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ABSTRACT: This paper is to study the corrosion behaviors of aluminum and aluminum alloy in natural water environment.
Through the 2-year exposure test of LM; pure aluminum, 5083 aluminum, LF¢M unclad aluminum and clad aluminum in natural
environments of freshwater-seawater alternating, seawater and freshwater, the corrosion morphology and corrosion rate of the
materials in the three environments were compared. The corrosion laws of four kinds of aluminum and aluminum alloy materials
in different water environments were summarized, their corrosion mechanisms are briefly discussed, and their long-term corro-

sion behaviors were predicted. By comparing the synergistic influence factor (b) of local corrosion of four materials, we can find
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that the fresh water environment has the greatest impact on the local corrosion of LMj pure aluminum; the fresh seawater envi-

ronment has the greatest impact on the local corrosion of 5083 aluminum alloy; and both fresh water and fresh seawater envi-

ronments have a great impact on the local corrosion of the two LFsM aluminum alloy materials. The 5083 aluminum alloy,

LF¢M unclad aluminum and clad aluminum have the worst corrosion resistance in freshwater-seawater alternating natural envi-

ronment; and LMj; pure aluminum has the worst corrosion resistance in freshwater.

KEY WORDS: aluminum alloy; local corrosion; freshwater-seawater alternating; aluminum cladding; corrosion rate; chloride

ion; electrolyte effect
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Tab.1 Main parameters measurement range and
precision of equipment

1.1

BI85 44 PR N 91 R B

T A% I JFE . —2~36 'C; K : +0.002°C
AL RS L. 0~3.5%; FEEE. +0.1

RIRAGIRAS  WEE: 0~50.0 mg/L; K. +0.2 mg/L
pH & & ds JEE : 2.00~10.00; K. +0.02
T AN JEH: 0~5m/s; KERE: +0.001 m/s
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Tab.2 Comparison table of main environmental parameters of 3 testing sites
R /% K/ C pH DO {fi/(mg-L™")

e WIS R R RIE Y &m ®BIR CFH & RIE R

RHFK 2.802 0.198 1.425 31.99 15.02 22.63 8.04 6.90 7.63 9.0 5.5 7.80
7K 3.317 2.702 2.887 32.25 15.38 22.45 8.27 7.71 7.93 8.6 6.0 7.32
WK 0.007 0.005 0.006 30.53 7.76 19.84 7.08 6.71 6.87 10.7 7.0 8.77

4 2 WTRUR th, YK IR BERNI S SR IREE U B 3.0%/E A48, BB W HER BB

IS KR . pH (B AR A A 22 A K. IRAKIAEE
PRI R A R R R, KR . pH
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BE I ST IR 0.005%~0.007%, #EE T 05 HE/KEREE

IRV 7K PRI £ B W sl Y Bl AR 2%~28%, & 3 Pl K A5
RN TN REI R oy N O o 2 D B 51 o ST g
RIG KA M2 H, H 24 h BRI AR
FEFEREIIE 1B WK1 Far UL B, i IRk
BRI A U AR T, K2R 12 h f74E 1
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Fig.1 Change of the salinity with time in freshwater-seawater
alternating natural environment
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Tab.3 Chemical composition of aluminum and aluminum alloys

wt.%
B K fedy
Si Fe Cu Mn Mg Cr Ni Zn Ti Al
LM; [iiNeag:ENA 0.053  0.26 0.05 0.05 0.05 - - 0.05 0.013 N
5083 [iiNEag:EN 0.10 0.26 0.04 0.65 45 0.10 - 0.01 0.02 N
LFM [iiNEag:EN 0.08 0.17 0.04 0.55 6.18 - - 0.10 - At
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Fig.2 Appearance and morphology before corrosion products removed of LM; pure aluminum in natural environments of
freshwater-seawater alternating circumstance (a), seawater (b) and fresh water (c) for 2 years
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Fig.3 Appearance and morphology before corrosion products removed of 5083 aluminum alloy in natural environments of
freshwater-seawater alternating circumstance (a), seawater (b) and fresh water (c) for 2 years
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Fig.4 Appearance and morphology before corrosion products removed of LF¢M unclad aluminum in natural environments of
freshwater-seawater alternating circumstance (a), seawater (b) and fresh water (c) for 2 years
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Fig.5 Appearance and morphology before corrosion products removed of LF¢M clad aluminum in natural environments of
freshwater-seawater alternating circumstance (a), seawater (b) and fresh water (c) for 2 years
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Fig.6 Appearance and morphology after corrosion products removed of LM; pure aluminum in natural environments of
freshwater-seawater alternating circumstance (a), seawater (b) and fresh water (c) for 2 years
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Fig.7 Appearance and morphology after corrosion products removed of 5083 aluminum alloy in natural environments of
freshwater-seawater alternating circumstance (a), seawater (b) and fresh water (c) for 2 years
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Fig.8 Appearance and morphology after corrosion products removed of LF¢M unclad aluminum in natural environments of
freshwater-seawater alternating circumstance (a), seawater (b) and fresh water (c) for 2 years
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Fig.9 Appearance and morphology after corrosion products removed of LF¢M clad aluminum in natural environments of
freshwater-seawater alternating circumstance (a), seawater (b) and fresh water (c) for 2 years
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Tab.4 Corrosion data sheet of aluminum and aluminum alloys in freshwater-seawater alternating natural environment

05a la 2a

PORUES gpht  BERUUEAm pgphidy  BERAE/mm bk BSERUEE/mm

(mm-a) T N (mm-a) Py LN (mm-a) - LN

LM; 0.138 0.44 0.76 0.097 0.40 0.89 0.054 0.70 1.01
5083 0.176 0.38 0.61 0.117 0.39 0.86 0.079 0.92 1.58
LFM £4347 0.205 0.56 0.75 0.093 0.52 0.82 0.079 1.20 1.94
LFM 45 0.090 0.45 0.71 0.077 0.84 1.07 0.067 1.51 1.64

x5 TEBKBANERERESSHEMBIE

Tab.5 Corrosion data sheet of aluminum and aluminum alloys in seawater

05a la 2a

PORRE ppmhEa  BIRE/mm gihpEss  BEEE/mm s R /mm

mma) " FH Rk ma) P RA  ma)  FH Rk

LM; 0.034 0.36 0.65 0.018 0.20 0.51 0.014 0.19 0.74
5083 0.030 0.28 0.44 0.017 0.24 0.50 0.015 0.35 0.82
LFM L340 0.039 0.26 0.45 0.023 0.15 0.36 0.016 0.40 0.76
LFM 445 0.025 0.11 0.18 0.015 - - 0.012 0.08 0.13

®6 HERKBRAREHERBEENEHEYE

Tab.6 Corrosion data sheet of aluminum and aluminum alloys in freshwater

05a la 2a

PORRSppndors  BPRREMm g MERAEEMmM gk BORAE/mm

(mm-a”') T LZN (mm-a) P8y LN (mm-a) P LN

LM, 0.016 0.57 1.29 0.010 0.77 1.66 0.012 1.08 1L

5083 0.008 0.34 1.26 0.006 0.36 0.96 0.005 0.54 1.21
LFM =45 0.031 0.75 1.20 0.029 0.77 1.30 0.045 1.19 1.58
LFM 47 A4H 0.057 0.91 1.19 0.073 0.94 1.45 0.066 1.43 1.45

a RIGARZR b ¥k c YRk
E 10 LM; 404855 2 a J5 Rl s i o e 45

Fig.10 Two years exposure of LM; pure aluminum local corrosion morphology (a) freshwater-seawater alternating natural
environment (b) seawater (c) freshwater (magnified 100 times)

a IRIGAK b Mgk c kK
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Fig.11 Local corrosion morphology of 5083 aluminum alloy after exposure for 2 years: a) freshwater-seawater alternating
natural environment; b) seawater; c) freshwater
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Fig.12 Local corrosion morphology of LF¢M aluminum alloyafter exposure for 2 years: a) freshwater-seawater alternating
natural environment; b) seawater; c) freshwater
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Fig .13 Variation chart of corrosion rate: a) LM3; b) 5083 aluminum alloy; ¢) LF¢M unclad aluminum; d) LF¢M clad aluminum
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Tab.7 Relation table of 4 aluminum and aluminum alloys with corrosion rate and the exposure time

B RIFIKATE K WK
JE Tl A HFREE JE AL HFRE JE TR FERE
LM, A=0.088 2707001 0.988 7 A=0.020 5t70-700! 0.980 5 A=0.010 4t70700! 0.9150
5083 A=0.120 21705262 0.994 9 A=0.019 7t70-3%62 0.964 4 A=0.006 0t 3262 0.883 9
LFM 4148 A=0.120 4t70-6180 0.927 5 A=0.024 6t™-180 0.993 3 - -
LFM 7 145 A=0.077 87378 0.882 5 A=0.016 7t3%78 0.860 8 A=0.062 9t™3%78 0.8215
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Tab.8 Relation table of 4 aluminum and aluminum alloys with local corrosion depth and the exposure time

pron) R K K
J T AL i f=1: & T AL AR J T AL AR
LM; B=0.526 1t*3267 0.981 1 B=0.370 3t*3267 0.830 1 B=0.769 2t°3267 0.987 9
5083 B=0.513 9t*3480 0.935 8 B=0.248 5t3480 0.987 8 B=0.335 3t*3480 0.898 1
LFM 21145 B=0.728 4t°3%¢7 0.857 7 B=0.383 1t**¢7 0.870 0 B=0.736 7t 0.723 5
LFM #4348 B=0.824 0t*28! 0.8355 B=0.054 3t*80! 0.669 0 B=0.891 0t*8! 0.800 0

a3 MOKIHEE F B E A=at® (Hp, t R
] ASHJEMRECR . mm/a ) SXFPRLAEE . X R0 hick
Uh, B=bt®, Hr B HREREIMIEE, mm, R
B & LU oy BB RS, BT DL X R
Tl 1y B3 [R) S ) PR - R A 7 5

FH AL B A5 21 3 B EREEXT 4 FlobA AL 52 e 1 1
mr .

1% LM 25K UL, A @ Ao @ Amn=1 : 4.3 :
0.5; Bk @ B uwn : Bux=1:1.42:2.08, Uil LM,
SR AEIR T 7K v 0 T8 b sk R b (AR A8 i 40 g e
M) PR -, R 7K B X6 LS e e K

2) XF 5083 K, Awx @ Amik : Awx=1: 6.10 :
0.30; Bk : Bumx : Bux=1:2.07: 1.35, WA
AT-J47 J e R 32 30 2 S BRI TR BE SR, IR /KA
Xof G A 5 T S 2 i R

3 % LEM EALE R UL, A @ Avsx © =1 : 4.89;
Bk : Buwk : Bux=1:1.90: 1.92  \JRiFE MR E ,
MK IAEEXT LEM KB /N, IR KSR EE
FNRAK IS5 0 S 55 #2305 (RS i R
RIS IR HIROK IR T K152, Zil KA
1) 4.89 i o iX Ui B LFsM XA R AEIR I K S8 IR B v
BEA 5 IRK FREE AR S 0 SR i ik, SO ™ EE ) A T
M. ZEERFE, LFM FAERTEIR K 28 B8 A it
Tk A 25

4)%F LM B AR R, A i+ Ak * Awn=1 ¢
4.66 : 3.77; B gk : B ik * B wx=1:15.17 : 16.41,
5 LFM ZALR R0 sl e AR LG, 7T RA R R,
LFeM A A58 AL AR 2 FE K IAEE T AT LA 344 e 5]
FRLERY, FEIR K FNIR MK AR PR EE T W84S 21 1
BIRRCR . BARIROK IREE A JR TR B it 2 a J5 19 52 M) %
K TIRMF K FREE , (ELJE b 3 3852 e ) LUIR T 7K 28 8 B
BN/ SRRV, TERIAM 0.5~1 a if, LFM 71
FRTEOK A e e 2%, 2 a )5, HAEIRIG KSR
HARIAEE T Byt i 14 e A 25

3 #it

1) FEERA SR 3 B FZROKIREE T A e 25
DA 2 R ok 25 =) B I ok o

2) MBEREELE 3 T ASROKIRET T, R
W P ) 14 S e B A A, I o ) 9 2 K

b

3) 5083, LFM aiifilfR M R 3 M a4,
TEIRMG KSR F SRR BE T i b b S A, S 0 g ok IR
W, HSR R K, 7EIRI /K ASH: SR IAEE T By it
T R 22 o

4 )LM; SR TEIRK IR T R S s ™ 8,2 a
W B T aE LIS, ik PE R iR 2% .

5) XF LFM a8k ut, WRZTERKIREE T
LA B WA VR A, FEIRIK BRI K S R8T 14
PR IANIH

6 ) FALXT 4 FAL RS kb [R5 e B B X6
Fb B, RAKIREEXT LM 4ligh a0 i il s mi fe K 5
RIGKIABEXT 5083 455 4 R dB It ma e ks IRk
FIR K IR BE X PR LEM 456 4 R R 3 6 52
HBAR A o

RS
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