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Discoloration Mechanism of Cast Aluminum Caused by
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Abstract: Commonly used organic acid coolants could cause discoloration and blackening of cast aluminum materials.
However, this problem has not attracted enough attention. In this study we employed XPS, energy spectrum and scanning
electron microscope to conduct in-depth research on the discoloration of cast aluminum. From the study we find that there is
a close relationship between the blackening and discoloration of cast aluminum and corrosion. The blackening and discolora-

tion of cast aluminum indicates that the material is corroded. The research results have guiding significance in the develop-

ment and application of organic acid coolants.
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Tab.1 Composition of test piece

JLE 8% JLHE S H%
Al 96.04 Mg 0.74
Si 0.65 Zn 0.62
Mn 0.21 Ni 0.038
Cu 0.54 Ti 0.021
Fe 0.81

YT0085-06 7k g AL ¥4 208U i) 7 A%, wIX
PR ERATBR /A Hl; ESCALAB 250 Xi % X Hf£kt
TR, FEER K /R Fl 5 Quanta 400 HYRETE(Y,
fiif 22 KA A .

1.2 SEWHE
12,1 #3835 m )i ok 55

B LI b S 0 28 L D PN 1, o)
H F s ) iz 7k, B R SR i 5 T
B LV HR )52 1A TR, TR VEM 2]
ZE i PERE.

KH5 e IR e 750 mL A HI R, B
PSINE UL R B T 8 P TN S, R S T
B RIR SRR T SR S0 100 me/L. P A
A3 (100 + 10) mL/min, 2 #8 ASTMD 1384

{ Standard Test Method for Corrosion Test for Engine
Coolants in Glassware) .SH/T 0085—1991 { & zh#l
V2 VI ) 7 v (BEBS AR LYE) ) L TB/T 1750—
2006 { WABLA VR 200 ) , TERLE Y (88 £2) CF
PTG, SERIN A (336 + 2) h
122 XK A& HB RS

R BE (SEM) WA F 8 Bl Aif J5 i & 10
TS T A A 4 i 2 T P Tl DR R < g i b
FAE B L, W58 G2 TR0V 209 4 s J ol R B
s . FEX b, FIFHEEIE A XPS ZrHrkim
A=Y oT R, 193 4R R C R 18 AL

2 #RGiE

2.1 IHIERSILFEHEe

H7 AR VA U 3 305 2 ITLJB5 ol 52 36 i I 4 40l
FIZNIXT L AN 1 B, SEIRHT, #4nil H FRm 44
;O G S RHTE 5 R MRV HIEON 545

ARBEAEER H3785 B2

A R T SR SR LI T S/, B4 8RR S UL i B
TR EIIE. 5 FiA PLRRYS HIGE R 75
BRI R AN (LB G ] REAS 2 o] B AY S AR RN, T2
58 m B R ARG , ST S — X R A A T IR
AW

25 mm VA HITE 2B HIT 3B EI AW HIE SHAHR

50 mm

:,. »“‘
el

Bl B MU S8 A
1 BHERR A EIKERIE MR AT FEHFRR R
WxfEL

Fig. 1 Comparison of appearance of cast aluminum test
piece before and after corrosion experiment of
organic acid coolant glassware
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Tab.2 Comparison of mass change of cast aluminum test

piece after corrosion experiment of organic acid
coolant glassware

REMG S S AR f i /mg
1# -16.6
24 -17.8
34 -139
44 -114
St -10.2
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Fig.2 SEM images of cast aluminum test piece before and after the glassware corrosion experiment
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Fig. 3 High power SEM images of aluminum sheet surface before and after glassware corrosion experiment
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Tab.3 Energy spectrum analysis of test pieces

SHEE s : L
Al Si Mn Cu Fe Mg Zn C (6]

1 91.12 0.88 0.17 0.31 0.78 0.81 0.58 1.59 1.9

SEHH 2 91.14 0.87 0.16 0.32 0.87 0.83 0.78 1.49 1.94
3 91.25 0.95 0.18 0.21 0.73 0.83 0.60 1.69 1.71

1#-1 42.66 10.58 — 0.25 0.82 0.37 0.52 2.72 38.00

1#-2 30.43 14.94 0.21 0.30 1.02 0.28 0.72 2.90 41.79

1#-3 43.39 9.98 0.19 0.29 0.83 0.34 0.59 237 37.89

24-1 34.56 13.38 0.23 0.28 0.90 0.29 0.67 2.61 40.85

242 36.05 12.44 0.22 0.24 0.90 0.31 0.63 2.79 40.66

2#-3 34.82 13.08 0.20 0.24 0.90 0.29 0.78 2.63 40.99

3#-1 39.68 1.14 0.15 0.17 1.17 0.66 0.47 222 40.91

TR 3#-2 41.12 1.14 — 0.13 1.08 0.65 0.51 1.95 39.90
3#-3 58.11 433 0.87 — 0.76 — — 1.72 31.12

44-1 61.07 3.32 0.84 — 0.63 — — 1.61 30.13

442 59.18 425 0.90 — 0.73 — — 1.88 30.10

4#-3 55.37 7.96 0.71 — 0.46 — — 2.40 28.94

5#-1 64.14 5.11 0.73 — 0.47 — — 1.88 24.65

5#-2 70.04 3.36 0.80 — 0.46 — — 1.78 20.99

5#-3 62.05 3.26 0.20 0.21 0.60 0.56 0.55 1.70 29.71
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Fig. 4 XPS spectra of aluminum on the surface of cast aluminum test pieces before and after the glassware corrosion experiment
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Fig. 5 XPS spectra of silicon on the surface of cast aluminum test pieces after the glassware corrosion experiment
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Tab.4 XPS analysis of test pieces
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