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Abstract

Tensile test, optical metallography (OM), scanning electron microscope (SEM) and transmission
electron microscope (TEM) were conducted to study the effects of Mn addition on the microstruc-
tures and mechanical properties of Al-Mg-Si alloy with different quenching processes. It was found
that the size of the matrix grain and the secondary particles were refined attributed to a trace of
Mn addition, thus, the elongation of the alloys was increased. However, the Mn addition signifi-
cantly increased the effect of quenching cooling rate on the alloys’ strength. On the water quench-
ing condition, the yield strength of 0.3% Mn alloy was increased by approximately 17%, when
compared with the 0 Mn alloy. But on the air quenching condition, its yield strength was lower
than the 0 Mn alloy. The mechanisms of these phenomena were revealed by TEM observations on
the samples in quenching temper. The results of this paper may provide favorable guidance for
industrial production of Al-Mg-Si extrusions.
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1. 518

Al-Mg-Si &4 BT HAR 7 1 OB A BE BRI A2 77 A, 32 B 15 [ RS T v JEEAH 5K (R Ak 22 40
. £ Al-Mg-Si &E& 5 R4, AT ZAE A BB E K RS RE T HAE 77 2R A dE i) L
ZIAGRUESS A I 5 5 & e R[] [2] [3] [4]-

HAT, fEORUESE A RSP RE FE DT, AP S =R 8 1SR A e o I infE 55 S 2y JOd R
K HE AR BN R BOK 5440, AT 3B b &S KN ) 51 AR T . AR5 M R R 07
M, BRESGEILERI, RWHESNITE DREBLEE R EAER OBONEE. i, KECERE Y
[5] [6] [7], 7E Al-Mg-Si & 4 IniE & Mn JCR[5] [6], W] 4k ik R ~F gt A R ~F[7], [FI L
LG S5, SR, Mn JTRBIINT Al-Mg-Si & 41 RE R R H1I7E F f ST Rk 4RE .

A AE SE bR A P i R R B, 4 R VA AN R EUIR A K T2 A Al-Mg-Si & &5 R, KA
I Mn ST )& R M A WARE I Mn TG 6 4 A SCERX — 1@, ¥t 7 AR Mn oR
FAIARENA K T 2R, SR DG e A 3 LB OB B BB 78 17 Mn Je R XA R K 2T Al-Mg-Si
EaHAVERERIRI, #R T Mn TR ARSI R K T E T Al-Mg-Si & & ERERI/E FALEL . A SCHIHT
FEER TN AI-Mg-Si A& EM 5 T2 RE R Rt w2 % .

2. KB 57

AR A 40 00N 2 FORFEI R B9 Al-Mg-Si &4, Hb—FASH I Mn TR, 5B — R
0.31%wt Mn. HALZERD I3 1 fTn. PSR RRIGHFEE A ZE 510°C /5, LHLEL 5 m/min F38 B 3t
ITHE, BERZ R 23, B H i B HILE 530°C~535CIu N . HER 4 mm ERMME, 75245
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W4T XA (Air quenching, AQ)FI/K A (Water quenching, WQ)H k¥4 21 F =ik, HovA HI3s B2 4 5k 24 T
6°C/ls. 200°C/s. 2 FiriA kb5 DA FIZK R K 2 P STk, 3RA5 4 FOAN AV K 2R R Mn oo
USRI A, MR LZWE 2 s, ERE, BIrasEm & Tm8or Wik T N L%, B
IR 182°C, {RiIRES A 0~16 h.

Table 1. Chemical compositions of the experimental alloys

F= 1L REMREER S

y 2y s Si Fe Cu Mn Mg Cr zZn Ti
0 Mn 0.56 0.15 0.001 0.002 0.61 0.01 0.02 0.04
0.31 Mn 0.55 0.16 0.001 0.310 0.62 0.01 0.020 0.04

Table 2. Process of the experimental alloys

=2 AEMRHLETZ

£ op s BELE HOEE 3 AT
0 Mn/AQ 0 Mn R4
0 Mn/WQ 0 Mn % 510°C KA
FHEEE: 5 m/min 530°C~535C 182°C, 0~16h
0.3 Mn/AQ 0.3Mn BEIE: 23 R
0.3 Mn/WQ 0.3Mn KB

i AR A it 2 7 I R0 2 e — e e (] (] B DU, 0B P 5 2 W R . P 20K s T 2 o s 03K
TEARAR HV-3 BEEE T FHEAT, Mgk 1200y 30 kgf, PRI M2 15 55 FR 4 I Atk i 26 i) 45 51, 43 Sl TE
- S IR IS 20 P AL EURE AT 77 5V R AN BOUL 2H 2Rk I 43

P 72 P REAE T e B TR IG AL EEAT, WRAEAREE A 50 mm, FHREE R LN 2 mm/min, R
R R F ST E A BHE 0.2% B 1 AR T IS O RLAR R 7y, AR MR S s B, X FEhi s, e Ak
(b e 2 . BT IR 25 SR 3 AR I3

SHARELAT BN G, RS IR BOEAT IR, Ry 20 v, AbFETEZ) 45 s. BEJE
BT Olymbas 2% 5. 43sE T R F e s 2020 WL FE (1 £ A0 5B A 21 . 4 B B U SLRBRTE Zesis
M10 Hf s EALEE, HMM B KL 12 KV; % 5 R ZE FEINICAL F20 7 5T 8 kT,
IR F R 298 120 KV, HARFE 928 B fd X0 yek v I 1R T ER0RE , XU rL RO AR R EL 3:7 (RS IR FF B
i
3. MIR&R
3.1 RMELIIR

K 1A FIAELE 182°C H PRI 0~16 h I N LI RCEEfE k. MR, T ulie R Dl 225
RO R 5, (B AR | W AR RS T A] WS 2 5. ANPGRS IPE(0 )R, WAkt
FEREFERUK AR S, Horh 0.3 Mn/AQ BURFIE L sy, TSR ZK Y1) 0.3 Mn/WQ B FERE R i I B I
BT, P el R I B R R A 2, JErh 0.3 Mn/WQ i FERE AL 22 18 25 v T- JAth e, JLAE
FEVEAR B, 2079 101 HV; (EAHE R, BRI Mn ST 0.3 Mn/AQ,  HiA KX FERE R e »
(B VR A P2 S TR AR I Min JEER I 0 Mn/AQ X FEAIK . B4, 7RI Min 70 3R AT A I AR P 1 i
TR Mn TCER IR
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Figure 1. Aging hardening curves of the different experimental alloys

B 1. ARHARE SR (L i

3.2. Rifhf4%RE

FEA R GURE RIS S8R AR IRORE BT B AR PR RERE N, T AR R 2 From. AEIRRT L, KK
(e 28 LU XAV K AR S v, FE AR 0.3 Mn/WQ iR A3 E ey, LR IRBIRZ 2078 284 MPa. A1,
7E AQ HHRFEH, 0.3 Mn iRFER i AR IR ST EL O Mn 3B, IX SR IL I 45 R —80. Mok, Wis
R KISE KL, B0 Mn tx)a, Wai kR EER.

340 Ultimate tensile strength -20
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320 BB Elongation % 418
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E - é X
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Figure 2. Mechanical properties of the experimental alloys

E 2. RS EHRMNFEERE

3.3. AFEEHEL

K 3 NARERRFE A B2 . BRI, 0 Mn 3RRE (K4 A 2H 23 N S5 3DIR R R P45 B 2L 41,
HARL R SFZ)08 100 pm, 117 0.3 Mn R FEFR 2R 2 1T W4 200 pum & KR &4 246, IRERZ AN RS & 4F4E 4
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BIA: MK TELKRE, AQ WIS WQ REEMAMMLUR MBS 25, L EEY, %I Mn
TEERIVRIN, ] T AR LS RS SR O R, 113 0.3 Mn & ST BT R AT 4R LY, R X PR I
LT Y 1 LA G 5 3 KA BT R S M B

Figure 3. Optical micrograph of the experimental alloys: (a) 0 Mn/AQ, (b) 0 Mn/WQ, (c) 0.3
Mn/AQ, (d) 0.3 Mn/WQ
E 3 WA SHASE AL (2) 0 MI/AQ, (b)0MNWQ, (c) 0.3 MN/AQ, (d)0.3 Mn/WQ

3.4. PR REMAER

B4 AR R e B A, Pl I, e R th S SR A KRS AR T
5 0.3 Mn ZHiXFEA O Mn I AATE R E ZE 5. 0.3 Mn ZHIRFER 28 AR KL T K 2 URDIR,  H K RH
N8 pm, BEMREVEHTAS REH], XK T Y Al(FeMn)Si AH[3], 1T AL B iR FERIRL T EL 7
RZBAR, HEKRRSTIE 15 pm, BERG TR, XK T EEN AlFeSi H[3]. MK TZ LKE,
A FIK Y (R 28 — MR AR TS RSP AN A LR R IR 225 . RE5 SRR, Mn JeER AN, &2 40
T GRS AT, FIREL AR 558 AR A .

Al-Mg-Si 74, —RAFLE Al(FeMn)Siv AlFeSi. MnAlg %5 T2 B3R AR —ARKL T, JX28 Mk
TERT AL ZRAAZ, R EET IR RE T2 MEAH N JTRIET R4 RE W3], Mn JeE(E
BT AMg-Si SRR N foo MAFEARERE, WEALMER 75 MR 7. ik, £
SCHPRIGAAE T, 0.3 Mn ALBURE A28 AR 7 RS 8 0 Mn ALCEE /(B 4 o) A 0.3 Min stk
IR KR ORI Al(FeMn)Si KLy, XL W AOK Z0kE 176 & G 5t 1A% v BE 2 25 0 5 v p (1 7
25 AN SR K R, A PR R B 1 W BT IR AP 4R 2148, MR, RASIN Mn JCE T OMn 21 & e
AR R R R SE IR PR 45 SR AL 2 (In ) 3 o). Ak, A 3 RIEL 4 SRR, MR & S B EANF
KT Z PRI AR TR 2R, XRY, 1 Mn JCRZIN SR KA R, S 2378
WK T Z TR EMRIE.
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Figure 4. SEM micrographs of the experimental alloys: (a) 0 Mn/AQ, (b) 0 Mn/WQ, (c) 0.3
Mn/AQ, (d) 0.3 Mn/WQ

4 REAEMAREEREEMALR: (2) 0 Mn/AQ, (b) 0 Mn/WQ, () 0.3 M/AQ, (d)0.3
Mn/WQ

35 EGTRRREMAN

5 9/ [RGB AR AR IR 25RF it AK[OOL] AN i st 5 1) ML 80 1328 B PR B2 b S AL 2 6 o AT T AL
FirA R Fp 5 n] I 21K R EDIRAOMT AR, X LM AR g, (EAS RGO AT AR R RS R A
AR ZE SR . WRSE kA, WQ ARG FENT AT ARS8 AQ 4Bl 4l /), o 0.3 Mn/WQ it
FErp T AR b e MR M EoRE, BARASIN T Mn Je&, 7E 0.3 Mn/AQ ilkFfH, #r Al /A 72
PR R o ST B oM B . LSRRI, Min JEE T HAR RO R A IR B2 5 7% 21 3R B 2 A OG . — )
WAJ[8] [9] [10] [11], FrfH. S5 L b S as S i iR AL Se i B, AR TET,
KAL) S B, W RUSHT A RSTBER ASCh, T M JeER I, 0.3 Mn Atk R
BE R A, KNI AT E R O Mn e 2, Bk, WG matHSUkRE, KR A
RS2/ T 0 Mn i, [RIIR H 20 A 155 0 Min il & 4k

6 AN FIAREAE KR ikl A SR BORE 7 (09378 . BRI L, 0.3 Min AL Hh ] LA 28 Lk
KPHIGRBRLT, 11 0 Mn B P RORGOR T80 BEAh, £E 0.3 Mn/AQ B Fh R HECKE 1 4 [l mT W 42
F|RFPIRERLT, R, X EFPIRRL T RONP A5 1 Mg,Si AH[11], 177 0.3 Mn/WQ Bk, AR IR
Mg, Si AR, BEaE KR, EA R EERRIIETE T, Mn JCRIE IR ECR T REME 9 Mg2Si f AL
B, R EE T MgoSi KLy i .

B ERE IR, XA EIGRE AT, 0.3 MnAQ BUFEHT AR 4 S Ifi e 0 MnAQ IRFF B, W]
5(a). K 5(c)fan: AR )R 45 R R, 0.3 MnAQ FF s FEHIK. X F T2 i TIEX AR
RIEIE T, Mn TR IE R ERCK 0 AI(FeMn)Si KL T 5 ALK [8] AR 72— Fhiss e S [4] [5] [12],
FERGRIRIE T, REMFEY MoSi AT AZ AL BT AE HAL e i, 7RV K RE TR i T JE W S A A F AT
75 Mg,Si M, Eif5& e Mg, Si IR T KEMAE, B3R 7 e WM, K e(c)hgslm
IRECRE T A4 T WA HARR IR 5 BRI & .
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Figure 5. TEM micrographs of the peak aging alloys: (a) 0 Mn/AQ, (b)
0 Mn/WQ, (c) 0.3 Mn/AQ, (d) 0.3 Mn/WQ
5. IFERNHSRE S SHNESFBREMEL: () 0 Mn/AQ, (b)0
Mn/WQ, (c) 0.3 Mn/AQ, (d) 0.3 Mn/WQ

el S5 e @] L
Figure 6. TEM micrographs of the as-quenched alloys: (a) 0 Mn/AQ, (b)
0 Mn/WQ, (c) 0.3 Mn/AQ, (d) 0.3 Mn/WQ
6. BRSNS EMEHBREMALR: (@) 0 Mn/AQ, (b) 0
Mn/WQ, (c) 0.3 Mn/AQ, (d) 0.3 Mn/WQ
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i LR HTRIRL, M JCER RS I 1R AN ERAOR, RN AL 1 AR, PR
0.3 Mn i FE AT Ja R B2 5 T 0 Mn ikkE; 8N Min JTE 5, SRR A58 XA KV A R BN BUR
FERIN, LKA AT, 0.3 MAWQ BUAF 32 5 e, 102 KA 2571 T 5 0.3 MnAQ R 5 S 1 55 1% »
Bl Mn Jez & 1 i 1A e AV KU .

4, g5ig

ARSCR AR L B 06 22 A A3 B AT S BRI TE T Min JTCES AN K 2R Al-Mg-Si
e HAPERERIRENT, BRUNF 45

1) Mn JEER AN Z A T & e s MR T, HS5RRAERNCKRS Al(FeMn)Si BAT H0H]
25 AN ORI ORAE T s R SR AR 7 AR AL A4S S N Min JT R BBl Ja R B 1R

2) Mn JUERHIAIN, LGV KA HE R & G IERE IR N B35 . K KFAE T, 0.3% Mn
4R IRIRE R 0 Mn & & 3R E R E L) 17%, 1ME XA 24 F R 0 Mn & 41K

3) FERAVEKHIRIE AT, Mn TR IR HIIEFHCK L Al(FeMn)Si A5 53 544 2 [ ) 5 i 72 7
KRR T MopSi AT H, FRAR 7 & i AT, ATIEAS 0.3% Mn isRE A 2 A5 S Ak
TAREI Mn JEER KR
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