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Table 1-1 The purpose of the aluminum alloy surface treatment.
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LEAEAVTTHE LT 5 5000 FHR A4 ACTA K (A-Mg Za4) ITMteEa4 L LT
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Z DRI ND,
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-15-
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DHENTNDZ & ARz, UL, BIRMIE, EHEIRROA S A rTREZ b
IZHNWOIND Z Db, ANTWHEOEMBREE 2 r—AGE LD, Eio, NTHHEIZ X
%A MEGRESNDTZD, T 2 THEBPRMIIR D P K OVEMITEE 2
L7z, 728, $REMICRT 2 blshs & LC AS052 +— M & A CRHl L 7=,

Fig.2-7 (2., BAFA 36 LUV AB052 ©— MAHITKE U TS 24T o ToakBtosMB 2=
T, BHFEH O, AL OSE (ERER, IRE, R 2% 02 bS8 7ohs, ek
PAEED Z LIXTERD->T-, LnL, AB052 v — MATIE, HEIRSIC A7
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DVDIRCARH L, Y72V Ko OSBRI CE AR LA RTRETH D, B2
ST AB052 Gl T L X ARA — /I EFAAIFEEZ K 2 R AN S 4TV 2,
—77. BFEMZ ST Tl MO R —ME, GBS L TORMIOES, Bk
— IR & OERERMEMFAET D728, ¥—7am v T2 7 0Mib TIREECH 5,
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KBRS, SEHEMEDAR N A2HH L, 2 Dtk 1a) b S HREAER L U Chid TR AT
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ZDOER AN DT, AS052 2 — MAITKE U TR IHRIR VAR ATV N, ot LA
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Fig.2-11 1213, AN LR OSCH B 2~ 3, Il b Clx, Bk
WA DZERRDMBIER S AL, T DAL — 72 LR DB 242 U S, Fig.2-10 (a)
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L. fERE UOBEMEZ AT DB LEIED TR S LD,

2-4. s
ACACH-T6 #135 L OV & [RIFEDSRIE AT LTZBIFERMEF O T, ORI R F 9451
RIEOPEERT L, LLT O 21572,
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ACACH-T6 #1Z35fifid » E & ha L 7= L D bV MEZ R LTz,

() BHFM~DILFHIE T, @EFUEEY (AlFe) o8 L AR—/LER COREBAI7 217
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TEREOZHED Z LN TE,
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Table 2-1 Chemical composSition of specimens (mass%o).

Alloy Si Mg | Zn Fe Cu Ni Ti Pb Sb

ACACH | 677 | 035|001 |01t | - [o001]|o012]|001]014] - - - - | bal
Developed | oo | 473 | 303 | 018 | 006 | - | 010
alloy

- - - - 0.05 | 0.002 | bal.

A5052 0.10 | 2.39 | 0.01 | 0.27 | 0.02

- 0.02 - - 0.04 | 0.19 - - bal.
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Table 2-2 Heat treatment conditions for AC4CH casting and developed alloy casting.

Solution heat

Solution heat treatment Aging Aging
Alloy treatment . .
temperature (K) time (Kks) temperature (K) | time (ks)
AC4CH 808 10.8 433 14.4
Developed 703 21.6 433 28.8
alloy
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Table 2-3 Buffing conditions.

Compound type U lime white (Alumina)
Compound addition quantity 39
Buff type Cotton bias
Rotational frequency 1800 rpm
Buffing time (s) 16
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Table 2-4 Electropolishing conditions.

Composition of
electrolytic solution

Mixed acid

(Sulfuric acid+Phosphoric acid):8mol/L

pH 0
\oltage 20
Temperature (K) 338
Treatment time (S) 60
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Table 2-5 Anodizing conditions.

.. L . Developed
Anodizing type Sulphuric acid solution solution
Composition of Sulfuric acid :1.8 mol/L Phosphate+

electrolytic solution | Dissolution aluminum:5g/L additive

pH 1 12

\oltage 8 8
Temperature (K) 295 295
Treatment time (s) 180 180
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Fig. 2-1 Appearance of the various specimens after the buffing.
(@) ACACH-T6 casting (b) Developed casting
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Fig. 2-2 Optical microstructure of the specimens.
(@) ACACH-T6 casting (b) Developed casting
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10 pm
Fig. 2-3 Secondary electron images of the specimens after the buffing.
(@) ACACH-T6 casting (b) Developed casting
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Fig. 2-4 Secondary electron images and X-ray maps for aluminum, silicon, magnesium, zinc, and

oxygen by FE-EPMA analysis for the various specimens after the buffing.
(@) ACACH-T6 casting (b) Developed casting
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Fig. 2-5 Surface morphology of the various specimens after the buffing.
(@) ACACH-T6 casting (b) Developed casting
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Fig. 2-6 TEM images of the developed casting after the solution

heat treatment and aging treatment.
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Fig. 2-7 Appearance of the various specimens after the chemical polishing.
(@) Developed casting (b) A5052 sheet

-31-



Fig.2-8 Appearance of the developed casting after the electropolishing.
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Fig.2-9 Backscattered electron images of the developed casting surfaces after various surface
treatment. (a) Buffing (b) Chemical polishing (c) Electropolishing
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Fig.2-10 Appearance of the developed casting after anodizing from the various solutions.

(@) Sulphuric acid solution (b) Developed solution

-34 -



1um

Fig.2-11 Backscattered electron images of the cross-sectional anodic oxide coating from the
various solutions.(a) Sulphuric acid solution (b) Developed solution
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AT CIIOEN R R T BRI R OFBN T O\ Tik 7., ACACH-T6R TliE, /3
TR L DR R 2155 2 EBREECH o7, ZIUT NIRRT SR I,
SifHE~ b U w7 AMCTA U HREMIMCERT D, —F, BIRMTIL, SizdEian
7ot ANIWFEEIZ Lo TEENTOEMEDME DL, JEIEIL, ACACH-TeIZEE D - &
ERELT-ENE D bEVMEZ R LT, SO, B CIL, Sol/s st 2 v
TRV TIR, BB LR S 2 R AR 32 2 LN CTE | SIS E
OREEFD ZENTE T, Fiz, MEBER A Z 55 TSR LAY

(AlsFe) DMESCHNTIRET DT-3D, A~ LR SHL, FORER. JelE
KT Uiz, —77. BAZSARR VA Tl BRIt (AlsFe) M3 )—7alidl
PSRk S5, T ORER, SeHEA AT U= R 2 325 2 L S aTRE & 7
STz, —F7. BRI LSRRI T8 - X MR TV = RO TR & 580
Ll ZO7 10t A THN D HSREHLELN OV TR E LT, BEHESE R
ThHDHID, ZONTHZEBIOBRE 2152 1= OO E T 12,

L7e3o T, AF3L -+ 3-2 + 33 TIIHEMEI KUE T > PR DOV T OPHRA 1S
BTz, TV =0 AEB~OHEHERLR NI - B OWTOREZRT,

SRR LA BN E LT, oDy« RT ¢ < SME R E DV EEI 45T
VR =T AEEOWADMER LTS, T3 =0 AEEOREEE, BIHREM: - i
FEREME « IRV Z ) LS5 h1EE LT, WHE - B2 - BAi b - (bRt - o &
EPHET DI, FHIDSE AT HOEAITIE, o T RIE L B OB CH- 072 B AE R &
BHZENEETHD, T/ =Y AEEOREL., NE AR IEAFET S
723, HE - NS OE SRRV A2, SEERRTERA T, T =T AS
ORI O > SRR S D Z ENNETH D, —RAZRATEN T, Bl -
TR @RPED L <7 VKRR L A RIEBIRfFE: DONZ A~ > hRE) -
hE (P r— 1) THY, Do T FEEOFEENA M ESEAI2E, UnlHOHENE
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i, TENEHAR IR A FATEZ &> CURMEbRE L4, 2[5 B OWSHEHEZITH Z & VL)
DCh 5, HoxHIEL LT, EEMN-PH-ED V2250, B 9% v dHgh
BB\ THBASEZI T T2 & o IO TR & [FIRHZ Hgns
VIR L, IKEHTADRET D, ZO7h, o X Rl SEDZER TR L,
ZHDSBEDRLR L 725 T, Do ZRBEOBEAREMET T2 LE2 DD, DFED,
FENOHTHINEOWTIR, T =0 AONMERELZANHIT 2 & & bIZ, KEHTADIAE
AU 5 - OREEICHIET 5 = LR &N D,

AEITI, WS OB A LRI & L TG R A —/UZIER L, 187 a2 &
D b\ VEPENE & BITMEA RS S T2 OICBR%E LIzgiisad a4 " ¥ lcon T, Bk -
SRR TR CEEE/MEEM NI-P Do X 2B & 0% 2 MRk - O EREE
(LT i) &350 MERERIEC S 2 285825, LUT, FHIES 72 R
v, BEEMENI-P o X R B NTEEEM NI-P H-o & fiFE hoXx] 2B NT [Hhox
Relss) L &KGLT 2,

3-1-2. FHRHE

Fig.3-1 %, HRRsERAsA — LA ERE R 7V 2 =7 A AEOMHRERE: & OV
WO T D, A — W BEEREE L CHEZ WA Z & T, Sl Caks
OHBENEE L0, BELEFRT 7201208, @V OTRBIMEZ X - CHEE KbaD ]
S, BANSED) A A AT D 2 EAWETH D, HIFE, bAoA —
JUTHN BTV A E4IE IS ACACH(7%Si-0.35%Mg)” T (LT, %IE mass%) .
Fig.3-1-1(@Q)2VR IR, ATV =7 A & AR L > TRk S 5, Silld, IARIIREE
TOWEWEZ FD 5D & &b, BHERIIR bR & U CTRIREEDM BIC T 575,
I AT 5T 2 720I0E, ETHEREEZ I T2MNERH Y . S LTI
ANEMET, ACFHE - BEARRIEZ Z 2R b2 sid CIREECH 5720, BT M 1o
D, LML, 7V = AESHHOM SR E S 820 | BT I XM 2 R
S5 (Fig3-1-1(0) Z LD, AERIEIZD > EEITH DA TIE, o xR IZM]
AR T 5720, BAROEMEDME IR, o & IEEEIOCENE A 57572
DITIX, TSI - BB - AL - EENERY - NHID o X (EMNIPH - X |
= v U< IXEMER) (2T, R SEFumO BRI > E S, 20
KENZIL, FREOMMPBEIET 5720, #ilsd > & Bl ml 2 F S 21 7> g
L
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& T, BAF O NS o5, ZOTRIZITZS S OB EREDBVETH D & & BT,
{EFHNANEMEZRSIF & Do & B L NERE LR, 8O- S EIRONEZI « FIFEED
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Fig. 3-1-1 Schematic illustration of the microstructures of Al-Si and Al-Mg-Zn casting alloys
((a) polished surface of Al-Si, (b) cross section of (a), (c) polished surface of Al-Mg-Zn, (d) cross
section of(c)).
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Fig. 3-1-2 microstructure of Al-Mg-Zn alloy (TEM bright-field images, (a) solution-treated, (b)
Aged at 393K for28.8ks, (c) aged at 433K for 28.8ks, (d) aged at 473K for 28.8ks).
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Fig. 3-1-3 Surface morphology of Al-Mg-Zn alloy after the polishing and the activation
(Backscattered electron images (BElISs), (a) polished surface of the solution-treated specimen,

(b) activated surface of the solution-treated specimen, (c) polished of the specimen aged at 473K for
38.8ks, (d) activated surface of the specimen aged at 473K for 28.8ks).
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Fig. 3-1-4 Surface morphology of Al-Mg-Zn alloy after the zincate treatments (BElIs, (a) after
the first zincate treatment of the solution-treated specimen, (b)after the second zincate treatment
of the solution-treated specimen, (C) after the first zincate treatment of the specimen aged at
473K for 28.8ks, (d) after the second zincate treatment of the specimen aged at 473K for 28.8ks).
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Fig. 3-1-5 Surface morphology and characteristic X-ray map of the peeled surface (electroless
Ni-P plating was performed after the second zincate treatment for the solution treated specimen,
(a) BEI of the substrate, (b) NiKa map of (a),(c) BEI of the plated film,(d) AlKa map of (c)
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fs 20 pm,

Fig. 3-1-6 Surface morphology and characteristic X-ray map of the peeled surfaces
(electroless Ni-P plating was performed after the second zincate treatment for the specimen
aged at 473K for 28.8ks (a) BEI of the substrate, (b) NiKa map of (a), (c) BEI of the plated
film, AlKa. map of (c)).
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Pass1vat10n film (i) Precipitate

Passivation film (ii) (d) Ni-P plated film Poor adhesion

Fig. 3-1-7 Shematic illustration of the microstructure, surface state and surface treatment of

Al-Mg-Zn alloy ((a) after solution treatment, (b) after activation, (d) after electroless Ni-P
plating).
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Fig.3-2-1 Optical microstructures of various specimens
(@) ACACH-T® casting (b) Developed alloy casting
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Fig.3-2-2 Appearance of the various specimens after buffing.
(@) ACACH-T6 casting (b) Developed alloy casting
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Fig.3-2-3 Secondary electron images of specimens after the various pretreatments.
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AC4CH-T6

Developed casting

Fig.3-2-4 Three-dimenSional surface morphologies of various treated specimens obtained by the

laser microscope.
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Fig.3-2-5 Secondary electron image of the developed casting after alkali etching.
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Fig. 3-2-6 TEM image of the developed casting after the solution heat treatment and aging treatment.
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AC4CH-T6 Developed casting ioum

Fig.3-2-7 Secondary electron images and X-ray maps for aluminum, silicon ,magnesium and
zinc by FE-EPMA analySis for various specimens after the zincate treatment.
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Fig.3-2-8 Appearances of the various specimens after the electroless Ni-P plating.
(@) ACACH-T6 casting (b) Developed alloy casting
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Fig.3-2-9 Three-dimensional surface morphologies of the various specimens after the electroless
Ni-P plating obtained by the laser microscope.(a) ACACH-T6 casting (b) Developed alloy casting
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Fig.3-2-10 Appearances of the various specimens after the electroless Ni-P plating with
electropolishing pretreatment.(a) AC4CH-T6 casting (b) Developed alloy casting
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Table 3-2-1 Chemical compoSition ofvarious specimens (mass%o)

Alloy Si | Mg | Zn Fe | Cu | Ni Ti Pb | Sb [Mn| Cr| B Be Al

AC4CH | 677035001 011 | - |o001]o012]|001|02a| - | - | - | - | opa.
Developed
e‘a’ﬁ&f’e 0.08|473|303|018|006| - |010]| - | - | - | - |005]0002] bal
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Table 3-2-2 Pretreatment process conditions.

Alkaline

Zincate treatment

Pretreatment Buffing etching Desmut (Double treatment)
#320/
Procedure Buffing - - -
Composition of Cmmercial
electrolytic - NaOH:50g/L | 50%HNO, solution
solution + additive
pH - 14 0 14
Temperature (K) - 323 293 293
Treatment time (S) - 10 30 30
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Table 3-2-3 Plating conditions.

Plating type Electroless Ni-P plating

Composition of

. . Cmmercial solution
electrolytic solution

pH 6.5
Temperature (K) 328
Treatment time (S) 1800
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703, 703K TH V. & TIT3ksFHRIREF LT-t2, HOHITKFTHAILT., ZOgla bl
L7z, BRABT OB KBRS NSRRI um D & A =8 > RgEREkE C R S8
WHEEZ i U, AT 23l & U C, EnEd - oo X 21757,

TEATEHL « D> ZTOWTH, BEPOFIECHE N, 747 U IEAE - BS-BRC L 5

KIENEPE L%, UnHEFHEHAT T, fElEA VO CHSR A TARERR S LTt 20aldhignE
WaAT o7, WENEHIROIZREZBIZZT 255103, TR Z NS, BlE2A
PN D=0 W VEEN & A b N ) 7 ORISR A BESREHE & LT, — 7,
Do EEATIGANIER HENONTHEZAH L, - SR L SR DOFAE 2 ESE 5
720, FEROHEENERRI A A TN U2 b D& VW, HNERRAT T 72T LR
= LG4 %, 363KDD - XRITIHE L THoXEATH & & Hi, HERINEBZITHTH L
Tt DEENV R A7, 99.5massvifigii(Uig: “2N-Zn” & FEKGD)~DH > X Z1T
-7,
N-ZnRIRDOTEMHAGIZIE, HEnE R A AR T D T2 O DRI Z AV, HESREHUZ D
WIS LT, HREREHR - 0o ZROBEHIOUWT, K/ Wi OBIES - TR EAT
ofe, BEATIL, BRVRARUERE TEEMEIE VD & L bio, WimfERciE T v =
A F U T A W, WiEOItROHTZE, B~ A 7 a7 74 P —% e,

3-3-3. Mk LOBEEE

Fig.3-3-1 (L,Al-2Mg. Al-2Si (Tt L CTHRENE L ZAT > 7ot DR HEHERCE— 1)
ThH, Ltk Zh% “BEI” &FKitd 5, Al-2Mg. Al-2Si d 1 [A] - 2 [AfSHE RIS T,
FARERMED ORAEDVE Ut T 5 & & Hiz, dspE I L, a0k L7z,
Z D= MBS L TORWEENE, 7 bt RS L - TR LT,
Fig.3-3-1 DEIE %177, Fig.3-3-1@) LY. Al-2Mg D 1 [adEghiEH#ACl, BIfERoOR 1
INEMGRIE A 0N L, C ORI 3EE nm ORL - CHERL S VTV, 2 OHfH
BUZHOUWNT, Rl XSO 2AT o 7o R, HEn2 RIS LD & & bIz, FAENBITT L
=T L TRy LM ST, Al-2Mg O 2 [AIfEENEHYFig.3-3-1(0))IZ DOV T b,
IAFEREAMFE L, B CIE, 1 BIHSAEHDSG & Hl LT MRICHR LT

SVRLTOMBIER S Tz, AR2ST OY3A, L[] - 2 [EEAEHL - 12, HIKARHSRkI -0
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B LUT-H Gy & BRI ST, Fig.3-3-1(c)(d) & AW MiE Fig.3-3-1(d)icds\W T,
REREI ORI 0 I, Si DR STz,

Fig.3-3-2 IX. Al-2Zn-02Mg, Al-2Zn-45Mg (Zxf L CHENE AT T 7= 55 DZH BEI
T D, Fig3-3-2@)[0) LY. Al-2Zn-02Mg DA, 7V =7 AEHEDRE AL T
T, WEROHTHEIIZI T 5 H DD, Fig.3-3-1 O/ 7 MR- i?(ﬂ“t‘ﬁ“ AR
K< B CHgh OB S, F7o, 11l - 2 BREEHE LS BT, Rl EFE
DIREZ R L, RURFE B R S Ve > 7o, Al-2Zn-45Mg (Fig.3-3-2(c)(d))c:ou QN
FHIEREIT Al-2Zn-0.2Mg $5:(Fig.3-3-2(a)(0)) S 1 HIEFRECTH 0 . KIRIIRAERT, i
IRH TR ST 2B\ T, R HRE 3ATH L7270 572,

3-3-3-1. Kifii - Wil ashs R

Fig.3-3-3 1%, 2N-Zn |Zxf L T¥h > = % 600s [ T-o 7244 D BEI T 5, 2N-Zn ~D
Do EDRE, TN =T LEEOEAE LD BIML S KUEIEA L, Z ORI 600s [HF]
B Ch -T2, #I5um D> ZFIIFL SN TND H DD, - ZEIFHUTES LT
BOT, ZOMICITHEE - =7 v o U TR S IV SAUEEIROMFES 5, ZD%
FUB AR Z I FRL e 2R SRS TR S TR Y . ZOfEICBIT 5=
N1 L DREFEI T - EEOFN LD HIR,

Fig.3-3-4 1%, Al-2Zn-0.2Mg,Al-2Zn-4.5Mg |25t L T8> = % 60s [ 7o 72355 O
BEI T 25, Al-2Zn-0.2Mg DA (Fig.3-3-4(a)). - S RO, FHIZERAS
TFEL72W—T5, Al-2Zn-45Mg DA (Fig.3-3-40)I121%. 8- RSN EITED D -
XS DZERDFAE LT, 2 2 CIIRRIT — & 2R S 720 3, baks [Hh - X 24T
U, Do EEOFEEA AT & 25, Al2Zn0.2Mg DIEAIZITD - E O FIEE) sH T
WEETH Y | FIEES CIIFAROIEIIE 2 7R 7 ¢ 7RI ST, — 7,
Al2Zn-45Mg D55, - ZEOHFHBENR S THH & & HIZ, Mg INIEZ 0.5a% % T
WO SHTH, o XBUIEHITHEELT-,

3-3-3-2. o X DA L KFEA A DFES
TV =0 AEAORSNERI T A EMREN ClE, LS E LTT e ::'7A
DIRA+2H,0—AIOH) +HAH+3e)ME = % Z E NG ST 5D 3, —75, B
& L CHEhOHTHI(ZNO A +4H +2e—Zn+2H,0) & /KFEH A DFEAERH +2€e —>H2)75>ﬁf_ %Y
O, TN = MO K-> TETFIVERT DB, TgnieA 4 3 Halcida s ns
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IROIX, FORESHENCHFE SV DA, gL A ORI H-07e G, Bl
FEDOREVVKEA AL MBI AN TS, FERGERT CIIUKET ADIET D, HiEhiE
A AT, HEREREROME N DIERIC X > TG S D 72, BRI D
AT CIEIL S VD, Z DT OITERTE 113, FARERIE O (Fig.3-3-1 DHEERAHIEST)
D, BRCHTH U7cdigha i L C, MEnioiE e MIBET 2 L5265, il
ZATHTH L7 iig . Btk Cidze <, *ﬁﬁé@ﬁ%@%ﬁ%ﬁﬁ% V. HMUTEAE LTV
W2, SRR ORAET HKBH A>T, BHIIES 5,

FEROHSIT, TV = LA ﬂ%ﬁjzémf:ﬂ* EIRERSA NN DRI AT,
7 ) — RN A N BV — R A NOGHPAE—ra, B EEZOND, T
VR = LAEEHO - BT, AR AR S I BB O R A
EET DM, 7R LB SilE, ZOBRIMRAE RS T, KRBT ADFAD A
5L, FOEMTT /— FYA b E LT LT 5 2,

Al-2Zn-0.2Mg 3 L Y Al-2Zn-45Mg DA (Fig.3-3-2)121%, A4rRIclighya s
D, BN A AEHAE SR S AL, SOSOMEIE LT- LB DD, RO
ﬁf’\%@%mj/% =0 AEEDDS ZHRITRES LD & dENE BRSO AR

. EBIFVVERESND E EBIT, HoXIKFD=y INA TN OEFTL - TR
ézhzoo FIMH L= VA filfil s LT, - EEFOREE D ARSI LS, %
DB SNTZE AL ST, = I AA T U BNETLSIL, Do ZENET 5, i
FREHAUT &> THERDIEZ AT L7256, FREORRIC =y v A o &
LI, KEA AU DNRITE SN, KEHANKRIIET 2 Y, HEISBEIIHET D
Yty 9o XL FAR ORI SO LD S AL FEAATRENRE KT D 2 L1
2N-ZN @%\(Fig.3-3-3)73>% LIS TH D, O XWETHIESFLTU VR 2N-Zn D%

. HEERDNE L < ERAE L ;@/ﬁﬁ SEIAND - XL RO AR5, ZoT-

&)\E)E (2D EMEDTERL S ITZEGI DN T b O ZRE FOMENEET 5 2 & T,
b o EREBPITE LT 72 L B2 BiLD, Fig3-3-3 128\ T, o XL AR ORIAEE
THLIVEREI L, WO L b7 D KBEN ADFAL | R LA Ea7 5

Ni-P ZESONTHINRIRACEE = % 2 & TA L2k E B 2 Hivd,

R, HEERDSRZI AT LT A OB EMHK TRE Ch 575, Al-2Zn-4.5Mg D5E
(Fig.3-3-2(c)(d)F5 L O (Fig.3-3-4(b)). Al-2Zn. Al-2Cu DHFE 2 L [RIkEDTE < ¥J—72ugh
EHEE ONDITH D LT, Do ZIROEAETREL IO TR, Fig.3-3-4(b) D%
BRIZ. Al-2MgAI-2Si DA ORRIZ, BZATHTH U 7= REnDOwsigh ke T 5 Z &I
L72NHDD, 8- ZBIEEHAOB LY VKB AT, EDOZEIRI R T2 &%
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ZABND, ZOMHEOFHNIANATH L, —ER LD~ 73220 LMEET D
Tl BSOS LR LT, =y 7 A A OiETOSH IS U IFKEA A4
DB TCSUSIMEHE SV RTREMED N 8 Do £ T2, ~ TR DT DOTNEDIVDIRVGE TS,
N TR LDPRIANILRT D Z LI E > T w731y AT LR T S 41,
Do AR ORMERAENRE Kb L, LRCOIRRBIZe D Z & bHENS D, HHEn -
VTRV LEEHT VI =T AEEIZONWT, Do IEOBEAEMEE T ESEHITE
kﬁﬁ1®%$%mﬂb\E@Wﬁiyﬁw%ﬁméﬁé*&ﬁﬁligfhw\:

O THEPRIEHFEDIE & 70 & N BSnEHAR I O L AIRR 2 YN~ 5 2 L 23R
ﬂk?%éo

3-34. &S
ARETIHE, #ifh - v 7R UL SiEFLT VI =0 AGAICH LT, HhEhE S -
TR NI-P O X 21T\, BATTHE7R D NIIKE N ARENSUBN G- 2 DO T
Bt L, 22 CELNERERIT. FROmY Tho,

(1) ~7 R LRHNT SIS, EERERSISZ BSOS « T SR E RS
T TV =0 LOWSREE KRBT AFED T 5 Z L2 K 0 R MBS
Do

(2) SRR GAET HRE TIE, Do TRHTHSANRE L. = 7o+ 25 &
[RIRHZ, KB AN L K FET D72, o XL HARDOMNZ D LRI =
A, O ZEOFEAMETRRD TR,

() TN =7 A-Hflifh-~ 7 R AEATI, < BT iR EIEA SRR S D T2,
T KA AT L2V b DD, ~ VR LEDN—EBLAER D &, Do
X & FARD TN IKET AFEEIC LB & B 2 HNDZEDZERDT S AL, A TR
FERE L <IKTT 2,
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Fig.3-3-1 Backscattered electron images (BElISs) of the surfaces of Al-2Mg and Al-2Si alloys after the zincate
treatments for 30s,(a) Al-2Mg after the first zincate treatnent,(b) Al-2Mg after the second zincate treatmnent,
(c) Al-2Si after the first zincate treament, (d) Al-2Si after the second zincate treatment.
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Fig.3-3-2 Backscattered electron images (BEIs) of Al-Mg-Zn alloyys after the zincate treatments for
30s,(@)Al-2Zn-0.2Mg after the first zincate treatments (b)Al-2Zn-0.2Mg after the second zincate
treatment,(c)Al-2Zn-4.5Mg after the first zincate treatment,(d)Al-2Zn-4.5Mg after the second zincate

treatment.
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Epoxy resin
Plated film

Zn substrate

Fig.3-3-3 Cross-sectional BEI and elemental distribution of 2N-Zn after plating for 600s,
(@) BEI, (b) ZnKa (c) NiKa, (d) PKo.
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(a) (b)
Epoxy resin Plated film Epoxy resin

Fig.3-3-4 Cross-sectional BEIs of Al-Mg-Zn alloys after the second zincate treatment for 30s and
subsequent plating for 60s, (a) Al-2Zn-0.2Mg, (b) Al-2Zn-4.5Mg.
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=42 ASI 54O RITHEEMR NP Do X DRSS

4-1 Al-1.29%Si A& DRI FIF B Ni-P Do X DR
411 % =

UTHE, B L —R HEN B OPEH, COp AR &\ 5 HIERERBE D EREI TS X
BT, BBIEA L U &3 A ie o B LS R & ST, BREL
(IERIHIC D720 TV =0 WA LTS 2 & bAENRTEREO—>TH 5, FiT,
Al-Si B4 IHRENH BN, fOTEHEEZ RIS = & TESRE(L SN D &) K i 5
DT, FIB L OFA DA NHT 2 =7 DEEDEL DN, ARSI REHRE LT05 Y
2, Fir. ZOBAITTIEEMER LN LICLY . ABEEOE R R0V LA
v REIZ S S, MER USTERM R CHWSIE Z & $5<  SEBRED R
TEERMETH D, WM BIORRE SHHEERA L, X NE~E
BUEEL TV &2 bND I, 2070, MEEEIIEHERC I 2E L SHLH
3 v b Bl VSO 2 ORI LA FIO TR COME & 2984 2301
22 EMMTOITNS 9, BEEAE NI-P - X | 3RIA 2L S 57213 T < THEEREED
A EIC S AR TFETH Y BRI T L X = 2RO RS taE S h 5 99,
72720, o EHRICHR U AR DB, ma iR 0 IS ok USROS T
TIIFEE D > & FIEORERAUIC L DS EANE Z 0 | HITRELK T2 L b5
SITNG D, 7o, TR - WL L =AM B I CIZZe L —KFE Y T A Z —05 R
I(CSBITHFET 5 O L 35 LOMEEAE Ni-P - X WU 2 b X IR TKEN ZADIAE
NHELN IZ L RS HEE SN TS, SEMEVKERHETICEI NS &, ME
~DKFRBIFEZ Y | KB AL D5E01355 9,

B, BA51%. 1%FEED Si 25T Al-Si2 TTAE O HIHIERE & Mgt E R
FRICOW TR L, BRSNS K > THRIRITATEIC um Y XK HIE
RENDZ L2 RH LTS Y, 20k 9 Ak e i S OB - X o
X9 7R MIF3NE, BUIERNE Z A TH D, AEICIEL, BEEMNI-P - A
Mg Z LWL D ARL2%S A OBSAIMEE N ED X 5 I8 D E T LTz,
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4-1-2. FERI51E
4-1-2-1. FEMERES LUBMIEE - o> XA
FERHW-A41T, 99.996%A1 & 99.999%Si DItiffidm A EflE 7 L2 5 DlFH
12T, R TEfig - Pdi U TR L 72Bd SRR Al-1.29%Si D54 Tdh 2, Table 4-1-1
IZZOEED L E R T, GO E% 823K T 2 HM— Wiz, Hrfikest
BAZZ TN HEEIRERS L OVRIEAEZ &> T 0.7mm JEDHHS & L=, a1
g 4mm, £ X 15mm, JEX 0.7mm (Z8)0 H L, 1200 FE TOMT DAL RFIC L 0
JraRds KOG IRV SBAHREE LT,
BN L LT, AaBHT 823K TOMEMMEALWER%, AR C=RIR £ TiHE D4R
F7213 823K TORMAAER%, 473K T 18ks DIRFIUELZ Z 1 Ehulit L7z,
BV, DK FUEHZ IEEEAE Ni-P 8O- X OFTEE L U-CilR, BATEkS L UM s
(Wbps, o r— MW Al Llc, @5, THEOIIET o — MUEEE 2 [Al
IR HSNEBIE R TH 5 2B, LasL, SEAWZREIOEA, HHhE L
TIXZDHBDD > X PRI BTy o iz v ir— M Z 5 BTV, BEaEE
D BT e AR R S W7, ERCRATEE A U 7-3kk & 363+3K OIEEME Ni-P - X{i%
(HAT =8 (1) 84 SD-200) |2 5.4ks IRIE L7z, 572> EEDOES (L, £ 30um
Th-oT,

4-1-2-2. FEFIT1E

JFmAER (FC EEEE) DA AR « 20— MILWEE% Ni-P D> X4 (FC+Z
+NP EHEFD) L7-ad e SONCHRhEE (AG EREED) DI & REEE « 0 r— ML
Bif% Ni-P O &4 (AG+HZ+NP EHERD) L7t BHI DN T, A A b AR
Bk PN TR O i 210%™ TR (293K) (CTHIEVRBR L, Sbhi-iih

©) —OFH (&) MLV FIIEY iRE 36 L UME I OE RedT=,

WIZ, FlA OB O o — MU S [F 26 U 723N < O T D F FI
FFARBRIZ Y, 72 0 OFFEHZ DU T NI-P - WA i U 7=1%. 255 7R R 2 BT
2R (293K) (2 TIGR/H 0, JEEEL 30Hz Dffix DS L5 3RV SRR (o) T Chldsr
FTOMIRLEL (N) Z3RedTz, SHIT, BRI OB R © OV STk %
ORI 2 PR EETS L OVERTE FEAfER (SEM) & W CEIZE T2 L [ARFlC =
FILR—L B X JoEE (EDX) I LD TEES bIT-7,
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4-1-3. FERIB L OEL

4-1-3-1. NP DOFRIEHFAGE

KENMUBRSS DRREIR I DU ORI - K A BIER 21T > T2 fE % Fig4-1-1 56 LY

Fig4-1-2 (9, Fig4-1-1 KV, 823K THIAM AR 293K & THFFWRAI L7z FC A Tl
BRI pm T RO T D SRR AR > TR L T D Z &R
s, EDX 05X 0 . oWt Si M Cho 2 E2Vyhnotz, —J7, Figa-1-2
IZHR.BID XD ITBEAIL 473K T 18ks frfF L7z AG M TS, I ER% (I
W) EIRERIC Z D X 9 2R 7T T 2 < R HivZew, Figd-1-1 O O
SEM-EDX 2L % Si < v B ZHERMN, Figd-1-3 T D, FIEMITITHR M H A E
FLTARSINTEY, IONETIE, HVD7e S RSV TN D 2 E 0350
%o FMFHTIZBL HIVDHIK Si HTHEAAE AR S LA IREREPH 23~ 5 7212
EVABRIREELL N OFIREE E TIFM#., AKFUTHEAIL L, FK Si ST f B2 it L
TR, TT3K AL CRRITAERD TR HivTz, R Tz D kL 512250 Si it
MIDVERRSID DT, LAFO X S IR T 5, Si I3 ZE L E DOFE A= /L F—N0
R & ¥ 72l2, Si-ZEfLr T AZ—ETERT D 2 EER b, £, 7B
FHEITERIZEFLOWHEET & U CHEFICAMERT2 10 7o, RiEfHIomfize
UL S JEFL & BICREE TR L, TOREIET 2 THA 9, 713K DL D 72T
IIFEFNRIRE DZEADIMAAE L, JEB0EE SR E WD, 280 Si 03K
IEPGEFIZEFLIITEIR L, 7R 72 Si TS L 0K R Si TR S =0 Tlidze
e Bbns,

4-1-3-2. TS FB LU [9RY Rtk

FIIR D R Z G DRI, ey I — A SELC L U MU OFREHE S 72
BN Ni-P o & Bl X 237z, ZOfER, FC A, AG M LU - X D T
PIRES(HV)IE, 224 38, 57 BEONE50 Thotz, LIEAi-> T, o & Fisi iz
RUBRAIZ HE~CRY 10 fERREERI N Z & 2300 7o, TR EALES ORENE & | 470 BHRE
ANEHZOE X135 33 TH Y . AG M OIE XL 473K TOREHI L5 B— 7 il ST
ETH D,

Table4-1-2 1%, FC, FC+Z+NP, AG 72 5NZ AG+Z+NP OFFEHI DN THIEY
AR ZA TV GO0 (0) ~OT 72 (o) HFR L U sRDT-B 3RV iR S 36 L O O~
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T ZOREIYD, FCH, AGH & HIT8H - ZFZ DT IRV 5RE 23 10%HK LT %
Z DD, B LOREE S 23 EZ40 600um, 30um THDHZ b, RO
IHERIEIIR 10% & RAEH 5 2 &N TE 5, GBI A~ TIFRITE O - & B
DIFENS IR BEOMRIZT G LT EB 2 6D, Fio, REHBREATH & o X4l
% DWW ONCBEE R TR ST, Wb SR L/ &y, Ziude—2
FEEOHHIIRR IR 5 L5 2 Db, A, TEM BIEER Y UL, bk
NTIXFY A X 15nm O Si Hrins ¥ —2 Ak S o 23, BT W SRS AR
REND & & BRI EZIE A X230 170nm OHLK: SillZE T b AR S
AUTEY | W TR E O 27 2 £ G R RO Si HrHi EdE O
RETRY OGS /NS Te s Te LB BIND, —T7, FCHZ D> XS5 LAl
ONIARAHERE & o LI L 244 CD, ZOJER E LT, #kS2N\ R Bk
WA 23h - & FRA AR S22, o & BRI &[RRI ZHONE LT e
RIS E 22 I D T L7 726070 HDWNEY o — MUERRRC S8l 5%
A UToARFT AD—EHFABINERCER Y | 519 AMRH IR A IO um A AT
JERINZHERR « 26F8 35 2 LT Lo THW &2t L 7= O Tldew v & oo 23, G
HDEZARHTH D,

4-1-3-3. JEITIHRIE

JEHIREED NiP D> X DFEZONTHRDANI, FCHDOY U r— MWBEZED L
D LR DRUROVTRRET LT, Figd-1-4 1%, Fh% Y r— MR 7=k
& RABLOFRI O STIZHONT, Flix OB UG HRIE (6) T TR Tofk L
B (N) ZRDIAEREE L DTz o-N i L%, SIN BifR LKD) ThoD, KnH
BRI DT, WHRNKIEE A E—E L TRY, ZOWEOF T X D57 58E DR
TG BRI T,

Fig.4-1-5 & Fig.4-1-6 1%, T ZHVAG #4 & FC D, SIN HiFR~D Ni-P - X LB
WA ZOWCHIRERTH D, Figs-1-5 BB K 512, Ni-P Do S L7=55
B WS TREE IRENIR D LA LA TR T R iNzZ R LT D, H ES
T VI =7 Ak E AC2B MITIEEAE Ni-P 8- X WU A fii 9~ & mikTkr & &5
PR L LTS Y BT AC2B AU Tl TR LALER - /ki%7% 433K C 10.8Ks
R L7=H D TH Y | Figd-1-5 D5 EFLOBMIEESCTh 5, AG MO8
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FER D ZRPREHET Z LI K> THEKAKT D00, R AR Lz FEE O IR
FREOAFAED L 57 & DOFAEZPIH L QD726 & 95 H B S0 A R 258 T
bA5, —J, FC MTIL, oL, mffERABREIEITTREIMET LT D
(Fig4-1-6) . AG M DG & 8- EAFRMFIIF L THDH Z &b, o X PIRED
H DI T2 < Do FNT L DPEITTTREEDIR T IIEPHE ORI B BIR LT
WHDTIZZ2V I EEZBIND, T7005 Figd-1-1 LV, FC A TI3EEEREIZ pm Y
A ROFKZR SUTE ATHTHIINARL L TOD DI LT, AG M Tl ZeTH X
R, LZAT, TAI=UAGE~DY 7 — MURFHTZ, TAVI=0U L0
VR E & BITHSNONTH & AKET ZADRAENEZ 2 VL ST 5, AEDBRE, 5
B — MUEA S 2 &1 &0 IO R S, AR RO
BV BRESND Z LI L0 . R A~DKBEOREDE 25 & IS,
F7o. D — MNEBIEIERITENE SPTRY O, BRI IKREOKH LA S
Th5H 9, 1075 77TV =7 AAGIZET B IEDL OB Dz Lud, RHHOBE IS
KFBDRFE N ToDITKFBDRAZL BN YA MIEHE M THLH & L T2,
L7=io T, @A 2 VRS REBRERT . = O/KEDNF SR OFE ST AT T DM
K72 Si \ZE ATHTH) & B2 5 ONTH) 30pum &S OBFE 7/ FEYE Ni-P - & ffisil
DOREIET Y | BREROFAEZLE L= TR i EHEI S,
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4-1-4. fHE
1%FEED Si &7 e Al-Si AAE ORI - AT HEEAE Ni-P 0 - S LB
WZOWTHRRT LTRSS, AT ORGSR BN 78~ 77,

1) FCHMBIOAG & HITH > ZAERZ OS5 HR Y 58 S DSAUEEEL & Hofie LK)
10%FEEHR LTS Z EvroTz,
2)  AG M Tldsh > ZWEE OO T - ZWEROF MBSO 53, BER2M b
ISR T=, —J7, FCHMTIEsD > & WBE OREOMS 8 L7z,
(3) AR Y — MDA LT3 5 OSTREL, DDA &
XA EEDBRRISTZ,
4) FCHZ+NPMOREEITRENL, Efar Bl BR O TR T L7,
5)  AGHZ+NP MOEFHREIL, Bl DR EINA R~ LTz,
6) FCHIZIRNT - SABLI T TTTREDMK N D D%, 22— MUBRHIREA
T DIKFEIT AD—EDNFEA RNV AR, T DIKFEDAFEIZ L > T, FRZETA
7 VAGRTHIZEREIR IO pm YA ZHTHI) & D> & B isiod S uml CHERE L, i
TSN RIET T2 D TRV E B Z ONDMN, SR TH S,
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Table 4-1-1 Chemical composition of Al-Si alloy(mass%).

Alloy

Si

Fe

Cu

Al

Al-1.2%Si

1.19

<0.01

<0.01

bal.
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Table 4-1-2 Variation of tensile strength, ob and fracture elongation, EI by plating.

Tensile strength,

Fracture elongation

Processing ob/MPa El1(%)
FC 84.7 20.8

FC+Z+NP 95.6 10.9
AG 179 4.4

AG+Z+NP 205 56
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Fig.4-1-1 Surface structure of specimen after furnace-cooling from 823K to 293K.
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Fig.4-1-2 Surface structure of specimen aged at 473KFor 18ks after quenching from 823K to 273K.
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Fig.4-1-3 Cross-sectional structure of specimen after furnace-cooling from 823K to 293K.
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Fig.4-1-4 Relations between stress (o) and number of cycles to failure (N) for specimens

; @zincate treated orOnot zincate treated after furnace-cooling.
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Fig.4-1-5 Relations between stress (o) and number of cycles to failure (N) for specimens;

@plated or Onot plated after aging.
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Fig.4-1-6 Relations between stress (c) and number of cycles to failure (N) for specimens;

@plated or Onot plated after furnace-cooling.
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4-2 HEBAE Ni-P - X %215 LT~ Al-1.29%6Si 54D HREC
KRk & AR ORE

4-2-1. =S

Al-Si ZAAIISHEE ENMHEEEELE)S T2 &5 BEIEE A2 ShTn g D
A= IR USRI FTHOWSILE 2 & 6 %< | 7R ol L b T HE
T D, FEITE IR ORE T ORI E R L, I PREABHE LRI 2k
LTV EEZBNI, Flix ORI LIEZ AV TR ORI 2545 241
52 LT TS Y,

AIEICIRA= X 912, A 5IE. 1%EED Si 25T AI-Si 2 TTAEEONT HHIRLRE &
BEAOPEE DBRIZOUNTIHA, BUBEISAEOE N K > THEERIFAHEIC pm HA X
DKMV ER S5 Z 2 RHL TS Y, 20 X 5 73R Sy e
OHRAPIEENZ E D K 9 72 B% KIFT70NT, BB L ZATH D, BEEDLIL. R
B LD —> T 2 BB NI-P 8- X %4 L 7= ASi B OBEIHEENC OV T~
fEge, o ZAF T I TIREILEREA DF |95 V) 5RO TR N4~ 5203, FKmfhi
(2 um Yo ZOHRAATHI D ERR S AL D IFAEA ORI R 95 2 LB S
(2 L7=9, ZOHEIT, o ZRERDBIT I T B KFET ZAD— LB A AT,
Z DRI TRREIR IO um S KM & 6D > & BB REATICERE L,
RE BB T % I E 7D TR s LIRS 7= 9,

IR > TR & Do PRI IZEAL—KFE T T A X —DIERIN L BIAAHE
+25 N2 &3 LOMEEAF Ni-P 0 - XA 6D - IR CKEH ADFANRE LN Y -
VZ LR MG SN TWD, SEMEDVKERHSICEIND & ME~Dk#E
BENE Y, KB AL 25ENE 5 02,

F ZCAREICIE, FHUKERORIEEAT S = & 10 X 0 BV L OMEEAT Ni-P 0o &
RUER U 7= Al-1.29%Si 54 DI T758EE 2 M E T 7R O Si AT HIZR & ONTIKE DR
DUVNTIRGET L7,

4-2-2. F51E
4-2-2-1. SUBHERL, BV - oo X WUPREEE & JlELE
FERCRAWAAITIREI LRI CHOTH Y . 99.996%Al & 99.999%Si DilA:E % 15
FUEET LI F 2 DIFHNTT, R T - $d LUCVEE L 72 RR &AL A-1.2%Si
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BeTH5, Tabled-2-11ZZDAEEO AR, 507 8#llA 823K T2 HIH
PR ALEE%, a4 28 % 7273 BEEEE S L OVREIELZ K> T 0.7mm JE DR,
L LT ZHAHATEROE 4mm, £ 15mm, JEE 0.7mm I H L, 1200 £ TD
T VAT BFIC K 0B AR e Lz, SOICEEE L LT, &atENC 823K T
DU fArhCesii £ CTmAld 2P & 7213 823K TOMAM ALE% 473K
C 18ks DIRFhUVERZ 2 Ea Ul LTz, BV OGN Z IEFEAE Ni-P D> X ORI
& U TR BEGETs KL OMEShEHAIT  (REEREHYLEE) M L7z, @k, LA TN
BRI 2 (Al 0 T TEHEHER T 5 P, BIE TRV RO A
FEENEHUEL CILE OB DD > & FIAERD RAT T/eh o fo T HighE Y 2 5 R T
VY, AN BRI AR ST, ZOBAOHENESRIY, < B2 ighE R
Rl a1G5 12012, B ORNITEOR - 5E 2 a5 Bl Liigh 2 ki b
T+ U U AOKER AR S BT AR b D O Th 5, EMbEEBT52513, K
0 D7 NBEEC 2 OB 9~ & LB X, A A BRI U7 dihiEai & VN C
FER L T= & 2 A 2 RIOFEHE I C BAF e RIEA 155 Z & B HkT= DT, AFE Tl
SRINNARSAE R & O D SREHIBE A T o 7o, ZO8KA A ORI, dhghEHL
PR ZEROMBSERNTATHE L, AT & UTIERT 5 2 Sl L 0 gt &< B —Io
5OLEZ D, WEERE R U CIEATH A < 212 LR O L [R CIEF 24
T5HDOTHD, RERE i 7=k 363+ 3K DEEESE Ni-P - ZikIZ# 0.3~3ks
MRS LTz, SOz EEDOE S, #91~10um THh-o7=,

JFRRER (FC LRERD) DAL IFVIUR - BghiEHER (FC+2Z Lh&st) L7=alkh
JFUAER - FREREHAEE% NiP - X4 (FCHZ+NP LBEFD)  L7zadkle SN
PR (AG LBEFD) DAL IREREE « HEREHYILE Ni-P - X (AG+Z+NP
EMEED) LTt BN < OMNTE DO F R 7ABRICHV, 750 ORI OV T Ni-P
Do XN LT-1%, JEFEREEICBY T, =R (293K) (TR0, JElE L 30HZ
Offi 2 ORER LBIHR Y JETHRIE (6) T CHHrE COMEKL (N) ZRdiz, SHICHH
et O MBI 2 AR K OVEASE T (SEM) & FVCRIES L7 k3
WO, A7 v~ ~7T 7 ¢ —TUOFIEKBERBEENREE (Rt BYmbE
fRiES) ZHH LT Toln, BERD > X OFECRERA IR S KFEOFIRIC X
DA A T, SRS, SR 27.8K/ks, EEIRE 853K, HIERE 0.3ks
& LTz, WEkFEE GURFEIARIZ O o /KEOEERE) 13, EiE) 5 623K £ THK
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SEMHHEAE & FHRERRIOBIER L 0 KedTz,

4-2-3. fEREB L OHEEE

AR X 912, AREICITISHERLR & LT A 2 B0 E Vg, 22
T, BEGLER L D8 > Z I DN T ITRERZA TV, Tl A Ol LIS RIE (o)
T COMIErE TORELEL (N) Z3RDIFERE F & 72 o-N iR (LI£,SIN B & i
50 ZATEIORER & i LT, Fig4-2-1~Fig4-2-3 (O T Xk 92, EOEHCTHIFIE
[FREDME A 277 2 L AWERTE D, T70b b, (i) PR EAEHER D A L 7=
BB ORITRENL, FRHERDO DA LT E A EED B, (i) FC+HZ+NP #0iE
SFREEIE, R B A RO TR T 9%, (i) AG+Z+NP #5773 E, BIG
DLHINZ AT, LLEORERDNG . K0 EHAZR R E Y 2 i & T 5 [l Ol
FREHAIR A i U 7RIS COREITRE & FRRZ ARG B D Z EAVEA LT, Rl T
1%, FC IR T - AL TR MK T2 O, EiHEHIELR 0% - &
RUBRRF ZFE AT 2 ARFEHT AD—FRDNFRA I IATr, ZOKRFEDRAZ A 7 VA
FFRIZEBERI O pm YA ZFTH & D> & el & O FRMTICER L, iR & 2884
(TR AT T 72O TIIRN e B2 DA FEIIARI T 5 LR L=, ZHUud,
FREREHAALERES 1L U - ZABRRE G ~KE D S D & DIGEIZIEE S HEGR T
o7,

o AT IV R KFEDBREH IR S AU TO D ONENERED D HT-DIZ,
BN TR O KR EORE 21T > 72, FCHZ+NP M D sH - & FRJE X
(263 B FHE/KBMEERBROFE R A Figd-2-4 |1, KB LAVRE 51T, HoE4L
HRM OB B — 7 13, - R S X 590 1 323K~423K AT & 573K
~623K LI HILD, — 7 ALBA TIL 473K AT E T/RERLHIT R 54197, 523K
TR =870 SAEDI R 8 5, 8o Z B ORI DK LD - & Hefist
HOKENHENTEY . @RI - & IR T 1 v 7 SIUTEEM BT
I TVARER I ST DO TR W b B3 25T RITH Y
Lt EEE BT TOWjE/KFERED X 0 IEME 2RS4 6 L TOE 720,

Fig.4-2-5 | X Fig.4-2-4 X 0 sRsb7= 293K~623K TONHIKEBZ NS, AU~
T ZPAOHIAZ RO HTNILNNCEL . E-RBEEERRE 5L k%
W2 EDGDD, UL, Do UBRHIRAET DKBEHT AD—HH - & ks L
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B U (P) GAZRICER L TR LIREER. K sw%E Tld (P) EHZOHN
(2 TRBOTEBEREDME R T 52, (P) EHENI BITE L 72D LILEREE DR
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SRR, BRERTEHAIR D A2 il L TR DU TR KSR EDRIE A T o TR
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Table 4-2-1 Chemical composition of Al-Si alloy(mass%).

Alloy

Si

Fe

Cu

Al

Al-1.2%Si

1.19

<0.01

<0.01

bal.
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Number of cycles to failure , N

Fig.4-2-1 Relations between stress () and number of cycles to failure (N) for specimens ;
A(FC+Z, present work) @(FC+Z previous Work6) )zincate treated or O(FC, previous

6) . .
work ") not zincate treated after furnace-cooling.
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Number of cycles to failure, N
Fig.4-2-2 Relations between stress (o) and number of cycles to failure (N) for specimens; A
(FC+Z+NP, present work) @(FC-+Z+NP, previous workﬁ) )plated orO(FC, previous

6 .
work ) )unplated after furnace-cooling.
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Fig.4-2-3 Relations between stress () and number of cycles to failure (N) for specimens; A
6
(AG+Z+NP, present work) @(AG-+Z-+NP, previous work ) )plated or O(AG previous

work R ) unplated after aging
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60 | 10 2z m plated
=== 1 um plated

~— === unplated

H: desorption rate, B( 10-3massppm-min.)

273 373 473 573

Temperature, 77/ K

Fig.4-2-4 Hydrogen desorption rate vs. temperature for specimens; 10um plated (FC+Z-+NP),
1um plated (FC+Z+NP) or unplated (FC) after furnace-cooling.
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unplated 14 m plated 10 x m plated

Fig.4-2-5 Quantity of discharged hydrogen between 293K and 623K for specimens;
10um plated(FC + Z + NP), 1um plated(FC + Z 4+ NP) or unplated(FC) after
furnace-cooling.
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Temperature, 77/ K

Fig.4-2-6 Hydrogen desorption rate vs. temperature for specimen; zincate treated (F+2)

after furnace-cooling.
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Fig.4-2-7 Quantity of discharged hydrogen between 293K and 623K for specimens; 10um plated
(AG+Z+NP) or unplated (AG ) after aging.
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52 MEM NP Do XU L Al-Ge 35 L N AI-Cu B8 D HREE I
RIS RImAERR & KB DORE

5-1 Al-4%Ge A& OBBRAMEEIC RIS
HEEFE Ni-P Do X DR

511 & =

TV =0 AEEITRETY A 7 /UWHRTEN TR Y . BWEIC X 4 E58 b b
5 NG, SO R R DI S VTV D BRER AIST RAE@7R EHH
WD BETELFIER TR, MR LARADND Z & 5% < —ELL OB
TRENESR SN D, FE DIE. AFL2%SI S4BV A i L=, Al B4 DMMEERE
PR FERCA R & STIER TR 2 B e A4 U 2 I fE—= v 7= > (NiP) -
TP AT Z LI L VB E OUGEEZ R, TORER. WTNOSA S5 15RE
SIIMET 2 L0, USRI FTIREIIEMUBISIHZ L W RE S B n Z L2 BT
L7z D, BRC, SRBHRIEASIC pm YA ROV ERL S D5 ORI
IF, DoMWL > TR F L7z, ZAUL, Do SUBROBRTRAET HIKEHT AD—E
DRI A 3AT, Z DKRFEH ADEGTHIZEREIRE O pm 1 AT & o X
PO RETIEERE L, i & SO S RIET T2 TR W SRR L D, 20
BOWFFIZ LY . ZOMEIZIED - Z BT X 0 KEDRE S TG Z EVHIBI L
- 2)

AREITIE ARSI A EATHEEBSEIL O L, um 3 RHr 3k D O S5 AkGe
BANTONT, BV O > AR X HHEIIMHE OZ 72 5 ONZFIRRFO/KFE A%
AT

5-1-2. FHR1E

5-1-2-1. FVEMERL, BMLEE « b MRS L JlE 1A

FERI W= E40 3, 99.996%A1 & 99.999%Ge D4 4 e 7 /L 2 5 OIEH
(2T, R Tl - $d L TR L 7Bl SR Al-4%Ge DR Tl %, Table5-1-1 (2
OB R T, O -El% 693K T 2 HE— bRz, ket
REZ IR BERERRERS L OVERIELEIZ X > T 0.7mm EOHhT & LT-, T A FATHoE
4mm, RS 15mm, E X 0.7mm (28] L, 1200 F& & CTOMST DA EFIZ L v iEsr
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AR L OB 18R 0 BB AR L7, BMAER L LT, KaEHT 693K TR LALER % |
SR CEIRE THAIT 2P, 7213 693K C 3.6ks DA LALERFE, 273K DIKK
HCBEAFL L., 473K T 6ks DRI A F U L 7=,

BV OGN ISR Ni-P 8> & OFTAWEE L L CRBIE, BRLER K OMEAE LR

(o — M) Zl L7z, @5, TSN BRI 2 Bl 1 355 HihE
WA TH D 10, LasL, AEAVREIOSES, B CIIE D% O
Do & FNFAERA BAF T o 7o T O HESRE B A 5 [BH TV N, BEIED BT efibs
ARk ST, ERCRTIER A i L 73kl 2 363+ 3K OHEFEME Ni-P 6> X JRIC 5.4ks IRIE L
7o BN ZIEOEI1E, £)30um Th o7z,

SRR (FC LRERD) DA & AR « dREREHER% Ni-P - B (FC+Z+
NP LIEED) L7-alEl R HONCHHEE (AG EIERD) (DFx & IhiLE « dRgnmE LIRS
Ni-P Do EWEE (AG+HZ+NP L&D L72SalBHIDWT, A A b a VA ERRBR%
Z PO THIAO 28 2x107s" =R (293K) 12 THIBRVRABR L, Honiii)1 o
— O (o) HIFR L D 515RE Y SR 36 L O ON 2R eH 72,

WAZ, e OEVIERFS X OMESAEHMLEE 5 A1 L 7-30E O < o032 D & S5
BRI, 78D OFFREHT DN T NP o XU A il U721, TR I
IR (293K) (2Tl e 30Hz D~ Dl L5 [HE D SRR (6) T ChidkrE
TOMSK LEL (N) Z2Rediz, X512, BVPR%Z ORI D N 573 ER% o
SR 2 L P BAEERS L OVERE I (SEM) & W TBIZST 5 L [FlRflC— =%
IVER—HE X #orE BDX) IZXR DR biTolo, KB EOFHmIL, &
Ay a= 8757 4 —ROFIRKENBE TSR (Rities 2GRS 2 LT
1T 7=, BEfRD > & OF BECRRER T IO ST KB OFIRIZ K D a8 2387,
TSI, FHEIRRE 27.8K/ks, IR 853K, JAIERNR 0.3ks & L7, WorkFE GR
BHEARIZ 5D 2KEOEEEE) 13, S|EDD 623K F CTOKERHERE & FIRRHHO
BfR & 0 kb7,
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5-1-3. s LOBES

5-1-3-1. FMIEE OFKfifHGR

K ENIBRSL DFREIR I DU ORI C K A8 21T > T2 fb 3 % Fig 5-1-1 58 LY
Fig.5-1-2 (v 9 Fig5-1-1 k¥ | 493K THIMEALEE% 293K & THFFRAI L7z FC A Tl
FRBIERIEZEL um~$ 10 + pm YA XOFRAeHTHI D RS R T > TR
LTV I EDbinbd, ZRbiE AlSI &40 SifHY L0 S FEICREVWTHI TH -
7o EDX 59815 L0 . 2N Ge ICETAHTH D Z & DVahoTz, —J7. Fig5-1-2
IZHLBILD LD ITHEA U 473K T 6ks fFF L72 AG #4 Tl FCHIZERE 13w
um Y XTI ST, £, AG M TIThifur s (PFZ) o4
MO ID & BT, ZOKTIEHE D ARRTIIZRWD, RIFHTHO LR B BIEE S
W%, REFHTIZBIONDHIK Ge HTHWd A IR SV D IREERITH A7~ %
72Ol EATRRELLL T OFHREL £ TRMTE, JOKHITEEANL L, MK Ge 0 F
HEARRET LT ABSE, 623K (T CBEICAERA SR8 AT, RIFfTT T Z o X 5 1K
72 Ge AT AR SN ABEHIE, LLF DX D ITHIR T 5, Ge JA13ZfLE OfA=
FIF=RDTR ) RKEW Wiz, Ge-289Lr T A X —% T 5 2 L NEZBID,
F7-, AR DERZEFLOMIBAIT & U CHERICANAERT2 22 -0, Fiwift
ITOERIZEFLIT Ge i & & bITREE TR L. ZOHIHET 5 THA S, FCHDY;
A I 623K D X 9 2R CIEEIREE D2 LAMFE L, JEBOHE S R E VWD,
2H0 Ge JE- 3R ETIGRFIZSFLUIZEIR L, %72 Ge U2 L LR Ge
B AR STz DTId e ok b s, £72, AGMOYAIZE AlSI A4 TIER
DBV T pm YA AT ORGSR HITZ DX, Ge T & 22 f LR &=L ¥
— Si AT 0 REW Y 72012, BEANTIC SO EIF TSR E T
EAE L. ZOROKREIERRIZ pm YA XONTH~E R LD Th A, hifidzesl
THIREGFT (ink) & L COMERNEEE TH 572012, KiFHTHZA SN ENT s (PF2)
DAERRDEL TS, BEANUL, RIBAHECR— BEEERRE Lz Z O848 oW |2
ST EPMA 12 L DI AR T- & 2 A, sRBHPDERIC L THREAHTD Ge
TAS DN E L 22T ¥ 28, AL2%ST A4 2 - SEIRFE TR o 0 & 5 708
GUERD DI o Tz, - T, ZOEATIX Al 1D Ge OIS, ZEFLILHdsHE &L
VIRECTHAESITE I 5 D B2 BN,
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5-1-3-2. B LOF IR Rt

FI8E D FrtE 2 MR DR, BvINE b — A0 STEIELS & 0 BN ORI & 7
BN Ni-P o & il S 22Red7-, ZORER, FCH. AG MBI = DI
PIRE UL, ZERL4THY, 55HV B ON570HY Tho7z, LIz~ T, - & R
BNV Z LT 10 RN Z & Vo Tz,

Fig.5-1-3 (%, FC B LU FC+Z+NP iREHZ OV TCE 3R 3B A1 TV D720 1(o0)-
O Ixe)ilifroo—l27~4, Table 2 %, FC. FC+Z+NP, AG 725N AG+Z+NP
DEFREHZOWTE LN o8 BIRRE D RDTF RV RSB L UMW OE R4, Z0
KLU OB, R L H12D > ZAEHR OS5 [5R Y TR E A% 100K LT D =
LD, S KORIRE S 232240 600um,30um Th o Z Lvh, BIEOAFE
FIEIFR 10% & FFED 5 2 LN TE 5, BERERTIZ A TIERITEE 6O > & FIEDAF
TEDBIE D EDHIRIZH G- LIz &2 bivd, Fio, REHWELCIID - S LERZ O
W OB 2T RO T, WTILHK OWRRE L/ SV, ZAUTE— 7 IRehiRgod
AR TR 2 L &2 bnd, B, TEM BEEE ¥ IC iU, fEsbkiCIE
IA X 124nm O Ge AT —IZARR S D03, BT DO SRUGITEH ZARk S
% & & BITKRER BT A X059 254nm DL Ge Mt b ARk STl . i
WAl R EE ORI Z "~ 2 LD, KIS R0 Ge HrH#anMBEEDER & 720 |
O/ NS 7 ole bBZ BiILD, —F, IFHAERA Tl o & W% ORKE{HT
TR LEHHRL T D,

ZORFRE LT, MO BICIEFIIE 7o D o & FlA AR ST 72, o
E ST & RIRFITAFONE AU TR RIS RIS R & 72120587 D B L 7272307,
& BN FHRENEHYER R BN 8 - EAPRRHZ L8 384 LT KB A D—FRDSEHN
HINTERY . KRBT ARG 3R AR R TUTO pm YA AHTHER YR - SEFE
D Z LT Ko Tl 2t L7200 Tldzpy ik b a8, 35S 0 & Z AR TH
B

7285, Fig5-1-3 M FC+Z+NP #ED o-¢ HifRIZBWTHRLNDEL—T 3 13, AG
+Z4+NP FEHZOWTHRZO HIL TR Y, SEM BIESEIL L 0 - EJFEO RGN 2
K520 TIFAeW & b b3, o X DD OKFHHE O L it
T, SBOBRRES L2y,
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5-1-3-3. P ITHRE

Fig.5-1-4 & Fig5-1-5 |, ZHEILFC k& AG #40D SIN #iif~D Ni-P 6> & JFLDE,
B DWW TINTAFERTH 5, Figs-1-4 LB X 912, FCH Tl - BT 5

ALV IRTTREIME T LTV D, — ., Fig5-15 18T X I AG MDA, i)
%%ﬁmw%A [XREIIRDHHADIE D DEFTREETE DS, IEIAMEL 7251221
T o EHFF DS DNZITFREI TR L 72> TND Z ENDD FCH & AG MDD~ &
\Z X DIETRAEA~DREZEZETH L W& b ZHGFITFRI U THDH Z L

5. HoXEEDO LD, Do XTI DRI FEm OE NIEYL
P ORBIRENRIEN EHR L TV DD TIZRV N EE X HLD,

IR IIET D - SYHEOFEL F LD L RENTHDIEN ST
b ZAUET L - TR s ) 2 W ah s, FEITHITH S 5812
130> XA ) A% RFF L a D, LinL, Figh-1-3 IRk AG M TRON
% & 9 I RE DL AT ARSI LU K- TR B 2~ d, B IEARZED
AG #1E AISI A4D FCH NcHWTHIE T % & WP b RIS ShEs LW
HYA RIERREECH DI B0 BT, JETRERAEC LT T - S AEOF R T4
HThHotz, T7bH AlSI AEDOFEIITITD - X B I > TR FRENUGE
LCRY., REMAITIEEl Uiz, BRI Tl 2 OBISRIZ OV CHE/ 2 il 28 57>
K#é:&i@%ﬁﬁoto_@ﬁuowfi\Q% A7 AR BTTE AR T 0 IR
LTNEZNEEZTND,

5-1-3-4. KB R

TV =7 DA SO EHAPRRAT DN D - AR, KB ADFEAEN
:5mm%émxv%o%’f o ERHT L V) FEKKFED BRI ST
DONENEMED D DTDIT, BN DO THIRFF O MK FEEDOREEA T T2,
RH1+NPM@@O%&ﬁFé_ﬂﬁéﬁmm$M%%%@F%%Fm5re:ﬁfo
HAGH G E HIT, Do TR OKFHHE— 71X, o PRSI 5T
MBS & 328K~423K {13/ & 573K~623K {1TIC58D Hiv D, —J7, ARUPFS TIE 473K
FHEE KRBT OT, 528K 2 X 72572 ) DAED N 5 D, -
M ONRROAKF LT D - & FIEH OB ST Y . @i ClEd > & KK
277y 7 SIVTEEREHFI I S TR ED I STV D OTIEZR ) E
e
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DN, FHMIRHTH D, Fig5-1-7 1 Fig5-1-6 L v skib7- 203K~623K TOfiHiks%
BART, RUBRHA T SR ORHKERO T NTH0N% L, E-
JEEMREL D E LV LG5, ZIUL, Do SBRRHII S5 KFEAT A
D—HH D > = Ffbds LOGEHITRER S AL, o SRR < IR S 3R E
HEIDOEFN LD ZLAKFEEZLOTHA D, HoELBEIRIH 10um O AG+Z+NP
FHZDNWT, FHRRFOH KT REZ ROTFEFRFCHZ+HNP #4 & [FIRREE DR/ &=
O, £io, REMF TR, PR OSE L RRRIOKFEBHITE) T - 72,
AWFFEDSHE, TENEHNER A = &2 X 0 IERICH O EN sV ER SN, A4
RO U RE SND Z 12k, M ~DOKBEORBENESH /2D &
B, £, BB IFER IO L STl DB sk BRE 1ok HE D
HHBRG TH A 5, 1075 772 =0 AEEIZBET A OfgE o i, fH8
OIS KRR 21 < T2 DITKFEDRNT B ONTH YA MR A TH 5
ELTWD, LIED-TC, IRIBRIRIC, Z OB ORI T A ET 5
IR Ge At & REFE72 5 TONTHKY 30um [ S O 7o B E Ni-P - & & DSt
IEEF Y | P& OB EZAAE LT D TR B 2 B,

5-14. ff =

Al-4%Ge A4 ORI AT HEEESAF Ni-P 0 o AL OEL OV Ciet L7
FER. LR ORI SN 5T,

(1) FCHIBIAGH & bIZsH - S HEMLE DS 9V R X 2NMUEHERT & Elk LK) 109652
R L TWND Z LDV oTz,

2 AG M Tl - ZABN L DB ONIBEE /2B o Ve~ T=, —J5, FC
FCldsd» AT &0 A O VULERRT & B L 70% % TR R Lz,

(3) FCHZ+NP MWL, D> BN L BRANAE T LT,

4)  AG+Z+NP M OREHREEIT, AWERRT & Hl RIS JHRIE FCIEimy-223, &

iR IR R Lz,
4) FCH+Z+NP#f. AG+Z+NP #f & $12D - X WU ZHE KT A [RIFREE D &DKIER
HIDSERD BTz,

(5) FC MIZHBWTH - X L » TITFHIREIME T 5 DIk, dhgnEHLsE:
\CRAS DK AD—EDNFERA TN A IATA, = DIKFEH ADVE I G
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RKIED pm YA A & 8- SRS CER L, i S S38 RIS %
KIFT 2D TIF RN EEZ BID,
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Table 5-1-1 Chemical compoSition of Al-Ge alloy (mass%).

Alloy

Ge

Fe

Cu

Al

Al-1.2%Si

3.96

<0.01

<0.01

bal.
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Table 5-1-2 Variation of tenSile strength, sband fracture elongation, El by plating.

Tensile strength,

Fracture elongation

Processing cb/MPa E1(%)
FC 106.2 26.2

FC+Z+NP 120.6 18.1
AG 120 8.7

AG+Z+NP 133.6 9
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Fig.5-1-1 Surface structure of specimen after furnace-cooling from 693K to 293K.
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—

20hm

Fig.5-1-2 Surface structure of specimen aged at 473K for 18ks after quenching from 693K to 273K.
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120

Stress, ®/MPa

Strain, €

Fig.5-1-3 Stress (o)-strain (g) curves of furnace-cooled specimens.
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Fig.5-1-4 Relations between stress (o) and number of cycles to failure (N) for specimens; O
plated or Aunplated after furnace-cooling.
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Fig.5-1-5 Relations between stress (o) and number of cycles to failure (N) for specimens; O
plated or Aunplated after aging.

-126 -
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H: desorption rate, 2 ( massppb-min.!)

273 373 473 573

Temperature, 77/ K

Fig.5-1-6 Hydrogen desorption rate vs. temperature for specimens; 10um plated(Fc+Z+NP),
1um plated(Fc+Z+NP), or unplated after furnace-cooling.
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Fig.5-1-7 Quantity of discharged hydrogen between 293K and 623K for specimens; 10um
plated, 1um plated or unplated after furnace-cooling.

-128 -



5-2 #EEME Ni-P o & & L7z Al-2%Cu 3 L N AI2%Zn 540
IR BT SRIERERR & KR O
5-2-1 & =

B AETIE, 1%ED Si 2 ETedmE AISI A48T oW T, FliAx OB i L 7=,
MHEERENER A A 2) & S D IERITHRE 72 B E Rl A A U 2 SEREAE Ni-P 6D - & LB
L7Z35A DB [8E 0 B0 S5 B S OV TR LT, ZOfEE. WINoBE b 5[5k
BREIIAET B H 00, OSSR - Z ABERTOBMUELC L K& < e
%5 ENH BN AT Y, BHRBIREATC S 7 2y (um) Y ZORKAHTHY
DVERE S LD EDIETTREIL, Do ZAFNZ L > TIR T L2, Ziud, Do SALED
BUCIAET 2 KB ADO—TRHBMEHICA D A, U EmTHI SRR O pm Yo
AWt & 6o E B TR L, i & IR A T T 72D Tldeu
INEFRIR U=, E72, ZOMBHICIED - SAFNC & 0 KESE S TND 2 L7
A L72 2, IS, ZO8& S ERoN ) 0%k L, RRAHITTO pm Y 27
WIDTERES & 0 B DCdo 5 Al-4%Ge B4 2oV VT b BTSN [RIRE MB35 H U C
W5, CHBWAETAERSIS pm A AL, HA RTENTH D, Eh
HHAA YEY NG E A LT 5,

AEICIX, BEIIHINC GP > — o AR S LA 72 & ALSE, Al-Ge A4 & 134T
SN 70 D Z LDV BT D Al-Cu 548 LUV ALZn G4 O 77585 & um A
ZHTH 72 5 ONIKFE D BRI DN TR R AR S,

5-2-2. FEFITIE

FERHI = A40E, 99.996%Al, 99.999%Cu 5 1 1 99.999%2Zn DA%l 4 el
T F HOIEHITT, KK CHEfiR - #E U C/ER L 7oAl &Rk Al-2%Cu (LU, AC
L) BEOAR%Zn (BT AZ L) O848 THSD, Table5-2-112Zhb0A4:
DAL 2T, 15 B8 22 823K & A\ ML 773K T2 H i —{HALEif%,
G2 A2 2 72708 B ENHIFRE TS K OVRIFEEREC K- T 0.7mm B, & L, 2k
AT ONE 4mm, F X 15mm, JEX 0.7mm (2800 L, 1200 FE TOMRST 0 B
= 0BRSS LU AR Y ABTRELE LT, BUEL LT, AC, AZ&AEREHT
NN 8K, TT3K TOWRMILER %, J Cai £ A D muilafi L7z,
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EVIPRZ DO BHIETEAR Ni-P Do X OFELE U TR, Febls L OMREh E et

(Wbop D r— MU Zfif Uiz, %, TSI THEnEHLIZ 2 [l 0 K5
HEN BB R CTdr 5 0 10, SRV V=3B OBE b HEA BRI 1 Z 0tk
D> E I ER BAF T o 7o o OISnE IR % 2 [FUT > 7,  LRCRTEE A fii L7z
kA 363 13K DIERSAE Ni-P h-> X iR (HAL =8 (KR SD-200) 12 0.3ks & DU %
3ks {RiE L7z, S5Oz ZEOESIE, 221U lum, 10um Th-o7-,

SRV VR D A & ARV  BEGAEHANLERTS Ni-P 6D AU U 7= 45 97 R Biisi
I, =8 (293K) 2Tk 0, JEREEE 30Hz D2 i L5 15 YV S AHiRIE (o)
TN CHEErE COMER LEL (N) Z3Red7z,

KB EDFHML, TRV v~ 7T 7 ¢ —BIOFIRKERBE TSR R 24
(REFERES) 2L TTo7z, JEERD > X OF TR 1T S KBOH-
IR K DB A~ T, FERERH AR 27.8K/ks, EERE 853K, HIERHIR
0.3ks & L7, WdikFEE GBI D HKFEOEEER) #ERNHD 623K £TD
IR & FIRFFIOBR L 0 R, I 51T, BV OBk A Y HR
B L OVEASE TEEMEE (SEM) % W THIZET 2 & [RIRHC =R /L —2 00 X #5y
Jeik (EDX) XD bITo7,

5-2-3. fliRds LOEES

5-2-3-1. BMUER%L ORI

EVBR% D AC 38 LN AZ B 0RBIERE IOV O FIRERIC K A BIEL 21T o T4k
RaZnEFigh-2-1, Fig5-2-2 (27, Figh5-2-1 XV, 823K TIAM AL 203K &
TIFRAET L7 AC S CIIERBIRIRNC pm A ROHIR R b B RO A kL
BRI S TR L TND Z E03b0D, GAHRk, BWELMSEL Y. ZofT
HIE 0 (CuAl) FHEEZ BND W, —J5, 713K L0 IFFREIL 72 AZ B4 TILHR
eI GRD B (Figh-2-2) , MEEIZRWT, REfHITIo L 570
FHTHIVERRDZEFIILL T O X S IR T& 5, AC A4IZ Wi, CuJi - & 250
FEAT LT Si R Ge JATFATHAD L/NESUVS Zn JRALE TS SR R E N P2
7oOIZ, CU-ZEfLY T AL —DIERDE 2 Hivd, T, sl RERIZEF LOTERET
L UCHERITAMAERT 2 Y 72, REAHTOERIZEILIT Cu i T-& & bICEmE
TH L, ZO%IEIRT D THA D, THIRER DL Y, ZOAEONTHIE 708K 15T
N5
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LD EEZBND, TOBK DL 5 72 Tl D2e L5 L2 (bulk) PICAEE L,
PEBOHEE H K&\, S8 Cu SRR E TUERIZEF IR L, 5o 72
Cu JF 1T & 0 MR A R AT R S = o TliER i & b g, —,
AZ 54 TlE. Zn LZELOFES =N XTI NS < P | HriiE 333K FLEELL R C
FZBOL S TNB, LI, b CHAZTHO AR AR STz
LEZLND,

5-2-3-2. 7

Fig.5-2-3 & Fig5-2-4 I%, THZILAC, AZ AAIFmHF D SIN BRI x5 Ni-P -
SHBLDOFEN DOV TR LTS R TH D, Figh-2-3 2L L 912, AC 5%
Ni-P > B U 72555 O 57 iR IR R AR D AR b~ TS RiE TR 5 7
IMETER LTS, T AZ B4 T, o BRI ANRIE T RIS G 575
BREL Ipo>TW% (Fig5-2-4)

AC. AZ 54kt & b8 ZWPRMEHIRI U THDH Z ED, Do X HEZDHD
CFERIT e Do FIT L DR DI FIIELER % ORI EIRIEOE DBIR L
TWDLDO TRV EEZ BND, Figs2-1 LV, AC M TIEEREEEmIZ um Y1 XD
FLRAHTHIDNER L QD DIk LT AZ M IRt A binany, Lk
DOFEFIT, AlSI BEZE TR DR & ek & OBMRICEERIL T\ 5 Y,

5-2-3-3. K& E
TV 2 = AAEA~DOHEENEHANERRRT O D > AR I/KET ADRAENE S
WL XN TG, 2T, Do ZMBRT L 0 AFEN 2 S OB T
DONEDNEHED D D T-0DIT, BRI N THIRF O K E R DRIE AT 71=,
AC B4R D8 & FIFIE STk 5 FIR/KFMBESR OFE R % Figh-2-5 |TR"7, -
RS OKFRUH E— 2 1L, WikfEE 1 328K~373K 1T & 523K~623 f1iTIZ58&
o,

—J7. ARAEA UL AT3K AR E TRFRHITIFE A LR BT, 523K 22 72b
T2V INBEED I B D, 8o P OIRIRMRI O/ 36D > & BB DKFED
B L2 HOT, WIRAICIID > EEIC T 1 v 7 SITEESME IR S T
TOKRBDEH S TND DT E A28, FEIERBCH 5, Figh2-6 1
Fig.5-2-5 & 0 sRed7= 293K ~623K TOMHIKEREZ R, ARLFFHI AT - L
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M OFHIKFERDTTINT DN EWVD, ZiuL, - ERERRAIRAT 5K
FITAD—ERDID > & ks KOG S L, 8-> ZABIRHENE < RE X A3
REVHREIOFT N LW L KFEEETZ LA2RNELTND, KRIZ, AZ AERIZONT
FHRFFOHTHIKFZRDORIEIZ L > T BT 293K~623K TOliti/kFE % Fig5-2-7 1z
T, ZOEADOKHKERIT, FUBRED AC &4 L0 b %) -7, HEDT-DIC
IR LTEARUB OKRFE U EIL, AC A8MO%AE L0 b S BT o7, WEeD
Do B CTRFHHEISE DV E U AFRIZONWTE, 408 ZARHTH D,
REBRCTHOW=AEORE, HENEEUER R fid = L1280 IEFITE O AR E
FREN, AERMEEOR MU BRESND Z LIk 0 B A~DKFEOREN
BHRD LB 5, £, HENEMRRIE IR E ShTkh B9 55t
ICEDABORHBRS THS 9, 1075 %7 VI =7 AEEITET B IHED ORfgE ™
[CEAUR, RHHOBRA U KFEDREZ 15 T DITKEDR N LN A M
HEATHDE L TND, LA > T, @A ZVERERRE S, = OKEDFHAL
HRF ORI T IAFET DR ) & R 2 & ONTER 10um 8 S ORISRV E
Ni-P o ZESREICEE D . MHEHDOFELRE LI TIIR N EEZ HD,

5-2-4. # =
AR NIi-P ¥ o ZAER 7= Al-2%Cu 38 T8 Al-2%Zn &4 DIz 555 - R E 32 mibT
H72 5 ONTKB ORI O TRaT LTRSS, LT OGS N5 7,

(1) ACEEIFHM TIEFERHTIZ pm Yo ORI O LR FRD B3,
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Table 5-2-1 Chemical compoSition of Al-Cu and Al-Zn alloys (mass%).

Alloy Cu Zn Fe Al
Al-2%Cu 1.97 <0.01 <0.01 bal.
Al-2%2Zn <0.01 1.95 <0.01 bal.
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Fig.5-2-1 Surface structure of Al-2% Cu (AC) alloy specimen after furnace-cooling from 823K
to 293K.
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Fig.5-2-2 Surface structure of Al-2% Zn (AZ) alloy specimen after furnace-cooling from 773K
to 293K.
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Fig.5-2-3 Relations between stress (o) and number of cycles to failure (N) for AC alloy specimens;

Oplated or Aunplated after furnace-cooling from 823K to 293K
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Fig.5-2-4 Relations between stress (o) and number of cycles to failure (N) for AZ alloy specimens;

Oplated or Aunplated after furnace-cooling from 773K to 293K
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Fig.5-2-5 Hydrogen desorption rate vs. temperature for AC alloy specimens; 10um plated,
1um plated or unplated after furnace-cooling.
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Fig.5-2-6 Hydrogen desorption rate vs. temperature for AC alloy specimens; 10um plated,
1um plated or unplated after furnace-cooling.
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Fig.5-2-7 Quantity of discharged hydrogen between 293K and 623K for AZ alloy specimens;
10um plated, 1um plated or unplated after furnace-cooling.
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