52 %

% 431 WRERMBSIRE Vol52,  No4
2023 4 4 A RARE METAL MATERIALS AND ENGINEERING April 2023

= O ~ hH &b | =4
RIETEX 2197 fRBE ®5LHIAL S HFE a2
Hxzt amFE, o oKL xgeLt g4
(1 KJEHET K% MER2ES TRE%R, L7 KB 030024)
(2. JeibBEIEM RN PEE E S S =, i KR 030024)
(3. it &EEAMEIIEE AR 5 & E W LEP L F 0, WWPE K 030024)

B O RS SBYIN. REMEEN RS, & TIERT OM/SEM MW AL HT . B bl B /i 5 30, #FA
THBRETE 75%% 4T ®LEEKETE (B 10%. 30%. 30%+60%, ZrHIXfRi/~. F1. KiERE T &) % 2197 45
MAESHNE RN . SREW. BRETEEERNEME SN MBS0, I8 R ofi. fLHE
A i I 3 3 I R L R R R I T R R0 L A B R R B . T8 IS ERAE T AR R AT, LA 4
1) Portevin-Le Chatelier (PLC) LM A3 BHBR, /Ny KB RIE N 4L G &0 1A B B BT KIE MRS 4

SN AR JE BRI LR A S R e, DUALBRE N 384.94 MPa. Wi K 3y 12.45%, B/, HIE IR T & FL ]

B a0 MR R 2%, 21%F1 29%. 31%.

KRB DEEE: FLH SRR, BT JreEtiae

FEESHES: TG146.21 XHEFRIREE: A

M EHS: 1002-185X(2023)04-1476-07

PR < B R B e bl RN v B M AR
Rk, S AT R T 5 45 4 4 A 1) O B 6 R
(41, 58 2 4 oo N 7E IR AR 26 BE 50 35 9 o U 3 £
Al thafi ok 7 AlsLi B AR SR P mE &, ikl
TR A R 2R 5] A 2H 23 RE A% 1R SR A T A
FERE A SR, W R R 2D,
THERZMNHESERM T NEZ. Fik, 4k
AR BT AR O B R R A e O TR A T A
REMISCHE . Bl & & A AT AT o8 (A
KNG Ay BESD, JUHEZEMAM Ty M, 58
I (FERAH) W, FE, i
EH R A 9 5 e AR T R b B < A ) 2 20
ot 2 ool B, IR AL R B [
U, 0 TR S e AL, FLEE UOs TR 2R
B P < 2 A AL GURAT H A R AR R OGBS
BRAPE TR A S IEEM e . HORD,
AL A SN TR TEBONRE IR, X T et FL
— MR AN E R R 2 R bR R R R e
FRu R AR AT G [V +A2 T8+ R e AT AR
b 3 7 TR 90 2 1O, i 0% T L R UK i
X AR AR < A S A e ) SR VR RE B R I B 2 R SR
Foo A TAELLEE 348 2197 fR4 & 4 (EEHT

ks HEA: 2022-03-05

K9 6's ORI Ty ZE 4250 g R e b R, H N,
KA [ 38 YR T 8% %L 1) % %L S B 2852 4 R Ak R
W H A S 00 2EL 4R J% 3 5 M R ) B TR R A

L

1 3 I§

FIH XG-2 HL By s kil & 2197 R4 A 4, RH]
W38 ) B IE IR TE R SR TR . A&k
SRS MR 1o

I HL R AL L D) R 52 DB RUR S 50 mmix
20 mm>4 mm IR H, JE4E 540 ‘C/1.5 h ¥ L) LA,
IV o B S A K A A B S (R AROM TE B U b 7R
450 CIRIE 10 min J5, 3 4% BEAS [F) Bl O T &
Chy s R HHTE FEXRELSEIR 1 mm &, &k
A 75% . AH A8 P E UL I HTZE 450 °C B 4K 10 min.
HAREL# T 2°4: (1) LRR (light reduction rolling):

F1 2197 REEEUERS
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Cu Li Mg Mn Zr Al

2.8 1.5 0.25 0.32 0.12 Bal.

HEWMEB: EREARREAELT EIH (52175355); [EZKE SiF k1Tl (2018YFA0707304); 1754 F s5if & 1%l (201903D121087)

TEEE N HER,
961824807@qqg.com

, 1995 R4, WA, KRR T RFMEREES TRESEE, 1hd KB 030024, Hif: 0351-6018398, E-mail:



A SRS TEUUE T R 2197 SRR G G HLHI 21415 0 M R R RE A

© 1477 -

LB IR 10%/0 & s=FLH], I8 RECH 11; (2) MRR
(middle reduction rolling): H.i& X 30%+ %5 & T & 4L
i, SOERECA 4; (3) HRR (heavy reduction rolling):
FLIE K (30%+60%) K T = FLHI, S kECh 2 (I
F 2). FLH G B2 530 C/10 min [EAEALFE ., 6%
AELTRA I fG 34T 170 °C/30 h B34 # (T8).

K HV-1000 2 fl 4 PR B T a3k 47 B 004K
Sigma 2008 B Eddy im i HL T 2 A 5E 5%
INSTRON 5900 FHi ¥ /5 e A4 R} 52 56 AL 3 47 B 4 M R
MR . KA Leica DM2500 44 & 1% %% . JEM-200F
i% 5 LT S BT - TSCAN Mira3 LMH #9315 4k
BEL AT MR A (EDS) HEATALL. 4 4 A A
(WY =

2 & B

2.1 SRR

1 ONELHIA S0 S A A 2. BE R IE AL
JE T £ LI TE Y R) HR AR KRB AS [, A7 4 B
HERF, EEREMAR, FBELEERPTHT
KENHH, SHAEENSRIEE. R SRR
Frifb M s . o ABARE. Wl 1 piR, BEses
LIS, SR FL ) O ) B R K BORR ZH 2 (i
kPR, il 1a, 1d Fizs, LRR #Lii& 4 bbb g 2
Pk BOWHK, KENTHMHEITH. 25,
MRR 5L &4 (K 1b, 1e) WEIE & E. Sk R

F2 HAITZ
Table 2 Rolling process

Rolling . Total rolling Total

process Per-pass reduction/% passes reduction/%
LRR 10 11 75
MRR 30 4 75
HRR 30 (1-pass) 60 (2-pass) 2 75
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Fig.1 Optical microstructures of as-rolled alloys after different rolling processes: (a, d) LRR, (b, &) MRR, and (c, f) HRR
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Fig.2 Optical microstructures of T8 alloys after different rolling processes: (a, d, g) LRR, (b, e, h) MRR, and (c, f, i) HRR

3 HRR &40 TEM 1% & SAED TEff
Fig.3 TEM images and SAED patterns of the aged HRR alloy: (a) T1 phase taken along [112] 4 and (b) ¢’ taken along [100]a

Point Al/at% Cu/at%

1 76.8 23.2

2 67.9 321

B4 HRR 34 4 SEM 4 4Uf0 EDS /3 #4551
Fig.4 SEM microstructures (a, b) and EDS element mappings (c-g) of the aged HRR alloy; EDS analysis results of points 1 and 2 marked
in Fig.4b (h)



54 BT JE YR T X 2197 SR A & L4140 0y e i * 1479 +
500 3 500
asof i —LRR 450} —LRR b
< : — MRR
% 400 - i= — _HRR & 400+
g 3501 AL 2 350}
= 300 & 300t
2250} > 250f
g 200f ~ § 200}
2 1501 /g fhut § 150¢
00}/ - @ 100}
50 ) S 50
0 L Pl il L Engneering Suain®ty L 0 L L 1 1 L L L
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14

Engineering Strain/%

Engineering Stain/%

K5 ALl K T8 IR TRER Jy- A% B2 A% i 2k

Fig.5 Engineering stress-engineering strain curves of the as-rolled (a) and T8 aged (b) alloys
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Fig.6 Fracture morphologies of the as-rolled (a-c) and T8 aged (d-f) alloys: (a, d) LRR, (b, €) MRR, and (c, f) HRR
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Fig.7 Vickers hardness (a) and electrical conductivity (b) of the as-rolled and T8 aged alloys
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Effect of Rolling Reduction per Pass on Microstructure and Mechanical Properties of
2197 Al-Li Alloy

Ji Hongliang®, Bian Liping"??, Zheng Yi', Liu Xianwen®, Liang Wei'?
(1. College of Materials Science and Engineering, Taiyuan University of Technology, Taiyuan 030024, China)
(2. Shanxi Key Laboratory of Advanced Magnesium-based Materials, Taiyuan 030024, China)
(3. Engineering Research Center of Advanced Metal Composites Forming Technology and Equipment, Taiyuan 030024, China)

Abstract: Aiming at the poor ductility, toughness and formability of Al-li alloy, the effect of per-pass reduction on microstructure and
mechanical properties of 2197 Al-Li alloy were studied by OM/SEM microstructure analysis, tensile properties and hardness/conductivity
test, with a constant total reduction of 75%. The results show that the grain structure, the amount and distribution of precipitates are
significantly affected by per-pass reduction. The strength of as-rolled alloy increases significantly with the increase of per-pass reduction,
while the ductility and toughness decrease obviously. After T8 aging treatment, a large amount of precipitates are produced and the PLC
(Portevin-Le Chatelier phenomenon) effect in the rolled alloy is eliminated. The mechanical properties of the alloy rolled by light and
heavy reduction improve significantly. After aging treatment, as-rolled alloy with heavy reduction exhibits the optimal comprehensive
mechanical properties with tensile strength of 384.94 MPa and the elongation to fracture of 12.45%, which are 2%, 21% and 29%, 31%
higher than those of the light and middle reduction alloys, respectively.
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