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Influence of Microstructure on the Corrosion Behavior of Aluminum Alloy A6N01-T5

by Chiori Takahashi, Member
Tetsuya Senda,
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Toshiaki Shibata

Noriyuki Kotani Fujio Yano

Summary

Corrosion behavior of the industrially manufactured materials of an Al-Mg-Si alloy A6NO01 was
investigated for a soak in synthetic seawater at 40°C for 20 days. Microstructural analyses were also
carried out by electron probe microanalyzer (EPMA) and X-ray diffractometry (XRD). Although
the chemical compositions and mechanical properties were within the limit prescribed in the standard
(JIS), a wide variation of the microstructure was observed probably depending on manufacturing
process including both mechanical and heat treatments. The materials were characterized by the
detailed analyses of the precipitates in the aluminum matrix. In particular, distribution of magnesium
and crystallography of the precipitates were indicative for this characterization. SEM (scanning
electron microscope) observations of the surface of the materials after the soak revealed that the
corrosion morphologies of these materials were categorized into three types including large micropit-
ting with a slight intergranular corrosion, general corrosion and intergranular corrosion with connected
small micropits. These morphologies correlate with microstructural features probably because the
local-action cell formation depends on the distribution of additive elements in the aluminum matrix.
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JIS H 4100 & % A6NOL &£ 1%, BEREAEREM & L
TICRBHEO L WHIEE Al-Mg-Si &&ThH 0, BRE
UCTHBRERRN TLERSS2B/RLCEAINS, 20
BEORREFHEORFRCHY, HA, BLOBH %
EETHULET I L8 TE 3, BEETIR, FpEmgk
RECERERTHS,

HAETIR, SEEEEREEET 35S, WEEOKRM
THNIE AS083P-0 H 5 Wiz H2() %, M CThniT
A50835-H112 Z vy, LB@EEDBERILE2EEBT 2 10E
> TH¥IH T AGNOL &€& D HEH ERET 5, ZOERELL

E A AR BT SR AR I LR

FfR2
EREE

FIETHI0H
ICBWTEHEE FROFEIIHI, 15H

Ti, A6061, A6NOL 7 £D 6000 Z 7V 3 = 4 (Al-Mg
-Si) BEOEAEANOERAEZHIET 2 HHY OFEENH
Feahsd, ULerlL, ERAICIE, BEOHRMIZ 5000 % (Al
-Mg) &, #6000 RESEMHEAL, 5 68D 6000
RTINVI=T LESOBERFEAOHEABTED SN TS
(LR», BV%, DNV®), ¥z, A6N01 &€ L RS HRDOE
BBELAEERZDED AG005A 5§41, BVY &£ DNV?®
X D EKIBADEANED SN T WSE (DNV Tl Cu &
Z0.15 BUTHIBL TV 2), 272, SETHHITE 0.1
BLUTICHIBR) & 35 A6082-T6 & & DEALA~DEHIZ
EEAERIRE NV,

18IS, EROFFEM OMBA~DER I, BEEEDER,
BEBIUVEARD OTHOEBMOBE» >RSI T
Wb, LT, ZOHBRBI7LVI=vAZGEELTR
A6NO0l &R TIIRIBELETH 5, L L, ANIL &
BOBUSE BRI, BRFHM OER L TS /Y
LIRS Z OHEIZERTD 5, —H, A6NOL & 48
Bz AG005A E&ITDWTIE, PHEBIESE, ST, B
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HFLTUHBWESB AL CREEEATY 2L Tcx okt
REMMERF SN ARETH LY EFEZ N TS, FIT,
ABNOL-TS &I 20T H I 2B EScHVw3 -0
Wi, FOMEICOWT O, RENES L HE R
HRODSND, i, F—ICHRNTILEOHZHEE L
TRmEAES ST S5,
1.2 A6NO1-T6, A6082-T6 & & U A5083 ik
EH 51X AGNO1-T6 G DMt #EAk M 2, A6061-T6,
A6082-T6, A5083-0 1 & TF A5083-H321 &4 % XTHEH &
LTHREL T & 7279, Table 1 12 %1 5 DRB OLERS
ERTEEHE, UTREFORBEENT 5,

(1) BAREE

ANTL#EA (ASTM-D 1141-52) ~DEiEHRE (25°C,
pH 8.2, BE N7V »)IC L 5 6000 ZESDERBES
A5083-O DETIERLL THOSHEE (BEY%) CEHEY
%t Fig.l & ol, DO L @ik A6NOL-T6, MiZ
A6082-T 6 5 X Uk it A6061-T6 T#H 3,

M%K% &, £ A6N0L-T6 OEARE T A5083-

OWtERTH AL, Fric, WEFR 0.2 %RETFOHEA
WE L, 6000 RESDOWKFEAL, 8L MgSi DR
Bk DAELCLEHEZLNTED, AG205E&&% LD
EERERVERICI TS RTNEAMES B 2 L DBED b
Hotze I T, DNV L X HEERIC & 2HIRIZ &R
BThHD, HESHEEL 0.1 %LU TIZT i ANl &80
MK IERIES 112 EHT L7279, L L, & 5ICKRE
i B L, BICRTERENC X ) FERAOLENE U,

(2) BEAWE

A7 VI = AR L LTHEHAI N TW % A5083-
O &&D ATHAKFTORAERE % Photo 1 KRT, &
HiRoh3 k) REEFEY, 2EEATHY, LA,
HARE, FEEAL CCHRTERBD R EIAT,
%,

A5083 EE&DMIA~DEREFIIZL L, Z0M, BRI
EET 2FEHHELC T3, Photo 2 id A5083 &M
ST CHE, XL T A5083-0 £ L, #D#% H321 i
L, FAE L CAIHKPTRES R BDTH 2%, fifi

Table 1 Chemical composition of samples in the previous test series (wt.%)

Si Fe Cu Mn Mg Cr Zn Ti Al jAlloy-Temper| Marks in Fig.1{Photo No.
0.06 0.1 Tr_ 10.6514.27 10.1310.01 [0.02 | Bal.| 5083-0
0.5310.27 /0.35 | Tr |0.9810.07 | Tr |0.02 | Bal.| 6061-T6 *
0.5210.1 Tr 10.04 |0.71/0.04 | Tr |0.02 | Bal.| 6NO1-T6 @
0.54 /0.1 0.1 }/0.04]0.71]0.04 |0.01 |0.02 | Bal.| 6NO1-T6 [ ) 4
0.56 10.11]0.21 [0.04 {0.75}/0.04 | Tr |0.02 | Bal.| 6NO1-T6 [
0.5710.11 10.34 10.04 [0.71]10.05| Tr [0.02 | Bal.| 6NO1-T6 [ J
0.5510.0810.023] Tr 0.7 Tr ]0.01 |0.01 | Bal.| 6NO1-T6 O
0.56 10.07 [0.03 ] Tr 10.72| Tr Tr |0.01 | Bal.{ 6NO1-T6 O
0.56 10.0710.05| Tr |0.71| Tr [0.01|0.02 | Bal.| 6NO1-T6 O
0.56 1 0.07{0.07 | Tr (0.7 Tr 10.01 {0.01 | Bal.| 6NO1-T6 O 5
1.0510.08 /0.1 [0.72]0.83]0.010.02|0.01| Bal.| 6082-T6 || 3
0.06 0.1 Tr ]0.65 (4.27 10.13 ]0.01 |0.02 | Bal.| 5083-0 1
0.06 0.1 Tr [0.65 [4.27 1 0.13 {0.01 {0.02 | Bal.| 5083-H321 2
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Fig.1 Relation between normalised corrosion loss and
Cu content of 6000 series aluminum alloys.

Photo 1 Surface observation of A5083-0 alloy after a
soak in synthetic seawater at room tempera-
ture for 6 months.
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BELETL, BERPHEL Tws, ZoRHTIERSE
FHCES NIz b DTHY, ERMTIDL S REBMEL
2ZLiFEbOTENTHS, LI, fL7 AS083 &%
THoTHMOFIC L > T, D LD REREEED
AJREE A2 S A TS,

I—ay N EFULMIRIRIC S H S Twv 3 A6082-T6
BEDOALHEARERDFED % Photo 3 12777, Photo 1
D AS083-0 LEIMEDOLHEERTH 5,

ABNOL-T6 oW Tk 2 EOBABESR S, 1D
X Fig. 1 C@TRLIZHDTHY, FLBBEL, Z2ORE
WHSEBSR SNz (Photo 4 B8), ZD & 5 kRS
BEHEIARE, BAMECHRTHAARES AR RS
e, RLBBELBRFED 1 >EEzonT01E, &5
1243, Fig. ITODHIT, WM ZMREETH - 12
(Photo 5 £M8), Photo 4 3#1&H& 0.10%, Photo5 i
0.07%TH%,

FOBEESDEDVRZSEV0.10%E 0.07 % THIE
BEBCHAZENELFER E LT, MTELERME
& DRGSR, MY, WHEIOSHOBE 1D 8% 2 5

Photo 2 Surface observation of A5083-H321 alloy
after a soak in synthetic seawater at room
temperature for 6 months.

Photo 3 Surface observation of A6082-T6 alloy after
a soak in synthetic seawater at room temper-
ature for 6 months.

Nz TIT, RBOBEEF R DOTHET B L & b1,
EIBHB LR 21T 729,

(3) BLEFKESRBAR

Fig. 1008 L U@HDHKIZ & bicTHE LML T6 T
b Y, 525 5 535°CTHEEALALE, &S, 170 7 5 180°C
T 8 RFHIEE ORI 21T 5 T w2, Lil, Bk
TEALEELIRT DI D A3 2, @EIDSEHIMEE, &
WA 21T > Tz ot L, OHITIEHE, BiEc
FHE (4mm 25 3mm HEE) UTh o BEbmE %5 -
Tz,
LRDOEFEACELFT O D ik b, SR
FOLENBEA T, F0EIF, Mg OS5 ICEZET -
7o R T CICEMLAE U 78554 (Fig. 1 H@ED) 12,
T hY w7 AN Mg OBEIZEL, Mg D% < ik Mg.Si
DIEEVE L TEEICE TN T Wiz, JHIINL, B
TR ERICAE L 72354 (Fig. 1 ORI TiE, < kY
v 7 AHD Mg BENFE L, RHEPO% <13 AlFeSi © 4
HTH o729,

PE®»S, (2)I2BR7ERHEOZE IR LAE DL

L 2sku K1S@ 1BBRm Brad4d4

Photo 4 Surface observation of A6N01-T6 (0.1%Cu)
alloy after a soak in synthetic seawater at
room temperature for 6 months.

Photo 5 Surface observation of A6N01-T6 (0.07%Cu)
alloy after a soak in synthetic seawater at
room temperature for 6 months.
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DGHIMIOBERIC & 2 EBABOZEICERAT 2 L
niz?s $abb, g CCEERCLE L 7254 (Fig.
1 T @ED 124X, Mg.Si 2 &bt f L s - TAAH
FELC 20U, SREMIEICEEICLE L 254 (Fig. 1
O Tik, RIFUCHTH U7 i 7c Mg.Si 2SRRI - 15
Y5 LIk DNRBRERSEEZONS,

1.3 FHXNEH

AL 2 8 2354, I 525°CLE I ns L
KT B T6 AMEBIZHHM OERLSBT ShznizniE &
AETRTEETH 5, # 2T, I, BEI%IC 8 BEEIRRE 170
25 180°CTRMME 2T TSUB L5 X 2 28,
Vi, 2O TS5 LB, HEEBOWHIEESBERCEHESh T
WEHITTIER Y,

BECALE LT 2 E THBMZEL TW3 EE 2 oh
TV ToMTH->TH, ERDOEL S cSBHEBDOER D
EU, TRCLVBRESR 2 2NN S 2, T5 &,
T6 AE L D & B E BB AGNOL-T5 &4 % 8k
ELCHERAT DR, #0SBHER LT, EAk
BEEEL, EATE28E2HERICL T LENH 3,

W ix, ABNOLI-T5 &&ERAM DEE L SBEBEN
KINEL, 25X Z0MBOERNATEKTEATEIC
RiZTHECODLVTRHELESDTH B,

2. ¥ £

HETETD A6NOLS-T5 815G & B R L 1=, UK
RIEEHTH 2, BEDLERSD % Table 2 12, Ry
"B % Table 3 IR L7z,

A6NO1 & DOHERSERIZILWIZd Db & F, S
DIES5DEFDIV, CuZiZ0.01 5 0.11%TH 3,

%ﬁ%ﬁgmoufu,ﬁﬂ§%£5002%mﬁﬁ9
Lh&nZ e, 8L, BEES20MUNELT L%
B, BARRERR VY,

3. #8 &

Table 2 8L U3 IR L 7T REOSBES RS %
Totz, ’
BFFu—7<17u7+5 4% (EPMA) BX U X &

BT 3T D#ER % Table 4 2R L7, Ficik, ATk
BEFELHOLETRLTVES,
ZEHABOREBHZ L DOV T ERIMIIER %
Fig. 2 \Z7R U7z, #R1d Mg, Si 8 & U Fe DTEE L DF
NE R BESHET, HAWIE L TENSBECHL L%
MLTw3, Micid, ALHAKDEABROREBOEEET
FEHHEEA L HbETRELTW S,
3.1 EPMA O#R
EPMA 12 & 2 TERBE DI, Mg % SwwikEH T2 &
UTFD5D2DNY e T &% (Fig. 2 8 X U Table
4 &),
1) Mg#iRLALHEHEMERSTED, S Y v oz
D Mg BBE R,
PBRES 1P INECHI 5. TEIFLEZEY I,
Fig. 1 O @FEIDEBEICIT V>,
2) EFERWCHEW2S, Mg OSHIED LENSD, SiskD
Wan { H— 2B LTV B,
BERES 2082z B,
3 BFRO—ETMg DRZEHNRASH, KHND Mg 24
DEEIIBK E OV,
REBEE 3N HTz 5,
4) RRTMgBRZL T3, KR EOFZIC Mg
ZEOHRESH B,
AEBEABIUS IR,
5 Mg ZiZIZH—IcAHmL, Mg 28t ras
ZRHOHNH 3B,
BEBES6BLVTHIINCH3, TEIFEE
AR, Fig.1 OOHIOHBITE,
3.2 X RERIHOER
X BREHT 4T TR T ORE D & Mg,Si SR 2 L7,
MgoSi BIstizix, AlFeSi @ 8, y 35 X U8 AlsMn 258 H =
7z (Table 4 ), HFRRZ I NS> DALV UTD
4DDITN—F TN B,
1 Mg:Si LStz AlFeSi D B 8 LU y HIBSTELET 2,
REES L, T EPMA T D8y —>,
2) MgaSi BStic AlFeSi @ y #35 & Of AlsMn 2554

Table 3 Mechanical properties of
Table 2 Chemical composition of samples (wt.%) samples
o% Fe | Cu Mnoﬁ Ccr | Zn | Ti | Al ggg%ﬁQWEmwm
. ) . _ (MPa) (MPa) (%)

J1S-H4100 0.9 =0. 35:=0. 35/=0. 50 ~0_3§0-30§O' 25=0.10 IS Hdi00] =245 =205 >3
1 0.5210.2010.0110.070.71]0.04 | 0.01 | 0.02 | Bal. 1 269 237 12.4
2 0.6 10.2010.0910.04{0.7 |0.04]0.0310.02 |Bal. 2 284 255 8.0
3 0.55]0.20]0.08/0.06[0.70]0.04]0.01]0.02 [Bal. 3 279 257 12.9
4 0.53]10.24 10.11 /0.07 ]0.68] 0.04 {0.02 | 0.02 | Bal. 4 260 217 14.0
5 0.5 [0.18]0.09/0.03[0.7 |0.04]0.01]0.02 |Bal. 5 255 218 14.0
6 0.6 10.19/0.100.03]0.7 [0.03]0.02]0.02 | Bal. 6 290 251 14,0
7 0.54]0.20 [0.01 [0.07 [0.74]0.04 [ 0.01 | 0.03 | Bal. 7 277 238 10. 8
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33, AR RBRBHERANTH 5,
HEEE 2, ThbH EPMA T2)D/Y -, .
HAHES 4B R OE B

3)  MgaSi B4k iz AlFeSi @ B HH6 & U AlsMn D372 EE
T3,
HEES3, ABLUSHINEHIDE, Thbb
EPMA T3B LU DD 22D T —>ThHb,
4) Mg.Silshiz AlFeSi D BHEVSTEET %, yH &
AlMn ZR &R,
REEZS6BLUT, Thbbs EPMA TS5 DY
-,
3.3 HABIES D E C MY

3.1 B U3 2EICR L - EBEMDE L, Table 2
OFSHEREBEES T2 L3 TER Y, ZOFELIE, #
HURTOSE OB, S, FHBROBIRE R
CicBAT D EEZ SRS,

Table 4 & Table 3 #EER5 &, BT DA TIRIEHRATHE
BrEBEBOFEEZITTCwREELILOND,
RBEBE2X T REEWE LU TAIFSiD y &
AlMn & b IZTEET 588, Z DR ABUH/IE

Ui
- HEES 4B LU513, Mg bR BRI — 2 457

L, MATRERRZELTWSY, 202 DDRBZT450.2
Pl FIH38H & ITE >,

P EOHS - BROEEOBRSAR N3 0D, BTO

4.1 HEEHE
Table 255 4 IZR L TODORE %2 742 » » CTHE

%, pH 8.2 [CFHM L 1z AT ¥E/K (ASTM-D 1141-52) Hic

20 ARIRE Lz, BB IIEN 2 E#EON 7 AME

BT, AKERIZ1Y y MO ATHIARERBHE 2 AN, 18

KRIIERIET, 7RI TREET->7. YIHHOKEE

ToRE 2 IS CHESE T B 7o T, BEROANBANC I 41°CD

GERERIETATBARORE % 40°CIHERE Lz, RBRA

REBREEL ST H LI, THER—ETR>» - 72 (9

<F(25~50) X50 X (2~5)mm) . RERR T, BB TER

ERMEREL, BEREEEHELL,

4.2 FEBERE

6NO01-TS ERM DB TORABHI DWW T, Photo 4 IZR S

N3 L5 A ARBEEs TV, BEXNLZAAR, &E

YBBERBR LI EBDNIMHALD DT, DI h i

WARLT 2, BREBRIELRUTOD I 20/ —vicsh

FT&5 (Fig.22HR),

1) HEBEIR & 2R
2ARELSTELRRETH 228, K & LTl
'Y, MABLIUCHANCRESh, MAOHETLAZE
o THAREBOMMEL T2, REES 1253 T,

Table 4 Summary of microstructural analyses on as-received samples by EPMA and XRD, and the
corrosion morphology after a soak in synthetic seawater at 40°C for 20 days.

EPMA XRD

Corrosion morphology

Mg,Si

B -AlFeSiy -AlFeSi Al,Mn

Most of Mg precipitates

1 |in the coarse Mg O O

compound form.

' O Large Micropitting with slight

intergrannular corrosion

Similar to No.l sample.
2 | Small, unifomly
distributed precipitates

Preferential dissolution of the larger
precipitates and the grain
boundaries

Mg is slightly poor along
3 |the grain boundaries.

Large Mg-precipitates are
located within the grains.

Uniform distribution of the
dissoluted precipitates in the grains

Mg is poor along the

General corrosion

4 grain boundaries.
Large MgSi compounds
on the grain boundaries.
5

OOl O | O

6 | Most of Mg distributes
uniformly in the Al

lnt_ergranular corrosion dueto
micropitting

Intergranular corrosion due to pre-
ferential dissolution of the smaller

matrix.

OO 0O O | O
O]l O |00} O

precipitates at the grain boundaries.
Few dissoluted precipitates in the
grains.
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EPMA Tl 16 3) DY —ilblz b,
2) ZHEA
A6082-T6 (Photo 3 2iA) LEMOERIE, FEE
B4 BLU5T, EPMA Tld4) DR —>i2hicb,
3) MHAACLAKAEA
BFICEET /NS BHHEILAN D H - TRAER
DEREEZEL T3, EEES 6 8L U7 T, EPMA
TIEB) DNy —> i Hi b,
FRERRE L D/8F — > £ D& i, RROBMFLED/IN
BV E ERNRNOMBA AR D nwI EThHB, 12, &

i L i .
% ot

DIFEYY — 2 id ABNOL-T6 OB S & (Photo 5 2H)
E bR 5, T6 MOBE I, K RICHAMABORELE
B,

HZTLAED 3 DDy — L 1253, Photo 1
55RO ND LD RIEE B m L, BTHELE
ELLEREBRESETAIELTE B,

5. BERFRECBBOMR

A EOEATHEE - 3 EDMEBIZ O\ T OSSR & B
117 3 £ ABNOL-T5 &2 DB AT £ S BHEBROMEFR

Fig.2 Results of microstructural analyses on as - received specimens by EPMA, and surface
observation after a soak in synthetic seawater at 40°C for 20 days. (a)No. 1, (b)No.2, (¢)

No. 3, (d)No.5 and (e)No.6.
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DWTLUTFMNER 3,

1) HHA & LA
Mg z & tedatins K & { SREET 255113,
WHIR & S DEL, RMAOBEILE D 2Hs
S THRBROHEEZET 2, HHES 3 2RI,
INEFET T 2{EEWIE AlFeSi O y 8 TH 5,

2) ZHEAR
BN Mg S EEBRIg— I3 i L, KR T Mg 8K Z
LTV 3BECELARAE LR S, BHES 3 2B
i, ThEEHHEMT 28T AlsMn TH 3,

3) MOHTLA & ARUSA
Mg H3hp5t, RAZELIH—ICHH L T 2 &
LB IHNAREL RS, Z0DBEE, AlFeSi © 7 48
BEUALMn IR S,

PED X2, 2T K- /& T3, EPMA B &
X BEFSITER> SBAVELTFH T 2L dh 2
BEWETHSZ, Lirl, IAy— o lhofHicEe
BRzZTFHT 2 L dREETH B, H—, AEEEDH B H
HBELTUTSEZONS,

AR RBEKER I BEFEE D H 5 A5083-0 B & O A6082-
TS &R LRFOLMBART %5 A6NOI-TS &€ k 24
SaEBEE LIz WIBE, 0.2 %7 220 MPa 2, 3[R X
260 MPa 2B, f#0f 14 BRBRE CERE 7 ¢ THEMEL
Vo B, BEOEMBEIOWTIZCuR 0.1 ¥EEDEST
HoT, AEGHEL NIV bDIBLHE IR, BELE
SBRETNETHS S (Table 2, 3BHE), ZOHEIZ,
SHBRRELHANES 4B L U5 BEERENE 22 12Y
05T, FNLNORE & IXE2 - TR 5 B8R
BThHholeZ b ZHETHTWE, LrL, XFRICEW

ERAMOBIZTHTEL, SSTRNEZERZLELDH 2,

6. #&

A6NOL-TS ERM®INEL, &BMEB - ATHEKDES
EROBRIZDOWTHRE L. Bon-EREHREUTI
B3,

(1) A6NOL-T5 & E&BAMENICIZ, Mg D&EH
Y, BN, KR TOHMES & O AlsMn, AlFeSi ©
B &y HOBERTHETE 3,

(2) A6N01-T5 &P ATHKTEARET, Ml
B2 LRSI SHBRTH 20, Mk, (i)k
BATR & 2L, (i) EEA, (i) BETle e
L ANABERCHEENS,

(3) EZR2)oEAFER, (1)DSBHEBSEWSE:
XMIGL T b,

(4) ERABZIRFHCISTEARELTHT 2L
BWNEETH 55, LEERICOVL CTIIEBRIEE» S
HEETE STHEMD D 3,

i

BARTx, COBRBESRESZHMIITE 2 n,
HERICHE > T, AS083-0 H 5\ id A6082-T6 D &k 5124
HBRTA5MENER SN S %5, KA Mg »HLgty
—ZHML, MATMgBRRELTWE D% EIRT 2 2
EEBB, COEIREBEBHEBREI VY — S THITE
LEREME N H B, L L, DL S bEHT 0.2 %08
ETEL 2 206E%E»NH 2 (Table 3DRPHKE4, 55
M, £7:, SAKBE L HEI ML - - ZOMOEATE
DB 2 & T ARILD v, S8, EHREORER,
FHCL > TREREER L UIT LR BETH L, £ 17,
MO & LT, B0 6000 RAE&EMRLTIT L b Y
Eha,

BRI, KRG BRSBEE#ERE [Ty
LESMBEORRLEES ) (EHEXEER) O AXH
HO—EHELTEMLIZDTHY, BRSO B
R L9, Fre, (AL A6NOL-TS EZEAM DR
ZHE o - (MPRERT, BR7 LI =Y LA, ERE
&, HEXBESE, HHERTE, SE7LI=vA)
L, Lo DOWELEELET,
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