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Research on the acidic chromium-free deoxidation process
for 2024-T3 aluminum alloy
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(School of Materials Science and Engineering, Nanchang Hangkong University,
Nanchang 330063, China)

Abstract: To address the severe environmental hazards posed by Cr5* in the traditional three-acid
deoxidizing solution for 2024-T3 aluminum alloy, this paper developed an acidic chromium-free
deoxidizing process for 2024-T3 aluminum alloy. Through orthogonal experiments, the surface roughness
and morphology of the aluminum alloy treated by this deoxidizing process were analyzed, and the optimal
deoxidizing process parameters were obtained: 45 g/L ferric sulfate, 250 mL/L nitric acid, 3 g/L corrosion
inhibitor, 0.25 g/L leveling agent, 4 g/L sodium fluoride, deoxidizing temperature of 30 °C, and
deoxidizing time of 3 min. This process can effectively remove the natural oxide film and alloy elements
on the surface of the aluminum alloy. After anodic oxidation and boiling water sealing treatment of the
aluminum alloy treated by this process, the charge transfer resistance (Rc:) of the film layer measured by
electrochemical alternating current impedance was 3.2873x10° Q-cm?, and the duration of the neutral salt
spray test was 408 h.
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Tab.l Main components of 2024-T3 aluminum alloy

JLER Cu Mg Mn Zn Cr Al
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Fig.1 Flow chart of 2024-T3 aluminum alloy deoxidation

process
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Tab.2 Orthogonal table of five factors and five levels
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5 5 1.25 10 40 5
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Tab.3 Surface roughness of aluminum alloys treated

differently
e AR fa/um
REMELE | AHE=MBE | rhE
1 0.704 0.682 0.714
2 0.718 0.706 0.718
3 0.647 0.583 0.696
FHME 0.690 0.657 0.709
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Fig.2 Micrographs of 2024-T3 aluminum alloy treated by different deoxidation processes
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Fig.3 Metallographic images of samples obtained from orthogonal experiments
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Tab.4 Orthogonal experiment results of L2s5(5%)

L —— - : o —— Ri/pm
ZMfl(g LY | BFRNgLY | #MH(g LY | RESC | AN E)/min
1 2.0 0.50 10 20 2 0.534
2 5.0 1.25 4 20 5 0.601
3 3.0 1.00 10 25 1 0.538
4 5.0 0.50 8 30 1 0.518
5 1.0 1.25 10 40 3 0.643
6 5.0 0.75 10 35 4 0.790
7 2.0 0.25 8 40 4 0.517
8 3.0 0.50 6 40 5 0.530
9 3.0 0.25 4 35 2 0.637
10 1.0 0.25 2 20 1 0.569
11 4.0 0.25 10 30 5 0.571
12 4.0 0.50 2 35 3 0.545
13 2.0 1.25 6 35 1 0.568
14 1.0 1.00 8 35 5 0.896
15 5.0 0.25 6 25 3 0.507
16 3.0 0.75 8 20 3 0.509
17 4.0 1.00 6 20 4 0.742
18 1.0 0.75 6 30 2 0.683
19 3.0 125 2 30 4 0.497
20 1.0 0.50 4 25 4 0.695
21 2.0 1.00 4 30 3 0.509
22 4.0 0.75 4 40 1 0.531
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A B C D E
s \ po : yeer—
(g LY | BPRI(g LY | wAREN(g LY | EREE/PC | A E/min
23 2.0 0.75 2 25 5 0.783
24 5.0 1.00 2 40 2 0.699
25 4.0 1.25 8 25 2 0.637
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(b) M4 3 min
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Fig.4 Metallographic microstructure of 2024-T3 aluminum

alloy treated under optimal conditions

Tab.5 Range analysis results of orthogonal test
et A B C D E
K 3.486 | 2.801 | 3.094 | 2.955 2.724
K> 2912 | 2.822 | 2973 | 3.160 3.190
K3 2711 | 3.296 | 3.030 | 2.779 2.714
Ka 3.026 | 3.384 | 3.077 | 3.436 3.241
Ks 3.115 | 2.946 | 3.076 | 2.919 3.380
R 0.772 | 0.577 | 0.118 | 0.656 0.671
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QWIS A3BiC2D3Er, AsBiC2D3Es

M F 5 0] 153 2 AT %K (AsBICaD3E; -
A3BiCoDsEs), B3 o/L. B F510.25 g/L. &
b4 g/L, 30 °C, B A1 minBl3 min. 7
Tk — e, MRSt & .

22 FREEMMTERERELIZNHE

TEPAMR T 56 R (R IhFFI3 g/l #E-F570.25
g/L. #AbiN4 g/, HE30 °C, B4 E]1 minEk
3min), 7 HIX2024-T358 & &b A7 B AL EE, XT A
AT B AE S A BB T 8 (¥ 4) IR T
it P2 R (36)

X EEE4(a)F(b), P LA H B4 minj5 4 &
ERMERIREEE, NP, HEDbEREN
M VAR A& S e R B A TR Mk
A3 min)5 MG & RMAH RIFPOGRE S FRBEE,
A& AWM ALSICHIEAR TR, R &
(B RS, PRI RIS & 4

(a) L% 1 min

Fo6 MUARFETREMN 2024-T3 HASREERE
Tab.6 Surface roughness of 2024-T3 aluminum alloy

treated under the optimal scheme conditions

— FAKEFE Ro/pum
JBi 4 1 min JBi4 3 min
1 0.534 0.496
2 0.526 0.489
3 0.541 0.503
P 0.534 0.496

% THTRH A 5 0 X 4 SR AR 3% B ot 0 AR 223 min i 194X
FEELAL PR min ) iaFE B8 . MOk EUR %3 minf)
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ILE30°C, H}[A]3 min.
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Fig.5 Scanning electron microscope images of 2024-T3 treated by different deoxidation processes
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Tab.7 Chemical composition of the surface of 2024-T3 treated by different deoxidation processes

WE | JEE | JeEGE | AFE | tR | tELI Ab JLE | LEbW
T2 | Fhk /(wWt.%) T2 | Rk /(wt.%) Tz Fhk /(Wt.%)
0 3.300 0 0.100 0 0.090
Mg 1.600 Mg 0.899 Mg 0.804
* =M [
Al 91.500 ) Al 97.502 \ Al 97.193
O3] : il . ToEs AR :
Si 0.500 Si 0.399 Si 0.403
Cu 3.100 Cu 1.100 Cu 1.510
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Polarization curves of the samples treated by

A o

Fig.6
different deoxidation processes after anodizing

and boiling water sealing
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Tab.8 Fitting results of polarization curves of the samples

treated by different deoxidation processes after

anodizing and boiling water sealing

A L2 Econ/V icorr/(107% A-cm2)
R T % T 4 -0.549 1 7.890 9
=R -0.5389 5.026 6
—8r
]
__ )
-6+ A 3 7’
- — 4 «

T
2 4 6 8 10
Z'/10° (Q-cm?)

ZAEHRE T ZLIEAIRN LR S B3k E A

B3RS E

Fig.7 AC impedance spectra of the samples treated by

B 7

different deoxidation processes after anodizing and

boiling water sealing
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Fig.8 Equivalent circuit diagram of AC impedance test
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Tab.9 Electrochemical parameters obtained by fitting with the equivalent circuit of EIS

BETE Rs/(Q-cm?) CPE/(F-cm?) Reoat/(Q-cm?) CPE2/(F-cm?) Re/(Q-cm?)

=R 2 9.271 6x1077 16 578 3.042 7x1076 2.690 1x106

FR M TC M 4 3 3.151 4x1076 9179 4.650 0x1078 3.287 3x10°

233 FEIERE
K9 u%$2024-T388 & &t 47 A [F) I 28 T 2 Ab 3
J T 285 3 FH AR S A RN 3 7K s A Ak BE A A P R 25 K
IRFERT G Z MRS, K100 S5 8. FiEih
E 2cm 2 cm

2cinli 2 cm

(2) =I5 T (b) =R AEEZE R SF

(O a k=N (d) ABAIF R E
9 AREREIZREHNELIIRE LR HKEHG
PR EREAEERSRE
Fig.9 Macroscopic morphology diagrams of samples
obtained by different deoxidation processes
before and after neutral salt spray test after

anodic oxidation and boiling water sealing
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Tab.10 Results of neutral salt spray tests after anodizing

and boiling water sealing of the samples obtained

by different deoxidation processes

i T2 A 6 S5 I ) /h
=M 480
AT 408
f s b 336

5 SR AR PR, SRR T IR
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FABh, Z L ZRE TSNS B S P A 2 1
FREER

3 & 8
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