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ABSTRACT: The paper aims to study influences of brazing temperature and heat preservation time on the weld microstructure
and corrosion behavior of 3003 aluminum alloy, and predict weld corrosion life of 3003 aluminum alloy through model. In the
simulated marine atmosphere, salt spray corrosion method was used to observe micro-morphology and element distribution of
weld seam in combination with SEM and EDS. According to the corrosion weight loss and maximum pitting depth, the corro-
sion resistance of weld was analyzed. A corrosion dynamic model was established. The micro-morphology and element distribu-

tion of weld seam was calculated in reference of outdoor exposure corrosion data to predict the corrosion life. The results

Yris HER: 2018-05-26; 1&iTHHA: 2018-08-05

Received: 2018-05-26; Revised: 2018-08-05

HemH: BRaAMAFLEE (51574095, 51664005, 517741022, 51474079 ); %A KY F (2015) 334 5; ZAASAF A (2015)
4005 5; BHAFEAFT (2016) 5626 5

Fund: Supported by the National Natural Science Foundation of China (51574095, 51664005, 517741022, 51474079); Education Department of

Guizhou KY word (2015) 334; The Cooperation Talent Group of Guizhou Department (2015) 4005; The Cooperation Talent Group of Guizhou
Department (2016) 5626

fEEEN: & (1991—), B, AELHRAT L, LTLHAF @ H BE %k,

Biography: SHEN Yuan-yuan (1991—), Male, Master, Research focus: electrochemical corrosion.

BRMEE: Hask (1977—), F, W4, #i, Z2AFLRMA R BT FRFT T,

Corresponding author : CHEN Chao-yi (1977—), Male, Ph. D., Professor, Research focus: metal materials and electrochemical corrosion.



- 150 - F om oH O OR 2018 4£ 9 H

showed that when the vacuum degree was 3x10* Pa, with the increase of brazing temperature and prolonging of holding time,
the segregation of Si in weld zone was reduced, and the corrosion resistance of the weld was enhanced. Whenthe brazing tem-
perature was kept at 610 °C for 75 min, the weld microstructure was the most uniform, mainly composed of Al and Si element,
and contained a small amount Mn and Mg element. And the weld also contained Al-Mn, Mg,Si and Al;Mg, alloy phases. The
dynamic equations of the corrosion weight loss and the maximum pitting depth of the weld were y;=0.0642t*%7 and y,=0.03t"%,
respectively. Compared with the corrosion kinetics equation of LY 12 aluminum alloy in Qionghai for exposure of 10 years, the
corrosion equivalent coefficient was 13.39. The maximum corrosion equivalent depth was 87.9 pm in Qionghai for exposure of
10 years. The Si segregation in weld zone has important influences on the corrosion performance. The best brazing condition is
that the brazing temperature is 610 “C, and the holding time is 75 min. At this time, the corrosion equivalent depth of weld ac-
counts for 87.9 percent of weld thickness 100 pm after 100 years of atmospheric corrosion, which could meet the requirement of

10 years of corrosion life. When brazing temperature is increased and holding time is prolonged, corrosion occurs to the inter-

face between the substrate and weld, and the corrosion resistance is weakened.

KEY WORDS: 3003 aluminum alloy; vacuum brazing; salt spray corrosion; corrosion kinetics; corrosion life
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Fig.1 Installation structure and sectional view of sectional radiator
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Tab.1 Element content of 3003 and 4004 aluminum alloy

wt%
Material Si Fe Cu Mn Mg Zn Al
3003 0.6 0.7 0.05~0.2 1.0~1.5 — — Bal.
4004 9.0~10.5 0.8 0.25 0.1 1.0~2.0 0.2 Bal.
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Fig.3 Weight loss curve of brazing sampleatcorrosionof 48 h
at 610 ‘C with differentheat preservation time
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Fig.4 Maximum corrosion depth of brazing zone atcorrosion of 48 h at 610 ‘Cwith differentheat preservation time
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Fig.5 SEM micrograph of brazing seam atdifferentbrazing temperature with heat preservation of 75 min

IRE; STIRIREETEE 615 °C, SPRMILIRLE A AL Si
WeBEHB H A1-12.6%Si e dfias B, B [P A% Si W 2R,
H IR A b, XFECIE 2 FIEL S AT, AT R B A
PRIB AT X TR X ZH 2P Si i 2 10 52 i B A AL o
59 A BFIC ST EDS JCR &Rk 2,
Mg-Si. Al-Mn Fl Al-Mg —JeAHEINE 6 iR, h#E
2 01, BRI, SionE S EEL, Al
Mn Fl Mg JCR &3, 4FFRIRE N 610 CHE, £F
REIX U EURI5], St ek, BeAT Mo il Mg & &

FELAE Al-Mn 5440 (K 6b) o Al Fl Mg BE/R LA
13.38:1, Mg VR ERAEIT, 4R IX SAE1E ALMg, B4
HCE 6c) o D&% LT-3 #5464 GEBRJE A 3003
ME4E, K2R 4004 A4 ) BRI AEA S
HEATT XRD 4307, 28 A7 7E MnAl Al AlsMg, 4 7]
&Y.

K2 RRAAWTERIE

Tab.2 Element content of partial poly group

wt%

?&%O ﬁ*ﬁ})\ﬂg » Al Arsi E Al-12.6%Si ij‘éﬁﬁlﬁﬁ Chemical compositions
Jefho 610 CHHE 75 min B, Si BFRAKAT  Temperatwre/C — . pMn -
12.6%, Si kb TiftRRA, B, SFEIXAEE AL-Si = T g
e, H Si ZEM A M I TE R Si WK - Si 610 62’09 249 035 e
A, FFRX S Mg,Si A4t (K 6a) , £F ols 35'28 o '69 2'95 0'08
JRIX AL AT Mn BYEE/RHE R 13.52 1, DRIATIR X — . : i :

1700 - Liquid 1700 F 1000

1500 - 1500 | 900 \\

1300 1 Liquid+Si(s) 1300 | 800 N
%1100 | - w1100 F 700
= 900 A = 900§ 2 =600

700 | = 700 {228 500t/ s

S| <8
500 - 500 |2 \ 400 - ‘/< \
300 P 300 =1L N — 300 PR R
0 02 04 06 08 1.0 0 0.2 06 08 1.0 0 02 04 06 08 1.0
Si/(Si+Mg) (mol/mol) Mn/(Al+Mn) (mol/mol) Mg/(Al+Mg) (mol/mol)
a Mg-Si b Al-Mn c Al-Mg
K6 —JnHIKE

Fig.6 Binary phase diagram



- 154 - * wm #H R

2018 4 9 H

HAS N 3x107° Pa, ARIEFIEIREE (£ 75 min
SRR ST 48 h S, e e 4 2 T R TRLEE AR Ak
e 7 s, mE 7 AL, MEATIRIRE TR, T
JE R B4 6 b B BTN . 610 CEFIRRT, J§

6.0

o~

755

W
(=]
T

.\l

™~

h
[
T

w oW A
S v O
T T T T

Ll i
S W
T

Corrosion weightlessness/(g - m

595 600 605 610 615
Brazing temperature/C

—_—
S W

Bl 7 ASTFVEFARHELEE B 75 min (5T AR SURE I 1
48 h 1Y B i 4 2 AR Al il &

Fig.7 Corrosionweight losscurve of brazing sample

at corrosionof 48 h at differentbrazing temperature
with heat preservation of 75 min

PSR B AR /ME ;s APERETE
615 CH, B fmiksgm. 4rikh, 610 CEF
JRLRIR 75 min B, T AR X JCHH B Si 2, BRAR T AL/Si
PR AR TB) S DT AL/Si b AL ik, HLAT AR XA FE Y
Al-Mn ., Mg,Si fll AlMg, &4 M, T 8PS
PhERE ., 5K BRI, AL-Mn A4 A BEAR A Ak
A VR T SR , XE IR B AR o R R AR
Mg, Si £4s 1Y H BRI ZE T AL/SH 1 i ) i ok, ] 45:022)
RIAN/DNASCRBAT (B Mg-Al &4 M) JRBIIE A
B FR SR A S PuUE bR .

HAS R 3107 Pa, ARIEFIEIRE IR 75 min
PHAEEE o 48 h J5, AFRRIX RS bk an &l 8
fias o B8 AT, BfET AR (T, TR
I RS PR R BE Wl /) o BF AR 595 CTHE 610 C,
YLLE I P G 1 30.60 pm P& 14.96 pm; TR 4kSE
TJHZE 615 °C, JEIRE LI E 19.08 um. FFEARTR
610 CHf, FEXEE), HAETEM Al-Mn., Mg,Si
Ml ALMg, A4, WZE T SU/AL (5L L E AN Si/Al
AR AR B JE 1ok, B85 T AT AR IX AT PR RE . BRI,
610 CEFIELRIE 75 min B, KE4E AP I PERERG 58

¢ 605°C

e 615°C

E 8 AT LR IR 75 min AOETARIRREIE i 48 h A5 4% IX AR Ir 5 K o5 (o VR

Fig.8 Maximum corrosion depth of brazing zoneat corrosionof 48 hatdifferentbrazing temperature with preservation of 75 min

23 SIREBEEGXAMRENHNE

6§ o 3 2 R PR A y=a S AT, 610 C
FHARORIL 75 min AOTURE B TlAS [N W), JE8 ok i £ 454
2R - e s ] A0 TR e A et 8 - ok B [ 4 8 g

HhZ& aniE 9 przs . m IR 9 ml, J& b o 1 2k Rl K
JE bR B J1 2 AR B y,1=0.0642t%%7 1 y,=
0.03t"%, Hirf R>=0.990. R,’=0.985, J il i} 7] /&
8~96 h {u[HEl N, UG ROERENT .

INFRTT PG LY 12 484 4 Bl 2L W i ok, 75



F4718% H£oW

B ] P2 45 . LS BT REXT 3003 554 4 A% 24 40 K Tk 11 5 i) - 155 -

4.0

~
&

", 3.5

g-m
W
o
T T

g
W
T

20

o
(%]
T

Corrosion weightleness/(
_
<)
T

L
%
T

0 20 40 60 80 100
Corrosion time/h

a M REAR

(=]

w (=)
(=] (=
T

N
=)
T

[
S
T

Maximum pitting depth/um
= s

(=]
T

0 20 40 60 80 100
Corrosion time/h

b AR IRE
B9 610 CHEFRIER 75 min MEFAR MR AN [ B[R]
FIRT B A 5 k45 2K AR 4B AT 5 AT o 8 HE 005 it 2
Fig.9 Corrosion weight loss and maximum corrosion depth
fitting curve of brazing samplewithdifferent corrosion time at

610 ‘Cof brazing heat preservation for 75min: a) Corrosion
weight loss; b) Maximum corrosion depth of cross section

RS 2F R Y=1.06T"%; 3003 48541
J&§ Tk B R R B S AR y,=0.0642t°%7 ) AIXF T
LY 12 8584 Bl KRR 10 45 A0 )8l 24 k=13.39,
HE MR @G IR . B LY 12 36 4 16 B0 K S
BEREMGE 1 4F, T 3003 454 4 Eh 5 ) b
13.39 ho NI, LY 12 85 4506 KR 10 4, 75
3003 54 AN 133.9 hy AT, 3003 R4 408
SO B K S R PR o 87.9 um, i ARAE R )
87.9%, MEAEARIE IS,

t
k=—=13.39 4
T 4

-

N\

3 it

=

vl

'\

1) EZ5HEEN 3x107° Pa BF, 610 CEFIF IR
75 min BEARAF ISR IRAEL LY, KA Si W
o PR RAC, PR R, BT AR X AP A B
M Si R4 PR S . IR R,
MR A ol

2) B SifmERALURIGE N, JE b o B 5 R 3
JEIRIRBE TN, KRBT P RIS . TR N

610 C . PR 75 min B, £FARIXTCHA 2 Si (w2, Al/SI
A (LB TRORD AL/ST A FE T FL Ak 2 S kol 55, FLAT IR IX
Al-Mn., Mg,Si il Al;Mg, EEMPAE, iR
BB MERE

3) AR N 610 °C | fRIE 75 min iXFEIERAE A
SR Pl TR R B 12 RN yi=0.0642¢°%7, i ik
RSN ST TR v,=0.03t", FHXTT LY12 #8544
B R R 2 i k=13.39, 3003 535 4 1asqE
BOB KA FEM 10 5, BaEfmn K2 i
THEREE A 87.9 um, (FRREEEEE 100 pm 1Y 87.9%.

SE -

[1] MARTINS J P, CARVALHO A L M, PADILHA A F.
Microstructure and texture assessment of Al-Mn-Fe-Si
(3003) aluminum alloy produced by continuous and semi
continuous casting processes[J]. Journal of materials sci-
ence, 2009, 44(2): 966-967.

[2] RIEfE. SRR RBIE G & RN B R[], T
16 TH2, 2002, 22(3): 118-119.

ZHU Zhao-hua. The application research of Al-Mnalloy[J].
Metallurgical engineering, 2002, 22(3): 118-119.

[3] EAH, EIRSE, BAH, %5 2024805 & 7eH YR

IR IR T 1 S5 TR AT o [9]. & )R A, 2014,
50(1): 49-56.
WANG Bin-bin, WANG Zhen-yao, CAO Gong-wang, et
al. Local corrosion behavior of 2024 aluminum alloy in the
atmospheric environment at saline lake in western
China[J]. Acta metallurgica sinica, 2014, 50(1): 49-56.

[4] FHOEIT, HZE, W SE SAEE TR T 7A04 5

B XA AT AR ). T B R A RS TR,
2011, 40(S2): 275-279.
DONG Chao-fang, XIAO Kui, XU Lin, et al. Corrosion
and electrochemical behavior of 7A04 aluminum alloy in
atmospheric environment containing chloride ion[J]. Rare
metal materials and engineering, 2011, 40(S2): 275-279.

[5] RHayh, FHRSE, WIfh. 2024-T3 $A4 STERHIGTERS

R AT NI HEE LR, 2013, 23(5):
1208-1216.
LIU Yan-jie, WANG Zhen-yao, KE wei. Corrosion be-
havior of 2024-T3 aluminum alloy in simulated marine
atmospheric environment[J]. Chinese journal of nonferrous
metals, 2013, 23(5): 1208-1216.

[6] CUI Z, L1 X, ZHANG H, et al. Atmospheric corrosion
behavior of 2A12 aluminum alloy in a tropical marine en-
vironment[J]. Advances in materials science & engineer-
ing, 2015, 19(4): 591-598.

[717 CUIZY,LIXG XIAO K, et al. Atmospheric corrosion
behavior of pure Al 1060 in tropical marine environ-
ment[J]. Corrosion engineering science & technology,
2015, 50(6): 438-448.

[8] FraE, HISCHA, 2, 45, BT AUREE X8 & & 78
AR P IR )], LA IR R4k, 2016,
42(10): 2243-2249.



+ 156 -

EN TR NN

2018 4 9 H

(]

[11]

[12]

[15]

CHEN Xin, TIAN Wen-ming, LI Song-mei, et al. Chloride
ions and temperature on influence of aluminum alloy cor-
rosion in cooling fluid[J]. Journal of Beijing University of
astronautics, 2016, 42(10): 2243-2249.
?KHHEE, L FE, rr%’]ai* 4. 5005 FRG BT 4134 AR
SR ESERTZN fﬁ[ﬂﬁ@iﬁ fiz, 2015,
25(6). 1435-1440.
ZHANG Li-xia, MENG De-qiang, QI Jun-lei, et al. The
vacuum of brazing process of 5005 aluminum alloy and
4J34 aluminum alloy[J]. Journal of China nonferrous met-
als, 2015, 25(6): 1435-1440.
ey, VLA, TRMECRBEX R G & H A F RS R R
%ﬂl’] - AR, 2007, 28(7): 61-64.
LING Nlng, SHEN Yi-fu. Effect of active element magne-
sium on the performance of aluminum alloy vacuum braz-
ing head[J]. Journal of welding, 2007, 28(7): 61-64.
FENG Tao, WU Lu-hai, LOU Song-nian, et al. DSC analy-
sis of LT-3 aluminum alloy vacuum brazing[J]. Journal of
Shanghai Jiao Tong University, 2005, 10(2): 182-185.
2275, AL, Dk, 2. TAS2 FBA AP E AR
) FL Ay A e £ jj . R TR, 2010, 23(5):
78-81.
LI Qi, ZHAO Jun-jun, MA Lin, et al. The electrochemical
local corrosion behavior of 7A52 aluminum alloy friction
stir welding seam[J]. China surface engineering, 2010,
23(5): 78-81.
HAN B, CHEN Y, TAO W, et al. Microstructural evolution
and interfacial crack corrosion behavior of double-sided
laser beam welded 2060/2099 Al-Li alloys T-joints[J]. Ma-
terials &design, 2017, 135: 353-365.
MA S, ZHAO Y, ZOU ], et al. The effect of laser surface
melting on microstructure and corrosion behavior of fric-
tion stir welded aluminum alloy 2219[J]. Optics & laser
technology, 2017, 96: 299-306.
WRiglik, 2282, F5H, 45 3003 a8 64
A, 48, 2014(2): 54-58.
CHEN Chao-yi, LI Ling, WANG lJia-wei, et al. Salt spray
accelerated corrosion behavior of 3003 aluminum alloy[J].
Light metals, 2014(2): 54-58.
XA, 20k, FAERL AL FIER G S T7EAF L AR
THEMELA[T]. BaE S THAR, 2017, 45(4): 47-55.
LIU Can-wei, LI Long, ZHOU De-jing. The corrosion
phenomenon of aluminum alloy used heat exchanger in
brazing process[J]. Light alloy processing technology,
2017, 45(4): 47-55.
M, KT, ARk, 55 6005A §4 4 il i
S i A L kAT A 0] kﬂié%ﬂi 2014, 35(5): 105-108.

TSN A T

[20]

[21]

[22]

[23]

[24]

DONG Peng, SUN Da-qian, LI Hong-mei, et al. Inter-
granular corrosion behavior of 6005A aluminum alloy stir-
ring friction welding head[J]. Journal of welding, 2014,
35(5): 105-108.

ZHE, NMRA, KRERL, 5. Ak S R IR aES
SRR EEALEAZD]. PEA AR EWR, 2014,
24(9): 2287-2294.

LI Yan-xia, LIU Jun-you, ZHANG Ju-cheng, et al. The
semi-solid remelting microstructure evolution of high sili-
con content hypereutectic Al-Si alloy[J]. Journal of China
nonferrous metals, 2014, 24(9): 2287-2294.

IV, BERME, ZRYL. LT-3 84 & A FFRET a0
AZU5HT[I]. MU AR KL, 2005, 29(6): 44-47.

FENG Tao, LOU Song-nian, LI Ya-jiang. The microstruc-
ture analysis of LT-3 aluminum alloy weld in vacuum
brazing process[J]. Mechanical engineering materials,
2005, 29(6): 44-47.

KR, UM, AR, S E ALMn 58 N R2E
PR LA X B 45 465 Bl P PR RE RS2 R[], o [ 2 1 T2,
2012, 25(4): 62-67.

ZHANG Ji-fu, YAN Chuan-wei, WANG Fu-hui, et al. Ef-
fect of anodizing of Al-Mn alloy on protective properties
of magnesium alloy[J]. China surface engineering, 2012,
25(4): 62-67.

REERF, TP, ZEEhX, 45 Al-Mg-Si
Si AL FAE b 1] JE T A v A FHATL B
IR EER), 2011, 21(12): 2559-2567.
ZENG Feng-li, WEI Zhong-ling, LI Jin-feng, et al. Corro-
sion mechanism associated with Mg,Si and Si particles in
Al-Mg-Si alloys[J]. Transactions of nonferrous metals so-
ciety of China, 2011, 21(12): 2559-2567.

FA, XIETC. ATH SA01 FRE 4R AR kR,
JE& ik 5B, 2011, 32(7): 525-527.

WANG Yue, LIU Guo-yuan. Corrosion resistance of SA01
aluminum alloy plate used in manufacturing ships[J]. Cor-
rosion and protection, 2011, 32(7): 525-527.

NATESAN M, VENKATACHARI G, PALANISWAMY N.
Kinetics of atmospheric corrosion of mild steel, zinc, gal-
vanized iron and aluminum at 10 exposure stations in In-
dia[J]. Corrosion science, 2006, 48(11): 3584-3608.
INFETE, HordE, 2R, % LY A mKRS
JERAT R[], P EE RS PiPeER, 2009, 29(6): 442-
446.

SUN Shuang-qing, ZHNEG Qi-fei, LI De-fu, et al.
Long-term atmospheric corrosion behavior of LY12 alu-
minum alloy[J]. Journal of Chinese society for corrosion
and protection, 2009, 29(6): 442-446.

A4 Mg,Si
ChEA LR



