Ws55% A0 WEERMNEIRR Vol.55, No.10
2026 4F 10 A RARE METAL MATERIALS AND ENGINEERING Oct. 2026
https://doi.org/10.12442/j.issn.1002-185X.20250630
>k [ A\ ok 8,
ARAIBSHXT 2195 (0B & AL M RESZ M

WE R, KM, 45RH, B K, EF 1P
(A MO R 2% LBk 7 TR AR, YL At 210037)

# E. BIETRRESWESNEE, RERI T ARG SN ASHOT 2195 8 & S BT i L], T
AL BRI FEXT & WS A MR R SO A S I U . AR FERS VA ARERIN , 2195 B A B [ IR 2 P S ok i 3%
e T I VAT IR, AR [ DN, SO0 S 1 S B A VAR L, F A T DA N PR TR R RO FR B B
2195 A SRR N E T M T M EST, HHT AT N 0 RO 5 N R ™A% 4% . 7R H AR 20 CRIFRCRZES) R,
HAHBL AR, SRAGIEFBON AR W ER N B, T AHRIAH/N . SREH, B8 B 2 ATRRAE, LI A5 6 9 B8 1 B A e 5
BENIER AN BUG, BT A5 R AAAM, & mIl R . B, @i S L ES8, AR R
FI . R R, BEMILA 2195 SR A B IERE s rEaE, R AR L E S MR TR

KR 2195 A S, AUbH; IERTIAL: OWAL: J1ErRe

FEESHES. TG146.21;TG156.1 RAARIRAS: A

NEHS: 1002-185X(2026)10-2511-11

1 51§

Wt L 2 LR MR R BE SR ) AN T8 v, 0
&R R R R AR R R 0 ) AR RERZ 212
RYE BRHEAELE TR R BOR R R K
JEEARE 5 A FCAE 5 v iR B 1A RN AR I B B i 2 T B
ARATE SRR R AR v o BRI 35 P AR X EE 755K ™e it
A BHE IO AT AR 6 B i AR A A B T B o e O 1 g
BORAWHRTEY. BB S ERA M EH T
FUAEH R T ) 2R R 95R E 308 DL 2 SEPR R oK, /7 2
HE— B HEAT AC B DA e SR S PR RET . 2195 04
e =AVRE & SR IR, W] DUE A R AL
SR A1) FEE AR P2 AT Hh R 0 e SRR A e R i A 5 WA
BEN L BT T2 MR B, #os AN
B BE T R B e 5 O 77 S PR RE AN ROW 4L 2R I R i AL
i, X 5 e B S S A A i 2R oG B

ANTR) T R e S AR 0 B A SR A A [
ML HEA L R AR O F B sR B AL A B AR . X
TaEM eV BEG  E A 2K
AP AT DLE AR A v O B AT SEBN 5 2 T 5
PERERI T .

A ] AL BRI R v [ AR I IS TR LB [ 9 i
7% 2007 I 20 8 & SO N2 T 221
e A RE R . Bl [ AR T v, 2099 BB & DR

ks HEA: 2025-12-12

FHECE DD, T 45 i AR BT 38 o, A 45 28 0o [V Ak B
2099 £RAE £ 4 5 BAARG , ) IR 265 A 10 8 A R 1 e sk
B 255 Ak B S A H O A R T, AR I BT H A B A ) 5 R Y
Intn, FEAS R R [ A HIE T, B RAS 7055 = mea &
W A [ A O R T, R TS AN RS G 4 T N A
BT R IR AL BE A R IRREL Ak LR SR P4 i Aok
AR, T B 1R AR S 5 AR A E AR
AT, 0 0ek [ V5 A B ) R A 4 D6 ARG ¥4 0 DUARIE 3R 15
Sk T B [T VA L X S DRIE S 2RI RGR AL R A 2 5%
o Fan S 0 70 R0 SR 2 B, 4 ] 3 A0 22 5 74 1 8 e
BRI, 7E 6016 856 4 N TR Al 1 K & 1) Mg, SiTTE
XK 3 EUE G 82N T 2P sl AR TE I K AT H B T
SRR . Zhang SR ILAE 7075 55 S AR A 7E [ ¥ b
BRI AR A, 040 AT BRLOK 1 58 —AH E T AR B a-ALJE
A, [t 2 [ IR RS T R, o- AL A A 4E N R AT A
b

B T 52 [ 2% A B A IR 255 o) B 4 4 b T
FEECER o A R 2 7 A 2 M, 4 1T S T B Ak b B S
S 12 RER . Duan S FUR A BRI XTI
RO E 22 B35 3 v AL-Mg-Si & Gt B L 5 3 DA KL it ek
BE . ThIE eSO 7T R B2 2195 SR A & I I R
KT 145 CH, TOARATE K GP X A1 0"/0'AH , 1T TS AR AT
BT, A oA ELE 25 B 28008 P B T SOWE 4H 21 L AR
o Yin PR AT 45 SR B AR T A AR B S I B SRR

HETH : EZ HRR 3L 4 (52205384) ; 1 [E 1 4 J5 B 36 4 (2021M291604) ; VL7748 5 BHIF 25 Bt %1 (2021K258B)
VBTN S AR, 53, 1987 4548 181, B0, m Mol R AU e 7 AR 225, YL 95 P 5% 210037, E-mail: jiaxd.good@njfu.edu.cn



* 2512

W] B RS TR

555 %

R, G i T AL TR (H) 6151 55 4 b 76 N IR 2% Bt
T B R A RIS o X1 SCAR ORI 7T 45 SRR
TBO4 FR A S AE G e BT N S At 2 B 3G it L fE
SRR AR AR AR A = AR 2 AR . Zhao S5V Ik X ELATF AT
R IR B} R A AR T B 2 S B SR AR P g 2
R 5 TR . XufEPI 7T 45 R, 2 9 i B 2
T2 R8 A BOA MR Al-Zn-Mg-Cu 5544 (kT AR, 404k
R, B A S L2 254, SR R iR BT T 1 R

W FIATF AR AT LLE 1,6 257 REA S
T 5 AT R BT TR K HE ) B R A S T )
W78 I RN 7E B BB AR R 55056 7. AR 4R
A 4 (A1-Cu-Li RO TE L R F = T oAb A o 3N
BH ' S T A EAFTEZE 5 H 2 B £ X 2195 FR 4
BT 2 BT I BT S A B 2 e bk, Rl 6
57 286 S ER A R VBB G S E Ak
HAH CAN T 0" B R 531-5 95 AL R 3 AT [ J P o 11
B 72 ARG RN HH A 20 A7 0 R 25 2 B 80 B 1 A
e CL R SR AL I B AR A T BB S S 5%,

BT, AR SO0 A Bl IE AS IR0 5 W 22 40 A 6 A [F 94
b PR RS AT A A (DU RL 0 B e IR 5 iE A R
S SRR AT A ST . DL A FERE, 85 OM . SEM
DA K% TEM BOWL R AIE , 348 5 [8] V5 B 258 i) B35 %o 2195 ER 4 &
SOV 23RN % 0 ) 2 P Re R sEma L

2 S

e P B TS R 28 e B VRS F A
T, B 1E R 2 mm [ 2195 4548 & & 5L N AF 0T %,
SR FH LR & 45 B 1A T R B VR (TICP-AES) 73t
HALZE By, S5 R 1 s .

FERIEFE IS FE A 5 3 6 [ VA U EE (A < [V B[] (B B
SRR P (O B 2T (8] (DD 4 AN T2 S U N IE A 56 [
FLBA R RER S KT IR IR W . AR EE (460
480 500+ 520, 540 C ) . [# ¥ K 18] (40, 60+ 80+ 100
120 min) i R E (140,150 160170180 °C) Iy i
8] (6.12.18.24.30 h).

HEAS [F] A4 33 1) P A B A i L s vz ik
FE, 7277 RE i Ia WL kAT B ) e , oA R an 1 1
B s AR BB 98 BE i MR 5 BT DL S 26 3 A4 )
FHERETRRR . DAMONERRD, (B ZE BTk i E S R R

A RE R o B PR 44 B 4 (ESEMD L F 4
H 455 (SEMD DL % 3% B FL 52 (TEMD 6 AN [ 4 ik 34 1] 137 2%
7 2195 BHG  OU 20 2 AL 34T RALE

R12195RBEETENFERT
Table 1 Main chemical composition of 2195 Al-Li alloy (wt%)

Cu Li Mn Mg Zr Ag Ti Si Fe Al
39 094 0.1 052 0.09 037 0.04 001 0.07 Bal
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Fig.1 Dimensions of tensile specimen
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Table 2 L25(54) orthogonal experimental design scheme and test results of mechanical properties

Process A (Solution B (Solution C (Aging D (Aging Tensile Yield strength/ .
number temperature/°C) time/min) temperature/°C) time/h) strength/MPa MPa Elongation/%

1 460 40 140 6 304 154 104

2 460 60 150 12 367 192 13.2

3 460 80 160 18 356 195 19

4 460 100 170 24 368 163 16.5

5 460 120 180 30 335 189 12.3

6 480 40 150 18 382 198 19.1

7 480 60 160 24 377 196 17.3

8 480 80 170 30 366 200 16.5

9 480 100 180 6 437 220 14.2

10 480 120 140 12 410 209 16.9

11 500 40 160 30 393 228 14.3

12 500 60 170 6 492 284 17.3

13 500 80 180 12 489 285 13.8

14 500 100 140 18 457 213 23.4

15 500 120 150 24 436 228 15.5

16 520 40 170 12 469 255 16.3

17 520 60 180 18 473 248 15.8

18 520 80 140 24 478 230 14.6

19 520 100 150 30 425 247 17.8

20 520 120 160 6 440 248 20.4

21 540 40 180 24 505 290 11.5

22 540 60 140 30 452 282 16.5

23 540 80 150 6 433 229 14.4

24 540 100 160 12 405 237 24.0

25 540 120 170 18 496 311 14.5
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Table 3 Range analysis of mechanical properties for 2195 Al-Li alloy
fndicator Tensile strength/MPa Yield strength/MPa Elongation/%
A B C D A B C D A B C D

K, 1730 2053 2101 2106 893 1125 1088 1135 71.4 71.6 81.8 76.7
K, 1972 2161 2043 2140 1023 1202 1094 1178 84.0 80.1 80.0 84.2
K, 2267 2122 1971 2164 1238 1139 1104 1165 84.3 78.3 95.0 91.8
K, 2285 2092 2191 2164 1228 1080 1213 1107 84.9 95.9 81.1 75.4
K, 2291 2117 2239 1971 1349 1185 1232 1146 80.9 79.6 67.6 77.4
k, 346.0 410.6 420.2 421.2 178.6 225.0 217.6 227.0 14.28 14.32 16.36 15.34
k, 3944 4322 408.6 428.0 204.6 2404 218.8 235.6 16.80 16.02 16.00 16.84
k, 4534 4244 394.2 432.8 247.6 227.8 220.8 233.0 16.86 15.66 19.00 18.36
k, 457.0 4184 438.2 432.8 245.6 216.0 242.6 221.4 16.98 19.18 16.22 15.08
k. 458.2 4234 447.8 3942 269.8 237.0 246.4 229.2 16.18 15.92 13.52 15.48

R 112.2 5.0 53.6 33.8 91.2 21.0 25.6 8.6 1.90 4.86 5.48 3.28
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Fig.2 Influence of parameters on the mechanical properties of 2195 Al-Li alloy
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Fig.3 Influence of solution parameters on the hardness of 2195 Al-Li alloy: (a) solution temperature and (b) solution time
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Fig.5 OM images of 2195 Al-Li alloy treated at different solution temperatures: (a) 480 °C; (b) 500 °C; (c) 520 °C; (d) 540 °C
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Fig.7 OM images of 2195 Al-Li alloy after solution for different time: (a) 40 min; (b) 60 min; (c) 100 min; (d) 120 min
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Fig.8 Fracture morphologies of 2195 Al-Li alloys after treatment with different solution time: (a) 40 min; (b) 60 min; (c) 100 min; (d) 120 min
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Fig.9 TEM image (a) and SAED pattern (b) of 2195 Al-Li alloys under natural aging conditions
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Fig.10 TEM images of 2195 Al-Li alloys under peak aging stage: (a) precipitated phase; (b) dislocation image
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Fig.11 TEM image (a) and SAED pattern (b) of 2195 Al-Li alloys under over-aged state

AN E BRI 2% EAET AR RS, 2 RKAE
SR, TR ASE T AR O'FE 2 AEHELAL -

5 b, AT DAAS H 2195 454 B 4 7E I A0 2 Ak AR
FRIBT H T 2 « 7 B 28O CR B 288 1 SR B 3 B, B T
LiJi 754 & e, iR 7 (Cu LD TE LS
LRI (1) GP X R 0" AH CALLLD 5 [t 25 B 20038 8 T 77 » 5
B Hi ) 07/0'FH (ALCw) IZ B AR Ry 34 J) 7 ERG e 5 B4R
B 56 R T M (ALCULD , [A i GP [X #6455 o' A
(ALLD , T 1 CA A /N SR BT, MR o' 4 D T i ek 4147,
BEN VI BORES S B & 40 BEIA B AE o I 25 RR 48
BEAT 2 I O B SR T O SR T AR S 0 A RS R
FEOR IR)REAR B8 o BTt AH 5 AR I A% B A% G RIE
WBHOR , AL A B RN D55 , B 4 T 3G B R R

2195 FRHLE G RO BORAHLE] 2l T AT, H
BT HRAT Dy 52 FA A0 B ) Il B T s 4 . R K
JE£ VR 5 5 T U A I 5B A 3R A5 RIS T, ARG N L SR AL
2 P8 5 1T AR L AR SR R AT R i I 2%

YU AT AT R AR LA 2 Bk REIRAG o PRI, TG A 42 1
MILE, WA RO SR RS A  RSE A SRR 7
B, N & e 2r G ERe .

4 %

D) IEAS R0 &5 2% 05 , FAKbER ] B 2 45 2195 AR 4
B ERPINAT NI CEER 3R o, VAR B B R0
DA% s 25 ) 5t 4 1 i 5 B L 6 3 RS s T
PR R [ Vs a8 A = A 5 T BT 00T ] PR 52 o A o)
55 5 ST 25 DN 3 B2 7 i 00 B TR 4%, 2 BH BB AT H IR
AT UK.

2)7E [ VA RE B FE 2195 880 & 4] [ VA IR 1)
OB 23 e T T A A I o o ) AR R 5 R
FHEHE mi 35 S AH B R A AL, 5 B0 sk fE Can SO
M. BRI, 7 T 250tk o SR S fff e 22 4 HA 20
[ 0L B 7 1, R AE SE AR A A DO BC AR I TR] , DA
Y G5 ST Ik i e RS

3)2195 45 81 & 4 1 I 205 A B 3 2 T, A



* 2520 «

W] B RS TR

555 %

(ALCuLD [IHT AT AR 5E , LS RF A S R 7
B0 AR T I R S I (A] o VBN OIS TR T, M
PR/ IR R FRAE , AT SRR R SR A
BE 5 AR 24 A 0" AH CALLD A 3, A RCRAT R 5 1
RO BRI BT S AR LA 5 1] B O S S R F . DRI, 3
LA B R N 2 T S S8 AT A BT AR S 4, AT
SCHL SR PINE 10 PR RIS TY 3 2 H e T2 5 i

SE K

[1] Wang Yichang( F — M), Yuan Lingyang( & R ¥¥), Yang Lei(#
#%) et al. Rare Metal Materials and Engineering(¥if3 & @Ml 5
TAE)[I], 2023, 52(11): 3954

[2] Dursun T, Soutis C. Materials & Design[J], 2014, 56: 862

[3] Wang Yichang(F—"H), Tong Xin(Z %), You Guoqiang(Jiif [E 5&)
et al. Rare Metal Materials and Engineering(%i 8 & @M B 5 T
) 1], 2021, 50(3): 1069

[4] Huang Xiaomin( 2 % #), Guan Ben(& #¥), Zang Yong(Ji&l 5).
Rare Metal Materials and Engineering(%i 5 4 J& # ¥l 5 1L 12)
[J], 2022, 51(12): 4745

References

[S]Li Shuangshuang, Yue Xin, Li Qingyuan et al. Journal of
Materials Research and Technology[J], 2023, 27: 944
[6] Xue Hao, Li Jiaming, Wang Zhiqi et al. Materials Science and
Engineering A[J], 2024, 915: 147209
[7] Mahton Y, Jha V, Saha P. International Journal of Metal Casting
[J1, 2024, 18(1): 512
[8] Cui Xiaoming(4E 1% H), Cui Hao(4E %), Zhao Xueping(i#X 2 F)
et al. Rare Metal Materials and Engineering(Fi i 4 J& ¥ kL 5 T
)31, 2023, 52(9): 3179
[9] Chen Qiang, Zhao Wenwen, Jiang Jufu et al. Journal of Materials
Research and Technology[J], 2023, 24: 1612
[10] Wang Ruiqi, Dai Guoqing, Guo Yanhua et al. Journal of Central
South University[J], 2023, 30(5): 1417
[11]Cai Q, Mendis C L, Wang S H et al. Journal of Alloys and
Compounds[J], 2021, 881: 160559
[12] Wu Guohua, Guo Youjie, Qi Fangzhou et al. China Foundry[J],
2024, 21(5): 445
[13] Zhou Jing, Miao Jihang, Wang Baoyu et al. Metals[J], 2022,
12(6): 897

[14] Gao Huixian, Li Ke, Shao Shan et al. Rare Metal Materials and
Engineering[J], 2026, 55(4): 841

[15]Yu Zhe, Li He, Cai Pengzhan et al. Journal of Materials
Research and Technology[J], 2023, 23: 2010

[16] Liu Mingming, Li Quanan, Chen Xiaoya et al. Journal of
Materials Engineering and Performance[J], 2023, 32(4): 1463

[17]Lin Yi, Zheng Ziqgiao, Li Shichen. Archives of Civil and
Mechanical Engineering[J], 2014, 14(1): 61

[18] Zhao Hui, Cheng Quanshi, Zhao Yan et al. Journal of Central
South University[J], 2024, 31(1): 25

[19] Fan Zhenzhen, Lei Xiuchuan, Wang Lu et al. Materials Science
and Engineering A[J], 2018, 730: 317

[20] Zhang Yelin, Yang Hongfu, Sun Peng et al. Journal of Materials
Engineering and Performance[J], 2024, 33(13): 6601

[21] Pei Mengyu, Sun Youping, Li Wangzhen et al. Journal of
Materials Engineering and Performance[J], 2024, 34(15): 16145

[22] Ren Jicun, Hong Zhiheng, Zhou Qingshan et al. Journal of
Materials Engineering and Performance[J], 2024, 33(23): 13284

[23] Duan Xiaoge, Mi Zhenli, Jiang Haitao et al. Materials Research
Express[J], 2019, 6(7): 076576

[24] Ma Xiaoguang( 5 5% )%;), Zeng Yuansong( % JG #2), Cai Yancen
(B35 %) et al. The Chinese Journal of Nonferrous Metals(+
A 4 JE R[], 2023, 33(9): 2787

[25] Yin Qi, Jiang Liping, Guo Fengjia et al. Materials Science[Jl],
2023, 29(4): 439

[26] Liu Wenyi(Xl| 3 #f), Wang Yaoqi( £/ #7), Han Yujie(5 E7A) et
al. Chinese Journal of Rare Metals(¥i 1 4= J&)[J], 2022, 46(9):
1146

[27] Zhao Zhongxin, Wu Ruoqing, Wang Bo et al. Materials[J],
2020, 13(18): 4022

[28] Xu Xiaojing, Jiang Ze, Mao Qiang et al. Materials Research
Express[J], 2019, 6(6): 066504

[29] Xu Guifang(%% 1 75), Gu Xiaodong(Jii % #4), Long Jiangxin( %
{L%8). Transactions of Materials and Heat Treatment(# ¥} #4ib
FE2ER)[I], 2019, 40(2): 62

[30] Hao Yixuan(#— %), Niu Fengjiao( 4} A &), Ma Zibo( % T 18)
et al. Ordnance Material Science and Engineering(£% 4% ¥4 #l £}
25 TA)[J], 2025, 48(1): 26

[31] Yang Xinghai, Wang Junsheng, Wang Shuo et al. Materials
Science and Engineering A[J], 2023, 872: 144963



10 H T ARE: IS HOT 2195 58S S SR M RE 20 « 2521«

Effect of Heat Treatment Parameters on the Microstructure and Properties of 2195
Aluminum-Lithium Alloy

Jia Xiangdong, Zhang Hongyao, Hao Kunming, Hu Gang, Lu Wei
(College of Mechanical and Electronic Engineering, Nanjing Forestry University, Nanjing 210037, China)

Abstract: To investigate the influence of solution and aging parameters on the strengthening and toughening mechanisms of 2195 Al-Li alloy,
orthogonal experiments combined with range analysis were conducted. The regulatory rules of heat treatment regimes on the mechanical
properties and microstructure of the alloy were illustrated. The results indicate that during solution treatment process, the 2195 Al-Li alloy exhibits
significantly higher sensitivity to solution temperature than to solution time. Thus, to design the solution process, the appropriate solution
temperature should be given priority consideration, followed by optimization of the corresponding holding time based on this temperature. In the
aging stage, the strengthening effect of the 2195 Al-Li alloy is primarily dominated by the T, phase, and its precipitation behavior is strictly
regulated by aging temperature and time. Under natural aging (under-aged state), the precipitated phases are predominantly ¢’ phases, resulting in
a relatively limited strengthening effect. At the peak aging stage, the T, phases exhibit characteristics of fine size, dispersion, and high density, and
at this time, the strength of the alloy achieves its maximum value. Upon entering the over-aged stage, the coarsening of T, and ¢’ phases lead to a
decrease in alloy strength. Consequently, precise control of aging parameters provides an effective means of tailoring the type, size, and spatial
distribution of strengthening precipitates, thereby optimizing the comprehensive mechanical properties of the 2195 Al-Li alloy to meet the
requirements of its forming processes and structural applications.
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