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Abstract

Three kinds of different grain structures of Al-Mg-Si alloy samples were prepared in this paper.
Tensile tests, intergranular corrosion tests were conducted to study the effects of grain structures
on the mechanical properties and corrosion resistance of the alloy. The results showed that the
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strength and corrosion resistance closely depended on the grain structures. The fiber grains sam-
ple with higher content of sub-grains and deformed structures exhibited higher strength (by ap-
proximately 35 MPa) and lower corrosion resistance, when compared with the fully recrystallized
samples. Observations through backscattered electron diffraction (EBSD) and transmission elec-
tron microscope (TEM) showed that the precipitation behavior of the alloys were significantly af-
fected by the differences of the grain structures, thus, it resulted in significant differences of the
mechanical properties and corrosion resistance of the alloys with the same chemical compositions
but different grain structures.
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1. 5|15

Al-Mg-Si Z/& Kb Bsm b &, mTHEPERE. URRSoBtEae . RIFAIATETE K&
JEPRPERE, RPUIESZIER A I DAL S U R BRI 1] [2] [3]. Al-Mg-Si & 2ok
WAL AT s, —ROA A P10 EWAE AR — GP.IX — g — g — pA[4]
[5]. Hrh pARONIZ ARG i BT A, RGN HORAES(To) g HKEMTH . D ATTREL, Sa3k
o SR AL, (H LR vk RE M BG  ROIRZS 22, PRI AR AT HR AT 9 AR 35 i & e i) 24k
BE T LT FL FE8 ek Bt A B 2 R 6] (7] AT, IRFZMT AR AOBIT AT D, Ao <o S MR JE8 ik 2k
REfF B ARULES, 2RI R LA TERE Al-Mg-Si & & EE T B

AR, BEXT Al-Mg-Si & e VERERTIRIENLEE 5 5vE O KESCIIGE . SCER[S] [O1 7T . I &%
il B2 Al-Mg-Si & < 77 A MR RE S E I I RE AN, RIS D3 1 &< 0 sV e S b ) 1A PRk dx e
TARS A AN R T MR R & SN B AT, L T aEsma it AR, XLEETAEMAR
RO RE AR H AR BT AT 9 0 BB 5 St AT R AT FLAR RIS, IR R B A A 5 Sk 21 24 B
SERNS A T AT N R

BRG, 7 S0 E AT 50 < b L A (R 38 AR 2R B 25 1 56 )% AL-Mg-Si R 4 7 2= ML RE AT
JEPERE R, A TAE @ M 6XXX RIMGEALBLZ, 6% 7 3 RN R LS5
Al-0.5Mg-0.6Si &4, RMFMPERE. SRIE R BT HUNATH K@ S0 9%, WH7T 1 dhkidl
G0 F3 5 e St & (B e BERI R . DL R A& S AP S YERE R 7 1510 TR N 4R B 2
2%,

2. KBS

IR FEAE A 721 10 mm B Al-Mg-Si $FEM, HE&EMa % 1 Fios. fERM EUIEE
REE, N3 He F—HIRFEN 10 mm EFERMAELE 3 mm, FHES35CREW 1h 5, SRR
KB, FAFE AL MAL, NE TR, SR 0 A 4 58 4R N 10 mm JE5F KB
7E 535°C MK [a](24 h)[E, BEJEEEK, e B A 3 =il B M 02 3 mm, 78 535C MR
I 1 h Gk, il C 4.
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Figure 1. Optical microstructures of the different samples: (a) sample A; (b) sample B; (c) sample C

E 1. FEIRFHMEREL: (@) AR, 0) Bk, (o) CiEE

WK A By C &4 3 PN S RLA 2256 BARE AT WU, Bl S 1418 GB/T 3246.1-2012 (42
TR KR & A AL SUG I8 7 VRS — 4. ARG 1) U AT i 5 1 R AR 2R 47 B AR 7 i Ak
., SAHEMALFIMESE OLYMPUS BX5IM w4 st T AT, FHaRxH T 2 M
BT EMALIN S, B HRKZ GB/T 228.1-2010 (& @M RHARRIG 5 —H54>: IRRITE) o
R JTVELE DDL-100 /7 REFEFR3eHL EEAT, WREAREE N 50 mm, FHUEELN 2 mm/min. & 8]l
PEREAZ % GB/T7998-2020 (EAA 4 [A)J& bl s 773 ) i ikie 773, RealAE e 35°CIER 57 g/L
SALENAT 10 mL/L A SRR R NI 24 h 5, SR S A0 B0 W 22U 14 8 PR A IR e A oK
JES R B

K HL S B TS H R (EBSD) 70 A 3 Pl RE dfohr 21 2 5 I Z5 W R PEAIRRFAE . EBSD 8UFF 20 7l 41
Wt AP, 78 ZEISS-EVOMI0 B gs FHE T R4, REDS KN 0.8 um.

RIS RS 3 PSRl SR 2R B fR N AR AT HARRAE, SR ISR . A
TIREZRYZ) 70 pm JT, B JE3ET A OUBT, OB FLEIA SR 30% HNO; + 70% CH;OH ¥R, IR IEHIFE
—30°CA A, RITE FEI TECNAI G2 20 _E#EAT, Jnidi sk v 200 kV.

Table 1. Chemical compositions of the experimental alloys

= 1. R E R 5y
TR Si Fe Cu Mn Mg Cr Zn Ti
Wt.% 0.61 0.16 0.03 0.20 0.50 0.14 0.020 0.04
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2 AR SRR ZHZR 1) EBSD 20 A2 S e I RT I, 3 FiaRE Y dobr L 20m] W E I 227, A
RFE AR SRR 2 A P4 fn 0 21, B 3RFE A SR BN A /IMELLR S T 358 0 0 b ZH 2 1R 0 43 P 4 e 2L 2,
C R AAE R BRI 2 AL ¥ 3 PP LSS 0 U Sk RSPk T it Fnfs
g 3 fros, MEAFTT L, A SRR R4S B0 95.2%, HP SRR STZ) 173.1 pm; B iFE &G

Figure 2. EBSD characterizations of the different samples: (a) sample A; (b) sample B; (c) sample C
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Figure 3. Grain structures of the different samples
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n 7 HE) 59.6%, LIRHLFELIR 13.5%, PP Z) 16.2 um; CilFEFE5 & 82 46.5%, &
TEH L 8208 19.7%, PSR 10.2 pm.
3.2. EHBERERMEALR

Bl 4 Ry 3 P[] R SURRETE[00 1 ) il T i BT HAHZE 2R, MR aT L, = NS SR
R ERR BB A, b A REER AT A2 1053 nm, M ARECNMEL, B IREENT AR R 2 56.4 nm,
HAE A WA EE; T C AT AR ST, 21432 nm, HAfitHECAZEE, HERE, AR
WL SURFEST S oRL A SRR AT B AR R SH R A AP R 5 . ] S BoRon 3 AN [R) R0 & S BT 1)
SR RSl BRI, 3 FIOAS[RIERE & AL 35 A W8 B0AT HEARAS B, (B i 5 BBl 2 ) DL B S22 1)
TUENT X (PFZ), 3 & dh S AL AT Y ARRIE TG I 2 2 5%

Figure 4. TEM images of precipitation of the samples: (a) sample A; (b) sample B; (c) sample C
4. TEIAFFRIEST R RE MER

33. 1FiRE

F 6 N 3 FPASE] AR SRR N DI R b e ge S . MBI L, 3 F A [E] R4 2 AR
SRR B E N ES, Hd, BAeEERNN A WEE, PidisRE 261.7MPa. JEARSRE 250.5 MPa,
BB P45 EARE B MECT A REE, PURIoRIEIEE S 27 MPa. JE RIS 17.6 MPa, 1M{R B H 541 4k 2020
1) C BFE R ey, Hepih s B A IR B 3 A FE 2 R & 1 44.7 MPa. 33.7 MPa. HtW S K211
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Figure 5. TEM images of precipitation of the samples on GB: (a) sample A; (b) sample B; (c) sample C
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Figure 6. Mechanical properties of the different samples
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3.4. Tt SR IE) RS 1 &E

79 3 RS GURE ) i TR ks 4G . NIRRT L, 3 A alRE 10 8 B S A IR AT 3 22 57 e 4
PR AR A (O EEEITSS R IR 1, LB KR MR 26.7 pm, 10 B RXFEAFAE SR B v 5, [RII
AT LR it S, LR R PR B2 82.4 pms C IRRE R AR B9 7 B 10 i A) JE ok, R Aok ACRE B
e, LI PR KR L 113.7 pmeo SRS REEH], RSG5 R 0T o 18] JE kA A 2 25 R R

Figure 7. Intergranular corrosion morphology of the samples with different grain structures: (a) sample A; (b) sample B; (c)
sample C
7. FEIRAHNSEE MR () A RHE, ) BRHE, (o) Cit#t

4. Sth5itie

Fr SR B Al SR M SR AR SR AL SE[10] [11]. X T AT A
Al-Mg-Si HaKil, X & a iR A mE TG A0SR i an e, i thsR 2 xl o
SRR KSR o AEASCHRIR AT T, 3 Al foRs RO A kLA 2R AN ], IR 22 53 15 5 5
T A R A RO I 22 57 R AR RS B K AR s A O e . LK, B T AR B ATt 3h
AT NSRS WA Ao SRR RO G A K, X EER R TR AR MG
eMTHURSE st TR E, AR RN R RN, A B R BCE B AT AR RS . A g
BRIk, AIEL 4 eI, SR RIS G5 B i i) C Blie,  Hbr A RO e/ e A i 4, AR 3
HomRE f i e A AL A R, T AR RO SRR A B it A1 T L i 2 e 1K

A0 [11] [12], &< [ Tl ABURR I 5 o F A R AR ER0 20 A 2 i 5 BT B T D CE BT Y X (PFZ)
AR o AR T A B PFZ 55 3 A 2 1AV A7 5 UL 22 , 8 8 PP 355 rP 28 53 T PR RS e i A6 125 R A A »
TG SN e SR, AEASCHRER 25 1F T, 3 AR S S I H AR R B ST R 5] 5 TR
T o5 (5] B R FE A AE 235 22 e (N 7 TR ) o BE 5 SRR, o 1B JE IR P2 5 ot ST H RS I DI 2 TR

VR BT FEA AR BA[13], £ Al-Mg-Si & KA LRI BN AR, TE/N e 57 b

DOI: 10.12677/ms.2023.136068 645 B Rl


https://doi.org/10.12677/ms.2023.136068

S

A0 R A Mg-Si SR TImbT s, W&l 8 [13)Frm. KA EE G I g4 1 5 A0t 3 Finiabke
A A IR SE RARW) & o ASCRIGM R ER 7 . AACHE T BRI 2G5 00k 131 A — 2, (AT
FLHT AR %5 SCHR[ 131 IR A48 R — 2. BRI AT H R AR A LR H AR DL SCHRARGE , (BRI H i
BAS 3 ME e i EmrZER. WmE 2. &3 s By C e NEAEKENERALCNMIERT,
XL/ SN Z0E R B T T PR R RE R — N R BRI R . bAh, SCHR[12138 W, R4ORL N AR T RE L
K, BEGLIREM. WNAHERRE, BT A WOV e e g iR, AR LT
SR 1 B AR C Bt , RS RMAL, Bt B, C M bk aesi . 45 LTk, &
R S5 ARTRA LS Bl B ulke, b 8] 3 PR B e K

0.2 um
.2 :,11{;

Figure 8. [13] Precipitation morphology of HAGB and LAGBs in Al-Mg-Si alloys: (a) HAGB; (b) LAGB; (¢) STEM mi-
crograph of (b), (d) corresponding EDX-Mapping of the selected area in (c)

8.[13] Al-Mg-Si &P X/NAERFMEEER: @ XABERF; O)/NBESR; (0E (D) STEM EH; (d)E ()
H B B & FIEX #) EDX-Mapping

5. &g
ASCiEIE EBSD TEM %5 & 4121504, BE9E 1 3 FhAS A SoRi2H 2311 Al-Mg-Si & 4 77 2 PE Re A
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1) FEARSCRIG KA T, Al-Mg-Si &< P LS5 AR TE A GUE T AT I OL G AL B, i 1
B ARSI AR AT AR A BE Dy B, BB PR U M SR RONE, PRI RE DR S bR P45 it 4 23 Y
A PR AR, TR R e Wi B2 ) C S A WPEHILL, SRR X 35 MPa.

2) AR AT, WAL 3 F ik 220 Al-Mg-Si & @ iulREin ik 5E )
FENR. WEH . WAL G R B A, HA MR R K. EHLEAE T Al-Mg-Si &&H/h
iR RSt EAFAE RIS AT ) Mg-Si SRty . ARTE A SUE 5 AT fif RE A5 R 3R A2 AE 17 140 8 et )
Ji€.
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