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Performances of APF Albrac Condenser
Tube Tested in Sea Water

by Koji Nagata, Tetsuro Atsumi, Shiro Sato,
Yoshimi Yamaguchi and Katsuhiro Onda

APF (Artificial protective Film) aluminium brass tube with organic resin film of 20#m developed
by Sumitomo Light Metal has been expected as highly reliable condenser tube using sea water as
coolant. The objective of this study is to evaluate the long life durability of APF tube under the
corrosive conditions of cooling water where conventional copper alloy condenser tubes have severely
suffered piting, malignant erosion-corrosion, localized erosion-corrosion and so on. Furthermore, such
problems peculiar to organic film as delamination by cathodic protection, accelerated corrosipn at
the portion of localized peeling of film and biofouling in non-chlorinated sea water have been
discussed. Corrosion and durability tests have been continuously made for about 500 days in marine
laboratory located at Ise bay.

The results obtained are summarized as follows.

(1) APF tubes showed the excellent durability under corrosive conditions such as polluted sea
water containing 0.03 ppm as S*, chlorinated sea water of 0.2 ppm as residual chlorine, highly
frequent passing of sponge ball and highly turbulent flow of about 8 m/sec around artificial
foreign body. ‘

(2) Blistering of APF film at tube ends under cathodic protection can be partially suppressed by
developing the resin and/or controlling cathodic protective condition. To solve better this
problem, it is necessary to study not only coating system of APF tube including optimum
substrate treatment, kind of resin, film thickness, curing and so on but also protective system
of equipment with APF tube, tube plate, water box and so on.

(3) Corrosion depth at the portion of artificially peeling of APF film was one forth that of plain
aluminum brass tube. This result shows that the accelerated corrosion would not progress
at the partially peeling portion of APF film.

(4) Long life of APF film can be expected becuse the APF film after 500 days’ corrosion test
did not show the change of moleculor weight, the degration of the protective properties and
the adhesive force to substrate.

(5) Micro and macro biofouling can be removed by sponge ball cleaning. Heat transfer rate of
condenser will be kept by both optimum flowing rate of sea water and sponge ball cleaning.

(6) From an economical and reliable point of view, APF tubes condenser has a large merit,
because of thinning of tube wall, high heat transfer rate by high frequency sponge ball
cleaning and high flowing rate, prevention of shut-down due to leakage problems during
operation and so on.
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Table 1 Standard specification of APF tube.

Tube alloy Aluminum brass, AP Broze, Cupronickel

Inside diameter: 135 to 33mm.

Tube size Length : max 25m

Kind of APF film| Polyester, Epoxy

Film thickness | 20pm for condenser, 30um for cooler

Resistance of he-| Less than 3x10-°m?*h'C /kcal for condenser
at transfer rate | Less than 10x10- m*hC/keal for cooler

Polarization
resistance

More than 15x10* Qcm?
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Table 2 Factors and levels of various tests to evaluate the durability of APF film on
aluminum brass tube in flowing sea water at Ise Bay.

Objective Factor Level Period
A Flowing rate (m/sec) 2, 25, 3
Residual chlorine (ppm) 0.2, None
Corrosion test, comparing Injection of $* (ppm) 0.03, None
APF with aluminum brass D Passing of sponge ball Nome. 2. 4. 6 492 days
(Chance/week) ™ e
Passing of carborundum ball
E (Chance/week) @ None, 3
: P : : @
Peeling off 'A.PF film in 7 Locah.ze.d' high s.peed at the throttle 78 182 days
severe condition of artificial foreign body (m/sec)
Galvanic corrosion at the P . . Width: 1 to 2
peeling portion of APF film G Artificial peeling defect by knife (mm) Length : 50 90 days
Cathodic delamination of Potential of cathodic protection
APF film H (mV, SCE) —550 to —1000 | 120 hr

(1) SB. 6 balls per one chance, (2)

Table 3 Test tube served for corrosion test.

Tube |Flowing|Residual| g2 |Passing of |Passing
rate chlorine SB (chance | CB (chance
No. 1 m/sec) | (ppm) |(ppm)| per week) ®| per week)®
1 IAB 2 0 0 0, 4 0
2 AB| 2 0 0, 3
3 Aig 2 0.2 0 0, 4 0
4 A:B 2 0.2 0 0, 4 3
5 A7£3 2.5 0 0 0, 4 0
7 6" A,B 3 0 0 0, 4 0
77” A,]-3 2 0 0 3, 6 0
8 AjB 2 A 0 0.03 0, 4 0
9 AB| 2 o | 003 o4 3

Remarks. Size of tube : OD 25.4mm, Imm thick, 1,750mm long
Tube alloy : JIS H 3300 C6871 (Albrac)
APF film : Polyester (APF-A2)
(1) In Tube A, sponge ball cleaning is none or low frequence
(2) 6 balls per one chance
(3) 3 balls per one chance
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CB. 3 ball per one chance, (3) 36 days for plain aluminum brass
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Table 4 Sea water analysis of corrosion test.
Sea water Conductivityl DO | Total Fe | Total Mn S0 ge-

Sampling test {temperature, pH

9] (#Q/cm) | (ppm) (ppm) (ppm) (ppm) (ppm)
14 May 80 19.0 8.4 43,900 6.3 0.03 0.03 2,500 <0.02
9 July ’80 21.8 8.3 43,000 4.6 0.05 <0.01 2,600 <0.02
17 Sep. '80 26.0 8.3 43,700 4.1 0.02 <0.01 2,500 £0.02
19 Nov. '80 19.0 8.1 42,800 6.2 0.05 0.05 2,700 £0.02
14 Jan. '81 8.0 8.3 46,300 7.4 0.04 <0.01 2,800 €0.02
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Table 5 Analysis of deposit on APF tubes by EPMA.

Sea Element (%)
Color of scale
water Si S Ci Mn | Fe Cu
Grey 76 4.2 0.3} 0.7117.6 1.5
Raw | Brown 129 7.9 1.3]22 41.5 |15
Black 4.5 45| 0.3]69 7.8 113
Cl. | Black 0.6 3.0, 0.9|61 15.5 | 20.0
Black 10.3| 6.8 0.7]53.622.7] 6.0
Pollu- Dark green
t§§2> at corroded | 0.1] 0.9 |22 — | - 77
Black at
corroded 5.5 29.5| 0.6 — |10 57
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Table 6 Maximum corrosion depth tested for 492 days.

Sea water | Not passing of CB Passing of CB
Raw 0 0.25 0.02 0.17‘7 7
Cl: treated 0 0.13 0.07 O.Zé‘ .
8% aded 0 0.45 0.05 ~~ 0.60
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Fig. 1 Fouling of tubes tested in various conditions
for 492 days. Flowing rate is 2 m/sec.
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Fig. 2 Heat transfer rate of APF tube tested
under the flowing velocity of 2 to 3m/sec
in raw sea water.
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Fig. 3 Protective properties of APF film tested

for 492 days.

(1) Point 5: Good
Point 4: Few spotted peeling along X cut
Point 3: Few spotted peeling
Point 2: Many spottéd peeling
Point 1: Peeling over wide area
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Fig. 4 Gel permeation chromatogram of APF film
before and after eorrosion test for 492 days.
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Fig. 5 Depth of corrosion at the artificial scratch
marks (width: 1 to 2mm, length: 50mm) of
APF tube with various film thickness.
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Fig. 6 Changes of cathodic current of APF tubes
(APF-A2, APF-B2) under various cathodic
potential in flowing sea water of 2 m/sec.
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Fig. 7 Alkaline ‘scale beneath the APF film cathodically polarized to —0.7 V. vs SCE.
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Fig. 8 Polarization curves of aluminum brass with
various surfaces at high jet velocity of 7.8
m/sec in synthetic sea water.
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Fig. 9 Effect of flowing rate on the cathodic
polarization curves of aluminum brass
and APF in synthetic sea water.
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Fig. 10 Permeation of moisture at 40'C through
various APF films by cup method of
JIS Z 0208. (APF film thickness is 20 #m)
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Studies on Continuous Heat Treatment
of 2024 Sheet for Aerospace Applications

by

Teruo Uno, Hideo Yoshida and Yeoshic Eaka

Continuous heat treating process of 2024 and alclad 2024 seets for aerospace applications was
investigated from fundamental and practical viewpoint. As the main difference between continuous
heat treating process and conventional process is solution conditions, effect of solution conditions
on some properties of the alloys was investigated. The alloys could be solution-treated by short
time solution treatment. Excellent mechanical and metallurgical properties for aerospace applica-

tions could be obtained.

According to mass production tests, the alloy sheets processed by continuous heat treating
line exhibited comparable properties with those processed by conventional quenching furnace.
Especially, continuous heat treating process was effective to suppress alclad diffusion in thin

alclad sheet.

. &3 C & &

2000 R BL 7000 RE 7V =0 A 5EOEELA
WMUERH TH D, IR, B, BEH, MhEMSEor
RIERTLEHCHER s, 208t E» SERE & (EH
PBREE SNBI2DHYD, F QU T E I O & B
TRESHE ERaN B,

MZERHE 7V =0 AE5E0MEE I I1LEE Federal
Hikg > Military #LAS (MIL#LIE) 235508 & 05 55, il
E o0 TiE MIL 8K /@& BRFEIRTE L TR
RACALER RIS, A RCALBRIRG R, A7 H AL S5 4R 55 D BULER
FEPBRESN TS,

HREOMEBABE I 7V v A 8&2lEd 513
Z DRI D - 1 BB 2T 5 NEMNH D, I
w2 Ure ko, Ny FIEBS, ACERES, Mk
MANFEFEOTH 2 DR OBEANFBER I T3,

B OBEANIC DO T, SEE, AN
YHEHENZ L L ->TEI, TDI A U ERREED
HEGESAT (CAL) kAN & S REB2EB LKL
bDTH 5, WEO3~3mm BE DMK T 1 L DEAN
WEBDSHIRE T b, N v FIU AN IC A CEREEE, B2
ANz b, BEEBT AT,

— MR D EBIEANIZ RO T, FO5 1 LR

* R EEREREEIH RS (HRIS6HEILA, - 5D Tk
Rl s R

R BREETT LR

10

L & FE A AL BRI 23 0> < (2~8min), 49 L & MIL
B CHTE S NICE A G TERE I 2 58 & 200D, IR
L, BB S NI IR OB EEE & Y AR T H
e ants,

A T3, 7075 /& E 7o 5 9 F 7075 B&ICHL
T, EROEFRPEANDEEA L Z 0TI 20 THRE
UTo KRBV TR, T075%4®E 5 5 RREN LR
HERASED 7V 2 B8 THE20248HE TV 5y
F2024B RN T, WIROMHBEAN 21T 5 55 00
B2 FBEICHE L T, ZOLIELDWTHEH LI,

7t %5, Table1 i€ Federal SV ICHEI N T 52024
Table 1 Mechanical property limits (minimum) for 2024

and alclad 2024 sheets, specified by Federal
spec. QQ-A-250/4E, 5E.

Alloy Temper Thickness ;I;?’réilg,lr?h g(;lx*e‘alggth Elongation
- (mm) \(kg/mm?)(kg/mm?)| (%)
T4 0.25—0.51 43.6 28.1 12
0.53—6.32 43.6 28.1 15
2024 0.20—0.23 | 44.3 29.5 10
T3 0.25—0.51 45.0 29.5 12
0.53—6.32 45.0 29.5 15
0.25—0.51 40.8 25.3 12
T4 0.53—1.57 40.8 25.3 15
TR = TR R
2024 T3 0.25—0.51 41.5 27 .4 12
0.53—1.57 41.5 27.4 15
1.60—6.32 43.6 28.1 15
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FLZE 55 2024 & i 4 oD FE SR ALEI I B 5 5 T L
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BEB LT IVT T v 20245 ST OB IRATHEE B
2R L, Table 2 iz MIL B> WHE S LTV 520245
G OBIE LM 2R T,

Table 2 Heat treatment conditions for 2024 and alclad
2024 sheets, specified by MIL-H-6088F.

(1) Solution temperature : 488-499°C

{22 Solution time :

Soaking time (min)
Thickness Salt bath Air furnace
(mm) 5 5
. ax. . ax.
Min. | Alclady | Min | (Alclad)
0.41 & under 10 15 20 25
0.43 — 0.51 10 20 20 30
0.53 — 0.81 15 25 25 35
0.84 — 1.60 20 30 30 40
1.63 — 2.28 25 35 35 45
2.31 — 3.15 30 40 40 50
3.17 — 6.35 35 45 "'. 50 © - 60
(3) Maximum quench delay time :
Thickness (mm){Up to 0.41 | 0.43-0.79 | 0.81-2.28 |2.31 &over
Max. time (sec) 5 7 10 15
2. WMEMEERAE

HHRREANFILDBEANT 256 RO » FHH
& WIEANT 2BA 05K L K& DED BRI
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if@%%®%wmwﬂm;b+ﬁm%%k§nﬁﬁaﬁ
BEDB BN B DB R, IR % B U T BRI
BRI,

EEC T U 72 4 EHE Federal J#gic# L T THBIEL
22U AEB LT NI Ty K 2024 SEBEETERTH
b, Table 3 iz Zz OILERT 2T,

LDL A BEMEZHERL, BENEHCBGNEER TS
F T RGBSR P RANEH OB OV THEL
BN e BT AN OAJREME 2R ET Uiz, BULEIZ 2 TM

TLRMICHEL T o2, RICEBBEEOREEZ2BERLT
2024 RES R OEFHMANFICE 5 THLRR 2L L
, FOHEMREREEML T2,

3. ¥ B £

3.1 BE{toEEBOoRE

D, HEEREIC T TIAKRICLTERE R o8
DVWTHE LIz, £0O1®, #HE2.5mm O 2024 /&5
JEREHR 2494°C T/ L min > 5 Fok 60 min OFF A {bLEE
2170, BEANEN 10sec IR TRBEANL, 7THELEZE
HIEZ L CTAME Uiz, Fig. 110z T4 IROBKRAHEE
A 1T 494°C IR O 2 R T, RN
PR AN A >N CHIRBR S B L OTIT R L <
e 508, BERCUIEERDSSmin P Eicks 3 & RE SIS
E—EEL b, MEOEHMIBELEEAETH oIz, B
R LB R s MIL 8k (W% 2.5mm T i3 £ /30min)
AR TEL LB »EE T, Federal MigiciEDy 51
1220246€ T4 M OBMAEE 213l T b, Smin
B ORBEARLCOBE T EE UITBMINEE 285
LENTHEE L B,

S

55 35
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| o—O— O O O—O—T1-0
45 /O/O/ 25
P i)
g a0 20 8
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£ 35 = strength stength - [longation 15 %
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Fig. 1 Effect of solution time on tensile properties
of 2024-T4 sheet.

WICTF VY Ty 202458 OEMITEE & BRI
BOBEGIC >N THRET D, IRE 25 mm OBHEE
W B & 42 < AU BB 2770, T4d & Uiz, Fig. 2
AT HEBR MR 1 ¥ X3 T 494°C TR ML AL ER IR D B %

R, TN Ty KAUEE TS, 2024F% & RBICER

Table 3 Chemical composition of test alloys. (wt. %)

" Alloy Flement | i | Fe | Cu | Mn | Mg | Cr | zn | T |
2024 0.09 | 0.18 | 4.5 | 0.60 | 1.5 |<0.01 | 0.01 | 0.02 | Rem
(Core) | 0.08 | 0.17 | 4.4 | 0.57 | 1.6 |<0.01 | 0.01 | 0.02 | Rem.

Alclad 2024
(Cladding) | 0.13 | 0.2¢ | 0.01 |<0.01 |<0.01 |<0.01 | 0.01 |<0.01 | Rem.

11
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55 35 Pig. 41212, HE 2.5mm 0 2024445 IR 2494C
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Fig. 2 Effect of solution time on tensile properties
of alclad 2024-T4 sheet.
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Fig. 3 S-N curves of 2024-T4 sheet.

(a) 5 min solution
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Fig. 5 Effect of solution temperature on tensile

properties of 2024-T4 sheet.

(b) 30 min solution

Fig. 4 Transmission electron micrographs of 2024 alloy after solution treatment at 494°C
and water quenching. (X10000)
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Fig. 6 Effect of quench delay time on tensile

properties of 2024-T4 sheet.

(a) Quench delay 10sec

HEANENERT DS MIL BB O% & i BIF 2 BT
BEELNDH, COL 5 DEMEREILEEE CHEHEK
BRSPS Ut ET S AR TH - T2,

BEMTEE OO TE, BANWENEESEL &5 &k
BMEaPRC LB L3MEID 3129, BANBNRHE
LRI AROBRIC OV THRE LIz, |IE 2.5 mm @ 2024
HEHMTEER %2 Fig. 6 WRUIZEH& L& AU LM TH
WERL TT4 M & L, MIL 85w U CR MRl 21T
-1, Fig. 7T, MEEAEs, BAREL X AN
B DERE & BAIENEMOBRER 2R, BANEN
BEBEL 3 LI - T, BREIRIEL LY, BA
ERRRYE v 74 T2 4 T b RMAEES 1 T &by 3
B3, HEANVENIEEE S MIL BN 0S4, 0.lmm R
ORIy F 40724 TOEATHY, BEE LR
BEERL C 5 200, MIL SR e A B s 5 Bng s
BIREHEME BRI NV, 0.lmm B ORIEE AR ER
EFEEBZNE IR TV DY, BANERER/ MIL
BH OB, KUFFERERD 5E A O R
E¥ AN EEL LGNS, Fig. 8 ik, BANEND 10
sec % & * 25sec DA ORIEEARRED T 7 v il 2
KT,

0.3 T T 500
N\,
\\\ Corrosion-depth
~ \\ -
S~al] e Temp of sheet O
2 0.2 =l 00 g
::/ ~ \‘5‘(\ - i}
) i e R o
g : g
é’ 0.1 - 300 g
5 ; 5
Qo Pitting + —
Pitting Intergranular Intergranular
0 | 1 | 200
0 20 40 - 60

Quench delay time (sec)

Fig. 7 Effect of quench delay time on intergranular
corrosion depth of 2024-T4 sheet.
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(a) Quench delay 30sec

Fig. 8 Microstructures of 2024-T4 sheet after intergranular corrosion test. (<100)
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¥, Pbokd nlEmE, AHRCLERRE, B4 WSy K024 S TFIEMR % 494°C Tk 30min & ¢
R, BESFRLLBAK S RRCBRSNT, S R ACALERRS I 2 25 4, BEAIEN, Bsec TAMEAN LT

3.4 TNITy FEROMLH T4 M OIHCRE 2 FE L, Fig. 9 10R LI,

77Ty 2024 g e MIL BBICHED TR i masEC 51T LI bS5 T2 7 0 FEAD
Lumy 2 o, THMDL2 7 o FRCRHLCE gy e s ng o, 25 mm ROBAICEE U L EH
SEPIE T SRIBREC BT, BHEBO? 70 W et e, <R L0Asmm 0B T, MIL
N OHBE RS, BORROIERRPRE < by OBl 25 5 &, BB IEDED 25,

100 ] WAL OEEESE D ESIR 0L 5 L HEmEEE S
o 0.45m(5% cladding) N, Fig. 10 g 045 mm Fridiiz o B E o 1 6
S O o, sm.50 cladding) RN
s ) PLED 5ic, EHR O LB T 5 &, MIL i
g @ /p// BT b I OB UL 2155 A0 & 5
8 REMBADY 5 o FE~OEELIBRBES LT, 2
g5 // R RSN OB N C &SRS N,
55 pe—— 3.5 THHER
WE 25 mm D 2024 @B L7 VT T v K 2024 &%
%% 10 20 20 o B EAEAR % JH S, EEEE AN 3 & 008 o 7 SRR %
solution time {imir) B U C THAEL B A OBkl 2 ME L, B AR
Fig. 9 Effect of solution time on alclad diffusion Fhicd b BIFSEREPEBE NI LEMP >V THEF LI,

of alclad 2024-T4 sheets.

Fig. 11 wwid THEAEBUCH M Ut EREANT O 1

(a) 5 min solution (b) 20 min solution
Fig. 10 Microstructures of alclad 2024 alloy sheet after solution treatment at 494°C. ( x400)
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Fig. 11 QOutline of continuous quenching line.
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YR RRTY, COEANEFE TR, HEESOICHEED A
WEREXRL, FRMECS — o CH oM i 2 % iRER
KR EDF ALk b IiEOEAAERE $ TRER
BU, 8~ CHERCABEEE CEBMRAREL, &Rk
BH - THANREBRR Y 7 ARy bEHEILVLES
WK » 9 —IREDBEANINIERE L > T D,
ARG i, EBEBEA N T2 494°C T 7 min ©
FERERE, R T 494°C © 30min OERER O 7 (&L
% ﬁ -7z °

Table 4 1< 3 BEMAEEE O HlE#E R 2R, SEEEAN
P CHEBHEOBEERIME 2T 1LHAETY, Z OB
HRERFcL ) ERMOBERIAE2 Us L HET
bHh, BEHEECHORESES SFRFTETH -1,

Table 4 Tensile properties of 2024 and alclad 2024

sheets processed by continuous quenching
line and salt bath.

: Tensile | Yield ;
Alloy [Temper Quenching strength | strength Elong/atlon
furnace™ (kg /mm?)|(kg/mm?)| (%)
C. Q 47.8 30.6 24
T4 S. B. 47.8 30.9 23
— (>43.6) | 028.1) | ©15)
2034 -
48.5 33.7 19
T3 B. 48.7 33.5 20
— (>45.0) | (>29.5) ©15)
C. 45.6 29.6 23
T4 B. 45.9 29.5 23
Alclad — (>42.9) | 026.7) O15)
2024 C. 46.5 32.5 18
T3 46.3 32.7 18
- (>43.6) | (028.1) 015)
(1) C.Q.: Continuous quenching
S. B. : Salt bath
() :Federal specification

Ti, TY Ty F02AE GG 2 EEE AN I X
YBAN UGB, BMRIOY v FE~OBEZ
TEURET 22> 12,

PEDX ST, BEEANET>HA TS MR E
THBOLOWENIZEREDR LN B L EBHBS NI,

4. & =®

2024574 3 R RIS LA & B EERIE A DL IT &
- CHIEREL AEU LotkE»B o iz, T4bbHE(K
{Lingigic Cu, Mg, SIZE0MICHEE T 2 EMTHE»T
BEEBOBEAMEa®, BANBORERD L D Hsw
5 EMMET, Fig d iR L & 5, EHE Bkl
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MBI D BEEEKEAML, BREEERIGLEDE S
EEBEREEIRIL,

2024 AEICB VT, FEEBEANKIC X b T SN ig
FIEEEBE LN S D2, COAERONHMESERMOE
BB Y BBRBEAMEINBZ LD TH B, LIcd->T,
HFEHE A RS QI R CALER R i > T @ i o AL
Wb I /DR O R ERThE L v, L L, BiERE
SULBERT D S DT R RE RIS A LI A EE e e i, BB L
WABHGE, BAFFERES MR, FPRESESE:, WM T
FORMOBERF I VBT 2120, HEBEAN 2T
B EERMOELEERE 2 Z B L THEEOE KA
M2RETDBEND D, B/NR5min BEL oKL
FHEPBEE SN,

BEMBEEE T >W T, MIL #igicid 488~499C
OEFRCLERE VST SN TV 35, HIREE &
OEHIIEHREOLE R R B2, 490C DL THEEk
BT 2 BB D 5, 10, BRI % bk
ABEHBMMRELET A EMBHD, 2024RASIZT075%
B bR S N DIEHRMETRE D b BEnc o,
FRHER D> THRMBRGEE 2 KEICEHT 2 BB
%,

BEACMBE B OB AT DV TR, BEA RN K[ 2
MIL#RE PN OB 613 BT 2 SRR L e e no - 518
5N BH, CHREBANENI/NI O EROBEERT 5/
&L, KBFTCR R OR PN EBEL THR DI EE
AbNd, T, BEFEEANERZDOFR» 5E A TR
DYy FRBEANRICHESRTEAILERR Y 7 b 28y b
FOREEERBZ N8, RELZELZZID BT +
T —IHZEORIESEETH 5,

G TH TS R OIS R ALALEDIT & B A DR IC &
STHETINIHEERBSCEBTETHY, ULrd, B
DNy FREBEANBIKRL CHEEESE L TEAN D
2 PRV IZ YD, SEREROMNEICEREANENS
HahaeBiohns,

FLZE 2024 R A E W 2 BB ANFIC X b AN
PEGOHEMERZHEL, ZOTE LT OWTHRIL TL
ToEREzEI,

(1) 2024 A& LTT VI T o K 20U 5SEEHED
BARALBEC L DIEALLTRETH D, BILEEM 28
B~E BN 2RHE & L 2GRN OB HR O X
> THMEHMEE U THEHBTREL S REMR 285 &
BTED,

() EBRAEHERCI o, ERBEANEIE 3 T
LB 2 1T- 1o, @b NTHEM LoBREME
OBYEDTREL L & 2HERR LIz, $17, EEEANTE 7
N Dy FESBHEROIBEGILCEY Ch 5 C & 2R
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Uz,

HRGEANE R b~ TR, Aho 2 Mg
DCEHTILNTOZE» Y T, BEshtddoRE
IR & R THRAEL VI D, SEBREIROBEANES L
TEHaNBEEALLNS,

X [

1 HEEsHt, FIEA, FHSEHE  AREE 21 (1980), 34.
2) FHRAE, By BemE, 29 (1979), 360.
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3)
4)

5)
6)

9]

8)

MIL-H-6088F, Heat treatment of aluminum alloys, (1981).

American Society for Metals: Aluninum, Vol. N[, (1967),
307.

FUFRRAE, HHIEHE, FEIIRME : AR, 25 (1984), 16.
Federal specification QQ-A-250/4E, Aluminum Alloy 2024,
Plate and Sheet, (1971).

Federal specification QQ-A-250/5E, Aluminum Alloy
Alclad 2024, Plate and Sheet, (1971).

American Society for Metals : Aluminum, Vol. 1, (1967),
142,
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A Linear Model and Characteristic
Analysis for Thickness Control of
Aluminum Cold Tandem Mills

by Ikuya Hoshino, Akio Sugie and Yukihiro Maekawa

Improvements in thickness control of cold tandem mills have been motivated by the increasing
stringent quality requirements especially for strip of aluminum. This paper presents a linear model
of aluminum cold tandem mills for thickness control, and describes the effect of various factors,
such as rolling speed, deformation resistance and coefficient of friction, on the characteristics of
the plant.

The results obtained are as follows :

(1) The presented linear model is exceedingly simple and agrees well with the experimental
results of the actual plant in simulation test.

(2) Mutual interaction between strip thickness at each stand and interstand tension has been
analyzed by this model.

(3) Stationary gain of the plant is dependent on deformation resistance and coefficient of
friction, but independent on rolling speed. However, dynamic characteristics of interstand tension
is dependent on rolling speed. So, to design a good performance thickness control system, it is
necessary to consider not only deformation resistance and coefficient of friction but also rolling speed.
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161 T R & &2 B & B
Load cell
Back-up roll
Tension
Work roll meter X-ray thickness gauge
o v
Q0O VAN
Motor ;
Hydraulic
Pay-off reel cylmder Tension reel
RSC rRPC RSC RPC
Fig. 1 Schematic diagram of the two-stand cold tandem mill.
RPC : Roll position controller
RSC : Roll speed controller
Table 1 Main specifications of the cold mill. O'z“ P24 2 FAMBEST  (kg/mm?)
Type 4 high 2 stand tandem mill Or 1A% KRR (kg/mm?)
- SO g Xy (mm)
Work roll 485 mm# % 1,620 mm VO ¢ o (m/min)
Back-up roll 1,230 mm¢ X 1,620 mm V(/,') s R (m/min)
#1 2 —1,680 kW Vé") N (bier iy (m/min)
Main motor W R
#2  3—1370kW WARGHY i: &
() - zaees
#1  Max. 1,080 m/min b B
Roll speed P@  [FRERE (kg)
2 Max. 1,530 i . ;
i ax- 1530 m/min kG MBI (kg/mm?)
- e Nl x a6 AMMRZIES (g/mm)
] g Q(DJ(% TEVIE, 2 /\l~ ﬁ%ﬁ}.&jj;% No. j\f’ ~ ¥ k) SPAZSIHEH (kg/mm?)
ﬁfmfaz%iyi®uﬁwggtETﬁ®"7yxf p R
lfﬂlﬁﬂb cLUﬂ(icLB A" )Ii\:"\?Cif)éo M(,‘): i)biﬁﬁ (kg/mm)
2, ~ s i EE2 3 N s 2 - > >
@i;;;f®&?@@kiqx?/b%%bd,b@b L i x4o KRS (mm)
L ‘—:ﬁ: ’ % E" I H N o Z, E N N NS 2
2V NOFEEMEBERo ~ Ferick bl h 2,
FESEROHIIE i, BEE Sha 285 C 2o 2.3 EBBERA

BH5, WELBEEOI DRI S R 5 05

»3. TOWRDRIERIL, %24 FOETFMBEo—n Do

HETH B, EFMBRX Ko — VB, ZREAA L
>~ T OHIEZR (RPC : Roll Position Controller, RS

C : Roll Speed Controller) ¢k b sh 3, )
22 £ 8
FETHNEBRROL > Th 2, 217U, HEDE

%) EAs Ly FERERT 3
s 24 v KRS (mm)

hifr 2% o K AMHRE  (mm) @)
o@ 2 a2 v FHATES  (kg/mm?)
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iz,
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E1~& } 2 (HFEER
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Fig. 2 System diagram of the plant.
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iz, ‘h}”* €€ 0 0)for* d.
U No.1 24 o WHEEZ RS (RICE) gf;=1880§:j+£ ~~~~~~ (15)
. . e m 2)H 3 54 1) ki g
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NB2EEDTHNERTEERDL ITKLE, 4E (8),
10 Fics1y 3 No. 2 2 2 v F ARIREEBOHE (Ms, &
OE) DT, FREFANE 4, ds iTBENS D
EUTHEK UL, T8bL, d'=d+Msh?*, d' =de+
sh®* & Uiz,

0, (930S, SEHCHIEIR M T 2 BAOKEE 3
ZREHFBNXTH 5,

25 YIal—iarvEREEBREROLE
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o LR & EM ORISR e Fig. 310K Y, ThEN, #
fER U, U, U 2 BB S B DINE TH 5o
F 10, BERIGROERME % Table 2 IR T, b O
%#6,m%fﬁatﬁ%%?wd%&®%@%&<ﬁb
LTWBLEWDbP 5B, UTFZDOHRELLD S, 1212

0:* M&&Mmhbf* ooogij d U, To w24 FREBRAT, 5 (00 il s e %
d |S™* _[0—70.0 {{SV%, |700|Us"% |0 ey '
va*: 0 0-—s0 lvedtloso Uéz’*-r 0 FTLILHDTH A,
S(2>* 000 -7 S(2)>k 00 7 0 (1) U{;” %ﬂﬁﬂﬂ IHBH & ’ T: b’ﬁﬁ/}\ U _(/”1 h(/o) 7J>i¥5'7Jﬂ
...... (14) 4%, (Fig.3(a))
1.05 I
E 1.00 __f - M - ‘ ] ‘MJ_/\.«/\: " i \M
= 0.95 ¢t 1 ___*e/’“ﬁ_ 41 4] e
0.90 P - e
<~ ]sec > 1sec < 1sec 1sec 1 sec 1 sec
= ovo-f—v\;r//ﬂ\/‘ - I 1T — ] e
=
0.65
5.0
’g 4.0 s T ar ] "J/’ i
£ 3.0 F "L F———e T T ar 1
=20 b 1r - - r 17 1T )
= 1.0
E 250 l
E 200 — —L—7 r ¢ i E—
% 150 :
E 26 [ M | ]
I | === ,P
2 3.0 '
=020 T
Simulation Experiment Simulation Experiment Simulation Experiment
" (2) Responses due to UV increase () Responses due to Ul increase (c) Responses due to U? increase
Fig. 3 Comparisons of the simulation result and the experimental result.
Table 2 Comparisons of the steady state values.
Steady state output value before/after input change
Test Change of input Simulatlon hy®  (mm) h(f” (mm) T (ton)
or ;
Experiment | Before ’ After Before ‘ After Before After
Uy (+6.2%) Simulation 0.980 I 1.000 0.675 ; 0.712 4.00 1.13
Fig. 3 '(a) i i
198211 m/min Experiment 0.980 [ 0.995 0.675 t 0.694 4.00 1.85
U (+5.7%) Simulation 0.950 0.974 0.670 E 0.685 2.80 2.65
Fig. 3 (b) |
2.437—-2.491 mm Experiment 0.950 0.975 0.670 1 0.685 2.80 } 2.60
( U@ (+2.3%) Simulation 0.975 0.966 0.690 ; 0.694 2.60 i 3.90
Fig. 3 (¢) '
2.548-2.607 mm Experiment | 0.975 | 0.960 | ~0.690 | 0.690 | 2.60 | 4.00
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Table 3 Rolling conditions used for the numerical

analysis.
he hy h$p o a'p o4
(mm) | (mm) | (mm) |(kg/mm?*)(kg/mm?*)|(kg/mm?)
0.78 | 0.54 0.39 2.0 3.5 1.8
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Fig. 4 Block diagram of the plant.
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90/10 Cupronickel Two-Phase Thermosyphons®

by Takehiro Chinen** and Tadashi Nosetani**

Due to its good mechanical properties and experimentally verified compatibility with water,
90,10 Cupronickel has growth potential to be qualified as exceéllent container material for ‘water
thermosyphons and water heat pipes. An experimental investigation was performed to apply thin
wall 90/10 Cupronickel in closed two-phase water thermosyphons with small tilt angle to heat
recovery at 100 to 250°C. Although “striking” instability occurtfed in a certain range depending
upon fill ratio, heat input and operating temperature, an appropriate fill charge permitted us to
operate the thermosyphon stably in the above mentioned temperature range.

1. Introduction

The simple structure of a closed two-phase

thermosyphon is very promising from the econo- .

mic point of view and highly interesting from
the technical aspect. Different from the capillary
heat pipe, the thermosyphon -must be applied
where the evaporator section is located below
the condenser section in terrestrial heat recovery
units. For this reason, the two-phase thermo-
syphon is known as a gravity assisted wickless
heat pipe with a liquid reservoir at the bottom.
Vapor generated at the evaporator section by
heating the working fluid rises up the tube and
condenses at the condenser section. The conden-
sate returns to the evaporator section by gravity
as the falling film. The closed two-phase thermo-
syphon is subject to the same operating limits
for the maximum heat transport rate as a heat
pipe except for the wick limit. Instead of the
wick limit, limits governed by liquid film dryout
and bumping or other flow oscillation with- stri-
king sounds®® are encountered in the thermo-
syphon.

There exist previous experiments dealing with
the vertical two-phase closed thermosyphon'**,
Imura et al.” reported on the heat transfer coe-
fficients and bumping phenomenon accompanied
by “striking” sounds of the vapor liquid mixture
in the thermosyphon as a function of the fill ratio
of the working fluid. The effect of inclination of
the two-phase thermosyphon on the heat trans-
port performance and/or the above-mentioned
limits have been experimentally investigated by

* This paper has been presented at the 5th International
Heat Pipe Conference, 14 to 18 May,.1984, Tsukuba Japan
#* Technical Research Laboratories.
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Nguyen-Chi and Abhat®, Nguyen-Chi and Groll”,
Prenger and Kemme®, Hahne and Gross”and Negi-
shi®. In spite of these reports, little is presently
known of the critical design information of the
inclined two-phase thermosyphon, particularly in
the higher temperature range of more than 100°C.

The purpose of this report is to describe re-
sults of comprehensive experiments which were
conducted using 90/10 Cupronickel two-phase
closed thermosyphons with pure- water as its
working fluid for heat recovery applications at
100 to 250°C. Comparative performance was also
examined using naphthalene and Dowtherm A.
90/10 Cuppronickel is widely used as condenser
tube material in thermal power plants. Advantages
of this copper alloy over pure-copper are higher
mechanical properties and excellent weldability.
The former advantage allows the design of a
single tube container (not bimetal container of
copper-inside and steel-outside) at the operating
temperature of 250C. The latter enables easy
and high-quality filling method.

2. Experiment

21 Thermosyphon

Chemical compositions.and mechanical proper-
ties of the container materials used in this test
are given in Table 1 and 2, respectively. Accor-
ding to ASME Boiler and Pressure Vessel Code

Table 1 Chemical compositons of the containers. (%)

Alloy Cu Ni Fe { Mn | Zn | Pb P
Cupronickel |88.08| 9.64 | 1.49 | 0.73 10.031,0.003 [0.001
Copper R — — — — — 1 0.025
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Table 2 Mechanical properties of the containers. Table 3 Dimensions of test tubes.
Yield Tensile | Blongation ] Wickless D-grooved
Alloy Temper | strength | strength Type c ickel C
(kg/mm?) | (kg/mm?) (%) »( upronickel) B (Copper) B
Cupronickel | Annealed| 13.4 37.2 44 Outer diameter (mm) 25.4 25.4
. Crest: 21.60
Copper Annealed 6.0 25.8 49 Inner diameter (mm) 23.0 Trough : 22.80
10 Grooves
Width (mm) - 0.70
8 - Depth (mm) - 0.60
g 90/10 Cupronickel (Annealed) No. of starts B 50
w 6 .
%; T — Inner surface (m?/m) 0.072 0.125
o 4 ~
of S Copper (Annealed) Total length (mm) 2070 2070
o, ™~ — Evaporator (mm) 1000 1000
Condenser (mm) 1000 1000
0
100 150 200 250 300
Temperature (°C)
Fig. 1 Allowable stresses of 90/10 Cupronickel
and copper.
80
70
Pmax (t=1.2mm)
60 /
2 ]
3 —
2 50 —_ =
> e — Fig. 3 Cross section of D-grooved heat pipe.
e Pmax (t=1.0mm) - 7»/__ —_
g 40 I 2.2 Experimental Apparatus and Procedure
[a iy
2 i The experimental set-up is illustrated in Fig. 4.
Steam(Saturated) The evaporator and condenser sections were 1000
20 // mm long. The adiabatic zone was 70 mm long.
Heating was provided by a sheathed electrical
105 555 505 560 50 heating coil (4.8mm O.D.) wrapped uniformly

Temperature (°C)

Fig. 2 Saturated pressure of water versus wall
thickness of 90/10 Cupronickel.

SECTION VI (1978), design stress of about 5.5
kg/mm?® at 250 C is allowable (See Fig. 1). This
allowable stress permits us to fabricate a water
thermosyphon operated at 250C with a wall
thickness of 1.2 mm (See Fig. 2). In Fig. 2, the
allowable pressure Pmax is expressed by the
following equation. :

where, Pmax: Allowable pressure (kg/cm?®)

o : Allowable stress (kg/cm?)
t : Wall thickness (mm)
Do : Outer-diameter (mm)

Dimensions of a wickless thermosyphon and an
axially grooved heat pipe used in this test are
shown in Table 3, and the cross section of the
latter in Fig. 3.
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with the pitch of 20mm around the 9CCmm long
evaporator section. The maximum output of the
heating coil- was 3kW at 200V a.c. The heating
load was stepwise increased from 0.5kW to 3.0kW
in increments of 0.5kW or 1kW by a set-up trans-
former through a well-calibrated wattmeter. To
improve the heat transmission between the hea-
ting coil and the thermosyphon, the test section

Evap

/
= v — Wat
Rt \ er
- Nl Git
\asS fioel \ \ = LY
—Tauon 3 low o\
\ns : meter N
@) Wattmeter 1 \
AY
Transformer 7 — \
] ot - 1
1 P ® Water |
ump !
ac E) |
G200 m ! Cooler 1
: - ~L - i
: |
o J

{
1
1
1

Fié. 4 Schematic drawing of experimental apparatus.
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was molded with a high thermal conductivity ce-
ment (THERMON T63). Cooling was provided by
water or silicon oil through a copper jacket with
41mm O.D.

Twenty-two Chromel-Alumel thermocouples
(JIS: K type) were soldered on the outer surface
of the thermosyphon as shown in Fig. 5. The
working fluid temperature in the evaporator section
and the vapor temperature in the condenser sec-
tion were monitored using platinum resistance
thermometers. Combined with the ceoling water
flow rate, the inlet and outlet water temperatures
of the jacket or the oil cooler were measured
by a digital multi-thermometer to confirm the
heat balance between the evaporator and the
condenser sections.

23 .
: 3
@ GO .

Gravity
AEFGK BCD HJ i
Y=Y cross secton 940

Gravity
220 Heating 495 795

G 485 ? 780?
21G—‘Therrrmcou;)!e475 770
B C D

Fig. 5 Schematic drawing of tilted thermosyphon
with thérmocouple locations.

Prior to operation, the thermosyphon was
throughly cleaned with Freon 11. After a given
amount of the working fluid was filled, then the
non-condensable gas was evacuated by “boil-off”
method and vaccum pump. The cooling water or
silicon oil was firstly fed to jacket. Secondly the
electric current was introduced to the heating coil.
Parameters considered and their range of varia-
tion are listed in Table 4.

Table 4 Parameters and their range of variation.

Fluid Parameter Wickless .| D-grooved
Fill ratio,® V(%5), 20, 40, 60, 70 | 20, 40, 60
Water Operating ;
temperature,mT’”( C) 80 to 250 | 80 to 200
Fill ratio, V(%) 4560,70 | 20,40
Naphthalene, Operating -
B temperature, Tup('C) 200 to 350 | 200 to 350
Fill ratio, V(%) 40, 60, 70 20, 40, 60
Dowtherm A Operating
femperature, Tue('C) 200 to 350 | 200 to 350

(1) The ratio of fill charge volume to evaporator inner
volume. -

(2) Working fluid temperature in the evaporator (Pri1in Fig. 5).

(3) Inclination angle from the horizontal, §=10°.

3. Experimental Results

3.1 Water Thermosyphon

The temperature difference between the
evaporator and the condenser sections 4Tm is
defined as follows :

_Taax+Tea23+Tcaz +Tba2d
ATm= 3

+Tea2 Tea2+Ta+Ti+TrA2)
7

where, Ta,Ts,---Tg: Wall temperature of the
evaporator section (C)
Te, Ta,--Tx: Wall temperature of the
condenser section (C)
Subscripts stand for measuring locations shown
in Fig. 5. The relation between the temperature
difference 4Tm and the heat input Q at an
operating temperature Tup of 80C are given in
Fig. 6. The inclination angle was 10° and the fill

20 T T T

v (%) Pure water S:Striking
18} ®20 _Tio=80°C DDryout
A 401 wickiess 6 =10° LDiLocal
16 = 60 dryout |
¢ 70
020 o0
41— na40 } D—grooved 7
0 60 J
8 12 7
< ,/l E
10
£ wol|/ /J
< g ¥ 1 /
6 =
4 ——
) -
Og 05 1.0 15 20 25 30

Heat transport rate, Q (KW)

Fig. 6 Heat transport rate versus temperature difference.

ratio was varied. The fill ratio is the ratio of fill
charge volume to inner volume of the evaporator
zone. The temperature distributions along the
length at a heat input of 2.0kW are plotted in
Figs. 7 and 8. The abbreviation LD in Figures
corresponds to local dryout, defined when a rise
in the maximum temperature at point D and/or
C compared with point B exists between a range
of 20 to 50 C such as in Fig. 7. Above this tem-
perature range, the abbreviation D for dryout
is affixed. -

Fig. 6 suggests that a low fill ratio water
thermosyphon is not recommended. At an opera-
ting temperature of 80 C, the thermosyphon with
a fill ratio of more than 40% presented almost
the same performance as a D-grooved heat pipe.
When a heat input of 3.0kW was supplied to the



ratio by 10%, from 60% to 70%. The sound
frequency at a fill ratio of 70% and a heat input
of 3kW reached 60 counts/min.
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mcr}éleﬁ;ter 6=10° Tw=80C, Q=2 0KW As far as the fill ratio is concerned, previous

TS i studies™® showed that a slightly larger amount
3_@___8___@7 v=70% . . A } .
80 Bty id = of the working fluid at a given operating condi-
<o . . ey .
" tion triggered the striking phenomenon in a two-
s = FLT phase thermosyphon. Also in our test with fill
90 [5] . .
g 60% ratios of 60 and 70%, as the operating tempera-
80 0 G o—la i .

5 o ture of the thermosyphon was increased without

o 70k - —1 any change of the heat input to a temperature

¢ ~ of about 100C, the striking phenomenon comple-

= A P Y ) . 40% .

e he—"p 7s ~ tely disappeared.

£ a | The relations between the temperature diffe-

S L 3 = . .

- 0 ) rence and the heat input at operating tempera-

= R tures of 200 to 250C are given in Fig. 9. The

130 / \ inclination angle was 10° and the fill ratio was
120 varied. The temperdture distributions along the
/ 2 length at heat inputs 2.0kW are ploted in Figs.
100 . . .
/ / \\ 10 and 11. With higher operating temperature, a
1
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d )] 20% S RN . . .
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ure water —1ne — a1 _ 1
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5] d U
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t.:‘: R @ A @ Fig. 9 Heat transport rate versus temperature difference.
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thermosyphon with a fill ratio of 60%, a shock 58’1 N ‘2\
. . N . D2
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state striking phenomenon. A remarkable decre- °

ase in the critical heat input-for this phenomenon, 200 s . )
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from 3kw to 1kW, occured with increase in fill 190Ll— s TR s : —

Length (mm)

Fig. 10 Temperature distribution along 90/10
Cupronickel thermosyphon.
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o Fig. 12 Operating temperature versus overall
A B c D E|FG Ho T K
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Fig. 11 Temperature distribution along 10 T 1T
D-grooved heat pipe. i ] D--grooved
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higher fill ratio was necessary. In the case of a o AW o afa
fill ratio of 40%, local dryout occurred even at £ o [s3w|o]a]|m=
. - By
a heat input of only 1.0kW. Therefore, the experi- z°
ments at lower fill ratio were stopped. At a fill )
. - g 4 A0
ratio of more than 60%,%heat transport perfor- & .
. N fa\u]
mance was remarkably improved. 2 3 0 8 4 —"
As the operating temperature was increased, s | ® o ® )
. . . . - ®
the D-grooved heat pipe with a fill ratio of less 8 S
than 40% tended to dryout locally. % 2
The overall heat transfer rate U was calcu- g .
lated by the following equation'®: op
U=Q/(AdTn) . (3)
where, U : Overall heat transfer rate L T T T ST 200 20
(kW/mz C) Operating temperature, Ty (C)
Q : Heat transport rate or heat input
(kW) Fig. 13 Operating temperature versus overall
A Inner surface area of the heat transfer rate.
evaporator or the condenser (m?)
AdTm: Temperature difference defined When the heat transfer enhancement due to

by Equation (2)

The overall heat transfer rates of the thermosy-
phon and the D-grooved heat pipe are shown in
Figs. 12 and 13. Except for the data with the
striking phenomenon, the overall heat transfer
rate of the thermosyphon at a inclination angle
of 10° was between 7 to 13kW/m?®C and was
nearly independent of the operating temperature.
However, the overall heat transfer rate of D-
grooved heat pipe seemed to decrease with an
increase in operating temperature.
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the axial grooves is evaluated, the difference in
area ratio (inner/outer) must be taken into
account. The overall heat transfer rate per unit
length in the D-grooved heat pipe was nearly
epual or slightly inferior at high temperature to
that of the thermosyphon. Consequently, with
water as the working fluid, the simple thermo-
syphon was estimated as the better heat transport
device. However, the axial grooves were fairly
helpful in controlling both dryout and the stri-
king phenomenon.
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3.2 Naphthalene and Dowtherm A
Thermosyphons
The relations between the temperature diffe-
rence and the heat input for naphthalene and
Dowtherm A thermosyphons are given in Figs.

60 j—{ Type Wickless D—grooved
vV (%) 45 1 60| 70 20 40
1kW [e] [ °
2kW A LA | A
3kW oo
50 bl
D:Dryout
40
o
E 20
5
201
Ce
10
0
150 200 250 300 350
Operating temperature, Tu, (C)
Fig. 14 Operating temperature versus temperature
difference.
50 +  Dowtherm A tttttt
=10 bdormpaw
DDDDDD
Type Wickless D—grooved
01 V% | 40]60]70] 20 [40] 60 N
1kW c|o @] o9 | ¢
2kw D/Aa[a| D44
W | Do |8 | D || #
30 b D:Dryout ]
e
~ ™
€
=
<1
20—
10

0
150 200 250 300

Operating temperature, Tu, (°C)

350

Fig. 15 Operating temperature versus temperature
difference.
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14 and 15, respectively. A very sharp increase in
the axial temperature difference was a noticeable
characteristic when the operating temperature
dropped below the maximum operating tempera-
ture. Roughly speaking, the maximum operating
temperature Tup(cr) depended upon the heat input
Q

Naphthalene : THP(cr)=60Q+140 ---(4)

Dowtherm A : THP(cr)=60Q+180 ---(5)

where, THP(cr) 1 Maximum operating temperature
for dryout (C)
Q : Heat input (kW)
In the case of naphthalene, Equation (4) was
satisfied for fill ratios between 45 and 70%.
Equation (5) of Dowtherm A is recommended
for fill ratios of more than 60%.

The overall heat transfer rate in both cases
ranged between 1 and 1.5kW/m*C, being one
seventh to one tenth of that of the water thermo-
syphon. In addition to the case for water, grooves
did not enhance the heat transfer for naphthalene
and Dowtherm A.

4. Application

Based on the above-mentioned results, the
heat exchanger of 280kW capacity using 90/10
Cupronickel water thermosyphons was installed
to recover heat from the waste gas from an
annealing furnace of aluminum sheets and to dry
the wet aluminum sheets after water-quenching.
Fig. 16 illustrates the heat recovery system. The

= L

| s
Drier
= ) 3}
-, ——r—— pe=———
Xt Rrt Rt AT AT N
O O~l (2] o] I:) U[ (o]
Kerosene -
burner Traveling aluminum sheet
180°C 1 Recovery
Air intake
v |!
Damper Fan
( Heat Blower
- Exchanger
Aluminum
annealing 7
furnace Bypass

Fig. 16 Heat recovery system from aluminum
annealing furnace.
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heat exchanger consists of 135 tubes of 90/10
Cupronickel thermosyphon with a spiral-integral
aluminum fin.

The gas discharge from the source annealing
furnace ranges between 4,500 and 6,700 Nm®/h
with temperature fluctuation between 170 and 350
C, depending upon the annealing or tempering
condition of the aluminum sheets. On the other
hand, the drier needs fresh air with a constant
temperature of 180C and a flow rate of 2,700 to
5,000 Nm?®/h. During low temperature discharge,
heat in drier is supplied by a kerosene burner.
To meet these requirements without violation of
the mechanical limit concerning the allowable
pressure of the 90/10 Cupronickel water thermo-
syphon, a bypass duct for discharge and fresh
air intake are provided in the evaporator side
of the heat exchanger.

With respect to the compatibility of 90/10
Cupronicke land pure water, non-codensable gas
was not detected and no deterioration of the heat
transfer performance of the thermosyphon at the
operating temperature of 230 C was detected for
more than one year. Qil consumption has been
reduced by about 60%.

33

5. Summary

Thin wall 90/10 Cupronickel tube was deve-
loped as a suitable material for water thermo-

syphons operated in the temperature range of
100 to 250°C because of its superior mechanical
properties and its experimentally verified compa-
tibility with water.

90/10 Cupronickel closed two-phase thermo-
syphon were investigated as a function of fill ratio
and operating temperature. They exhibited exce-
llent heat transfer performance at small inclina-
tion angle in the temperature range of interest.
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AC Impedance on High Purity Aluminum
Foil During Electrolytic Etching

by Yoshikatsu Hayashi

The etching of high purity Al foil in HCI solution was investigated. Pits formation mechanism
and pits morphology was studied by the use of AC impedance measurements in the frequency

range b Hz ~50kHz and SEM.

Bath temperature affects morphology in a striking manner. The Cole-Cole diagram of impedances
reflects the influence of bath temperature and shows the marked difference of the reaction mechanism
between the 60°C bath and the lower temperature bathes. Inductive semicircles suggest the partici-
pation of an absorbed intermediate in this reaction.
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by potentiostatic method in IN HCL
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Fig. 4 Cole-Cole diagrams measured under
potentiostatic conditions in HCI 10C.
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Fig. 5 Cole-Cole diagrams measured under
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i =RT/zFaRe e (13)

= 75> RT/2F OFE & @kicli»h 3,



Reprinted from  SUMITOMO LIGHT METAL TECHNICAL REPORTS  (Title No. E-281)

B E #
T IZY s —OFREICE T B EMTE R
B OB E B* £ B KB B
E B OB OB

Technical Information on the Structural
Strength of Aluminium Beer Can

by XKanji Saito, Yasuhiro Fukuda and Katsuhiko Hirata

fER 8B &R T3 bk & Bl BF %8 A



Tou =Y e - ROREICHT 5B R

" OBE = B OB OH B OE
¥ @B B B

Technical Information on the Structural
Strength of Aluminium Beer Can

by

-

1. £ A M &

Fov i v AMEHIEF46EICESECR S TES L T
$, FOBEIIFEES 3,300 THETH - 1248, IBFSTER
ITI20084E & EFIC TR b, BUECIRIRBECEHE D30
%P, €—WEDBBL T IiINTNSE, TO
A7 = AEOFEE R RE AT M O S R
HOMESE, 5T VI =Y AOEAMEE L TOHME
ek 8DTHA D, £z, 275 v 7OELRIEOHE
RHEDUIZUGAT YV TBEDE TV =0 LAFEORE
B Sicos o LiFang,

PRk S, BRE, By - EOEREZDT NV
TEROHIMEE LWV b DM H 525, HRAMEOHBRL L
U< i oBER BE B ERO Rk b BicEEan
AHETHB, 20T, AFETRHRsNTH S EA -
HOF—VTNEI =9 s - E—VFEBREHICOVT, Z
OBMEHEL, 3 5RATEHEBRTHEBLIS EOBKE
THRETH 3D, BT UIERE2E L O TEE M LI,

2. EEREEARIL

HEL 25T 3O, HESL Ly 7 ORIRE
BETABENS S, R1R7 VI 7HOBERICE D HE
WEH2RT, Tibb, 1970FEIC T 5 —RiC T X
vis FVBETRENBEERR (LT, C2 4 7 LW
P 5, IEORETREICR 5 h 3 VEIOEKZR (LT,

¢ 66
‘ tL 19705 ¢ 0.42mm
| (CHAT)  (6.65ke/ar)
BN [} \
#—Ll-——~/—</)58~62———-—{
b 66
t 19784 0. 345mm
(V&AT7) (6.65kg/o)
N7~y
o 55—
K1 HERROYWED

* Rk tgE

41

Kanji Saito, Yasuhiro Fukuda and Katsuhiko Hirata

V44 7R KEAZSE, HEMEREY 6.65kg/cm?
KIMAZ 3 EEES (HHEAMRE £ 042mm 25 0.345
mm K& B L ZI8BMWALTETH S & LTWEY, B
ATENSER, BHBEOC—-VEIRC 42 1 7 THRE 0.42mm %
ALY, BEIBRRTILII5EVELTT, 20
W3 0.3456~0.415mm Tdh 3, iz, HEME®RE I
FTHEERR (C, V&4 7)) EHBRE - mEOBKRic->
WTIR4BETHELULSEB~NE Y, BE, BRPETIREERRE
BWEIC DN T 7.5kg/em® PLEBEREINTED, V&4
THEBRPWBLTISXAEI®IEAT L3N
T,

f $ 65.5
R__\AJ__}”T

o o
$66.0— o  66.0—~foy
N VAN S V= BN |
TRy TE STy IE
l—-—¢59.5—-1 $59.5
o~ o~
¢ 66.0—= of $66.0—= o
N VA BN B A |
MUy & ARy OE

H2 &4y s



185 F R & &€ B ¥ ® July 1984
RN 5 5 2 TR b ¥ 2 T4 5 2 05 B2 IR -
Uitk s 87 Vvay o, v TV A9 28I+
v IANEEDYDOHD, FEPIEETICEIREST R 5 X O /.
.. - N O e A pa 3 o m
mOEELEH 3 BIDBLSNTO 5, HCERS N v | WE B ks | & @
fi AR oD 5 i o DS e
%m@,m@@ﬁ@@&ﬁﬁ@@@%ﬁ%ﬂﬁﬂéq,‘ A |0130~0415| TH 30047
#ic150kg Pl ERRA B C EDERINTVE, #F TV % - N T
* : F g | AT | e joaso~o0as0) # | 082K 6
vIBION) T NARy VHEEY TV A JHIIEL T S P D ossm | T | : | 5182 : 4 i
. - " o T . £y 3
BB SEN L EHBRETH D, CORD, B3R w2 10.332~0367| 4 7 ﬁggj%%
A Pr T o2 E Pyan & ] Z = B 5)
T X5 LA ELREICHE 2N KT:Z vy iy VHED, & (I 0.310~0354| 3004%
A0, ko 7L AT EROEH 2V, »oEED ~ TR
; e S - s @ | ETR mue 0a25~0134| % | 20827 44
IR & A IFEROBRREK X FMFREBREOM LW 3 D ¥ 4 bl : ™ 5182%: 4 Ghl
—oD BN ERBIGERT 3 B35 $Fbh T3, 5% 10.265~0.335| 2 7 gggé%ﬁ
¢ 62.357 (] K) FIE 10.344~0.354 | 1 3004:%
S~V -
- s ciE | 0.126~0. % %
2 035~2 417 Fowmy| | I |0126~0136] 3 51825
d 2 10.286~0330| 47 | 5182%
14.732
(&%) mE | 0.370 e 30043
s ' b W | g 0.130 £ 50823%
BT -— 17 I AR . T R
u*jf)r #57.404 A=ARIT g | T
+1.270 B2 0350 | 27 50825
122.225 ardley 0.350 il3} 30045
fe————— ¢ 66,091 ] +0.381 X -
+1.777 AF YA o | | 0125 # 5182:%
w0335 | 47 5182%
mE | 0.410 i 3004%
652 934 (&%) R % 1 ;’Wi fin s 0.135 F 5082
mE 0354 | 2T 5082%

391.3+1.8cc

2.667 (&%)

Rl

¢ 56.947 (£:3E)

B3 2Criv s EHop®

3. EBARA-HEe—LEREER
3.1 BELI-HHEE—LE
EA - A — VRO BRI 3 & ol ok % M)
EL, HOITHEIERE OBR 2R THERRLHEN OBR

T 5%, E5 108406, EA11H165618, 512585
DFFRA— N7V E =0 EORERT-72, AFUIH
OWERFR 1T, HMlE2FHRICRT,

(1) AR BB T 330045 8RTH 553,
EH e — viEoEacit Si, Cu, Mn & X o8 Mg BEMNO
Lol TH Y, HEbiE, B TI51828 82550824
SV INTHIOIRHL, ERNTIREN LD
OEMAMEESND, # THIT O TAHEMERUERNT
Hb,

(2) BMWOE BEEHOEEEEE LU TEAY -
EH5 0.38~041mm, EHND $ Dt 0.33~0.36mm Tah b,
BEREE L EAoBEAmMHR, HEROES 2h
F110.13~0.15mm, % X 8 0.12~0.14mm TH b, @M€

| |
t
S
M r«éiiﬁf £ m)\
[N = L \ / |
J L—r——«D::
p——— D3
D2
D VIALT - TF Y P F—L CHAT - BEE—L

VYA T - HER—L
B4

MRS D &S5

42



Vol. 25 No. 3 TR =04 E— VGOREICEIT 5 ER 186

®2 HITHELEER

- %gfﬁﬁéﬁﬁﬁ% S B [ b g — Sy M AR & [ -4 |- AR AR ]
H(mm) | t (om) |D1(mm) | Do(am) | Da(mm) | Dg (um) |Ha(om) |Hz(um) PEE R ) ¥ ro(om) 6 (B
Al 121.9| 0.400| 66.0 | 53.0 | 47.0 | — 48 | 9.5 | 60.1 | 1.0 | 41 v | % @
B | 121.8| 0.410 | 66.0 | 53.0 | 47.0 | — 50 | 9.5 | 61.8 | 1.1 | 45 ” ”
C | 122.4| 0.415| 66.0 | 52.8 | 46.6 | — 45 | 9.0 | 55.2 | 1.3 | 45 ” ”
D| 122.4| 0.395| 66.0 | 52.4 | 46.4 | — 45 | 100 | 47.1 | 1.8 | 50 ” ”
4 4 B 1221 0.400| 65.9 | 52.4 | 47.2 | — 45 | 9.5 | 63.0 | 1.0 | 45 ” ”
F| 122.2] 0.390 | 65.9 | 52.8 | 47.0 | — 5.0 | 10.0 | 58.2 | 1.0 | 45 " "
G| 122.4| 0.405| 66.0 | 52.8 | 47.8 | 250 | 2.8 | 8.0 | — 1.1 | 49 PEEFT
H| 93.0| 0.349| 66.0 | 52.6 | 48.6 | 26.0 | 3.0 | 85 6 — 13 | 50 ” "
1] 93.2| 0.395| 65.8 | 52.2 | 48.8 | 26.2 | 3.0 | 85 | — 1.0 | 48 ” ”
7 93.0| 0.345 66.0 | 52.6 | 48.4 | 26.2 | 3.0 | 9.2 | — 1.0 | 50 ” ”
K| 122.7] 0.335| 66.0 | 54.8 | 49.5 | — 4.0 | 100 | 60.6 | 1.3 | 48 % m
L | 122.2| 035 | 65.7 | 54.6 .| 49.5 | — 35 | 7.8 | 62.9 | 1.0 | 45 P P
M| 122.7| 0.340 | g6.0 | 55.0 | 50.0 | — 45 | 95 | 62.7 | 1.0 | 49 ” P
o N | 133.8] 0.3%5| e2.4 | 55.0 | 50.4 — 2.8 | 9.5 | 58.0 | 1.0 | 48 ” P
O| 133.8| 0.340 | 62.7 | 5.8 | 50.2 | — 2.8 | 10.0 | 56.2 | 1.0 | 50 ” ”
P | 133.8| 0.335 | 63.0 | 54.8 | 50.4 — | 28 | 92 | 59.6 | 1.0 | 48 " p
Q| 1320 0310 63.0 | 546 | 550 | — | 8.0 | 95 |51 10| 68 | C |
R | 132.0| 0.312| 63.0 | 58.6 | 55.0 - 3.0 | 9.5 | 55.6 1.0 | 6 | » | o~
S| 115.6] 0.345| 66.0 | 550 | 9.8 | — | 38| 95 610 | 1.0 | 5 | V ”
oy, T 15€2] 0.3 658 | 588 | 545 | — | 33 | 100 554 [ 1.0 | 50 | 7 "
U | 153.6| 0.344 | 65.8 | 58.8 | 544 | — 33 | 100 | 600 | 10| 50 | » Z
V| 115.6 | 0.353 65.7 | 55.0 | 50.4 | — 45 | 100 | 572 | 1.0 | 48 | ”
A2b W 120.2 | 0.370 | 65.8 | 55.2 | 50.0 | 3.8 | 95 | 580 | 13| 468 | ~ ”
4¥97 X | 115.7| 0.350 | 66.0 | 55.0 | 50.6 & — 3.8 | 95 | 85 | 13| 48 | 7 "
S49EY Y | 123.0 | 0.410 | 65.9 | 52.4 | 46.0 | — 40| 95 536 | 13| 50 | P

— VIO BEOEASED b, HETOES EEN
L — UG A5 0.33~0.37 mm D#EIHICH 325, EHDO DI
0.26~0.35mm DI HFEL TV 5,

(3) BEBR EA - SHe—Es Va4 7 - Rl
F—LaWEREEH TS, RIA4CRT X ) RERPIRE
K54 5E, VaA7  BREN— LHIONKE VAT - 7
Sy R— A4 BB L ICE AT - BRE K~ &5 28
R&iesd, SEMEsk2ICRLI,

3.2 EEWERE

3.2.1 RBAE

GIEMREREOME, #Re — VviEOHEHERSD
R FBE v o B (BOKAREET 150kg/cm®) %
AW, B EO M2 K 6 1SR T, HERLEMRER &
AR DO PIANRZIRE % 2513 T & — VORI % pk » THEE
BT 2EEOENE2ENE CHRAMD, 5HETO2HEMLT
Z OEHE = AV,

AR ORNBICB Y B IENORELZ 0 28O $H
- o GEmEEY KFC-2-D16-23) %2i5b, INEE & BRE . :
Rk IO T AR EEL, HHAERS X ORI BU5  FENEHE OV R EE

43




187

F R E & B & &

-

July 1984

EREOBTIRERHE LI, ARV 24 T ERRA)

BLOCHAT BEQ) &M F—AfEE LI,

A

T

3.2.2 EEWERENEHR
FEMFRE 2R3 IORT, BEOERTHEVEAT
BRI K — A E19REEI D0 T, RN Pe (kg/cm?®)
EEEEXt, K~ & D: 2 OMSRT & OBR % BRI
MURERER2ER 4 B,
F4Lb, Peitiz Dy, Ds 51 Ot DR & S8R T

TCENDOPE GETRE4BR),

K7 ixt%® 0335~

0.354mm, 0.395~0.415mm & KL T, Pe: D. DBER %
RLUIZADTHD, b PeD" &t OBIFRERSD
1 14 Er—
i VAT - BN —LE
£ 12 o t=0,335~0.354
| o t=0.395~0.415
: | 10—
T ~ ~~~4
: s L -§~3‘r\\_“
- @© ) P
Rl (R BIPR N e ' —
@ 6 \
$3 SR C — U R G EESREE & I TR o Pe=3 38X 10D
@ 4
e . & & i R i i E R OAL W
H=EE ] & s R N
HEREE | BRI (kg/cm?) (kg) 2
A 8.7 210 .
B 8.7 218 50 55 60
C 9.0 240 R b LAED: ()
b o = BT T Pe & b A% D: OBIR
ERNS F 5.6 248 (#4543 t=0.335~0.3541 5 L TRT, r2=0.73)
G 7.7 245 ,
H 6.6 228 4
1 6.6 243 . .Lt:-/
J 6.8 231 7% —le
53 L] [+]
K 7.5 124 E- " *
L 6.9 158 & \ o4 .
M 7.6 164 oo . .
ﬂt Iﬂ N 7.2 179 ;’ 7X sz",y”::‘
0 7.1 143 5o :
P 6.8 171 X & & FZ 9k
Q 4.3 169 & 1ol Fro | FL
R 4.3 141 . . | viq7 | 5E
S 7.4 150 & s o |verr | 730k
eyl T 6.0 175 o lCoa7 | uE
U 6.3 150 0 I
v 7.4 153 0.250 0.300 0.350 0.400 0.450
T-Ar507 W 7.7 170 i Bt (am)
TR X 7.1 163 B8 PexD.2 &HiE t DBIE
DI
EERELEZ I 9.0 198 BV F AT BRI K~ 21K U TR T, 12=0.80)
x4 HEFEHRYE Pe & £ HRTOBMK
78] T (x)
psit 3 (7)) | %
t D: D D | H | H | R o |0
r 0.72 0.11 0.85 0.91 0.50 0 0.08 | 0.19 ' 0.16
REK= 5 | o a 30 4.8x10%| 9.6X10° | 1.3%10° | 4.1 7.3 | 62 74 | 2.4%10
. e i
Vo b AR b 1.4 2.3 ~3.5 -2.5 0.5 0 —0.5 0.3 | 0.9
W@ > | > — —> ey U { mU i mU ‘ mU
(1) ¥=ax®, r*: RERHE. LEREX2EM

@) —> > EFORINT Pe OB, —> > EFORIMT Pe OBWD, F5 [r2b| 0.7, A 0.7>4r%-b 20.25,
] <C0.25 TRERL L & U,

44



Vol. 25 No. 3 TN =T Lo

E = VRO TR B g 5 BT B 183

ftEZA, Vaa T BREN—AHTHUTROXSES
iz (R8&M),

t0.77

P€:767X103—ﬁ;2——11—'

L, r*=0.80

ks, M8t 79y h F—ABLPFEFNLCHE P LE
OHIFEMZ 7 v v b Urzds, (1) ROME X b KL, HEBIR
ERTEB30THA 9,

3.2.3 BRBERE L TORE

R LIz & 9ie, - v ROEERERLELIRE K — &
THb, MEARBELALINS, HARBOWRE®RED 1
DT, HEE L b Karman ok & o, @io%E
il 245, CCTRMOBEHNE L o@IoERNE
D »Y, EHEE OLig2EAT,

(1) HoBEHN & O i
HOBBIIKORED § LK@ oN T 5, BEEETE
—BEIEHERB S b, e EESNIIERBO D45
SBICHERL, SRS, COBs, BEE2ECTES
(HEMRE) Pe’ kA TRDEN 5,

Pe’ R*
2Et*

1=y - S
=0 @9 *T3a=ma Y

7iZL, R e
t o R
E: mmdE&% (7000kg/mm?*)
v: By (38)
B F— LA

_ Rp?
Tt

[44

L%,
B9 12 BB U — B TG 2 AL T(2) 5> 5 Pe %
AL, EMIE Pe LML b0 TH B, BICEB L,
(@)RIC & B FREOHHEMEE D S A&V, CORRER

16
oFE

14 e [F 4
12
% 10 o=
S od @hb--"%]°
& 8 ®ele -t =
w o,'l""c"\
= 5 =i~e®
& == Pe=4.45] -4+0.232Pe

4 & o2 -

TR
225
0

0 2 4 6 8 10 12 14 16 18 20 22 24
B Pe’ (kg/uf)

9 Pe & Pe’ OPfE (r2=0.61).

ORXOBE, RROXHKFEPEERTH 5 0IKL, ©
~ VG DRI K — LSO T FFEAE R B RO IREBIC L
STWBRRDEELONS, Lk, MPDEHRI Pe=Pe’
BRL, W5 Pe & P’ oG OERIIMEZSEZE L TR
AU,

(@) IO ERN & O L
ENoERBRLZE KDL 5Th 3,

2.5

Pe'=167-E (55—) - ®

12120, Rt gk
t o RIERE
E: HEmif: R (7000kg/mm?®)
@F2HRL TESNICMHERY Pe” & EHIE Pe 2
BLIZOBEIOTH Y, b —HUTW3,

14
o B ®
12
[ 48
fQ -
10 QQ" |~
o o)
o o
%= @ -
% 8 1 -
4 o .-
& /,.. Pe=4.985-+0.383P¢"
s e e
#
()
4
2
QO 2 4 6 8 10 12 14

STEE Pe (kg/od)

~B10 Pe & Pe” OBIR (r2=0.43) -

3.2.4 BAFCLBEEROEH

RN R SEAE E QERSVWTATE (RE) &IE
JIOB&R 2R,

Wi O R TR D B A RIS D T A1 & 7 0
KESKBRbL TS, Thbb, BFAE (Va17 -
BRE K~ &F) OBGEANLET, ZOKEIE-2
kg/mm?* Ték 5 DI L, QF (C# 4 7 BRiff K~ &4F)
TR — 283 T —10kg/mm® BE L, MEOWICGEY
B, BEOMERE RATE CH~THL b {EL, BEE
MRS 5T B, BI2IKAS & XQEDERIRN2RT,

I£¥, BEETIRIELEHBIFETAE 285 IR
£



189 EF KR & ¢ B & ® July 1984
20 R 20 HEHE
I BB I
| R
10 T 10 '
£ \/ ~ Ty
£ E
= —(T3)] = o
I e — R T2)
= T 2
~ 101 —10} (T3)
T2)
—20 : ( L : 1 - 20 ! ] £ L i 1 t
— 20
FEmE GRS
R E -
| EEEF
104 v
i) o
o (y2) = L
£ (¥ 3) £
) g Y2)
< — . S 0
N R v 3)
e 4 et 1
= x & ra) ? %
7 —1k
R O 4 o=
B i
—20 It | | 1 ) 1 1 1 ( It 5 —20 i 1 N L i ) i L N L
28 0 1 2 3 4 5 6 7 8 9 10 2.7 1 2 3 4 5 6 8 9 10
BRFES (ke/od) BEES  (ke/or)
@ % A VFAT HEF—L) () 8 4 Q (CH4 T - BEIK—L)
11 Ari X 3 EEBO S
; T e
B C (V24T BRI K~ &) W Q(C a4 BREK—2)

R12  HE o AE
x5 BB CAES (W5E®) :

AFER | SR RCALD) ) ISR & % ;%;ﬁﬁ%ﬁfiﬁbL.~wm- L T e 1 e
(kg/cm?) (kg/cm?) e LR VLR RS RT3 B 5 i T EE e Wl R R
_ " 28 3.7 31 BEL, 258> T 3ESoRIE L T, Bl EimE 1L
HooA 2.9 9.0 3.1 MBOE 3 ICRL, % mRISICER : 0BG TR L1,
% m K 2.9 7.5 2.6 EH e —VHRBEED 150kg % 14 5 DT A 5 200kg L),
Q | 27 43 1.6 LOWMERE S DDLU, B — ViR RICE
7w T 2.5 6.0 2.4 {200kg LR T o1z, TH, F7 V4w 2 (KH)

4 ¥ 9 2 X 2.7 o 7.1 2.6 12 124kg & 8§ B,
740y X 2.7 9.3 3.4 BE R 3 78 2 Y & — oV R S A AR I > & BER A~ 74

46



Vol. 25 No. 3

T E 2L C— MEORIICHT 5 B

190

300 I l
HEEDSE)
D1 (FHEDOHR)
[ 01.4~15
W{ A1.8~2.0
- ®17~138
A o] A1.8~2.0
o 1 %[ 82.1~22
v2.3~2.4
E ]
o A P
A
» __%gm
v 0 |
fud "
v Y em S| -t (BE)
Pem al | oEonE)
I
150
v A f Vel
STNEyoE F
&7 )
100
0.10 0.12 0.14 0.16 0.18
B 2 ot ()
H13 i TR & BE Lo BAGR

BHSAY, S C— MRRIHATAL & » T, —H
DD Fy FERFELELIZ, TR 5 B E E BEHRLS
b D BEHHH LD HILINTLEEDTHS 5,

4. FEBKEEBAL

HiEETEA - A~V EOGHEME®RE & FEES B &
R b AEE D OBIRZIES ITLIZH, EMOBE LD
BRI DI TE R o1, £ T, 304S (30044 <4
M) k5 kX344 A G045y, ERE DI &HEMED
2H, BHEEE GEREREOCHER 202 FFOBAK
DWNTHEE LT,

(a1 DL 0.32~0.415mm DIl A, RERT]
MREEE & D 1 BRIEE RS LB i 24 3 5 2JILER (205C
X 10min ZE¥y) 2ELICEEDMEZ2ER6 ITRLI,

£6 HRAMOBIREEE®

Bl UE B B GEHD | 205CK10minnm g
5 [y - e = -
Mo BT RS ek | ) B S | oY
(kg mm’)(kg/mm") (%) (kg mm?)(kgmm) (%)
304S-H19 | 29.32 | 30.80 | 3 )27.39 30.73 ] 6
X344-H19 | 34.73 | 35.3¢ | 3 l34.83 37.03] 6

B () BERIOMETE R TS 5 BRR (RS THIE,
(2) ZMJLEH L R ERR T P2,
FEOREZ A& v F LB #5 4 x ~751— (B-2CAF)
2T 20275 (¢52.5mm X 13dmmH) 5 4 X T, 1F
i o R 0 - Re AL ER R IR U T,

47

142 CHx X 'V 4 4 7OHEERE o5& O R
BrRE:oMEe2RT, BB 3EN - M-
132111 (#66.0mm) ¥+ 4 X Th B 128, HHE, @ik
b SEHMHERE 2 B U Tt vnic, Co#é, Per
W 2027, Ped 211 EOMEERETH b, BEE2EN L —
WA DEHNERE 8.7 kg/cm?® & 93 &WHH 5 iTE I
11.0kg/cm?® & it %,

Por=Pe x 211 DAL

......... 4
202755 0> 917% @
14
—304 5
———-X 344545

13
¥ T i nmEgE (Pe) Vi1 T - T
; a I /4( VA
a1 -
b _ A /ﬂ///// /
i{' //
£ 10 r o
£ e
i v
e ° /% Cr7

8

7

0.25 0.30 035 0.40 545

[ B, to (mm)
B4 & 45 B R o B iR

(20245, 205C X 10min ZWLEEE:)

B140> & ZEEIR TN 11kg/cm® 2 HE 4 5 i
R, 202FOEMTHB C 44 7T 304S £ HfE
RS U, MRLEBRHE T ERBBELING T4
bbb, X4 & %HHAT5 LR H3MS OEE LD 7
Tk 9 % OHRD, EIEEEREV 24 Ficdhig
22% DEALMEN B,

0.5
s [ 304s
X 3445
EA9% [0, &
0.4} 15%
22%
~ 03
£
h
&
02}
01}
O o
co17 V& AT
5 E oK
15 ko



191 EFRE & B B ® July 1984
REFIIEGRRETH 3 202 HDOHFD» 2R L T2HS, (@) HEMEHRES X OCMmERE EENC—~viEDTT

Y-V (21177) OB & & HEUOEMMBE LI T3 P—RITILL, ChixERLbot EiEEsN 5,

304S L D B TH B X344 BE O — VEADTE fﬁz’» X 51T, 202 FRICDWTEMRE & B RE OB 67

e Ly,

5. £ & 0
RSN TOBEN - A — v 7 i 29 L - =
BEEBIC VT, Aksy, TR, MR, W

WHEREELZFHEL, KoM E2E,

(1 EHEMEE RS 300486 R, HEMEENC—~
WETIL, 5182840550826 E L b Z L HMan TV S,

(2) mMEBExLLHETEE, BENA L - VREDOHFH
Rlbah T3

(B MEBRRVE2A T, 29 2BRIZ VAR
DIRERED TN, £ 70V v 7 EREN - V-
HloaR 5 sniz,

48

2R, WALEOTURERZH S T Lo, RERD A~

LTI A e VEORBRBHICITEENTH
%o
X ik

1) ALCOAM: # % v & @ Aluminium Can Sheet Presentation
(1981).

2) P, EHEE R

3) Reynold # @ H AR 15755851 .

4) Metal Box #: UMJUI 4y 1H59-500125.

5) Modern Metals : Jan. (1984), 54.

6) FHEE, B : FERrERES.

T B BREEOERSZONA, HA RS,
315.



Vol. 25 No. 3 FNE =Y A - E— U EOBREIT T 5 T R 192

8%, R — v EDOBIREE &EFEE Y

i B ox 1 B o OH @ t % B 5 (wt%)
HpEE @ TR S 9 ;
% 4 8 77| BliEdRE | ot | o Aol o« | -
X4 (mm) &g/mm%&kghnm% %) X ﬁ‘; Si | Fe | Cu Mn! Mg; Cr | Zn Ti
fin r& 0.400 A7 4 B 10.2500.44 1 0.17 11.04 1 1.06]0.02]0.04 | 0.020
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Ranoobb, R, FETawAesI e, TC
T, B REOLT AT v 428, EOEFERCHE
EH v TEHREIC SO TIHRNS,

3.1 HRTbvAX&E

HA7 bw A4 ZBEBEMGBORNC, ZOHM» 6 H
2UIy REHRESETHEMSEZM» < EHEL, 12,

x2 &¥rvicz

ERE 2
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0.2r 2001 20f - 20000
0.1 10000 .
N ; 5
0.08[ 8000 &
0.06 6000 =
0.05 5000 <
0.04 4000
.03 3000
= 0.02 2000
001 10k 1 1' 5 i bl L1 1000

30 40 50 60 80 100
2 (0

3 MBS T 7oV = o AORIEO B

TOHZOBHERICL hBEEZ S EDTH %, See 5
1w, BEAWRLIEH AT A XBETOEMEBOT
BEFVERRELTNE, THEDLEOE 1V — AR
BBO— KB WA NOER), B2 S— 3 H A
v OFE, B3 - RETORMOEKERDL, C

~NECER, ABEGEB A AL o POEADLD EST
BELTVWELETHD, Chid, 1L/~ TRYAD
Ty Mk DBEIREC L AT, HESES MR
[EAsh, C ORI S EEEROSABAL T
%
—F, Grants'" O @AV b T D s v P U 2~ T RIG
L, USGA#: (Ultrasonic gas atmization) %2BFEL T
BY, COFETIR, SHEOy 2H%E (Mach 2 ~ 3,

o LR BE S e 2 R

] - . . R DGk | wIEE - .
s ok & 3 _) 5 s 1 fi ,%
T Ji I () (K/sec) T % i
LF—7 A4 X 50~100 102~10° | BREEIL - R{URE Alcoa
|
Haz bvdAx | Subsonic|  50~120 102~102 B B o B B
PG 73“2}
;Ultrasonic 40~ 80 103~10% |k B MIT
4 i i % 70~ 80 104~10% | B &« NY YLK Pratt & Whitny
[ iz iy i 100~150 10 ~102 | oot ki & 554405200 Nuclear Metals
m @ A v S 20~300 103~10% | Bt K S o 3 H B Battelle
P = - v Tv— ok 104~107 | BN - v —VicMoflif§| MIT
AdE L -
&1 = — v s \%T“ A7 v 103~10" |#8 2= B Battelle
— 73R
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<a : m,v?}ﬂlf;?.ﬁj b : 737 B SN Y- >
c:IWFE, d: AV b
20,000~80,000 cps) iz & 3728, 7 b v A RXBEEHS B
L h, —fROHF A7 v A X (Subsonic gas atomi-
zation) & it L T, USGA ¥ Easild &, RS
DIFDBHEL, BHHEEBKE WV, iz, BR~DF 2D+
5o TP CEOREYS 5,

BTN 2 E L TR, 2R 5 VIRANEES 2 (Ar, He)
BEVWENS, Alcoa T2, =7~7 b w4 XETHEE
Lic7n i =9 ad@iRelvT P/M &80 UL s

PRI BN, ko

RIS UBR 2R TR 50T, HELICZEE
PBBRETHDZ (R3BH), £k, =7-7 v A XKT
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(a) 7 —F k2 A 7\*5}/'\

6 HR7 v ALhBED®ER
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WERT S, ZDFE31E50~100A Ths, 12, BED
TR RGO 12 ) AHRAVC RN & 8 50 — T, A&
e AR T %05, BROBEPLVTED S, KR
FERHBEO7 P A XL {EbN D, REHy ARTS,
T =Y AEEEETRERLINAD, OB E
50A DIF &®i, g EOBREERED OB Z
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3.2 ELHBE

MK E D Pratt & Whitny #: CHEFE & hv7z RSR ' (Rapid
Solidification Rate) 2’5t 4 % Th 5, E 7 i RSREZE
BRI, BEERE % E&REFE (20,000 rpm 2L E) LT
AEBRETL, B0 THEREB2MEET S, COHE
SNEREICEERD He # 2 2RI ©HHT 2 HETH
o AHTRIO o v ATHE LI EEZACT, NE
A4 Al-8Fe-2Mo ZBiFL T\ 5,

JHEalL—%

F\;_

AT

R |

/

I =
/Jl________.—.._

5.4m
sEs

7 RSRBEOWMFTED

3.3 HEEHy Tk

EHTHET AN » TOREIR, Kb DDIIFERERO
HMOEHE 2RO L DR S, £ ORAERIEE 2 H
ML ABERB €3 EE v 7 (Rapid Spinning Cup :
RSC ¢ &9) »E8iTRLIz, B8 () Tix, HaleE
DL 2 ZOVIR O CE R IEF NS & DAL
ERPHATIMEL TiT-> T3, (b) T, &Eo v ¥
DI BTN BERL, BB L T3, BE
3, Pendant Drop Spinning Cup #: (PDRSC ¥ & #9)
LIFEEN T 5w, PDRSC T, HE2H0L0Ie
W D> & ORMNI DB b3z,

UL, BiE UTROIREORE 2HE T 5 KB
BdH b,

57DF

E38

By 7

54

3.4 ZofoRSHREEE

Bk U BiEEofic, BrxOoREMBRIN T,
38

K 9 @ REP #: (Rotating Electrode Process) ixNuclear
Metals #t CBFE SN v v 2T, BHEET LEED
o FLIEMEBEOBERE DB TCr— 7 254E 5w, vy K%
BiEL, BOMBTIHETH S, AETER, Thicdd
Ti®Fe K Z2BEL TWA™, $12, IFHEERTH S
BT AT ADBEGREF I, TIA T -7 2l
72 PREP i (Plasma REP) %5 Ti ® Ni #:4 & 03k i
FERs LT3,

E10D e —5—7 bw A4 X&YW, BEETIHo -0
HchEmEEPHEL 2, Blizg —Vick - CERBMSER
KXy E7—va v 2L, WETIHETH 5,

NP qﬁ f —
FD'TU 0

AE VL

HEHE B

5T AT L BR

L[] =51

/
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B9 REP i@
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TINTWVL3B,

I G DBEEE 0w 21d, B SRERLER TS
B, BEEMES Db TR T2 BEYD 5,

4. ¥BEROBELHZE
P/M7i =y rgaofENEETEZ BIM1 TR

Uiz,
I B3R
A B C D
! '
BEERE AT s
I
& H A & & A A A
I I I ' I
] [0 [Emn] [
I I I
i & B2 & R &
'
P/MEL Y b
!

ek - 308 - BAR - BIR

B 7ot =9 koo tge

4.1 EBEZEESK (BHXRE

—MRICKIRDOFRE g, B - KB - K - B3R
LEBRHBFLTED, ChsOEHE - H7HKEN P/M
Tz AEEOERECEETS,

BE1MOoRZERSE, K- BELEOHERZENE T3
bDTHY, BOLEBOPTHRIBEETH S,

Kim5'™i3 P/M7091 68 OREOF LRICSIS L7
— 7 b v 4 XRPREE OB E ORI OV TEM 2
B2 LT3, &3 7091 g Eh s BLHORE
HMEERER, BM12IcE TR COMEEROBRILY DB M
BIRT, 7 b A AEBEOHKE, HREOMLY S 4

=3 7001B O BBORE & BT

T OB mbowEgtuoRE i =
+ ALOs (1) 5~10 nm
7heAR % b 8 - ALO»3H:0(?) #idhE MgO % &t
& : © . MgO 3I=am=:IIE‘:IA
(3) He0/0: A Tho s D
_ nNT3
WEES | " L | A _LID%%E%,MMMﬁ
- ALOsf (1) ~4nm
B % B (2) MgO& ALOs 1%, [l
. LA | (Mg0,Zn0, WFIE. {bixd i
(520 C/6h) r-Al:Os, [3) 540°C /7d TRiH =3
MgAl:04) % &, MgALO: 37
BERY
(1) AkO: (<C0.2¢#m)
Ry bT LA &N W - (2 ALO-MgOs524-
(520C) WD ER - (<0.2pm)
(3) 5 FEMg O (<20nm)
i ot (1) AlOs (0.1zm)
3 3B
; 2NV A= [ o2 7324~ (0.1pm)
(400C 64% E
& (3) 5 EMg0({20nm)

ThEYARX Bmog X Ry kTR
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MgO T5RY—

| OEBMEEE o
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O ABEATIEREBEOBRET IV 2T AEE, ZOSNAID
K/BEBTRHBDONTOG, Wy AMEETE L, KB
CE SR FEEIR T 525, Bfbe 7 2o T 4 BT VR
= v ABENT 5, COE & OBRLYEDEAIZI0ALL
TEINTWA, Sbhitky P FLraickh, B~ A

LY AL, Bibrovi v aBREESNS, K13
W, BT, ko T LR, BEROBEROZELE

BAIOR Uz, &k, BRRICOVLTR, 7 ¥4 XH
B OWsE T 0.6wt%, [Ii7 2 HE (520°C x6h) % Tix 0.3wt
BT AREINTL S,

(a) HEENE

s

(o) BARISEURY) 0 2 3)

e
e
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g papsseuvam—

Pnanim— |
ama——. A
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-
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(o) BIRE(E Y 572 a>)

B3 WBEAH - SN T s 3 oKD
BEIT

BR - EREE Oy 2 B R 2T A Eimin b,
BISREOHRZBL 2 &I1Tc b, T, FBAOHY
ZBEDPREI N TN B,

4.2 BERHE

HMODIETRAN T 3 #AMHER L CHVLN
b, —RICT IV U AESEOE@ICKE, BIRLULIELT
VRO ARERSET HBIEENS D, B (B
PRHET 2, AR HIE TR E I U i
BACHRBESBNTESET 2O TCENCHESE NS, C
OFHETRIPHROREICHE > L HER A DD T V3§
2o AMBERUHIRE LI NEL 59, il OER
B - 4 Eo rhEmEEie s OBONIREDD B,

v
%

56

4.3 HIP (BB&KE) #*
EHsTEROBREEE LT 5 HEE U AR KT
(Hot Isostatic Press - B %s HIP) »sigEH I N T3, K14
WEOBEERULIZY, UL, A7 ee2THEEINL
FUi U AREOEEBICET AWMEREEAE LY,
Wi =y AROEICRBEIES S B9, HIP LB
DA TEREEHMOBEGSHYTbNT, BREEZE5 1T
WHIP U O TS 6 1ok, MRS oMMINT 2175

-

7

12
EMNRETHBEBVDNTVE, UL, TOHERICK
#11% Near Net Shape 7¢ ¥ ORJEE/MSTTEETH b, fFK
Hifis LTH%, BIRIN 3 BEDNS 5,

(&)

(@ HIPZLZy + (b) BHELIIK (o) HMLER&E
AlA—=PIL—T GIH A HIE—%~—
P M &EEZE
C/GIuIIvI/HIA

. e oo
®OVIE ZE

K14 HIP B ko

5. PPM7IL3I=9LEs®

UEo7oe2 20T, BfE, 240 P/M 7V =
Y L EEOBFEHEKE TITON TN S, LT, fUEN
HEBICDOWTRERNT 5,

5.1 i SCCHICBhILSHRESES
UMk 37075 & & ki SCCHE2HET 529, @
RERhALBE (T73) %#HEL CHEML TW5, 7075 &0 T6
WLBR s R & T 73 78 A O SCC 2 ffbe TR>EE
2 P/M TR I N, EHALCOBBIGEL T3, %4
it SCC #hi @ ro@miE A e ORIELERT O 2,
F5ICZOHRERHTIY,

P/M &&ic&IN 5 350 MI&mEEI L b 0.1 pm
LT oMMy COAl o0& RELEME LY, < b
) ou 7 AT S5, FORY, BB RARLIIE I

M E&E&ofRER /M A& L TE LI M»L
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F4 OEBEESE (P/M, I/M) D BT (Wt. %)
& @ Zn | Mg | Cu | Si | Fe | O | Ma | Cr | T | zr | Co | A
X7000 | 7.7 | 2.5 | 1.0 |<0.12|<0.15| 0.35 | — — — i 1.5 | Bal
P/M | X7001 | 6.3 | 2.5 | 1.5 |<0.12|<0.15| 0.35 | — — — — 0.4 | Bal
MR64 | 7.0 | 2.3 | 2.0 - - — - | 0.1 — ] 0.2 0.2 | Bal
7075 | 56 | 2.5 | 1.6 | 040 050 ~— | 0.30 | 0.23 | 0.20 | — - Bal.
/M
7050 | 6.2 | 2.3 | 23 | 012] 015 -— 0.10 | 0.04 | 0.06 | 0.12 | — Bal.
k5 A@mEaGEOH#LEE (P/M, I/M)?
o - CIR - W GR | ROEEHE | SR
& R s | R 7 o x1000 K | scc
(g/cm?®) | (kg/mm?) | (kg/mm?) (%) (kg/mm?) | (kg/mm?) | (kg/mm?
L 2.85 62.6 59.0 10 7.5 L-T 103 <32
X7090-TE71 e
T 59 55.6 4 — - -
L 2.82 59 54.1 13 7.4 L-T 116 ~32
P/M | X7091-TE69
T - 55.6 50.6 9 - e —
TX76 | ST — 61.2 56.2 6 - - ~32
MR64 S
TX73 | ST — 60.1 50.6 9 — - ~32
L 2.80 65.4 58.3 12 7.3 L-T 77 <7
7075- T6 - :
/M ST — 56.2 50.0 9 - - —
7075-T73 T 2.80 51.2 4.3 13 7.3 L-T 113 >32

P/M 7090

X5

i SCC

200;¢
P/M 7091
&4 (Al-Zn-Mg-Cu) O %I

57

i

NS
e 0y
* g : T

I/M 7050

IR it
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E16 & BARBES I EBIIRAE LU & 2 o SCC Bk
BERRUIZLDT, 7090 3L X 7091 &&i3IFh i /M
7075 35 X ¢8.7050 A& i i U TISCC S @R T 3,

100 - 7075—173 7091 -
/M (P/M)
S
i 7050 7090
& 5
¢ 0 /M) (P/M)
e
#9078
HEHI TESERRT
oL 1825EM, 24 .5kg/mn? T |
35 40 45 50 55 60

sa— kb TR~ ABRIREEE (kg/mm?)

16 KA SO LI Rk
(WY = — 77 7 v URIBER)™

5.2 EBE - SHEM - SHRESS
Yy AIEEE 053g/cm® EIRVER TH 53, ERAH
TRBBETLOT, MEBD Y FY AL U TRBEM

3.0
2.8
>~ m | Al—Cu—Li
§ 2.6 \\\\\-
o0 : ‘\‘\-
i k*\\
2.4
& \
2.2
Al—Li ™~
1 —
2.0
0 2 4 6 8 10 12
Li ( wt9%)

B17 #irzaviz=v A & o8 Al-Cu %@@%&{il
X 1EF Li o

BUzER TEXR0, TOYFIART IV 20 AREER
HEUTHENT 2L, BEIEITOL > @b L, Wt
REZRE18D & » w4 5%,

Al-Li ZE&&ico0Tid, P/M Eofiicd YMETOD
BLERFRMSTbN TR D, R /M #EE P/MEKELT
Al-Li &2 8ET 5 & X OMBFOR - @HERUIL, R
72 AI-3%Li-X RAE&DERY & 7 OBMATEEE 278
LTz,

Rockeed #: & NASA QILFIFRIC L 5 &, MEMDOHE
HhERIZAFLIROAGRERTACLICLD 96 ~159
BRI D, BREIEEEIL 26~84% HITx 5%,

UL, COESTREBLLLTVEFORE FORE s,
BT E B C &, &5 VIREMEIRKIT S T EEOREN
Hh, INHRPWETELEBEENTN S,

111

P

~ 9 7
s A—Cu g7 /L/./ Al (99.99%)
E "
@ /
‘é L//- '
X /) / 1
5 8 m
- J/ L. BB
/
i »
= 7
M//
5 |
0 2 4 6 8 10 12
Li (wt%)

B8 #i7 Vi =9 Ak Al-Cu && DB
B 239 Li o

#£6 AFLI GRoWE S o2 (P/M, I/M) X 2FEEBER

WG~ a4 2 i = R IS4
1) E&HRHBRERED 1) B R EDEV
(eeisr, &, #ED o
(2) Ml A RERE AT N & W
P (2 SEBEROHEIES
(3) #phaw
(B DK %70 & OHBLISHE S + SHD
(1) o X L HE 1) gEvEELY, (Li O
R R D56
I/M (@) k& & SIS TTRE
@ AEHROBRESP/MEL D PEV
(3) BB BERHEN) I BLE B AR Sk 5 (fezanksy, &, #EED
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£7 ARLI-X&& (P/M, I/M) ORig

% g 5l ®O#H "

a & HEREC | sipms | @ 5 | W o

(g/cm®) | (kg /mme) | (kg/mm?) | (kg/mm?) | (%)

Al-2.3Li-1.4Cu-1.0Mg-0.1Zr 2.54 - 50 42.0 7.4

P/M | Al-3.4Cu-3 2Li-1.1Mg-0.6Mn 2.54 8.7, 59.5 58.1 5.1
Al-3.1Cu-2.5Li-1.7Mg~0,6Mn 2.59 8.5 49.3 38.1 10

Al-3.5Mg-2.7Li-0.3Mn 2.50 8.2 53.5 46.4 2.1
Al-3.5Mg-2.6Li-0.14Zr 2.50 — 54.5 43.1 7

A-3Li-1.3Mn 2.50 — 38.1 34.9 1.4
I/M | Al-2.8Li-0.3Mn 2.49 — 9.8 25.6 7
Al-2.8Li-0.14Z r 2.49 8.2 48.4 4.2 4

Al-5.2Mg-2.7Li-0.2Zr 2.45 e 55.9 43.1 5.5
Al-3Li-2Mg-0.2Z 2.46 8.6 51.0 40.3 3

5.3 Waes BEHZ2VEIA XY 5 b BHBIDEHEINTL S,

RO /M BEDOT VT =9 A5EI 200C ML LT,
EBEUCETF T2, B, BlErrvi=va (ALOs)
L EDBMREES T v 2T R P/ MR b~
MU s 2R SE LTz SAP (Sintered Aluminum Pow-
der) B S N T2, FRLIN S E TIRETES
Kiro1i, o

BT Al-8%Fe-X RO A RVBSHEIL TS
Toh, EALOBRBECEL T3, R8I, Zopf”
BRI, Al-8%Fe-4%Ce &4:5 Alcoa #d 5 RE S h
TH Y, HBYEMTECAERTH 5, Bike LTR,
%m&%ﬁ:ﬁA%ﬁwﬁbm,m@5~€y®4y&5
~OERAENELLNTE D, 200~300C CHEAL, &

YU LREMLEEETH 50T, MOLRMmLERMKRS D
WEBHETH B,

5.4 MEEKES

TR =9 A G O BRI — R B g U <
USFHE->T3, UL, JEZ2ELSLALSIROE
EHENIHEEE 2 - T3t RBTE{AsNT
W, UM B CIRREER, Ju1EH 40~100pm ok % 3
TEHET 2O CHEM, BREMITENELCEL, UL,
BOIEE (DUMIEm OME, TEOBERE) 135,

—7F, SLZ 15~30%FM UL P/M7 VT =9 4881,
SIfIE B um LT EIFEWWHMMTH b, AMAMTE:, &
Hin T BIFC, MEsERcgEn T3, BM19ic UM

®8 P/MMET VI =9 L 5LOERBE GIRMEBRBEDOR )

BB & 6 T
a & BARTe w2 m m | sl | BEmE | @ N | M o

T (h) (kg/mm?) | (kg/mm?) (%)
25 58.3 51.3 5
Al-8Fe Y ETE: 232 100 28.5 26.6 9.6
343 100 17.6 15.1 12.3
25 56.4 53.6 2.4
Al-8Fe-1Zr AF Ty b rEF 232 100 - 42.4 385 | 7.1
43 100 23.4 20.7 13.0
25 56.1 45.4 90
Al-8Fe-3.4Ce P N 232 1000 40.3 37.5 6.0
343 1000 - | . 17.9.. | 15.5 7.0
5 0 W B 25 50.1 48.2 6.7
AL-8Fe-3.4Ce 204 1000 46.0 43.7 7.0
RSR) 343 100 22.6 20.4 10.0
25 - 56.1 — 0
AF11.6Fe-1.4Cr AT Ty bk rEmLF 232 0.5 28.3 36.1 3.5
343 0.5 17.6 15.2 8.3
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LI PMAL-SI S0 7 uffizR LIz, LD PM
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(2) [{eHls©, il HIP EEOH 2 O HESH
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HoFEIHEEN S,
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BREE U 2 P OB ESEOFESD O,
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FORBHAGHRE T OLESD B,
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KRBRABLLI [HH P/M7LVE oo agd] ko8
m,7»::¢Au%®%%%%,ttiivfialﬁ
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