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Effect of minor Cr, Mn, Ti and Zr on
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Abstract: The effect of trace elements on the microstructure and testing properties of AFZmr Mg Cu alloys were
studied by optical microscopy and transmitting electron microscopy. The results show that with addition of 0. 04%
Ti+ 0.18% Zr, 0.20% Cr+ 0.20% Mn+ 0.04% Ti, 0.04% Cr+ 0.05% Mn+ 0. 04% Ti+ 0. 18% Zr, 0.20% Cr+

0.20% Mn+ 0.03% Ti+ 0. 17% Zr, respectively, the strength of the along increases, from 552. 8 MPa to 711.3
MPa, and its elongation increases from 5.5% to 13.8%. The increase of the strength is related to the rising of the
kinds of the phase which is coherent or semr coherent to the matrix, the size of the particles, distribution heteroge
neous and the percentage of the second phase volume. The increase of the elongation is related to the improvement of
the alloy plasticity by precipitate free zone caused by quenching ( Q-PFZ). The alloys with addition of Cr, Mn, Ti,
Zr have the strongest effect on the recrystallization of the AFZmr Mg Cu alloys.
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SEAAET G5 B A G LRI BE T ITRET Y L Cr Al-Zn-Mg-Cu-Xi _ il
M S & PSR I TT R, A BT 45 S o Rin Tz SQlpion gea0 C.
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Mn ] AlisMgsCrz Fl AloMnsCua S5KH KT 47 AH,
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Table 1 Chemical composition of

studied alloys(mass fraction, %)

Alloy No. Zn Mg Cu Cr Mn Ti Zr Al

1 8.22 2.11 2.37 0 0 0 0 Bal.
8.25 2.08 2.27 0 0 0.04 0.18 Bal.
8.13 2.18 2.34 0.20 0.20 0.04 0 Bal.
8.17 2.06 2.25 0.04 0.05 0.04 0.18 Bal.

w A W N

8.28 2.14 2.28 0.20 0.20 0.03 0.17 Bal

. 5 Crs

quenched by
water or by air

Homogenization at
400 'C, 5h+450 C,
20h+470 'C, 12 h

| Hot-rolling to
4 mm thickness
at 420 °C

K1 SRESMMITE
Fig. 1 Treatment process for
AFZnrM g Cu-Xi alloys
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0. 17Zr&E &AW A ERFF R B2 TRALR, BF
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Fig.2 Microstructures of studied alloys after solution
(a) —AFZo-M g Cwr0.04Tr 0. 18Zr; (b) —AFZmr Mg Cuwr0.20Cr-0.20M r 0. 04T i;
(&) —AFZr Mg Cur0. 04Cr-0. 05M 1 0. 04T 0. 18Zr; (d) —AFZir Mg Cur0. 20Cr-0. 20M 0. 04T 0. 17Zr

o R P 45 R AR SR . TS AR I S S
0.04%Cr+ 0.05% Mn+ 0.04% Ti+ 0. 18% Zr &
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Kl 3 i AR AL B A & TEM 441,

3(a) ~ (b) FI7RAEM 0. 04% Ti+ 0. 18% Zr #4535
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WoR ALZr iR TREKE, R RSF40h 20~ 25
nm . & 3(c)~ (d) Fian A% 0. 20Cr+ 0. 20M n+
0.04T 54, LA FEFHLWELER . hE
3(c) Al 50, BN @mANTHEA Cr . Mn FIRURLIR R
T, BEFIRARAN], PRk Z4 70~ 80 nm,
b 7 BRI K BE R 180~ 250 nm #TIR A . & 3(d)
PR A& Cr« Mn R AHTESR . B 3(e) BT ¥ i
0.04% Cr+ 0.05% Mn+ 0. 04% Ti+ 0. 18% Zr &
&, GRS EE N ARG R . HEW A, &
WA H KRR AL Zr JRECRL T, BT RS E AW
J00.04% Ti+ 0. 18% Zr &4 AHIT, HAFTAL . &
RICUCENT BT S E 2 4 20~ 25 nm, &4 N JCHLK

AT H, & AT PETAH AR X A > . ALZe T
AL:(Ti, Zr) BUKLZ & B A5 5 A0 b 21N A o A0
WS AT o il AT LR, 5 B AR OR R R A B A% R
R IEXPUREUER R A, AR/ 5 R,

REME BRAUHET FLAL A, FRERTEH LML 454,
T V. i S R ok KA By S R, AT BELR - 45
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WhNCr Mn  Zr ) AFZorMg-Cu 54, XML
MR, B EREATHHE Als MgsCr2
AlxyMn3Cuz + AlssMsTis(M= Cr . Mn . Cu) A
BAH, HEARAILH | IX MR 5 AR A )
T Retk i, 7RISR KA EEFR T, AR ST A
M gZn, #r 3R HE T TEAZIZ T . REWRSC A BBl i
Zn Mg Ji¥, JERHALI) MgZn, “PHTAH, FEIRE
SIS BAEA Y ) o [F] I E ALis Mgs Cra 551467 AH
JE R TE R T AR AT, 28 I R0 Hh A B S 3540
XA R TCUTENT X . %X (Q-PFZ) [F] & 5+
THT X (PFZ) —#f, BT ASZEMAL(IE 4) .
Cr .Mn ZEEEMES, "R STEX. 75
ML =X X, SFEEEmEL R
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Fig.3 Microstructures of studied alloys after ageing at 120 C for 24 h
(8), (b) —AFZir Mg Cuwr0. 04T +0. 18Zr; (c), (b) —AFZr Mg Cur0. 20Cr-0. 20M 1 0. 04T i;
(e) —AFZn-M g Cur0.04Cr-0. 05SM1r 0. 04T 0. 18Zr; (f) —AFZrM g Cur0.20Cr-0. 20Mr 0. 04T £ 0. 18Zr

Bl 4 P3P ARDRL A BT B i v K T H X 3
Fig. 4 Morphology of precipitate free zone
induced by quenching around

equilibrium particle within grain
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Fig. 5 Model of strengthening and
toughening alloy together by utilizing
quenching-PFZ and dispersive

precipitate within grain

B PR TEMATER B S 4, 75
CS2210 Z4J7 Redt Bl SLBe ML b b AT Fr A sE 5, hrf
PERE LR 2. HRATH, 7E AFZn-MgCu A&
H0.04% Ti+ 0. 18% Zr, 43R RGEfH R HE
Kl FESEE, PrhromfE . 8 RGBT |« G2 8 5
& % 102. 7 MPa . 185. 7 MPa . 3. 6% . ¥ i
0.20Cr+ 0. 20Mn+ 0. 04Ti, &&HiHromE . 8K
R FE . RE A 2 38 5 4 il IA B 133. 5 MPa . 201. 9
MPa 5% . ¥ 1 0. 04% Cr+ 0.05% Mn+ 0.04% Ti
+ 0.18%Zr, H&Pihram i . Ju IR5E L LA 2 1
BN EH] 166. 1 MPa . 222. 2 MPa . 6. 7% . ¥
Bn 0.20Cr+ 0.20Mn+ 0.03Ti+ 0. 17Zr &&Pirsg
FE R RSB L IEf R B — PR A F) 188. 5
MPa .259. 1 MPa f18.3% . IXEW, £ AFZn-Mg-
Cu &4, EAUIINHE Ti Zr 8 Cr \Mn .Ti3J
Rl R A ENmE, S E&rNEE . EEAM
Ti . Zr WAL ERE—PUIE 1 Cr - Mn ZEATH
Hath, &R EMEERERAK. B Cr . Mn
TR, mEMBES RS AXUE
TCEN AR YR T 5 iR ik
ATHARE . KB 5 Fros Ak IX AT H X 5 24 T vE A
SEF) AL YRR R4 N K] 6 BTN — YRR,
TCEXT GBI s ] LU B 6 Bt SR T
TERMLEI AT R . W — R ALK RV E 6
Broox B 3L K M A 6P X LT L ALZe M

é

7' phase Cu

juring homogeization or solidificatic
(lf'B ’FZ causing by equilibrium phase

Bl6 Arfh . JLAgAT AR B RIX
ot X AT EAR YR A
Fig. 6 Model of strength and plastics by
dislocation and dispersive precipitates
and Q-PFZ interaction strengthen
AFZnor-Mg Cu alloy
(a) —No loaded; (b) —Applied load
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Table 2 Tensile properties of studied alloys
after ageing at 120 C for 24 h

Alloy No. 0,/ MPa .2/ MPa & %
1 522.8 436.5 5.5
2 625.5 622.2 9.1
3 656. 3 638. 4 10.5
4 688.9 658.7 12.2
5 711.3 695. 6 13.8

Al(Ti., Zrio.) R F.
Pk A AT b BT 8 2 1 BE A A

= k3/2u€/2(£{)&)1/2(_2’3]_-[)1/2f1/2 (1)

X k=9, e RALEEVIRIRL 7 AT o E VAR, B
N UIERL T V)RR e ARLTRAR b N
KRR f AVTENT A GP X . M. ALZr A
Al(Tie, Zrioo) FEFARF 4.

R EE St S HTH M gZne Al AlisM g3 Cra 2%
FHATT Rt &4 F DD g, I 6 Bromfr i
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ALZr AlL(Tie, Zra-o) RLFRTBERIME S . 4H
(1) F(2) wI%n, sEAAE ST R R B T
REIEL, 5R AR B 7 AR BRE L . B
Fe 2, JUUREARRLF 55 344 2 [ e A5 6 1Y) 22 31
e =2k — 2 SRR, SRk SR R R B R T
P FARFA > BG4 K . %800 0. 04% Ti+ 0. 18%
Zr W&4, HTARLE Ti Zr 76 WA L B 46
WE, S Zr ERASMAE BT Ze BHE
TAIX, BB FRE AT ) ALZe KL 7% S
1, BT o AR RR A BORE X A8 /I, 3% T 0 P it R 12
fe. EAWM Cr . Mn . Ti ) AFZr-Mg-Cu &4,
BT Cr « Mn 72508 40 Aok [ I 32 B39 N PR 5 A A AR
B R 1 B R, BN ALTi SR T H,
WS A TA A . TR UiiE GP
X .4 M. ALCr. AlsMn K 7 B 28 M N K
0.04%Ti+ 0. 18% Zr && ki TR, HAA¥A, Frdr

MIARAR > Formr, DRI SR B . RSN Cr « M

Ti Zr EEWEAERMTi Zr A1 Cr \Mn . Ti &
SHRABHFRERANIE . SEARMTI Zr &
SAALE, BTl LI2 454 ALZr « AL (Ti, Zr) Rz
B o ARIA), AAEAE Ze BB, A i o
AP R B, sRER . 586
AN Cr Mn . Ti B4 4 A, &4 BT H
ALZr  AL(Ti, Zr) KL FReW 0k ZUMAET FLAL 6, A&
B TELH LR 548, B N LA W ot 5 R 8 J o K
MG, HSHEREZ K RERE. 44
S s, TIAEFR4RAR, BRI
P TR 2 BN A AT 41 215 DR B ROk, BRI R
BRI HORM AR B AR (WK 7) 2 E
AWM Cr . Mn . Ti.Zr ] AFZrMgCu &4,
Pl EE AP WGBS ALZr « Al (Ti, Zr) KL
F.MESHMC.Mn.Ti &4, 5 THEK
AlisMg3Crz « Aloo Mn3Cuz -
Mn .« Cu) SFHHKFATAH, 74t LA AL il 8 i x4
B I BT Ag B B B T8, R BE I ST AR D . X
WRE G Cr  Mn . Ti & 498 5 A N 3K ) B
IR . LK 3(e) ~ (f) BI%0, %50 0. 04Cr+
0.05Mn+ 0. 04Ti+ 0. 18Zr &4, WAL H I BT
B GP X AR ALZr « Als(Ti, Zr) BT EHZRY
NFYRIN 0. 20Cr+ 0.20Mn+ 0.03Ti+ 0. 17Zr &4

Bk, DR SR AR TR 1 . KAV Cr

Mn.Ti . Zr &&BmERFLEHTAETYS S

Ales MsTis (M = Cr .

ot RIS R RS W& RIRT, % B
TR R (0 ROBE AN 2 ik b BE LA 48532 3 R 5 5 (93T

K7 AFZrMg Cuw0.04Cr0.05Mmr
0. 04T 0. 18Zr & 4= I AL A AV 45 44

Fig. 7 Dislocation and substructure of

as~hot rolling on AFZn-Mg-Cu-
0. 04Cr-0. O5SM n-0. 04T+ 0. 18Zr alloys
(a) —Particles pin dislocation;
(b) —Cell of dislocation;

(¢) —Substructure of alloy
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MBI SR EEAEH . REE S A5
R X TEAT X, Rr&EFoRB D, 5T RE
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Q-PFZ(causing by quenching
within grain)

e

Zone of dispersive precipitates
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Fig. 8 Model for plastic by dislocation and
precipitates and Q-PFZ interaction
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Hdr, ATRAEROA R FRPERLE ¢ ST %R d
IEH(G <d) . X THTHIX KN Zn . Mg & EHAK,
AR TN X % FE d DT EEATTRE X FE 42,

Hdi< d2 ATH#EH Gi< G2, IRAK(3)15: &> 8,
BB X TE T H X BT = A R AR K TSR T iE X, B
HRIFHEE. %N Cr« Mn ) AFZorMg-Cu &
&, TR KERET BN B T X TG X, %
Tt tH X 5 T AR Z AT . KANES s
MIFRIX TEATT Hi X e 8 (2 2 3 v A < 2 4 1 28
& . ¥ 0.20Cr+ 0.20Mn+ 0.03Ti+ 0. 17Zr &
&, VG FE S YT BB X TE AT H R ST A
K, /A BB =, H5E N 0. 04Cr+ 0. 05Mn+
0.04Ti+ 0. 18Zr WI&EAHLL, WAL RE JIRLF .

3 e

RN 0.04% Ti+ 0. 18% Zr, &4 B Al
FEAHR SR 625.5 MPa F1 9. 1%, [ AL 5,
EERET LS . W 0. 20% Cr+ 0. 20%
Mn+ 0. 04% Ti, & 4 HHTH s BRI 255 51k
656.3 MPa . 10. 5%, [FWAHEE&EKET B2
ghih . SN 0. 04% Cr+ 0. 05% Mn+ 0. 04% Ti+
0. 18% Zr, £ 4 BIPUhr o B A LE {1 2 14 2] 688. 9
MPa. 12. 2% . % H0 0. 20% Cr+ 0. 20% Mn +
0.03%Ti+ 0. 17% Zr, &&= FPihs i 5 FE {2 3k
— = # 711. 3 MPa . 13. 8%, %M Cr. Mn .
Ti Zr &AW G, HRFTETESHLNA.
A &R MK IR IE I 5 B B A | SR A A
PRGN« SREUEE KRR A S R
BT RO K . S MR NS
i PN TR B B X T AT H X s B ok, RIS
WL ARSI AR X AT X A A T S A i
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