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Optimization of Chemical Milling Process of 2195 Al-Li Alloy

LIU Fengjuan, CHEN Yonglai, YU Feng, HE Shihuan, LIN Jun, YAO Caogen
(Aerospace Research Institute of Materials & Processing Technology, Beijing 100076, China)

Abstract: 2195 Al-Li alloy was machined by chemical milling in two chemical milling solutions (NaOH +
A" 4+ Na, S+ triethanolamine and NaOH 4+ A" 4+ Na,S, 0, * 5H,O). The relatively suitable chemical milling
solution was determined and its composition was optimized by orthogonal test. The tested alloy was machined by
chemical milling in the optimal chemical milling solution. The effects of chemical milling temperature on the
chemical milling rate and surface roughness were studied and the surface morphology and tensile property before and
after chemical milling were compared. The results show that the chemical milling solution made up of NaOH, A",
Na, S and triethanolamine had a better chemical milling effect on the tested alloy than that of NaOH, AI’" and
Na,S; O, *5H; O, and its optimal composition was listed as follows: 210 g+LL."' NaOH, 40 g+L." ' Na,S, 30 geL '
AlI’" and 50 mL « L' triethanolamine. In the optimal chemical milling solution, with rising chemical milling
temperature, the chemical milling rate of the tested alloy increased whereas the etching ratio increased and then
decreased. The chemical milling temperature was relatively suitable at 85—95 ‘C. The surface of the tested alloy had
no defects such as cracks and corrosion holes after chemical milling in the optimal chemical milling solution at 85 ‘C
to the depth around 4.3 mm. and the tensile property after chemical milling at 85— 95 °C to the depth around
3.0 mm was similar to that before chemical milling.
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Table 1 Chemical composition of 2195 Al-Li alloy (mass) %
Cu Li Mg Zr Mn Zn Ti Al
3.7~4.3 0.8~1.2 0.25~0.80 0.14 0.25~0.60 <0.25 <0.25 <0.1 F'S
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Fig.1 Chemical milling rate and surface roughness vs chemical
milling temperature curves of samples in two chemical

milling solutions
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Table 2 Factors and levels for orthogonal test

KFE A/(geL D B/(geL7D)  C/(grLH D/(mLeL™ D)
1 180 25 30 40
2 210 40 45 50
3 240 55 60 60

3 Pl 2E RO RVIN, BT LU NaOH Xt
TR 2 TR RS 2 1) 52 ) e R HE RO Na, S FI =2
MM . AL P B/ . AR &, BRI AT LB S
P AL e M0 B A4 8l 210 g+ L7 NaOH L 40 g-
L' Na,S.30 gL' A" \50 mL-L™' = Z Efik.
AN T 5 BEWT T SR G Ak A B WX S i R 41 R
17 AL BE

x3 EXKBHER
Table 3 Results of orthogonal testing

It A/ B/ C/ D/ 2 TR B
5 (gL (gL (geL7H (mLeLTH)  E/pm
1 180 25 30 40 1.03
2 180 40 45 50 0.86
3 180 55 60 60 1.13
4 210 25 45 60 0.75
5 210 40 60 40 0.71
6 210 55 30 50 0.68
7 240 25 60 50 0.85
8 240 40 30 60 0.81
9 240 55 45 40 0.93
&y 1.007 0.877 0.840 0.890

ks 0.713 0.793 0.847 0.797

ks 0.863 0.913 0.897 0.897

R 0.293 0.120 0.050 0.100
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Fig.2 Curves of chemical milling rate and etching ratio vs
chemical milling temperature of samples in optimal chemical

milling solution
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Fig.4 Appearance of samples before (a) and after chemical milling for different times (b, c¢) in optimal chemical milling solution
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Fig.3 Curves of chemical milling rate and etching ratio vs solved
aluminum content of samples in optimal chemical milling

solution at 85 C
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at 85 ‘C and after chemical milling for 100 min followed by paint removal (d)
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Fig.5 Cross-section (a—b) and surface (¢) micromorphology of samples before (a) and after (b—c) chemical milling for 100 min in

optimal chemical milling solution at 85 C
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Fig.6 Tensile fracture morphology of sample after chemical milling in optimal milling solution: (a) at low magnification and

(b) at high magnification
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RIEZY 4.3 mm W, 18R TR A BURCRZ i il 1]
G A BB, 20078 7E 85~90 CI b AL Bt Ak
BEINTJS MR B ZY 3.0 mm B, iRE 9 7 A
AE -5 AL BE T A AR T . 37 (7 1 520 1k W7 SRR L e Al
BE T 2068 B AP BE A R M AR D

SE

(1] fede. RIRICAS RAREL G & L)) S50 Kis g AR,
2001(6) :37-39.

(2] BHZEOGEEGFE. 1420 S8 A7 T0RE N A A0 42 45 40 1 1)
N B ZE LT ] TR R T2, 1998(4) - 74-76.

(3] ESEErP E AN ALLi & 4 B K 7™ 5 i ) i B AR L] 5 A 41
BT E . 1998(4) £ 39-43.

(4] & LATC. KE AR BEAU AL = e DR & i 1T [T ). S 3 5 4 K2
A ,2009(2) :52-56.

(FHEE 412 5D



HLH L EHF s

MATERIALS FOR MECHANICAL

ENGINEERING

: FAEALE E 2t Ni-15Cr-5AL5SE A4 4t 5 8 16 3R B AL M 4L 49 % vh

181 —=2t44x, 500 C 0.25 p—=— 244z, 500 C
16F —= 244, 700 C ~ —e— 2454, 700 'C S
T 1af ~284,90C o E 020+ 2 900 C 3
5 ol = 0
Méaoig_ gzéoo,ls-
Eg 8t 20442, 1100 C ® = 010}
23 6f -2, RFEML iz L
oy At I, KRB g 0.050 T
2 o T v 214545, 1100 C
0} d=——v—v—2 i) 0.00 o —— 2754, RIEML
-9 . . . . . . . . . . . .
0 2 4 6 8 10 0 2 4 6 8 10

LIS [)/h LIS 1) /h
E3 AREBEEMEALENEABSEHNELTNFEHE
Fig.3 Oxidation kinetic curves of different alloys before and after pre-oxidation at different temperatures
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