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Coating on Magnesium Alloy with Super Duralumin by Hot Extrusion and Evaluation of Its
Surface Properties

Toko Tokunaga!, Kazushi Sotomoto®*, Munekazu Ohno' and Kiyotaka Matsuura!

'Faculty of Engineering, Hokkaido University, Sapporo 060—8628
*Graduate School of Engineering, Hokkaido University, Sapporo 060-8628

The poor corrosion resistance of Mg alloys, which is well known as one of the lightest structural metal materials, limits a wide
use of these alloys. In order to dramatically increase not only the corrosion resistance but also the surface hardness of Mg alloys
(AZ80), coating with A2024 Al alloy by hot extrusion has been attempted in this study. The coating was successfully realized by hot
extrusion of a Mg alloy (AZ80) billet together with an Al alloy plate placed between the billet and the extrusion die. The A2024 Al
alloy-coated Mg alloy exhibited an excellent corrosion resistance and no weight loss was observed after immersion in a 5 mass%
HCI aqueous solution for 10 min while a weight loss of about 1500 g-m™ was observed in case of AZ80 Mg alloy without coating
under the same condition. The surface hardness of the coated alloy was increased to about 85 HV by aging for 144 h at room tem-

perature after solution treatment for 3 h at 673 K.
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<R7AVYLARENEEOPT TRIBRTHVILEEL G
T4, F/2, BROERIERY A 2 ViR EICBVTLER
S EAT AV, A, KRETEe HERIRIRIL & v o 2B
B I EA~OFIEHR E LT, BB R MRS ok iy
F ORI L 2BREBHEOM EXED SN TEY, e
DOWBT IV I 2T AEGEIIHEZONTELY, Ihxdh
TRV ABECERZLZEPRE IR THAY. L
Lahs, 7437 AGE80MMAEEIIIEFRICZ L VD,
PR Gl Z OB HHRIIBD THREI N TV .

FEHOLOTNV—TTIE, BHMBEEZHWT AT T4
GELICHTVIZY 20 EEHTILICLD), BElE
MFEL-F EENWHERZAT2EAMPEONLZ L%
RL7Z22. F7-, BB ESRICL YA Y Y
AEEHM OREERIATE L ML L2720, ZoBaHIE
—M R~ T AT T AL DENREE LR R L
B2, COBEAMIEITIVI oy ABBERZ SR LS
FHREIETE 7272 TR, SOREEHRIEB L Z£710%
OBIEMOZRLIZDT, TVIZT 2B LT A

* b KA K b (Graduate Student, Hokkaido University)

J-STAGE Advance Publication date : June 23, 2017

T MBSO T MIEcXx 5. LA Lads,
COBEAMTIZMT VI = AR WEM & L2720 REDR
LB OERTVEVIRENDY, w7 x T AG4ek
MRIET DR 2 2 A S A LS HAa b
NDHEWMDH L. Z TR TIE, BEEEFIREEICENR
% A2024T7 VI = AEEGBY 2TV 3 V) OBBEM A~
AR EZRET L, S 512 5N BEM Ot Atk & FmiE
SEMET .

2. X B A &
2.1 HEMOBESE

RTATVIAEECT VI LG WET L HEEL
THEMHIR L Z Wz, 20RO W TIEES S O AT
R EBEIZEINI V. CORATIFE L BRI, e i b~
73T DA EITIZE AR 42 mm DT AZ80A-T5 &4 (Mg-
8.2A1-0.6Zn-0.4Mn (mass %) ) AUBM 2 F\ 72, Z O & )2
30 mm WL, WA 40 mmXx40mm & %5 X527
L AT L 721%, 673 KT 5 REHOBA LIS X OV 623 KT
1 R ORI 2 47, L Y MLz —7, W
& L Tid 40 mm x 42 mm OWrifi & #2011 litod A2024P-T351
44 (Al-4.4Cu-1.4Mg-0.6Mn (mass %) ) fa#H 25 & 7 mm |2
YikrL, Wiz 40 mm x40 mm & 725 X 9 1[2HE L THW .
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(a) 40 mm (b) Table 1 Heat treatment conditions.
20 mm Extrusion direction Solution treatment Aging treatment
N T Temp. (K) Holding time (h) Temp. (K) Holding time (h)
G QXZO . no aging
I & mm s 24
8 mm 48
Room 72
Fig. 1 Schematic images of a die used in the present study: (a) temperature %
overhead view and (b) cross-section of the die. ™
BANT 603 KIZ# L 724l 2 > 7 F Iz :p o AZ80 ’ 14
BEECL v b LB O A202458W % T2 S EAT#E 2
& ZORCHFAABIOILEZERT, E2ASTRIANTT 4
I NTHEE AT H 2 LI L ) MBS AT 72 L 403 6
L, 40U 72Mebt O— 612 1d AZBOA 4 b~ A2024 45 4 % Wi °
TEELOO, BEBGETTREYATLE, M4 673 B
W D7 L BWEIE N Aoz, ik, ZZTH 1o sene

7z A20244 SO MIEAT AZBOE G & TR T X 72720 -
ThoHEERI TIT, MMHIC A20248 4125 LT 683 *
KT3MFMOBES %% Lalis o Tlibse, Ml oom -
O THEMLB X ORI Z T 2 & T A2024 G5 W B E O 0
FERL & 7z, LS X ORI A L0\ Tk 3 .
TR LSRR, )
AWFGETH W2 4 ADTIRE % Fig. 1 1R Y. 6T .
W22 BT, B LT 2 54 AICAEEZ DTS S 153 .
EC, RREHMEHECh > THEROE S % 35—12H# s

TEALIEWRENTZI20, RUFFETHW/=27 4 Z12d Fig.
1(b) D & 512 A202445 4 & i3 2 HI220° D FEEZ DU 72,
I Y FFNICAZSOEEE L v & A20245 8% IRA L
72%%, 30 min THIIELE 643 K F THIML, T 2 #EE 8.0
mm/min, I TERE7.5% D4t TR 21T - 72, 4
SN EMITH L, e BEMEE & SEM (Scanning Electron
Microscopy) & & % #2247, FE-EPMA (Field Emis-
sion-Electron Probe Micro Analyzer) {2 & % A20244 4 AZ80
B EFH DMK %17 - 72,

A2024 0 B E X O EEEE S0 A LR A L2
WA e S BT IC 10 mm BRI TYUMI L, 1 DOk
MR L C R ERE S 2 e L, 0¥z 2ok
W OB EIE S & L.

2.2 EEMOEMNIE

LIy U7 b s & ORI LB 411 % Table 1 127”7,
A202445 G D— R 7 BARMEALBIIR S 1 773 KT 5579,
—J, RTRATVIALEEETIVI =Y AL ORI A
T5Z SN TS AMg,3 X U8 Al,Mg, DBl IZZh
FR723B X733 K TH VY, 773 K THAMLLE % 1T - 72
Yitr, EBALE R LB L C U E ) wRgEAs
HbH. KR TIEINS OEEBLGWHAERL 2L
2, BAMLLELREE A 673 KIS E Lz, TOMmET 2~3h
L, KhEaG2ITok. 20k, BETHEETLH
RIFRN % 0~144 h, F 7213 453 K TIR4F 3 5 AL %2 0~
10h 7572 B, ANLRRIOBIZHTE O RIHE N THRFER L
2, R L7

2.3 MEHRE

BEMOMEREBRE LT, M EREE L O SR %17 -
7o MAERENE, VER U728 AM % 205 T 5.0 mass% ® HCL
A AICRE L, BRRRER S & HICHEMAmRTRY ) 0 g &
WORZNWEST S ET, FOMAMEZFM L7, itk
& ML 0 A20245 SHE AZBOE &SR, D72
DIZA20245 48 L VAZBOY 74 ¥ 7 A EDZAMITH L
THIT- 7z, KB & T 2T 2 T CORBCRH—IZ
T B2, KBS WG 2 TR : Y REHHIT
Bolz B, HEAEMICBOTIE, KERIIIBE LIRS O A
VEBTLEIICTAF VT LT

BEMORGM X 2RAT L2012, ¥y h— A0 SRR
wATo 7z, S RERIT A2024 5 & BB I L TAT - 72, A
WX 500 g, AMIFERTIZ 30sec & L7z, 120 FHID&24
HEL, ZohhSiRie 2 FHICKEWES X OR/D
flik 2 FHINSWEZBRALL T, R0 20509 %E Z D
AEOW S & L7z, #HERE, Table 1 TR LAZZSEMIBT
LML L ORI OPE BN S 2 AT 5 2 & TH
PRACALERIRER], BERD LR B X R OB A H 52T L
7o, F7, AZBOGEEMITHT T BB MLLE 2B A AT
L7z, BRI O AZ8OS &3 IR L C b il S ikl %
fio7z. 72720, ML T B X OHIMULER% O AZS0A 4
B A S ERIIAMTEZ 100 g, BAfIFH %2 30 sec & LT
To7-.
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3. HR EEER
3.1 HAEMOBERBEHBEERES

M L7z 8EM OBl L 2 DRl 2 T2 Fig. 2(a) B
IR, MM AED A2024 58I HBESNTBY,

Extrusion direction 30 mm

Fig. 2 (a) The overview of the extruded bar and (b) cross-
sectional picture of the extruded bar.

Fig. 3
arrows in (a) indicate the granular intermetallic compound.

Cu

AN N A N ZA) N N

Al () IOA zo,\ 20 50 0 80 90 Mg

40 6o
Al Mg2 Alj2Mgar

Fig. 4 Al-Cu-Mg ternary phase diagram at 298 K ”. The question
mark in the figure indicates that the structure of the phase is unknown.
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FETHN, FAFHWMFICBWTEYNS 2 & HENTE
Tw2. Fig 2(b) OREWIHIIZ BT, A2024454: L AZBOG 4
ORMIZBNTHHEERLBIIIAE SN2V, RiIE &%
THIZ L2453 % Fig. 3(a) IR 3. A20245 4 & AZBOG &0
M, mEEM2 SIS, EAK 0.5 um ORCROM, E S
3 um OBAROM, 2K 1 um OFEHIROMATEHE L T 5.
HOHFEIZE 2 AEE 0.3 um FED R A RIS
N2b oo, BRI %A L7z A20246 46 & AZ80E
SEOMT, HEIZ TSR EELBRE LT
WM SN2 HE L. RS ObEMHZEEE S
5720, KFOEHM A-A" L TEPMA i &241-72. 20Ok
B% Fig. 3() IR, Wiito SHEOKMOE X FotHkik
B (at%) 1%, A2024 75 4 %> 5 M2 65A1-5Cu-30Mg, 60Al-
40Mg, 35A1-65Mg CTdh 5. IO % Fig. 4 OIRAERT
ST, ZnEFNoMid Al,CuMg, Al;Mg, Al,Mg;; T
HbHEEZLNS.

Fig. 5 \CHEEE S o EEEE IS 3 22 b2 Rd. ik
A Jedm (2 I 3~ 2 I ER IS B W TIE, 54 ARICX BEIE
ZU TSI SN D - oW EEIE S 35D TRV,
Bethdeti e 5 B £ 2 50 mm LARETIE, #9400 um 0¥ —JEL S

oCu x Mg e Al
100 .”ooo...
° xxxxxx
[ ]
80 . -
..0. oa. x*
60 e P
%o
40 XX - ..°o
°
20 - :
x o,
= .....
0 X mn0oo)
0 2 4 6 8 10

Distance, d/pym

(a) SEM image of Al/Mg interface after extrusion, and (b) EPMA results obtained from the line A-A" shown in (a). The

1200

1000

800

600

400

200

Thickness of Al coating layer, I/pm

0 1 1 1 1
0 50 100 150 200

Distance from tip of the extruded bar, x/mm

250

Fig. 5 Thickness change of A2024 Al alloy coating layer with
respect to the distance from tip of the extruded bar.
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OERBAHE SNz, WE 3 mm O ALK E VT AZSOA
EEWELLEESOBEOMIEYICEB VT, HERE X
3B L Z 200~300 um ThHo72Z 0o, GEMHIELR DY
EDMPRERE 52 LI X DI o ERIE S %
JEL 522N TEL I LARSNI

3.2 HAM ORI

Fig. 6 |2 HCl K IZH A & il L 7B o B s A4
Bz Rd. iRE LCTAZSOA 4B X UM A20244 4D M % 71k
L7z RS P CORT. M O AZ80A 43 1% HCI KB IS
RET A EMBFICZAEZB LML L, HEFaHc
WA L7z —h, HClLKEBIERIE L T A2024 5 & W
AZ80A 4 & Ll © A2024 4 4513 TiE & b RnEs, BEiE
WAL erolzZ bnh, REAIIE A20246 4 & FEFEOT
BWEATLEHAMLZ. B, #HAM L A20245 80K
A EIIN LT B BRI & o Bl R 2 — 2 1S
§ 5 72O BRI B AT L 72 TR ¥ RIEER ORI
TR THoI7-D EWREEINS. LM O AZSOEGEIZB VT
QRO Z LRI 5722 F 2 HNED5, BRI X 2B R

0 A & B % & §52017)

% 81 &

VBRDITINEDNIIRE N o770, MR ZORENELD
NhholdbneEzbh5.

3.3 EEMOKEES

A2024 54 AM DY v H — ZFH S 1349120, FEHEFH2136.9
Th 7275, MHFTOBESI% 53, EHEFAEIZ1.8TH > 7.
TR B T DA O A2024 4 & W B e DR 1360, A
RAFL1ITH Y, M X ) ReReMiL L Tz, —77,
AZSOE & DIMHHI I B A X1 F 2608 L 064, 1
HRFHAEITENZN25B L U22THY, ZTH5HIHINITICX
R TE APy

L2 LA s, MMEZEOBEMIZE W CIIRERE AT
IVESPVOT, MHEEBLEEL L) AFIEOHN %
ERT H720I2IE, KRz LSRN IL b0 £2
T, BEAMIH LT Table 1 1R L7-Fl 2 OBMLEEZ JE L,
WA R E I LTE Yy 7 — AT SRR 21TV, ol
PGt % Mg L 7.

Fig. 7(a), (b)IZ, ZNENHEMRILLEEZIC 453 K TAT
W) F 7213 BRI CHARR Z 6 L 2o Re Ry, =

1500

1000

500

Weight loss, w(g-m2)

—%— A2024 Al alloy
—0— AZ80 Mg alloy

—— As-extruded composite

time, #(min)

Fig. 6 Weight loss behavior of the A2024 Al alloy, AZ80 Mg alloy and the as-extruded composite immersed in 5.0 mass % HCI aque-

ous solution at room temperature.
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A AZ80 Mg alloy substrate, solution—treated for 3 h

Fig. 7 Vickers hardness test results obtained from composite after solution treatment and (a) artificial aging at 453 K and (b) natural

aging at 298 K. The solution treatment was performed at 673 K.
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T —N— [ IEHEFEZ R LTV S, WML DA ZHEL 72
BB OBE AP BWT, ThVI =y A EEWEROM
S (XERE * D IZTAEMRLLIRRE IS & 2 vidH s $62T
otz ZOBROBHERED BALLEIER2S 2, 3hZhZ
NOLEIZBWTO8B L UL3TH Y, [ HITEVIR O
Hrofz. MHRERS (@) & KT 5 &, BRI X Y i
SEbI NI LA L.

BPRDILE 2 Jli§ = & THEAM R S 133 L kL.
N THER) % 0 L 725808 (Fig. 7(a)) Tl 673 K T 3 BEf o A1k
LA & UY 453 K T 4 B O N TR RD 2 13 2 & TR
ST ONT. COBORERZIZ12TH 72 L2 Lk
P35, WERhEERIAS A BRI DA 2 B &, M S IEER 2 1A
LTwa., Zhud, 48D EORRLEIZ XY, HEERDIR
BISEL, WAL ORMKALIRE 572720 TH D L EZ
SN5. —7J7, BRI % i L 72308 (Fig. 6(b)) T, H)
WAL R BICON TSI LA L, BRRhERRT 2720 7 L
FBETIidEIE—EDMZ /R L. AFEICBWTIE, 673K T
3 e OB LALELE X OVER C144 R o FARIRERD % 6t L 72
REHZB O TREE S8R O N7z, F DB OEREF130.77
Thotz BB, 3EMBOEKEFRIILILE IS TS 55k
AT o72 L TAMESII83, HEHEEMAT0.87TH D, 144K DL
o FAREER LI TR S Al S 2 S IFITEAL L v 2 & Ak
FENT. TN BWTY, o< 32y
AEELDDBHNT VI AAETHET LI ENTE .

N TR (Fig. 7(a)) & HARR%D (Fig. 7 (b)) O RERHALIL # Jifi
L7zl ORRBHI BT, MBI O B WA 12H 1S
BOWS 2R L TWD. BRI RWIEE, BT
NOEEICEOTEES L ) #EITL, HORRUEIZE > T
M3 2 R TSI L 72720 L E 2 5.

AR O AZSOA GHEM I L TIEMMLALEEZ 2, 3 IKERH
To 2B Fig. 7 \XHbETRT(ZRENLMEO
F). AZSOG &M ICB I 2MMEHZ O S 1364 TH - 7272
B, 673 K OBAALALBIC X 0 #f A i o> AZOA bt DAl
RRERELBAL TRV EDbhb. TRV T LEE
ZEIRTINES 2 &, &SR OMAALIZ X B Mg D1k
TR eEINDD, SEOBFMRICIINC X ) S 132 kL %
Mofzzd, X VKR TORLIRIC X - TSI L
WEEZHNE. UEDXIHIZ, SEORILIE S E v
%2 LT, AZSOBEDORMIIEE BB A T T 2 &L,
KO A20245 G BERBOWME 2 EX3 LI ENTEDL L
WA ZEAIRENT. LA LAEDS, A20248 45 AR O
& (#9120) F CTOMWLITTE D o7z, ZORKIZOWTLUT
IZEET 5.

226 Tk 7z & 512, AWFFETH W72 E AL R (X —
e e BRI TH B 73K L ) B L Z 100K b

BEEIC L 2= 7 A V7 AGEOBY 2 7))V I VR & RKIFEOFHI 393

W 673K Th o7z, BHLLIIREEIC BT 5 100 K D71,
FRERI R ORI ISR & B R RITT 2 &AL TW»
59 BAMERILRE MRV A, ek bRER 52
CENTEY, HEOBMOEELRL LN TELWV. 2
D=, RFEERTIE 673 K THMMLLEZITH 2 & T, @&
BALAEMORIEZ B C 2 e TE DS, —J7T, BMLuLaL
12k % A2024 58015 7 MEFIIREEZ 42 2 LS TE T

RERDALEL S & 52 AM O A2024 54 L M55 F CF S % 7] E S &
LIENTERPoT2LEZLND. RIFFETORNRLALH
R LD S HICRFH BB ZfEL, |4 % @
REZ R BRICRHLE L T2 LT, RAEH 50000
ZWHOO, SEDLESIIH VRS EBLIENTED
LRI NS,

4. & A

XA AEEOM AW ES L OERIE SN e H
LT, BVENLESE2ET5 A20247 VI =T A64
TAZBOR 7 AT LGSR MBI LI L2 NI, TORK
B, DT ofm%E .

(1) BMmEICLY, EbOTERHEREZET S
A20247 )V I = WA EHE AZSO~ Z A v A A AERLY
LI ENTE.

(2) A20244 4H 8 AZSOA &Ix L Cisib B & UL
MEfi§ I LT, I EORIMIBESNT KIS,
673 K T 3 BER O A LLEL B X ON144F5 ] 0 HARRERN 2479
LT, AMRICBUDREHS8EMDL Z ENTEL.

AWFFEDOMAEBIZE B X HE T o —Eix, CERRHEA
50T —=79 v N7+ —AFEOLBICI Y JiEE R
FTEBEINFE L. SRR LTHEERLET
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