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Corrosion Resistance of Magnesium Alloys Processed by Equal Channel Angular

Pressing

Motohiro Yuasa*, Ryo FURUKAWA*, Muhammad RiFar*, Hiroyuki MIvyAMOTO*
(Received September 5, 2017)

Corrosion resistance of Mg—5.5mass%Zn—0.6mass%Zr (ZK60) alloys processed by equal channel angular pressing (ECAP) was
investigated using immersion tests and potentiodynamic polarization measurements in 5 mass% NaCl aqueous solution. The
corrosion rates of ECAPed ZK60 alloys increased by increasing number of ECAP passes. Potentiodynamic polarization curves
suggested that cathodic reaction was activated, and a passive film formed during immersion tests was weakened by increasing ECAP
passes. This can be due to increasing intermetallic compounds and dislocation density during ECAP process. For reducing dislocation
density, heat treatment at 573 K for 1.5 h was performed. As the result, the corrosion rates of ECAPed ZK60 alloys were significantly
reduced by the heat treatment.

Key words : magnesium alloys, corrosion, microstructure, sever plastic deformation
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\Z ECAP I LA, = 7R 07 AEEOTHEMEICRIT
TEEI IS Do TV RWVORRKTHSE., 2
T, AT, RRERBMAME L LTHDNADS
Mg-5.5mass%Zn—0.6mass%Zr (ZK60) &4 % kg2
L, ECAP I % O RIEICRIETTEHELH LA
\Z T HE THEEITo 7.

2. EBAZE

AHFFE T, ZK60 A4 DOFF st 2 (L6t & L=,
DAL % Table 1 I2RT. AEL1X, w7/ %
7 LARHR I 2 B L A S AT H 3 A HTHisR L
HEFINE /R VT LAGETHY, ZOFEY
(%, ¥RV AEEOMRMEICEET 5 HMBR T
O—2>Td 5. ECAP MTIX, Fig 1 (7T IEMEH
e=110°D&M % Hvy, FAHLEE % 2 mm/min, #
HMUEEZ 523K & LT{To7. 2238, ECAP /T
2T ORI, ZANM D E E Tid ECAP & Tkl
LTLES Z ERbhoizin®, ERMILEYEE
A £ AL (solution treatment, UL T ST)
& 693K, 24 h DEHTZANMITHE L7-%, ECAP
MLAEFRKTA 2T LT, ST #4757 ZK60
Z 0 /NAH#, ECAP L% 1T 7= ZK60 % % D782
EEUTE U T 17826, 275244, 4 824 LSS
FRBR OMBEBET o -0 EERET

(Scanning Electron Microscope, L4 F SEM) & Fu 7=
B ZIT - .

Table 1. Chemical composition of ZK60 alloys (mass%).
Zn Zr Cu Ni Mg
5.5 0.60 0.03 0.005 Bal.

MO T, JIS HO541 (ZHEHL L 7=tk 2 &
BRICEVIToT. BRIER, ABb~=rRv9al
£ 0 pH % 10-11 (ZFA%E L 7= Smass%NaCl &l % FH 1,
AWRIRLEE 308K & L. &3REBRA 2#mTic Ly
®10 x20 mm D FHEARIZEIY H L, SiC HFEEHRKZ
T#240~#2000 = CIRADFEE L1z t%, Litomigics
B E 2h BE L. BIEABRE 10mass%” 2 A
BRI VT, BREEYERE L LT, R

$10

“\¢ﬂm°

Fig. 1. Schematic illustration of channel in ECAP die.
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BAEPE Lz, ARE T, (ERfZ ZK60 54
B, EfRA Q4B SR A Ag/AgClEMEE L,
BT % Smass%NaCl FEIRIZ 1 FFETRIE L= %Il
EzAT-7. BARSEEIZ0ImVis & L.
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3.1 HiEREAER

Fig. 2 IZ&HB A O SEM EE AR, 032K T
%, BEAEORBRILEWIIEREL, 13IF8EM L
o TWIZ, ECAPMMIT#ETEARTRENSE
BRES®AATH Uiz, #TH#iE lum L F o/ &0
LOPG, SymBEIZRELEZLOE TIREL RS
i, RAFOWINE L HICF O X1
MLTWaA LI ICRZT bR,

Fig. 2. SEM images of (a) STed. (b) 1 pass ECAPed,

(c) 2 passes ECAPed. and (d) £ passes ECAPed
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3.2 ECAP W' BIEICRIFT 8

Fig. 3 (ZH/KBRERBRPLEH SN SR TR O
BREEEZZLDELOTHSD. 0 SAAMOBEEHE
B LIEL, ECAP O/AREEMT BT
BEEEPEN, ThbbMeEs L L. ik,
Fig. 4 |ZHKBRIERRE, BEMEDERELER
B oS8 AT, ECAP #MiZ, LEnEZ5Z &
KEVEAELTEY, B \RENENT5E, L
BORAFFHEML, OO E20LEOH A X
LML 2RI NS,

50 T T T T
S 40 - -
? 1
£ 30+ Zo e
2 . ]
L
= I ]
e
5 10- .
7 |
=% —— 1 2 a4

Number of ECAP passes

Fig. 3. Corrosion rate of the ECAPed specimens

measured from immersion tests in Smass% NaCl.

—HIZ, v VxR AEEYOERBREEWIL,
2 727 A (o-Mg ) LV LETHY, 28
Mt E s Y — Fi, a-Mg &7 /— K LT3
B LV BRERET @& NH S Z L3k
BNTWE D, £7=, A YV—FHERT /— RHICx
LT, BOWEBLEZE T2 28 HHERODRIT
BLARBLEVWIRELD L. ThbE, &BMELE
POV A ZARKELRBIEY, BHBEICLSER
IHEEEShD EE2 5. T4Rbb, RIFRET, ECAP
DRAFOEIMIfE- T, WEEIEELEREE
LT, ST TRHEHRICHEHIEE L TWiceBbe®
%%, ECAP IC XY frx (i, SHICEDH AP
HRbTaZdicky, RHEROBMENRKEI R
D, BREAREL-TEEEZETLIZENTES.

3.3 ECAP WERILBHFMHICRIZTTHE
HEAKBER O S ERRIC LV 7 ) — FEUS, A Y
— FRIGEMITT 56T, v/ X VUV LDOBRK
B L DI A Z LR TE A, Figs I2&R
BAOSBEBRETT. TRTORBFIZE T2
BEIFRIZ BV T T/ — Rl L BB DA
wmanf. AREMIT, BERSFIZERT S RE
REEOREIZRT—2ODEETH, &R (F
i@Vl IZHBIELERENEZ VI WILE
ARLTWA. Fig.5 X0, 0 52K &b ILEEMS

Fig.4. Appearance of the specimens after immersion

tests in Smass% NaCl solution: (a) STed , (b) | pass
ECAPed, (c) 2 passes ECAPed, and (d) 4 passes
ECAPed specimens.
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Fig. 5. Potentiodynamic polarization curves of the

ECAPed specimens measured from immersion tests

in Smass% NaCl solution.
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WV EER2-TEY, FERBREIIEFIZH N &
DRBEEND.

7z, BALA-1TV~15V fHEDA Y — Kz
BWT, RRAZEOEMItE-T, B—EBrcEsiT5
BEMEENBEML TWNAZ Lnd, ECAP ITX Vb
I — FRIGORBEREZ TS Z EBbhd, =
X, Fig 2 OMBEEICTRENS X 512 ECAP @
SNAFDEMIIE-T, @BREAHOY 1 X3
MLz el Y —FRIGPRESNEZZ L E
BEWRLTWS. bz, BA-14V~13VDOT ) —
FEfRICBWCIERE—BALTT / — FRIGORE,
Thbb, TR Y AL I DEBORENEZ
2TWAEILEBbMND. UEDZ b, ECAP M
Tickahic~ 27 L8418, ECAP 2L h &
BEACEVOY A ARBM L L2k 3 FEE#R
L BBROEEICMEZ, BECAP MTIZLVEZD
NIEBAIC L D 7R AREE S OB R Z
DRF Lol LEBETESY,

3.4 BMLEATEMICRIFTEE

MEH R ORI L, BULEIC L 5 EE - Fib
TETIHDZZLBTES. £2T, ABETIE,
% ECAP#F (1,2,4 7SAH) 12X LT, 673K,90 %
DBUBZ Tz, ZOBMIBHM Iz LT, HAE
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Fig. 6. Relationship between corrosion rate and
number of ECAP passes in the as-ECAPed and

annealed specimens.
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