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Effects of Additional Elements and Heat Treatments
on the Fracture Characteristics of Al-Zn-Mg Alloy

by Yoshio Baba and Akira Takashima

The effects of twenty-one kinds of less than 0.5 at9; additional elements and heat
treatments on the fracture characteristics of Al-2.5at9%Zn-2at9; Mg alloy were mainly
studied by the measurements of tensile properties and resistance to stress-corrosion.

The additions of more than 0.01at9 In and 0.03at9 Cd weaken cohesivity across grain
boundaries of Al-Zn-Mg alloy quenched from 465°C. Higher solution temperature and 0.03~
0.1at9 Ag also weaken the cohesivity in the fully aged conditions. The additions of Zr,
Mo, V, Cr and Mn improve not only grain boundary embrittlement but the resistance to
stress-corrosion when these elements are finely distributed as insoluble compounds and are
effective for the refining of recrystallized grains. Slow quenching after solution treatment
deteriorates ductility as well as strength, but improves the resistance to stress-corrosion.
This may be due to the development of mechanically weak, solute depleted zones along
grain boundaries and of the associated wide precipitate-free zones.
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JIFTHMITHE &L RUBOZE DWWk, %< offs L 0002 o.0m] om0l oom | ooml o n
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Photo. 1 Effect of Zr additiens on microstructures of Al-25 at% Zn-2 at% Mg alloy guenched from 465°C.
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Fig .1 Effect of additional elements on the tensile
properties of Al-2.5at%Zn-2at%Mg alloy as-
quenched fromd65°C.
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Fig. 2 Effect of additional elements on the grain size
of Al-25at%Zn-2at%Mg alloy quenched from
465°C. (Specimens containing Zr more than

0.05at% are not completely recrystallized.)
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Fig. 3 Effect of additional elements on the tensile
properties of Al-2.5at%Zn-2at%Mg alloy quen-
ched from 465°C and aged at 20°C for 30 days.
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Photo. 2 Fractured surface of tensile test specimens.
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Fig. 4 Effect of additional elements on the tensile
properties of Al-2.5at%Zn-2at% Mg alloy quen-
ched from 465°C and aged at 120°C for 48h.
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the tensile properties of Al-2bat%Zn-2at%Mg “e %
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Fig. 6 Effect of quenching rate on the tensile properties
of Al-25at%Zn-2at%Mg and the alloys containing
0.1at%Zr, Cr, Ag and Cu quenched from 465°C and
aged at 20°C for 30 days.
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Photo. 4 Shows microstructural features associated
with polygonyzation of Al-2.5at%Zn-2at%
Mg-0.1at%Ag alloy

(a) : Grain boundaries.
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Fig. 8 Effects of quenching rate and aging time on

45 T 30 the Charpy impact value of Al-25at%Zn-2at%
‘ Tensile strength Mg and the alloys containing 0.1at%Zr or 0.1at%
% ” Ag quenched from 465°C and aged at 160°C.
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of Al-2.bat%Zn-2at%Mg-0.1at%Ag alloy quen- BITno RICHEEAGEEE 2SEMERE 35 11T T84, Al-25
ched from 465°C and aged at 160°C. atosZn-2ato Mg &é % Fl~THH~7-, Table 2 i,
Table 2 Effect of quenching rate on the mechanical properties of Al-2.5at%Zn-2at%Mg
alloy quenched from 465°C and aged at 160°C for 7 h.
Quenching Tensile properties impact e e | Seof,
method Stross, | strangth, | Elongation, | kpmyom: | o 10 100 lor | width of | boundary
kg/mm? kg/mm? % (V-notched) ycles cycles cycles p P
Water Quench 35.9 39.4 1 1.0 19.2 14.6 13.6 700A 400~1300A.
SlOVé(ulg;%/lmin) 35.4 37.1 3 0.3 14.2 10.9 10.0 3500A 700~3500A
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U5 OB ML F OERES0O% (2L LTEIE
DYRRDR, ESNIEAEE @b b, TRTAS (



( 80) £t kK &8

& B

B & April 1971

Magnfication

X8 % 30

X70

Photo. 5 Effect of quenching rate on the fracture surface patterns of Al-2:5at% Zn-2at% Mg
alloy quenched from 465°C and aged at 160°C for 7h

(a) : Water quench
(b): Slow quench (10°C/min)
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Photo. 6 Electron fractographs of Al-2.5at%Zn-2at%Mg

alloy quenched from 465°C and aged at 160°C
for 7h.

(a): Water quench

(b) : Slow quench (10°C/min)
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Fig. 10 Effects of some additional elements and solution
treatments on the strees-corrosion property
under constant deflection at bending radius of
125 mm for Al-2.5at%Zn-2at%Mg alloy aged
at 120°C for 48h after the quenching.
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Fig. 9 Effect of additional elements on the stress
corrosion property of Al-2.5at%Zn-2at%Mg alloy
quenched from 465°C and aged at 120°C for 48 h.
Numerals in figure show the values of 0.2% proof
stress.
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Fig. 11 Effects of some additional elements.and, quenching
rate on the stress-corrosion property under constant
deflection at various bending radii for Al-25at%
Zn-2atMg alloy quenched from 456°C and aged at
120°C for 48h.

L7- Al-2.5at %Zn-2at%pMg && T OWT, WANAD
HFEETOROTARIEEEN L LI, =0
TRINTEEE & A E OB A R, Zr BV Crx s
FTRTOERFITERER CIIEN AR o7, Cu OHRARD
T, Ag LEISHBEENERC AL T, ERELRLY
BaEOMN, TOHRTMTERORI &L beP Rk
b WMIZTTAE&R LU 0lat %o Ag b0 Cu 24

B HASOMEE corkliz, 10°C/min OHREI LY,
1500~3500A 1z s . SiEE W~ PFZ o & & bbbl
BLL AT B, BEMBHEC LA, INHASDIES
AR, FEHEREFER - TEL T,
4. = 2

Photo. 8 izt = & <, 0.1at9%Cd & &4tc& 4 TlE, BE
AIRBER I\ T BRSBTS 5 B BB I N,
BRAnE s, 0.01at% L Lo In &irE & T HEIES

Section

Surface

(% 100) (% 4(;0)

Photo. 8 Grain boundary cracks observed in Al-2.5 at%
Zn-2 at% Mg-0.1 at% Cd alloy water-quenched
from 465°C

(X 1000 14)

Photo. 9 Propagation of

intercrystalline
tensile fracture
GRAIN BOUNDARY in  Al-25at%
PRECIPITATE Zn-2at%Mg-0.1
at% Cu alloy
slowly quenched
from 465°C at
the rate of 1°C/
CRACK min and aged
at 160°C for
15h. Crcck runs
along large pre-
cipitates on a
grain boundary

within PFZ.
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Nice Lo, Al-Zn-Mg 44&0#ECd, Inic k %
FHEEBIR M L, B LEE, ZhBRTECRETI
S o THRBRABEINMET LcZ L EBENRL B L O I
BbiLd, BB L ORENFAMICOREL H X LT
BlcdIT, ZBRBPTHIE L5 RABRF OBMSEHE Yk
=7 »7-, Photo. 9 iz 1°C/min OEE CLEH 160°C
< 15h #%h L7~ Al-2.5at%Zn-2at9%Mg-0.1at%Cu 54
DENEB A TT . Eiut PFZ WCiESR Ed AKX
IR - TE-TWD, LcdiaT, ZOBEDORR
Reggid, F& UTRFEEITBORRE LA, Bl
RO RO WAREEEFOREC LD & Bbh
bo BT OBBENE N & HEERSUTE 5 Tl lEn
BRI Do LiehioT, BWEKRLREL Ag DAY
i, BRI Y — v TOREE T OB KA
U, #ROCHEIRETOELDNAMBLZRS, £0
Ba, BWEBHRE L Ag ORI b ZHEEHF O
BOBIC S b U AL XEWT, ZORERN PFZ
WTOIRIERVHERBABMBABRLSCT 2L bbb 5
ABRBIND, SV ks, RV T {CBREAHE SRR
HHELAD oM D EIEOWTIE, HER CONEEE
FRIFUC L BARTAE L, O BRI » THERR
R BWREEE SRR LC holzicd L Bbh b,

—5, BEE XY EURRTICHR D BEXRTH LR
W PFZ iR, BABRABE (ZOBERSITERZ
AT ChHBN) CRTHEIEANBLUDILIED DT
LI AR . IUIRIBIC & b7 o TEUBIR:
PFZ p3f& SR COISHERF A BRLY (BRER HE &
WY TAHD e LBHbDEBbND,

Zr, Mo, V, Cr, ¥ X0 Mn oM, ZHHITERF
BHALeE LT ENS AL, BiEdaOmMbs b
bt L&, BERMREO L B PIENEARNZ LB T
HLL%EET S, Table 8 wiRT &L, iM%

Table 3 Effect of additional elements and
heat-treatments on the maximum observed width

of PFZ for Al-25at%Zn-2at%Mg alloy quenched
from 465°C

Slow quench

‘Water quench (10°C/min)

Additions |Grain size

120°C x 48h| 160°Cx 7h | 120°C x 48h| 160°Cx7h
None 1.0mm 600A 700A 35004 3500A
Zr 0.1atg | <0.03mm 700A. 1200A 35004 4000A
Cr 0.1at% 0.04mm T00A 900A 4000A. 4500A

B HEE&IT APFZORITH ARG EOM=TT&&
DD BTN LR, B, Photo. 10 iR
TZEL, THRECEWS EfRADI L PFZ &
UTEAT 5, LicdiaT, ZORAEEE L o %
1, BEDHL, BBty L0 L S ERBEEHD
FEC X AEAEBE T /b PFZ OB EBEERE B
%55, Mn o#hEss, Cr, Mo & AWk Zr i B<TH

(X 12500)
Photo. 10 Thin foil electron micrograph of Al-25 at%;
Zn-2 at% Mg-0.1at%Cr alloy quenched from
465°C at the rate of 10°C/min and aged at
160°C for 7h. Note preferential precipitation
on the insoluble Cr-rich compounds and
PFZ around them.

FETIONBERITEEERHD YV A ANKE L BEMEN
ZEREBLDEEDbNS, Fe, Co k10 Ni ofimi,
Al-Zn-Mg & & O#E SR LR B2 285, IHBE
BB ST VRO TRV, S, 04841
BT AIIIE & A K < 7 rigl 3ttt
LW EWIHEZ LB 40D & BbD,

5. & E)

HEDHBERAENTHEOEDER N TS Do

(1) 0.0lat %) o In % L or 0.03at %L Lo Cd O
i, BeAECRERR < Al-2.5at% Zn-2atyMg &4
OERBFEEEHEL T 5, ZOBLSBAMRTEBL
ZNHRIMTRORITE L DB ETIMET T Ao L &
RER2RH BIEA D,

2) U #3554 LR BT, e
{LIXBHRLIRES EVF- b, 0.03~0.1at%Ag #&HRmd 5
ZER I H>THERREYH D, ZHUTEHRBRNDE
HEF OB DRI L 0%~ Precipitate-Free Zones
CORHEFORMKCLHEDLBbN5D,

(8) Zr,Mo, V,Cr 10" Mn oz, Zh bk
MARBEMALEHE LT £ L, Bidk oMt
CEIRR D B & &, WA LO ST RHHAEN
A NBUD L EET 5,

@) BECAEREND OREITERYEE 2 B¢
BRETEERN Y SRET 5. U, BREEFHOR
B, fEERFICA © TR B AR BB 3 E Ul
DTHY, —FH, HBETE bloTHEULBE Pre-
cipitate-Free Zones 2B AMHMEAEL L, <
JEHBEEN A2 525720 THA 5,
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Effects of Various Factors on the Performance of Copper
Alloy Condenser Tubes

Tadashi Nosetani** and Shiro Sato***
Koichi Kazama,**** Yoshimi Yamaguchi**** and Tsunemasa Yasui*****
g

Effects of six factors including ferrous ion, sulfid ion, chlorination, sand, water velocity
and alloy on the performance of condenser tubes for sea water service were investigated
from the point of corrosion, protection and cleanliness factor for heat transfer. Main
effects and interactions of these factors were made clear according to the experimental
design L1.32. The experiment was conducted with Model Condenser installed along the sea
coast of Chita Power Station, Chubu Electric Co., for one year.

It revealed following results.

1) Ferrous ion: 0.03 ppm continuous addition to sea water was effective for the
protection of general corrosion, but 0.01 and 0.003 ppm addition were not effective. Further,
in this experiment the effect of ferrous ion addition to erosion was not so remarkable as
in the former test at Tanagawa. Refering to sea water analyses during test, it seemed to be
due to the fact that the formation of protective film was retarded in case of minor ferrous
ion addition by the unstableness of sea water compositions in salinity, pH and pollution.
However, the iron rich film formed by the addition of sufficient ferrous ion revealed to be
useful for the protection of corrosion even by polluted sea water for shielding the corrosive
media. The increase of inner deposit and the lowering of cleanliness factor were observed
with the increase of ferrous ion addition.

2) Sulfid ion: The existence of 0.05 ppm sulfid ion remarkably promoted corrosion,
and it produced pitting corrosion on aluminium brass tubes, especially, over the whole
length. The increase of inner deposit and the lowering of cleanliness factor resulted from
the presence of sulfid ion.

3) Chlorination: 0.1 ppm (residual) chlorination did not practically introduce corrosion,
on the other hand it was effective for keeping cleanliness factor.

4) Sand: The suspension of 200 mesh with 300 ppm for one hour per day did not
cause erosion practically.

5) Water velocity: The difference of water velocity between 2.0 and 2.7 m/sec did not
influence the corrosion behaviour.

6) Alloy: AP2 (Tin bronze with aluminium and silicon) was superior to BsTF2 from
the both points of corrosion resistance and cleanliness factor, particularly in the presence
of sulfid ion. The good corrosion resistance of AP2 against sulfid ion was thought to be
exerted by the existence of the film containing tin on the tube surface.
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2
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BHE:(B) 44744 (S27) OEFFEA

BRI IC A ENTNDA 4 v A+ vid8E Tr~0.1
ppm BETH - T, HEERBERT <7 7Y 7 DH
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AL TRV,
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BRI L AUEA & v A A > 0.1ppm O BEAEEAR X DI
BFEHL0mm/ YR fimdh, DS 4~ & OXHEE
PR BT, & TRERIER A TULEMLEY ~ F it X
HAF YA F VEBEITRD 2 KEEEL LT,

o LBy 0.05ppm : Bg

2A : (C) #HNE P

BOKBENEICHET 2 HEEOR DN B LI AT A &
ITEEEHET S, FomHKEPNCTR A Uz B0 B
EREBEACGEE > CRYERRALZE U EOFELRM A &
VLD LHEENRE D, KEARKT A LTS A A E
OETEAMFEIL, 274 2B EHIXEDDEESE T

TR — IR TH B, HRLIIERBREOR AR
IR EE DN, BEEEE 1ppm DTOHEEOEAL
A ERCMER L 21E CHARSEAXE S LO Tk
WE Wb TN A9,

WA L »C T 9 %A 5 A 7 & SRR B X

570D CEIRE (B-Tppm OEFEA) &ab
BT D0, BRI UREAEEST S sl a (01
~0.2 ppm) THEETH B0, FERIC B TIIEEY 2
FEAT L AHEHERE RO 2KEE Ui,

L Cy 0.1ppm : C,
B (D) HolfEH
EREBEHIK OB UK &8 SN 5 EiE 7
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DOREE, MECSUTEKSRE e AnER) OBRL
DV AEREREER Y S LRAREDRER B,
1,189 FKPOEBOSERIITHAG R BELF I K X
CHERET B MR TH B2, FHEERBSEEKC
BALTL Btk 300ppm #2352 &3 ThbE%E
Z2BNTnB, AERES NTRRE 200 # v ¥ - O
50% L EeH T A5 mE 75— 2% 1 X 1 E/ 3 ol
B TRERT 2KEOEWERTEA L,
oL Dy 300ppm : Do @
A (E) Hmalops 8
RERENGHIK L - CTHER I N, TOERE
I RS TR AN S EBA & v K E X 51
LWEE—-EAE - XGHKOREIE RS, Bk
ERREA D THEKDOHENOTINSNE LSS, E5E
DEARSBZBECEH HETH, 73 =y LHEFOR

FRYEEE S 2m/sec HithE SHTLHA 9, g "

A F Y OEAL & o THARCHT 5 X B H R LB

MR E N0 CRARBEED EARERIND, KERT

R RD 2 Kk¥ELE UTn, Fig. 1 Main effects(O) and interaction (—).
2.0m/sec : By 2.7m/sec : E, The numeral corresponds to the column number

B : (F) HEOmMENE of the orthogonal array L32(2%%).

ABRE LG E AR A EE —E JIS-H-3632
BsTF2 ks JOUBLEKA L LTSN/ AP2 02
& L7, AICHI

BsTF2:F; AP2:F,

2. =R B

2-1 =ERETE

HEEME Table 1 WRLUABERC DWW TEAEFIE
(Orthogonal array) L32 it~ CEE L, —xkHEF&L
TA, B, C, D =gRF&LTE, F %&b, Fig

Model

Table 1 Factors and their levels
Condenser

Factor [ Content Level
A, None
A Continuous feed of ferrous ion Ay 0.003ppm
by FeS04-7TH.0 Ag 0.01 ppm
Ay 0.03 ppm
B Continuous feed of sulfid ion B None
by Na:S-9H.O Ba 0.05 ppm
Cy None
c Chlorination by Cl:(Residual)
Ca 0.1 ppm
b Sand (200Mesh) Dy None
(Once a day for one hour) Da 300 ppm
E; 2.0m/sec
E Water speed
E2 2.7m/sec ]/500 000
F, BsTF2* !
F Tube Fig. 2 Location of Model Condenser
Fa AP2rx
* Modified aluminium brass specified by JIS H3632 BsTF2 1 15 SR P - - s -
** Anti-corrosion bronze against polluted sea water : Cu-8%Sn- v ﬂi—?%&,m?ui '9 1_5:)&2:5‘&-1}9 D OHt—D ﬁ’}@ﬁf}iﬁ 0&@5}
196A1-0.19Si U TIHRROK & X OBRCHOET & OXEMER 2%

__._3__
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Table 2 Plan with orthogonal array
es Factor
Mixing
Tube No.
tank A B c D E F
1 1 1
1 1 1 1 1
2 2
1 2 3
2 1 1 2 2
2 1 4
1 1 5
3 1 2 2 1
2 2 6
1 2 7
4 1 2 1 2
2 1 8
1 2 9
5 2 1 2 1
2 1 10
1 1 11
6 2 1 1 2
2 2 12
1 2 13
7 2 2 1 1
2 1 14
1 1 15
8 2 2 2 2
2 2 16
1 1 17
9 3 1 2 1
2 2 18
1 2 19
10 3 1 1 2
2 1 20
1 1 21
11 3 2 1 1
2 2 22
1 2 23
12 3 2 2 2
2 1 24
1 2 25
13 4 1 1 1
2 1 26
1 1 27
14 4 1 2 2
2 2 28
1 2 29
15 4 2 2 1
2 1 30
1 1 31
16 4 2 1 2
2 2 32
Table 3 Chemical compositions of test tubes, wt%
Tube Cu Zn Sn Al 51 As Pb Fe
BsTF2: 78.3 R — 2.1 0.2 0.04 | <<0.01 | <0.01
AP2 R — 7.8 1.2 0.1 — <0.01 | <001
4

THLEMTERD T, BBRGEMHLE~ ~ 7%k Table 2
i, SEREOEN A% Table 3 IR L7z,

2:2 EERERE

=EASERE Y Fig. 2 0/RT & 5 RS BOFEEIRE
O IR eI S K I FRERR DU I B R X, L
X BRI O AN & DBUK Ui, HEREEAY Fig.3
¥ L O¢ Photo. 1 iR Uz, BEREBIBEE{ =~V
BIVHESYAWTEEIN TR D, EERICIEEA
VEEEEIL S S o\, Fig. 8 REBWTEAD LI %d
F B IEAIR 16D T KK (72 T200X & & 1000X @& &

Photo. 9 Addition of ferrous ion and sulfid ion

500mm) AHEmEIND, ZOFIEKMEICI\ T Table 2
D EER SR AED — KRR B BRI T b, 20
R % Photo. 2 Wik Uic, AEEKIEATRHEKMED HE
WA THA L ED* — oviEsaoks (Fig 4) w2lE
L, 2AKDOERE (25649 X1.25tX9,0000) o s iz,
HEPIEREE D IR D A B e v T & o THREEL
Fro BB AR o KRR B Eb =M ¥
AR CHEE AT HE I X N, RS LK B A
LCRI0% ISR RS R L, FOH%RA —/T7 R
~XBTRL D ER LS THEE—EKMERDBBLLOHK
L,

HhA A v OEAE— 2R DU IR & R R KA R i
WTFEEDLE LI L ofce TRy Z7ICE o THRE
L, G4 1akEENy 12ml X Uiz, BEBEIRIEERA 4 v
Wi 0.008, 0.01, 0.03ppm OFHEEKMEZ D& THENE
B 5] OFE ALY = — VB RS — 8k FeS04-TH
20 (B—if) %A 4 > & LT 460 ppm, 1500 ppm k&
LUt 4600ppm PR L7 & DT, BLEROILERED2D
CEER (1 4) %4 25ml Rinlic, BUBS—SaTET
LRk bR AL —E T 2008k A 4 v 25 %
TN F—E ORI AE AT T Lice B I DRED
B OFIRILIEKD PH @b EEL 2N &R )
FTHE

AATAF Y OEAGTA A EALBEBRCA A VA4
¥ LT 6000ppm OFE(7 F Y v » NagS-9H0 (B3
—) OBEEAR Y R TEAECHE T IS LR Lo
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Test tubes
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HEHEEEHEHEHE TS

Pump

LT O T T T
TP

Bl fad L280 Rl L3 o 3 ENVE FO2Y RV-)

Dam Valve

| 9,000

LITTTITTTITTITTT]T1]

Water O
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O Chlorinator

Tanks for ferrous ion and sulfide ion

Tanks for sand I___{—L/
N
-

Mixing
tank

s .

4,000

T 11

O

[ 1]

Fig. 83 Schematic diagram of Model Condenser

35

Fig. 4 Water chamber

72,

WOEATASH LROAY » FHLABET A88BALHNT
#HH 2.5Kkg & 1 B CIFKIERAZEDLZ LI L T,

Akl oEKE o i b 135, 8
KM TELRETEBE LWL 5 1E L. FWIRIE
Table 4 R LA X S wcafE 200 2 v v o O A50%
BLESHTAERWT 5~ 2 Thotr, BRI E
HHOERNIERA B CBERESHEKEHEL, Th
B F ClUK Uie, HEEATNT =M v 5 O CEBY
#% 0lppm & Uiz,

2-3 SRR

Table 4 Grain size distribution of sand used in the test

Mesh {Opening, mm‘ 1 t 2 l 3 4 5
65 | o210 | 0.1%] 0% 01%| 0a%| 0.1%
100 049 | 03| 04 | 03] 0z o2
150 0.105 86 | 50| 55| 40| 1.8
200 0.074 68.4 | 72.7 | 61.9 | 58.6 | 38.0
270 0.053 8.0 | 6.9 | 148 | 21.0 | 38.3
>270 | 13.3 | 14.0 | 17.2 | 16.0 | 21.2
Total V 98.7 | 99.1 | 99.8 | 99.9 | 99.6

FAFN434E 8 H19R ~MEF444E8 A 7 H
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3. £ B & B 0.003ppm D gkA A » OFLEL 0.05ppm DA # v A & v

&b BsTF2 oA B8 E L T WE 5 Th
31 WERKR ~ = 2

AATAF Yy DFEELRWEEEI T 0.003ppm @
BiA A v DEAL L Y NEMEDIBELHV S L5k
ofce ELTEDOERTEEMEH OANRBETHH LD
CBbic, 4444y DFET L - THEREWDLS
PEFEAETDHLOCRY, A VA F BEELLN
BECENTEIAETSH L) Th ol NHEMNEHOE
REBL TIEIHEBICDWD 1 5 BB D bR s
fzo 78No0.9, 10, 27 & LU28F DA ML LB
FBELTED, INBHOERCRWTIBANETH Th
Sl2b D EBbic, Photo. 3 & L0M4 KBLEHBDEE
DA COEE AT 250mm OPER &R AR L,

311 KAAVEEIABKCLIEE

No. 1 (BsTF2) ¥ L0 No. 2 OEEII T DEL L
AHZFT T\, No. 4 (BsTF2) % L0 No. 3 (AP2) (&
T OBEEERAZRT EBbNDEERE o7z, 2B
BFORRBOBEATED T L UFENEE Th -7z,

No. 5, 8% BsTF2) 10 No. 6, 7% (AP2) OEA
RITHS 0.05ppm DA # v A 4 >~ DFEAEIC L Y BsTF2 1%
NI DBRNEET ALY, AP2 TEBWHLEA%EPE -7l
MNBEEZWTNOMELEEChI> TRF B2 & hb
otz

3-1-2 &4 A 00083 ppm EFHFEKICLIER

No. 10% (BsTF2) % L0* 9% (AP2) oiftfit No. 1
BLO2HE @A 4L, HBEABELL, BirL) T
NTERINT WD o, PREOEAIED TRIET
Boto, £2C 0.003ppm OFEA A EATIEREAES I
THZEETERNLDE Bbhiz,

7o

3-1:3 @A+ 0.0lppm EFBEKICLIER
BsTF2 OEMEFBRELIL T35 &H 50 No. 17
BRI DECEASRRE Uiz, HlEBRWTIO Bs
TF2 B FURBREMHELYE LTz AP2(No.18%) o
B XY EEC b H b B3 No. 17 S imig~NTBRMThH
572,

0.0lppm OkA # » OFFEFEE 0.05ppm DA A v A F »
&% BSTFZ OHACEE B IIEZRNVWE I Tho
72o

3-1-4 A A 0.03ppm EFHEKRICLDEER
0.03ppm DA # v EAK b i B3 No. 26 (Bs
TF2) OHEMIAELEBET HHAENFE L, HEFE
PR LOWOFELEL N TNOME AL CTHLES AR
LD LI EHEBNI,

0.05ppm DA # ¥ 4 & ¥ FET IV % 0.03ppm Dk
A A4 > DEANL BsTF2 O a4 BT L5 Eb
Nz,

32 BERX

BEDOVHEEESHEERE Table 5 Rz, #l
BIHEBREYEX 500mm 08Kz hit, Xbir LT
T LD BsIEE A 7w — SR BNTITRY, &R
DETHORAREEERS AR, FOFHEL L - TFY
BEEX & Uiz, HMAHHERB IO e AT 77 2D
B (BHES%) % Fig. 5 WiR L7z, T ALRES 1B
LCEHRELTAA YA 4> (B) BIOME (F),
HERELTA A v A4y (B) &#E (F) & LOHEHEL
B (C) LHE (F) OERAN 1 %OBEMECHEE Tho

Table 5 Average corrosion rate, inside deposit and loss in overall heat transfer coefficient

Tube No. Avg?eg’g xg/o;ion Insigleg/dci;;gsit, Iﬂ}}}ﬂ;%§§§§?%l Tube No. Av;a;‘ggﬁ crgzr:}?;’ion Insirdneg;icempgsit, I%%%f;igﬁ?ggl
1 0.05 3.5 13.0 17 0.07 1.2 7.7
2 0.08 7.5 24.6 18 0.03 6.1 10.7
3 0.08 3.6 3.8 19 0.05 8.0 25.2
4 0.15 0.7 2.3 20 0.10 9.4 25.6
5 0.32 26.6 30.3 21 0.18 20.2 51.3
6 0.05 4.9 6.6 22 0.05 8.9 30.2
7 0.07 12.2 40.5 23 0.09 8.9 12.5
8 0.31 18.0 41.7 24 0.32 20.8 30.1
9 0.06 3.6 5.4 25 0.11 9.8 39.8

10 0.10 0.9 5.4 26 0.06 8.1 47.4
11 0.04 7.6 21.8 27 0.06 3.5 16.3
12 0.13 9.1 23.4 28 0,05 10.4 18.8
13 0.08 18.6 44.8 29 0.07 8.8 24.3
14 0.24 25.9 53.5 30 0.21 26.7 47.8
15 0.40 23.2 24.9 31 0.11 15.5 47.0
16 0.1 6.1 6.7 32 0.08 7.8 47.0

* : Each 9000mm specimen was divided into eighteen 500mm sections being splitted longitudinally into two portions. The average
corrosion depth was obtained by taking an average of maximum corrosion depth of 36 portions.
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N Factor nsid
0. A B C D E F nsige

11 201 1121

13 21 21 1 112

15 2121212111

16 2121212} 2¢{2

Photo. 3 Insides of test tubes of No. 1~16
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Factor
No. T8 [c[D
1713111211
18 3 1 2 1
19 {3 111112
20 {3 (11112
21 {32 11 1

o
22 312 1 i
i

23 131212172
24 |3 2 12 2
25 141 111 ]
26 | 4 i 1 1
27 4 1 2 2
28 |41 11212
29 14121211
30 14| 2 2 ]
31 1412 (1 2
32 4 12 ] 2

Phote. 4 Insides of test tubes of No. 17~32

W_.8_~



Vol. 12 No. 2 RS E O AlE s L 0K I E L X TEMEROR (93)
4.0% 24.0% 1.5% 1.2% 24.6%
0.20
>
S~
£
£
)
S 015F
i=4
6
8
8
g 0I10fF
o
®
>
<
0.05 }
L 1 1 1 1 1 1 3 ).
Ay A Ay A, B, B C, C D, D Fy Fa
* * * *
3.5% 1.9% 2.2% 47%
0.20 F,
-
~ \ C,
£
£
N
]
0.15 |
<
2 y Cy Es [
o €
; E:
v
® 5 £
g oo} !
H ‘ <
//F2 Fa
0.05 |-
L 1 4 1 1 I3 L L ] 3 i L
A, A, A, Ay B, 8, B, B, C, C, C, C,

Fig. 5 Results of analysis of variance and average of histogram for the average corrosion rate

Note

* : Level of significance 5%
## ; Level of significance 1%
Figure in each graph : Ratio of contribution
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WESEHE 1K=1/K+r
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Ko
K
Q
S
T
T;
To
T

.Flow meter

(K 2.0m/sec, 25.4¢p< 1.245¢)
BsTF2 K=3110kcal/m2h°C
AP2  K=2990kcal/ m2h°C

: B R BB R
U R B R
: PR
TR
L RHIKIRE,
AR A DA
: Ik O

ARSI

T=(To+T:/2

Constant flow valve

1V meter
@ Chromel-Alumel
T thermocouple

Thermometer

H Drain H—

1.000

Test tube

Fig.

6 Apparatus for measuring fouling factor on heat
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HEAREE B,

(2) HBLAIMINEATE OB LY X0 EE

ThH B,
(8 AP2mHBs TF2 L v NE[EWE Licl <,

transfer BMZA A7 AF YIFEETEBENTZOEABKTH B,
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Fig. 7 Results of analysis of variance and average of histogram for inside depesit
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Fig. 8 Results of analysis of variance and average of histogram for loss

3-3-2 BEFRRETE

Fig. 8 WhB X HEFEHREE LTEA A4 v (A), A4
vA Ay (B), HMELE (C) BIUME (F)A, ZEE
HAELTUIAA YA F » (B) LE (F) 2EHR=E1%T
BETCh T, ZNBDIENBRDI Db ot

(1) HEEAEFHERBOKRTHIECED TH % Th
B

2) A & Y OEARIOA &V A & v DFEIETEER
HAMNLDETEES,

(3) FEHIL BsTF2 0 523 AP2 LW ET LT <,
BRI A & 7 A & YEETIRBNTIE AP2 O B0 MEHVERE
DAETFT DI FFE L,

3-3-3 AEEYRSBERRETEREOBRE

WA e s X, BEERETRELY &3 550
REGR S L O EIRE A R Table 6 Rz, Hidé
CEATAX & YOMBEREIIIE LA ER U Th o723, [
REMOBEXILEAECRAR Y, AP20#2BsTF2 X hk

in overall heat transfer coefficient

Table 6 Relation between inside deposit (X: mg/cm?)

and loss in heat transfer coefficient (Y :9%)

Tube Regression line %géaieé?éc;t%n
e Loy
AP XZ0v 8 0.7
BsTF2-+AP2 Y=1-00x 407 0.72

Ehhot, ZOEL BsTF2 OBARNEROL ~E, T
mhbEELTA AV A4 viatelfikic X 5RAENLA
WThHcd, BHEBEEIEMNL, R EOoRER
FOETEEETZEREBERL TS L0 L Bbiti,
3-4 AEAEPEEES

SFriEE Table 7 iR Uiz, NEMEYFOZE LS
B4 Th B8R LUK T 5 0BT HER L0 2 ¢
77 »OEHfEY Fig. 9 3 X0N0R L, NENED
FROFMITEE LTHKFEDOA F Y A4 4 ¥ DFERL L - T
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A Lto BIEA AV A4 Y EMHCEL CURBEELRKTE Table 7 Chemical compositions of inside deposits, wt%
EEMBH BN, BsTF2 ONEMNEMHOFEMNIA AV A Tubel ¢y | re [Tes0| 87| Mn | zn | sn | sios Lo Fe/
Ay OREEF WZ EDbr ol ElcEMIER -
- rygixg;j; NEEBDD ST Wif ﬁﬂf}g z 1] a8| 3] 0.6] 1.2] 02| 1.9] 1.4] —|20.9}26.5]0.9
Cdo YL)‘? é%ﬁf&/)t" A (D 2 1109 3.6| 06| 1.1] 0.2} 1.3] —| 1.3|24.8|27.8} 0.3
EERA A ¥ DEAS JORBLEEC & o TEML 7, 3 |52.2| 1.6 0.5| 0.7] 0.3] 2.6 - | 86| 0.7| 6.0/0.08
FOREIAF VA F VY EETCRNTCED ol PO S A T R N R PP B P
fod & VA F ¥ QIR BECITFRMNIERLIT X o TH 5 143.9] 0.1| 3.6 5.1 1.9|<0.1| 7.8| —| 1.2|28.5]0.00
CHEM Uiz, 447 A4+ vDi\B4 BsTF2 OHERTE. 6 323! 1.0 25| 1.0] 1.8 0.1 —|17.3| 0.9]19.2]0.03
Yt AP2 I W4 BOSSEEEL T, 7 |12.0] 37| 07| 0.8] 0.4| 0.4] —| 1.4|3:.4|223]0.31
NS DOORS (44T DR IO~ v F ¥4 8 |81 0.4] 3.1| 44| 1.61<0.1] 8.2] —| 4.6|32.3]0.01
DN b ST 2T o Tos, 7 — 2 OB 1 9 lsr.7| 6.7] 0.8 0.7) 01| 1.7] —| 9.2] 1.7]13.6|0.18
W h B EEEI/NS W b D & B AR AT D 10 | 32.5|22.3| 0.8] 1.5, 0.3| 2.6| 29| — | 3.9|245]0.60
HFhotc, Lz Table 10 BTN DhDEE 1 | 20| 54| 04| 06 0.2} 1.1} 0.9} - 53.8]15.8) 2.70
LELNAEROEBEIIRD L 5 ThhH, 4474 (S04 12 | 8.7] 52| 0.3] 05| 0.2 1.8] —| 0.4/33.7]18.2| 1.4
B D S) WA A A A Y DIBAICIE 08% Tl o 13 |85.2] 1.6 1.5 1.9 0.9 0.2] ~—| 7.2| 5.6|83.4]0.05
i 1 | 401 1.0 1.6| 2.3 0.8/<0.1] 3.9 —| 4.7]80.7]0.08
oI, A AVAF VYEETIRBNT L1% CHENL, 7
o ‘ ] 15 | 28.8] 1.0 4.7 8.0 2.1|<0.1|11.7] —| 1.6]26.7|0.07
BAAYHEEA A Y OEAC L VRS T HEASD D L 16 | 26.3| 5.6 2.3| 27| 1.4 0.5 —|16.1] 1.4|22.0]0.21
5Thole, ERRENTEYRO~ 7 v DA A ¥ D 7 191|981 05] 1.1]<0.1] 1.4] 1.1] —] 5.8]20.5]3.00
RWBARIE 1.0 % Thotets, $i4 4 v OFEAROREM 18 |22 223 03] 06|<0.1| 0.6] —| 3.6| 3.2]18.0] 0.9
RN LR A > 0.03ppm HEA T IR WTIL 0.4% T 19 |13.0] 94| 0.4] 06| 0.2 0.5 —| 1.2 2.2]|10.4]0.68
B olts 20 | 8.9|10.2] 0.4] 07! 0.2] 1.3 0.5] —|85.9]21.0]2.62
HNEM SR OESEMS Th itk L0 2WT 21 1341 3.8| 1.3| 1.7 0.7|<0.1) 3.9} — | 9.1}34.7]0.11
o NE COMER AT RW0T, 4RTOMEY 92 | 26.2| 43| 1.1 1.8 0.7] 0.2 —| 4.8]10.1]26.0]0.16
aﬂmyﬂﬁﬁﬁﬁbto %0)}9%%, fé’ﬁ“MOD%ﬁ%{ﬁF (Ibb 98 12781145 1.5 1.6 1.0 <0.1 — 1 9.0 2.8}20.50.52
OH.) Oiﬁi‘f\%ﬁbf\:o %@%%Wﬁﬁ%%‘#@ﬂﬁ%%iﬁ% 24 | 25.4] 5.6 2.6 6.3 1.5|<0.1]11.4 — | 2.01]24.80.22
SEA AT A A Y DEEFED BN X T 245 25 | 10.1| 4.6 0.4] 0.7 0.2] 0.9 — | 1.6]12.3]20.6]0.24
Dl B A T~ T BAERIIT B = & 25 7o % | 5.1|19.2] 0.5] 0.8] 0.2] 1.5| 0.3 — |16.8]|24.7 |.3.77
27 | 5.8|35.8| 0.3 0.6 0.1] 0.3] 2.6 —| 4.5|17.66.17
. v T4 — S e
35 WE{T%%O)X@?«L&D) FIAY A 98 |16.3 | 27.5| 0.2 0.4)<0.1| 0.3 ~—| 2.9| 7.4|15.8 1.69
3 = 5 2L 2T N
ﬁﬁﬁ%%qufgﬁiﬁmé”‘é&ﬁﬁ@ﬁﬁib’ K 29 123.017.2] 0.9] 1.5] 0.5<0.1| —| 5.2] 4.9 24.00.75
CEASNIGRA F VB LOA 4 VA 4 Y BB E DO & 30 |35.7| 6.6] 1.9] 33| 0.8J<0.1] 1.2]| —| 1.9/35.10.19
RN UBRCED LS ER LT 20 &M 572D Xl 31 206 1.8 1.2] 1.5] 07| 0.2] 1.7| —|14.0|24.1]0.57
XA IaTFTAF Lo CHTETIR ol HFTITE 32 118.3|15.7] 1.1 11| 0.7] 0.3 —| 4.0] 9.3 22.6] 0.8
Lfigﬂﬂ:ﬂ(’iﬁﬁ 9000mm 0)%}&»'5&%@@305*%%51%5% * § : Sulfur not belonging to sulfate.
24.8% 9.6% 7.0% 14.6%
30 ) F,
X F,
z .
'S' 20 p
5
10
] i ] 1 i ] 1l 1
B, B, C, C_z D, D. B, B,

Fig. 9 Results of analysis of variance and average of histogram for copper
content in inside deposit
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Fig. 10 Results of analysis of variance and average of histogram for iron

content in inside deposit

H, BsTF2 w-ou~ik No. 26 2300 AP2 &DWTik
No.28 &32% & L, Tihbb#kA 4 viknFhy 0.03
ppm, A F VA A% F UL 0.05ppm HEA XN
BKEBULECH D, %Y Fig. 11 iRl 7,

3:5-1 BsTF2 (= D\ T

aF VA F Y EEALLP S TOBEITERNETEECS
BOBSNIE BN, 2O ENBEEIEAKNDEA + >~
BAR X - CERAET SIS BIESS X &H T 5 ER1 Y
XN BI EMbhstc,

—7, 0.05ppm DA & v A & ¥ EFAE TR TR H
DERGy, TNVI=V LG, A4 VHIIERICS D, B
ETNMI=v sy, Ayl ERELSCSECABI
Too BRANTBRIERE LIEZA (BB X0 E~BEIL,
HARE EEECH 5 ENEBESICE Ve o e,

3:5:2 AP2[cDWT

BRSDHIREA & v A & Y FEADFEI 000 B3 M
0 IEBL W, BREESBIESBINEECL B
H, BSOS LD AT LY SHEL T, BsTF2
DL HEAF Y FICFMBE L HREZLDNEP o7,

bz Enb, AP2 Ci3BAHERSSNSTH D

AL ERTHEBRMBHBRINS - L RSN, AP2
@ BsTF2 @ AMHENE, Hia v A4+ v EETRET
HHAMIIZORBERAATAF YERLTLRETH S
ZERESTHBLDEEDNS,

36 kX H

SHEEIM S 1AM 1 MoBE Tl o7 va v 7
¥~ BIKIEKDIKE &R % Table 8 iR L, ¥
KT Y@ U UHEEER Th o7t REOM2 7 A
XS BOBHEIC L O R VBRI NAOEBEDOE W H A
Bindo, MEKP O ETEY 010 ppm Th - C, HEAZ
a B1EA 4~ & 0.03ppm) WL THA4ZE
CEBINT W, A4 744 ViTBBINehote, &
few v H A F ik 001 ppm BESEFN T,

4 = =

KRR WT L THEEES OoBANERIRT L
B, kA A ¥ OEANI—BHIICIEBFREREZRT Z L2
otony, g4 4 v OB ILERIIERORRM ST
X N-BIRHA TR ot Thbb, $5IRE
FRickd 5773 = v LB OWE A AT ABEREHC
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Fig. 11 Analyses of inside deposits of the test tubes by X-ray probe microanalyser showing the distribution of
various elements
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Table 8 Water analysis during test

Composition Average Range
Temperature ,°C 17.5 9.0~25.6
pH 8.0 7.3~8.5
Relative conducﬂtévi%, 42,400 5,000~50,500
C.0.D. ,ppm 4.4 2.9~7.5
D.O. ,ppm 6.4 3.5~11.6
Chlorine ion ,ppm 15,400 1,400~18,500
Ammonium ion ,ppm 0.07 Tr~0.35
Nitrous ion ,bpm 0.02 Tr~0.10
Sulfid ion ,ppm None None
Ferric ion ,Ppm 0.10 0.02~0.44
Manganese ion ,ppm 0.02 Tr~0.08
Turbidity 8 2~29

BIETEA A Y EAOHBCEI T HERY w Liud, &
A A& ¥ HFEA UL WEIKIC X - THuE 2.0m/sec B _ECik
AHIRKA DI LU WE&RFELE Uless, 001lppm gk
A F X o THEAEEEEEFIEEINAZ E8bh o T
%o

KB DM AR KB R\ TF OEREIC AL X
NoHEE FEHEEBD) KXoTWaAA, ZORBTRE{d
HIFKOEMA e e L DIk EHERZ T Qb & h
CHEIRAP DR A > LE O AL X % FRIRERER
B AFT T D, HEZ ORI U AT < e
T TE- CHEBESBREABEINCBECIET BHITT
B BN, TOEMEEIHESA 4 v Ok ~OEAL L
DESHCIEEHEY 5 X5 i ) @B EERE
BeEbnb L5 b bD Bz b,

DX D I T A NEARRE R TR AR AT Bk A
* Y EADRRRSENFRERC BT HBEE L THE
Tl o>l DIEREOIIMBHOEC LD b O & Bbh
foo ThbbEEINFEBIC KT HFBRIT W THRIBEKDS
IE &I /e D IEE D DIER Ch o fele b4 & v %
ik R KX ABANRME KI5 L
DAE—MTH D, a4 EANT L BEEERIERST
Tl fcfob i A LR AMED TN D x5 KHb
NcbDEBLDBNS, ZHEANL, MBI TE
KEDEBMPRE S BAEANEB LT olc/cd S5
NIFERRR D5 & R—TKEDERA & Y HEAR & » T L H
ERBT AT bR EE, & IEKOEBANEL
CPH METLAL S BENRL D, F0DiIcghda 4 i
A & BH A IR AR E b e otz b D & Bib
Nbo

BsTF2 oEguEkic & HHEREA 4 v DEAIL LD
HTFBEIN LS ERZT B, 35EYEAeRRIC
B9 B M B\ TEEA o > & BB & IR ZE BV R
Hbiic, THRARI T A8+ v EHHOZHE
RExAAVAFYEDNTHREL, TREOZERFOr 2
P77 aOFHEY Table 9 iR LI, ZOERL HEEA
4 v DEAE BsTF2 OB KEEOHHICERTH 5

ZEBIEHRETH B EA DN, THEXESA I nT
FI7AF - FEALBEBMCENA L DA F Y EAR
t o THENEDOBRNABCHRINDSESE SRS
BN A A9 4 F v DRBARK LU TRERBERICR - T
BLEL L > TWBEZANRKTSH DL B,

BRBKI X 2TEKBEORAE L AR SEELRYF
FHEOA A YA+ ThEI EAEHINTE N, *
OMBEE R HWECEL THLTLLELATIR & 2 -
720

ZOARELTARICE T 0.05ppm &\ 5 BED A
AT A A ik BsTF2 BB KEE4REL LDBHE &
&L IHNEMNED LM LD EMEEELE L HET S
CHEABINTI ot Tl A A VA F YEETREWTIR
MEAEE 042 BADA A v ok | UBRESHETS
ZENboti, AFTAF YORWESD S042- LA
DA & I3E 03% BETHolco ZNHOT EBiA
UERIOCEFRECSPDOMBELBAF VA 4 Y HBEIXAR
KB RWTAWe 0.05ppm %437 D FE S & O Tk
Wik Bboinie, ks, FERHSIRMBINICEKEED
YRGB MR AP2 #6E L, HEAEAE
HMTBHZ ETHbD,

BRMBE TR L5 W REMERE L L e A
FLWEDTH B &hbholc, FIUTEAZNICER
F ALY ET HREERBROB/CERC L Y EAEICARE
THEEY OB - MEAEEL, 274 2 OKTELEE
THLEL LT3, DI, HROBIERAIINER
BT OBS BT LD B L b ol. SIMETEA
ENIE A A v HBDE LTI OVRBRLOTWES
ﬁ%ﬁymﬁmé@ém%fﬁé5kﬂbnﬁo

FERC B TR LOREOE AT 2RI
HE L INEboTe, BKCEENHEDIT & HEKSEE
Ot (rrFznm-9ar) EERERICEALKE
(300ppm X 1 B5HIX 1 B/ H) BECERLMEETS
bbb DTHDLI EDbhot, LsL, v¥ Fxnm
~ ¥ o YT BB RT LS EET 5 160
ppm DERNY Y Frwm e~ g v HEFLDHDHI DX

Table 9 Analysis of average of histogram for the

significant AXF two-factor interaction
with respect to the B factor (sulfid ion)

Sulfid ion
Ferrous ion Tube
B B:
F, ¢.10 mm 0.31 ™mm
A,
F. 0.08 0.06
F, 0.07 0.32
Az
Fq 0.10 0.10
F, 0.09 0.25
Asg
Fa 0.04 0.07
Fi 0.06 0.16
Ay
Fa 0.08 0.08
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TTIHLMCINTNHDT, REHRERT 300ppmd
B RsEEic B aEREYE LW EERTOTIERL,
B ETEL T H4D 1 EMOLERNEALUCESED
BRI AR R RB LW LERTLOTH A EED
Nho fo & 2V EEE O F BB ER BN L » TH A
BT UTh, ZORBREBROENRR LOBEE
PEAETIEER I X AEANEECHLN S Z L ILR
Bz &b Lwd EAHD B LDEEL BN,

FEKEEOEARMIIAE 20m/sec gL LTE
km,%mmMQ%@fﬁﬂ?é_amﬁ%mﬁ@émé
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Behaviors of Alloying Layers in Explosively Bonded
Interface between Aluminum and Other Metals

Yoshihiko Sugiyama, Toshiyasu Fukui and Keizo Namba

A study has been made of the properties of explosively bonded interface between
aluminum and dissimilar metals such as copper and mild-steel.

Tests were carried out on the effect of heat-cycle on the structures and mechanical
properties of bonds in order to clarify the applicability to the transition pieces.

In the explosive bonding of Al-Cu, alloying layers were considerably formed in the
interface, and their constitution was 6(CuAl,) phase mainly. By heat-cycle, the growth of
another alloying layers which seemed to be 7, (Cu,Al) phase was observed between

Cu-matrix and ¢ (CuAl,) phase.

Alloying layers observed in explosively bonded Al-Fe seemed to be composed of the
eutectic of a(Al) and §(FeAl)) phase. By heat-cycle, 6(FeAl,) phase grew to exist by itself
for the most part. However, there was some possibility of existing of another intermetallic

compounds such as 7(Fe,Aly).

The shear strength of the explosive bonds in Al-Cu and Al-Fe lowered with raise of
temperatures of heat-cycles and there was observed a change in their fracture mode. This
resulted from the influence of the formation or growth of intermetallic compounds by

heat-cycle.

But by heat-cycle of 3 pass welds the growth of an alloying layer was not so often
observed as that by 550°Cx2 min. From this result, there can be confirmed the applicability

of these bonded materials to transition piece.

However, it was necessary to pay full

attention to selection of epxlosive conditions, since the cracks and voids which seemed to
reduce the properities of explosive bonds were observed in the alloying layer of bonds.

1. ¥

TR =y Lk BEEBOEAIILEHEEE, M B
A, MRS BT BATHRER T K O S CE B RE
ELTHEBINTWS, ZOEAFELLTEL, BEEED
BT IC & DERES, RN, HHEUERD D EE
T X AEMES, vy AWV AT X
DRBERBER R ED S B,
INSOBEAERITAREEL, BAEWSsTHNTND
2%, AT A LS, A OoRTFEEREDE M
MRENLDD—D2s LT ABESBOBRFAEEM & REMT
o transition piece * UTHWAFERSL S,
TNME=y N BREEBOBRTESL HWNLINLOE
BRI BT AERBE OB DWW T T I 4 fES
TN B A8~ = B DR % A TR O transition
plece & UTHWEADMWERED B WRBEHEEY A 7 %
B fo A DML e DWW T E AR S b E

* psimsesst 39 (1970), 1316~1321 3%k
Rl

|

I HcEbhs,

AFtZeiE transition joint & UCTEHRAM7 43 =Y A
LTy IR LOTERMT V3 =y s CIEHORE
HAEY, ohbaEEEEIC kT % transition piece
L THWEBSOMTFHOMBELMHbLAZ L L) 15
LOTHD, FTHRMCIE, ZNHOESETL - bRM
Ll AR TOASBOWMS L UHEERY A 7 VI
I AINSOREE OWTHRAERARE TS,

2. HEMBIUORREE

HERM I TERAM 7V I =y 2278y FHB LT
TEEMAM TV I =y A LA 20mm (10mm+10mm)
B OB A FRENLRW, SNDOBERIIWTNG
JEALR TR B\ MED TH TREI NI LD TH H 03, 3
B, s, MK, REARXoRBAHFOEMI T ThH
Do

SEEMN LM ORI s L U BEAERC T S 66
BOWRLBEL DB A 7 VELDINBDEITDNT
T o720
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Ber 4 7 v & U TIENENT = B E&REST (300~600°C X
2min ¥ L 08 300~600°C X 3min.) 7r BN &R e (400
°CX 1~60min. #5J 0t 500°CX 1~60min.) F & OUEELD
MIG 3 (7v3i=va{) KX 51 ~4ED bead-on-
plate ¥ TH B, Yok, KMk L OERLEMONELS
ACHRIE T T o o, TREREAOBIZERIIL 5 BB
Cdh 5, Bead-on-plate FHEORIIE Fig. 1 wRd,

PRI 2 2 U T DWW T T o 7228, 3
B ks L OB HHEE Fig. 2 wiRd,

Al Al I e
MMW 7

CuorfFe

CuorFe

2pass welds

Tpass weld

Al T Al
[t |

CuorFe Cu.or Fe

3pass welds 4pass welds

Fig. 1 Schematic cross-sections of bead-on-plate welds
of explosive-bonded transition pieces with

aluminum-copper and aluminum-mild steel.

4

e 4

s Cu or Fe Al T

o k3

7

60

Fig. 2 Shear test specimen and its measuring apparatus.

3. R B B R

3-1 Al-Cu ESEROBEBLIEX

Photo. 1 3 L0 2 1 Al-Cu /85RO MEMA 7T,
72721, Photo. 1 1 X#fEED £ ¥ (no etching) T4 b,
Photo. 2 E U450 etching BOMBTH L, —h
L OB D L BEINEETT TR DDA S
BB (no etching ©H, etching BIFEL B2 %) H2H
INTED, ZOEGEBIIEHRESL DL 500 LU
550°CX2min OBy A s/ VEE 2 TLEL LR, 27K
L, 550°C Gingt L7-5541% Photo. 2 1 b &EHS 28/
Y, ZOEEBIATTY v 7 ZAOMIBIOH NG EE
PR ENT W 5,

Photo. 3 iw[Hihd & Bk L O s B 7
SEROMMARTH, LROMEC X 55 LWE4BD
R CED BIE, ZOREEIE2~32DELY

As explosive-bonded

3-pass welded

Annealed at 500°C for 2min Annealed at 550°C for 2min
Photo. 1 Micro-structures of explosive-bonded layer in
aluminum-copper. Not etched. (X 100) x 24

As explosive-bonded

3-pass welded

7

£re

Annealed at 550°C for 2min

Annealed at 500°C for 2min
Photo. 2 Micro-structures of explosive-bonded layer in
aluminum-copper. Etched. (x100)x24

s TWh, FlTNVNI=T A -2 1y 7 ACRFOH
HEE BN DR LBO BN B, T7bb, AlCu 0
BRI BEERICTI N D REWEEE BB »WHE
NTWBRET A 7 VS 2 5L BIOAGBLIEE LY
BENTL B,

Fig. 3 wAl-Cu #&85ERC R BB HHEE2 7T,
BEIN-EFEZORETIE 7NV I=Yn - < U v 7 23
MVH=3871~438, A<tV v 7 2}x MVH=84.1~118,
A&ET MVH=362~441 &7 5T 5%, LisL 550°C
x2min OMNEA LicbD TR T NVI=Y h - <) v 7
278 MVH=30.7~32.1, $R~1t YV v 7 25 MVH=80.2
~934 AL LTWBA, A4k MVH=303~412, M
VH=420~464 %3¢ MVH=514~643 @ 3 @105 5
N, ZORED 2 DM L > THEREN LD TH B,
(ZNBDEEBOHBRICOWTIL 3 3EHABIBOZ &)
F7z MVH=134~137 OB LBOBN L, Z O
BlE7ri - =ty 7 AR LT TERLDT
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Raugh interlayer

Smooth interlayer

Annealed at 550°C for 2min
Photo. 3 Effect of short time annealing on formation

As explosive-bonded

of intermetallic compounds and their growth
in explosive-bonded interface of aluminum-
copper. Etched. (x400)x 25

&40 Al

84.1
& 84 418 Cu

As explosive-bonded

@32 Al

& 843

& 80.2 & o

Cu

Annealed at 550°C for 2min
Fig. 3 Micro Vickers hardness of explosive-bonded layer
in aluminum-copper.

HH5,

550°C X 2min DB N THESN/EED LD
THETMI=T L <Y vy 7 ABIUEHE Y v 7 20
X EWME T DEHIENC D 7 o TUE B DWTIN B4,
CAVRIBEFEFEEEE SR TR AR D ORI & AL & FR
CIEED FRT X 2B - T ThH 5 & Bbh

%o

3:2 Al-Fe E4EROMBEMKEER

Photo. 4 iz Al-Fe SR OMKAYRT. L DY
LRI e, BEINCBETTTEAR ) O & &
(BRE MEEINTW5D, Z044&E L Photo. 4 T
BRZAM TVIzTva <Yy 2 ARLVE<
Uy 7 AUADOEWER GELLTEHEY v 7 AR
FELTWABINTNTAEBEERESLT, 7rvIi=v 2D
—EREEBEBELEWTEDO=T Y v 7 AL DL

3-pass welded

‘ 'Annealed at 500°C for 2min
Photo. 4 Micro-structures of explosive-bonded layer in
aluminum-mild steel. Etched. (x100) %25

by y 7 2AhTREEL TN DD b5 5,

3 B KO0 500°C, 550°CX 2min dnzhic X HEA
FA I EEL DB ELY, BAERCERINTHS
LSEBIIPRHET B, LAL Al-Cu kRBh-L 5
HLUL BOAEBIUMINTNS L H BEEFERVES
CEbN %,

Photo. 5 iMID & H#ABEFR I L O HEE IR %
LEROMEA TN, M E D EEBRNEVEEL
TNBI Eddohb, Ef7VIizVh <Y vy 7 A0
SRRSO B AR EIN TN BT L0 5%,

Fig. 4 & Al-Fe AR BHE S %ERT
B X N FETORETETVEI=Y A -7 Y vy 7 A
MVH=42.3~47.9, #~t Vv 7 2% MVH=210~244
TH Y, S&EE MVH=232~286 % JO' MVH=623~
766 D 2 EHH B, HH0°CX2min DnEhAE Ll & O Tk
TN =Yt Yy 7 R F MVH=27.8~30.7, <t
Y v 7 2k MVH=186~208, 4 4&Ed MVH=221~322
I 08 MVH=460~549 T& 5,

IB L DB T &L, 550°C DfEic X o Th i
BEhs4&BOBBEIE & BT RS, TS OEA
KENESEBOMMERD LENL TH B0 Th 5 & &
bbb, LHL, HXOEIRIE, 2R Ds7 Y5580
B, 20z &, HOEEBIRIN TN HRIEEMEN
BHIEBLRLTWDS, LL, TOFMIAFHTSHD,
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Rough interlayer

o

Annealed at 550°C for 2min
Photo. 5 Effect of short time annealing on formation

As explosive-bonded

of intermetallic compounds and their growth
in explosive-bonded interface of aluminum-
mild steel. Etched. (x400)x24

3-3 Al-Cu LU Al-Fe ES4EBRCPIIZELED
R

Al-Cu B LU Al-Fe OBESEFCRWNTERINT
WEAEEBOMM A EPMA THN, Wini 5&BR{LES
WP E T W B HERE Ui,

—iRI 2 AR OEEBOMBL, Fo4&BHhOoRE
B LS ORBESBOHBER et Lk v
D IERMECHETHE LN TE D, KERICK\WTAI-Cu
BXU Al-Fe 0oBESERCET 5688807 Vvi=y
LB K D RD,

War(wteg) =-SL=CcuFe o 109
Ca1—Ccuy,re
Table 1 = Al-Cu % L0t Al-Fe OEH 45 1 04550°
CX2min MEBHCOWTZ S ORIEEER > = OMR L
b I s BRI E RT,

® 475

& 244
Fe

As explosive-bonded

Al

* 23 * s

307

4 201

* 186 @ 188

Fe

Annealed at 550°C for 2min

Fig. 4 Micro Vickers hardness of explosive-bonded
layer in aluminum-mild steel.

INEDEEBNRZ L EF Al-Cu CrlBER R
ENBHLEDOAEET 0 (Culdly) fiTH D, 550°CX2min
DT 7o (CugAly) FBBMEINTL B 2 & 2ibh
Bo ZOPR 6 (Cully) FHiT 2T XHEHT T bR T
7o

WolE ) Al-Fe TIHBERICEZRINTON586BI1
6 (FeAls) #Th D %< 04 a (AD+0(FeAly) It
& 785 T B, 550°CX 2mind n#Eh ¢k 0 (FeAlg) #EAs
RELUBEMTCHEEL THNE008%L BobN 5, XEEY

Table 1 Estimation of intermetallic compounds in alloying layer of explosive-bonded specimens (EPMA)

s Estimation of
s Heat treatment Alloying Cl—-CCu, Pex Average contents, s Remarks (Xray
Materials after exp. bond. layers CAT—CCu, Fe wt. %(at.%) acﬁgly%?];nc}zyé? diffraction pattern)
As bonded I L4201 o b 0 (CuAls) 9 (CuAls)
! e R
550°C x 2min 3353
n BB | ALEE | Ao | e sl
101~113 :
As bonded I ~ls~T52 o 1BBAeE | «ADriFeAly v (FeAly)?
97.0~109 .
: R DR
550°C x 2min 6.5-94.5 ¢ (FeAls)
L0 OT IR Al :59.2(75.2)
I 153 Fe :40.8(24.8) 0 (FeAls)
WAL : Content of aluminun in alloying layer
_. C1—CCu,Fe
¥ WAI(Wt'%>‘C‘ng€“ %100. CI : Sample current through alloying layer
CAl : Sample current through aluminum

CCu,Fe : Sample current through copper or mild steel

4
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DOERTL 0 FeAls) MEFED BN T W5,

3.4 Al-Cu 3 LU Al-Fe HE4EROEMME

Fig. 5 iz Al-Cu ¥ X Al-Fe B35 R OBIEHHAIC
XTI MBOBEART, IhIDEALNRI LS,
Al-Cu, Al-Fe & $MBNRED LA E &\ IR
IETF LT\ 5, BYMEHRE B e L CBli 7 mas
TFTChHEELEATLHIEETILER DN, RED
ERE &S HEEENMET T AEMEIEERETH D,

10
. E—
£ 8 Aluminum-Copper =
5 & - - |
B O m— Tl
-~ 9
~
7. . L
°© |
qC> b
2y N [ ]
vy
: |
2 o]
£ 2 }
“ |
@®--——-@ Para. to EB.D. 8
0 PR S |
10 Om—0 Trans. to. EB.D
— \
o | b
£ o ~L~
\E 8 O--.\.___ e~ Aluminum-Mild steel -t
] heS
je)]
X L] I \\\ |
£ 6 —0— -0
o ° v
QC) @,
2= l | o
w4 o] O_\\~ _t
5 o®
0]
= ]
[%] 2 |
e]
o ]
As bonded 450 500 550

Annealing temperature, °C

Fig. 5 Effect of short time (3 min.) annealing on
shear strength of explosive-bonded interfaces in
aluminum-copper and aluminum-mild steel.

Photo. 6 & Al-Cu kL8 Al-Fe &8RO
BREBORE A 7T, Al-Cu TR EN LR LT HHK
ks E DESL A, Al-Fe T LWELRIFD D
NDe Tidbb, HENE N R AuE BT B O BEH
IO (wavy interface) 2B TL %o &
ML NAE B TE L TWAZ L AIRTTDTH Y, L
Il C ORI EE T 501k, BERICBREN LGB
TR, FORBOMMC L - THRELTL 26828 TH
5 BN D, (FoEmbiE, Photo. 1,2 LU4 XD
Bl E L, BEEOEET, TTENRYOEEE (&
BB M INTWAS, Fig 5 wri &<, B9l
BRELRIRERIC T T B, L Ui s h, BRI, #or
A IVEEZBE, T bTrOHILNEEBIERIN
BT, BERRCERIN RSB ATELELT
WaWDE L0 BT, BETREITI AR DETL TS

As explosive-bonded

AEIRIRRR AR RN R NAR AN

Aluminum-Mild steel

AR RN AR RN RRARRRERARARN}
Aluminum-Copper

Photo. 6 Fractures of shear test specimens in explosive-
bonded aluminum-copper and aluminum-mild
steel.

DTl Bo E i 2N HILBTHTRER Fr O RS O ER

2, BEEHE O LOOB ERR TOBEIRIY 25455

BEMR I NIz

4 # =

BESBOES TR LME L RSO EAERICKT S
SEBOWMETHD, =07 RMEELEERRVEES
BOR—E ORI BN TARABERIBE NS W, LA LTR
M, TTRAASIADOETESINEE&ES transi-
tion piece & L TRV AMBRIC L 2RI & TRA
B b 7e D OEIEE L T h,

Z @ transition joint OFEEE L ULFOHRIL LD
Fig. 6 R4 & 5 afFRIRnE 2 bhvb, LLIRRL
SO X5 el T transition joint EEDMEEREL

Fig. 6 Several joint designs for welding dissimilar

metals using explosive-bonded transition pieces.
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B A VI X HEEER COEEBORENHEE
B EMRHN,

Photo. 1~3 & L1 Table 1 L H 3BT &<
Al-Cu OEATIHBBEC I VBB L LTh o 6(Cu
Al) MMESEFRCERIN, FOBOMET L > TH
1ol ve (CugAly) FREELTWAB, UL, BHELY
BRI L VBRI N BB 0 (Culls) #HX& D
LA 7o (CupgAly) FHOBEMZENTH D E L TnD,
Ryabov! Bk Al-Cu 7 7 v FiRO A ¢ £ 954 0(Cu
Alg) MR I N, X VBRI SE 0 (CuAly) Bishic
v (CugAly) MHAMEL TS BHELT D, KREROH
BITAEASOMBELVULERY, MHH TR D BN
Ryabov HOfER E—HK L T 5,

UL BB BRI A NS Z NS5O &R L&Y
HZORBIT LV MREL S B LD THY, 0 (Cully)
MR EINTH 72 (CugAly) FIMERINTEARAD
FEE Tl In,

Photo. 7 (X HBHKT 2 v X ~ G X Nz Al-Cu g
EBRCH BN, WD ¥ F Gk Photo. 1 ~3 g b
Nic X 57e4B EHE 2hF DI TN,
U 550°C ok ¢ b b4 4Bk MVH=119~
129 THY, ZhE7nvi=vn - by 7 ZADFED
BHETH D, Tihbb, BEOLC I D EREDOHEK
BIZELUCREARD, FT20BOBY A 7V THTI K
ENHEEUHLED LR - T AL BbLS,

s

Annealed at 550°C for 3min

2-pass welded 4-pass welded

Photo. 7 Effects of short time annealing and weld
heat input on formation and growth of
alloying layer in explosive-bonded aluminum-
copper. Etched. (x100)x24

WolF 5 Al-Fe OEASTIHEEICLY 0 (FeAly) #H
WA, D%k e (AD+0FeAls) ok b7
STWBRMEMT LB 0 (FeAls) HHOBEIZE LW, A
FHBHY 1 n FeeAly) #i& 6 (FeAls) HlowWTFhh, »
HNEZOWEREMENS L LTk Y, Rabking 1 2
Rjabov 5 LIISEBOMEXYE N5, FERTIX

EPMA w X afifioHz L v, 0 FeAls) & L7z,
Fig. 4 RUZZBXTHARYOAT Y EREDBN, &
IR E N T 2 EREHIL &2 —H TR\ 2 & 2R
BLT\Wh, F7bb 0 (FeAls) #LIANT 71 (FeoAls)
RS EEAE LT\ B AT ASHR

Fig. 5 10" Photo. 6 X b Al-Cu %5 L 7% Al-Fe #
SR OBWEEE I IMEMC L DB L BEINTW B,
AU ERL D transition joint CEEEEEY A4 7 A ST
1BE, FEREEIYRIFREM RS 52 % R L T
Be ULL7cAis, Photo. 1,2 3104 X b $BAB 287
&L SEBEOBY A 7 VS 2 Td 550°CX 2min @
AN BT EDEEBORERRDBNT, 20
ME DBy A 7 Ve X A BEAEROMEEDL T IL bk
WO TR E BB,

Photo. 8 1= Al-Cu % L' Al-Fe 4558z kit %
EE&BETORMERT, AlCud 44BCixEnsg: U
Tk D Al-Fe TRERMAERIN TN D, ZNBHIFWT
NABBEHTHRS DPNEBEAINLOTHD LB
B0, BEAEROWURECLTORRK RS L BEbNLHDT
RO U 5 SAREBAE TN S,

Aluminum-Copper

Aluminum-Mild steel

BT

Annealed at 550°C for 2min
Photo. 8 Defects observed in intermetallic compounds

As explosive-bonded

of explosive-bonded layers in aluminum-

copper and aluminum-mild steel. (<100)x 24

5. &

Al-Cu % LU Al-Fe b O A5 R O MRk oMb i
PEE LB 4 7 MIC X B IS DEILI DN T~ R,
RDENRAB N E I ote,

(1) Al-Cu OBERH TR ZOEAERTHL VD &4
B BRE AHEEINTED, ZhbidEs LT 6(Ca
Alp) ¥TH B, MEAT L XSO EEBLRET S
P, 2 ve (CugAly) FTH 5,

2) Al-Fe 0BEHMOEABEREHEIN T 2464
it a (AD+0TeAls) OHdTH B, BT % & 0 (Fe

il
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Alg) fBEL, BMETHEET 28NS D, Ll
thoE&BELAY—Tc & 21E 7 (FegAls) FEANREFEL T
WAHAHEE S B o

(3) Al-Cu ¥ X0 Al-Fe B4 O#ESE R OB MME
BB L DELLETL, BELELLTL 5, T
IEMT & - TS B\ ERE Lic &BM{L & o Z 8
BN EERRL TS,

(4) 3 B DBER 4 7 VT 550°C X 2min
DI THD LN EBOALEBOERL, Z0OHLD
transition joint & U -Chsy/s DEIFRR & ThH,

6) L LBEHOEEEROAS&BITEN PR
BOOBND, INHIIFEEAOMREAETSELEED
N5OTEESFGEORBCHLTUW 5 SAREEL I
YU B 7, :

BE KW A D HICBE L, EPMA ORlEE W
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Al 00 | +o02 0.0 0.0
o1 ~ 1.8 0.0 0.0
SUS 27 - 7 5| —03 + 1.8 £ 2.7 0.0
P + 2.3 + 1.0 + 2.0 + 11
cl +08 + 0.7 + 2.2 0.0
+ 2.0 + 1.6 + 1.9 + 05
A 0.0 | +2.2 0.0 0.0
SUS 32 - 7 + 2.2 - 24 + 1.9 0.0
7757 2% || o+ 02 +1.8 + 3.1 0.0
+ 05 + 0.2 + 2.2 0.0

B+ WAENSBEESS, — EAENASRESHTH BT & kT
RALOENEEENOBE LB LA EERLED
BEOHIEH LE 21BN 5,
5:2 ASNEOCEBEIRR
—EHEOWEAFEL CHEMSI THREL R, BHE4

ZRToEL, ;&Aklﬁ*ﬁf‘eﬁ@f;b\ﬁﬂfﬂﬁ%ﬁ EZd
770

5-3 {RELMLERE

“ﬁ“»ﬁEéilOOOmm@i*?‘;i{ﬁ%(ﬁl %i A& FUS, 44100

Efd SUSE—7 175y 0 —HED
PI & 55 L I v SR I B B 37

C kR, %1 2.0m/sec KEKDORBRLE T TRER
BHPEL, FOMELSHEEHEKRBORHELFTE
T ABERELBEEE L TR, BRBEAEELRELD
MIEHOMEERE A QEHR L Thi, BI I TWHHE
BAEKEEOFEIHMERME L 12 /ME 25.4mm, WA 1.245
mm Q7 N7 Ty 7 HEOEETREN 3,110kecal/ m2h°C
LI AECFEE T Do fEREAE 6 RIIRT,
BOEX —HEBOEEMERE (EREBRHLERGETORS

— — rigom WELWELD
. oo Eemcss am PEEE
T limmos, | ARORES
8 B o | keal/m®h.°C % keal/m?h.°C
A 2,600 8.6 36,643
SUs 27 - 7r7
'B 2,680 8.2 63,251
7y 7 = B/ OF e
lc 2,620 84.3 41,068
SUS 32 - 7o | A 2,660 85.6 53,735
7y =EF | 2,630 815 43,668
®o® % * | 310 | 100 -
)

¥ B =25¢ x 1.245tmm DT NI T v/ E

EROZELC, EKBOEN L L THRD RIS

NTWB9 A4 X (2540X1.245tmm) D7V 7T v 7 BE
ZHLT, #B0%REEOCHERENELN TN B,

5-4 IEhBREARER
M2 R BEHEC L D lARED MgCl Bk LUE
BO7 =7 KEMEKC L HEHTEEENEBRY T
molckBR, BTRCRTIEL, WTRR EINERE
Listotz, BRERBEONEFIZEHE S R,
BITHR IWHBRINARORER

\\ *’F?f‘? 1295MgCly #i135%MgCly Bt 7 » == 7 BE&
zmgz, — [
P ““‘*\»‘-\N 142°C 116h | 135°C 260h | s & 24h
A | JIEES | AATES FAmE &
SUS 27 - 7rv won A L@ oA Je Ll® R &L
B 7 i 7 7
7 oy ZEE C P ' 7 v
sUS 32- 7oy | B ” ! ” ”
PR A= i 4 B ” | ” P

W) 7 re=7 BRAGERBETETLER, H¥E L THERZHET 2

EH AT v BBRBEOPSHRRE
& 2 429 MgCl, #BRs7A# 116h REAMZ ONE
Ty e 7 HEAUNRBRBONE

FEHS
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(429, MgCL isK D&

(35 MgCLIARDHE)

2

\NTNTF97

T VEZT K
(conc)

(727 HAKOER)

BRI VEABROHA B

7
H

By 4 7 )

K3 MEHBRICE T AERILE IEBOTHE(mm)
8k SUSU-7175 .,y “EBOLEHRBROET

AL Amp(—2)| Ak | T |V P 7 -SHE] K i omty
A-2 | 25.54 0.38 | 0.42 | 2.15 | 4.32 | 480 % (90)
3.0| A-3 |25.53 0.36 | 0.44 | 4.52 | 3.38 | 475 % (50)
A A-4 125,53 0.34 ) 0.34 | 2.45 | 3.42| 505 % (80)
R | A5 |25.530.35 | 0.41 | 4.32|6.17| 800 O
3.5| A-6 | 2552 0.33]0.44|7.18|5.24] 810 e}
5 A-7 |45.53) 0.36 | 0.44 | 7.97 | 5.86 | 740 e}
) A-8 | 25.54 0.33]0.3¢]9.93|9.25| 1100 0
4.0 A-9 | 25.51) 0.33 | 0.36 |10.77 | 9.50 | 1095 0
A-10 | 25.53 0.35 | 0.40 | 9.63 | 8.07 | 1020 e}
B-2 | 25.53/ 0.36 | 0.38 | 3.31 | 0.92 | 550 O
3.0\ B-3 | 2553 0.37 | 0.40 | 3.61 | 1.23 | 575 e}
B B-4 | 25.53 0.37 | 0.43 | 3.31 | 2.13 | 550 O
a B-5 | 25.52 0.31 | 0.36 | 4.51 | 2.17 | 750 o
3.5, B-6 |25.52 0.32|0.41|3.06|3.98| 740 0
H B-7 | 25.52 0.35 | 0.45 | 3.62 | 3.06 | 780 o
m B'8 | 25.52 0.33 | 0.35 | 5.82 | 5.24 | 940 O
4.0 B-g | 25.52 0.30 | 0.37 | 4.91 | 4.62 | 935 O
B-10 | 25.52 0.34 | 0.38 | 4.93 | 4.93 | 960 0
* 3 &M

55 BEHACEEERMF
ERA~OBAN L, BEOLEFRLC L - THETH D,
3Rt Ie< 2BEOERILA BN TR IR o g
FEROMERA F 8 RIRT . ARRIC I TIHRERIITR-
302H # M\, =% 2,3y 20 CBNo.129 % Funiz, B3
TRITDHAZA 7EHHKA LB O~ V= v A iEY T
50D THY, BEA 7RO FEYS 5,
ik, BERIRRNC LY RDE,
HEZER={d2— (do+0)}]2ty3x 100
do : IMEROEANE c:ELEHLOTEE
ds P IREBOERNE o IVERORE
WEERDEA L & bICIEEI AL, Fhic2iT
SIEIIMERL T B, RERPICI N CIZIBEERIER
3.5 A L) kT 100kg/cm? & CoOKERBRIC KT SRR
FELTWin, ERAEFERWC E2ibh b, TSRO
WHE*EXE 6 wRT,
6. RMEEFBROERE

FEFI444E10 A 22 B 3 DO R BFRIEKEBRLEKEHTIC B\
TEHEERRBTRLNTED, 20 S 1EK&81L
BET, 0552 2OFEEHO—HOEYEEY /1 EE
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HIK A D

FEHE HLEROBTRRE GBexD

# 9% SUS-BsTF 2 “HEEHOEMER
BRI FHAE QWM
] - A/
zuH |8 W ﬁm\m pH! # [ [rwmr e
i y
! |SUS27-BsTF2 | 25 4¢ %1, 7t‘wm 4tz 4/10
H 250 | 9.3~9.5 | 16,3200 | 10A~
| | SUS32- BsTF2 mm 454108 4/10
i ‘SUSZ? BsTF2 |25 44>><1 7t ma44/ [ 1/10
Y 350 | 9.2~9.4 «18.2880 | A~
8USE2- BSTFZ mm| 45@: ;;1 1/10
\ |
arEERE Lol %ﬁkok®ﬁ,%®%%&$%T%o

61 8 & &

A ﬁk’ﬁi bty"""'oﬂﬂfﬁi H B

2? /r—go

E®7 SUS-BsTF2, —

‘D 1 EER Ubf_

EHHBHONERI (BIK, B

(@)
b
c

{

—
oz

SUS27-BsTF2
SUS27-BsTF2
SUS27-BsTF2
SUS27-BsTF2

BRIEAN
BB
Bkt
ikt

B&247 (r S ACH THED
)

62 ™ & *®
—EEONEL SUS 27, SUS32 ¢ heREikbica
IBERLBNT, TN latA Rz, REMLE
BT B LOSICRT, ks, BFF CICEKERETAGEE
THEBEN, TryEaEo 7 TRy VRBI TN T JED
AEOBEERNTEER 9, 10 12KRT,

(a)

(b)

(c)

BE§ [T ORTE R
(a) SUS27-BsTF2, x10
() SUS32-BsTF2, x10
(c) SUS27, x100
6-3 MR

—EEOBERR, /i IEBR LONIEOEL KD
jr b Z AREE LEMEARRIICHIZ UG & A K ERN
Y 12/
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#10% SUS-BsTF 2 —EHOEHEARBIC
B4 B IREVE OB SR AT % R

. I . -8 el G oS
% O® OB I ) ”kcal/r@ﬁc bt&ﬁ, ;@3/;

SUS 27-BsTF 2 2,510 81.0
SUS 32-BsTF 2 2,497 80.2
SUS 27-BsTF 2 2,530 81.3
SUS 32-BsTF 2 2,480 79.6

(@)

Y

B : BsTF 2, 25.4¢ x1.245t 3,110 100

. ¢t 3 U

KIHEBAERBLESRHARTCRS T BTV T T 9 780
NET7 vE=TT Xy JEMALT, BRAF v
BSUS27T & 0vrSUS32) 779y 7 (N kb
T BB EABERE LU, SN DWTHERBE AT - ol
R LEF Uiz, ZOBRAZEHTIESZE D L 5 Th
Do

(1) FZEBFIEEOMBETEEZEE LN, BY
IETHER E bbb T L, EHTBESNERIC ST LR
S A IS L Tt T v TS L v AENTHLENAE U ARWOT, BABEE Tk TX
awwmm,&Jkawo 2 DI B T T SR CHE B 5 = & 4T
() BT
(b Bo

2) BRAT vV AEENECRHCTN S0, BER
HKIIREARED 7 VT 7 » 7 BED0% L. LD HigHE
WENRELN D,

B —EFEOEREMTL, BEOBELRBEOHES
REFAT B2 & TABETH b, ,

(4) —EEOHEL SUS 27 3 X0 SUS 32 & 41wk H
FEATEKBFET S CO 1 EfIT i 5 EHRBR D
WTEN b2 BEZZT RN AR IN, Likdis
TR Bl SUS 27 # A —EE TFEA VL0
LEZBND,

BlED XS, ZO0LtiiE—EEORECKEL,
BERAHUEFEARETAZ LI LD, NAHEOEEE
HEL, Lo TREBWERER A LX ¥, 7o, BYI
TE%E A LETRASENOBRND A NKE X ECET
BRDZEEMI Lice FDHdD, KoBEEILICHVERE:
LU EMERE EOBERDE LK HFE 7T ~ F OFEK
BWELLTULw ) BARAMOLHLDEE2 BN 5,

Eiz, EARBHADOHEBZEWTL, k0BG
A D LERETH D THERRE L UTSRIEL EF
ENBLDEELBNS,

(b)

(a)

(b)

- &

BEID 7073 o o G RIREME O W R
(@ x10
(b) =106

6-4 HEFEE

BLORICBERERROY ZED 1 Pla R L, KL bk
FERABIZE UAZRE TR DN,



