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Ultrasonic Testing of Naval Brass Tube Sheets
for Surface Condensers and Heat Exchangers

by Akira Takahashi, Tadashi Nosetani and Teruo Kanamori
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Ultrasonic Testing of Naval Brass Tube Sheets
for Surface Condensers and Heat Exchangers

by Akira Takahashi, Tadashi Nosetani and Teruo Kanamori

The successful operation of modern power station depends to a large extent on the production
of high quality condenser tube. The non-destructive work in this field has been concentrated on
the application of eddy currents and ultrasonics to the tubes, while being to a very lesser extent
in conjunction with tube sheets. Naval brass sheets are widely used to surface condensers in Japan
and overseas, but the application of non-destructive test for the sheets was carried out only on
a few of our products because firstly there had been experienced a scarce flaws in the sheets up
to date, secondly large attenuation of ultrasonics and its fluctuation due to microscopic inhomoginity
of (a+pB) phase make it difficult to apply the non-destructive test and evaluate its results from
the practical point of view. To meet the demand for the highest possible quality, the experiment
was conducted to obtain details of the ultrasonic data for Naval brass sheets.

The objective of this report is to describe experimental results on factors affecting ultrasonic
test of Naval brass tube sheet for surface condenser.

(1) Microscopic structure: attenuation of ultrasonics highly depended on grain size (« particle).
Normally rolled sheet presented a wide range of attenuation of 100 to 140 dB/m, which was about
twice of that given in a forged sheet which had the smaller grain size.

(2) Finishing: excess undulation, caused from belt-grinding for surface finishing of large-sized
sheet hindered ultrasonics from transmitting in the case of direct contact where the probe was
pressed against the sheet covered by a thin film of coupling liquid. Surface roughness was less
detrimental to immersion test compared with the direct contact, but in case of immersion, also,
large surface roughness such as 200 to 300 #m in hight per pitch of the probe diameter impaired
the coupling markedly.

(3) Detectability of artificial flaw: in both direct contact and immersion, a very high correlation
was obtained between diameter of artificial flaws and their echo-heights. There was no correlation
between the depth of artificial flaws and their echo-heights, because artificial flaws are in near
field of probes.
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Table 1 Chemical compositions in %.

Naval brass sheett Cu Zn Sn Fe Pb

Rolled sheet 61.03 R 1.11 0.108 | 0.004

0.002

Forged sheet 61.59 R 1.15 0.006
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Fig. 1 Photomicrographs of test sheets.
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Table 2 Probes and near-field length . in Naval
brass sheets. )

Probe |Test Probe Tvoe Near—figlrcrlllength
frequency| diameter yp
mark Rolled | Forged
MHz mm (Maker) | sheet |sheet
(1)
5Z19NV | 5 19.05 | p 01080 1 104 | 103
SZIONA | 5 19.05 | AORD T 104 | 103
5Z13NV | 5 127 | V%90 e 46
2ZIONV | 2.25 | 19.05 |, V105 o 46
2ZIONA | 2.25 | 10.05 | AR 1y 46
PZIBNV | 2.25 | 127 | V106 o2 21
Z5N e
52191 | 5 19.05 |g 23N L

(1) V: Wide band transducer
(2) A: Narrow band transducer (normal probe)
(3) I: Immersion type transducer
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Fig. 2 Attenuation of ultrasonic :

Table 3 Inspection condition.

Flaw detector USIP-11 (Krautkrimer)
o
2| Probe see Table 2
k3|
g Couplant Water
§ Sensitivity level | STB G V15-4 F=200%
o
: go Display unit E300 (Hitachi Engineering)
9 B
E "E‘% Scope C-Scope, B-Scope
= oo :
23| Display ;| Sensitivity level +6dB
g Flaw detector S303-K, USIP-11(Xrautkrimer)
£
‘g Water distance 50 mm, 15~75 mm
Working sensitiv- .
,S ity level B:1 max. 50%
w
g Scanning pitch 2 mm
.g Scanning speed 20 mm/sec
200
50 | 50 . 50 . 50
r_ I T oo |
| B g
o]
JAYAY
N7
l_.__mL_‘
)
0 i
9 2 — _m‘——
o l
JAVAYAY

Fig. 3 Configuration of test piece for measurement
of attenuation coefficients.
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Forged sheet
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(85) F E® &€ B & & October - 1982

i & A EBBI RV X 3 iBbhiz, 5ZI9NV 2l
U & ORMBEER R SZIBNV R IR X b #9 2 {512
BhkEdoiz, CTHIE, BEODIVIERTOHBEESEE
Wi, WENAkELE-TbDEELLNI,
225MHz #5175 FEEAT 3 & O 8RO EEEETK
FVERRLNLD 5T,

Table 4 Attenuation of longitudinal waves at. 5 MHz
and 2.25 MHz in Nabal brass sheets (dB/m).

Probe Rolled seet I Forgéd sheet
SZIONV 115 ‘ 67
sziwa | 138 59
5Z13NV - 253 114
2Z19NV 96 96
2Z13NV 121 122
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(a) Belt grinding finished surface (b) Machine finished surface

Fig. 4-1 Back reflection v.s. test surface of rolled
sheet ].

Foward surface

=
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Back surface

Fig. 4-2 Back reflection v.s. test surface of rolled
sheet [.

Back surface

Fig. 4-3 Back reflection v.s. test surface of rolled
sheet 1.
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Fig. 5 Back reflection of rolled sheet [ v.s. probe
diameter.

PROHTE & RN oML Ul TR 205, ZTOHE
BIBEAERP T, UL, ZORE2NAKRLT 2D
EFIETE KN —Bas s OlEEEMEL L, Fig. 6
iR Uz k5, AR 4EUANTHINENTHRDOT5%
Ploxa—EadEohis, v Bk oL 58
#5iH 20 mm B b O RO XK 2ERETSH -
72O & &b, SRR oK B Rick LT
ST CL ATV EOEEE E NI, Fig. 8 w/R U Tz, N OBERIEERILEURI#RBs T

@ KkBUT HERIOWME L b AKEBUT 2HEiL,  BEAERUTH- 225, 1O~ REROEG T
FRFNAOERT I ~%+ — b 2Fig T WWRU 2, FfED> TRBEOKR S OCEFSHEIRICHEBEL Th3 03X 51z,
EOWMBERMEEBLAYEL Thot, FEHEIBIE oA ORI 200~300 pm/20mm &k E oz, BE
I OBREHEBME LTS 3Rz o—F+— b % 5T, KEUT BT, EMsBBovi i

Fig. 6 Effect of inclined back surface.
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Fig. 8 Back reflection charts of rolled sheets ] and [ by immersion method. l ‘ ) 3. max

Rolled sheet [

Rolled shest [[ , 0.2mm l

Fig. 9 Photomicrographs of rolled sheet ] and [f.
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Fig. 10 Photomicrographs of rolled sheets
with heat treatment.
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Fig. 12 Effect of heat treatment of rolled sheet
to ultrasonic atteenuation.
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Fig. 11 Photomicrographs of forged sheets
with heat treatment.
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Fig. 13 Effect of heat treatment of forged sheet
to ultrasonic attenuation.
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Fig. 14 Photomicrograph of flaw in rolled sheet.
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Fig. 16-1 Flaw detectability of artificial defects by
5 MHz probes. (F-Echo==40% constant)
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Fig. 15 Configulation of artificial defects in forged sheet.
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Fig. 16-2 Flaw detectability of artificial defects by

2.25 MHz probes. (F-Echo=40% constant)
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Fig. 19 Flaw detectability v.s. diameter of artificial

Fig. 20 Flaw defectability v.s. depth of artificial
defects. (F-Echo=40% constant)

defects. (F-Echo=40% constant)



(91)

TR g &2 R

¥ O October - 1982

Ta-FEVELNT, £, EEHBEHOBEL/INS P -
7o EHEUT L, KB UTOY 1 ik 10~25dB 75
IR A

$B8x 200 DR DB I TKIERE (10~75mm)
DB RRE LI, %081 -Fa2E58EHDY
4 v BT ORES B EIER O MG 2 Fig. 18 1/RL
o Bra—Eses I TkERoRBEI/IE» T,
wac, KEEER—EE L, FEORER WAL 2, Fig.18
ERIBTE T B RE (98, ¢6, $4x20h) 5 pBx a—
S L EMT RN ORGR R Fig. 19 R, fxa
~E S OBKRME» S 3dB T s i1 vitsii s a—
ORI ZFNFN 12, 118X N 1I0mmTH b, ERONE
D 1.5~2.5 BDOREITh-1z, F2, BusNTES
($8x10h, 20h, 30h) OPEFUC>WTILE S (BREHE
B oS HEL, RBEOBKRE L THES Fig. 20 1<
AUz, BEUT ERIUL, Ba~GFas X33y
BB o s 5 T,

3. & =

(1) RIS & W s o B4R
R I 8L N BTSRRI L&, TRy
~~~~~~ R HERB L CREEROMERTAL» 12, %
T, BEWREI W TTERD oL e v,
OWETEH 2RI
Iyynd @&
8 ﬁ?é?;fi..(,,JK > e ()

Qx

Q==

.

I K
(4Ey- A a oo (8

S d b, FER LT B & O Bol R ORSRBIE & LT
B TOPEH RN 2 RE R OB MOMBOK R 8
EU T, BFHEGRENL 7:3EHOME Az, 5MHzic
BULaOHAMHBRZNFN, 93,275 BLO 11
dB/m Tah b, HEHR T OMEERS BER 0K 8.4 4%,
R I oW BB BER O 2.5 5T - 1o, WIERS
iR 5 HIEHR T OMEEREBEHON 2B THY,
Ao BEMEEL VETREP -1, CiUg, FEER
EEEN & NI EoBuIT & 3 RO, BRRE
DD HI L BEER L N a — N VORI K E W
IO BEEBEALGNIZY,

(dB)

%%

0
5MHz
—
_10 )] ’\ ; ‘
20h 10!1 J
FaN J
S A
// §/+
—-20 A
PSS ¥
S
b
o 225MHz
A 2om
_'30 ;‘ T
10h
—40
—50 7
01 02 04 06 10 2.0

RARX

Flg. 21 Refleation coefficients of artificial defects.

@ Hogs

Fig. 15 R L Iz ALK ok icis T, Fig 16 i
BEACB I ~EI B LI THREEREORBIR/DS »
~12, #CTC, Fig. 3ikRL A3 K~ a—%
SEEREFAUESPLOxa— L, BORKRERRD I,

_| Pr_ )
7 _] P (7
AL O B R sl wd hRah T %,

5. TR?
71 = 2 8in 5

- (8)

N & 2 EEFERS & COROFHEMRER/Vjx & O
M{EE LT Fig. 2L1c/R U 72, 5 MHz iz A A1 1 &

PHTEEEEME DRI L AHAARTRL 72, 225MHz
BT A MEMEFTEME DR —10~5dB THH, 5
MHz & FESICREIFEEE 2319713 ERMEM RS LB M
M2RU I, MEMEHEHORNEDEE, Ta-E3
DOHIFESIT MRS SN TH S C &, BT X oREED
M SoRBEEA LN,

VS 1
A TR 4K - W & R & oMk a1 dB/m Gl OWESE R
By, Ba: [l = 2~ & P e & AR O R T T YR S
¢ m/s ¥l P : SERR AT & ARHEOEE n ISORESHE (FHRU)
D m EE 0% R ' m [YBHOE A m KE
d  m & Tt t ¢ m AEOEA Xo 1 m  ITERHEN IR B
f @ Hz BEBEE m R
K A oD a o dB/m B EER

—_ 10 —



Vol. 23 No. 3, No. 4

BEARGR A — VIR B O R

(92)

FOE B

4

F = NV EIER OME R RS R X T e
T 2709, EEREHEMCBCCEES X KB U
T 2EHL, XOMEHEEI,

1 EEEOME A~ S VEROSERE s &
FAMOZHMMTH D, MTHEIE b a RN T O
KEIVELED, F—VERTEER OREERE SMHz
HRNTHI00~140dB/mTH b, BEH OB 2 HoKk X
ETHholz, Chud, a HFfENTFOREIOBENIRLS
boEA LN, FEFEOKER T MBI VK
EAPR->TORY, BEHOWES 1~6dB BEZE
Bllz, TDIY, EROEHCBOTIZICO/RPERL
TOHERAERFET I NEND B,

(9) EmEIOHE BT LFicIbinnss
N5 EERFEE OB oK, HBeEBEUT KiswTl
BHOERMEPHETIEA S, Chux, BT & BE
&I Ey v 72EL, 7 OFE, SBMEORE—
WA LA FRBENMINT212DTHE, DEOED
BT eMvs ik b, BROMBBRENINI BT
BTERLEV, BRBREOEITCEBTRERT I~ DA
BevHra~ 3 Re{BELTLES LY, BEEUTO
TR ANEERELE LB ECEEOILDORETH

o EEEH ORIKOBIE NS -7,
KEBUTEHEZEUT X HBRROEEZZ N b1,
AV, JKERERICHL U TR ENT N a L, TE - T
EHORESZ EE— @R IINd Y EEALLNT, L
U, BTEoEsHY, 200~300 pm X & WEBRICE
WTRBHFFEORENE LN, Cory, KBUT
WTHBIELES o e i EEE UT &R, ke
100 pm IR $ 2 & 5 REE LB BELE L Shi,
(8) ALXpfiise HiEEs L okBUT KRN, T
BARBIHGII-HILRBHFLEBERL I, BMTFO
HOGVC XA B Lo —~FIDBREETRIL, BEERD
HEINShoTe, TR, F— NUVEEICBOTEER
OWMBNHE L L, T ALRMOAME BT O RS
BHRIZHE D EELLNT,

X ik

1) IRMEE197 B AW | S REE, (1974), 554/42.

2) ORKHEEE, MAAIBEER © JRRMEMEE, 11 (1962), 231.

3) TR M s EsE (1960), 27.

4 M e, RICE— EREEEAE, 2 (1961), 323.

5) J. Krautkrimer and H, Krautkrdmer ; Ultrasonic Testing
of Materials, (1977), 114.

- 11 —



Reprinted from SUMITOMO LIGHT METAL TECHNICAL REPORTS  (Title No. P=337)

ook E Al A2024 & & o H

X BH B X* # B F B

Some Useful Properties of Hydrostatically
Extruded A2024 Alloy

by Tsuguo Ieda and Hideo Sano

ERBER TERA LN AR



Bk L Ml A2024 & & o Kk

X BH B X &£ B F

Some Useful Properties of Hydrostatically
Extruded A2024 Alloy

by Tsuguo leda and Hideo Sano

Hydrostatic extrusion (HE) of aluminium alloy has been investigated by many researchers from
view points of extrudability, dimensional accuracy and mechanical properties. But these properties
are not enough for this process to be replaced with the conventional hot extrusion (CE).

So in this paper some unique properties gained only by hydrostatic extrusion have been found
and investigated quantitatively on aluminium alloy A2024. The results are followings.

(1) The differences of the mechanical properties between Longitudinal (L) and Transverse (T)
direction are very small. The T/L ratios of the A2024-T4 mechanical properties are 0.79~0.95, while
(they are) 0.52~0.65 in conventional hot extrusion.

(2) The elongation and charpy impact value are 1.5~ 2 times higher, because the undissolved
compounds are dispersed well and the grain sizes are changed into fine ones by the severe defor-
mation.

(3) So the annealed material has excellent plastic formability, the comparatively higher
reduction in cold upsetting or drawing is possible without fracture.

1. & 2. BHE BLUERAF
HoKIEMME ARG, Cry MAEBIKEEN 2 E8/RT5 12 Ui gb U edishiz JIS A2024 4 Tah b, B{bil
O A AF—DEEMNEL, BE, ENTEL L ER P (683K L& 533K & THiw) HoOmli & HrF55 Th
B (THEEERES) oBons eBBREINTNEY, B, 7 OLERS & BIRAEE % Table 1ITRT,
UL, KRI TSRS O K EM T BT (1000~1500

Tl

MPa) #ifk% & TR, > — VvEORIHRIEM L Table 1 Chemical composition and mechanical
N R s o properties of billet.
e, WAV 20 25@&0MEH%E U T—# O Wechaical
| s 9 echanica
H2 Lo CRIITIRE > TRV, 19705ERERE 0 D Alloy | Composition (wt.%) | properties
SIU [ A . A 4 - Ve : ~ | [ ‘ i [ C o . 3

D ORI EHEFTCYASNILD b OD, 7 OHOFH | Si | Fe|CuMn Mg|Zn| Ti niFulvbal 4
ERLNL L, FE, HAMHOME~OMMAY L b, H A2024 0.11/0.15]418,0.58| 161 0.01 0.01| 200 | 100 | 20
DM« BFME 0L Z DI A2 T3 T Ed5
3, FEHORRBEMNTLING, Table 2 Outline of the hydrostatic extrusion press.

TV I 2 LR O T A ORI EBRTITE £ v Type ggéi%orrétsix oil hydra-
2, Fons RBENFERMHT 2 ENTRAEER2IT->T Capacity (kN) | 15,680

B3 A Mg P Fag e Hits 1 M oD HR 3= Y . . |

VR RM S L, HIRINTEOE N 71 3 =0 L Diameter of container bore (mm) | 124

Bl 5 Foox O p i
& A2017 B L 0V AT075 oE O LTV T, 20 Hydrostatic | Maximum (MPa) | 1,300
TEEREE, MBEOREENRRCHEYL T0D, 4, |
pressure Usable (MPa) | 1,200
A2024 DTS NIH L WIS Z 2RI U 1o 526 : 5
o T 5 Velocity of ram (mm/s) } 0 ~20
- Dimension of max. billet (mm) | 115¢ <500t

®EEEEE e
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Table 3° Hydrostatic extrusion conditions.

Diameter of Profile of extrusion Extrusion Velocity
the billet (mm) Rectangle Round Round Tube Tube ratio mm/s
30x48 34¢ 25.5¢ 486x1.6t | 25.5¢x2.5¢t
80 O - — — - 3.5 167
90 O — - - - 4.4 167
100 O @] O O O 5.5~41 167~1267
110 O @) O @] — 6.6~33 167~830

O :extruded, ~— :not extruded

ek FEHR I 07 BB 1600 1 T, 7 ORI %
Table 21C7RT, HBbt % VB U 1o 2400 B B H#13 1350
BEB00F 2 ThHS,

PlisAr AT, #hiEEERE L %2 CE (Conventional
Extrusion), #7KF#H U 2 HE (Hydrostatic Extrusion)
EENFEFNIT 5,

HE 3308 5 L8 20 mm/s T, CE & 723K CHl&
BERE 67mm/s T U 7z, #TH U &M oM 2 Table 3@
R, HE QURER Mk > TRL Y 167~1267
mm/s &V HBBEHEE 25,

BB T, MU UBTFS L OEAFMEZN L1120,
£ EH30mm © Fig. LIZR$/NBRE LT3, B
765K x 3.6ks, &3 BB L THIRIT L Th 6 765K x 900s
IMEBENFNKEANLT T4ELTWE, BOEFH
BRI 20 T, AN ER T & B IS 4 BER
FETE5RTDHBL TS, JiEDMIBH 1 %<

50 | 199 | 50
Im ml
.
fos) w0
a) % - §v. ._,.g_
; H
17.9 l
1
299
100 199 | 100
N |
R1
/ RLL/
¥ g
179
399

Fig. 1 Geometries of specimens for mechanical
property test. (mm)

a) for rod
b) for plate from:opened tube

FKRESNINCHEERIRD NP -1, 7T TUHRK
WACTH RO 21T Hfik, £TIoMRERA
EabmELTI,

IR % P~ 5 R B it L o3k, il 5.5 @
HE &tk 8 @ CE 2 ikd (Fh & A U RLEESHF)
LIzBmESL T, 2hFh ldmme X 25mms o PR IRE
Bov e U, BiRE:, —oiifee ) 77 v 2Bl %
WLT, BEEHRE C—QERT 5 HHER & -1, FH
R 8 mm/s TH b, #E & By 2 TR HES
1.6S OEJBH R E UK, EHmRaxmoilick 5,

En= wh—“hioib-ﬂ %100
T TIiT en : FEHEE

ho : BB OBDOE
h : BB OREfEHROE S Thb,
FgmEE e BETA ik b, BNREDHEE Y
BB HEEE 512, ‘

3. ¥ B # R

3.1 HHLER

Fig. 2 i UL &ML BBER 2R, BT T
B, LEEBROMBIRIZENERBD SNLEL -1,
T, EIRIRT S NE  BIESoENNS L, B
RO MBI T LR RCENEDTH -0 &
kB, HOMHUENBEL L5 0, Blivr KLy
Eﬁtbfmétwvykvw%ﬁmﬁﬁwwmbﬁmﬁ
MENTZLLREBLDTHD, COMERT- MRS
Bt d 24, BHMEBERIUB LSS CEBRAD
55,

3.2 BEAEE

#WHET (Longitudinal) % X o8 B A (Longitudinal
Transverse) & L ¢ i3 BB (Short Transverse) JFfdl%
FRFNLBIOTEMEET %, :
Fig. 3 wifitith & T4 B OB EONE2/RT, HE
iz, MEkomine & b e LAAOF RS o, [
CoDSWIRT B2 ORFEUL THMDOE, CodWiEL, HIT
BERT 5, Mo, LMK ENETELSDS
THEZMHEE & kT s, HL, HHELIE.5R
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Profile of extrusion

o rectangular rod

o round rod.
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[oRcORO

® round tube

corrected with
rnandrel augmentation

£ 1000}~

00 | ©\W

Hydrostatic Pressure (MPa)

B

500

1 5 10 50 100
Extrusion ratio

Fig. 2 Relationship between hydrostatic pressure
and extrusion ratio of A2024 alloy.
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CE HE
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Fig. 3 Effect of extrusion ratio on Longitudinal (L) and
Transverse (T) mechanical properties of A2024-
T4 by Conventional (CE) and Hydrostatic (HE)
extrusion.

MTROEOAT B RE, FHEED T/L LE% N
%ﬂ [GBjs CGO'ZJ) [5] i L%%D’g—% &ﬁﬁth.[/t 55 VG

(o8):0.93, (0023:0.95, (8):0.79 TaHhH, filill
20 T2 FNF4 0.98, 0.98, 0.91 THh b, MHILMKKE
WHOIEES T/L s 1wwiid 8%, T8bLEFED
BopElE s,

—7%, CE M‘éi#ﬂ{ﬂtt%c; B EEE B ps I & <,
A8 T35 THIZIFEL L (08):0.79, (Oo2):
0.85, (8):052TadDb, HEM&:LL&IJTT& L DMK
ERAN

MR BE T CEME e 5 &, HEME L RO Osd
RO hSE $1T80MPa /ha {, Wi T 30MPa kK
X -THED, S RE~10BTHE $REW,

Ly v — R, CEMM1.4~1.6kgm/cm® TH
2oL, HEM T 2.0~2.2kgm/cm* ThH, HBHE
P14 FEREN,

3.3 fEdEE

Fig. 4o T4 #Bo~< s oflfcRoNnd L 51, HEM
O ELZ TR AR — « M T 5 oicth~, CE #
IR T H 31T 1 5 TEB IO BRI
T3, 7 oiifFie. 5 OBRTWEL 613, MHEE
O RS, CE Mtz B Ta %55 HE Phicidfhy
Wy ohigly, ¥, BUSAROREE L&Y, CEMT
F L DL ORBEIREZRL TV AHS 2T, HEMT
RIS R EL GBI oNT ~'-Hdcct { /\‘ﬁﬁw N5,
Z ORI 400 EE R X b BRI NS, SHICH
LTk, Ml s. 52 LD HEW;(&(&E@&"&%@«’:O

(a) (b)

Fig. 4 Macro-structures of 25.5 mm¢ roeds quenched
from 765K.

(a) conventional extrusion

(b) hydrostatic extrusion
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o Conventional extrusion(Ratio)
Direction

Hydrostatic extrusion (Ratio)

Transverse

section

1LOO,{({T}

Longitudinal

section

100um &

Higher
magnification
views of
longitudinal
section
25,um .

(6.6) (25)

Fig. 5 Micro structures of various materials quenched from 765K.

3.4 EiESE

Table 4 \EMHH C & OEBRERT, 54K >DHHE
HEH TR HNOREL TOROEKERERE, Z2h7
N HE# 67.5%, CE#T52.5%Td bl OENHET
»oto, HEHfEM OREIE 2 Fig. 6 /RT3, SAREDOM

RERUTNS, &k, T THGRERBM G RE 2 FEH]
BRELTHH, CE Mt KFOHIFME—EEL TN
Lo 3, AT R O RAHEE % Table 5 178§ 25,

:

Table 5 Mechanical properties of annealed materials.

8 HE 13 Bty N 8 W i U CE BHid ok = < 5 recti O O 38
Process |Direction (MPa) } (MPa) %)
Table 4 Number of cracked specimens by upsetting L 196 s 98 23
test. (cracked no./test) C E 7
T 168 | 80 19
Height reduction (%) !
PrOCcab i L 187 79 27
50 [ 52.5] 55 K57'5 60 1625, 65 1675, 70 |72.5 H E e .
T 172 ; 71 26
CE 9% 9% |3% 3% % |— | — | — | — |-~ : .
HE 9% | 9% | % | 9% | % | % | % i % | % | %
Condition
Height

Conventional extrusion Hydrostatic extrusion

reduction (%)

Fig. 6 Appearance of typical specimens after
being upset.

Before being
upset

After being

upset by
57.5%

After being
upset by
7009

W

Fig. 7 Micro structures before and after being upset.



(97)

ERE 2B RS

October 1982

CoWEMD T/L ik hh HE$T (68):0.92,
(0023 :0.90, (81:0.97, CE T (05):0.85, (Toz):
uw[@:&%f%b,T4M&H&uHEM%%®Em
EHAUNI LY, KB O DEIOVWT b AT HEH255 ~ 6
BREVCEERL TS,

[EfERIB oW & 7 o fARH 2 Fig. TIWRT, XD
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PN EREPEL TS

3.5 KEZWTHKHEOG DERIWZBE~OHEAY
FEBBOIANT T DELTIE, THIA G ORIRX
WHEDESR s NS, CORBRETI VI =T LGS
1L A2024 DSHM E SN B H, MEIEHEL, BEETRTH

/1‘_

]ﬁ] M5 ~10%Thh, BHEDISSZ2ESCLEHLLE

Whihs, C?{/LB’EVGO)%W&% &L, HE %E(C’f@iﬁx

U KR 2 ric il d, 0B, ABE TR TOREH
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Q

5000 & 2 150
D b I RREEETEE - g |
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Tensile o and yield o2 strength (MPa)

200

100 f—— - LT 110
O [} ag
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u] ] )
1
0
0. 1 2 3

Stretched strain (24)

Fig. 8 Effect of stretched strain on longitudinal (L)
and transverse (T) mechanical properties of
A2024-T4.

Elongation & (%)
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(1) #mrE
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HEOBEE% Fig. 8 WRT, BERDEREOEIML 205
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Table 6 T/L ratios of mechanical properties.

! T/L ratio
Process Temper ; e
‘, Ly [ Ol i (6]
C E ? T4 0.79 0.85 0.52
T4 0.93 0.95 0.79
H E |
T 0.8 0.77 0.90
E 0 | 0.8 0.82 0.88
HE O | 09 0.90 | 097 |
() FREIST
Td & T35 OEHE 20T, XEREY THEL

kSR % Fig. 9 R d, T4 BANMEEDADE
FIHsge s TRk 200 MPa B4 5 DT, BlIRD
ZE 2 %0 T351 Tk 50 MPa OIEOEH G~ & KiE /e
BB LNSG, Tk, L0 T351 M2 bIEim
THOERE NS TAEELELE» - 7‘:0 R )
W x nrc R oNEE Fig. 10 WRd,

Fig. 10 Appearance of typical coil wedges
hydrostatic extrusion.
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Fig. 9 Residual stress distributions by X-ray
diffraction method.
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Fig. 13 Micro structures of 76% drawn tubes.

(a) As drawn
(d)Y As quenched from 765K after
being’ drawn.

Table 7 Number of broken specimens by drawing.
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Fig. 14 Effect of the drawn area reduction on

mechanical properties of A2024 by CE
and HE process.
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The Study of the Mechanism of Electrolytic
Coloring and the Structure of Anodic Oxide

Films

—— The Effect of the Structure of 6063 Alloys on
Brightness and Color Tone of Electrolytically
Colored Anodic Oxide Films—

by Yoshikatsu Hayashi

The effect of Fe content and aging conditions of 6063 alloy on brightness and color tone of
anodic oxide films formed by electrolytic coloring was examined, and then the structure of anodic
oxide films and the mechanism of electrolytic coloring were considered. The results were as follows :

(1) The amounts and forms of Mg:Si precipitates greatly affected on the structure of oxide
films, e.g, thickness and capacitance, which resulted in the difference of brightness and

color tone.

(2) Conditions of electrolytic coloring should be fully examined to control the amounts,
forms and distribution of Ni precipitates impregnated into the oxide films.
(3) Adsorption layer model of anodic oxide films was proposed and applied to the electrolytic

coloring.

. & U & (&

Al-Mg-5i %% 6063 &&i B HEIKE{ HnshTn
59, “REBMEGLER TS ELEVE, BROEL,
BIHOBNEBELZENHE, vV —BOFE 7V
4 MBI BOTHEDLN S BHAY, BRAFEI VA b
WLIRS OEIAOE N Eid T Me.Si oFt HITERED#E L
WE230EEBALNTVEY, ZREBECHEFEOSES
CREOQEGEBZOLOVRPEELCE L H-T, BHF
DOFEODFENTIRINT 5 Oh & 5 O i3 B iR E
G5O THOHEEVE,

AF TR, FELEEH> & SRS RO
FADBEOIC DT EEL I,

2. ® B K &

2.1 FREALEHOSBHICREFIMEESOR
2.1.1 HHEEEORE

g, 81 (1981), 798 ¥

GBI E650E, 66
RIS

Table1iz/Rd Fe BOE /% 3D Al-Mg-Si 4%
R oM T, WHNT2Lzob, 175C, 195C,
& X 216°C DR T 500 ~12 iR L (T5 W) %
frid -1, TH MBI 2 B OB 2 HET S 29,
IR D IR, HER, WERMEL, I lBREENER,
HREH (TEM) BE2T-7, CNLOFE»LTHM
BT & D BT U 72 Mg:Si o HIRBE DB 2 1R U 72,

Table 1 Chemical composition of 6063 alloy. (%)
L

No. Si ' Fe Cu | Mn | Mg | Cr Zn Ti
0.39{0.11 ] 0.01 | 0.01 | 0.48 | 0.01 | 0.01 | 0.0047

B 10.40 0.17]0.010.01 0.53 | 0.00 | 0.02 | 0.0080
0.44 1 0.25}0.02 | 0.02 | 0.48 | 0.01 | 0.03 | 0.0043

2.1.2 RELBEOXRPLUER

T5 U 25770 - I A %2 16X 100 mm O iR
WML 7278, 10%NaOH 60°C OKEBWHRT 1ML »
F UM R 12, O EDSINT, 15%H.50.20C oD
KIS R EREE 1 A/dm® T 36 D RIS EE M L i,
TIRBREGETE > AR, 150 9/£ NiSO.-6H.0 &
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40 9/¢ @ & ¥ BKHETH (MATF Nl L9 i, 20C TR 55

/4, 2i5c |
I TLEe

EREEM BTN 512, BB ORERL B LA
RiTis 5 &, RN EEEREEEDERGH GM-3D 2 A
WTHHRSZERMEL, $o6E, FEROHELSE 2
s -1z, KBREEOMREIEY, RakERoMhR
10x80mm D= ay k2 THIEL, 20T
BfE 2RIz,

2.2 BEBEBEEE - REFRBRICHEE

1
pSN

(831
(&%)

w
puth

Electrical concluctivity (1ACS%)
O
(3

15 X 30mmuc )T L il % © = — /S~ AL L 72/ TS 49 I C
ILERST AR %, WHRICOE - THiE Y — 2K T = » 7 o

DU
vy IR To#:, 25°C 0 15%H:80. KIS BRI 1 o

A/dm? T 20 SRR ERGEERAL R 1772 - 7o, MK TR

# NiSO:—H.BO: /KW THEM 25 e L, Ag/Ag

Cl e BREME LT, JEETRN VN X2 v b/ 25
BFUva ARy FEBACCERRY V- FEREFZG,
B OEET 2L 2~ 2 — i DLz, NifHick? g
Rz s sz YHP B LCR # — & — 4262 B CHIE L, &
S ENER S OSMENAROL 2RO, HEMIEZ 6“
toE m AABATEMAEEH ND 100 B CHIEL, BB €
EE o Ni 04576 % EPMAK X b AEL 7o, —#HoadEhc

DV TEMEFRRBEED N Y v —FEER L OIER 15
BOMTH2 T E2HRTHIZD, BREOBEKREE, 7

s — R & B PEL I

af

3. ERERLEER e SR
31 FEABSOSHALCEETHHERO P Fig. 1 Typical curves of 0oz o and
Fig.11c 4 & B OBEE, §i) 0o, 313D HIE 00 2 T5 IACS (). (alloy B
MIRGAF OBIR R U T2, HEBEHEE O LS, R
OBIIE & Bick X BH, —T5, Op, Go2 i 175CT  T2DRHL, Op 0oz CHITHEESHET IO EE
RS & AT 3 oo, 195C, 215C TREKEA AbNb, oS T EEMO S Z 785HB 51,
BEbNI, 0T EIGEERCIIMg.S] O B SHE Table 2 i3, HEED L CHMBEHHEROBR 2R

il

10 20

m

Table 2 Hardness, electrical and chemical properties of 6063-Tb5 alloy.

J 5 . P

.

Alloy

-

hr | 5hr | 12hr | 2hr | 5hr | 12hr | 0.83hr| 2hr | 5hr

Hordness (Hv)| 54.2 | 74.0 | 78.9 | 68.9 | 78.2 | 75.5 | 74.6 | 72.4 | 66.9

A IACS (%) 50.2 51.0 52.5 51.8 52.9 53.4 52.4 53.1 54.3

HNOs test O O O O ‘ @ ir @ @ @ | @

Hardness (Hv)| 58.3 | 75.9 80.6 71.9 | 79.6 | 76.5 76.5 72.4 68.4

B JIACS (%) | 49.8 51.0 52.3 51.7 52.7 . 53.5 52.5 53.3 54.4

HNO:; test | O 3 O ® O } ® @ ® & @

Hardness (Hv) | 62.0 76.9 80.3 75.5 78.2 76.9 | 77.9 76.9 66.2

C IACS (%) | 49.8 50.7 52.2 | 5L.6 52.5 53.5 52.1 52.7 54.1

mo:et O OO O O O |® © @

1

Remark : HNO; test (O unchanged (™ a little whitened
(p whitened @ severely whitened

— 20 —
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195°C x 12hr

2157 x0.83hr

215°C x2hr

..215°C X 5hr

Fig. 2

Uiz, Wi oo:, Op& FRELHME 2o, T5 LB
Yo TH BB HRMTA8E, WHBEREREISHBTS
CEBHLENTE D, Table 2 25, WA SHFZIHFR DMK

ol @ oRENCIE B DKL T3 T & 2SHEE
XN,
BT X B MRS o RS &

BEILAHIGEL TV, BIREREE TRERe X O
RO DR L T oo b, [CIELAERE RIS 5 C 1 bk
OWHIAT 403 LT3, 2O EEE 2 & A,
195C 5 B CRMHEMBEL T2 0EEALNS,
(Fig. 2), ZA 5 OHHG ORI 5 » TR/ WD EHR
B g7 M, BRI B, BIRE BHHEEALSND,
Table 3 3B TS M 2T - BB OWMEE 7 v~ 4 b,
THREMEOBROMGE, BEOERERLILEDTHS,
CCTLIEZ OEB/HAIVEEHEBETHS T E 2R,
BT E & IR T T4, L0 Tig,

Electron micrographs of 6063-T5 alloy.

lum

B oM LB A BB LN L 2 iBbN S, A&k

Hi1> Fe BORMHICHT 2 PEDSEECRDN T,
Fe BOLHOEHANE - & 3 FOMRERL, Feo

ZUAHCH S > & SIEOEFERT,
Fig. 3 & A S OEEER & BB IKE
LD THD, DIFNOERIBVWTIE
3E (T LFHESE NI E) BRSNS ST
Wh, COLERNIYOEET S Mo T Al OBEIIE
DU, HBERSEBMETULLDEZALNS, Fig.
4 B MERE HEOREED LI 0T, WKIH
B2 G sh5, — R —HE %2 7 ov <4 LU
e, RBE DTS RAENETT A, LT
BRI S IR T THMBBL 1o BB R Ul L TV B 12,
WOMBEBE LN, THEREERO LB >V TEREK
B & & ORI B 2 RO DN d o 2, K
BEASEL 72 512 Kt s 7 » 72 (Fig. 5),

g




(103)

EF R & & B & &

October: 1982

ELE DR SR AR (MgSi Ot AL « 218) 3

WU s s e e 2 BT L, R E L TRE, XiRo
BOE2LILLTLEBDP T,

BB R AARED 2 v ORI EEIL 2HE 0D

w3 Keller £ 5 v 25E < B 5T %129, Keller £ 5 v
HRIE 3 NICE R BT BHMETO R R & 3 WAL OE
B B - 1ods, MO TREORECL D HKO &
D S HEEBB s i h oo b 5,

2
y

Weight of anodic oxide films {mg/dm?)

170

160

150

140

130
49 50 51 52 53 54 55

1ACS (95) of A2 alloys

Fig. 3 Relationship between IACS (%) of Al alloys
aged under differnt temperture and time,
and weight of anodic oxide films formed in
sulphuric acid bath.

CCTCRBREFHIWE T LD LREERIEEL, &

BB OLEE BRI,

A\

(%)

Reflectance

16
Aloy A
O
14 4
o]
12

9%
S

150 160
Coating weight of anodic oxide films (mg/dm?)

170

Fig. 4 Relationship between coating weight of anodic
oxide films formed on 6063-T5 alloys aged
under various conditions and reflectance.

Table 3 Surface properties after anodising and coloring.

Aoy e Aging 175C 195C 215C
| 2br | shr [ 12hr | 2hr | Shr | 12hr | 0.83hr| ghr | Shr
;‘Ifofg‘i‘;";;‘éce el 143 | 133 | 105 | 115 | 9.4 | 87 | 10.6 | 105 | 7.6
A &ﬂﬁgm“ég 7.0 | 6.2 | 52 | 59 | 49 | 4.9 | 52 | 52 | 4.1
g;gigigafter 27.0 | 27.8 | 25.9 | 28.4 | 26.8 | 28.1 | 26.7 | 26.4 | 30.1
ﬁiﬁéﬁg?ﬁgce §g§§ 101 | 7.9 | 6.7 | 82| 52| 49 | 6.0 | 6.0 6.0
B &%ﬁgm“gg 50 | 45 | 41 | 50 | 31 | 3.4 36 | 37| 3.2
olie after 25.5 | 26.5 | 27.5 | 29.6 | 20.8 | 30.3 | 20.3 | 29.4 | 38.4
neflectanceafter 72| 65| 53| 67| 55| 55| 59 | 6.0 | 97
c 5%%@““@5 36 | 41 | 34 | 40 | 3.0 | 32| 41| 35| 3.4
gigigtgafter 26.0 | 26.1 | 27.8 | 30.4 | 28.0 | 32.8 | 27.4 | 28.4 | 29.9
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34 -15
Alloy
A o A
32 e B ]
2 A C o
= 3
-_:L%) ® A £ Ty P—
° 0= & . S
& o9 5
8 ‘ 2
5 VN o _ e =
o 28 O i=-~2.5mA/ o
§ A' [e) % §
3 5 5
0% e = !
26 = Oty ]
° !
|
24 g
140 150 160 170 0

Coating weight of anodic oxide films (mg/dm%)

Fig. 5 Relationship between coating weight of anodic
oxide films formed on 6063-T5 alloys aged
under various conditions and L-value of
colored films.

3.2 BEEB{LREREL _REBRECREEE

Fig. 6 i26&Ci5m OBBRBUHEERERS IO
b, Ni B CEBR 4V — F BFE2TT-70& XOEN
OELERL TS, E—t i BRI 2 >0
HSBRLNG, To& A 5mA/cm*OEFRBEE T T
D2OPEHBEPEETHL43BWDECATEDS, 1 ©
Mo fEDd 10 mA/em® X h /N3 0BEWIIBREE & IR
MEGEBEICGET 3D, —12.5, —15mA/cm*DEF 4
WdE/dt BSRBMIT A S < 4 b ERIREIRE S hewy,
OEMRERBEL THB L, COEBRETHT 5 EH
BENEEFBRARENEB LN EBbhoiz, DT &
D5, H2OEHEE dE/dt BEARGOBETFOE L%
EbLTW3 L5 Thh, F—OEHEE dE,/dt i& dE./dt
W EBORISEBEL TE L& 2EDL TS, dE/
dt & dE./dt O E2 te 95 &, LD te DM EHEE
RISk 3 B § & Fig. TR & 5 WEREG
EB, Lol te VEBRCEKFETIETHE L
BRUTWLS,

Fig. Sy B O BRBOEERLIZF I 7TH Y,
Fig.6 DE—t /2 v t. OB IS THEHEDOE > 12
2 OOEBBEEME LN, —RICEECIEEFTER 2 »
F o — DR C=6S/4nd (¢ ZHEE, SEmMMKE, di
FEEEOREZ) TEDEINL DT, HEERISITE b EH
BERENG EThEZoRFEag /CrltflTsoT
EM—ETHNiIF t<teD & TRKREHEI KX L, tt
Wi EIREBREBETTA L 2REL TV,

Reciprocal of tc (sec™?)

Reciprocal of capacitance (C:'C)

5 10 15
Coloring time (sec)

Fig. 6 Potential decrease during galvanostatic
coloring (alloy C).

10
/}
05 : e
L]
e
o 5 10 15
Current density (mA/or?)
Fig. 7 Relationship between reciprocal of t. and
current density of gaivanostatic coloring.
13
i=~BmA/ o
1.2}
10 B
09

0 5 10 15
Coloring time (sec)

Fig. 8 Change of capacitance during galvanostatic
coloring.



(105)

EXSERES

October 1982

Hoar %13 EEHRBEBRILOERERZDEDL I ITE
LY, BB oA R IGI B BS 0 (101>
LOLREL, X5 HBOREREPEERICHHATS
LFRETLE, V@ o5 @ BELENG,

i =Aexp (BE/d) PN ¢}

d=Mit/zfp=Cit N ()
dE/dt=2.303 (log i—log A) Ci/B ’

=92.303 (log i) Ci/B e e (3)

(log iy>log A)

CCTARTHEREE YT 5 ER, BREBRK
B AL UENR, ERNY r—Hichr» 3 ELE, d iy
ry—BOEs, MizALO: DSTR, Z3fEk (=3). F
WYy I F R, 0 REEEETHD,

@R »—BERECH L TOARL LT, K— T 2F
I R TR 2 BB DT A BRILT 5 T & Sk s
NTW3,

Fig. 9@ n v — FEBRSH L TRREZHEML TAI
¥59TH5, dEi/dt, dE:/dt & $it—5~—125 mA/
COEFRBEESMc T dE/dt~ i O X WERBIE
piE LN, 7/ — KRG THoar i3 AL 4 40
BRI ECRIG2E AT, BV — FRIETIRAL A F
COBERELICL Y, COHES OX KBETREE
A NEEEDNS, FCTHV— FRIGEHLT @ F
PERILT B DREENERTE O EEALND, dE/dE
~i ERoEx XL b C/Biekplds, & LAE/dt
EAE/AtTEL PORGBEL T3 EThENMARDT L
L BERBRL-TL %, —J), dEi/dt & dE2/dt &
TG DRIRMB R » T EEANE, @ Ko
CHRLE-TVWEEDEEDNS,

Fig. 10 3» v — FEBPORBOE GIRERERL IS
SUThHE, BFEEEJWLENDNEL LD, HESTHE
LIz NI b EFERINTORESDD»S, T Tt
BOLBEOELITERLTAS &, t<tc T LEIZE

-10

Current density (mA/ur

Fig. 9 Relationship between dE/dt and i.

— 24

HE EHLBaORIIEL) BRL, t>tc L4-TH
UHTRELLECET G ¥EUTns, Fig 11
WERE EBRORN O BENE %2 EPMA X b EED
Lic# 57 Thb, t=4, 8, 2HEEMREE TN DR
FEMKREL T A, 20— 7 OARGIEIZIZE A
EEMLLTHEL, t=4 (1 i3 4.38) €T HEME
ONIBBHEI N TS C &t t<tc KB 3 FIHH, t>t
LRU NIOHHEFIGETHS CERBRLTWNE, t<tc i

i== - Hmhonf

_-value

Coloring time {sec)
Fig. 10 L-value of colored oxide films.
150y
1100
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125} N R — v

1.00
< g
g 075 é
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(&)
z z
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01 2 3 4 5 6
Distance from the A g /oxide (zm)

Fig. 11 Ni and A{ content of colored films.
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BOTIEBBSVED 5 O Ni OEENREE L
pEEbLhE (EERECEE ALY, NBEshy
FICAREE), b DT &5, dEy/dt->dE/dt ~DE
BLUORBOEMENIFHHKIED x 1 = X5 0EM (EH
BOZE) EEALND,

Fig. 122 T5 MBI 222 A 72 6063 & &1 I %2047
MBBRBRALL I DL, NI B CHE L 7o EOSMESIZE
BEERRY Y —FEFERITL-12E 5DdE/dtEdE./dt
OXEte DEEE 7oy b LTS 7 THB, te~Clk
FeE LD 5 TIITEBBER 2R, € TMgSio
JEHEx Table 2, Fig. 2 » 5L 7z, Mg:Si o7y
WL > TEHEOE SR > T, K CliThEds
ZNREREL BB CEBBD ORI, 2ERRCOBFER
WRT 10 A—BEOME 2 BORBE2E L THERL
NEBICHUTHIELTCAS E, R AL t.~COHE
BBEHE s (Fig.13), T T~ Tc & 5 teid Ni
FHEIGD 4 & = X 20355635 O BEd 2 WA EITHEY
THHEEEZLZONS, GCENVY—BARBEELTHS
EMHIL T2 MgeSi BT E NY Y —[BH 5T h,
FOH NI HEEEBEL-IRIGHRCY RTLEB T
EBEALND, £ THRBAREEEREME > TE
RU BB E s 0% Fig. 14 W/RL TAI,
R R B & AN 2 BB & 2> T3, C
REMREH1ISETS5DDECATY— % L 5EML
HiRE - T3, ColMBENOL S Pl Cs. Cs o
SEREINIZTTI 7EELTHSE, CCTCpid/NY ¥ —
BORER2EDT, TLOLERERE & Y Y-8
BEL 31D Ca NS L5, — COTFRBEM
WEIABREELBLENT RS, BENKXLLBIED
NTEABEEOREBMPAEL L5, 0T &k
ARy v —BREHOEMEEKR TS, Ca »5Cy~
DOEMBCOIIICELBCENT 23D, CoDB(bid

A
ZR&

6
5 //
rod type Mg.Si
e Ed|t
. o needle type
g, R oy A TR
) osl st
4 Alloy
o A
1 e B —o .
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0 |
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C (uF /o at 1kHz)

Fig. 12 Relationship between capacitance and t. of
galvanostatic coloring. (—10 mA/cm?)

Be2TRLy, TR ICAREEER e X
CEMBSILHIL, BEdBELAT2 0T, &
AONBEDREDBNESWNILBTIZETHAH, ¢
OELTIREE L THERR~O 723 OB AR L O
ARWTOBENELLIND, —F, SWHEL L3 ENA
EUTRERESBIRNTNS &5 &, FLUERITH T 2 KER
o7 s BOBEEBELLNS D, KIZL L OBE,

10

tc (sec)
\

0.7 075 08

Capacitance (1 /ar* at 1kHz)

Fig. 13 Relationship between capacitance and t. of
galvanostatic coloring.
Alloy A aged at 175°C for 5 hrs was anod-
ised at 10 mA/cm? for 12.5, 15, 20. 30 and
40 min., followed by coloring at —5 mA/cm?.

11
-7 Ca‘
- J() - v s s o _— '; . o oz
W
E
5 )
G 120Hz
“ 09
Moo 1kHz i
N N
N ~ 11
N ~ i
“ i + - _
s \i S 3 Cs
08 ‘; f
0 10 20 30

Anodising time (min)

Fig. 14 Relationship between capacitance and anod-
ising time. (alloy B aged at 175°C x5 hrs,
galvanostatic anodising at 10 mA/cm? meas-
ured in 150 ¢/¢ NiSO:- 6H:0-+40 ¢/¢ H:BOas)
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BARZ DS OMNELTZ EREBARLVOT, ERR
RREL, CORBBBSTECERL>T, b—2 VA
EBHLTEEALORERLEDNS,

PEOBETS X OSREED 5 BIEORE % Fig. 156 ©
I3 RCEMEKTED U, 22T Co, Ro lxHZ/Y
) v~ BOEMATEREERTHD, C, RiZTERD
KR IEHTHD, Rtz Ni OB RIS 58y v —
HEPETOMELATH 2, 1R BRIARENRTH S,
WEREARIRCOATEDT, T TREBEZER
LT3 3 0EEATRCEBTED Uiz, COEMER
X Wood & WEELIZSDEE—Td3¥ZENZTNDEe-
ment OEWRIEL > T5BY,

LCRA—4—TOHEI X » THE NS FMEIER
1 CisX i CodfITHh B, Fig. 61T LCRA—£2—T
BISE U 12 G S A B ORI (R RR U 10, BER
NiSO: WO E SNV ZERB{EZRL TS, Ni
SO PEX EbHTRIVE ERERE C affER L
b, BEAS/NIL0E EREREENDNILELT, G
NS SEE B,

Fig. 156 O & FVIFESO T REREERIG A = X
ABEELUTHL, STEBRY V— FEFRODHY (Fig.
6, Fig. 91 1) 3 F—0EEM, dE/dDi 775 7~
BRIELER C, R, RezmnFROFLER &R N
BTN A BRI B N TP EEIhS v —
K~ JEFE"PR DT 7 5 F—-BRTHS, FABTHE
BHFREERELTOEY » 57 —EHKS Co 2FND, B
W B R ERIE S v A A RERE LA T2 b
BRI T3, Sfick b, B4 T B —FEHE
WRLEL3ET20BBEE e /N LY, BRI
FEMER L0k Hicic b, Fig. 8 s T 1/C BERIN
BT DIEEL LT Co @ e BLDA F L REDFR
M galzpBbhns, 124 F A —EDE
SRBBETHDH, hddE/dt 25 dE/dt ~DZEALE
te (Fig. 7) O 2BHEEBALLN S,

HEEIHOE B, NiofHolR 7> 55— 1 &
=42 (Cy, Ry, Re 2B EelElg) BREGD,
Codt v~ F 2 (1/27fCo; fIBBEE) PREL I
B9, BRETFERZHEDLIHELD, TORoEMS

c
R
R R
— Co — AN
{ |
W

Fig. 15 Equivalent circuit of anodic oxide films.

Capacitance (uF /o)

BKERERG 7 7 97— BRTH 5, KKRILER
Y BT v h ) EAE U KBS v r VSR ST TR
T3, FEXEGETZORERE Ni oflice oKBL=
o VLTI e 4 FRERTAILDEELLNS,

N
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TR
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07

0 0.05 01 0.15 0.2 0.25
Reciprocal of NiSO4 concentration (2 /g )

Fig. 16 Relationship between capacitance and NiSOa
concentration including HsBOs 40 ¢/{.
Thickness of anodic oxide film is 5 pm.

Bartier layer

Adsorption layer

before coloring after coloring

Fig. 17 Adsorption model of anodic oxide films and
their electrolytic coloring.
(a) Thin oxide film.
(b) Thick oxide film.
(¢) ‘Thick oxide film followed by anodic
polarization in Ni bath.
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Fig. 18 Potential change of galvanostatic coloring.
Current was suddenly changed from 5
mA/cm? to —5mA/cm? Thickness of
anodic oxide film is 5 gm.

@O
22
S

Anodic polarization time (sec)

Fig. 19 Effect of anodic polarization on t..
Anodic and cathodic polarization were mea-
sured at 5mA/cm? in standard NiSOs bath.
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TR X BRI R T S,
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BRIBLIZ, ’
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Substrate by Thermal Oxidation Process
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Solar Selective Surface on Aluminum
Substrate by Thermal Oxidation Process

by Makoto Andoh

Thermal Oxidation process of:manufacturing solar selective surface on aluminum substrate
has been developed. In this process,.the chemical conversion coating which included chromium in
the form of chromium oxides or chromium phosphate was formed on Al-Mg alloy substrate. This
pre-treated Al-Mg alloy substrate was exposed to high temperatures of 450°C or adove. Conse-
quently solar selective surface was formed on Al-Mg alloy substrate. The spectral selectivity of this
coating was a solar absorptance of 0.93-4-0.01 and a corresponding thermal emittance of 0.08--0.02.
In addition to the good selectivity, another good point of this coating is that the volume of gas
release at heating in vacuum from this selective surface is lower than that of Nickel Pigmented
Anodic Oxide. So, this selective surface is suitable for the absorber plates of evacuated tubular
collectors. This paper will report the effect of the treatment conditions on the optical performance
and the structure of character of the selective surface formed on Al-Mg alloy substrate. The
structure character of .this selective surface was investigated by means of Auger-ESCA.

This selective surface was found . to consist mainly of chromium oxides with a surface layer

consisting of oxides of magnesium.
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T

SUBSTRATE | Al-Mg alloy
y .
§ DEGREASING | Non-etching
. y |
CHEMICAL CONVERSION | Total Cr content
! _

450°C or above

THERMAL OXIDATION

TFig. 1 Thermal Oxidation Process.
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3.1 BREPEEOERSA
3.1.1 Al-Mg &4$0 Mg B
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Mg content (%)

Fig. 2 Relation between a. ¢ and Mg content.
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Fig. 3 Relation between «. ¢ and total Cr content.
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Fig. 4 Relation between a.¢ and the elevated temperature
of the Thermal Oxidation Process.
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Fig. 5 Relation between a. € and exposure time
of the Thermal Oxidation Process.
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Fig. 6 Spectral reflectance for the selective surface
by Thermal Oxidation Process.
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3.2.2 B THRIBORAEICYI S v VDR TeR—-F A LEHTHS,

B D —fR T Atk %2 Table 1 127/R$

Table 1 Durability of the selective surface.

Items ‘ Test conditions gResult
350°C x1,000 hr 0.
| Heat resistance

400°C %24 hr 0.K
Dipping at room temp.X24 hr Fading)

Waterproof
40°C x91% R.H.x1,000 hr 0.K
Weathering Sunshine Weather Meter xX3,000hr  O.K
(in vacuum) | Qutdoor exposurex 1.5 year 0.K
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T, EIR - BRI T 3 BRI B L DN A FE
i L B BRI R R & g U C Table

e, =

2 iR,

Thdle 2 Gas release from selective surface.

S , He H:0 | CO | CO:

This selective surface 40~130 7 3 10

Non-
Nickel Pigmented se(::\rlling

Anodic Oxide

200~400 | 50 50 20

250~400 | 160 | 50 | 20
ul/dm?
T AN 2 oFM I, HeEH0k b B sRTWVS,
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3.3.1 EEOHEER
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THEEL RS Fig. 7 kR T, HEOEXEH 03 pm

§ Sealing

Fig. 7 TEM sectional picture of the selective
surface. (x36,000)
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FER % Auger ik b MU 2R % Fig. 8 R T,
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Fig. 8 Auger profile at the surface of this coating.
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Fig. 9 Auger profile at the bulk of this coating.
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Fig. 10 Auger profile at the bottom of this coating.
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Fig. 11  Auger depth profile of the selective surface.
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Fig. 12 Auger depth profile of the heated
Al-2.5% Mg alloy.
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Fig. 13 ESCA (Mg 2p) plofile of the selective surface.
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Cracking of MIG Spot Weld in Aluminium Alloys

— Effects of High Alloy Electrode Wires and
Addition of Helium to Argon —

by Yoshihiko Sugiyima
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" Cracking of MIG Spot Weld in Aluminium Alloys

— Effects of High Alloy Electrode Wires and
Addition of Helium to Argon — :

by Yoshihiko Sugiyama

In order to reduce weld crack of MIG spot weld in aluminium alloys, an experiment was
carried out on the effect.of chemical composition of weld metal on weld crack by using high alloy
aluminium electrode wires.

Base metals of 5052, 5053 and 6061 alloys, and electrode wires of Al-Mg (with or without titanium
addition as a grain refiner) and Al-Si alloys were used respectively in this experiment. Firstly, the
effect of chemical composition of weld metal on cracking susceptibility was evaluated with the aid
of slit type weld cracking test specimen. Secondly, cracking percentage obtained from MIG spot
welds made on lapped joints in various combinations of base metals and electrode wiers were
evaluated. ‘Also distribution of crack was observed macro- and microscopically. Furthermore,
tensile shear strength of MIG spot welds was measured.

The results obtained in this experiment are summarized as follows :

(1) The slit type cracking test using MIG spot welding showed that in Al-Mg alloys cracking
susceptibility was decreased with an increase of magnesium content in weld metal, but the effective-
ness of titanium addition was not observed. On the other hand, Al-Si weld metal showed higher
cracking susceptibility than Al-Mg weld metal.

(2) According to the cracking percentages obtained from MIG spot welds made on lapped joint,
in the case of Al-Mg electrode wires cracking percentage decreased totally with an increase of
magnesium content of weld metal in the range of 2.5 to 6.4%. However, cracking percentages
seemed to be rather dependent on type of base metals with decrease in the order of 6061>5052
>5083 alloys.

On the other hand, Al-Si electrode wires showed less cracking percentage than Al-Mg electrode
wires when they were used for the base metals of 5052 and 6061 alloys respectively. ‘

(3) To reduce cracking susceptibility of MIG spot weld, it ts preferable to select base metal having
less weld cracking susceptibility, to control composition of weld metal in the direction of less
cracking susceptibility and to obtain adequate profile of weld having no excessively flat reinforce-
ment and no finger-like or stepped shape in cross section.

(4) Mixing of helium with argon as a shielding gas is effective for obtaining adequate profile of
MIG spot weld.
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Table 1 Chemical compositions of electrode wires.

Eiectrod wire © Chemical composition (%)

No. Alloy Cu Si Fe Mn Mg Zn Cr Ti Al
1 1100 0.00 0.18 0.17 0.002 <0.01 <0.01 <0.01 <0.01 Bal.
2 5052 0.04 0.13 0.18 0.03 2.47 0.01 0.23 0.01 Bal.
3 5556. 0.01 0.11 0.22 0.74 5.08 0.03 0.13 0.14 Bal.
4 Al-6%Mg — - — — 5.98 - _ 0.00 Bal.
5 - Al-6%Mg-0.295Ti - - - - 5.81 — - 0.19 Bal.
6 Al-7%Mg - - — - 7.02 - _ 0.00 Bal.
7 Al-79%Mg-0.2%Ti - — —_ - 6.86 — - 0.24 Bal.
8 Al-8%Mg — — — - 7.80 - . 0.00 Bal.
9 Ai-8%Mg-02%Ti - = - . 7.91 — — 0.20 Bal.
10 4043 0.00 5.14 0.23 0.02 <0.01 0.04 <0.01 <0.01 Bal.
11 4047 0.02 12.05 0.27 0.01 <0.01 0.02 <0.01 0.02 Bal.
1) Diameter : 1.6 mm
Table 2. Chemical compositions of base metals used for slit type cracking test.
Cemical composition (%)
Base metal
Cu Si Fe Mn Mg Zn Cr Ti Al
5052 0.01 0.09 0.24 0.01 2.34 0.01 0.23 0.01 Bal.
5083 0.03 0.09 0.23 0.67 4.37 0.02 0.20 0.01 Bal
6061 0.21 0.64 0.28 0.01 0.95 0.01 0.25 0.04 Bal.
Table 3 Chemical compositions of base metals used for tensile shear test of MIG spot welds.
Thickness Chemical composition (%)
Base metal
(mm) Cu Si Fe Mn Mg Zn Cr Ti Al
5052 1.6 0.01 0.11 0.27 0.01 2.53 <0.01 0.21 0.01 Bal.
3.2 0.01 0.10 0.26 0.01 2.40 <0.01 0.22 0.01 Bal.
5083 1.6 0.02 0.10 0.22 0.64 4.32 0.01 0.20 <0.01 Bal.
3.2 0.03 0.10 0.24 0.67 4.41 0.02 0.20 0.01 Bal.
6061 1.6 0.27 0.64 0.26 0.02 1.05 0.01 0.24 0.04 Bal.
3.2 0.25 0.60 0.23 0.02 1.02 0.02 0.24 0.04 Bal.
S ONT 250 A) DHINOFRERE 2RI LTS, .
2. £ B FH &
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BHiciz t 728 v bMABCSOLTHERHhZED L
F U0 5052-0 B 2f 6061-T4 & & & dic, ool
NEESE: OED 5083-0 &R ENEFRHAVI., BRY A
YTz —f o 1100, 5052, 5556 Dflic, FIEL 72 Al-6, 7,
8%Mg-(02%Ti) &&%EL L THY, 5052 R 6061 &
SEAITE U T —E0C 4043 R 08 4047 A BREY 4 v %2
i, BET A ¥ OLERS % Table LITRT, BHE
o4 vOFRLE S 16mm TH5,
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Wrat B O VE I Al Tz B o4 sy % Table 3 WiR T,
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i3 Table1 ® No.2 ~ 11, 5083 && &ML Tk No. 3
~ 9 Kk 6061 BT L Tt No.3 ~11 2 Hu 7z,
Z OB ETORE N OFERI 2 BEMSIC TBEL I,

R ENETENETH S,

COBRBITRNT, #HhaMEnAROBESED 2 Y
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BZRIZUOEEIE, BESE2MN U CHEBERENT
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Fig. 4 Relation between Mg content of electrode
wires and weld cracking susceptibility
(tested by slit type cracking test on 5083
alloy).
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o Wire containing no Ti S
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4 Wire containing Ti

0 1 2 3 4 5 6 7 8
Mg content of electrode wire. (%)

Fig. 5 Relation between Mg content of electrode
wires and weld cracking susceptibility
(tested by slit type cracking test on 6061
alloy).

Table 4 Results of slit type cracking tests for MIG spot weld metals in 5052 and 6061 alloys

made with Al-Si electrode wires.

Al) B 2)
Base Electrode o i
metal wire Crack length Nugget diam. Cracking susce- Crack length Nugget diam. Cracking susce-
(mm) (mm) ptibilitiy (%) (mm) (mm) ptibility (%)
11.77 11.77 100 12.19 12.19 100
5052 4047 12.42 12.42 100 11.84 11.84 100
11.76 11.76 100 11.82 11.82 100
11.43 11.43 100 11.81 11.81 100
4043 11.70 11.70 100 11.80 11.80 100
11.58 11.58 100 12.61 12.61 100
6061
11.02 11.02 100 12.08 12.08 100
4047 11.19 11.19 100 12.54 11.56 98
11.75 11.75 100 11.80 11.80 100

1) Welding current: 250 A. Arc voltage: 28 V. Arc time: 0.9 sec
2) Welding current: 280 A. Arc voltage: 26 V. Arc time: 0.9 sec

L itk s b 0EEbNL, BEREBEOB OV ED
FURETATE, BESREO Mg B 2% 13 £ THNER
AR, 4% R EENBEERETL T
B, WINTTHEE L TH02% o Ti o8, oAk
THEYBELH» TV, ¥, Mn, Cr, Fe, Si KD
HICOWTIE, EMgERY 4 v ORIFIIIEMIE 2 H
WIZDT, AEBRIBOTRERDZ CEBTELL,

S EIT, 5062 A4t U 4047, 6061 &KL ZNF
4043 M 7r 4047 B 7 A v A DR TITE 722 Y v
M ESINEER OFEH % Table 4 1Tk 7,

ReHrbhs Lo, BMECNERY « ¥ OFEEL L
WHBRGRBEEZ L, CoRBRiBLT Al-5 Si B
74 YTk B EESEIL 100% OHNESEERERUIL, —
fgic Al-Si-Mg Rer e OMINEEZE R, FiEkihRoweE
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:mﬁ 2% Ti
Fig. 6 Typical cross-sections of MIG spot welds in 6061 alloy made with
various electrode wires.
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LREESROMROECES mERopREerER 2 | e Commng T, L L L
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4 % DA DOWTFig. 6 WRT, BEIGRULIZLOR
SMboEB s TE Ti 2BNMUICERY A v RE 2
BEESRILRINU 20 b O~ THEESHI 2, 2, Lk
W&ETFTHEDERBOBEFRZNOmm BETH S,

DE¥W, FNF ﬂ@@M&@AlMgE@74v®mA
& A HEEREAICE LT, BEINZ2SLEERO
WEZNFNOML SIEHER—RARRE, LESHITLD
KorcEEEBRRO Mg BOBERERRT S LFig. T4
AW B, B, HMINERIEYAMBICEILL, X%
BEBRC X DRI NI A DT, KES SR O#EIN T
H5,

Mieks e, gTHEREEEPOMgECERY A4 v~D
TioWRNOEHEI L &, BMOAEOHEBI L > THINFE
HOMEABELZCEPWEL»THE, Thbb, it
3SEHEOAEDORTE, ZNZFN 6061 A5590~100%,
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Mg content of weld metal (%)

Fig. 7 Relation between Mg content of weld metals
and cracking tendency of MIG spot welds in
5052, 5083 and 6061 alloys made with Al-Mg
electrode wires.
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Table 5 Numbers of cracked welds in 10 spot welds
on 5052 and 6061 alloy sheets using ‘Al-Si
electrode wires.

Base metal Electrode = Nos. of Typical content of
me wire cracked weld Mg and/or Si(%)
0 Mg :1.28
o002 e & Sit15.91
4043 6 Si:3.05
6061 4047 5 Si:6.08

1) Cracks were detected at the top of weld metal.

O REEGENO Mg Rovg iz Sift e & 1icTable5
R, Bleabnd X Hic, 5052 A&Rbic 4047 B
T4 ¥ 2O TEBERC ST, Bk Al-E Mg BiE
U4 v RAGES RS, MURoHEREINT,
e BOERC N & A 5N B HUNSEI AR
W BTz, 6061 A &SI T, 4043 K Ir 4047 58
o4 v 2RO ESo#ENELZNEN60/KTE0%T,
FROAFEMg BT 4 ¥ 2H0HE0EN L DKy,
HNOFEA MBI Z N FNATE T 6 S 5 bR &
SIE, 1ANEESR, BET5 A4 AP EM IEES
B, 1LAXEMTH-Tz, 48, Bhoks 3k, 4047X
h 4043 BB 7 4 VI L 2RI S BRE DT,
ST - 2 ) v MEEAABIC LTI, Al-E Mg
WY 4 Yick A HESBR MgRoNE & i, Hin
BEEMBET L, Al-E Si B 71 vick 2 8BBeER
100% OEWEINERE 2R LUz, LA, BEhilFcs
Wk Bl g R AR U Reg L 5052 B 08 6061 A& it L
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D% 70, F ORI AER IR EDZERIC
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WTH, EEEEN Y v QTR EOBERT FICITIZHE
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BB LTI, BTERICRT LK, BESBEO LN
MR M9 5 8 LR OB ERIc X 7 1 v s LI
LR OB FET B, 2 v PR T, AR
SBORE 2 Y v Mt B REOTI Y, HEGRD
2w PEAGTHECEIREPNI Y ETE, —FH, TTAN
v b EABEE T B R O A B AT B RN I 2
HEU, CCRBEROTAPERTE &L » THIRBSHE
B EEADEY, WHETEEMERTHCS R
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WA B W TIEE D S 5 SR SN2 A5, M
5T,
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MmO <7 ook >0 2E 4 OFM R OERD 4 v O
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BOTEMICAETS b0 2EE, XBEEFE SN TE
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(A) Base metal: 5052 ally (E) Base metal® 6061 alloy
Electrode wire: 5052 alloy Electrode wire: 5556 alloy

(B) Base metal: 5052 dlloy (F) Base metal: 6061 alloy
Electrode wire: Al-69% Mg alloy Electrode wire: Al-7% Mg alloy

(C) Base metal: 5052 alloy (G) Base metal: 6061 alloy
Electrode wire: Al-8% Mg-0.2% Ti Electrode wire: Al-6% Mg-0.2% Ti alloy

(D) Base metal: 5083 alloy (H) Base metal: 6061 alloy
Electrode wire: Al-6% Mg alloy Electrode wire: 4047 dlloy

Fig. 8 Peripheral cracks in MIG spot welds (x<$2.5).

(A) Crack through weld (B) Crack in the weld metal (C) Crack in the top sheet (D) Crack in the weld metal
metal and top sheet Base metal: 5052 alloy Base mefal : 5052 alloy Base metai: 5083 cllo)}
Base metal © 5052 alloy Electrode wire: Al-6% Mg Electrode wire: Al-8% Electrode wire : Al-6%5 Mg
Electrode wire: 5052 alloy alloy Mg-0.2% Ti alloy alloy

Fig. 9 Photomicrographs of weld cracks in MIG spot welds (>¢100X0.54).
- Base metal: 5052 and 5083 alloys —
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(A) Crack in the weld metal
Electrode wire: 5556 alloy

(B) Crack in the top sheet
Electrode wire: Al-6%
Mg-0.29% Ti alloy

(C) Crack through the weld
metal and top sheet

(D) Crack in the weld metal
and top sheet
Electrode wire : Al-7% Electrode wire * Al~6%

Mg -alloy Mg-0.29% Ti alloy

Fig. 10 Photomicrographs of weld cracks in MIG spot welds (100x0.46). — Base metal: 6061 alloy —
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100} | | 5052 5083 6061
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5052 5656 AL 6% Mg AL 6%Mg AL-7%Mg AL-7%Mg Ap-8%Mg AL-8%Mg 4043 4047

-0.2% Ti

-0.2% Ti -0.2% Ti

Electrode wire

Fig. 11 Tensilé shear strength of MIG spot welds in 5052, 5083, and 6061 alloys made with various electrode wires.
Figure in parenthesis shows the number of welds having crack within 10 MIG spot welds tested.
#: Number of welds having crack at the top of weld metal.
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Fig. 12 Numbers of welds having crack within 10 MIG
spot welds and tensile shear strentgh of welds in
5052-H34 alloy made under mixtures of argon and
helium (Flow rate of shielding gas: 20//min).
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Fig. 13 Numbers of welds having crack within 10 MIG
spot welds and tensile shear strength of welds in
6061-T6 alloy made under mixtures of argon and
helium (Flow rate of shielding gas: 20//min).
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il m" I
Ar (%) 100 75 50 25 0
He (%) 0 25 50 75 100

Fig. 14 Appearances of MIG spot welds in 5052-H34 slloy made under mixtures of argon and helium
(Flow rate of shielding gas : 20 {/min).

He (%) Ar(%)
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25 75
50 50
75 25
100 0

LT

(A) 5052 dlloy (B) 6061 alloy

R DA SAOTEL

Fig. 15 Cross-sections of MIG spot welds in 5052-H34 and 6061-T6 alloys made under mixtures of
argon and helium (Flow rate of shielding gas: 20 //min).
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Appendix Mean cracking percentages of MIG spot welds in typical aluminium alloys.

Sheet combination Weldmg condition

Numbers of cracked welds within 10 welds

Top Bottom Weldmg Arc Arc 1100 3003 5052 5083 6061
sheet sheet current voltage time
(mm) (mm) (A) (V) (sec) —H14 —H14 ~H34 —H34 ~T86
1.0 1.0 240 21 0.7 0 0 3 4 8
” 1.6 270 22 ’ 0 0 3 1 9
" 2.0 290 23 ” 0 0 2 2 6
4 2.6 260 22 4 0 0 1 1 3
” 3.2 280 ” ” 1 2 5 3 7
1.6 1.0 270 “ ” 0 4 2 2 8
o 1.6 290 23 7 2 5 4 1 10
/ 2.0 300 " “ 1 7 4 0 9
” 2.6 270 22 ” 2 5 7 0 9
” 3.2 290 23 ” 0 6 5 1 10
2.0 1.0 290 4 ” 3 7 4 0 10
” 1.6 300 ” ” 6 10 7 3 10
” 2.0 310 ” ” 7 8 1 0 10
/” 2.6 290 ” 4 3 8 10 2 10
’ 3.2 310 ” /” 4 6 9 0 10
2.6 1.0 320 " 7 5 4 7 1 10
" 1.6 340 24 ” 5 6 7 1 7
” 2.0 360 ” /" 3 5 5 0 9
” 2.6 320 23 ” 2 5 8 0 10
” 3.2 340 24 ” 1 3 6 2 9
3.2 1.0 350 24 ” 1 0 3 3 9
4 1.6 370 25 4 3 8 7 0 10
” 2.0 390 ” ” 3 6 2 0 8
= 2.6 340 24 ” 1 5 5 3 9
4 3.2 360 25 ” 0 3 4 0 7
Numbers of cracked welds within.250 welds 53 113 121 30 217
Mean cracking percentage (%) 21.2 45.2 48.4 12.0 86.8

1) Electrode wire: 1.6 mm diam. 5056 alloy
Argon flow rate: 20 {/min
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FRFEEEE - T, COMBEMZ2ZHUCHENEE>T
xiz,

DAENC IO T RIR 37 45 1L BB #k 2000 SREF (1K
HETEYWE) oXEd b AEEESSEAshTw3, R
Al-Mg REHTx2— b LTI2H5, 47 < Al-Zn-Mg %
HasEvend X oiinh, 2ok, MlEcd Shi
A7003& s (Al-Zn-Mg R) OBRFE, KEHH Y1 2 (1§
EBIMHIBETE) ORE L S MHEE » TIKMEM 2B 8E M
U RDE S ER E i,

Z 0%, BT W TG T Chuds 2 R g,
e b 3 S AABO0SA A& (Al-Mg-Si ) H3BI%E
sh, COEEOBRAIKNIEM S & O IRMNAZEE %2 FH
Ul &AM S OH UVETSE s Nf R o E %2
HUBIES 12, FEERICOCTEELT %,

AR Uz e {, DAETRIIINETSE, RS,
REBEEELE, BYBED, JRiEN, v TR o
ik b, HFIS64H CHE20005 L Lo 7 ov 2 BEfiHS

—_ 77 —
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BWEINI, COMASEORFTULETE T A T, B
27%, BRIMTFER 21%, KEMWTE: 17%, Z OfbibTgk
17%, Fh8K18%Tdh %,

2.3 HEEWCHIBZITILIZILAORE
GEHEWICBT B 7V =9 AREDERIE, HEME
W (Bsk, Bb<, BEDE, L 5rb), PERH
(BEW, KIFmE, F7, ), Sy Fress, -
h T, B> F) B HEERSE Oks v, BHigkid)
wRHENB,
EICHBEEMCBOONE 7V =y AR SOER
SOFELARERT KL JISIEDLNIZAEEZD
ATEHRTNETHEH, JIS UHOEEOHEHALIEALS
N3O THLOMELRS HRRUILEZBE D LTHL ),
COW, BEDVWETEL LU TH» SN TV 3 0R A5005,
A5052, A5083, A6061, A6063, A7NO1, A7003 & T
b, LLULEBRT S CEL, BUEMMTiZ AAG005A,
AABTAMEY A, B & UTHIH ORI PE L, AAG00S
AEEEEEDMETS ABNOL & LT JIS{bani,
E4whbPEOREN L 7 v AENEER O EEHT
(BER, B, HE, BERER SIOARER) &
OME AR 2R,

3. SBEEEAFNIZDOLESOEEE

3.1 BnIRisH

FOEETICH VAN S PV E 2 U ARSITi VLIRS
IR QTSRS b, SEEEOMIERERE & LT
Ao 3FEMECRROBENTHER SN 3 CEPBF,
Teb b, AS083Tiz0 () ¥ & o H112 (JB), A6061T
12T6 (B3 X 0D, AB063 5 & ot ABNO1 (AAG005A F524)
T2 T5 (0B), ATNOL ¢k T4, T6 (#7), T5 (), A7003
T TS OB) Th 399, e b DER & 087 QBN
S, EREhARE, BEINTHE, WIGTEaiihE
BRERE-THDBENG, Al-Zn-MgHoD ATNOL 5% of
AT003 A S EANVEVZHE DSBS, 0B RO E
BV EEERGTELCRESEET 208/ TH
%, T OEM:REBEBEOMIERE I b E» S, ik
FHRERRTHRE LS,

—75, AFMg-Si BEGRBEANRZESHR L, »oER
DS & LW, BE- T ABOBL &4 TIEBREIG 2 (M A
EAKE) WL BmANDGEEINS, $IEBICL S
R4 2LV, U LAABIOSA 443 Si-rich 0&&Td

L 2 AN (P AETRHIE S S 5 D3R BTETH 57,

£33 HEHITHI STV =Y AGEOHK
) MoOH &
RS — i D I I %
JISRERE | (EEAFR
Al | AL050 | A0 | | %, SESOERE.
Al-Mn | A3003 | 303S Bl PIRER(BER,
A5005 1508 i %mwo#—zbva—bom&
Ko
A 5052 528 B BRI, &, HHEOI[FIR,
¥ | HER, BT, WA AASAL X
ArMe | — | CK28 | B mpw, moA, BEHSRL. et B
A5083 1838 }l?j( %'{(ﬂﬁio 5"}"’5520 #""7‘ }\ :/'j)[/'— ]‘ o
AR o
| MO, BEERE.,
A6063 63S ¥ | FRE. B, ¥ AFR, PYIEE,
A6061 61S B R, BEUE., S, -2
P T U=,
AFMe-Si | . AR,
A6NO1 165S B | K. AR, BT, BRI, AAB00SA ¥,
(R R R
— GV10 B ERE, , AA6009, AA6010 #24,
SEHE (FIE) D I BRI U
ATNOL | ZKI41 | B | aM. SRR,
ZK4T7 B RN, AR
Zn- AT003 | ZK60 | KM,
Al-Zn-Mg R, WP, GEAKRTIEH)
- ZK61 | B | BRRAT. BT, BN, A5083 75 HOMRE R AT, HiE
FRE k. IR RTUIERD) PP R (AB063 78 A)o
- X269 B B, MM, F—Ab T, A5083 & b MRS AL, ATNOL
R, SR & OB, AR BT,
I 3T N L0 P 7
Z oAl - X278 W BRIEEH. B BB B, BIERIR & 55 30kg/mm?
: e (AT D S BT O34 30% 0
- W6C1 B 2o @R RE, K- 28D AL070 & AB052 D &
- WOCL | | ZroH @GR B K-8 A1070 & A5083 O & i

_._78 J—
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4 OPEOENL 7V WO EEH TR X O EME

% WO R %mf 3tf:%?fﬁ AWy =oahaE | S R IEE | o@ W
IR _
37 | (ISR 2000% | 18.0 | 28.42 | 3.8 | 5083, 6061 7YY~ 9 h—
A1 BH  # 301% | 19.5 | 30.00| 4.63 | 7NOI, 5083 I Y =Ty H—
41 | BEUFH5000% | 19.5 | 315 | 5.17 | 7NOL, 5083, 5005 Y Y —F oy d—
43 | KM 30% | 18.0 | 27.6 | 4.08 | 7NO3, 5083, 5005 ook
43 | HEBIHTF#6000% | 19.505 35.0 | 5.0 | 7NOL 5083, 5005 oo | 1 KR IE
44| WS 951% | 21.9 | 61.0 | 7.5 | 5083, 7NOI s BB B W
44 | KB 60% | 18.2 |3L.0(M1) 4.43 | 7NOL 5083, 5005 Mm%
45 H g 591%R f%?g 82.3 |10.1 | 7NOL 5083, 5005 5052 % 3 A R
45 | FLIBHEF#20005% | 13.2 [HBE33.00 2.96 | 5083, 7NOL 5005 75 B T4 4 v
45 | BRI 5000%  18.0 | 32.0 | 4.29 | 7NOL, 5083, 5005, 5052 % %%
48 | H  #& 381% | 20.8 |351(MY) 4.58(M) 7NOI, 7003, 5083, 5052, 5005 | ¥ %
48 | EgHRE 961% | 24.5 | 61.0 | 7.5 | 7NOL, 5083 % R (.
48 | KBUTH: 10% | 18.0 [350(M1) 4.58 | 7NO1, 5083, 5005 e W %
49 | FEFE7000% | 19.5 |33.9M1)| 4.0(M1) 7NOL 5083, 5005 T
50 | FLIRHIF 8560005 | 17.0 |23.5(T)| 3.99(T)| 7NOL, 7003, 5083, 5005 % BT Lx AT e bl
51| (WRIEIEE 185 | 35.0 | 450 | 7N0L 5083 5005 7 4
53 | MWK 9625 | 24.5 8.0 | 7NOL 7003, 5083 W% woE
56 | [HEHRR 200% | 25 7.5 | 7NOL, 5083, 7003 S #

40— ' ' T —RAIC - T AI-Mg RS G AR S R, Al-Mg-
€ 50l Si® & o Al-Zn-Mg RARRETE S, UL Thb
E DEERYL, BNMOREEZHRE 5T, EH LM
Rm- J J @mgmiéﬁ?@ﬁ@mia%mw(%@ij)?@
gt 4 Lgﬁ Lﬁﬂgﬁ TN Efﬁﬁﬁ@ﬁﬁﬁ%@v:xyf—aaymwowﬂﬁ

05T : 5 TR TiZL, EMER (BR) o, BRARWCE 3

HEAGREE - (C/min)
AABOOBA S 38 & O LLIGE & S e AN BAZ
(WeE U BB D i)

B 1

3.2 BEvEE

RO PGB 7V 3 =0 A E5GOFEEE (FRAEH
B&OBHE) 2RT

RO CEELBEH S GOEIRE 2RV, IR
SERBART GUBRS X IS OB 1w & » THTRE -
kR EL B, ok, 10 EOEDS B, By ITRLT
HBHOE2~5X10° H FTORBMMEL h AL THIEL
ETH B,

3.3 BEEBLUMRTRE
RTCEESHEER 7 v 2 = 9 4 8% OMEZHOE
(FEENE) O 2T, 43K, Bk emEEINED
A5, MTFREC ML OEER M KA, BEs

BE) OREEELD ERESNFHINE XX TDH 5,

L TREBEESNOATHMGL Iz,

— 79

BT a v v, BINABG X BEAARE, BREEL
OREPHEBEFEHEORA LSk s v—48hnE»
BT CENE L, WETHERESoREE, BEEEED
B E 5,

RECHEA 7V =y 2 H@OBERTOME (EH
l) 2RT, BNt A5356 (—¥BA5183) Tdh 3,
ROREBLHEER 7 v =y A5G OBERTF (A,
FHEEEGE S X R — TR O S 2 RTY,
3.4 WEMSLUREHEESIhME

TV R = LGOI E BRI T b B 588,
Bimg i, Mlizov z =9 4, Al-Mn ik, Al-Mg &, Al-
Mg-Si adsh & i, T Al-Zn-Mg %2 Tah b, Al-Cu
%, Al-Zn-Mg-Cu & (HU Cu B0 @) w5,
POBTRICAV 5N 5 EEE 70V 1 20 AEE TR
DR TR ORI T 5 EMNTE B,

1) AS5005, A5052, A6063

2) Ab083, A6061, AA6005A
3) A7NO1, A7003
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BEBHRKEIAT VI oY AEED 5 ERMICDIZER
%@@a%@%gﬂ%li N, T U AEEEHT 3
BAMD L - & 3RO ORMENE LORKTH S, BETR
EE TR ORLS Y - & bkd, DTHRRHE, W
TEHE, MEHMEOEICE L5, HREDOMOARR
(EE) PROTRMEBMOERZS>TDED SENLL,, B
Eiic, Al-Cu®R, AFZn-Mg-Cu RZRWVICT VT =
v AAEREFORATCOMAEIZRIFTH S, HRIAS
n3s00+oEHHOERCHASCENTE S, T2
— AT AR IR & & bR B,

e ashg A-Cu R, AFZn-Mg R, Al-Zn-
Mg-Cu R EDOHEIRICBENIZDTH BH (22U
Al-Mg %=T %, B4y, Eol, HEALM L bETUsEEDY
B2, MENEHERSETH 5O THERREY,

FOEERIZS AV 50 3 Al-Zn-Mg REEOIG A
N AERSY (Zn, Mg &), MERITHE Mn, Cr,
Zr s ¥), BRI (BULEEEA), ks & ofE e R,

W52, Ll EMEOMBCELTIERTH B Lkl
ETERV, L —RIMBEEL LS T4¥ (b5
VI AR B o RERLE) 12, BBk
RICESET LA 7, IHIVEREINBZEEERT 5,
Al-Zn-Mg Z& & OfGIEaEhE (& e STHAD
B RFEILE (T7 AED & 503G RIFBLIEOHML
i X O Cu oFIn (BEM N2 HE L2
FTORM hBELLHEINIZLEBILHONT
W3, FM0RERO A-ZIn-Mg AE0RE (ST) HHA
OIS RHNRBOFRZRTY, CORRLDHEED
Cuk&ie ZK141l €3 HEOCuUE & LW —FDATNOL
4 X b id B RESEARnESER, EETRE
S RILEE (SR pk s #En, RWT T6MHET, T4
WMIBDFE L B TWVBE L ENDPE,
#ZHANZn-Mg 44807 »REESESR (BHEy—F
OREFEIES & ST & b BT © BIE T iR E I
FBEL TV 3) OIEHERHMNABRICES T S AEOME

LA TIRENEFNRGTEARNEORELEINT

AR D 5N,

& Cu, Bl b & M RIEDHHTER

&5 ATV =9 LG0T ENE (Rl X OEED
- | . .
o) H % s i3 i i 2 # il
B ol H O SRR < s = - T
e | et » TERS T W H | W | BEms | W | WO
JISiR | AT (ke/mm?) | (kg/mm® | (%) | (g/mm?® | (kg/mm®) | (%)
A1050 | AS50 e 1 H112 =6.5 =2 — 8.0 3.5 —
| H4 14~18 =12 >4 16.5 16.0 7
A3003 | 3038 | M | mig | 17~21 =15 =3 18.5 17.0 7
| Hl4 14~18 = =2 15.0 140 7
- H18 — =18 = 20.5 .
A5005 | 1505 L H2d 14~18 St =5 17.0 15.0 10
H32 12~16 =8.5 = 14.0 12.0 11
0 18~22 >6.5 =18 20.5 9.5 2%
@ HI1Z | 22~27 =16 =5 22°5 16.5 19
A5052 | 528 * Hld | 24~29 =18 =4 25.5 21.5 9
H32 | 2~27 =16 s 24.0 19.5 1
2 Hil2 | =18 =6.5 — 19.5 10.0 —
) o 0 — — 23.0 12.0 2
: GK28 | M H16 — — — 29.0 27.0 10
. { 0 28~36 13~20 =16 31.5 16.0 23
A5083 | 1838 H32 32~38 24~31 =3 36.0 2.5 14
| W H112 =28 =11 =12 32.5 18.5 18
_4 T1 =12 =6 =12 13.0 6.5 24
A6063 | 635 i T5 Si6 =i =38 21.0 18.0 13
1 T6 =30 =25 =10 32.0 28.5 15
AB06L | 6LS LY =18 =11 =16 — — —
g T6 So7 =2 =3 29.5 27.0 13
ABNOL | 1655 2 T5 =9 =21 >3 29.5 27.0 11
~ GV10 i T4 — — — 25.0 13.0 25
! =32 =20 =11 40.0 25.0 18
_ ZK141 | T6 =31 =28 =10 43.0 37.0 16
ATNOL l17 - - - 425 305 19
ZKAT W T5 =33 =25 =10 38.5 32.5 15
A7003 | ZK60 % T5 =28 =94 =10 34.5 29.5 16
— ZK61 W H112 — — — 27.5 16.5 17
— X269 i T4 - — — 35.0 20.0 23
- X278 ¥ T4 — — - 32.0 16.0 30

¥ 1) JIS H 4000, H 4080, H 4100,
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26 HEATI=aA

BEORHRE (B

MOE % OB & & W 3 Gix ¥ (kg/mm?)
gl FEIEH 5O R 5 H oM P <
JISEE | R ABRTIR iAoyt —
10°E | 10°E! | 107@ | 10°E | 10°@ | 107
A5083 | 1838 | O | WEmnyv| R=-1 15.0 | 10.0 | 10.0 | 15.0 | 11.0 | 10.0
ﬁ‘nﬁﬁl 5 13. 15'2 %18'83 — — —
q =0, .0 . . —— b —_
o | W% =0 100 | 7.0 [ (7.00| — - —
onz 10kg/mm? 10.0 | 6.5 | (6.00| — - —
A6061 | 61S T6 | EEmT» | R=—1 20.0 | 14.0 | 11.0 | — — —
|| ESbe | 8|88 2| 2| 2
T4 WS ET Reg = | 70 ([ (60| — | — | —
Om=10kg/mm®* — 6.0 | ( 5.5) — — -
§—~~55 5.0 | 60 ?9%% — — —
T6 | W5 RN R © 60 (80 — | — | —
om= lokg/mm — 7.0 (5.0) - — —
A7TNOL | ZKI41 | T6 | By > R=-—1 27.0 | 20.0 | 17.0 | — — —
R=-—1 20.0 | 16.5 | 13.0 | 19.5 | 15.5 | 13.0
T4 | W F @0 R= 17.0 | 12.0 | 10.0 | 15.0 | 105 | 9.0
Gm=%@hm 145 | 90 | 80 | 13.0 | 75 | 55
R=— 19.0 | 14.5 | 13.5 | 17.0 | 14.5 | 12.5
T7 | W F5 e { R= 15.0 | 11.0 | 10.5 | 13.0 | 10.5 | 9.5
Om=20kg/mm’| 10.5 | 8.0 | 7.5 | 10.0 | 7.5 | 55
ZKA7 | T5 | EE#® |  R=-1 24.0 190 | 16.0 | — — —
R=—1 19.0 I O —
5 5 e { R= 14.5 11.0 10.0 _ —
Om=20kg/mm? 125 | 95 | 7.5 | — —
A7003 | ZK60 | T5 | [E#Ey»| R=-—1 22.0 | 17.5 | 14.5 | — — —
R=-1 — 1 17.0 | 14.5 | — | 16.0 | 13.0
TS5 | il A e =0 15.0 | 13.0 | 11.5 1.0 | 105
oz 20kg/mm?|  — 9.0 | 85 | 140 | 7.5 | 7.0
— ZK61 | HI1I12| SE@#Y|  R=-1 185 | 125 | 10.0 | — — —
— X269 | T4 | EdE#HTP| R=— — — — | 210 | 16,0 | 12.0
. R=— — 116.0 | 13.5 | — | 14,5 | 12.0
T | wHme [ R — | 105 | 90 | — 9.0 | 85
O vaxrr3 (3,500 cpm), 2) /hEF (1,700 rpm),
3) o—vrAv¥rE (500cpm).  4) ERIUER (6,000~7,000 cpm),
ShTua,
#£T7 HEH T =0 L HEEOMRBB RN 3.5 Zofhoinis
- — POMEROTIE, ML oTi, O, ~SoF oo
B om 4 T GHETOLIF, i TR, GO, S S
: T, #i, T, BRD, TIv L E ) RAMT
JISREE | ERE&T (3 M B M Bt | o 57
AB052 | 528 J & | B | AB3S6  A~B COW, v~ R BT S MTIREL TR
— i 4 : ;
GK28 | Fv & A L) A6 A Al-Zn-Mg Ré&é (ATNOD) 0Hif, YIIEETOEIE
A5083 | 183S | 3t 4 | A~B | A535 | A~B AU 2 0 BIHC I 145 7 TS A 3 b B
" s ” s o s
A6061 | 61S £ & | C A53% | B & ORHTIMIAFFHEt D REDSBETH D |
— X336 3 & o) A5356 B REMZRARTII&E (ENOBERA, 97502
IZII%M ’;:E 3/2 8 A5356 g EYDYaxrF—oaoPBrIhTHEY,
ZK47 | R & A5356 .
Mm11w%® it; . asae | B RN RENTAFZn-Mg REED v+ — P L oo
A7NOL YF o UMLOBRRRE2RT, MEIEEHIEOEN
A7003 | ZK60 | it % c AS356 | B O iy R
_ ZK61 £ o4 C A5356 B teEElcE, XY ERMOM §ﬂ&f&5>,mm3%
— X969 it 4 | A~B | A5356 | A~B BHNECL 2 HMETCRBARARE S BANCEEL s Th
IS B IR,
Bl A HSEEHE & D) TR, Hepuw o
B : EBMEALT, Wi MT L C, SEBEH 7 Vv v 464
C : MR, BUBERES, HloRESGHE, OE¥ER I RN EROYV 2 X v F— v a v BH B9,
D : FEH LB,

81

Iz Al-Zn-Mg RA & OB A, BT INT:RS M 2 Bl &+
5%, MUEROBREL, EEMEELT O EE S
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=8 HMHT V=YL HEEEMFORE (EHED

¥ g # 3 B|& B H iy | e -
BB EE | RE : et B WRED

NsEE | AR | qmEms | B | Mo ® | @ | (kem/om?)
sz | oms | o9, | swe | B BTH | 8TH | 1% 2 -

- Gz | o | wse | G| TR | 1057 | o0 | -
asoss | 1ss | oo | BROR ) RTE TR 058 | m | s5ev
A6061 615 Te | 536 | 4 | 972 | 1T 7 " -

~ ATNOL zK41 | T4 | sw6 | b oA aA A 3t 57
o s B BN | ATE | B s | s~
T7 | s | ho | sadt | X% T 3t 5~7
zxe |15 owse | i B OATHE | s | s =
AT003 zke0 | T5 | 5w6 | g | S7E | 478 i 2t -
- e omuz | oses | B 5TRD TS | s<n | a -
- xeoo | Ta | w6 0 TR | Bw | nics | s | 6~7

oD VR v,
2) WESTOBBMIOEER B ML Sl YRI5,
3) FRAVLIIR &% T i, TJ MKEMO BN IER S () PRFREO—IEORETE %,

4) BYAFEES S ST, EEROBLE (AN, MEL) kb, HTREERET 5,
=9 HH TV = v A SEEERT OB (EERD
M OE A A % jas bicd 5% 1 (kg/mm?)
BERR | ) & W b b & @ W %
JISF B ATR HER [eyaloaYiit: - T
10° | 10°W | 10°E | 10°E | 10°E | 107
e | EEY | R=—1 6.0 | 80 | 6.5 | 17.0 | 12.0 | 10.0
A5083 | 1838 | | e [ R=0 — — — 9.0 | 6.0 | 5.5
Cimg | W7 WP sh—lokg/mm? 6.0 | 3.5 | 3.0 | 85 | 5.5 | 5.0
ST =1 18.0 | 12.0 | 8.0 | 19.0 | 13.0 | 11.0
R T 5 R=—1 125 | 80 | 55 | — -
(W) | W5 mY (R 75 | 55 | 40 | — —
Om—10kg/mm? 7.5 | 4.0 | 2.5 | - _ -
A =—1 18.0 | 12.0 | 8.0 | 19.0 | 13.0 | 11.0
ZK141 M»mfm [ Ro-1 100 | 66 | 40 | — — _
b =0, ) . .5 - —
ATNOL FrimEHe il 5 > 1 R=0 7.0 4.0 3.0 _ o -
O'm=10kg/mm2 7.5 4.0 2.0 —— .
g | R=—1 9.0 | 55 | 45| — | — | —
_.;gﬂj W5 m»| R=0 65 | 40 35 | - — —
T Owm=10kg/mm? 6.0 | 2.5 | 2.0 | - — -
R=-1 105 | 7.0 | 50 | — - —
A s AN R oY —
zra7 | FEEMT g e R=-0.5 2.0 1 5.5 40 - = -
) R=0 75 | 45 | 30 | — ~ —
Gm=10kg/mm2 6.5 3.5 2.0 — - —
VEMFY | R=-1 15.0 | 10.0 | 7.0 | 18.0 | 12.0 | 10.0
PPN | R=—1 100 | 50 | 45 — — —
AT003 | ZK60 | o L R=-0.5 8.0 4.0 3.5 — — -
(RgEEHD | Wy m» R=0 2.0 40 30 — — -
B Om=14kg/mm? 5.5 2.5 1.5 — — e
PISFANER o R N O .
— | zke1 (’;l'[g”’ig) VY| R=—1 135 | 9.0 | 6.0 | 150 | 12.0 | 10.0
CROET | R=-1 9.0 | 5.0 | 4.5 | 17.0 | 13.5 | 11.0
X269 | (hmgsesn | MO A7 R—g 55 | 35 | 2.5 | - - .

D versi 38,500cpm), 2) w—Erauwral (500 cpm), 3) HERESLIES (6,000~7,000 cpm),
— 82 —
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£10 Al-Zn-Mg &0 RE(ST) H RO IS Al 1). RATP (MF77)
T
— 28t
A H I5 1 (kg/mm® =
A A & 7il j10 : 13 glfsﬂm : 20 /(_1 e— 600 —»«-‘ :
- 35t
™ O O 0| ® | & — s
ZK141 ™ | O OO0 & | & /{
SR | O] OO0 O™
aew | 15 | OO0 OO p
ZK60v ™ O 000 O
ZK61V oz O |1 O, O | — | —
A7—I:Igf; o | T4 O & @ & @
=i
GERee | 6 0 DO & & 3t
E D fdEMoie, LT AETTF 2 b, |
2) B O Hhis L }
G ol fsEnFE @ b Einggs |
D PRRETHENIELE @ BLLHEINIEE :
35t 32t — i
£11 AlZn-Mg 6400 % —WIiBL oo F oy E§L>4> i '
IR ot N 4 F~5w7%o—4

Lo oA B B (mm)P
JISES | fErsE | T4 | T6 | SRY| TS
Zx1 | 1z | 12 | 15 | —
ANOL L 7xer | — | — | — | 12
A7003 | ZK60 | — | — | — | 10
—OATNOLAG | 8 | 10 | — | 10

PE 1) E (STHRD) TR AN FAL 5.
2) SR G BREELEE,
WMEEE L, ZoliiEd s35Ee6E, RBEKEBEEN
BRSOV A AL F—va VIRHEES CEDHEE LINY,
—7%, EIRD OFEEAREDIC I 2 OBIE L H
g k a oM EERBEL AN RS A TESR
BETLON—BINTHS, COROIMBREGEH L &
BEHEESTYIA v F— s vBZINTHEY,

4. FLOEABASIUMBREOEHR

4.1 F LW EmBRORR

o7 v = AEFOBER, SUEOREZZO
FEZTMOIEEESEBED L DTH -2, ZDK
B OB HFIFMBLEA, & b s TREMIE
# GEAILM BRBEhs Loz,

LA TR, MM THABLMNOKRUEM 2 &
HUuiHLvERor v EE¥EFEs N, HRANSER
BHEH TV 5, Bl A1 Alusuisse # (24 2) & Franco Belge
# (75 02) OHFEEF L 2 self-supporting fE#ED
RATP (v #iF#k, MF77), MARTA (7 + 2 v 2 #iF
#), CPIS (RATP & SNCF offEfE AN, MI79),
APT GEEESH®HE), X MBB . (FEH) OBIF
iz k % integral #i&m DB-S~-Bahn( ¥ 4 v E#m 3R 1
JOHL ETH B,

B2 RATP ¥4 MARTA [ty Hiho 8 AT
(Alusuisse)

I s DR EEEFHHMOEHOMA&® THER LI
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LEAMAREL D, ERD EE BRSO, M TEE
OBt d » T, HRITE, RO 7V T ElORE
TH - IEMEOEMN (BRI TH 3 H) i
Yo h T3,

%3 TiIcE 2 RATP & & ¢ MARTA il Bl o
HETH (SR 2R3, BAelE s —Bs8I vy
v FOMRBLEMOEM THR SN, MEFORETHIIT
BT R, 70 XA "—DEBRIER L2 x-T
AV
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DEFE I T PHL, EEEEMER L & TERL TV
305, ORI, JIBEIZEWR TR & RBEOAKR L
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OEHEEZ 6T DT, SHBROEENAKECHZFIN
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j—675--
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, MEDEN, Lo T U XEANDSTEETSH Y, 85
HHEOMALMEMOBEITEL T b, MNTER AA
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AABO0SA BB s & 0BT OF R E B X ovgdy
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1,2" Fro e - —- he]
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10 E x
8 6063 f
08 e e -
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= 1 !
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06l 160054 ¥
x ! ;
| 6351
0.4 : mem 2
0 02 04 06 08 10 12 14 16
S (%)
B4 [0 Al-Mg-Si %2 40 MR
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12 ABNOL 35 X 08 AABO0SA S&D8 B
N 3 # H
SO EEE] gmmms | W oh o WOE
N N /(g /mn)N/me(kg /mn?)| 9%
6005A 265 (27.04)! 235 (23.98)] 8 |France
4 S : P
AlMgSi0.7| 270 (27.55)| 225 (22.96)| 8 (VAW)
ilsen| =29 | @ =8| -
s Meen) @2 | @) |zs | —
hoksen| =2 | ) =8| —
6005A-T5| 290 (29.59)| 270 (27.55)] 11 PUK
HEHE[E 6063 -T5| 230 (23.47)) 200 (20.41) 17 PUK
6061 ~T6| 310 (31.68)| 275 (28.06) 12 | PUK
13 A6NOL & W T O 8 B H
s N Bl & ¥ B
e 7 (22 y ‘Z:tl
BINH ey [ATEES (W AW o RHILE
(kg/mm?) | (kg/mm?) | (%)
5000 17~18 10~11 13~14 HAZ
4043 6000 17~18 9~11 12~14 HAZ
7000 16~18 9~10 11~12 HAZ
5000 | 17~18 | 10~11 | 12~14 | HAZ
5356 6000 17~18 9~11 12~14 HAZ
7000 | 16~18 | 9~10 i 12~13 | HAZ
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BT EEOMEICEET R EONH B 5 A, KE
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WKHi4 v OBHOMES SN TS,

2 Wb P E OEVE I SRE O M S B R K
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ST hiEfahTY, B
EpH o B ZH N5
LT Cu &igh,
RBENTLE®,

pH & & & 1dfif 4 > QMR CHYT 5 KE EOER
EUTHEEERBSAISNT VLAY, KBORBRD RO
&5 BRI d o T, WEEREE (H.CO:+CO:), ER
W44 (HCO:) X REA o (CO) & UTHLE
U, ZOfFELE pH WKFET 5,

ENOHKDOFDBEEBRR DD
, —EHEHRLUICu” s Cub K
Cu=0 <E UCTENHEICNEBET 20D L

H:CO:(CO:+H:0) Z H'+HCOs" ceneeine (1)
Ki1=4.45x107(25C)

K:=4.69x107(25C)
pH 8 LTIt THEIBICHFELT 5 O EHERIR & ERE
AFThs, LT, (D R 5Bk 5T, K
OIEHERTE DAL eI TR oREIES pH
OFRZMEL, FOBRE U CHOE N2 FRICH
<o B3 124 A OEHEE pH 8L NSRBI E
DOBEERT, Bl pH OE T - THAL, &k
Bokict - THINL T3, 22T, COEREKHED
pH iwis iy 3 & REM ORI EHRBOEMMTIIEL, C
NBEOBHZPELTOE bDEALNG, REICE
HIFRKEETHLEND &5 CEEERBEZ{EH, ZOK
»iz pH RV KOBE, KkoEar:, Cuprosolvency
DEOCEBHELNTLEY,
FAE D HIEHUICHA 4 o BHERINE 5y — 28 UT
wOL > HBEENHIEN T S,
U)%4jy1t@T5X%4yﬁﬂﬁw%@@KH%
, EEZERZBHE.

40F
30+
€
Q.
X \
N 20k
§ \
~ .
= 6.0
1.0+ 6.4
\ pH
6:8
0 7.2
20760 120 *
2R (ppm)

B3 44 BRI R ETRRE, pH O
(BARCOHBATAEEIC X % 23hr O F A 1)Y

&)m$®m4jzmﬁmﬁﬁm@mﬁﬁ%ﬁ%Lné
B

(3) BELIIEWE LA »OESREINIYE

(4) KT H LR A £ o8, HfD - P73
U LAOHRERETIHE

() 1 —icHF VK E 7213 green water EFRE LR TWD
59, TRRMAAZODICIVKPEBRTI DT
B, A4 ARSI B AT 4 ELTE AV
PHENETIEDOTHD, COUBBEATATOR
WEEHEEE U Y L, THDBEA VA VBT R T A, R
FFYLBF YT ARV IF RS R YT AR EDH
AFERGUTHAETADLBREETE DOTHE, C
DOHEE 1 ppmBEOFH A o OBRCIETS, AT
ACES L 25 4 O £ FURBRIR X L KET S
CEikh—isilang, £, BRAELTLES T
254 AN EOTBBRTH Y itk bBRrETES,

(2) OHEOBETIRAKHEE [HBM2EERE 1775 ]
s EEES L > TKPOHE A 13 1.0 ppm & THF
BRINTWV3,

(@) HE, KPFO 1ppm BEOH 1 4 o BSAKIEL
BETHE T EREPDONTE Y™, #HAEND R
LEERILILVWEEALL, CORIBLT, EForE
COFINETH O THETH L B8 2 & 5LV,
Lirl, LEHOCE»LEEEFGTED L NLHEHOFER
1ppm& VS EHBE L Y OBRBERZAIZLDEVS LT
EDBTED,

w@%@;%£®m4ijm%@o%ﬁ”mm%7

T APODEEREETSELTEHL P OEHIN

Tnd, WEPEETS LDOMAF v OHEFEEEHT
b%%ﬁménfw&mm,uﬁwogﬁw%éalwm
02 73 2y A ORBARBEREVCRETH S CEDN
TWb,

PLEOBS RS X b AU 1 ppmETEROEH 1 4 i
HHTEDTHD, 2L THA AU DBCOWREIET S
O, FEERKBSERLICEE TERHEGE I,

HHVRE—OABERERINIZEETH S,

B4 o OE ST 3 AR K OB R 2w
5T EThb, T7/bb, NaOH, CaO ® NaHCOs 2 N
LTpH 2R3 CEMHERING, R4IHEHED
JkiEskic HC1 2L TpH % 6.5 Il L IcAK2H VT,
AENEKRER AL E XOHA & v OFHEICRIET
NaHCO: MO HE 2~ O TH 3, 10~100 ppm D
NaHCO: ORMMBEHTH B LD D 3,

s 0 ES RT & 51T, ARTERE LT0.5% b
o Mg 2anT g« 4 > OB HESKRECHS T 2
CERRHL, ARBENTANELLT Cu-Mg RER
BHWS CEREBRLUTOS,
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DRI OEHIEE X127 pH OB B2~ LD TH 5, Wl
& & |k E® | AYa—F W giipH Sﬁﬁ%’zcmwﬁ- B, ZRE bk pH BX
1971~1981 | 1967~1971 | 1962~1965 08 pH BBV THEHENE{ Lo T 5, BRNICIRE
A fr | 6.9 (20.0) | 24 (33.8) | 6.4 (48.1) AFOEEPEEE L I kHEpH okiziz s ALz
i & | 9.5 @7.5) | 12 (16.9) | 4.3 (32.5) ¢, (EpH s THEMOMESETS, TaD5, pH
B GEH) “‘"“ 3(4.2) - PEOHITFARZ R S & 5 WEAIOFHESE 0 5 HENR
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NOm o & | 3.8 L0 | 2 (2.8 - 2" G EEPRCAGHAR AN, BT BH1 T bt
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.| Mﬁ// T &0, 2 LT Campbell™* 33, fr % ¢ DR
R OEs#icE b 2FE, Typel &Typell, RAFL T3,
6L L ! s L Type I Of &g, BARZHES BAKARECECEL TH
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oM R O (ppm) <10 10 ~ 50 <10 ,
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ko h s rAReEILIcEn s, chiedu THE
WREBEBEEL S WRERENA 50mV vs SCE &
EZ&“GJ_P@“ B E S, FLAEREB TP TZEN D,
EE S ATE B RS2 RIcTETEEA
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&S % D FLAOFE B & O RE T E S "memb-

rane’ 12/ % T B O, B AV REBEEF RIS EM
WETHBIHMOEM 2B THAFEOHABL R

Laé@é&?é%@matwﬁﬁgnfméo

FLEOERITET 2 3L Vil B BRIICT- TcDidMay”
Thb, WMAALAOHATCHEET 5 HLE—M (CaCh)
FEEHU, ChDFLABM~OBREILR 2T 5 e Dicfli
DO &AM E ONICBRBBERIERINZ LT
%, Campbell®® iz May OZ A 2% T, & bICRREK
LB FL NI O T RIRHICE 5 LR TW 5,

Pourbaix*® ik FLAPIIiIcEET 5 HiELH (Cu:0) &
L E—R (CuCl) B L, CuCl @R & Z DK
iz X 2HCl OAERBILEFRAE CHEELRE 2RIzT LU
T3, #2LTC, AAFRECELZTOREZROL O
EITOS

) #HEKRPEETSE, BRUTCCE, Cu” 8L
CuClptE R 3 %, CuCld ki@l ¢ Cu0 & HCI
RERT 5, BEMTIRCOHCIRFEKCL DS
N5OTHOREEBCEIT 3 pH ETiRE288 5
I,

@ UbL, KO- T oRE R
HERL, & 5107 O RBESERT 5 &,
Tk & - THRL THCIB R s 13, SRR
BAOKEEO FTIRBIEEE 2B IHA»TE 5,

&) FomormropHiG&L2IETL, 2wk Cull
PEREREETE LTINS, C ok, Cu,
Cu:0% X ¢f CuCl pSE§ 2 RHETH H, MAI—pH
Hic T, pH=3.5, E=19mV vs. SCE @ 4:{fi
Wine 5 & BN 3, FLOROBAMY T ONEFHENM L
hECHIE, FLOPOEAET IO LARNIETT %,
2HULT, AEMNIEET ZYDHEREMSFET S
C i B, EABMOERIH, Brussels OKEK
OHIT 100~170mV vs. SCE L FHEMN L D ETH 5
25, CHRAEOLOBREND L ZEATEE2S D
HTH DB,

PloZicikss, LARBHCIOIREBEMNEZRITULLS
W EDBEETHH, ﬁﬁWEzﬁﬁﬁéﬁ%ﬁ R B4

OBEMPBCTI2OTHEISNRELL LV ELTV S,
Pourbaix HHIE U 2 ABANZIEE IC B 1 2 BIFEME &
=L TV D, CDLD BWHEABEMZDISEIICEIT S
Type [ OHLBOBESHFET 5 EVBREEIPD LN
TB*,

Lucey®™ 3L AT >WTRT ICRT L 5 2B ORK
BERIERL TV 5, “Membrane cell theory” &Fiafns
C OERET LTI, FLEONE A 2R T2 CuO K
(membrane) ® P # & KAANIT IS W TEHIBIGH & '
BRIEGEC 5 & 3h, FLAWEHEOARBRIICE T 3
BHERSEE NSV, 20T, MENHEICHEET 5 HE
B g Cu=O I & Bk membrane & U TEHLICD,
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IR TS s
VIl
0‘ TP

PAY

Cu CuCl

7 Typel OIETICBT ZEARGH
(Membrane cell theory)®

Cu:0 membrane DAERZBIMACHIT 2 L3N TV 5,

Type T O AET 2 EELBEOEBIEEL SN
7z, $7chH, Cohens*™ Bk ¥ Franqué i3 35 5 2
5oz 2h Type TOAAZEETIHENHICEZ2R
HWUTz, 2L T, Cohen bk 73 v 7 A0HBIK X » TH,
BRE R FIE TR EOENFELT 5 & 2RUI,
bHBEO Type [ OILBECBNTH, 77 v & 20HE%R
BEURERBR SN TE D, EANZ Riid 5 1 Zimo
c &, FEFREOBBRERIT 3 Lkl T b LitoiEmk
BIRTERNTHD I,

Type T O ERFEIH ZKOBHIZTONTHEZL D
LB INTWV S, 7, Lucey™ REEICHIT 3 121
HAEDKESIHE RS L L TR 2TV, KEDIHE X
h FLE M, 3/2b b “Pitting Propensity Rating”
PR LTERERLU, COoFERI bR NICAR
FAEBEMEE BT 2MEOEHRER & &~ i,
COFHERTEEY R & ORECOARBHCEER TR
WESNTVE, KRB TRIAIEERBOZ VK
DOHTHRAET 2L 30, WHERERE 7 v ) THINT 3
CERE DIABHEINES LOBET® BRI 0T
WBe X5, Lucey'™ »ESL 1 121 OKE I E % &
FEMEMC X D EEMEL, AOFEE RS LEEE
Fxd o pH EEHEBTH S ETAHMEY L INT
3, Type T OF AT 3 EOHILOPTHER SO
Bk, KOBAMN R RIS 5 REHEY P
B OFL AR 2 BEITHITE T 5 12 OB 2 BFE
LE3&TaETh B, EAND Rl 5 UIFEO IR
WHIsN3BELHTH B,

(2) Type [0 &

Type [ OoF A< 2RO EE L ERIE Mattsson
5T ko TR aNT, WHEAY = —F o THEUIISH
DR EHEG IOV THEZTY, B pH B 7LUTT,

HCO: /SO B 1 FOBARELRPTVI LR RHEL I,

S Bic, FLAOFEEKC OV TR 2TV, HCOS B
VKO PR T i B M R R AR OO (R Y IS S D RN A U
TTE 30U, SO LA I HFLEETRERE O

D& RIHOEED b HEN T ABICERL, ZOTFD
HABRPAELLERHL T3, KELORFHITHE
¥ % Mattsson 5° OfE#§IL, THIITKIT 3R & &
{—~FH LT3,

LEofEfcES &, Type | OfLfcH§ 23dME L
TARMIRT 22 B NaCOs D 7 v n ) 2iRINT 3 ¢ &2
MHER N Twva, %L T, Mattsson®™ (3 & % Hilshic ¥
HLzF A% Ca(OH): OB & b Bk U 14602 8
LT3, $12, BRKBRBSOTRE N> F2HHT 585,
A SOS WER2E DN E EEEIND ™,

Type [ OF& & FENROREER B S SEBEKRTH
A E XN REBFEOKEL COILADOWEIRLD
B EDBEI»HLNTL S,

3.2.2 bHBEOILE.

HE LR BIChBE OGO EBFIC OV THEZ
7o, Mok > wEEERBELTCVS, FLED—F12K8
WRY o

FERHEoA A>T

(1) AEROHPEHOBEMKICDAEL TN 2,

(2) LADFREAEZBHHRE S RREEITDL0,

(3) FLEx AR (CusS0.(OH)s, Brochantite)

OHERMO THITAEL T3,
1) FFREBCRELEEL T CuO,
BV d 5B,
(5) KIEBWATH Y, HAEOMA/IKO—EILL T,
HCOsiwxdd % SO & CI B (E4),
Ze TR B & O EGE IR B ARE O RIT OV T
(6) i P) zatBatRBcEbhicflad Ao T
WA, LA S OBEFNCI O TR R HEFIS AR S
NTWIZLEWBEPHENTIN S,

R IERER

8 DHEDFLL (Typel) OH
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£4  OHUEO AR HRE L0

2% gl

B H W OE EREHAET | ACRRmEE Koo
E I R - - 28 5 3
. pH 6.4~7.6 7.4~9.1 6.5~8.0
- BREEE (wp/cm) 55~296 142.5~1,150 102.5~800 111.5
HCOs- { (ppm) 8.5~52.5 (30.1) 53.7~219.6 6.1~52.5 39.0
* | (me/D) 0.14~0.86 (0.49) 0.91~3.6 0.10~0.86 0.64
SO* (ppm) 9~70.4 (32.6) 8.4~41.0 33.7~300 13.9
“ | (me/D) 0.19~1.5 (0.68) 0.17~0.85 0.70~6.24 0.29
cr{ (ppm) 3.6~31.3 (17.3) 7.6~25.5 4.1~70 8.5
(me/l) 0.10~0.89(0.49) 0.21~0.72 0.12~1.97 0.24
3] # il 25{ : BsEElE L 3 {4 ¢ BRERIE 3 2« BRERIE Y3k
HEk+ 7 v s8R BRI+ 7 v A ERIR
5« BRI 1.4k BEREERIE

PEod > it E» S, EFELE, DYEOIAAR
Type [RIET 24 D0THY, ZTOREFEMO—>ONE
ELUTIRDEITELLRD LDV EEATL, THhbb,
K DRBESOEEIRNL T, ThichbaE1 4 &
LT SO, Clo, #1724k PO 2 Edsdeie b O CHLE
TEHAICE, RFI-TRENRRIh ORI %
S FIGERYPBEST B, Th b DERERY KSR
WX hBeEEL, BHMCpH OETR2RCLTHAR S
FETH, chicw U CEEE RS IR L CHRER
BETAENIV, DL &, HCOs BE (FFER) I
ut, o1 o BE OFR) YRV E s, A&
BPHETI—DOFGREABIDEBEALZLENTEL S,

BT ->T, EEL3HAMH® - & - HEWETIE
MRER BV CHREBOFLABEF OFM L HERZTL,
ERo X5 nfAOKEmAT, FLARKO pH i3 3~4
FTETFL TV A &, FLAEB I CI BEEL TR,
CuCl BBHINBEE¥I B ERERRBELI,
nooBEEZAAHNOHEMY CuCl 24 L CTHEFTL, Cull
OIARSRRTE b A AROKRE K pH tfifichac s %
ARUTHD, LEHENORZYERZRLTVE, EHAEA
ZOWERBELC, FLEREHE TV FEEEBRAOF L
EREINTH BT EXWSpILIN T EH,

Type | OHAER2WT, MO TEELIEEIREEL S
hic, T48bb, BELRERER2EDICATKEHNVT
B 2T, (kDT & RS IR TP,

(a) Typel & Ak, Type I OFL R & ALEFEEDHE
FRBAYBEAL, £ O +150mV vs. SCE T %,
FHEOBMNKCOERE®AS &, ERETCRLINSG S
OLHEBEHLRBIET 5,

(b) KAMTISHFBENEML T3 TR, HE0E
MSHABN AT, LABFEL B, BERE
DEIFL, 513 ~10 ppm OEBHEVSFELET S
e, BAVEAEMZBAAENFEET S (I,

400
RZiE% 10mg/ ¢
300
@ HEIER 3mg/ 0
= 150f === M A e } -
E
= 100 LEaL
£
FHEIE®R Omg/ ¢
O —
— L ! 1
%% 2 4 6 8
HRHA  (8)

B9 60CoEK (AT/K, BEBESAN) W 5HA
(Typell) &TBAL, FRRHFRI4E OGRS

B, BRSO BORE OKEK R AV TR ORMR %
T 2~ 3ppm OBHEIEEOHFEE T CHEBRET S &
L it L, BEERSESTEAADOETIELLT
BT ERFRULI, 2IHAL Type [ OFLADIAE
BRSO THOBMPEABIMCGET BB 20 TH
HL, BoE{t Cu0 BFHEOERK E 7 i TET
3B~ 0 ClO: ORIk 30THBCE, LT
KADOBEHERICOMHFOBBCEE T & 2EMHML
77

Pl kizyR~iz Type | OFL & BT 2 HE S L 0D
RIS, AAOREE LT, Kiedh~icry vy )i e
b, BEEECHET S L ONEEING, EARTHE
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PWEEERICRE BB OB W THE T 2 PRIERAR
FPYTAPEAINDCENH B, TOBRERALE
KEL LWL EBFHETH 5,

DUEBNTRINTE THES Type LOHAEXR LN
Til, UDL, EELECLERE Type T L E@bREH
£ 1HEBRUICOTRALTH .

K10tz » 2 HX DK HEEICEL LA TH 3, LA
EMoGEEER b i EEERES (Cu:(OH:COs) 23
FELTETH, FAANTORAGEERY CIEEERL
58 (Cu(OH)CD) %5 & X HiER LR (Cu0) BEEN T %,
B ORI Type | O #E s 3 “MOMBRCENYT &
Wi bokb, LA, Typel oL s 3 “MOMIK
CEW W5 bDTH A, KER RS RT LI,
Type [ @3 DLW s»iBEL D, Tib bR H
HOEL, M7uyn Ui, BEHRBES &, SO,
Clr @7 EL L my, UEDX D L lh 5 L OfR
WType [ BT 58 DEEALGNS,

ek b FL s Type 1 & Niepfian, MERECRE
HABBELTHEDODNTEIZ, UL2LEYMS, DBEHOA

B10 DAETHEEBE NI Type ] OFl&

x5 HUBET Type I OFAR LWL DIKE

pH 7.1
oA E B OE (#S/cm,25C) 420
& il 1% (ppm, CaCQs) 160

Ca T B (ppm, CaCOs) 110
M7 v s Y E (ppm, CaCOs) 150

£ (Type 1 )B4 3 REOHEPWHROFHER 5, Type
I oFlf s wkoflf Type T & OMicd { OHIERAVE
T3 EMNHEEMICL-TEN, THbE, KELHAA

SRR b O AR TS TRE 3 oo, BEERICE
WCHADOREE EIMOB LAY & RS (“mem-
brane”) ic & b KHII ATV 2 4, Wiho Type DFL&I
LIFITLE - L OBRBMPERET LA, BLOWEL
LTS R OETBREIC BT CI & 5vid CuCl BEER
BEREL TV R AR S REHEABRLENG, ThHDL
EDLWERBTLHEOBRREVI DTHL, BR
FAERETOERN S EBIECL TR D, HEED
BHEIBETH EVIEBAVELI E>TL %, TDLS
wEZEZTLBE, Typel KB CEELBEE 2T, Type
T WTE 3 TRZVEINS REERBECONTIZ,
7O g Lucey®™”® Ov 5 X3 i, Cu:0 © “me-
mbrane” DR 2 EIROICHT 5 D THY, ZHIZBT
Ld “REE” THEzLERZMOMETREINGS
E OIS R D Yoy % LT, bED Type [ ofL &I
BOTH, REERBICED BEBIEF A “membrane”
BPHHRLTVAELDTHBIOCEBEALNTL 5, LN
OHEBEOIEHIT PO TELE 3BREVBBRETH S EEABK
BTH Do

33 & &

MEOEH F ORI & b OB L ER 2521
TSI REIN D &, ZORTOEARIGHEIHTCE
e 5, chdBEE&THYH, Erosion corrosion ¥7Iik
Impingement attack & $Frah 3, EAZBEERICER
EREBR LNV &2 EHME L, BREEOEAIZER
RL, KOTFRIEIHE-> TELBAEIND TEHBE L, —
Bz B11 R,

YK EBL TV AREONmICIEBLE (TE) &E
HHE RS Z OO (B 2ERDETS2HID
I B R M ARICIER SN, CNBRERFRHT S,
—75, HENOEBERRN L 2HEEA 2RI TV %,
C OHUEEER OK & S RREBEIET (T Wi DT

W We B #® (ppm, HeCOs) 25.5
cr (ppm) 22
SOy (ppm) 20
Si0: (ppm) 31

(ppm)

260
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H%, FeEUIELFICIT Ty i3 Brasius ols 5 2bs
N3,

tw=0.03956 p Un’Re™™
o CEK
Uw @ SEIHEEE
Re: 14 7 VX (3X10°~10%)

R EDBREIN ZHRESF OTAEE 2 LE - 72 &
HRERVFEET B, BAEES RN ER &R
TR BRERCHRT 3, BTE L U TR 4T A
MicBiFae 3 0 & UTHE, %, Hodhd, HEOWN
HERECY D 3, BEE LU TREMOEREE & FED
HEESWCHEEREOD S D& LT pH, REBRS, B4 4,
AR OEIME s EKENERTH 5, RIS OENR
BT 2, Thbb, REOEREE PR EE S
Fizd & &b, FRBINGIICEBL, S5 RBENE
95 skl R SE U T RBAEIER 2R T B &
WHHBEETLLE LD B,

BAEFRZEENRECRE(EESNE LD TH 10D,
WEOHAREDHEAREZRD LS LT rRaran
TR EAREBIC L bR 5 NI ERAREDE 2
bOEREICRT, BRED ERL & 0 pH OETHIEA
OFRLEZFEUABEL TV, COL 5 RKEASDREAERAE
DD ORI KECEE L OBEL LITEA L L
BT EILD,

B12°2 1 i Wiz R IR O BERBE DM I B N THRAEL 2
EER2EKRE T HEGH L KEOBGERZRLIZEDTH 3,
WHBOBHKBKEABERRS TH 2S0: 72 & 2 LT
BT 3 L5110 DT, cOBER T pH 35
TIBCTHERAEDFEEL T 3,

zeT

4. © ¢ U

WK B WO THIESYOKARE & U TR N 5 h
2L 5T T 6B E T, DYEER A
UTRFEETH 2 L FDI 5 R2E005, bYBEIBNT
L DIEMBKGERE 2R E L THENE LN,
UTZo ZRIONTYKITL 2 MEDEEME, 4 4b5
@4 o DEd, i, BAOHESMONG X5k
T&EI, T b OMERFESHET 5/KOE Ik 5 {
h, STOUKERHEL, FE, FKESAMLEL &b
Ns, COTLEVEHEOTRMEREM L, 7 DMk
BLETENLIDEADNS,

FLUT—ATE, OB afimeydlLzrs v =
MOT 279 s L EOHH TR INTV S, L
LEHo, oDl &3EEONRBEl»EEIEL T
WHELREWRT 0TIV, ZRETSHh, BRFIC
8 > THABIG ORI P R HlT ORET Wy > BB s
fPHRE L LanNTV 3, bBEOARICHEL Tx Shi:
ECHU VIR, BCROFLEICBIL ThOE M 2B O

®6 WEOWAZIES Y B HHHE

o & H | mir(e) | HATE
Obrechts® i {5 K| 6.8~7.5] 10~43 >3.9%
60~93 2.4%
B 5w E 7K ~7 WO 7.0
TEMK| ~7 HOBE | >8.0
Knutsson 5| sk (koK) 8.0 30 12.0
8.0 65 6.0
6.5 65 1.5
B 5o k K| 7.1~8.7 20 >3.0
BRI 6.0~6.6 28 >3.9
Yamamoto 5 V| |- K| 6.8~7.2 60 2.0

FEHAREIE R SN TS, WASE L CINEI N BT
H2 My 5 HAR - 12,

70 —
L X RREY
60
50F
4.0k
T -
Q.
30F .
- \xx;‘(kx
20F = x|
10+
O_‘J 1 J. WA EET 1 EI I S 3 1 S
10 50 100 500 1000 500010000

WiE 4> (ppm)

B2 PSR BmaRY oA s SO H 2D
Wk 5 pH KT o g%

B 2 ABICHE T 2 5E2BHET 2 120 OBfg
ERZOHERBLENTES, SHROBEIEGEINS
LTATH B,
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FOficd, FEOBRBECHIBRETE-FRER L &
RBTBLBADREDNL S>Hh OB H 305, &ED
B E » THEKRKOREE, RO EM T 200 kV TR
EBTE T OnENBURITLE 12L& THD D,

e, DEREEME A5 100~120kV @ EM M3 & v T
tods, BE T 200 KV @0 3 OBHIN B I H K- T
W5, TORHIEN, FEORaEELPT LT,
— R ERE 125 kV §i% CREIIOEBHETL 3 &0
b Tnd, g1, TESHLIESED EMIiTiz s - 7258
HHEEEEPERTEE Z-TTE20ThY, B
DODEMiZid, cO¥EBENA T2 v ELTHNEBTE S, &
LA A, (EE»S & 2EEMETRIRE L, DITEER
IR HT TS 5,

AEMER T, BESVEEZEA L1z, BAE T8 JEM-
200 CX iriE-FUAmSI o E > TN, 2 oG Ml
BPOLKOPIRLT, MECBBHP LIV, BBE1Q

LT T

Wk psEA L 72 JEM-200 CX AT oo 5

1 JEM-200CX 23 #7707 BHHEE oo 4

2. DIREFEHEBE (AEM: Analytical
Electron Microscope)
TREFHRME SV O, ~OREALE, Ek»rd s
TR FHMENTER QB REE L uRk O ER 2 0
, BUERPEHELLVLAESNMNTER VAT LD

S THETHME L VA, EEMEFENE (BL T
SEM : Scanning Electron Microscope): & %585 &
##% (TEM: Transmission Electron Microscope) #5&
b, ATHEREBENT, #BEEEL L TP mRE
KHWSNTato, L Lus, BT, itko TE
MOBEEIGERRBEER V- T, BT EERES T,
KE»OMIETE 2 RBF 2 IRHBTHA S SEM o
BREER, » 30, MM E2EBL TEIETIC OV TEN
WD Td 5 HHEBTHMAS STEM (Scanning’ Trans-
mission Electron Microscope) OifE%2 & b, e o
T RIGERBPR L e s B e RS A L5
STETVD, ERAL X 5K SEM 0B i § #iliiic->
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Tk STEM G»EETE 2BENTRIN S L OEE
LT, SEM, TEM, STEM o#fed—@kib3h 3B
H5b,

Ibic, EEGEEEESAEIh TV, EESE
TV ETEPEEOERICHEIL w5 L bTRELZD,
ZOERPLOXBMONETEHL LD, THLIK
XM, BEXE< s su7rF 49— (EPM.
A Electron Probe Micro Analysis) 25§ - T2 3 DT
»%, EPMA o0& TE LT, HESHE (WDX:
Wave Dispersive X-ray Spectroscopy) &5 75T,
5 EM o #4ik, =2 v¥— 5% (EDX: Energy
Dispersive X-ray Spectroscopy) & i 5758k T X
S RBLE->TWS, §IEO WDX i, BHEXROEER
WAL TEIFET X D 2R MU THREZRD T
WADIH L, #EO EDX o0&, HEXEo T AV
F— hy REALTIAVF - OKRE SHIREEL, 27
21 MBS ETHRESZRD TV 5, €O EDX 0, Na
PMOBEBLEL LGSR T E LV, BTRIAL L
Cranw¥—735 44— (EA: Electron Energy Ana-
lyzer) B3 ¥3HA DD, “ANVF - TFFT A4~
W, BEFSEEERET 5 ETEBC—EOT A VE —IR
L B onic, COBRKIFVF—RFETE LI
X O EESHHTE S L L AT EELS (Electron Energy
Loss. Spectroscopy) & & FEEN TV 3, Li PIBOEIGH
WAMTE D,

Yok 5 K BFEMBEORBI RS OBERH A
WA SR OPHIBFEMET, ICREHIAE R
S TVEOBERTH 5, O D CARSFHTEC 2
Bk, Fui, WY, SH®LEOLEHOR
EMNEHITED, ChbDEWH B VIERTITCERD D v
b o VBB 5 T B,

3. THMETEHZEORELRE

TEM, SEM, STEM, EDX iz 2w T fliBiic 7 OfE & B
HeEHHT I,

a) TEM

TEM &5BHOYEETMSE E okl 1 Wiy, &
TSI Z OADEB Y BT~ L B2HEE UTHNS,
ZDBT v — AR ESHE I TEECE NI DI
IREECGRDIT % 2 — RO BRERRED S H , MR T
13, B 2000 FEEETLMAAKLOIREL TEM T
BEEERTIHE (V4 Fx v b U ~FR) £ THEART
RLENTED, IRHERENEETHSHEET 2 LEF2
HU 50T OB, HRyisages 25, TEM
kB GEBG, B EUFEEMEc 3 ERE
DEWEE 2R T, TEM o, B oFEL
HEFr—22HHL X (A2F oL o X) THEES
W, chezRRcES T 5 SETEIGEET 5, T OR,

HIFRAREF R
L X

Ex o BETE &RE

i

3 EEEMEEG & ISR T o B

EEPEORE QBB RY — & (BEE) LR~
& (A 2HEL 3, - L2000 0 TED TS
AXS>TRBEILFTAPODWVIIENELING, LI
%%, BEEE (B.F.: Bright Field Image) &FAT
W3, M5, B E— AT RED IR ARNE, BTRE
C1e@masma s tin b, cneEEE (DF.:
Dark Field Image) &IEATWVS, COBEITE— HZH

h Hi9 7z wicid, EFEC(ET ) (Diffraction Pattern)
RIS BESS B, BFHE, ROLILTHDS
n5°, BI3wRT IS gL v Ao R OMR
K, BEVEHCRABORITENTETV S, LIt
T, BEL Y XOREEATHERERZSDE S D,
BETHCESREDEIPITE-> T, EBTFHHEGES>E
FeBBLN5G, EECIHBREE) BEINLTHD,
CORh CEANEE» S OBFEIENELND,

4 iz JEM-200CX 08EEOBENTH 5V, L 2R
TRTCEFV > AT, MEESFRLHRAEER2 AV 3HA
FEFL o ATHEREKENTVL A,

b) SEM, STEM

SEM, STEM of#miE % B 5 wrRd, SEM, STEM &
BPHET S E X, £HHY X, WYL o IR
wizh, M PHAIVETFE—- A (AT 7o~ 7) BERE
HMERINALERL S, ABRERI M VITMALH
RERERTCL-TZOBF U~ s WRBEREZEET
%, SEM @aBZEmb» oiROHU T &z 2 RET 2L
B(rrFr—varhvrs—=@uE+eETHEE)
1wk b U TCRT (Cathode Ray Tube) Liz{zl
HL, 7z STEM &, HE2HBEBL TEoEBET 28
HROFH BB TE AT CRT wiem Ul ¥,
3 SEM, STEM OEETH %,

¢) EDX (EDS)

EDX i3, BT 7o — 7 2R BHRE BT 2 LROH
UTK 3 XEepaEimtfrAoThlid s, CO¥E
FRHBIERYVF LR ) 7 haRICo ) o
EBHOLENE, CONEARPCXENALFT S & RO
FEHECHEF /N P b EEN Y FICETBHEsh, M
BN FiciEFL (Hole) 2344 %, Z0EF—IEARD
WO, ARXBOZAZvY—ickhblds, ol
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g1 CETHNG &R HENEIO i

® O OBOmM % VR R S
A IR i 7 ! Ve i
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I8t 7% 1 £ & PN e tt
v v COlET Y v R (R, BB b T S ¢ A ')
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Iy b7 A G 5 ORI 1 A -
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SEMi 25 SiL)
Be®
& ] WARERT 1T —
¥ i
EEIAN D) e NN <7
lZ] > IE ™ 1%
- T LERB N S
T ™=k
— MCA) &
| ég::::> EBE smzs ] g L
L 2 = Xﬁ@ﬁ“ . ICRT TE
: | (—1000V) AR
B - l
| | Lo 5347
! iE
I > b
B g g [ B6 EDX 4y # @ # 5%
& K‘ 7 7. T L
a1 BRI HHHEHEPT C LB TERODO TR LOWE
kﬁ PIRETH %,

PRIL Y X < | X

4. AMETEBREOILHE

1) TPIIZULEER0 Zr L&Y
AR, — S OAl-Zn-Mg RE$ (AAT003, 7021)
PP TR L, MEBFOAL-Zn-Mg-Cu %44 (AAT010,
7050) W HMBERIIGHEEL Ty usikEboTovaz
DABHEDODNELIRE > TV, ZORKOBANT SV
30 LRINEEIE 7 0 LRGSR E BEA BRI A
T@(,btﬁvT@EQ&%ﬁm&M%%ﬁébbﬁé
S0 s el LJ‘HT"L\ PoThad, BTixow
a7 ADOREEES DI fzic WEINEE &

CRT

STEMig 88

B45 SEM, STEM ORI

KGO HBETR 2L CEAREL LS LESB
S EFIZE WA CRER L, B a@ERK, E
Flik PAERRICINEE SN, FhuchE- TEED 5 Xk
h A U e BRI YT 2 BAOEBEESTY Hah s,
LoV AROBIERIEL T, /S0 2B ESFEE (Mul-
tichannel Pulseheight Analyzer) %33 &, 7V 2 Dk
| (XHRO x40V F — ) 2 Rilne, bl —ER
WW@A&M%&oLX%®La»#~-z&ﬁbwﬁ%
5N%, ¢S EDX OFETH 5, K612 EDX OHR
% RT ”
PlEo & 57 EDX oisiaiteed X<, WDX @
SHTRIECE THEL TE TERSF T TR - T
rrEBoTESFCELTERENEEO LT o
TLMERLTWVEL, b5 DHETH %, EDX
& BICETHTIL, WDYCw«ﬁx%ﬁﬁ%K%M?%
A — RHL F— ZMHEBERTH Y, FEGESATH
5128, &<K7ﬁ*ﬁ977%ﬁgtbam@f gy ; sreo ol
DL ORER, ﬁMwmm@ﬁ®ﬁﬁ(mN“ﬁv>K¢ ¢ JEDX (748 ¢) EDX(ALZ1)
SHIHEERT, LU, DHEERHRET 5 12 oIciik B7 Al-Zo-Mg @Ganhovira =y AR{EEY
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N EUNETEEE (MMD: Micro-micro Diffraction) %
ST TENRIEERTH B, MMD i3 Geiss i & § FiIEh,
HEO—AEARBTC— 2208 s ¥, ZOREAERIHNK
BATHE &, 22 ) — v EOBOEERZED TE
bbb, COREOBLEBREROFTD STEM MO
T L, T OBRHER % CRT B EETE UTERT
5T &k b EFENE SN D, SEFHROGHER R
w1mme OFRMBHIThHY, HERELEATTONZER
LI S ETAER & 2 5, BREOHIBREEDS 1 pm ©
SEER D> B30 A O FRH/INEER 5 C 5 BH o S R R AR 2 £E
BICBRNEY, COHERGHALIZOBRTDD) Th b,

3T, comEcAviiEEhL Al-6%Zn-1.8%Mg &
12, 0.18% 2oba =9 KRR T 450C x 24 KA OBHE
LB & b U a = AREEY RIS S s R
BT (350°CLLTF) LHMEER X H 1mm § THEL
FADTH B, CDOHRERL50C X2 KO ARCLE « K
BE AR, 7 HE % BT S B 79I 100C X 16 RO
EE R L CRBEIC TEEL L, COROWRE LS
) Ch b, 27 EDX TENTLIZE DM ), d) TH
3. 100A LI FOMMMAENHY E LTHBELTVE0H 7
# (MgZn:) T, 100~500A OIRRS % i3k AR O
o a =y AREAWTH B L EWBERINTIT, L
NHOEREM S, ANV =y AREABCE-T
ST INTVEOBHE DI -T, T b D 1~5HUm
OHER 2L L Al B EFHEMEIC L D Ty o RE
#2373 & FEAEST AT O T MR AR & 70 > TV B, Rkl

2um

a)T651 9

0 2um

b)T7651 1 t

P E 25 C LX) EVRELBE SN, TSR
NUESHEINZTEIRLE, ULBL, TOXDL3RE
500C Bl E 0SS ELMETREEZE LI 55
WIER R EL T S hia kbR, e
B L e 5 TN, chudvvasy s2RkEY (Al
Zr) PEECHAIEEE DL S HEREET U2 7V 2
—w s PRV BTER (a=4.05 A) % {0 EHOUTT &
(L1: 8) 25285, &l - BHEoHLE I X SEHHE
OEIOIESE (DO=;a =4.013A, ¢=17.32A) %k
LT, AL M SET 2L EBHELTVE DL
#Z2oN5, COALZr OREERRD %12 ®iIcMMD #E
BV, BEUNETEIE b) KRS TV A, Thid
DI A EO (111) RTINS L, T 0 450°C X 24 K
FELIER O ALZr RIERERTH 2 &b 5,

2) T475 R& & OESHITHLE

TATSTR TV =9 L84k, BEOMEBH vy
LEET0T5 B4 ORI D Fe, SIORZHRHLIZERT
BB, COHEELTOT AELD dWEEE, EYIAUR
SR T ChTwaeniz, 7075 aRiEhD-
TELFEHaN IS ELTWV S, COEEOREEINT AL
SRR L THL T EiE, BIEWRE, WISIEAaR N,
TS At 2 3 L TEESRETH B, —RITER
MR R NEEE T 575 51 T6, TES1 2R, CO
Koo TEM #& 2R 8a) R, < b v 7 A 0.1
~02umBEOLEYE, WEMLHRESBELEL TS

L
¢)T7351

BABEL G
d JEDX(Cr 1L &4

®8 74754 GOFE & ATHIRED B
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TIETF BN 2 DIGH

(198)

ZEMNDHPB, 0.1~0.2 um O EDX 947tk b
Cr jfb&Tch s Ldb»sd (BE d), Cr Rfél
OERENE 1) Wk Zr REEWELRERETH 5, il
0, MY GP. - v HOBAUIL DT

b3, ¢OT6, TELMETRIGIEEHNEZEL T,

C O BEILES L TRV ABADNE L, BEEE
TR T7TERRT B, O T7 8 Z0BKHOBE LD
2HEHBERAT TV, BB R CRIIEREN RN
T3 M % T73, TT3H1EFA TS, OO
FRI8C)WRT, Bk K E &Y (TH, 74 »
HHEU, RHHOFESD S T6 MEICHEXTREL L 5T
BT ENBDLIPBFY ) UL, T73 NI TlREDS
W~%BEETT 220K, HAEEINRSE S
CHHEEE AR >N TOAREN TR SN S & X iCi
T76, T7651 MHE &~ 5 BRIEIC U TR & % b &
TIRLENEORLTVE, COROMBENS b) R
T, PO K & 3§ T651 & T7351 OHEICL - TV 3
TEDBDDPB,

3) Al-Mg-Si ZE&ORRITH

a JBRIREHE (TEM) lum

D ” EDX(Mg.Sn

9 Al-Mg-Si REGORAN Y

AJMg&TA@;%mAﬁ&bfﬁé;<ﬁmsnL,

W3, T 6063, 6061, 6005, 6NO1 L EBLLMbNT
Wh, BT TIE 6063 & b EREEHSE { THIHEDS X L, &
1T b A DS BT 8 6005, 6NOL 75 & DB Si 44 70
BEBERAINBENCH 5, COBMOAERTRMEAR
BN E, BARRD 3 WEBRL BN sl
FURdL 5, NAREEZ, NThofhoBRE
h9<L, Th2HEET 50 ERBITE > T35, BAR
PR U e O EEEEMS E EDX ic X 2 HFE R 2R 9
WiRe , NANHB ORI, 8K, 1R, lRos o
PhHb, HHAWRTORERD & O ToOWRED 5 Mg
Si tHESNG,

4 T Iz Lo Fe R{LEY

4 AL, SR, ERL AR
VBT S, Al oM, FSR, WTE, &

AL & D B OEESVA VWA ERT B, BICEERS
. LUTOPe, Si iz, MEVER, H30@ 704 b
BrloBRcBERLTVIEVDATV S, CDiHFe,
- Si @ f, Al-Fe-Si; Al-Fe 2 & OAMOMARE L2 >
kbu—»?%t&@nﬁm&ofhécCﬂ%@&A%®

M1 AlcFe & Al:;Fe} i%}ﬁ%@?ﬁ%i’iﬂﬁﬁmﬁé{%bfb\ 5&
b, ?%fﬂﬁﬁibﬁb‘ & AleFe p3H b s AIaFe Gifﬁgf

'ﬁmambnﬁﬁm%«hmmmmm@fa 6.464A, b
| =T440A, cBTEAwmfﬁﬁ%éch5o~ﬁAh

Fe eiﬁiﬁ%;ﬁ ‘(Monoclinic) Ta=15. 489A b= -8, 0831

A, c=12.467A, ﬁlm7?®%?iﬁ%aofm5m

chitxy, 7%9/72®7wawﬁbmﬁmiﬁm
(Face Centered Cubic) Ta= 4.046A Chb, hb 0)7[?5
FEEEMCT, ERHAICaENG Fe RARRET
REHTIC X > THARESEI0TH 5. [10, 2) 12538
BT D) REEFRTH 5, ¢ OBOEFES ¢) KR,
COEFTH (d) OEBIIT) 2T 5 & AlFe @ (552)
FHFEEZED LT B EMBDY oIt & OFBEOIEEA
W d) wRY, ALFe ® dizo DEFIMEIZ 7.09A &k & <,
CHITHYT 3EME diz AlFe ik HEEL W72 9,
313 AbFe (MFETE 3, 4B HEEOEIFTEL AlLFe
DT & - THETFHD 5 TV AT AELII O &EHEE
AN,

g7 Feid Si & HiaLl TLEMEERLPTL, a-
AlsFe.Si (Hexagonal), 8- AlsFeSi (Monoclinic) % 2>
1 AlwoFesSi: (Cubic), Al:Fe:Si, Al:Fe:Si: 7% & 7L
ULTWa EREINTVBE, CNsDLEMIZEEL
TEERICEMAYE UTHERT 2, 20%0oEEL
HAEC L - T3 w MY v ¥ ZAhOSIHITHL THRLE
D Fe, Si R LEBZEL T BELH 52, BT
WRARLIZFZIVE 29 A EZRL Fe, Si 0RO 7V
R U LIRTH W EERFOEBCTAI-Fe RILEWE 2
286 L Al-Fe-Si R{ILEME L 2B EEZRL TV S
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c) EIFE

a JBRREFE (TEM) 0.2um

‘ ‘ (552) W HETH
b BRI (TEM 0.2um:

B0 L7z =0 sl AlFe B&4 (R d) s D.F. 3R 5 24858 U 12 650 @7

3. & & o

i

THETFHEMEIC L > T, 1 som LT OB BT %% FEEDVTNL $OEELONS, FHHBFOHK
BTEELLNS, LAMEIHNTES 9(ﬁof%ﬁo BT ST MG Km%wi&&&bOO%%o
TVIZ A, TV DU AERE, BE T BRI DR & 4, HICES L, ¥ TABMLO S
7‘5;’@3%%.{” REEI R ERB VDI, L NHDPDTHA 5, EFHEOMRET 7 E1%, B|IET M
foads, M2 RGBS e CERT 38 BT AIEETHIMNE, 208 2~ 42— L HE

p) bfi{h'%‘%(ij('éb\ D¢ 10 pm, /HEWVEOT0.01 BT B TRV EEALN R,
EHBZVRZNLUTOYA ZTHY, ZhsDH KESNERITR, VEEEAL OB
%mowfﬂ&,%ﬁ,@w@,wxc;og,%@k~ 2 OISEIO— %R LB X 2w
FEFNZ 3 b o— T B ENERHT 2200, E505EMNBTE30H,
T3, THLIE 7 ol TORRIMEFOFEY R T P 2L CTHILEE DS TH 5,
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S )

a BRI R

b ) BATREF & (STEM)

(STEM; 1 gum

¢ JEDX (A-Fe it &%) ' d JEDX (AFe Sz &t

1 #7008 =9 L0l Al-Fe Rba#E Al-Fe-Si Rba? (BN &7, Fe iz

Fe jifiz Glebhey, Sitd Fe SitEZGUEG2H5HT)
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