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FHE A 760 CHMA Al-12Si WAl & 454l Mg #55E
BEFE 10 min; PEIEZE 725~730 CHIA Al-5Ti-B &5
Al-Sr i) <, R CoClg 15 TiO, 76 UK MR R T BR ¥
7725 PERE IR 1 WDW-100KN J7 B8R 56 WL 58 i, Ik
B s 2 mmomins B3 YIS 34 (E AF W3R
fli. OM 215 Hr i AX10ZIESS %24 W4 52 il
Jig b ) i IR BV A 1R, AR EE HF:HCL:HNO5:H,0
=2:3:5:195. Wi I JE3 % A FEI-Quanta 600 $14ii i 1 {2
WAL HT, BEIE 2 T i IN-CAX-sight 6247 BEE 23 BT X
FriE . TEM MR B JEM-2100 &4 P 5 i 1 B0
TR A IRt KZCH-2 B Il A e i, T
HEIEE N 15 Comin™, WP RS2 610 mm X 140
mm. B 1Y BERFE IR ) 2 v R AR R R L, B
AL B X AR SN T iR R, C X
JREEX, NGRS 220 mm.

2 HER500

2.1 E88EMRSH
HARARSSEH: APIREHR 50 C, JHE®E
Foh 200 C-h', EAACFLEE N 450 T, fR¥E A
J36h, ELAE K 4.6X107° Pa. £ 3 Fis k1548 X I,
X MRS R, 3k 3 ns VD A B, R 4RI
SALRSE . BRI B>, 24 mm JEEEIX IR A VD 4b

PRSI AL HAR B ER 7t 23 mm 5 7 AN E
£ 1.4 mm 524 12 mm XSRS HA
55 1.8 mm F2 245 1.2 mm. AHIEE R A
BER SR LR R4 X n S A 28 2, 24 mm
JERER R AR 22 22 VD A ERIR RS, IR AR XIS AL
HESEHAM 7 DA2.3 mm BEE 44 2.0 mm; 12
mm JEREE A R T2, e IR LA
7 AR 44, SILEARIEAREAEZ. K2 Fix
WA PR S5 % VD LB S A B B R A5
F. & VD A G, 24 mm JEEEEREEIE S 5 0.64
X107 FEE 026X 10°, 12 mm JHEBEFR % B A 5 B
0.46X10° P& 0.21X10°, B E 5 0.38%X10°
B A2 0.18 X 107 AN [ JF B A R I B VD Ak 28 1i Ji5 B 11
L1 AL SEM A5 L W& 3. VD 4L BEET, 24 mm
JEREA R P R AL EHARZ ) 84 pm,
WIS 24 18 ANM/mm?, 12 mm A% B by 1 2 1
AL EAR N 58 um, SFIIHSEL N 11 A /mm’.
VD Ak R R LA i S RN R AR S B
Hro IR R R ALY bR, LR R R D jk b,
24 mm JEEEARRRE O RSP ZE RS 4
AN /mm?, 12 mm JE R AR BT 10 28 10 AL 2 14
BEY R 2 AN /mm?.

£ 1 ZL114A 5 LEH S

Table 1 Chemical composition of ZL.114A aluminum alloy (®/%)

Si Mg Ti Be

Sr Fe Cu Zn Mn Al

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

0.12 <0.2 <0.2 <0.1 <0.1 Bal.

R2 ZLI4A 5% To ALIBEIE
Table 2 T6 heat treatment process parameters of ZL114A alloy

Heat treatment Temperature/'C Time/h Quenching medium Quenching temperature/C Transfer time/s
Solution 540 16 Water 24 <20
Heat treatment Temperature/'C Time/h Cooling medium
Aging 165 8 Air
40
18
e
=
; 180 &
< AL i 40 15 70 15 z
B >
001 S
4
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o X = 2-B2/5
18 R10 R10 i g -
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a S
< Al

B RERS A R R R s B

Fig.1 Dimension diagram of welding vice and mechanical specimens (mm)
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Table 3 Welding parameters and bubble number inside welding zone

No. Welding vice A Welding vice B Welding wire Bubble statistics

1 24 mm board with VD 24 mm board with VD With VD Two (®=1.4 mm)

2 24 mm board with VD 24 mm board with VD Without VD Three (©=1.8 mm)

3 24 mm board without VD 24 mm board without VD With VD Four (0=2.0 mm)

4 24 mm board without VD 24 mm board without VD Without VD Seven (©=2.3 mm)

5 12 mm board with VD 12 mm board with VD With VD Two (®=1.2 mm)

6 12 mm board with VD 12 mm board with VD Without VD Three (@=1.5 mm)

7 12 mm board without VD 12 mm board without VD With VD Two (&=1.8 mm)

8 12 mm board without VD 12 mm board without VD Without VD Five (¥=1.8 mm)

2.2 THMBLRDHF
0.8 _ ZL114A G50 St JTRZFHSALZ OM 5
. I i ey SEM ik &5 K ULIE 4. hI& 4a W[ 51: KL SroGEA

0.6 |

0.46 X 10°

0.4} 0.38X 10°
026X 10°
21%10° .
021t 0.18 X 10
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Thick-walled parts Thin-walled parts Welding wire

Hydrogen Content/ X 10

B2 o ot e Ak B e S M 2R
Fig.2 Hydrogen content test results of vacuum dehydrogenation

process
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Fig.3 Stomatal test results nearby fracture region: (a) thick-walled parts, (b) thin-walled parts, (c) thick-walled parts after vacuum

dehydrogenation, and (d) thin-walled parts after vacuum dehydrogenation
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SEI  20kV WD11mm  SS57

SEl  20kV WD12mm  SS57

K4 ZL114 &% &% 006 40 OM Fl SEM Ji J¢
Fig.4 OM (a, b) and SEM (c, d) images of the as-cast ZL 114 before (a, c¢) and after modification (b, d)

2.3 NFMEESH

T 4 Pros HARNRRE Iy 2 AR S K. 24 mm
JEREARRA I Z VD A3 5 I PhromE . e iR
SR 5T 46 22 43 il i 282 MPa. 256 MPa. 3.1%
5 52%1 % 330 MPa. 281 MPa. 4.8%5 6.4%, %1%
T+ T 17%-. 9.8%-. 54.8%5 23%; 12 mm JHEEA fA I EL
2 VD A H S PRI BUR R R IR L A A 5 TR
Wi 25y 5l 312 MPa. 274 MPa. 5.6% %5 6.8% %
340 MPa. 295 MPa. 7.0%%j 10.8%, &3E/17T 8.9%-
7.6%- 25%5 58.8%. HARL VD AFRIR A EL, 24 mm

PRI IR 24 VD R BRIRSE G, JR 4% DX ST 3 P b s
FE TR RSRBE . JEA A 5 T 4 %5 i A 352 MPa.
312 MPa. 7.2%%5 11.3%, Fidi. Jw IRy & AR R A
AR, JEAH 55 T T AR e - 0 12.5% 55 10.8% 024 mm
PREER SR 2 R VD B, a8 X ST b by
SR JeE IR EE | S A 4 55 IR TS 4 % 43 Sl D 330 MPa
282 MPa. 4.5%1Y 6.7%, FRARE22 14T VD 4B,
JREEDX S E MR AR FEAAL . 12 mm JREE] 52
2 K2 VD AR S, IRAE X SCT PR SR L e iR
SREE . LEA A5 W T4 #6535 O 338 MPa. 288 MPa.

R4 FRRSHAFENFHEMNRER

Table 4 Test results for mechanical properties of the samples under different states

State Tensile strength/MPa Yield strength/MPa Elongation/% Section shrinkage/%

24 mm without VD 282 256 3.1 5.2
24 mm with VD 330 281 4.8 6.4

12 mm without VD 312 274 5.6 6.8
12 mm with VD 340 295 7.0 10.8
Welding region of No.1 352 312 7.2 11.3
Welding region of No.2 350 308 6.4 10.2
Welding region of No.3 332 286 4.8 6.8
Welding region of No.4 330 282 4.5 6.7
Welding region of No.5 364 332 9.8 14.2
Welding region of No.6 360 328 8.9 12.7
Welding region of No.7 342 294 5.4 9.6
Welding region of No.8 338 288 5.2 8.6
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o-Al FEMIPERS S, R AR Dy LS Si A, g Stk
JESRAHLE] . 24 mm BRIEREI S E 22 VD bR
T6 AT 2 1 AT WK 5 A B0 88 5 20 & 0 3 i T 2R
F s St JCER A AH AR I RICR 52 B4 1 BE JE RS R, KBE
JERSE (>20 mm) FEEARORAE DL SE AR, B
RIS EAEEAR, WK Sa gk &EiR. K&
VD Ab B R J 2 G I A e o R A s it DX s AN R
AR, MR AR N, 25 N EH
I, B g 8fr 88 T R AR SiAH R B DX 3, 24 I g 2 far
SR RIORE i R B2 I, RS R O BRI, 7
AETERE: 2 G R N ) B RE SRS I, TR S0E B
PSSP Y g . MR R VD R EE, T
GULSE I PR S DX IR LA ZE AR i, B 1 3R i ik B
SRR CIR IV IR, WWIE Sbe & 5a M
b, W B Bk, PR RFEE . B 5c
24 mm JEEEIARZ VD AR 4EWT 1 SEM JE S
AR, HGIRZME, RN R T KEEA,

SESORE DN v =R VN R LR N e
VL oW AL, WIE 5c Fi kAL B TR . 24 mm 45
FER 5 IR 22 R 4 VD b BRI 4% T 1 JE 3 SEM K 5 21
WK 5d. 5 12 mm fREEIHEL, 24 mm F7F8EI AR
A UK AN TG4, W H R ) e EER, HARZ VD
A RIS N AU B A R R ROR R AU
7 1 2 m) U %% B HR FLAR Y 100 pm (AT AL .
524 mm ERERIMIEL, 12 mm 1555 B ANAR 5t 58 42,
Si AH R BRI HIEL A & 4 VD B 2 T A 8095
i, W7 T A LA S B AA S AL, WAL A
Wi, WL Se. MR RE VD AHIRF, K400k
TR ) S A AT AE St AHRIORL I Sy DX 3 1R Ak LA, T
55 SR . BIEl Sg il 40: 5 24 mm #5881 H
EC, 12 mm PR RIS FUBCRBE, W DL AU & T
0 E, AR WOREI S . MR R VD A,
PREE A =R B, W o SR i) W Ho
MsAL, 5B sd M, AL ERH 100 pm B A
54 pm, LI Sh#7 kA7 E R

Kl 6 FTs A AR SR 42 1 SEM-EDS 5 TEM
TR LS R . 24 mm JEAZEIZE SrJt 2548 W7 11 2% 1 nf L
KEMAAL S METR, ALEAEN 84 um, WK
Fi Al Si TR E AN 61.19%5 37.69%, WA
6a. 24 mm PRI 52 KL VD Ab BN 7E A5 4% X 35
W7 1 2 1 PR AR AL A T 5 B R B 1K ST AR RORE, T35
FLARZ0 0 4 pm; Sr It 3 ik [ I AR A B e AR AR K St i
RO, G0 7 ST AR K, Ak T A R,
YRR A RIURE 2 B2 TR Y. 0 B804 e IR e P I s 5 ik
W, el DR B HoE S STHOR e,
WK 6c ik & . K 6d Al W0 Sr JG#H

K5 ANFREE S0
Fig.5 Fracture morphologies of the samples: (a) No.1, (b) No.2, (c) No.3, (d) No.4, (e) No.5, (f) No.6, (g) No.7, and (h) No.8
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6
Fig.6 SEM-EDS and TEM test results of the fracture: (a) fracture of sample 3, (b) fracture of sample 4, (c) fracture of sample 5,

(d) Mg,Si strengthening phase, and (e) dislocation
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Matrix Correction ZAF
4 6 8 10
18
" Element /% at%
14+ Mg 0.59 0.68
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2) ZL114A &4 0.12%Sr L% )5, L4 Si
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Effect of Vacuum Dehydrogenation on Welding Microstructure and Mechanical
Properties of ZL.114A Alloy Modified by Strontium

Fan Zhenzhong'?, Xiong Yancai'?, Lu Zheng'?, Zheng Weidong'?, Wang Duanzhi’, Meng Dehao’
(1. AECC 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 effect of vacuum dehydrogenation on microstructure and mechanical properties of ZL114A alloy modified by Sr nearby
welding region were analyzed by Electronic hydrogen measuring instrument, ICP, OM, SEM, EDS, TEM and Universal testing machine.
The results show that after the vacuum dehydrogenation process the hydrogen content decreases from 0.64x10° to 0.26x10°; in the 24mm
and 12 mm weld zone, the number of bubbles decreases by 71.4% and 60%, their diameter decreases from 2.3 and 1.8 to 1.4 and 1.2 mm,
and the surface density is reduced by 77.7% and 81.8%, respectively. The morphology of silicon phase transforms from needle-like to
spherical, the particle size decreases from 106 to 12 um. the average tensile strength, yield strength, elongation and reduction of area with
12 mm in thickness are 364 MPa, 332 MPa, 9.8% and 14.2%, respectively. The microstructure under T6 state mainly contains primary
a-Al, primary and eutectic Si phase and Mg,Si aging phase, the diameter of brittle Si particle is 4 um, Mg,Si aging phase shows a rod-like
morphology and the aspect ratio is 15.2. The shape of dimple changes from elliptical to spherical and the fracture mechanism evolves from
intergranular fracture to dimple rupture after vacuum dehydrogenation.

Key words: vacuum dehydrogenation; ZL114A alloy; silicon modification; mechanical properties; microstructure
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