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Fig.1 Partial Al-Cu-Mg alloy ternary phase diagram
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Table 1 Chemical composition of investigated alloys

Alloy Mass fraction/% m(Cu)/
No. Cu Mg Mn Fe Si  Ti Al mMg)
1 399 1.79 047 <05 <05 0.1 Bal. 223

2 402 139 047 <05 <05 0.1 Bal. 2.89

3 490 147 047 <05 <05 0.1 Bal. 333

O(ALCu)+S(ALCuMg)=AHIX N, {H 2 5& & iR 1
I PRAH X
A VMG S, KT SR K

HREL L BRI SR K 208 495 CL 12 h,
B A A, PELRTEEIT 430 'C. 2 h {3, 20 6 Bk
& 5 mm(BIEELN 83%, NI ITE, 45 4
TEROTELHTHEAT 430 "C. 10 min BFIIAAEIR), RRHIE
KTZN380C. 2h, 2k

12 AEMHHEIZ
PEBERE i 9 B K, HRSEO8 30 mm X

25 mm X 5 mm, 73 5% S AL 7 [F)(RD) %5 7] (TD).
JERE, 2A12 A&t L 2R mE 2(a)fin:

Horb, AR 7 170 g/L NaOH. 45 g/L TEA.
19 g/L Na,S. 19 g/L Al, JoisInsl; R HiALEE: 40%
NaOH(Jii & 7 F) R E | IR 5 min, RAKF 1
min, ZREIRA 30% HNO; (Jfi 2 5 F)¥% K 2 min, H
HokYE; KA HH968-2 W RIiR R IRAE AR IR)Z
1EA SRR E G 2R 24 hEHFEARTI A%
¥, #EGESMFUBERINGREZE, WE 20)F7R; Z
TE5E UG TEIRBE N 90 “C AL A (TR I IS B N #4)
WBE 10 min JEELH, £ 70 C/AKFERE 1 min, B AL
JKHR 2 min, TM/EEUHEE A 30%HNO; &7 2 min,
B A IK 2 min, /e BUH TR (H4 IB-4C &Y
R THI R A P 4SO B 5 URE (1 R TR RS
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WL E R HTESURE VHX1000 #8508 =4
WS SEHIUFIELE Sirion 200 F%E HLEE M
22, AR FIBCEY) Energy Dispersive X-ray
(EDX)HEAT 70 Hs 378 56 F B i FH XU AS AT X8 Dk
T, XU 9 i P AT B ) VR BV VR (R PR« RN
bR 1:3), iREEFEHIE-25 CAA, MEHN20V, 18
FEI TecnaiG220 i 5 M55 F %2 i AT HH AR FITE RS
TAFHEJEH 200 kV.
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S(ALCuMg)HAH X N BUR 73 R Mo AT LATR 31 S BAH
PRI, 658 ) 1 51A1-33Cu-16Mg(JlR &350 %),
VAREREI S A, IBEEIRIE 780 °C, A SCHR[10],
NBKTZ 8420 C. 12h,
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Fig. 2 Diagram of chemical milling process(a) and surface morphology of alloy before chamical milling(b)
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TEEIRHIPEE K Ly WIAFAE Z NS, SR
U7 o LB B 1, 20008 21,959 8.242 Fl 23.577 pum,
SN R, 43 990°N 3,095 0.980 AT 3.071 pum.
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Fig. 3 Surface profile curve of different alloys: (a) Alloy 1;
(b) Alloy 2; (c) Alloy 3

®2 AEMBER IR

Table 2 Surface roughness of alloys after chemical milling

Alloy  R,RD)/ R,(TD)/ w(Cu)/ w(Mg)/

No. pm um % %
1 3.056 3.416 3.99 1.79
2 0.982 1.458 4.02 1.39
3 2.985 3.463 4.90 1.47
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Fig. 4 Diagram of alloys surface roughness
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Fig. 5 3D images of alloys’ surface morphology: (a) Alloy 1;

(b) Alloy 2; (c) Alloy 3
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Fig. 6 Surface morphologies of alloys after chemical milling: (a) Alloy 1; (b) Alloy 2; (c) Alloy 3; (d), (e), (f) Partial enlarged detail

of square in (a), (b), (c), respectively

R3 B 6 PR TIIRERE AT AR
Table 3 EDS analysis of particles in Fig. 6
Position Mole fraction/%
No. (0] Al Cu Mg Fe Mn
1 11.30 50.52 20.08 18.10 - -
2 1427 42.65 17.10 21.34 4.63 -
3 1527 36.68 48.05 - - -
4 2.70  66.73 19.77 - 4.72  6.08
5 3.84  53.62 20.32 2221 -
6 2239  47.59 22.70 - 7.32 -

L S(ALCuMg)#H, FILLE H, Bl S FHRIATH g S5
AlL,CuMg FIFRAERTH FETEVCAD R 47, HAwgsb, #f
mn Al FE R, AT T ERAE SR S M T A ST I .

2.4 RCEIZNNR

N THFRA SR RE R AT R, X 3 B
. 4l Al 4l Mg KA 0 ML S REHEAT T A Ak i £k
WA MG R 9 Bios, WAL ZAH S 500
x4,

M 9(a) T A 5 4l FARRDUR (4 ) ol F s
KAMRVCRAE AL 2l Mg, 4 0 . B S M. X
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Fig. 7 Microstructures of alloys: (a), (b), (c¢) SEM images of alloy 1, alloy 2, alloy 3, respectively; (d) TEM image of alloy 2
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Fig. 8 XRD patterns of simulated phases of alloys: (a) Simulated 6 phase; (b) Simulated S phase
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FA—RBAE AR, KA BA S S i, S BCE AT
UEAE BRI Al FEARR e VE i -

ME 9(b)PTELF Y, 3 Al <5 AR Tt B K /MR

WON25. 35, 15, ZHMBEMINT Al AR
PR A2 8], b 2 SAS R EREIT Al
Bk, XRFN 2 SESHLLE 7(b)H 5
HE /D, &SRB AE A2 iy, 55 A
5Bk 2 R B T e R it A H 2, LR B 475 1
S.35AERZ 2564, HT CunERE Mg iR
RN, ZEHALLE 7)1 (c)H 5 A%
B, SR HBAIER.
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Fig. 9 Potentiodynamic polarization curves of alloys
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Table 4 Parameters of potentiodynamic polarization curves

Alloy Peor/V Jeon/(Arcm?)
Pure Al -1.731 7.43%x107*
Pure Mg -1.587 3.20%X1077
Alloy 1 -1.521 1.10X 107
Alloy 2 -1.579 1.46X107°
Alloy 3 —1.540 1.55%X10°°
6 phase -1.390 6.70x107*
S phase -1.351 2.52%x107*

3 ph5ITRe

2A12 A& BEIT FR AL & 0 S S8 T AN AL 2 T
PSR . A R B Al 7E NaOH VA 1 1%
fRILRE, HPIBHEAT: Al & &R EE ALY
ALO; IV AR AR LS, Al 5 NaOH &

AR, PN RN AR R s dn RS,
ALO;+2NaOH=2NaAl0,+H,0 1
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TEBRE A 5 R 135 50 et A B 2 A R s (B gk
IE A A AR, 5 R A A
BT A I S 6 ik, 7= AR T e A R AR R T
WS, FEE SRR K™ BT,

1E Al G4 Rt 7, A SCER[16]3R B, 1E
B SR, AlLCuFe. AlsFe 255 Fe HIZ%FiAIHL T
BIReAE A BRI RN, X & W T Fe JLRMAELE,
AR EATE S pH 500 M EsE: 534, & Cu ) ALCu
FEEW Al-Cu MR 72 AR LLBCRRR K2
AlL,CuMg 1, HTFBSHA Cu JuEM Mg THK,
ALCuMg A SRZIM “ ka4 wirEt™, SHI
SO 2 ONTEIE IR, & Mg 34 FIAL S

A FER A
Mg+2H,0=Mg* +20H +H,? 3)

BEE S TR T, Mg AR SECT Cu TR IE
£, Cu MEHRBME ALCuMg M HEALIERS, {E)E4:
7 AL 22 J B R o, B Cu Y ALCuMg FIAE NI,
SEIANLN Al SRR AE FHAIA AR -

SRIMTEA SIS, (e I K EAFTER) OHES
TR BRZNE S B3) R AR, BT ALCuMg
R “RE&EM” , B 6 B NikR AlL,CuMg Fi 1
REAE—EFLE EVEIEX — 4, B4k, BIRBILIS 21
BRI &8 A AlL,CuMg B % pH )3
K, HIERMERN, A IER .

ZE L RTIR, AT LAKE R R kSRR A H i
B, AERAL S i R, 2A12 B4e A YN
FIARAH, AR R AL B4 AR A Sk, B 5 ok
MHEAT, 55 AR R B AR A AR PR IUIRE , b
Wik ER ok, w6 TR A BT R, e
Mgt RABAESE TIX — s 94k e h 31— e 2R,
IXUESE MR TR R T AL SRR SR R AR T TR,
T T 6 RETRIIE YT

IR PSR Y5 2 AN [F) R b 5 e 6 )AL
BORIRESE, 456 G & RMEFAR 26O E 3) &bt
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1.39%Mg, WHE)5 R THHRE RN 1.4 pm.
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1E, AE RN, 58 AR I AL JE R AR 5
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R SAT, S8 AR PR, BRIl

3) KRS S A BVE T RS 50 pm 745 1)
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Effect of Cu and Mg content on surface roughness of
2A12 Al alloy after chemical milling

ZHANG Xin, LUO Bing-hui, BAI Zhen-hai, HE Cui-yun, TANG Cheng-lu

(School of Materials Science and Engineering, Central South University, Changsha 410083, China)

Abstract: The effect of different Cu and Mg content on the surface roughness of 2A12 Al alloy after chemical milling
was investigated by ultra-depth three-dimensional microscope, scanning electron microscope with energy dispersive
X-ray spectroscopy, transmission electron microscope, X-ray diffraction analysis and electrochemical measurement. The
results indicate that, when the Cu or Mg content in the alloy is at the upper limit of the composition, the surface
roughness after milling is 3.4 um. The reasonable distribution ratio of the alloy is 4.02%Cu+1.39%Mg (mass fraction).
The surface roughness after milling is 1.4 um. The corrosion potentials of the simulated & phase and S phase in chemical
milling solution are more positive than that of the Al matrix. During the electrochemical corrosion process, the 6 phase
and S phase act as cathodic zone and lead the Al matrix around them be preferentially corroded. Besides, the development
of local nonuniform-corrosion results in phase protrusion and corrosion pit. The large-scale corrosion pit with a size of
about 50 um is the main cause to increase surface roughness, whereas, the small-sized intragranular dispersoid such as
T-phase (Al,(Cu,Mn;) has little influence on it.

Key words: 2A12 aluninum alloy; Cu content; Mg content; chemical milling; surface roughness; microstructure;

simulated phase
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