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1 RESHD. G R 300 kg HEHLY, FHE 2
760 CHIAN Al . Mg #EH Al-12Si Hrial &4, il
% 735 CTHA Al-5Ti-B. Al-Te 5 Al-Sb Hha] &4,

KH CCls 5 TiO, BrABR¥E . Jy 2% M 68 Wk i
WDW-100KN J G B AL 58 i, WFEN @5 mm Arife
b, NASE SN 0.08 mmomin'; 4EKAEE
FM-700 Y504 W oAl e vk 58 b, X5 2804 0 0.25 N,
J1EPERRI 3 IS (AR R gl 2R o e AH R Tk
AR 9 B R A 8 AR X LK HF:HCL:HNO;:H,0=

2:3:5:195, TOW 414U AX10ZIESS Bl 2 S o ik
e W I JES t FEI-Quanta 600 7138 HL 1 S s 4>
Mr, TG E S ERE 1 IN-CAx-sight 6247 HEi 20 B X
5S¢, TEM 414UK i JEM-2100 /= 20 #3555 i 1 b
B SE K, DSC WA M STA-449-F3 U 22 /)5 14 A
58, THEEZ N 10 Comin™', JHETEE A 25~570
CT. £ 2 FiRh ZLI114A &4 Te HUGHHIEE, £ 3
ARSI N Tew Sb JGE EH FIAIH T6 #usb#E T2

F1 ZLIM4A EEUERS
Table 1 Chemical composition of ZL114A aluminum alloy (/%)

Si Mg Ti Be

Te Sb Fe Cu Zn Mn Al

6.5~7.5 0.45~0.75 0.1~0.25 0.05~0.07

0.12 0.18 <0.2 <0.2 <0.1 <0.1 Bal

{2 ZL14A EEFEH T6 ASLEHIE
Table 2 T6 heat treatment process parameters of ZL114A alloy

Solution Solution Quenching Quenching Transfer Aging Aging Cooling
temperature/'C time/h medium temperature/'C time/s temperature/‘C time/h medium
540 14 Water 24 <20 160 8 Air
R3 ZLIMA SEEEHLER To AAIEFE
Table 3 T6 heat treatment process parameters of ZL114A alloy after modification by mischmetal
Solution Solution Quenching Quenching Aging Aging
Test number . . . o q -
temperature/ C time/h medium temperature/ C temperature/ C time/h
1 545 20 Water 0 170 10
2 545 20 Water 65 170 10
3 545 20 Polyethylene glycol 60 170 10
4 540 14 Water 0 160 8
5 540 14 Water 65 160 8
6 540 14 Polyethylene glycol 60 160 8
7 535 Water 0 150 6
8 535 Water 65 150 6
9 535 Polyethylene glycol 60 150 6
+
2 HZR5a5t 08
1Exothennic As-cast state
2.1 DSC %:}?{\,ﬁ\j‘ﬁ ~w0'7 [ — Test number 3
#I . Eo6f — Test number 6 ‘
1 Fﬁﬂ_\‘j‘l ZL114A %é?ﬁﬂﬂ Te. Sb E%%?&E %O 5[ Test number 9
WA A DSC W4 K. K 1 W %57 DSC ith Ay 204} ‘
— 527.7C5288 C
fe 2 Ui, B AN O IE, 1T 267.7 C, =03} ",
. . . . . L 8 i / 47.4Q
KERF GP XI55 2 AN B W, fr T = 02 6%7-/
’ - . o — 0.1} 27
547.4 °C, XMNTF 5L (a-Al. Siv Mg,Si) = o3t & 0 w17C

A A AR . [ A DSC £k R BEAEAE 2 AN,
51 AP HE, S ldE 528.8. 527.7 5 5263
C, XNT 545 CEH% 20 he 540 CE% 14 h 5 535
CHE 8 h FEaHgid Aly(Sb, Te) b i AH W Huls
filts 2B 2 UM, S3Oi7E 545.6. 5442 &
538.7 C, OWF N TARHS B = o0 3 S AH 16 0 A i

100 200 300 400 500 600

Temperature/'C

1 ZL114A & 4555 S DSC Bl 2k
Fig.1 DSC curves of ZL114A alloy under as-cast and

as-quenched states
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Ab Te. Sb Juz [ HER 5% LRI W, AR
Aly(Sb, Te) ki AHAE AW D, BFIt 520~530 Cil
B A W R PR U A T 2 T R, A
A A R TR 9D S B A U A I B AN W T
2.2 TAMBLR D

O W9 A e & &b Si A AR iR F AL
HEZNN “BRER” 5 KR B, B
HR AN R e R AR T ORE R A L, 4l
fek AHRORE s A2 R B I8 DA A 288 0] Jid A W7 7 2 Ak A
ALK G, A AR B ATy ) ARG, R AR

A, R FHE . Te. Sb W4 840 LWL H LR
Si b, AR, FHIEEAR YTy A, Si A
Bom . RN, FHKES RSN 2655
um; AECIRHIA o-Al FEARF B BE A, 2045
By, R E T A LN ST IS, WKl 2a
Wi Sk 7R o KA WAL B A Z3 Si AR RORE 545 F
REER, PHKESEELAN 84 5 12 um.

T6 [ ¥ Job 72 7 VR K[ v Jo 1 R R By 1 s
ANV o-Al FEAR PRI Si AR UKL A b SR BT H
RERIBIES, WK 2b. 5H L Te RALBIAHEL, £ 545
CIH¥ 20 h #1170 CHFZL 10 h J&, SiAHBURL T 480

K2 Hik.

T T6 A M [ HE I R AL ZL114A A S 4148

Fig.2 Microstructures of different ZL114A samples: (a) as-cast, (b) conventional T6 state, (c) sample 1, (d) sample 2, (e) sample 3,

(f) sample 4, (g) sample 5, (h) sample 6, (i) sample 7, (j) sample 8, and (k) sample 9
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AR 9 pm, Wil 2¢ FiSk PR, BEH KA BT (KO
WA R, RS SiAH IR R B A R RS, Si
FAORLSE R AR A 12 um, ELAEAR 5520 W15 Si A,
W 2d. HKAILL, B2 EEVEJGE RN e
e SO ot R v e AR FE E B R, Si Al
WRE T 24 K g B A 56 5 11 um, WK 2e. AH A
VERA R VE KU E R, 4 540 CRI% 14 h 5 160 C
2% 8 h AbEE, SiAHMURL 2 RFRIES, FIKEY
12 pm, W 2f. BEAE A KA ol B s, Si A
KWL, BHE AR, SFHKERE S 16 pm,
WK 2g. BEHEZ HE 60 CyEk, filA [ v i i A
JERE— R R, Si AU AR A R RS 2 R IES
M, SPKEN 18 um, WK 2 he 24 T6 $ibH T
ZBHE 535 CHE% 8 h 55 150 CHF% 6 h I, Si
AR K JE S 9E B A 22 5 12 pm, RRHRIE
B, WE 20 fios. M3EKOKETE 65 CH, Si A
b B ERRIE SN G oA, SPRRKE S 5G4 26
514 pm, WK 2j. EHER L R, Si AR
KRthdk—Dan, 58 2 #Htk, KRk 1.86 FH &
5.6, SiAHBURERKE S FERLAN 28 5 5 um, 24
FORTES A, WA 2k
2.3 NFMEEIH

X 4 PR A FRPRES IR D) A PERE A S5 R (T
FER ) e 1R 4 WAL R T H: ZL114A B4 4 Te.
Sb H AR TR VPR R . RO SE . I
T T WAL 447 % 5 4 EG A 43 %31 24 240 MPa. 192 MPa.
9.2%-. 12.6%%5 720 MPa, & H T6 # b2 5 43 7 $& Tt
% 356 MPa. 290 MPa. 14.5%. 20%% 1180 MPa. i%
Fl 545 ClH¥% 20 h 5 170 "CHL 10 h I, T6 & 73
P o B 5 AR 98 T2 365 5 320 MPa, S5 HL T6
S, SRlimY 2.5%5 10.3%; EHE L B
KT ORI A 65 CHF, T6 A FHfidr i
FE . i R s B 5 A A AS 2 O 360, 308 MPa 5 10%

FiAi, LM PIECR R, S Te b B
ML, 4540 CIE¥E 14 h 5 160 T2 8 h# 0 C
KET, GEMEL AR AR . $E 5k
AR KD i Bk 3R 2 B USRI, &8
BHLB SR AR LR RS, T 5 fE % 52 288 MPa.
B4 AE 535 ClHlw 8 h 5 150 CHZ 6 h i, [T
YRR FE R 2 2 35 B I, A AR A ST A TE 3 R
AR Ry R R BB R, ARSI B N N, S A
Si AR B D358 A2 . ) B TR, A AR B 2 PRI
WEH 0 CVEKIRE, Te & FYIPihismir . i &
A 2 55 W7 TR0 2R 43 93]l 345 MPa.260 MPa. 14.2%
516.6%, M KR ER =R 65 CH, P HTHIomE
Jei IR 5 5 5 S AR 2y T B A 340 MPa. 258 MPa 4
11.2%. EHERE LR 60°CH K, To A&F¥Hidrm
J5E 55 i IR S R4S 318 55 222 MPa; 55 545 “CH¥ 20 h
A 170 CHIRL 10 h AHEL, AHIF] T6 #AbEI T 2 ZH0F,
SPYPURL R R T R B A3 i BRAIS 11.7% 55 27.8%
2.4 WIOXREEMSHELSH

Kl 3 FT/nf ZL114A 54 Tes Sb 54578 A [FAR
AW OB SEM MRS B . £ Te. Sb A REGA
YLUIL o Si AR 5% W, Si MBI 2 HE
REZIAR, W B LA SR8 3, R
B Wi es, WK 2a 5 3a #i k. [
SRR Ak TR S it S DR OBt K RS 4 /N HLE ) —
I BRORIL i Si AHRORL, 8250 I . ) 1 I AE W7
B FREANOHRE, W 3b. BE#E %
PRI 55 I () R ZE K, Si A ¥ [ 9 o o R AT L
Tt 0 C R KN AE S AT H OB Al /N I BRAR Si A
RORL, AR T A SRR, AR A S R
FES e, WK 3c. BEAE KRB S, A0S
TRV A AT HE IR ST AR BUR TE 30 22 S A R, BRI
Je AR W S T eT B S B A A, i 3d . B
FERN IR & I SRR, IS R AR 3 Si

F4 FRRERENF R R

Table 4 Mechanical properties test results of samples under different states

State Tensile strength/MPa  Yield strength/MPa Elongation/% Reduction of area/%  Vickers hardness, HV/MPa
As-cast 240 192 9.2 12.6 720
Conventional T6 356 290 14.5 20 1180
Sample 1 365 320 10.8 15.6 1240
Sample 2 360 308 9.7 11.3 1220
Sample 3 360 307 10.4 13.8 1220
Sample 4 357 296 14.4 18 1240
Sample 5 356 288 14.8 17.5 1210
Sample 6 357 287 12.6 17.6 1210
Sample 7 345 260 14.2 16.6 1220
Sample 8 340 258 11.2 13.2 1180
Sample 9 318 222 17.8 21.8 1180
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Fig.3 Fracture morphologies of different ZL114A samples: (a) as-cast, (b) conventional T6 state, (c) sample 1, (d) sample 2, (¢) sample 3,

(f) sample 4, (g) sample 5, (h) sample 6, (i) sample 7, (j) sample 8, and (k) sample 9

FHERKFERIES, P B S 76 Si AH i X 380k AR
Jif P BT B IR, A T 1 R Tk B K I S IR i
20, W 3e Fi kAL B PR o BE A [ IS 0O i et
J5E 5 IS TR] PR BREAIS, ST AH P BT A R R 8 R %, S
VDI AEEES SN S E T A NN X 2 NEE A B N VA (B
FER S AE ST AHRIRE I Sty X I A 28 JG Pt R, A1 TR 11 6
TH5R B T R I Si AH % T R B 5 A o W 2y, i 1)
3f~3h fin. 4535 ClEl% 8h 5 150 CHAL6h J5,
JLhh SiAHTES 2 B R FRR B Bk, dr o R OB ¢
SO Si AHRORLZE (RS Ji&, 7 H R Ak B T K&

A En AT, AEAE A OB R AL T6 AN 545
CHE% 20 h AHEL, BB RSFWIRIER, WA 3i. B
VKA Tl AR Ty alie FH AR 4 WAk, St Al
TR SE Rk — 20 TR B, T R ) B TE 3 2 S IR 5 K
Bk, SEEKIELN 21 pm, WL 3j 5 3k #i kiR,
Kl 4 Fros il FE 1 W SR TES L EDS 4 B &
Ho BB 4 PGS S R Jdh ST R4 BB P R R
FEh Aly(Sb, Te), I SbILHE & &#E N 30.23%, Te
TCE RN 2.18%. AWML KK : Te. Sb It
R vy = oL dh IR BNy, w] AR B A AR ) AR
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a Element /% at% b
o532y 0K 1316 2632
> Mg 719 9.46
— 39 AIK 4272 5067
X SiK 432 492
2956 SbL 3023 7.95
R It TeL 218 0.55
S Sb TiK 020  0.13
“-:: 1.3 OM| Sb’l_'l_ii Matrix Correction ZAF
= i ¢ Ti
0.0

1 3 5 7 9 11 13
Energy/keV

K4 Bl 1 I B3R M EDS A 45 21
Fig.4 Fracture morphology (a) and EDS test results (b) of

sample 1

B s 3RFE 3 AR 7 10 50 5 TEM T3k 45 3
Fig.5 TEM images and SAED patterns of grain boundary:
(a) sample 3 and (b) sample 7

KA ATAY, SRR S e 7 A, AR A
b RsE s Jo g Te Jo &, 4R K HEE W) A 55 36
Si AHMURL 2, 040 FE WA — oL i B N I AR ] AR
o-Al JARE Aly(Sb, Te), 7EahF EDIROR &2 G 3K 1) B
Ky m. s P ke 3 S5k 7 @At

Mg, Si AH 1) TEM MR 5 5L . Rl A [ 55 I R0 o T
) () BAARG, [ o ARV A a-AL FEPR 3B 1) Mg
Si JGE B i SR JE AWk b, AR B ) 546 7T 2 1
WIS AR 2 R, BN R Mg, Si AT H
ol % R ORME TR, Bt RSP AR . Al
Sa fi7n: AFE 3 VAR SEHT HE K Mg,Si AP R K JE 4
224 nm, WFE 7 BT H Mg, Si A 17 3K FE 1 42 612 nm;
BT HH 25 JE 20987 62%, A & VY PUR 0 5 i o
SRR 14.7% 5 27.7%

3 & it

1) Fifi A [ v B 5 ORI (] (4 iy, S A Tes
Sb JLEW AN a-Al FEAK [ E R 15 5 5 AN 8
mb S AL Aly(Te, SbYMRJE i St i AH 1R 20 AN W s b
520~530 “C i [l P W S Ige s (e 4 BT o AR
R AH B8 P gk > S A O U (R i R T S

2) HBEMALWIESILE Si M2 B TIRSER
TESL A, PKE S RELN K 84 5 12 um, Bl [#
W IS RO B S ORI N TR) PR B0, IR 2K 4 RS T i
YA STARTESE T e Ry 2R S KB IR
ON R R S EKTE, 545 CE% 20 h 5 170
T2 10 h FERAIR Si ARBURL I~ R4 9 pm.

3) Si. Mg L E B HE AV a-Al FEAA N B 5L
L R [ T PR I TR R R, Rk
Wk D) Si A [ 3 a0 R R 52 AR KA IO 5 9 R JE 5% il
B#F: 65 CRLREE KN FTTE 545 CHE¥ 20 h
5170 TIHZ 10 h &, F 54k Mg,Si UUTE 2 A AR 1)~
BIKEEZ R 224 nm, & E&MESEBURR AL JE Rk
SRPE L REAR AL WA R 5 Yl IRE S 4R 360
MPa. 307 MPa. 10.4%. 13.8%L% 1220 MPa, Wi
[ AR BT W 280 =, Fl AR /D B et T AR

B % 30k
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Effect of Te, Sb Addition on the Microstructure and Mechanical Properties
of Z1.114A Alloy in T6 State

Fan Zhenzhong'?, Wang Duanzhi’, Wang Kunpeng®, Xiong Yancai'?, Lu Zheng'?, Zheng Weidong'~
(1. Beijing Institute of Aeronautical Materials, Beijing 100095, China)
(2. Beijing Advanced Engineering Technology and Application Research Center of Aluminum Materials, Beijing 100095, China)
(3. Beijing Institute of Astronautical Systems Engineering, Beijing 100076, China)

Abstract: The silicon modification was prepared by adding Te and Sb elements in the smelting process. The chemical composition of the
material was determined by inductively coupled method, and the mechanical properties, morphology and microstructural evolution of
silicon under different T6 states were analyzed by DSC, OM, SEM, EDS, TEM and universal testing machine. The results show that the
number and density of Te, Sb and Si, Mg elements dissolve in the primary a-Al matrix and the endothermic peak among from 520 °C to
530 °C increase with the increase of the solid solution and aging temperature, together with an increased solution supersaturation of silicon
in the quenching moment. Whereas, the quantity of Als(Te, Sb) eutectic phase reduces continuously, the morphology of silicon particles
changes from pin-like, polygonal and long-rod to short-rod-like, oval and spherical, and the average size is merely 9 um. The average tensile
strength, yield strength, elongation, reduction of area and Vickers hardness after solidificating at 545 °C for 20 h and aging at 170 “C for 10 h
with the polyethylene glycol quenching medium are 360 MPa, 307 MPa, 10.4%, 13.8% and 1220 MPa, respectively. The dimple morphology
is the dominated fracture surface, accompanied by some intergranular fracture zone, and the average length of Mg,Si phase is about 224 nm.

Key words: Te; Sb; ZL114A alloy; microstructure; mechanical property; silicon modification
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