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Abstract

In this paper, by adding the transition metal element Ag, the rare earth element Sc, and the ceramic
phase forming elements Zr and C step by step on the basis of Al-4.6Cu alloy, so as to study the mechanism
of regulating the organization and structure of heat-resistant aluminum alloys by a variety of elements,
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and to make clear that the reinforcing effect of its mechanical properties can be superimposed.
Meanwhile, the grain size of the alloy after adding elements step by step was gradually reduced, and
the type of precipitation phase increased from single Al:Cu to the organizational structure of the
composite of three types of precipitation phases, namely, Al:Cu, AlzSc and ZrC; the optimal solid
solution treatment process was obtained by using the degree of homogenization of the organizational
structure as a criterion and the optimal aging treatment process was obtained by using the hardness
of the organization after aging; In conjunction with mechanical property tests, it was found that the
stepwise increase of trace elements resulted in improved mechanical properties in the as-cast and
heat-treated states, and high-temperature tests showed that the same improvement in mechanical
properties was obtained at 250°C and 300°C.
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T JAhEL A 4 RS K IRARAE 200°C BA_L 048 & S5 Hobh k), JUAE BRI T U R 05 RS . U oy e i
BRI P 25 [1]-[3]. AR & & R B R AW RE DU M. CHLES R, o i sk . eIt
DR LR KRR [41-[7], T H R AR A R U AT T2 R . CHLEER RS (kS R AT, L
GRME G5 RIVEGE, LS R IR 2Rl T, A B A T S A 4 MR . 7R IX
FSTZIAAE T, AR 4 B8] RIS R RS R S R, M i s R, UK
SRR . R, TSR P A & O PR BELE T IRAS 5 A R T A B 7

B U BT R A 4 B TR — . FIRITCE MR RISy, KBAT LASS BT =2k
[8]-[11]: (1) VRHM 4R T6 2 VRIS B ik 4 70 25— 7 0 AT LA R A 7 o RSk R AT
5 A, BEIREER A SI R  AH AEIERS, 5y T e 7T 2 AT AR 55 M LT
i, — SRR ISR AHT A ORI, SRR, RIREH L. (2) RN LTT R, R+
TEMME SRS SRR, KEaSAS%N, RES SN, HEERREREE, BiE5e
SR RIS PERE . B b T R MR B HAE & 4 A T & S M BRI AR ) . (3) VR I AR
FEIRTEEE s BIAEAR A 4 R VR IS S50 L A 0 A 25 1 M AR IBTR (098 AL . BRI R4, LR
SHEONTEIE o %71 0 L W AR 10 6 PV 5 M SRS AR A TR A B, T DU K A 48
(P2 AR A 43 K0T 80> 159%) 17 52 25 0 AL S A P, DA IR 72 st R . A SCSR P B S 1 1 7 32
ERRA SRS LN ESRITE. B o EMBEHERITE, T & 410 iR UL R T
JIERERE . BIATARIRMOTR, NEEDRAE S S0 RIHE S S S,

2. KR

AL Al-4.5Cu TR & S LR A 4. W FREMETE R IR, BT Ag JT 2 HE IS Y R LI fhi

%, CLSCHUNT AR SRk, BULAT Ag 765, 3 TR Le Bk, # Lot Se T bls Al K

G L1 25091 AlsSc,  MTTARKARFE B4R & o, PRIkt Sc oz . . T MC S5t R & At
ZrC 5 AlL,Cu BA AR FA% WAL, Ha@ & Zr BRI e IERS & SR P A AlsZr SRAGAHA G BT AR
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I zr #1 C JLRAE NP EATE TG E A SCHE Al-Cu A 8 I 5ERT T AR A 235 In i 7% &8 7 n Ag. Sc.
Zr, Cooa, HARR W 1 oS,

E e AR A SR AT s B AR B . IR THE 740°C, ESEIMAREL: MBI L
WA AEREA, KUUNA Ags Zr. Cu. Sc. Mg+ Siv Tiv Fe. Mn (Al &4, Bl B k3R h
TS Jm E A B 78 75 71 o 155 PRI 40 min J5 o Hh )& < S iIE L, NN DB 7N R 4 HE(CoCle) R URIBR
HENM RGN G . JUEE N — R0 R KIELDIFIH AR I Tk 10 mm x 10
mm x I mm 5 mm x5 mm x 0.5 mm FJiRFE. SR JFRED)F L AURE A EAT AR L AR #3588 AT s g,
B RV P 3E 245 A 7 4277 (1) BLMT-GAG-16-6-30 ELAE 2, N 1 BRI i I 8o B i (45475
L HUEE SOEA N 177 2 S0 i B R BB v 102 Pa LA .

PACBERIFE R T6 FAbEE, A5 [V A PRI R B . [ AL BRI B2 A 7E 510°C T £RiR 10 /N, B
JETE 60°C /KK o B AL FRHIEy 185°C N AR 4 /NEF, Bl S 7E 2SS R0 . 8 I C % AR 5 (EDS) R
LT HU TS (EBSD) 4314 7 SR « AT %% BE 1 A (EDS) IE 5 HL 1~ 2 AU (TE M) A5 00 o0 &5 Ay ik
ITHETE . SEM it R HARMETT i 46 . R RE T, KOG IR IR A Keller 772y 15 #. TEM
R ot P XU a7 11 7 i) 4%, AR R 70% FR AT 3000 BRAL K A h, T 15 V HE R, R HIE
—30°C AT kAT .

Table 1. The composition of four alloys (wt.%)
= 1. &SRS (Wt.%)

H4 Al Cu Ag Sc zr C
Al-Cu Bal. 4.5
Al-Cu-Ag Bal. 4.5 0.3
Al-Cu-Ag-Sc Bal. 4.5 0.3 0.3
Al-Cu-Ag-Sc-Zr-C Bal. 4.5 0.3 0.3 0.3 0.003

3. R SR
3.1. SRR

K 1 ONEERS Al-Cu A8 M =M & & X SFFEATH (XRD)MIAZ SR . 78 Al-Cu Al Al-Cu-Ag-& 4
o, A AT B E a-Al FERART 6-AlCu 346 AH . 7E Al-Cu-Ag-Sc fl Al-Cu-Ag-Sc-Zr-C &4 T
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(2 A3 A RRAE,  RE IR I AL AR ET LA Rl SR RAT Ry, HET & S BB . s A R e 1
FEAR R ERTHER .

K 2 A Al-Cu A& =Rl A AR B S -G 5 EBSD g R, & 2(a) W Al-Cu &
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W T — B MR B KA RFEAR . B 2(b)~(d) N =Feith & &1 SEM EIR, HH b Reis i
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Figure 1. XRD results of Al-Cu alloy and three optimized alloys
1 A-Cu A& R =M tEE XRD 4R

Figure 2. SEM images and EBSD characterization of Al-Cu alloy and three optimized alloys: (a) () Al-Cu alloy; (b) (f) Al-
Cu-Ag alloy; (c) (g) Al-Cu-Ag-Sc alloy; (d) (h) Al-Cu-Ag-Sc-Zr-C alloy

2.Al-Cu 5& R=FK &4 i SEM F5 K EBSD R1E: (3) (e) Al-Cu &%; (b) (f) Al-Cu-Ag &€ (c) (9) Al-Cu-
Ag-Sc &€; (d) (h) Al-Cu-Ag-Sc-Zr-C &4
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HH T Al-Cu-Ag-Sc-Zr-C &4 BA i B AR M B M2k A 23550, & &P ARAE 2 R AR T LTS (1)
M AR o R, EIE S BT BB (TEM)XT Al-Cu-Ag-Sc-Zr-C & &t AT o 45 MR AL 5047, 1
K 3 Fizre & 3(a) N A db K& TN ARG TEM 223 RS Koxt i i X FL 77 5 (SAED) B LA K L fig
LR AT A RN RIR GG, DAARES 7 A T i SR, AT BEAE R ORI B
ZES, FEAL S FHACAT BEXT LU RE R . %M A IR 2R G5 R, LRSS A T e,
o FEAE G S IR I 2 3 22 5, S AR SR AL A FE X LU FE B iy . EDS B 7R Cu BY'E 48, SAED B4 #ir
B, AT AR ATHBE SUR<001> e £ RUHES, P iZAH N Al.Cu. 1] 3(b) v dfoki N R T AT Hi AH
) TEM 2P {5 Ko X6t B SAED P& Kt Bifr) EDS 45 5. W] LU B2 AT A B R 14T B, AR
SV A A AR, Bk R SE AN B A S R iF. SAED BN, ATHBEAH<112> [ 40 4
HLAE a-Al FER FIRT S BE 5 2 18] LI AEVEAT S AT B . EDS BIF o Sc IS4, %R B A RO ERIR
Hrii A AlsSc 3 A0AH o ] 3(c) v dfoki N R AT HUAH (1 TEM ZH 21 G K6t Rift) SAED [ B Xt B (1) EDS
ZEOL, ZATH A 2P HOIRIZAS, B R Bl A, EDS BIH &R Zr fil C (E 4, H SAED K
EIRHATHBE s IR<110> g ARSI, 5 ZrC MR ARE IR RHE— 2, ORI AN ZrC B EEAH

Figure 3. The TEM morphology, SAED image and EDS results of the precipitation phase in the Al-Cu-Ag-Sc-Zr-C alloy
[& 3. Al-Cu-Ag-Sc-Zr-C &€ i H+E/ TEM 257 X B FLTHTEIFIREILE R

3.2. HAAIEFRIBALGHRIE

XA & edt4T DSC M, KHE & < H) DSC M4 RRIRIT & SR BRI, a4 R an i
bo N T WG B RAETTBEBLG, AT 53 3l 158 FH DU & <2 AR s AR B AH (B2 40 1 O B i, 10°C
NIXTE], B =R R BRI R & G R R BV EREE, R 723 M 5hy 10h, 15 h {9 # A,
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Figure 4. DSC curves of Al-Cu alloy and three optimized alloys
4. Al-Cu R =241t & & /Y DSC Hik

LL Al-Cu-Ag &4 %1, 15 58 Al-Cu-Ag A4/ 7I7E 520°C, 530°C. 540°C R[5 hy 10 hy 15 h
i) SEM EHE . FEAHEI AR LT, BEAE BT I 30, FEAE 0 & W AE R0~ . FRE, TEAER T,
BT, AR EERERED . ATUEH, Ml 540C, BRIKTET 10 hif, &4
WL A EAHE AR E LT AT v T 8 GG 4 WV I () K BT S 300 s RofAL, #fiE Al-Cu-Ag
B G I A% [ il B2 4 540°C [ 10 ho [FIREHh, JF1X — BRI, #E Al-Cu A 4 1 i £ [ VA IR % v 540°C
[ 10 h, Al-Cu-Ag-Sc &4 Ml Al-Cu-Ag-Sc-Zr-C F e [ VA5 B A 7] 4 590°C, 10 h.
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Figure 5. SEM images of Al-Cu-Ag alloy under different solution temperatures and time
5. Al-Cu-Ag & &£ EARIERRE FIrTE T SEM Elf%
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3.3. A€ hF4RE

Xof 58 HE AR I 1 VOl £ 30 AT S5 AR B A R R A 1k B IR, DARRAE & 4 43 0o 3 1 24 R RE 5
M RRAEE o T SRR R I H A VR RE A &, 20T 250°C R 300°C il A R 1) e b /g 2
PEREMN, JF5 Al-Cu G4 TX . 14 6 NIUF& G R 1= R AL K. 14 6(a) WIUFP& 41 =ik
PN S - NARHIZE . 5 Al-Cu &AL, =Rtk & & m R R 337, Horp Al-Cu-Ag-
Sc-Zr-C &4 I i I J 5 Ve Re, BRIk, it — B RAE SR i At fe . 141 6(b), K 6(c)7Jilh Al-
Cu-Ag-Sc-Zr-C &4 1E 250°C A1 300°C il 25 14 N AN 77 - AR 2L . & &0 BRI F A 2R
Feiadh, FHIBVEIZWT Tt . 7€ 250°CIE, PiFhG & n] 4Er— @ KPR AL 300°CIY, SRAEEE—F T I,
BT A N T BOR R R, MR IR, SEE SRR, R NIRRT, Al-Cu-
AQ-Sc-Zr-C A4 g B B E T Al-Cu &4, RBLHE £ uh &40 mil /1 M RERIARILE
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Figure 6. Tensile curves of four alloys in different conditions: (a) Tensile properties at room temperature of four alloys; (b) Tensile
properties at 250°C of the Al-Cu alloy and optimized alloy; (c) Tensile properties at 300°C of the Al-Cu alloy and optimized alloy
E 6. MFHEEEFRRS TR MrZ: () IMEEMNERRM; (b) Al-Cu FE&MRAKIEEEM 250 C SR
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Figure 7. Comparison of tensile strength and elongation of common alloys at 250°C[12]-[17]
7. BIAE 250°C AR E F R LR [12]-[17]

FEMPRHERERT ST, KSR I 52 I %) EUAS [F) & AR IR 8 IR A 0L ROk RE, 0 T & e R A
Wit 5 TN EREE., it 7 H LN G &/ 250°C 21T T I HTRL R AN R HdlE,  JFRX
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SR s 5 A B &1 AI-Cu-Ag-Sc-Zr-C Z It & AT b, X REWTE 7. &%,
il (¥ Al-Cu-Ag-Sc-Zr-C &4 7E 250°CH, Hrhiss AR T St a5 & M5 Al-Cu &4, f71E
—EREIARL. AT, ZEENHKEEZESTZHE6E, RN TR HERA. X
— RIS T ARy 5RO M R iR F R S AR, NS B S BRI . O
SR T, DL SR AR IE— R8T, 1R T HENRRIE 5L S .

] 8 A Al-Cu-Ag-Sc-Zr-C &4 300°C i b 5 (¢ TEM JE3R . & <2 2 LRI 48 5 £ IR T
HiAH, ZHEN 0-ALCu AH. KEALEE L LA KB ROIRTEAS LR THr HARMHE, 0% 8(a) iR . X ULEATE
B, 0 FHBHAS AR, AL EIZ IR AR Ty . 18] 8(b) R i B AR 0 A BT AL TE S . TR
HIE O MM SR BN RS, DU 0 A S B IS RE 7T . ] 8(c) N B A ZE R B r
RERREEN) . R BT A TE 0 MM, KA OSIANEEHE, R ZAENT AR JE L R U HE 5 1 7
BEEET . [ 8(d) AR SR R AT B AR AE B, BTEAT HUAHRSE 2079 300 nm, Ay AlsSc #H . A4 otk
TR LR, VLR B AT R 1 :gkid AlsSc HH . 14 8(e), 14 8(F) e /INR ST ) AlsSc Mt HAH 5748 1922 HL.
SRECI AT AlsSc AH & BBl nT WL s FEAT T AR gy, SR AR IR I £ T FLAT A 20 R H1| FIF FE R A%
HF AlsSc Ml EIVE R =T 300C, H5 a-Al SRR R, 18RI A TR REE BHAS 7 45
123, VMRFHESMRRAL; RN &% B IR A L 2 B 7 AH AT P R R T, A AR B,
M S0 A 4 ) B 1

Figure 8. TEM morphologies at fracture of Al-Cu-Ag-Sc-Zr-C alloy after 300°C tensile test: (a) Interactions of Al2Cu precip-
itates with dislocations; (b) Dislocation tangles around high density Al.Cu precipitates; (c) Dislocation wall; (d) Interactions
of AlsSc precipitates with dislocations; (e)~(f) Dislocation morphology around AlsSc precipitates

[& 8. Al-Cu-Ag-Sc-Zr-C &4 300 C =B RIMAIEIZ TEM 257 : (a) AlCu lISHIERE; (b)) &FE Al.Cu FHEER
I$E4ELS; (c) {u$BEiE; (d) AlsSc SR E; (e)~(f) AlsSc BEIER 5T
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