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Abstract: The properties and microstructure of the different welded joint zone of 7003 aluminum alloy welded using
5356 welding wire by the method of TIG welding were researched by OM, TEM, vikers hardness and conduction test,
exfloliation and electrochemical corrosion experiment. The results show that the heat affected zone, approximately 30
mm away from the centre of welding seam, is the soften zone as a result of n'(MgZn,) coarsening. The corrosion
resistance of TIG welded joint are ,in order, Welded zone > Overaging zone>>Base metal>Quenching zone. Because the
precipitates from grain are continuous in quenching zone, which forms the continuous anode corrosion channel that
increases the tendency of stress corrosion cracking and exfloliation corrosion, quenching zone has poor corrosion
resistance. However,the precipitates from grain are discontinuous in overaging zone and base metal, which makes the
overaging zone and base metal have a higher corrosion resistance.
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. FEEREFFENIERE, FEXRERSEA
12 Al-Zn-Mg & 45 BREESSBBEEMERR, 1
1% 75 2 [ i SR P 43 AR (TIG) B 45 A AR (MIG) & 5 ) 482
%, BASME—REH MIG BiEd:, DRFEELN)
M TIG 188k, AZATFIE S, 2
Bk T NSREE SN A2, 53 AIREEIK . #
2 X REM X FU %95t %1 Al-Zn-Mg 4844 GMA
BEREFRERX MR PN, HEmXEES
HEBX TR, WX AR L 380 CHR&E
E—5E, 380 CUA LR EIX, 230~380 CHE
LR X . Al-Zn-Mg S8 5 S RITERESIETHE
HERIEGETEARMMAL, H—REFE LER
SeERERAL, 7003 A 7NO1 I TALE AR LR 08,

Ha. FREEZRMA 7020 HE54HE5EE
AP, E st T 7003 A SHBREARIEL,
REAEEELEWE, &RKE 7003 HEEE
ERS5356 HMBLT, 175 £ H b B nT DR R A 7 J8 1
#. KRISHNANIPIBFR T 7003 H FEAF IR 58 8 AT
2, DABROWSKI'% 7003 454 4 MIG #2:4:k 1)
MR T REMAFR. BE, BRXTF TIG /&
7003 {8A SRR D, FF A X T TIG &£
7003 4B& &R EEL S KB B MM IARAA R, U
HEREMMERE. A0 7003 544 TIG 1EEMEM
b, HREEREKNERERESENM, STEEE
PR K A IR RIVE M vl R AL 2 R ph R R, AR
B E RN B AL AT . Bl %
ok 2 DN S VA AV L - N S EC X = S g A
RIAR RIREER, iZEE SN LN AR R
BN, USRS SRR R A & A4
RGBS .

1 3K
1.1 ##

EZEREHM A 6 mm FEH 7003 545 & EEM,
PALFRAN TS, 1REBATHIEZ A ERS356 &4, &
5L LR R 1 FTF.

1.2 E®AHZE

KA TIG F T I 7003 BAEFAT XU H1E
B, BREANSFEREINER, RETZS
ik 2 Bl

TR FEJUAAE HV-50 4E FCiE R {A8 kAT, R4S
SR TFEE A B B R, WA
4 98 N, HnEKETIE] 10s. A 7501A WA B A
ML B IR, AN R NIE & T R TR, BEFR 10 mm
h—REXE, SMKERRD 3 R, BEHHE.
MERELRERE AL S AN HERNEIERE, &
SENARERE AU 52X, KX (v BRI 3L
X), BRI R B X B AT SE 5

P S P sSL I R ASTM G34—79 ARuE#AT . /&
MR HA 4 molV/L NaCl+0.5 mol/L KNO;+0.1 mol/L
HNO;, MZEMEAKBERE 1 L. SREHRARE R
2 A 20 mL/em?, ¥RIEEEHIEQSL2) C, B
JRESIE] A 48 ho

KH L R4 CHI 660C Mk T st I
B Ba {7 (open circuit potential, OCP)—E{k2BHHTiE
(electrochemical impedance spectroscopy, EIS). iR/
WM ARR=ARER, LS A TEEHR, Xt

F1 7003 48E4EH ERS356 1R K284
Table 1 Chemical compositions of 7003 aluminum alloy and ER5356 filler metal

Mass fraction/%
Alloy
Zn Mg Cu Zr Mn Ti Fe Si Al
7003 6.03 0.92 0.017 0.13 0.081 0.194 0.026 0.097 0.051 Bal.
ER5356 0.10 4.80 0.10 — 0.35 0.13 0.40 0.25 Bal.
®2 7003 HESMTIGREELESH
Table 2 TIG welding parameters of 7003 aluminum alloy
R Size of filler Welding Welding Welding Argon gas

i metal/mm current/A voltage/V speed/(m'min”") flow/(L-min ")

1 3.2 300 22~30 0.28~0.32 15
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A Pt Bk, ZHEBREMFIHRER(SCE). L
VE B AR RN AR 16l DSB8 ik L AR A P, USRED 8 S-L T,
HAHA 1 em®. HALZEA BN 3.5% NaCl B9, L=
BEAFRQ543) C. HRBELF 10 min 5, 5E#HIT
FF B AL E] 2B, UK [R) A 400 5. EBALA
BRIV AR T I B e A B8 s A HEAT, AR 24 100~10
mHz, BMESIRESN 10 mV.
SHERSHE., BE. WLARXKTE, H
BIRE MR R TR M, FEEREHIERER L
BREATHEKepoe, REHNAMRT. REAEENF< DM
4000M B ReR! BISRIHT BINARNER . EHT HEE
FREEERE 0.08 mm, £ MTP—1 XU e Ak v A% L
M RE . L, HEECh VAR V(R ED=3:7, &
FEEHIE-25 CLLR, HER 15~20V, HFiK 60~80
mA. 7E JEM-2100F BUiE 5 % T4 4R

2 HR5ITE
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REERES, BEMMAMELEAGE, £
SRALTERE TR, X AEA IR B S AN B I i 1
BEBRAXMX . B 1R EEELERKBR
W5 A R4 IREEEE A, Hh WZ 434X, FZ
HBEEEIX, HAZ HHFEWMX, QZ AE KX, 0Z
HEERLX, BM hEH.

120 ® — After welding ~ ® — Natual aging 5 months after welding
i (9ol Beg i
uo-'““m ngﬁg o
| : Hi :
100 * ?
L ! |
E .
2 90t ‘ /
g !
E
T 801
BM : g
l j 0z BM
70t el B
i HAZ . HAZ
WZ

60 L 1 1 1 i 1
-100  -60 -20 20 60 100
Distance away from welding seam/mm

B1 REEKNERE LA

Fig.1 Hardness distribution of welded joint

& 1 R, ARERECLIE E RO R o A LR 4
(WZ)HL g3t fril, SR B R ELARN
10 mm, HEEEDOEEERIK67.5 HY). ERES L
15mm X%, FHEEEEFOESYR, WEAS, &

F|96HV £H . BEXEFEDRAEL SEMK 2 Fi
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W—MEEBRARAIX IR, AR EEEEHR 85 HV,
SRR SKETR S MR A, WSk BT EINR,
B 1 4Bk RS PO 2RO FR S A . WA
1 ATLES, BT OEEEATRN, XEF AR
BERLHIRLES, B AlMg &4, AR HbER
&S REWX HAZ)E BT FAK K H BB K
ERHIE. PR EEEHERS, SRR
IR RS, EEREARRKEBEMKE, AR
S TEE BRNKERE, SEAX. BXRERE
(RIRT HH A 220 e L ] ) A TG RS PR o T [ 4
IR — By E] BARES 3L, BV RS AT H n'(MgZny)
M, FEHHBAMEN GPIXI, WHRBBEK
TR . B2 .0 20 mm 5, EEFHERK, RKE
%2k 86 HV, £ ARG, TREEREHEKE
IR IR AT 3 . FAX—XIREIE%EE —EiE
B, BRI X, FEX IR E L 7003
BEENSRER L EREERK, fHEEKK
AL, FBE RT3 BB AKX
Z, BEEERE, BRI UER. RETHHX
RAEBN, EHEEENLEEX R, HEERER
PRI, RRBEEELNERNT. HEEs
HFLEEEEK, EEANRS, FEHMKBM)EE
FfaRE, EREELHN 113HV.
BEELEERBARANK 5 AESHNESRR
#, HESELSMME 2 fin, BB SREFHER
JREEPLFE MK R TS, FEERIAEES
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Fig.2 Conductivity distribution of welded joint
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FR:H, 25 7003 81404 TIG B k4140 L M fit 835

40 mm W& TPEE, HSKR SRR L R IATCAE
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TR DR SR R 2 TR & 6, IR208 Al-Mg
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3(c) K PG i X PR M1 i 8 DX Sk e A X
WIS e, SR AU, AAESE R B, AT
(RSO, RIVR TR N P 2 1 3(d) A
RIS DX IR SR 8 s e e, R /> B B O,
AT IR S, S EA 2. 7003 44
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2.3 RIEE R FE R
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1 HPOr o Al R T P L P DRk, o I a8 DX A LA R A
DAk, RER DX ANAZ 5gmi X sk, OCP @i, IR
£ A (R BS b [6) K ;. OCP P AIISOR, U b A sk
FORUS P 4 rpay WL, i B S e
X <<V 2R IX (T 1] AR B 208 X ) < BRE A X< I I 2
Ko M2zt Sxxx RET A, MAHRAE DN Tl b
U, W SR R S X > 1L IR > RERF X >3
KIX o

Pl 5 Al 7003 B A G e S AN Il X kAt
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B3 7003 1A G R Sk AN AN (1) VR 6 i s e

Fig.3 Exfoliation corrosion entity photos of welded joint of 7003 aluminum alloy at different areas

(a) Welded zone; (b) Quenching zone; (c) Overaging zone; (d) Base metal
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R3 7003 WA BT EAER AN F R R ik AR
Table 3 Exfoliation corrosion resistance of welded joint of

7003 aluminum alloy at different areas

Areas Welded  Quenching  Overaging Base
zone Zone zone metal
Level N ED P EA
-0.84
Overaging zone
-0.86

t:
ol W

3
2
Ry wOne
- g A A e Nt e
-0.90F+ Welded zone

-0.92

0 100 200 300 400
t/s
4 7003 B E AR EE AR XA 3.5% NaClLIEFR T )
B e A7 IS ] T %
Fig.4 OCP-time cures of 7003 aluminum alloy joint at

different areas in 3.5% NaCl solution

100
80
gsm
S
T}, 40 ~
20k = — Welded zone
* — Quenching zone
4 — Overaing zone
or v — Base metal
0 50 100 150 200 250 300
Z'/Q-cm?
5 7003 {26 &R LR 3.5% NaCl
BB Nyquist B

Fig.5 The Nyquist plot of 7003 aluminum alloy joint in
3.5% NaCl solution

B AR LR SRR AR AL R, RN HALHR, AL
IHBHINA . ERESRmRY, RREH
EHA IR, WRmkRE. - s
AUEH, SLEIMRENETIRER: BEX <K
KX <HHR<EHHX, HELE Sxxx REEE,
ERBREDVHEHR, KWt RT. SRk

ARKBEETE 3.5% NaCl ¥R B k. BX
X <BMX <ERMX<IRLEX. dptnrs, B
R R 5 HVE R MR MR 45 R B

24 IREEIMRRAELSR

7003 A &R B E LR IX M B0 A
WE 6 Fir. HE 6()F LB H, (E4EXHLRN%H
mn SRR A . BEINAE, AT RHERAN, B
B 5 IE 700~800 C, IR IEBEEAE. BN IRHE
bR g R, BRI TR R, XA & 47T,
SRS AL B RIUF AR, WRRERER,
NEERA RSN, NIRRT /B MEEHE
LA, MERBRBELESERERBEAN —FTRE
&, B 6(b)F ML — M A H BT | LB 4 W TE
KPR RMARRRAL, RIEEM —NREE 2
BEMAR, EELN 80 um, KKV 04005
HER, REFAYR . R FEIEMIEE T2 ARE,
G HIMPR SRR RS, BRE—EEal
EREMHER. EZREES, KEXRQEMAE
LRI Al(Zr, THREBA o(A)IIFER R
O, BB/ SRR RZ S, BAET Zr FPY
WEETESERD, ERABRTHBESRENIK
59, HEELARHXRETEFLEHE. B 6
kIEmX, B 6K, EIIREYHE Y 40 pm
BHIBERE, LI ERBENAERINTALR,

R N RERBMERERE, BT AR
HIRAL 3R, XA A1 & DI B AR AT AR A
KRAFIGHARE, TEHBERRAEHESAE, A
TR A B & AR KT R A (R
EIARR BN BEHEEBEREMERTFEER, &
THARFRRIMRALR .

B 7 i R EsL AN R X A B 1) TEM B4 .
HE 7@fH, BEXEHHBMITHAE. BEXA
BUFEMEIIREEE. HHRBRTREEX 1L
ZRS MG RERE. HTRERFEIRERASE
RIEXEERIE, BHEE, XENEF R,
R REARS, ANAHGEEE S, (BESAY,
REHKR, RELHHRENES, XEAEELT
BTAR, BT LA B th it R B

HE 7(0) IV K X (FE 24 T B B AR B 3k X 45)
ATLAEH, SR REN 2N/ RESA, B2
BORMGCR: M HRAE A R BERE S BT
GP XM EE1E5) MRS, R ERBRE S MK
. ZXEA ETHAHERT D BER, EEERE
Beortn, HMBOESERARRMEE, 5T REBRE
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B 6 7003 B S pedi AN ) DXtk ) Sl il AL 20
Fig.6 Microstructrues of welded joint of 7003 aluminum alloy at different arcas

(a) Welded zone; (b) Transition zone; (c) Heat affected zone; (d) Base metal

"

B7 7003 Hi75 SRR SN XY TEM 8
Fig.7 TEM images of welded joint of 7003 aluminum alloy at different areas

(a) Welded zone; (b) Quenching zone; (c) Overaging zone; (d) Base metal
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T, WM BRI R R, EREMERR
%. ZXMRERERAEEERENERT, BF
fItT B AHE W B Al Bfh b, AN TR T L MR [
X, ZXBE¥EKRER, SMAFE. Mgl Zn R TES
HAEEE AR RERE, AR GP REEKAR
BRI EA 0. nHR 7003 56 &R EEERAE,
HAir i KSR FREEET T B R RGRK,
T AR X AKX .

B 7(c)AREE LA, TR LR. B
FEA, X nHRELERN UK 53X R
ATHEA, HEZXIEA S &S AERAHE vfin Ak
X, BF R RS, FRLBEXET
M. BB R R AR K, BIGHBRABR
4, RELBERERAS, FEREPHEMRE
BRAR, ZHRIHORWE, EETROEMS, v
R RE, KM, Bk X &5t
BT AR 2 BT, B AT AR AL, FIRHT
HAHZ PRSI K, PHYT T PRAMAEE, EH &
JRAE LASREE, B T iRX G 8RR R & A
et RE . R R/ NP HR R “Me-H” B&4HE
WINA, BERRON ) K (N - EE 3), &
SWARAERER: o HMEEF)>GP K—LiaH
N'(MgZny)—FHH n(MgZny), FEEMZRKIAWTHAT,
st Mg s>, 18 RRE AR R FERMN
H1iRm, BT Mg ERAEWER: ANBTA
B Mg />, Mg-H Z AIMAHBE/ERRD>, TR
BEAR

B 7(d) AR B LB R AR, b gk
EEERXER, BRURAD, WHEZXKIBEEER R
WEBRALAHLL n'fln B, SrHMETRE, B&AH
WA ZWTEESr A, B XERAZREANT, BE
LT ES. ZXSAITHALETRE, FrhsEt
I Y BN 2 X A KT Bt B 3 X B/, R BB E—
RIMTEE S A, IXHBENT T BAARIAARIEIE, (F¥S RE
M CASREE , 1% DX 350 F) 4 78 B ot B Fi A 22 FR M B S o

3 4it

1) PR KRR B 4 A ith 42 USR8 .0 g X RS,
BIELNFRSA . BETHELN 10 mm, BT .OHE
ERIR(Z% 67 HV), BEREH.L 15 mm X8, BEE
PSR LIRS, 5 AN BREFEE
FELLARfE B4 23%, FAF] 113 HV £4; n'(MgZn)
RN T ELE L 30 mm A KHERX AL

BUREERRNRAR, BEMHEEETOIERRE
KiiFAaE, BEEMMRERS.

2) BB LT R IR 2R 4R > T X
SRR >R R PR R B K X B G 5T AR E
oA, TURGESEPHARGWIEE, MRTNEmK
FIE R, HARMmERRIRE, T &4
(X G ST AR AE S B & AT A KOMAL, il
BT,

3) 7003 $BE& 4 TIG BIEEELRLEX MK
SHBRERBHA, SFALHBREME: FeXE
Beg— ARG, REREHR —NURENTEE
RAR, ARHA/DMEMRESR REmX L
MR REZHBSRASARE, NHHAHBEHA4E
.
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