =ik 1011 MPa,  ZEfAEET 10 %, I HAE 400 CHlUE 45 {75 v fr B
243 MPa, JEMZEL 15 %. TiB, PUKIAE Al-Cu-Mg-Ni-Fe(EN AW 2618)%& 4 FHAEHE il a-Al &b i 53 5
RO S B 4IAE, TR T 2618 %4 SLM XEIN TYERI 5 T 24/ 108 fERAL T 24604,
TiB2/2618 A EHE TS HACH N i IRRE AT ik 495 MPa, FfHAH LB HI &1 2618 &4 B A EmME
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Research Progress of Casting, Rapid Solidified and Additive
Manufactured Heat Resistant Aluminum Alloy

BI Jiang', LIU Lei', ZHANG Dong-sheng?, WANG Hai-xiang!, ZHENG Qiu-1i®,
DONG Guo-jiang'
(1. Key Laboratory of Advanced Forging & Stamping Technology and Science of Ministry of
Education, Yanshan University, Qinhuangdao 066004, China;
2. Hebei Key Laboratory of Special Delivery Equipment, Yanshan University, Qinhuangdao
066004, China;
3. Aviation Ammunition Institute, NORINCO Group, Harbin 150030, China)

Abstract: In recent years, the demand for lightweight heat-resistant aluminum alloy with excellent high
temperature oxidation resistance and creep resistance in the medium temperature range of 300~500 °C
has become more and more exuberant in the aerospace field. However, the high temperature softening
problem of aluminum alloy has always been restricting the structural design and service safety of parts
in the middle temperature range. To overcome this shortcoming, the characteristics of different
preparation processes should be considered according to the comprehensive requirements (performance,
cost, efficiency) of different application scenarios. A sufficient number of thermally stable nano-phases
should be uniformly distributed in the alloy matrix by adding or alloying in-situ self-generation for
different system alloys, so as to pin the grain boundary and inhibit the grain boundary movement and
dislocation slip. In this paper, the research progress and application of heat-resistant aluminum alloys
were summarized from three aspects of casting, rapid solidification and additive manufacturing. The
control methods of microstructure and properties of heat-resistant aluminum alloys with different
systems were analyzed, and the latest research results of heat-resistant aluminum alloys were
summarized. At the same time, the future research direction of heat-resistant aluminum alloys was
prospected.
Key words: heat-resistant aluminum alloy; preparation process; component optimization;

microstructure regulation; service performance
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