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Experimental study of environmental protection deoxidation process for
2024-T3 aluminum alloy
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Abstract: An environmentally friendly alkaline deoxidation process for 2024-T3 aluminum alloy has
been developed to address the serious environmental hazards of Cr®* in the traditional tri-acid deoxidation
solution. The surface morphology and roughness of aluminum alloy after deoxidation treatment were
analyzed using orthogonal experiments. The optimum alkaline deoxidation process parameters are as
follows: sodium carbonate 80 g/L, surfactant 0.2 g/L, corrosion inhibitor 15 g/L, leveling agent 10 g/L,
temperature of 60 C, and deoxidation time of 2 min. The aluminum alloy treated by this process was
subjected to anodizing and boiling water sealing treatment. The capacitance radius of the electrochemical
impedance test for the film layer was 120 306 Q-cm?, and the neutral salt spray test exceeded 500 h.
Keywords: environmental protection; chromium free deoxidation; 2024-T3 aluminum alloy; salt spray
test

2024-T3 40 & RIHAL S IOHURE AT i LR S5 R R SO S A I 2 B AR PR A S A /b 22 SR AL T =

M H AR s gk arpitl. 2B & e & CoB B, PEREP 7. KL, & S ESAT ST L AT LA
R AR A 5 R A R A Fg 230 i s Aol — SRR HIRR A3 AR & SR H B AR A IR £ B . S8
WA A A E AL B LS o it e fadr e PR RS e SRA TS, HFEMEER
AACIRE 5 A e RN E A R A RN, A

Ui BHA: 2024-04-28 & BHA: 2024-05-22
TEZ®N: ER (2000—) , B, BLAFFAE, BT ASEM R RTALE, email: 2455775931@qq.com
BIEIEE: THFE, email: 178684138@qq.com



* 74+ Jan.2025

Plating and Finishing

Vol.47 No.l1 Serial No.382

WG T KPR EY, MTIERNERE & 4R
FAERE . HEREEMMBEICER T1R. 6
REEEERNESE, EAREGETRE SN2
R G ERE G =4 Rk, S SO m S
e T B . H ATH S 4% 6 R A FHHN O3 CrOs . HF
et i) F) = I Jid S8 L 03140, 20 VR AR B 2024-T3 45
HGERMIET TR, &2—MBANEE &AL
2o H=RIAEH %R MCe FE 2 EHF,
X AN 0 N AR R RN BRI Rl K e . N
R =R A L E P s R fa s, S50
KRR L S s B AR CrOs, FFR T ERM: 4%
A T2, AHZ L2 AHF, I8 1 R s
P, Wil —E e E =R g,

ASLLU2024-T3 B SN AN R, BEH K —
Tl 24 (0 TE 8% T U AR T2 o 3 2% el SRR AN i 3
M2 ks, VIPHE T ABRERE N R, Il
ERMEEEAIM T2, FFLARTHIsLR g RS,
A T UM I G sk R R RE S5 o R SRR )
HEOP-FR) L 5N i SR R4 T T, BT T 4R R 4K
SR IERZ SEERUET, PRI B R 1 AR T AU A
Pt =/ G D B 5 % 0 = N L = W I 2
YRR S 3PP A T 2 A0 B 192024-T3 58 & 4, AT RH
AR 0 K i 7K P22 2, SR FH A8 A BEL T Ak
AP 3 256 231 5y My BT RE R 140 L G G R
AT i, DU 2 BTAR X 2024-T3 88 & & B AU
R AL ER

1 LA
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Ti, 0.1 % Ni, & NAL
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Tab.1 Orthogonal table of four factors and four levels
K A G/ (gL B TR (gL C i/ C D Jii U ] /min
1 5 5 45 1
2 10 10 50 2
3 15 15 55 3
4 20 20 60 4
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Jit A8 T 2 M G P i AR T 2 AT LU AT, X bl
TERTN: (D TR ESA% =RIE T2
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f£40 °C, B H]2 min.
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Tab.2 Orthogonal experiment results of L16(44)

a5 —— A - 5 ¢ D Ro/um
AR (gL BOPFIRE (gL W/ C J1it LB 8] /min
1 5 5 45 1 0.266
2 5 10 50 2 0.251
3 5 15 55 3 0.257
4 5 20 60 4 0.251
5 10 10 55 4 0.228
6 10 15 60 1 0.240
7 10 20 45 2 0.247
8 10 5 50 3 0.260
9 15 15 45 3 0.243
10 15 20 50 4 0.237
11 15 5 55 1 0.259
12 15 10 60 2 0.223
13 20 20 55 2 0.241
14 20 5 60 3 0.253
15 20 10 45 4 0.246
16 20 15 50 1 0.238
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Tab.3 Range analysis results of orthogonal test

VRIIESEN A B C D
K1 1.025 1.038 1.002 1.003
K2 0.975 0.948 0.972 0.962
K3 0.962 0.978 0.985 1.013
K4 0.978 0.976 0.967 0.962
R 0.063 0.090 0.035 0.041
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Fig.1 Micromorphology of 2024-T3 aluminum alloy treated by different deoxidation processes

B2 122 R 1656 2640 T 3R A3 iR 1Y
SHTEH. KIER2IEAZ T 25 50 23T 4047,
ATLLE H SRR DR R 15 R A A0 i A T 4
i, FEEA SR A R A RS
FELAH TRV AR FEE UK, 86 SRR
Z25 RE L EH T8 700k B2 AR RN B0 20T R4, 0 4R
BRI PR E G R343R TR
TGN, PR 2 iR BE RS ARG, %o g i e 1)
HIE A HE2RT LB A 1, kS 64 7.
9. 10, 12, 13, 15, 16584 & MR MBSO
PR, TERCKEE . fHE T2 I REUE AT A, FE
SR RE 12 11 2 THHE RE B2 23 03] 290.228 um #10.223
um, JETIFAKT . 45 b, G586 SBRAEr= et i,
MR R L2 B0t B [ I A T 2 24

222 RO

WAL T TR A LS. —RRE T EME
G i AR L 2 B K12024- T340 & 4 2 T 47 4%
fl AR, 25 SRWEBFT R IR JCES C A
AL G Bt Ji 45, T 20 b B ) 85 A 4 3 THD Bk A
Sy HIN61.5 °0 57.0 °F144.0 °. 3Fh A T ALY
REaRmY EopKE, BATH S RN E L
S5 ZRIA T E A B RS A 4 3R T A 4 fi £ A
T o XTI R, RIEEfk A /N T-90 ol , Befih
£ EAE 2= B 5 2 AR 2 1 189 0 i i sk /N2, ot
58 St — 2D 0 IE A S ot S AR RS A A K
FHAR A AL BT 85 A R IRDRE FE BRI PE AR A Ak )
R i ARGER R, HLAEROW ke R A7 2= BRUR )
A K, FBUSEE AR B RN
v R L ELCNOY, S o B 0 A A ) TR RS 2 0
ALZ.



20254 1 H BES®EIm WATEE LW AW .77

—B .
e [k
P e T
-
s A
S
=y
N
E

Ll ' !‘ ‘T
! ot I
X | 14
. [y 'i AN “ : v
‘o 50 pm G WL 30 wn
£ — - { 21l | ‘:. h §  ——
13 "
. r :: & A .[_: ‘-‘
* : \,. ." r -
: \ B ﬁ"” i ‘ ?
I © 50 um Eﬁ rig i -t . 50u 50 um F ik 50 um
! i o o % -

B2 &CTRREdTREBMRENSELE

Fig.2 The metallographic morphology of the samples obtained under various orthogonal experimental conditions
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Fig.3 Contact angle test results of samples obtained from different deoxidation processes
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Tab.4 Deoxidation rates of 2024-T3 aluminum alloy in

three types of deoxidation solution

Ji S 1)/ PEGER v/(grem™>h™)
min AE | ZERBE | RS MERE
2 0.002 311 0.002 844 0.005 956
5 0.001 849 0.003 413 0.006 293
10 0.001 653 | 0.002 996 0.006 969
15 0.001 399 | 0.002 720 0.008 130
20 0.001 191 | 0.002 609 0.008 516
0.10
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Fig.4 Deoxidation rate curves of 2024-T3 aluminum alloy

in three types of deoxidation solution
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Fig.5 Equivalent circuit diagram
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Tab.5 Electrochemical parameters obtained from fitting the AC impedance diagram
A T2 RJ/(Q-cm?) | CPEl/(F-cm?) | Reoa/(Qcm?) CPE2/(F-cm?) | Ru/(Qcm?)
=R 4.0 0.865 3 11247 0.680 9 1.32x10°
ARSI 3.0 0.784 8 4925 0.729 1 7.89x10*
AL GERRAE i S 2.3 0.7819 6 426 0.717 1 4.40x10*
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Fig.6 AC impedance spectra of samples obtained from Fig7  Bode diagrams of samples obtained from three
three deoxidation processes after anodic oxidation deoxidation processes after anodic oxidation and
and boiling water sealing boiling water sealing
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Tab.6 Neutral salt spray test results of samples obtained
from three deoxidation processes after anodic

oxidation and boiling water sealing
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