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A low-temperature nickel-free sealing process for anodic oxide film on
aluminum alloys and its sealing performance
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Abstract: In order to overcome the shortcomings of traditional boiling water sealing with high energy
consumption and nickel salt sealing environment pollution, a nickel-free low-temperature sealing
process was developed, which includes lithium salt 20-30 g/L, fluorozirconate 3.0-5.0 g/L, surfactant
1.0-2.0 g/L and organic additive N 2.0-4.0 mL/L. The temperature is 35-55 °C, pH value is 5.0-5.4,
and the sealing time should be controlled at 2-3 min/um. The sealing quality was evaluated by acid
etching test, and the corrosion resistance of the sealing film was evaluated by electrochemical test. The
results show that when the low-temperature nickel-free sealing process is used for sealing, the weight
loss of the anodic oxide film is less than 30 mg-dm™ after acid etching, and the electrochemical
performance is obviously improved. The sealing quality is better than that of boiling water sealing
process and slightly worse than that of normal temperature nickel salt sealing process.
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1.1 EMERTaE
A K 100 mm=50 mmx1 mm [ 6063 534 4
WA, HonZA & 1.,
R1 6063-T6sREETEAM

Tab.1 Element composition of 6063-T6 aluminum alloy

JGE | Si | Fe | Cu |Mn| Mg | Cr | Zn | Ti | Al

SR/ |02~ 0.45
0.35[0.10]0.10 0.10]0.10 [ 0.10 | 42
(wt.%) | 0.6 ~0.9

fEm
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IR B 2 22 18 BB TS L AR SR Ah B R HE Ay %
JE e RS R R 1 g ELUMURE B AR X X8 AT bl
JE #EAT BB E AL D IR o AL BB BRA R S T 205
2,

F2 AINEARARRIZEMY
Tab.2 Composition and process conditions of pre-treat-

ment solution

e N, i | | M
Py °C min
B | CLA-102 5988 bERRIMA ' | 60g/L | 50~70 | 10
BN 40 g/L
il CLA-201 fif i 1> 10 g/L 2060 2
Rk TR 30%(vol.) | =i 1
U2 R DU BHA B IR BT

1.2 PEREHRFAFLTZ

PHAR STk R FH BT A R PH AR 1k, F i 2
B L2025 B R 180 /L, T 18~22 °C, H.
UL I B 1.5 A/’ S4B I R 30 min, R 2R
PEHITE 15 pm 224 o

KRR RS IR R O B EFL I, AR TG
PEFIFA HLE AN N Rl BhECHl B FL570. AB+ 4
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AR R I 2R DAY 1E H T 4 B AR A AR B A 2 5
FL VL 1) 4 T BH B -, 32 T3 P ) LA ) 2 TRk
Wl 3 BB IR R E ok 1) A UE 48 B Tl LN
Pk, & o LR R AR R AN T e SR R A
TR TR AN Th i —Fh i . AR IR EL
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(D) m, R R IR K L HT T 5 m, W IR
KGR AN R, 46,87 30 mg/dm’
iF Ak LB A -

®3 HARTEERRIERH

Tab.3 Main components and process conditions of sealing

®4 EXHXBEERERKE

Tab.4 Orthogonal experimental factors and levels

(S Al(g'L") | B/(g'L") | C/(g'L") | D/(g'L?")
K1 10.0 1.0 0.5 1.0
K2 15.0 2.0 1.0 2.0
K3 20.0 3.0 1.5 3.0
K- 4 25.0 4.0 2.0 4.0
K5 30.0 5.0 25 5.0

RS HAAKEEXHKBARRER

Tab.5 Orthogonal test plan and results of component con-

fluid
e s . i a1/
HATZ R R WIRORE |IRE,C]
min
R 10~40 g/L
I, 1~7 g/L
R Ea il 20~60 | 10~50
e RBE FRIAE PR 0.5~3.0 g/L
HHLEMFIN 1~5 mL/L
TS E-RIAR
(TR B L 4~5g/L | 28+2 30
Gl sk A1) s
WK EHL 4lizk — >95 30

1.3.2 BAFENR

KA TR S 7 AT, LS
e R AT H R A ) il AR (AR ) L T AR EL A (i
Fr AR IR AR 10 mmx10 mm) S =B AR &, 76 F ik
SFALENE W (3.5 wt.% ) Himl ke o AR Tl il 26,
FHUAVFAN BAAR AR A it 8 b v g . A fh it
T R O 1 mV /s, USRI R R 50
133 FRETESH

& ] X-Max N80 BE 1% 10U 5¢ L ij 5 4 AL I
R ICER HBAE A, 40 S AR I 30 L 32 22 o 2H A
KAt fLHLEE

2 RABERKIR

2.1 EAMEL

SR I IE AS g0 0 o 5L & 21 53 Tk BE 2R A T 0
1o FEEFLIREE N 40 °C (EFFLEFE] 4 30 min, pH
S50~52M T 24T, LI (FE 4) FES R
(% B) FRIHEER (HZE C) AP IFIN(H R
D) FE AN R i IE sC i, % A 3 K AT
REANEUER , W B DR RENS AT B i PR MR BE L LL , v 2/
BRI S AN 7K.

HR A SCHR IR A By 3000 25 5L, HEBR A1 46
e B SR B3R 56 7 58, [R) B 2 T8 0 2k 70 AN AL
TNV B o e i 2 B0 W R R IR, R I ik
AR ., ERREHEERKELFRL, RARER
i Ok Rk DE M AL B, R A IR T 5 M Al
W3s.

centration
R TPIES A B c D | R

1 10.0 1.0 0.5 1.0 76.6
2 10.0 2.0 1.0 2.0 37.4
3 10.0 3.0 1.5 3.0 347
4 10.0 4.0 2.0 4.0 38.1
5 10.0 5.0 2.5 5.0 56.9
6 15.0 1.0 1.0 3.0 34.1
7 15.0 2.0 1.5 4.0 39.5
8 15.0 3.0 2.0 5.0 40.4
9 15.0 4.0 25 1.0 42.1
10 15.0 5.0 0.5 2.0 473
11 20.0 1.0 1.5 5.0 41.2
12 20.0 2.0 2.0 1.0 35.7
13 20.0 3.0 2.5 2.0 38.5
14 20.0 4.0 0.5 3.0 34.8
15 20.0 5.0 1.0 4.0 28.6
16 25.0 1.0 1.5 2.0 43.6
17 25.0 2.0 2.0 3.0 31.3
18 25.0 3.0 2.5 4.0 18.7
19 25.0 4.0 1.0 5.0 22.6
20 25.0 5.0 0.5 1.0 27.2
21 30.0 1.0 25 4.0 26.4
22 30.0 2.0 0.5 5.0 31.9
23 30.0 3.0 1.0 1.0 27.4
24 30.0 4.0 1.5 2.0 15.4
25 30.0 5.0 2.0 3.0 13.7
k, 48.7 444 41.9 41.8

k, 40.7 352 30.0 36.4

ky 35.8 319 31.6 29.7

k, 28.7 30.6 343 30.3

ks 23.0 34.7 39.0 38.6

R 25.8 13.8 11.8 12.1
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Fig.1 Effect curve of orthogonal experiment

iz i b 2k TG op 45 20 Y O, B, BHFL T
i, RS BEE R O, S AR X B vk B . AR A
1, BRI /N kA R k=23.0, FUE5 PR ER vk i fe /N ke
{Hh k,=30.6, FKTIE R S/ k{5 R £,=30.0, AL
JNFR N e /N kA8 R k,=29.7, i A5 ) 35 L) e A i
F o AB,C,D,, EN4REL 25 o/L, Fl 4k R 3L 4 o/L, E 1
TG 1.0 /L, AHLEHIHIN 3 mL/L.

22 ANREXNTRIFILRENZ M

FEIE 2SI T VR B e A R W Sk A F
FE U GV B AR A 0 5L 9 2 ), LA AR IO A2
5,<30 mg/dm’ (1) 5521 43 Wk B 1l
221 EBHREXNHILRENTIE

76 B FLIR B 40 °C  #FFLEF ] 24 30 min, pH
5052 T KT AUSUEMER W B AT 46
e P X LR S e S5 R L 2. R 2 ml
i 5 A8 R R R MG T, PR SR I 1Y) 0, 328 3 sl /NI
T V2%, 1E 25 g/L &b ik B iR 24.8 mg/dm’, Bl
JE IR e ot X UL FEAR R T2 5400 T, 41
LRy g BFLE S 4 ROR T 5 24 R vk
fen B L B b, AL 58 S DT UE R AT R £ i
17, B THLIR © £ B8, I dh R B i ve H ReA: i7e
AR, B 70 25, TR IR P F ik 25 5 TR N
O3 G IR Rl G A . SRR 6,<30
mg/dm’ (R VR B L, 78 B X A 20~30 g/L.
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Fig.2 Effect of lithium salt concentration on seal-
ing quality
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7 & LR A 40 °C L B L E] 47 30 min, pH
5.0~5.2 (I T 25640 AN U SRS R Eh Ve B2 L IF 5
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Fig.3 Effect of fluorozirconate concentration on

sealing quality

Bt B PR R MR BE 1 b T, o VU B, MR
£ 3~7 g/L i}, 0, B IEAKEE 1 20~22 mg/dm’, X J&:
P T RS TR 1R v B AR , S R AR A 25 1 0 i
A BR AR RO RO A JE 5 B A SRS TR Eh Uk
T, FEAEE TR AR S N A2 BT A9 B LR & kg o, A=
JC R TR 4 22 5 2 R Rk vk M n 21—
TR BERST, JRUES IR AR S I A= A DTTE A A 24 %k, 9
BTN RN AR BERCR B i A . A
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TEMR IR 5 5.0 g/L J5 JFUA XE DL 58 2 i, I UL HERR
e BE U 5.0~7.0 g/L. £ EJTik , S0 2 5,<30
mg/dm® 1) 555 B2 Wk B L, 7E & A X R R 3.0~
5.0¢g/L.
223 FREFEEFIREMNHILRENZ W

75 35t FL IR BE A 40 °C B L[] 24 30 min, pH
5.0~52 () T 25 0F T AR AR 2 T 395 M 5 e B2, AF
¢ & 06 PR ) e B X B AL BT s 2
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Fig.4 Effect of surfactant concentration on seal-

ing quality

Wi o 3 TR 9% A ) e B 1, % 1 L S 1 £
HEVE AN S5 , o AN T B HLR [ B2 2 i 2%
15 1.5 g/L ik B 5 AIRAE 24.8 mg/dm?, B 6, B4 K 1T
T PR Ve B2 S T v o R A2 6,<30 mg/dm’ (1)
TR MRk BE Y 1, A T A xR A 1.0~2.5 g/l
AR B 25 R 0 R FE R TS VERIR BE R 2.0~2.5 g/L
I o EATSTEA FE TN, (ELIGIRE 35 FLR 2 28 A W48
R, 2 PR bR R B AR R AR B
9 1.0~2.0 g/L.,

224 BHRMFREXTHFLREMNZ N
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5.0~52 I T 256N AXBUE A AL IR N Bz,
AF 55 HLES I 300 N e B2 X6 5 L 5T o i 5 i), 445
LIE 5.

i 5 v B 3G n L o, VU B E 2 mL/L bk
F AR MH 23 mg/dm’ Bl 5 287 B TF o X /D )
P BEA% (2 F B FL R N I EAT o Y S, b
PR LR W 0 RS R U X BRI T
T SRS R BE BT T L RO AT .
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Fig.5 Effect of organic additive concentration on

sealing quality
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Be Ty o
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Fig.6 Influence of temperature on sealing quality

Bl B FL IR A3 R, 0, 18 W T B 8 T
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232 BTEIFFHFLREHFMW
TEBHFLIRE A 45 °C, pH N 5.0~5.2 , BF 5 Ik fa] of
FALET R, 25 R LA 7,
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Fig.7 Influence of time on sealing quality

£ 10~30 min P, 35t L 5T & Fifi & 35 L 0 8] A9 3
R B R L FE 30~50 min WIAH S o 3X 156 B AE 10~30
min PN 3 FL It R T o0 3, FLIR A G il el e 0 4
15, £ 30 min B 35 21 A0 24.8 mg/dm®, Fifi % &
B[] A9 SE K | £ 28 53 3 50 BR (0 LI ) eIk R i o
FIUTTE , TG P= A T 0 s AR S U 25 5, o, Bt s
] 38 AN TF, {E7E 30~40 min N, b TR 18
TE40~50 min N, d, b F-EEE N . P 2 6,<30
mg/dm’ {9 B [8] 3 [, 76 & A XT3 A 25~45 mine 35
P ) 5 R PR TR A O, SR AR R R | e 5 2 ) [
T, L ] 7 AR AR Ak R T B AR A el AR o i
SCHRF 3 3 s o] PH R SR T2 A A5 A R TR 24
15 pm, AR B SEBR B LT [ £9°4 2~3 min/pm.
233 pHXHFLEERN M

TEEHLIEEE N 45 °C, B8] 24 30 min, AFFE pH X
HHFLT R, 45 UL 8.

BE % pHEH) LTV, 0,587 F R, 4 pH{E N 5.4
W, 0, IS BN AR, 25.4 mg/dm?, £ L5 ik B A4
TR . BAEPREE R T AL W A AL, 2 pH (B AL
AICHS , FLAA PS8 9 OHVR BEAIG , 5 80U W A T 2812
[ e i P 2R B 2 5 B AR A A DO TR IR, R T
HALR BT . M F 5 ALO, AR L % 1) OH
Ja LR VA TGz Eom A It pHAE R
FLI A OH ¥k B8 bk vy, A 1) 3 L= W B L, F
FLT R . (H R A pH E A T, BHLA R L
W5 5 RTUE , F BRI M Y pH A F 5.4

B AR B 28 B DT TE , VA TR 5 i K 4

f2, R pH AN L o ERE N L 9,<30 mg/dm’ (1)
pH [, 7 E X1 Ry 5.0~5.4,
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Fig.8 Effect of pH on sealing quality
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Fig.9 Analysis of surface elements before and

after sealing
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15 STLE K H FHAR FAL R BRIR AL AR . AR 6 ]
S, A B AL 2R Lige s . ik,
T A R B R I, BRI R P ARG
A AR 7 by 3t BB 1 1) R R R, DR A B

M

xo6 ERHIEEREATRIE

Tab.6 Surface element content of nickel free sealing film

il WIvES i S350 % JET 9350 %
C 0.43 0.73
o] 45.26 58.17
F 8.60 9.31
Na 0.34 0.30
Al 36.33 27.69
S 4.09 2.62
K 0.19 0.10
Zr 4.76 1.07

F.Zr e %ok A B AL b sl iR 28 5 SR B
L, Herb, SiUES BR AR A J g (2) A5 LY Ze(OHD,
DUVERBUE U BB AL, 3t TS Y Ze oo 3= | IRl
A RS T R A N (3) i AR TR T AR Y
AIF} 5881 Az O (4) A S 45 R B U UE 58 B
B WE T A S G RN (5) BIE U AR R
LR DI ER o BHALFR R R AT R

ZrFy +4H,0 » Zr (OH), V+6F +4H"  (2)
ALO,+ 12F +3H,0 - 2AIF; +60H"  (3)

Li*+ AlF}"+40H — LiAlO, V +2H,0 + 6F (4)

AIF} +Al,0,+3H,0 — Al,(OH) F,+30H" (5)
25 AEHALTZHHAKRE
251 HILREFEM

TERAESFAET  TOBREL IR AR B L S K
BHFLA R IR e LI 10, AT, B AR AT Y
AL, ToE B L R B AL KAL) o, B KR
FAEAI AT 30 mg/dm?, 5L 5T 5 1 J2 [ SR i 20K
AR R 2k B R/ INAT A, TR B LRCR A Tk K &
fL, WA TR Eh B LR
252 BAZEDER

22N [R] T2 35 1L 1 B AR 48 Ak JE A 1Y) Tafel 1
A2 WL 11, Y Tafel B Ak il S 400545 3] 0 JE fl
AR,

FRAE 2R 7, N [F) 120 3L 4 Ak R ) J8 okt mi 57 DA
= B R AL > e AL > Wk B AL > K

200
160 |
9120
£
on
£
= 80}
«
40
18.4 12.6
W v /)
T AL b AL kAL AL

E10 AEHFFLIZHILREXTLL
Fig.10 Comparison of sealing quality of different sealing

processes
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Fig.11 Tafel curves of anodic oxide film after sealing with

different processes

x7T MUBHKBESER

Tab.7 Polarization curve fitting results

HATZ E,./mV o/ (A-em?)
TeER AL —840.9 4.25%x10™"°
FRER L —746.9 3.98x10™"
WKL —893.9 1.14x10°
KEHL —1072.9 1.87x107

flo 7, A IR Tt H R0 /N B AR IR -
B L < TR Bl <K EHL < REFL, REH
FLA TR ok v, 3 2 JE L LS AR R 2 N
oo — B, JE Tt A7 Ry, TR R A MR okt 14 A B2
TR A 5 B P A R R /DN 0 X G e
I, AR LS TR f e RE S 5, ELAS RIS L T 200]
s P R P Ay < B R B L > TR B L > B oK B AL .
ZEE SRR R AA — B, RICEE LR
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2024 4E 1 H Y SHEIM
AT IR ER B LA K B L2 (A]
3 &it

(D)W T —FhJoE B LR, L RCh <
£h 20~30 g/L, i #5 R £ 3.0~5.0 /L, 3 1Al 1 1 7
1.0~2.0 g/L, B HLEHNFIN 2.0~4.0 mL/L., HFL T2
U Bl R L B 35~55 °C, pH 5.0~5.4 , £ FLI ] £ 2~3
min/pm,

(2) JC 3t L BB P TR 422 o 2 T AV ) R A o
KB PRCR A . TR il 2k F TR A 2 A 2 SR
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