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Novel surface pretreatment process of aluminum alloy with fluoride-free
and ammonium-free formula

ZHANG Chao, LIU Qingfen, HUANG Xiaozhu, LIANG Xiangfeng, L1 Wangliang,
WANG Xiao, LIU Yinting, LIU Huizhou
(Key Laboratory of Green Process & Engineering, Institute of Process Engineering, Chinese Academy of Sciences,
Beijing 100190, China)

Abstract: A novel aluminum alloy surface pretreatment process with fluoride-free and ammonium-free formula
was developed. Through the two-step process of pretreatment etching-neutralizing, the aluminum alloy surface
was smooth and had excellent sand finishing, the aluminum consumption was less than 2.0%. The sand finishing
performance of the new process was better than that in the traditional alkaline-etching process, and was close to
the traditional acid-etching process. The aluminum consumption of the new process was reduced by 71%
compared with the traditional alkaline-etching process, and was close to the traditional acid-etching process. The
process duration was 23% and 31% faster than the traditional alkaline-etching process and traditional acid-etching
process, respectively. The optimum composition of the formula was: Na,CO; (80 g » L™), NaOH (8 g » L ™),
Na,SO4 (25 g + L ™), NasPO, (20 g + L ™), SDS (0.6 g « L™) and glycerol (5 g + L™*). The process was operated at
55°C for 10 min. This process achieved following functions in one-step: degreasing, sand-finishing, surface
mechanical lines-eliminating. This novel process has the advantages of lower pollution and water consumption,
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shorter process and higher efficiency, which is environment friendly and energy efficient.

Key words: aluminum alloy; surface pretreatment; fluoride-free and ammonium-free; aluminum consumption;

sand finishing; surface; corrosion; environment
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Fig.1 Effect of Na,COj3 concentration on aluminum
consumption
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Fig.3 Effect of NaOH concentration on surface appearance of aluminum profile (A1—Ab5 represents
NaOH concentration 2, 4, 6,8,10g * L™)
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Fig.6 Effect of Na,SO,4 concentration on surface appearance
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Fig.7 Effect of SDS concentration on aluminum consumption
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Fig.9 Effect of glycerol on surface appearance of aluminum
profile (C1, C2 represents glycerol concentration
5and 20 g « L7, respectively)
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Fig.11 Effect of pretreatment temperature on surface appearance of aluminum profile
(D1—DS5 represents pretreatment temperature 50, 55, 60, 65, 70°C, respectively)
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Fig.12 Effect of pretreatment time on aluminum consumption
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Fig.13 Effect of pretreatment time on surface appearance of aluminum profile
(E1—ES®6 represents pretreatment time 2.5, 5, 10, 15, 20, 25 min, respectively )
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Fig.14 Over-corrosion spot on surface of aluminum profile
after 15 min pretreatment
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Table 1 Orthogonal experimental design Lyg (7°)

REF P s

1 2 3
A Na,COs/g * L™ 40 60 80
B NaOH/g « L™ 6 8 10
o] Na,SOu/g « L™ 10 25 40
D NasPOy/g * L 10 20 30
E g - L 2.5 5 8
F WEEIC 45 55 60
G i [ /min 5 10 15

K15 SRAIEA AT SRAe B M A R T 5
Fig.15 Surface appearance of aluminum profile under
orthogonal optimization
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Table 2 Results of orthogonal experiment

LS A B c [b) E F G fHFE%
1 1 1 1 1 1 1 1 1161
2 1 2 2 2 2 2 2 2450
3 1 3 3 3 3 3 3 4798
4 2 2 1 1 2 3 3 4518
5 2 3 2 2 3 1 10778
6 2 1 3 3 1 2 2 2101
7 3 1 2 1 3 2 3 2804
8 3 2 3 2 1 3 1 1539
9 3 3 1 3 2 1 2 1.608
10 1 3 3 1 2 2 1 1434
1 1 1 1 2 3 3 2 249
12 1 2 2 3 1 1 3 2084
13 2 3 2 1 1 3 2 3216

14 2 1 3 2 2 1 3 2044
15 2 2 1 3 3 2 1 1232
16 3 2 3 1 3 1 2 1468
17 3 3 1 2 1 2 3 3216
18 3 1 2 3 2 3 1 1148

Ky 2404 1959 2372 2434 2220 1524 1.215
Kaj 2315 2215 2080 2087 2220 2206 2.223
Ksj 1.964 2508 2231 2162 2263 2953 3.244
Rj 0.440 0549 0.292 0.347 0.063 1.429 2.029
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Fig.16 Effect of bath reuse on aluminum consumption
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Fig.17 Effect of batch reuse on surface appearance of aluminum profile
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Table 3 New process compared with traditional acid etching and alkaline etching process
. . Morphology Aluminum Time Slot number
Item Time/min Solts numbers Photo description consumption/%  reduction/% reduction
novel process 20 6 be'gter surface Ievelm_g, 2.0 — —
obvious surface-sugaring
traditional alkaline better surface leveling,
etching process % 9 medium suface-sugaring 70 31 8
traditional acid etching 29 12 obvious suface-sugaring, 20 23 6

process better surface leveling
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Fggm ., IEASSEIR gt R, BAEZAIE T N:
Na,CO; (80g+L™), NaOH (8g-+L™), NaSO,
(259 <L ™), NagPO,(20g-L™),SDS(0.6g L ™),
HM (5g L™, HAERRESLMA: 55°C, 10 min.
WL E% “HWAH-FR” SR, FabE )5
AR BOMCRL, SEMCH 2.0%.
B LR TSk T2, S54SR T
SANRES AR . 37 T SR Lo AL e i T 2 BEAIS

) 71%, SESRM T ZMIT. B T2 AR
9 20 min, EOAE GEhE b T2 AR ik T e T
23%H01 31%. Hr LA LT ZUE KRR 7 WA
Bi5 s, ST R -ENNSE 2 YR —
AT E, BAEMRIGY. (KB [RKFE. FRAE.
R, MR AR AR .
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