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Behavior of Additional Elements and Impurities in

63S Ingot on Heat Treatment

by Eiichi Hirosawa, Masahisa Naoe

The behaviors of magnesium, silicon and iron in Al-Mg alloy ingot containing 0.529;,Mg,
0.4294Si and 0.189,Fe when heat treated were studied by X-ray microanalyzer, microscope

and others.

In ingot not heat treated, most of magnesium soluted in matrix and the rest formed

eutectics with silicon in cell boundaries.

The magnesium in the matrix precipitated by

heat treatment at 300°C to 400°C, while all of magnesium in ingot uniformly soluted in

the matrix at 580°C.

As cast, most of iron in ingot formed eutectics with silicon in the cell boundaries. Iron
in the eutectics was not affected by heat treatment; whereas, iron in matrix precipitated
at 300°C to 400°C, and the precipitates disappeared at 580°C.

Silicon, as cast, was observed in the both of the matrix and the eutectics. The silicon
in the matrix diffused into the eutectics containing iron and also formed large precipitates
with magnesium at 300°C to 400°C. At 580°C, a part of silicon was observed in the eutectics
containing iron, and the rest soluted into the matrix.
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Photo. 1 Electron beam scanning image of 63S ingot heat-treated at each tempetature for 14 hours.
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Photo. 2 Electron beam scanning image of 63S ingot heat-treated at 350°C.
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Photo. 3 Electron beam Scanning image of 63S ingot heat-treated at 580°C.
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Fig. 1 Point analysis of Mg, Si, Fe at matrix of 63S
ingot heat-treated at each temperature for 14
hours.
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Fig. 2 Point analysis of Mg, Si, Fe at matrix of 63S
ingot heat-treated at 350°C and 580°C.
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Fig. 83 Influence of heat treatment temperature on the
electrical conductivity of 63S ingot.
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Fig. 4 Influence of heating at 350°C and 580°C on the
electrical conductivity of 63S ingot.
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Study on Friction Welding of Aluminum Alloys
by Yoshihiko Sugiyama

This study is concerned with the friction weldability of various aluminum alloys mainly
used as bars. Specimens were butt-welded under the conditions of welding parameters as
shown in Table 3, and then examined by tensile and bending tests together with hardness
test, metallography and X-ray diffraction analysis.

The results obtained were as follows :-

1) Under the condition of constant rotational speed, heating and upsetting pressures, the
total upset (defined as the difference in the lengths of specimen hefore and after
welding) increased proportionately with heating time.

2) The tensile properties of welds were well correlated with the total upsets regardless
of the combination of heating and upsetting pressures as far as this experiment
was concerned; generally tensile strengths of welds reached to the maximum value
in some ranges of total upset and then slightly decreased.

3) The use of an upsetting pressure above a heating pressure was preferable, though
welds could be made with the same heating and upsetting pressures.

4) The limited experiment indicated that 4000 rpm appeared to be better than 2400 rpm
as a rotational speed.

5) Tensile properties of welds were mainly affected by heating time and upsetting
pressures and little by heating pressure. Therefore heating time or total upset should
not be kept higher than required, especially for heat treatable alloys.

6) Tensile properties of welds in non-heat-treatable alloys generally fell to those of
annealed parent metals, but hardness of weld zone was slightly higher than that of
the heat affected zone possibly due to work hardening.

7) Tensile strength of weld in heat-treatable alloys were reasonably high with sufficient
elongation.

8) The bending test showed that welds had comparatively high ductilities.

9) Though due to high temperature deformation the structures of welds especially in heat-
treatable alloys were complicated comparing with usual fusion welds, solid solution
and insignificant overaged zones were observed in the heat affected zone, in which
fusion zone was not observed.

10) Weld zone had the convex lens shape with thin part in center whose shape and width
were affected to some degrees by welding condition. The structure of the weld zone
was extremely uniform and fine-grained in comparison with the parent metal as a
result of the severe amount of work in this region at high temperature. X-ray diffrac-
tion patterns also indicated that this structure was resemble closely to that of shearing
zone in extruded materials.
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Table 1 Chemical compositions of parent metals.
Parent Chemical composition, %
metal Cu | Si | Fe } Mn Mg | Cr zZn | Ti | Others Al

1100 0.6 | 010 | 0.3 [ 0.03 <0.01 <0.01 002 | 001 | - R.

5052 <0.01 ] 0.09 [ 0.90 [ <0.01 2.41 02 | 0ot | o0 | — R.

5083 0.03 0.13 0.23 0.70 4.34 ] 0.21 [ 0.02 [ <0.01 [ - | R.

5056 0.02 0.10 0.24 0.12 [ 4.87 0.11 ] 0.01 [ 0.01 | - { R.

2011 5.50 0.07 0.15 <0.01 [ <0.01 <0.01 1 <0.01 <0.01 ] b ey R.

2017 3.81 0.03 0.08 0.55 0.48 <0.01 <0.01 <0.01 — R.

2027 4.55 0.23 0.24 0.59 1.60 <0.01 0.12 <0.01 — R.

6151 | oo 1.05 0.11 <0.01 0.64 0.26 <0.01 <0.01 — R.
Alzo-Mg | 039 | 0.07 0.19 0.01 | 1.91 0.23 5.73 0.01 - R.
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Table 2 Mechanical properties of parent metals. [ .
1 1 1 I3 i 1 1 i 1 1 i
Tensil Yield . e e Heating time >~ Upsetting time
Parent metal (Diam.) streerzlsglt?x, stréggth, Elongo/atxon, T j
Kg/mm?2 Kg/mm?2 v — > Time, sec
1100-F (16 mme) 11.5 1.2 25 Fig. 1 Schematic cycle of friction welding.
5052-O (20 mmg) 18.5 7.0 35 ] 3
5056-F (20 mmg) 39.7 33.4 " BiEgM e Uik Table 3 iRL7- X 5T, [AlGHEE
5056-F (20 mmg) 38.2 29.0 18 R.S. % 4000 rpm (—¥ 6151 &4z 2400 rpm % 4F )
5083-F (2) mme) 42.9 37.4 10 O—EELUT, EE Py, 771y FE Pu 3L 0YMEL
2011-T3 (14 mm¢) 38.7 31.1 14 BT % ENEFNELLI i,
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. ) 37.6 93.1 23 I .
2017-T4 (16 mm) FOFMEMEE 7 72y P ETEELE, X5 —Hofk
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1 [F T n A3 R A Fr sy ~
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Heating time, sec

Fig. 2 Relation between total upset and heating time

in friction-welded 2011-T3 aluminum alloy (14
mme).
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Table 3 Experimental ranges of welding parameters 20 : r T -
for friction welding of aluminum alloys. Porent metal Ph,kg/mme  Pukg/mm* RS, rpm
Weld 5056 (20mm¢) 30 5.4 4000
Diam. of elding parameters | 2017 (15.7mm¢) 70 9.8 4000 |
Parent I;g:;ﬁ:gi s S T Rotational 8 6151 (16mm¢) 20 5.5 4000
‘ metal mm Kg/r)ﬁmﬂ Kg/fﬁmz sec S}P;gd» Al-Zn-Mg (13mm¢ ) 2.0 4.0 4000
1.8 4 2, 2.5, 3, 4 16
1100 16 53 8 15 2 2.5 3 400
2.8 6.4 |4 ,
14 2017-T4
5952 29 3 55 16,7 4000 /
5083 2 3 55 |7 4000 " S15176
2 4 10 £
5953 2 3 B4 56189 400 -
4 58 4,6, 8 g 10 /5056-F
T 2 6 2, 4, 6, 8, 10 2 1
14 2 10 204 6 8 10| 4000 3 1 I
2011 3.5 55 |3,5, 7,9 S g I
2 2 6 10 4000 ]/
sr | 30| A [EREs | e : 17
2017 4' - / 1
16 ? I 4000 4 ]_I — / %MQ-TA—
I ///I
5 9.8 |4 / / -7
2024 16 6 9.8 |5 4000 1 |
7 9.8 5.5 2 /—/— >
. : 4000
16 3.5 gg i.s % 2 4 6 8 10 12 14
6151 Heating time , sec
20 9 6 4, 4.5, 5. 6 4000 Fig. 83 Relation between total upset and heating time
in friction-welded aluminum alloys.
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E THFEEAT A LB LALRCDOT, JTIS45R
o - BRH 2 e L C 3 IR A s o 7 Liedt o TBLTICR
TEBRERIC T A3 L0, & BB R
¢ b, &N S0mm L TRIELE LD TH B,
EBEEC R 5 R8GO BRI EESRE, ST,
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Fig. 4 Relation between total upset and tensile strength ®
of friction welds in 2011-T3 aluminum alloy (14 S
mme¢, tested 2 weeks after welding). ‘é, 5k -
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LREHOMEYR L, Ik, INSOMFEOFEEHT 7
v FEIL 5.3mm Th o7,

3:2-.2 Al-Cu &%
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iz L, MBAER IO 7 7y FEAENEN 20
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Pien7 7y P E 02mm) Zdhnb b, S
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77y FEAK SMm B EOMF M E—T Ty
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M, IS OREFDHMUNE 8 ~13% (A HHME38mm) T
B ol

Fig. 4 OFFDIEERS 5 L UHR0 % B ciEaE
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Fig. 5 Effect of heating time on the tensile strength
and elongation of friction welds in 2011-T3
aluminum alloy (14mmé¢, tested 2 weeks after
welding).
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Fig. 6 Relation between total upset and tensile pro-
perties of friction welds in 2017-T3 alloy (15.7 0 , , | , \
mme, tested 2 weeks after welding). 0 2 4 6 8 10

T 5% T4 H0OHEKME GEEMRE 38.7kg/mm? Lk, {5
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RKREAT BT AR R X 47.0kg/mm? AR U -
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L7ze
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5kg/mm?2, 77y FE 9.8kg/mm?2, i 4 sec
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20143 L UR024E &I L Clk, BEDLRHD L THE
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B3 BEBOMFOFERRE, Wk LOHREhE
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Fig. 7 Relation between total upset and tensile pro-
per ties of friction welds in 5056-F alloy (20
mme).
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Fig. 8 Relation between total upset and tensile strength
of friction welds in 6151-T6 alloy (16 mme,
tested 2 weeks after welding).
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16.4kg/mm? 36 L 4% Th o720 Tods, ZNBOBRA
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Fig. 9 Relation between total upset and tensile strength
of friction welds in Al-Zn-Mg-T4 alloy (13mm¢,
tested 1 month after welding).
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Cl, 7272 14D 32.8kg/mm?2 o Hig i E B BB X T
FERECREMT L 7228, i35 IR & 89.1~42.7 kg/mm? (i
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T, W17 Ao EER X 40.8kg/mm? (HEFxhR
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BBl

RO Z &<, fhoROBLIASMKF T, FIERER
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DTS S oo, LA LOMTECILAL O
RFBNE & o TERBPEEC AL ET 5 DT, R
WiAssd L b O e i R REC AR B v, L
ORI BT Al-Zn-Mg & & i3ASRIRIC Al 7o 2L
HAEORTE, [TEEEEOS SN E&TEHEDL LW
ZEMTE D, FOHMANIIBADOEEHHETLWL L
Hi, RE(EL9 <, BRERIMEND His L ORRE4E
DS T E LWEBERENINTHDHZ LR B,
UisUTes by, B IR /e v 3 2 AR do o T BRR T
BHEUTWT S, MECIELDEDRLNLOTERELR
FauE e B, Fig 9 g, ABASOMTFRED
MOBLE& S & B, 7 7ty b ER X OB O
WAL T 5, LR THEEFIFELTT 7y b
FEA B < o &b, 40kg/mm? B R b, [
MR it A 10sec DIFIRiZ 2 _ETHSH D,

3-2.6 EEBES

RERTCIE, BESLOBEBCOWTEHRLNRRE
e 7o B ER AR, BaD7 VE=y LE&DMEeE
L C RIS ENE D N, FO—BIREBERFL &
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B BT v =Y RASOEMBEBEC R W, &
iz Al-Cu RA4&0 & 5 ENBEEDORE ot
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TEHENS, UL UEBEEBREC g, BHFOAENE
Bl - EEOBREA R W TESENDDT, B ORAE
B EATOEI R EORBO IRNMERAHEENE D NS,
U728 TR IEEERRIC B \WTH, #EFRIRE 0K WRIOFE
OB L, RO BIIR X W,

BT, izidM7vi=ysas AlL-Cu &
LEOMAERO LS, TrI=T 2 llLBEDIEDNELL
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FFos B O D AT B L 5 M OMAE TIEENE
5TH Do

Table 4 Typical welding conditions and tensile properties of friction welds between dissimilar aluminum alloys.

Combination Welding condition Tensile properties
13 2.0 5 4000 7.1 29.8 10 2011 alloy
(2011-T3)—(Al-Zn-Mg-T4) 13 2.0 5 4000 7.2 31.2 8 2011 alloy
13 2.0 5 4000 6.9 31.1 8 2011 alloy
(1100-F)-—(2011-T3) 13 2.0 3 4000 5.2 8.8 20 1100
(1100-F)—(Al-Zn-Mg-T4) 13 2.0 3 4000 7.6 10.1 20 1100
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Fig. 10 Hardness distributions of friction welds in non-
heat-treatable aluminum alloys.
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Parent metal kg/mm?*  kg/mm* sec rpm 1ol Parent metal kg/mm*  kg/mm* sec  rpm i
200k 2017-14 (16mmg) 50 98 4 4000 AlZn-Mg-T4 (20mmé ) 4 4.5 7 4000
2024-T4 (16mmg) 7.0 9.8 5.5 4000
6151.T4 (20mm¢) 20 6.0 4.5 4000 140 !
180 o
2
wy
A" 120 4
160 L | i 10 doys RT aged
after welding
. .
B T
© \_ 2024-T4 > 1ok 1
> 140 - As welded
z
I. 80 -1
> 190 /_20\7-T4
60 1
100 + - 1 L t I} L L L L L
80 60 40 20 0 20 40 60 80
Distance from center of weld, mm
80 L R ‘
Fig. 12 Hardness distributions of friction welds in
60 N\ 6151-T4 Al-Zn-Mg-T4 alloy.
L 1 1 i 1 1 i 1 1

20 0 20 40 60 80

Distance from center ot weld, mm

Fig. 11 Hardness distributions of friction welds in
heat-treatable aluminum alloys.
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(A) Heating time : 1.5 sec (X5)
Total upset : 4.7mm

(B) Heating time : 3sec (X5)
: 13.5mm

Total upset

Photo. 1 Cross sections of friction welds in 16mm diam. 1100-F aluminum

(P, : 2.0kg/mm?, P, :

Photo. 2 Photomacrograph showing cross section of
friction weld in 14mm diam. 2011-T3 alloy
(P, : 2.0kg/mm? P, : 6.0kg/mm?*, Heating
time : 10sec, Rotational speed : 4000rpm,
Total upset : 7.4mm).
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6.0kg/mm?, Rotational speed : 4000 rpm).
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(A) Pp : 2.0kg/mm* (B) Py : 4.0kg/mm?
Py : 4.0kg/mm? Py : 6.0kg/mm?
Heating time : 5sec Heating time : Ssec

Rotational speed : 4000rpm

(OE B 38.6kg/mm2, 5 8%)

Photo. 3 Effect of heating and upsetting pressures on

the width of the fine grained zone in 13mm
diam. Al-Zn-Mg-T4 alloy welds.

Rotational speed : 4000rpm
(05 : 40.6kg/mm;, 8: 8%)

(A Py
Py : 9.8kg/mmm? Py : 9.8kg/mm?
Heating time : 4sec

: 3.2kg/mm? (B) Py : 7.0kg/mm?

Heating time : 4sec
Rotational speed : 4000rpm
(05 - 47.5kg/mm?2, O : (05 : 46.9kg/mm?, .z :
32.4kg/mm?, & : 11%%) 32.3kg/mm?, 8 : 10%)

Photo. 4 Effect of heating pressure on the width of

the fine grained zone in 15.7mm diam. 2017~
T3 alloy welds.

Rotational speed : 4000rpm
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FNENORBNC L o TERBDT, MEHE U TMENE
BLO7 72y FEOWTNHREEL T SORHBAT
7\ 2 X Photo. 4 (ZERIS."mm @ 2017-T3 44
WFICoONT, EAWMOMEITk JIFTMENEOEE 4R

(A) Py : 2.0kg/mm?
Py : 5.0kg/mm?
Heating time : ésec

(B) Pj : 3.0kg/mm?
Py : 4.5kg/mm?
Heating time : ésec

Rotational speed : 4000rpm
(0p : 24.4kg/mm?, Oy.; - (08 : 24.0kg/mm?, Go.p :
15.2kg/mm?, & : 11%) 15.9 kg/mm?, & : 5%

Photo. 5 Effect of rotational speed on the width of
the fine grained zone in 16mm diam. 6151-T6
alloy welds.
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(A) Microstructure of the joint

(B) Lens shaped fine grained
region

(C) Microstructure of lens shaped (X 400)
fine grained region
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SNTHED, EEWMAEEKREEL ThEZ &% RLT
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(X100)

(D) Heat affected zone

(E) Unaffected parent metal

Photo. 6 Photomicrographs and X-ray diffraction patterns of friction weld in 1100-F aluminum.

o
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(A) Microstructure of the joint

(B) Lens shaped fine grained
region fine grained region

(C) Microstructure of lens shaped (< 400)

(D) Heat affected zone (E) Unaffected parent metal

Photo. 7 Photomicrographs and X-ray diffraction patterns of friction weld in 2017-T4 aluminum alloy.

(A) Microstructure of the joint

3 .

(B) lens shaped fine grained

region fine grained region

(C) Microstructure of lens shaped (X 400)

(x100)

(D) Heat affected zone (E) Unaffected parent metal

Photo. 8 Photomicrographs and X-ray diffraction patterns of friction weld in 5083-F aluminum alloy.
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(B) Microstructure of lens shaped fine grained region (X 400)

Photo. 9 Photomicrographs of friction weld in Al-Zn-
Mg-T4 aluminum alloy.

(< 100)
Photo. 10 Photomicrograph showing partially melted

grain boundaries observed in the periphery
of the 20mm diam. 5056 alloy joint.

(A) Near the periphery
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AL 2 ESEE LS D, FAKECIAemATR LM<
o TnBIZ EEDWTH, 7T~ 7 v liROIE TR~
7z, Photo. 11 (B) i7R L 7 &L £ DA D# Tk
NS, SISO TR U BB B L 7 B
MO L Pinv, FoWOBEAThIcE, EE&INT
WS WA REND X DB BNBD, TIUIEMALE
BIANE D &7 o THMBIC M S e & X G x =5
LTAELZLDTh D, Lo ThbAARMTIELRL,
IHEEATIOHATHEICHETH LD E Bbhd, LIL
ZOETESE A NELEORE LA LT, EAHoR
fEEBIOAE SERITFRD B IR

4. #& El

BLEABET VI =y 2 AE0BBBBILOWT, BESR
f, MFOSEEME, fFM:, EXSMBIUEBR LT
BEt Uiz, FOMBAYELDHEOEDEY TH S,

1 [EEEEE, MBER LUT7 7 ey FPENRE LSS,
77 ey P EIMEERI L &b ERNEENT B,

2) B ER GG TR, MEYE—7 7
v MEOHMARIITE L A EBFREL S MFOFREE Y 7 7
ty PETEBMHITLZENTEI, Thbb7 72y M &
U TCBEERX L AHHETHEATR D, TOBN D
MEF T BEARL BN S,

3 IMESEE LTHENEL 7 7y PEBALUTHE
BAIAIRECH 528, BEAXITHELDRE L oMgh Rk
(AW

il

(B) Near the center (< 100)

Photo. 11 Photomicrographs showing the comparison of the width of the lens shaped fine grained region in
15.7mm diam. 2017-T3 alloy joint (Pj : 7.0kg/mm?, P, : 9.8kg/mm?, T : 3.5 sec, Rotational speed :

4000rpm).
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Allowable Water Velocity and Cleanliness Factor of

Aluminium Brass Condenser Tube with

Ferrous Ton Addition into Sea Water

by Shiro Sato and Tadashi Nosetani

An experiment on the water velocity and the cleanliness factor of aluminium brass
condenser tube with the introduction of ferrous ion into the cooling sea water was made
using Model Condenser installed at Tanagawa Power Station, Kansai Electric Co..

It revealed following facts.

1) The aluminium brass tube was covered smoothly with the brown film by the
ferrous ion addition of 0.0lppm and over into its cooling sea water, and completely

protected even at the water velocity of 3.7 m/s.

However, the one without the ferrous

ion addition was eroded at the. inlet end; its maximum corrosion rate being 0.6 mm/y.

2) It was found that the corrosion resistance of condenser tubes to sea water,
especially the erosion resistance, depends not only upon the film of corrosion products of
the alloy itself but also upon greatly the film established with iron which seems the most
effective element in sea water for the film formation on condenser tubes.

3) With the increase in the dose of ferrous ion, the inside deposit increased and
therefore the cleanliness factor decreased. Iron content in the deposit was 6%~109 for
tubes without the ferrous ion addition, 149;~309% for tubes with it.

4) From these facts, it seemed that the allowable water velocity can be increased to
a considerable extent more than about 2.0 m/s by the ferrous ion addition into the cooling

sea water.

5) From the view point of corrosion protection, more addition of ferrous ion than
0.01ppm is preferable, but it is not optimum from the stand point of cleanliness factor.
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b. Fip®E—4k: /L, Fert & LT 0.0lppm, f#0.03
ppm, [& 0.05ppm
c. % P9 Wi :1.0m/s, 2.0m/s, 2.8m/s, 3.7m/s
d. % %8 BEEFEES Olppm in b & 5 ICE
fREA
e. % B % :BsTF2, 25.4¢x1.245tx4,500! (mm)
ARG O(LER S % Tablel i, AFREHLE~ ~
7% Table 2 WiRL 720

Table 1 Chemical compositions of test tube.

(Wt %)
Cu Zn | Al } si | As | Fe Pb
78.10 | Rem. | 1.94 | 0.2 ! 0.0 i 0.008 | <0.01 |

2:2 SERREE

eFvavF vy - % BELUL SFRNREHO MEE
Fig. 1 Itk Lize & ORBANIARLOREM, RUIERIC
mL, B BEEKEBHIKE L TnD, €7 v Y
7 v 4 ~% Photo. 1 1z, #EERA Fig. 2 ITRLT
WAL A 3 Uik D L D A B bR, 8EIT
X4 B i T K AT S e 2 DRI I\ TR
&SRO ANMTIc bz (Table 3), JHEKITEDH

i 2 AT ODRBRENFEAZIN TN D F — 7 IVEEIREOK

s (Fig. 3) rEKEh, BREICEKINBEIKS v

Table 2 Test condition of Model Condenser.

Ferrvous ion szig(}gy Tes&ot‘ube Mixing tank
1.0 1 A
2.0 9 E
None
2.8 10 E
3.7 2 A
1.0 3 B
2.0 11 r
0.01 ppm -
2.8 12 F
3.7 4 B
1.0 5 C
2.0 13 G
0.3 ppm
2.8 14 G
3.7 6 C
1.0 7 D
2.0 15 H
0.05 ppm
2.8 16 H
3.7 8 D

maintaining 0.1 ppm of Cls as residual in the water
leaving Model Condenser.

7 R TH S N, BEE OWEIEH D 0 Do i
BRE A7 ko TR S, AFREAEX 300X
400X 450mm (EEHE(LY = — VED Tl - THEKDKIY
S S R X 25 RRE T d o 72,

KT VLB B A U CRI2096 72 IR R AR5
CHHA L, FOAE A~ R7a - X TR ZER LT
—EKEEERBED I I L,

TR —Ek DE AT —E B OB A BRgK 2~ 7
M TEED DL ofce TRV 7 23y 7 TH
L, EA—KHRMY 14ml X Ui, WEETILAR 20/
OHY TF v i HERE—: FeSOy - THaO GRAZE
—#%) A& Fer* & LT 1100ppm, 3300ppm, ¥ X 0* 5500
ppm B LI DT, BBLEO WK LD 72D HbiiE
(1:4) %4 100m! Hilic, WS &L T LR
Kz LT b FEREE A RA—C B T Ferr 28 %
WA EOTRMBEE AT T Lic, B DRED
WEOTEBANEKD pH b L 52D TH D

Chlorination :

© Tonagowa P.S.

Fig. 1 Location of Model Condenser
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Table 83 Schedule of iron sulphate treatment.

(Sea side)
L No.8 | No.7 | No.6 No. § No. 4 No.3 | No.2 No. 1
37m/s | 10m/s | 37m/s | 1.0m/s | 37m/s | 10m/s| 3.7m/s| 1 0m/s

0.05ppm 0.03ppm | 0.01 ppm None
C B8 A

2

Fe:5500 ppm Fe:3300 ppm Fe:1100 ppm Fe:None
201 201 20 ] 201
dil.H, SO, : 100 ml dit.H, SO, :100 ml ‘ dil. H, SO;:100mt } dil, H; SO, 100 mt
(5days) (5days) (5days) (5days)

H G F £
0.05ppm 0.03ppm 0.01 ppm None

_NO.?é No. 15 No.14 | No.13 No.12 No.ll No.10 No. 9
28m/s | 20m/s | 28m/s | 20m/s 28m/s | 20m/s | 28m/s |'2.0m/s

Note. A, B, H iMixing jank
1,2,3,4 ;lron sulphate tank
dil.H, SO, :Water:conc. M, SO, volume ratio of 4:1
No.1,2,-+,16; Test tube

Photo. 1 Model Condenser
Drain Osaka Bay
Mixing tank
Test ube gz:t(zerf
Drain [
tank —_
4,500 [
f | fron sulphate tank
annn
ha R e
T  — T
Suction
|
b . A |
L g :
|
i
Chlorinated sea water
Fig. 2 Schematic arrangement of Model Condenszr.

ZEIEHRT D Do A TR P BEER O REBD 5 T WHTER A
2-3 RERHAE BB EIAL, FOMNBEHRMIEBLUCTEONENX
TEF4S34E 6 B 1 H~HF444E6 A 5 | D AEEERLTWAERBS LMD o, Wil 2m/s Bl

. o No.9, W0k Iv2%0 AOAIER, Thbb v
.H B R X v 23, IEER L O ORETIRAENITHE—TH o
31 AERRAS LUBEERR TEBHILA B U AT L Tl FHRRbR

kX oto No. 2 BOBRANEETH o1,

SRA A ¥ BN LT o foiffzkoA il U748 o A B A i
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Maximum
F i Veloci
er(rous )!on No. (e (;c;fy Corrosion Inside of Inlet
ppm mes Depth {mm)
] 1.0 <0.01
9 2.0 0.20
None
10 2.8 0.30
2 3.7 0.57
3 1.0 0.03
11 2.0 <0.01
0.01
12 2.8 <0.01
4 3.7 <0.01
Photo. 2 Inside of the test tubes.
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. Maximum
Ferrous ion Velocity
( ) No. (m/s) Corrosion Inside of Inlet
m m/s
PP Depth (mm)
5 1.0 <0.01
13 2.0 <0.01
0.03
14 2.8 <0.01
6 3.7 <0.01
7 1.0 <0.01
15 2.0 <0.01
0.05
16 2.8 0.02
8 3.7 <0.01
Photo. 3 Inside of the test tubes.
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40—

5R

Fig. 3 Water chamber.

$A A HEA LK B L LEONHTEOERER
bz VBELWLUREED BRI — Kb T\,
BREE B OAE DT A Photo. 2 X XU 3WRL
fro E - AEOBHIK A ANE S 500mm O FL DR AN
fEx% Photo. 2, B EEIL/z. A A v EEALX
Mot lERKIC A BLUIED ) b 2m/s BlLED No 9,10
¥ L2 it Photo. 2 @ & 5 kiigyk A D RIFE SR i R
0.57mm/y OB L WEESHSNIA, ARAERELI M
BAEY ST TELTEETH -1, HELIM/sD No. 1%
BEBTb D ETH T, 84 4 Y EHEA LK
BUAEREECHLI VEAIFEL AL, BBWHG
WA No. 3 BITIERLBNIDITH o7
INSDOEARR A RER L O & Y EARIOWT
Fig. 4w Lz, = DkEEIX0.01ppm & A\ N TFNLL ED

1.00
Ferrous ion
@ : None
w : 0.0 ppm
& 003 #
050 O: 005 #
€
£ 020
=
o
@
©
4
.g 0.10 |-
I
£ L
o L
£ L
=3
E 005
%
g
2 -
\.(//‘—O
Y 1 L = e
0.01 . 1 1 L
10 2.0 30 40

Velocity, m/s

Fig. 4 Effects of ferrous ion and velocity on maximum
corrosion rate at inlet.

6

kA A VAR LD TV =y LEIREOTAREIL
BT 2.0m/s g L DS KE < LEDAIREMRSH B Z
EHERFELTHBELDEEbIA,

3-2 AENEYERS LUFLREICOWT

ARG O WIALE 4 Fig. 5 @R Uiz, WEAEHEIX

A

ad
2

J 1 I3 L

0 1000 2000 3000 4000 (mm)

for measuring for measyring

E inside deposit % fouling factor
Fig. 5 Sampling of test pieces.

Constant flow valve
©nV meter
Chromel-Alumel

Flow meter
JY thermocouple Standard tube
Steam I
I —
.. %o
—fz=== QfmmTREEIIzEITIES —
”T)rcin ”-
250\ 1,000 Steam 250 Test tube
T |

Fig. 6 Apparatus for measuring fouling factor.

INHOFERBOBEMBOEEFEHLDIEEBIN, ¥
BRI 1kg/cmPGo I EK OER/ Eh T3 Fig. 6
TR U BEE K AR T AL CIIE S hvic, BRREOH T
REZ X 5T,
RETEERE K=@Q[S)(To—T)[(Ts—T)
ENEE r=1/Ko—1/K;
Ko : BBE O RENT BB
D HEEE O BB EVETRE
L BEKE
PRI
EHKEE T=(To+Tn/2
P EEIKA DR EE
To : %HIKHEOEE
Ts @ AKIRE
BT REROFRRE L B—THEOBsTF2E L Uiz,

K
Q
S
T

T;
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Table 4 Inside deposit and fouling factor.
f Velocity C D Average Fouling factor
Ferrous ion (m/s) No. (mg/cm?) (mg/cm?) (mg/cm?) (mg/cm?) {(mg/cm?) (n*hos/keal)
1.0 1 1.3 1.4 0.8 0.7 1.1 1.6%107°
2.0 9 1.0 1.3 1.3 1.1 1.2 2.7
None
2.8 10 1.2 2.8 2.4 1.3 1.8 14
3.7 2 1.2 2.3 1.8 1.6 1.7 1.0
1.0 3 3.0 1.7 1.5 1.2 1.9 5.1
2.0 11 2.7 3.4 3.5 2.1 2.9 9.9
0.01 ppm
2.8 12 3.9 4.2 4.0 3.2 3.8 9.2
3.7 4 3.2 3.2 3.4 2.9 3.2 7.3
1.0 5 3.9 2.2 1.8 1.8 2.4 8.2
2.0 13 5.2 6.4 5.1 3.7 5.1 16.9
0.03 ppm
2.8 14 5.4 9.0 6.1 5.0 6.4 27.8
3.7 6 4.9 3.8 3.4 2.7 3.7 11.5
1.0 7 4.0 1.8 1.9 1.5 2.3 8.7
2.0 15 5.8 5.8 6.3 4.6 5.6 22.0
0.05 ppm
2.8 16 8.2 6.9 7.8 8.0 7.7 20.7
‘ 3.7 8 6.9 9.5 11.1 6.5 8.5 24.6
] (Y) Ferrous ion
ok Velocity O : None )
O 1.0m/s @ : 0.01 ppm
9ot @ 20 @ : 003
® 28 25 @ : 005 ;
8k ® 37 » Vi ®
o 5 <r=0.92> ®
= % n=12
o - 20k
= 3
= 5
& o
- |5
[ ~ 15F
o I
2 o
- =4
(»]
£
uS_ 0F
! . . . . ]
None 001 002 003 004 0.05
Ferrous ion, ppm
. 5
Fig. 7 Effects of ferrous ion and velocity on inside
deposit.
° &
BHIKIZKEKTH » T, FOERHRZ 2.0m/s CR-EF _ o)

INic, BEVKOAD L HODREDZEL S v ANV —T
A NVENEFRERE Ko THiIE &,

A A VIEAR L AEAEDE (FHE) OBFL AR
Bz onT Fig. T KR Uie, W 1.0m/s &k \ Tk
HEATEEIREEA 4 Y IEARCSZ EEEINL L o7
A%, 2.0m/s Bl EOWEHEIC BT, ANESEDERETEA
F YEARR ORI ON TR Uz, /2L,
BEFHE 3.7m/s OfIEEO—ELLT L L FNRERLT
Wis oz,

NS E & BN REOBEAR%Y Tabled ¥ L OF Fig. 8
ik Lz, Fig 8 ORNEMEHEITBNAREHIEBE O
W, ThbbFig s OB IV CHOEDEHMEE Uiz,
2R A BT A NEATE DR & BRI S OFRSRE
+0.92 Th o7,

Inside deposit, mg/cm?

Fig. 8 Relation between amount of inside deposit and
fouling factor.

RGP OMRITEA A Y EADOFRICL DR IR -
TWAB L HHELNIDT, a4 vy HEALUCEBKYE
Uiz DI DWNTHEYE & B ARSI R 2 MR R %
HRDIE S, EHESERTAEERATL F092TH
otre BRA A Y HEALUIEKEB U LEONENEYE
BRI A EURERG A Fig. 8 w i Lz, &llE
GBI T AERERL T NEIE LA EET R o7

3-3 AEFEHOICERS

(LR 53 Witk A Table 5 iRk Uice 8hiA A Y & EA
U e/ o 72 887Kk 88 U 7258 O P A 8 o D SRS X8k A A
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Table 5 Chemical compositions of inside deposits (%)

Ferrous ion No. Cu Fe Mn Fe/Cu
1 16.3 8.2 1.6 0.5
9 13.4 8.3 5.3 0.6
None
10 15.6 5.5 7.5 0.4
2 18.0 9.6 7.1 0.5
3 6.6 14.0 0.6 2.1
11 6.1 21.2 1.7 3.5
0.01 ppm
12 5.9 26.8 2.2 4.5
4 6.6 27.5 2.5 4.2
5 6.8 17.3 0.3 2.5
13 5.0 24.0 0.5 4.8
0.03 ppm
14 4.6 26.8 0.6 5.8
6 5.2 29.2 1.1 5.6
7 6.9 18.6 0.2 2.7
15 4.4 25.0 0.4 5.7
0.05 ppm
16 4.6 27.2 0.3 5.9
8 3.9 29.9 0.5 7.7

YEEALRBKEABRLULEO OB TURI 2B TD
ST, BRI OWTIEY e~ T oTce BRA A v &IE
ALmhotzigkid B ED Fe/Cu EEMITHBEICE
BERD L A B, A4 v EEALLEREEBT
T2 5 DR BT DN CTHIRE T S AN B vz,
A A VY EREA LRI SR EB U EONENEY
DY H A & v EEALERKERBRUICED Y v
H Y BN TIRBCE DN olce <Y F ¥ 3T & Ak
BEDBER L EANERT 50, TOREEKS 4 Y EAED
MBI 5L Th ot

344 k H®

A 1 BOEETIT o e KESHHER% Table 6 iRl
fro BIKIZFEERBUKDOKE 1 mOKE, 9~10AM.
R I NI, PH, BEHEE, A4 vA4+>DHNHE
ABGHEHKIIRRPEEABE U UBETH oo & Bbhiz,

Table 6 Water analysis.

Compositions Average l Range
Temperature (&%) 18.7 11.5~26.0
pH 8.0 7.6~8.1
Total hardness (ppm) 5,600 2,000~7,800
M alkalinity (ppm) 115 106~130
Total solid (ppm) 34,300 30,600~36,500
Ignition remnants (ppm) 33,700 28,700~36,100
Chlorine (ppm) 17,900 17,200~18,600
Sulphuric ion (ppm) 1,950 1,280~2,600
Iron (ppm) 0.17 0.02~0.38
Silica (ppm) 0.66 0.11~1.10
Chlorine demand (ppm) 1.2 0.7~1.6
Oxygen demand (ppm) 4.7 3.1~6.0
Sulphur ion (ppm) NoNe NoNe

4. % =

RS RV B EERBIGHKOERIC L - TEA
D f AR BHE X, £ O KB B &R A
F VEKECE S BMUWEANETIRED I L TD
%

FEOBE TSR OES), T7hbbERERET,
ko THET B, —RCHENS HRFEA A S L]
arE 2T, FOBRRMETERMCARRITON
ThBENRELZONT WD, —F, ERCET B EEOR
BEIIKEICARIET B & 2 ANRKTH B b ORI D
LKELOER, Thbb{tENERT, bELEAERRT
LoTEETHHEELDND, HEBRRO A B
AT — B EkOHRERE— & & b RALFHRF—KE L
DB C L > THAARESBELZTDHLDOLELDN D,
UL, BARHSREBEFEOBREOWTIIERSE VER
WINT WALtz S BN D,

ARkt R LhuE 0.01ppm ik Z bl OB
4 F v EETEkE 1.0~3.Tm/s CERNICALET VI=
v NESARE IR E b D EBEONEN I —EL,
BNEICITEANE U TR olze SHH U THE—E
A A v EEERNEKEBULT VI =Y RERECIIE
BAESO - BEOAERAELBRCAELTED, 20
5 b 2.0m/s Bl EOEER W TR ADAESREICIZA
EmREL ml, 2BHIABHL T\, 0L H7%E
HNER O SiiEEE Table 5 iwR Lz 5 ThH o T,
0.01ppm D —gkA + ¥ HEA LKA @B U EDONE
YIS A 14%~30% B LD/ L, B—8%A + v %
HA LR T lBRKER U EONEMIES% 5 %~10
LSBT, RODENRVO I Y FEEAT W,

BlED X 5 i FsEsE Rk E 7 v 3 = v A EIE G
KU R NT, FOMEKIHRS tE, 0.0lppmiRE
FTENLLE, OB A4 v kSt ZXFNEEE
PNEHCEAT, HEEMOBEND—BHFE L WEER
HRENDLZ L EZRTHDTH B,

Table 6 wRL7z & 5 e EREKCIRERPHEALEBEL T
WAL A+ v EBD 5~15d bicb ¥ 017
pPm DEHSNE TN TN, ZOSSIETHERMED
AT LD BN olz, ZOREKOEHIE
3 L OEA 4 Y OBLBETERR LU &
YOBBENDHT, T LTE=SEHE LTHEEL
TWedbDeELbh, PEd, E—FHA AL LUTH
ELTWih DT We ik d3NIz, £LTIOEHSIE
i et R DO R BB A | 13 e LT b
LEx BN, —F, KT T LIE—gkA & v BT
IKERAL S =gk D IR A B 1k 5 7o D BRI IE D 7KK
B — kA BB L2 O TH D, BEAINIES K
BABCEWTIRARSNE A A v Thole £LT,
E—gA A Y DB BHEEED RBEORREED - Tnb
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ZEEARRBRIERNBHSNTH B,

BEORENBHT, FBIIKBRCE —#E I3BR{LE
ZHTHD LY RN, FORNBROTROODBEEN
EZEzbN5D,

(1) B—A 4D EETHEINEBRAECR TR
B VBRI N KB E g E 1T B(L =g s 7 D
EBECAET %,

2) BE—8A A4 VIXBHFBEC L - TSN, ik
2w A FROKBILE =SS L IBEgLhoTE
BRECBHRENAET 5,

BEDEZA, FROHIBWTNNELSTH D25k
T& DRI, BB—ERA & ¥ DB BB ER
ThHEHRDNDZ Lnb, BieEz Y, OOHFIE
HTHBHERT,

—5F, EHIEOLEDITDONTIR, BF—8A 4 v &HEA
L7eRERIZRNT, REOH B 2Hs— &Rk LU
FESBHE b T BEEE = ~ VEFERRK, BKE,
HRERS LOEKB T 28 TS R EANETRE L Ty
1o BB —ERA & Y EAL L B ERBEOHMI WA E R
FOHDDOEMNLT(L, & 2 IXREPERRICR Y,
EREBERAEL T A LD EBbN, Thbb,
TEHBRNAREBC L o ThBE LD EE L BT,

BONBEATEDCH DN~ v 8 v ST ghA 4 v B|HEA
B, iz, ENREOEKICONTHEKR LI, 20
<Y H Y AR AL OWETCHESE IR TV
bOREE LD TH B EEL BN EOREYE 2
B EMTEIN, Tk, EROSHTRERIE I~ v r
vEBEL 0.0lppm AHEX 5 SO ThR\WE & 12T AR
ENTWB, —F, BEEKEGEICHERLTHHEK
BEOHAR X AEHFICI T, EREMES S5 ~
15%L D% Oy FyBBHEIN TS Z LR ik
Wo TDZ LR~y F BT RENRERT B X5 ikt
TRENTHANRELRTWI EARBELTWD L 5D
EBLZBNBY, ORI OXEABEEREDWEN AR
L ZEIETER N, Ty H Y HONBRE—FA F v
DEAMCIDVELLRPT D221 Fig 957415 Th

Ferrous ion
O : None

«
o

X

NE

L ®: 001 ppm
<) @ : 005 »
£ 10 ®: 005
= 28m/s

o

§. 3 O\?,Om/s

c s 3.7m/s R

a— A he

E 1.0m/s \1

§ o\o\e

§ 50 100 150 200 250

Fe content in deposit, mgfcm? X 10?

Fig. 9 Relation between iron content and manganese
content in inside deposits with the water
velocity.

D, =y H v eE AL VITEAR~ONBLCOEES
BRiLH D ET2 D, RRERKRIEKFO< T LD
% 0.0lppm FoiZFNLL DB A 4 O FMREER
CENECHETHERAOS S Z EHRLUTIIWDN, <
Y I DEIRPC BT DBEIHEL Tt WO T, v
HEDSE—FA & v DHIERE~DOHEIRKTH
LHER—HTEETE R . ZOX D RBEAND, 8
A4 Y XHEBELFRCHS ) 2 TC, HERkho<y
B e ZOEFEMD I L bLEL INDHEESENS B &
LB X B, BIRTHHEEDRE i\,

HEE O NEA B O XBERRMILE ONEY b EE
BThHILHRL, BISKDD IR~ v 7 v IRE
SN otz, North®, TIED g LUHED 51k NaCl
A B\ o RS —SRE AR A T, AENAED O
ETHRERERL D v-FeO-OH M L7z, LaLins
HE T Dgkarik v-FeO-OH Tk % & Wi+ HiR#I
HZLL, HEDL ZARBYTHOHESR IO ¥ 5
RO KBS 5 VEBEHORETEEL TS
LDEEZHRETHADH LBbLNS,

INBOZ END, THI=y LEFEOEECNTS
RELRBCOWTOED L AR ENE LB, 7nE
=7 AEHEIIEKP RN T EFOEFRC AR T 5
75, 2O BRI H B Y H Rk O BRIV & D B
IR LD T REREELINTWE, 2L T,
BESEEINWCEESBRABE SN B T L
WEHE, ThbbEE, 2RETHCESL, BARZIOK
ROERFENISEEEEL VL TR 2RETE D
DTCHDHEBNWI L ENTE D, TOEEEIBES—
A A v OFKRFAOEARL & YRS BhREE% LE
HLHY, SERXRERRBCELND L S5
LDk BbA, ZIREBNT, E—kA 4 OEAIZM
CEBEOEREEABAIEHIENY TR, ERLEE
BEOWEARENLTHI L VI HEEEORV %L b
febl, MARMHE > CHEERERET A LD LR
2N,

ZOL D RELZND, ERBECKTHEKTAR, &
ETHEEY, 20888 Riekh BIEY M4 58
CERELTAHEDTHBZ LFBE Ehuwa, Fhit
BraeBhOBRERISERMC L - THERINS BT
REINHEZNELD (EEO#E L) T, EBXkREL
@ 5 b REM R RS, e 2Egs,
&BELCEIR U RBMRIEYMRT A bbb &z
HZENRTE D,

5. #& B
BAVE IS B REFRCRBIN 2T va vy 7oy
—HRAWTT VI =y AEREKREOHESRE L BFEE
R NETHINEKBANDE A 4 Y EADZET DU
TERET olce TORBBERO L DT LD ol
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1) 0.01ppm i FN B ED F—8A 4 v EREA
X DI 3.7m/s TR W T HRBRBIZH A HRBBROK
Bk b EaicaInNTnl, —7F, B4
A UMD oMK R U EOEKA D AERCT &
BRHUIAL SN, WK 3.7m/s R WTIHEAHE 0.6
mm/y OEANFELEL Iz,

2) IO rmBbEKEREOKIAYE &< CliiEE
M, 114 BEAROBAISERMIC X - THRIND K
END TR, MWARELERAO 5 bRIEMBIC SR
BLsy, ThbbES, BN UTHRENSERLLKE
ST HZ L Db ol

3) H—A A Y EARDOHAC ONTENEDOAEY
(B B3EmL, BEERETTALI Koz, K
BEDSEATE A & YR EA LR o TiBEKEB LU E
o 6~10%, HEAUIEKEE L EILD%14~30%
ThoTze

4 ZhbDZ Ehbh, E—FA 4 vEATCEWTX
73 =y MRS OFAREIIERTO 2.0m/s HIRLD
FEMAX S LELZREEMENRS D0 & Bbivis,

5) 0.0lppm &% AE—fA 4 Y EARK X HHEARAD

AlrEsoE e+ 5Ha%ERIL 0.0lppm OBELD L
FERTIED BN, FRRAEEREOSNDERTIERAWEE
bz,

B 7

AREBROEBICEEL, L ROHEGH LBERE-Eb DX
L-BPE IS S HEFROBRAN, HLFROA
2R UL BN L E T,

X ik
1) P.C. Parker : Trans. North East Coast Inst. Eng.
Shipbuild, 11(1923), 74 (Discussion, Bengough's paper
“The Cause of Rapid Corrosion of Condenser Tubes”)
2) A RER : EAREE OB A & HRE, ERIMRHERNSH
3) P.T. Gilbert : Chemistry and Industry (1959), July, 11.
4) T.W. Bostwick : Corrosion, 17(1961), Aug., 16
5) A.M. Lockhart : Proc. Inst. Mech. Eng., 179(1964-1965)
Pt 1, No. 16, 495
6) R.F. North, M.J. Pryor: Corrosion Science, 8(1968), 149
7y EEEE, TEZE: BASEFEREE 30(1966), 869
8) MI¥RE— : Ak, 11(1970), 48
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1. I3 L & IC

TR =Y AaeMMRES O s BN A B3 Rk
BHMBEREZIELDELTDIEL WSO D, — e
LCHBNTHBEORECH VIATNDL Z RS ol
ZOZ bbb EEEEC L o TR LA
LW &E D THBN, WolT ) KIs\WCHIE MR O ) 72
BREPETETEEL > T B, fobz2id, 7V3i=y
LEEMHRHEDONTOMBAZ LN EREHEE R,
BERRO TS S e &9 ha BT 2 2Kk b, F2
T, KERLT7 VI =y 2 ESMEEH ORI A RE
THEWKBE L BHATEE LD TR, BETOE
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100% 2 2 150F | +2.0 | £1.3 £2.0 | 1.5 | 2.1 | x1.6 | £2.6 | +2.0 | +2.9 | £2.4 | +8.3 | +2.8 | +3.7 | +3.2
150% = 2 2008 F | £2.5 | 1.7 £2.5 | #1.8 | £2.7 | %2.0 | 23.3 | £2.6 | 3.7 | 3.0 | 4.2 | £3.6 | =4.7 | £4.1
200% = 22500 F | +8.1 | +2.1 £3.0 | #2.1 | %3.2 | 224 | £4.0 | 3.2 | +4.5 | 3.7 | 5.4 | +4.3 | 5.7 | 24.9
3T | +0.80 | 0.54 +0.90 | +0.64 | £0.93 | x0.69 — — — — — — — —

3k x 6LT | +0.81] %057 +0.92 :&0.67‘ +1.0 | £0.76 ] £1.1 | +0.89 — — — — — —
6%z % 120F | £0.92 | +0.62 £0.99 | £0.71 ) +1.1 | 20.82 | =1.2 | £0.95| £1.7 | «1.5 — — — _
2%z % 19BF +0.96 | £0.65 +1.1 | +0.78 1 £1.2 | £0.93 | £1.6 | 1.3 | +2.0 | +1.7 - o — _
9%z x 2500F | 1.0 | +£0.69 +1.1 | %0.81 ) 1.8 | 1.0 | £1.8 | £1.6 | £2.3 | 2.0 | +2.9 | +2.7 - —
rrz 40T | £1.1 | £0.72 £1.2 | +0.85 | 1.5 | =1.2 | +2.2 | +1.9 | +2.6 | +2.3 | £3.2 | x8.0 | — —
0%z 2 S0LITF | 1.4 | +0.92 +1.6 | +£1.2 | £1.9 | =15 | £2.6 | +2.2 | £3.0 | £2.6 | +3.6 | +£3.3 | +4.9 | £4.6

+20% | +£20%
fefil,| fiEL,

50% z 2 100LLF | 2.0 | +1.8 +£2.2 | 1.6 | x2.4 | 1.8 | +3.1 | 2.5 | £3.4 | £2.9 | 24.1 | £3.6 | 5.4 | +£4.9

250 | 1002 2I50BF | 2.5 | £1.7 | mocdt | mod | +2.7 | £1.9 | £2.9 | #2.2 | 436 | £2.9 | £3.9 | £3.2 | =45 | 23.8 | £5.8 | £5.2

+3.4 1 x3.4

N 150% € 2200L0F | £3.1 | +2.1
Bk TN | SR

+3.2 | £2.3 | £3.5 | #2.5 | 14,0 | 3.2 | £4.3 | x3.5 | +4.6 | +4.1 | £6.2 | £5.4

200% 2 2. 2505LF | +8.7 | +2.4 | £0.95| £0.57 | +3.8 | 2.6 | +4.0 | =2.9 | 4.5 | £3.5 | £4.7 | +3.8 | £5.4 | £4.4 | £6.6 | £5.7

250% & 230000 F | +4.2 | 2.8 +4.83 | 3.0 | +4.5 | 3.2 | 45,0 | +3.8 | +5.2 | 4.1 | +5.8 | £4.7 | 7.0 | =6.0
300% = 2350807 | £4.8 | x3.2 +4.8 | 3.3 | +5.0 | +3.6 | +5.5 | +4.1 | +5.6 | 4.4 | %6.3 | 5.0 | £7.4 | x6.2
350% = 2 400LLF | £5.4 | £3.6 +5.4 | +3.7 | +5.5 | £3.9 | £5.9 | +4.5 | 6.0 | x4.7 | x6.7 | £5.3 | £7.8 | £6.5
400% = 24500 F | +5.9 | +4.0 +5.9 | +4.1 | £6.0 | +4.3 | +6.4 | +4.8 | +6.5 | 5.0 | 7.2 | 5.6 | £8.2 | 6.8
450% = 250060 F | +6.5 | +4.4 +6.4 | +4.4 | £6.5 | £4.6 | £6.9 | +5.1 | 6.9 | x£5.3 | +7.6 | £5.9 | £8.6 | =7.1
500% z 25500 F | +7.1 | x4.7 +7.0 | 4.8 | 7.1 | 24.9 | x7.4 5.4 | £7.4 | 5.6 | %81 | 6.2 | 9.0 | £7.3

550% = 26001 | 7.7 | 5.1 +7.5 | #5.1 | 7.6 | x5.3 | x7.8 | £5.7 | 7.8 | x£5.8 | 8.5 | %6.5 } x£9.4 | x7.6

CORMTH B,

(1) ZoU EORSS LR EHOTHEOFREL, FBIOTEMEESN WS b, #ESOEOH

(@) <MENRET L S LR MOTERCIRES N5 L 2 ORBEOFR AL, WROEEOSESNCS LC 3 Bk @By 2.

(3) HM20LIRBHOBE, XERZOSEHYNXE/RZOT5%E L Th->ChXE AT ZOFH B LT 2 Wil AOHMIKIE T4 ~ O ME BT 5,

4) A8 E R4 O L DI, LB E R ERE TR MO T A MONELD 3 {55l LD 5 & FOTN TR OREOFFILEC AR L BAET, gk
L R & OWER & Bo

(5) BmmBLFOWMANL, 2 MEidifiT 5o

(6) hZEWHORESEL St MBI, 4MEBMT 5, KL, H1OL 3 B BHOEW B IURE HITHLGE, 2¥0Ld KT 5, Tiabh, WWos)
HOFAOBTR S H oIS T 5 4 MAEM L, K& H O o @a S WicdmtT 2 4 MaiiMT %o 272 L, chbOBfiin 2 Mot TEbs -
X%, OMLBET 5,

@ : 6063t W2t 60mm, Hp 30mm oifa, W o +0.92mm G0mmo 4 #ilik +0.69mm ¢35 545, Zhid 60mm o 2 #o +0.92mm 2 F
bBDT, TOPRESIIE £0.92mm), HOHFHEEL +1.1mm &b,
(R R B
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[ERE 1R 2 =3 I 4

] = Nll A
ez i)

WS B (4) Fioik () ATiEET AEAE, Lo 24584 5,

BWeE MR O W W T kA E Gf mm)
# = 3D
ot @ B @ % i i
75% 5L EHSBIRT & b T
# T (\n%ﬁ"m’r ) CEMNB%E T X B Tibb, T5%RMMEETED HATWBEM
M @@ | izt c70m FREIAT & RORTT & OHEEEU) 5
@ 8 RSO it I BEcx 30% ¢ % B0% & % 100% 2 % 1508 ¢ %
i ~COHAT TOKWE 155 F 0L F 60 T 1000 F 1506 F 20060
* - 2 W 3 W 4w 5 6 7 ; i 8 9 M
5083 | zoflh | 5088 | wofh | 5083 | zofh| 5083 | xofe | 5083 | wofh | 5083 | zofk| 5083 | xofh | 5083 | tofh
3LIF | +0.23 | £0.15 +£0.33 | £0.25 | =0.38 | +0.30 | — - — - - - — -
3% % 6BTF | x£0.28] +0.18 +0.41 | +0.30 | £0.46 | +0.36 | +0.51 | +0.41 — — — — — —
6% % 1280F | +0.30 | £0.20 £0.46 | £0.36 | +0.51 | +0.41 | +0.56 | =0.46 | +0.61 | £0.51 | — - — -

12z 2% 19BF | =0.36 ] +0.23 +0.53 | £0.41 | £0.58 | +0.46 | +-0.64 | +0.51 | +:0.69 | +£0.56 — — - -

+15% | +10%
19%z % 26BLF +0.38 | +0.25 | 7efEL,| 7272l £0.58 | £0.46 | +0.64 | +0.51 | +:0.69 | +:0.56 | +0.76 | +0.64 | +0.89 | +0.76 — —

250 | "

SR | SR

25% % 40BLF | +£0.46 | £0.30 +0.69 | £0.53 | £0.74 | +0.58 | +0.81 | +0.66 | +0.91 | +0.76 | +1.04 | +:0.89 — -

+2.29 | =1.52
el A%z % S50LLF | +0.58 | £0.36 | B/ | B/ME | 20,79 ) 2061 ] +0.84 | +0.66 | +£0.97 | £0.79  x£1.09 091 | =1.24 | +1.07 | +£1.45 | £1.27
50% = x 10081 F | =0.91 =0.61 +0.38 | 0.2 +1.17 | £0.86 | +1.27 | +0.97 | +1.52 | +1.22 | +1.76 | +1.45 | 2,03 | +1.73 | +2.34 | +2.03
100% = 2150L0F | +1.30 | +0.86 +1.55 | £1.12 | +1.70 | +1.27 | +2.06 | +1.68 | +2.41 | £1.98 | +2.82 | £2.39 | +3.23 | =2.79
150% = 2. 200LLF | +1.68 | =1.12 +1.93 | +1.37 | £2.13 | +1.57 | +2.64 | +2.08 | +3.07 | +2.51 | 3.61 | 4:3.05 | :4.11 | +3.56
200% = 225060 F | +£2.06 | £1.37 +2.31| +1.63 | +£2.57 | +1.88 | £3.23 | +:2.54 | +3.73 | +3.05 | +£4.62 | +£3.68 | +5.00 | +4.32
3BT | +0.58 1 +0.36 +0.64 | +0.46 | £0.69 | +0.51 - - — — — — — —
3wz 6T | +0.56| +£0.38 +0.66 | £0.48 | £0.74 | +0.56 | +0.89 | x0.71 — — — — — —
6z 12T | =0.61] =0.41 +0.71 | £0.51 | £0.81 | £0.61 | +0.97 | +0.76 | +1.47 | +1.27 — — — —
12z % 19BTF | +0.64 | +0.43 +0.76 | +0.56 | +0.89 | +£0.69 | +1.24 | £1.02 | +1.73 | x1.52 — - — —
19%z % 2550F | +0.69 | +0.46 +0.79 | +0.58 | +£0.99 | +0.76 | £1.45 | +1.27 | +:2.01 | +1.78 | +2.51 | +£2.29 T
B% 2 0BT | £0.71] £0.48 +0.84 | £0.61 | £1.09 | +0.86 | +1.75 | +1.52 | +2.26 | +2.03 | +2.77 | +2.54 — —
0%z % S0LLTF | +0.91 ) 20.61 +£1.17 | £0.86 | +1.42 | +1.12 | +2.08 | +1.78 | +2.59 | +:2.29 | +3.10 | +2.79 | +4.62 | +4.32
50% z 2 1006F | +1.30 | £0.86 :15% :15”1” £1.55 | £1.12 | £1.80 | +1.87 | £2,46 | £2.03 | £2.97 | £2.54 | £3.48 | £3.05 | +5.00 | 4.5
250 | 100% = 2150L0F | +1.68 | +1.12 ﬁ‘:j\jﬁr(’ ;;;jE{l(i’ +1.93 | +1.37 | +£2.18 | £1.63 | +2.84 | £2.29 | +3.35 | £2.79 | +3.86 | £3.30 | +5.38 | +4.83
+2.29 | +£2.29

Bk 150% = 2 20060F | +2.06 | %1.37 +2.31 1 +1.63 | +£2.57 | £1.88 | +£3.23 | +£2.54 | £3.73 | =3.05  +4.24 | +3.56 | +5.77 | =5.08
M| S IMIE

200% = % 25050 | +2.44 | +1.63 | ,.0.64 | +0.38 | +2.69 | +1.88 | +£2.95 | £2.18 | «3.61 | £2.79 | +4.11 | +:3.30 | +4.62 | +:3.81 | +£6.15 | +£5.33

250% = 300 T | +2.82 1 41.88 +3.07 | £2.13 | +3.33 | +2.39 | +:3.99 | +3.05 | +:4.50 | +3.56 | +5.00 | +4.06 | +6.53 | =5.59
300% & 23501 | £3.20 ) x2.13 +3.45 | +£2.39 | +3.71 | £2.64 | £4.37 | +£3.30 | +4.88 | +3.81 | +5.38 | +4.32 | +6.91 | +£5.84
350% = 2 400BLF | +£3.58 | +£2.39 +3.84 | £2.64 | £4.09 | £2.90 | £4.75 | £3.56 | =5.26 | +4.06 | +£5.77 | +4.57 | +7.29 | +6.10
400% = 2450 T | +3.96 | +2.64 +4.22 | £2.90 | +4.47 | £3.15} %5.13 | +3.81 | +£5.64 | +4.32 | +6.15 | +.4.83 | +7.67 | +£6.35
450% = %5008, F | +4.34 | +2.90 +4,60 | £3.15 | +£4.85 | +£3.40 | £5.51 | +4.06 | +6.02 | +:4.57 | +6.53 | +£5.08 | +£8.05| £6.60
500% = 25508l F | +4.72 | +£3.15 +4.98 | +3.40 | %5.23 | +3.66 | +5.80 | +4.32 | +6.40 | +4.83 | +:6.91 | +5.33 | +£8.43 | -6.86
550% = X 600LLF | +5.11 | £3.40 +5.36 | £3.66 | =5.61 +3.91 | +£6.27 | +£4.57 | +6.78 | x5.08 | £7.29 | +5.59 | +£8.81 | x=7.11
HE QO~E H7TREF L
WoF% REEE (F) Ead () EiiRET ‘
LAY, ERBMNO2HET 5, 4~ 9
i e 2
{ $ o4 L
"\ - e
4~ 7 4,@?
244 —=P /{' Z s,
L B B R
¢
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M7V =9 45

1. I C ® I

MIM7 V=9 h &S REL ST H—DODFEE
LT, #0344 (Heat-treatable alloys), FEZMAHA
4 (Non heat-treatable alloys) M=t kB4 5% &
BB, FIFEHRMITHEL LT Cu, Zn, Mg, » 5\ i1
Si X5 maeii#Ee —oF ik FNL EMEE T HRm
U, INHIHEORREC BT LBBERERIAL, #
OEOHTHALIIT X o THEE IR L) B & 052000,
6000, ¥ XT7000 Y — A DOAENE MY TS, —F
BER, Z0L) CBREOEAFIHET, & oEBLE
IRELEAEMINT S U < (3B 4 24 a4 T i
L7= % @ C1000, 3000, 4000, 7& 50050005 Y — D4
ERTNCHET B, BLIAEN, VAV ADHEED
V2T VI VEMERL, Wb BB & o CELhEE
EDMAH R Z B & D, FOBL OB 5 R 23
—DODOMEE UTES N, WO TFTE, T
THR, BEBEOTRH, 12OEZLRGPY -~ OREY
BTSRRELTT, BTEELAPERIIFERIN
Tnd, THbbEMEEED MUY OB 5 & =
B, WhWBEAL L o Thi 2 b BrfEs ikt
T OBDOYTHAIN X D FHE ORI DN RO 5 h
Zd ol Wo THIBE TV,

LOLSAAE7 VI =y LS BERINDEREL X
DEENICFRELT TRy, Ty n &S0 ER S
0 ZBEDIFFLEA S TYL, FAEAEC L -TiE,
HIYZIS U TRWER T OB A S 2 5o T b & 2

Sz D T DFALE

B B &8 B 5 B B

Do FEIEMAM, FEEMEIMTAMbT, TNTOELIL,
TOMBOEGEEEY X hOIENE, SBROBE M
BED, BROFELABECESLF T, L% < OEAET
BAEASTWD, £ THENE, fE5ED ST H 54
LIEALE U TCEWERTOMIB 7 M 3 = A48 0L
B DWTIBRAR Tz,

2. BFHOBRMIE

TR =Y A EEHWENSTIERER XU, B ao
% & XM IN T b sORERBTH D, 2N
W, 7r3i=v nOEREIISHL D SBEOFRE
L2 L</MEL, BMTCOEEBNESCITRbNBEMBT
Bh, ZOEMICKITAMITER, 440K LD, b
2 & SR RT S\, SBHROBIE, 37 b TN
B (bW BB MME L&) KL oTEEEIND,
fob 20, FRECD MERED M kb B WX E R S o s L 7
ERHBEIDEDE LT, TTRIEMTLL FTFhbiT
Whe T ITHAT&E&HBIOEERL FHNE& G2
FELTH L RCRL, BT, RENLIERM7TrI=y
n, Al-Mn %44, Al-Mg R& & L O Al-Mg-Si
REELDONWTL b L BB,

2-1 IEBETNIZUL

TEAM7 v I =7 AROEMERED T & KEER
BRI, SBMOBWE R X UF RT3 < BT
CLoThod bEELZT S, ZhuE, STy
LLT&ENDS Fe, Si A, #i, 20BOmMTE

B1®E MLM7 v = o Aa®sioENTiinamg

s | Cu si Fe Mn Mg Zn Cr Ti MR, °C MBS, h
1080 0.03 0.15 0.16 0.02 0.02 0.03 — 0.02

1070 0.04 0.20 0.95 0.03 0.03 0.04 - 0.03

1060 0.05 0.95 0.35 0.03 0.03 0.05 — 0.03

1050 0.05 0.25 0.40 0.05 0.05 0.05 — 0.03 480~-580 0~24
1100 0.05-0.20  Si+Fe 1.0 0.05 — 0.10 — —

1200 0.05 Si+Fe 1.0 0.05 - 0.10 — —

1230 0.10 Si+Fe 0.7 0.05 — 0.10 — —

2011 5.0-6.0 0.40 0.7 - — 0.30  (Pb0.2-0.6) (Bi0.2—0.6)

2014 3.9-5.0 0.50-1.2 0.7 0.4.-1.2 0.20-0.8 0.2 0.10 0.15

2017 3.5-4.50.8 0.7 0.40-1.0 0.20-0.8 0.25 0.10 — 440490 a2
2117 2.2-3.0 0.8 0.7 0.20 0.20-0.50 0.25 0.10 -

2024 3.8-4.9 0.50 0.50 0.30-0.9 1.2-1.8 0.25 0.10 -

2095 3.9-5.0 0.50-1.2 1.0 0.40-1.2 0.05 0.25 0.10 0.15

3003 0.05-0.20 0.6 0.7 1.0-1.5 — 0.10 — - 570~620 2
3203 0.05 0.6 0.7 1.0-1.5 — 0.10 — —

1043 0.30 1.5-6.0 0.8 0.05 0.05 0.10 — 0.20 20520 021
4343 0.25 6.8-8.2 0.8 0.10 — 0.20 — —
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5N01 0.20 0.20 0.30 0.30 0.20-0.6 0.03 - e
5005 0.20 0.40 0.70 0.20 0.50-1.1 0.25 0.10 — 489~580 024
5052 0.10 Si+Fe 0.50 0.19 2.2-2.8 0.10 0.15-0.35
5154 0.10 Si+Fe 0.45 0.10 3.1-3.9 0.20 0.15-0.35 0.20
5056 0.10 0.30 0.40 0.05 0.20 4.5-5.6 0.10 0.05-0.20 —
5356 0.10 Si+Fe 0.40 0.05-0.20 4.5-5.5 0.10 0.05-0.20 0.06-0.20
5556 0.10 Si+Fe 0.59 0.50-1.0 4.7-5.5 0.25 0.05-0.2) 0.05-0.20 440~520 4~24
5083 0.10 0.40 0.40 0.39-1.0 4.0-4.9 0.25 0.05-0.25 0.15
5183 0.10 0.40 0.40 0.50-1.0 4.3-5.2 0.25 0.05-0.25 .15
6101 0.10 0.39-0.7 0.59 0.3 0.35-0,8 0.10 0.C3 —
6003 0.10 0.35-1.0 0.60 0.8) 0.8-1.5 0.20 0.35 0.10
6151 0.35 0.6 1.2 1.0 0.23 0.45-0.8 0.25 0.15-0.35 0.15 520~580 4~24
6061 0.15-0.40 0.40-0.8 0.70 0.15 0.8-1.2 0.25 0.04-0.35 0.15
6063 0.10 0.22-0.6 0.35 0.10 0.45-0.9 0,10 0.10 0.10
7075 1.2-2.0 0.40 0.50 0.30 2.1-2.9 5.1-6.1  0.18-0.35 0.20 140490 848
TNOL% 0.25 0.30 0.40 0.20-0.9 1.0-2.2 3.85.0 0.30 0.29
w 0.1~0.2% Zr 447
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B THRBEF OB BT 2 H BB L TCWA NS
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CHELTHEZLN TR Y, FEMCTEFLWLD T
T\ B Z OB L T b L Lb b Ht
FfERID LA BN 5B, Fe, St IUHED Cu 24
PEBAASCONTRETS 2 & SEBEOBUIATH L
CRIELETH B,
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Al-Mg Ra4iAk& < b T, BHRERBOMBELE
B ESEA R Wb O LMEAYERE LcBERDLD
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o P O r/ 1
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u i A B C D B2 606370 ETIALIIE DRI & MR 25 &
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6061 580°C x 12h % % % P ¥y Fe 0.229) 4 &#iis 560°C Tt A\ A7 E
Cnm | 4900wz ] ‘ i TREIRECHAL, 480°C BB L CIHH LR TH
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508 SR R T Mo D PRI E B & MM ORI EDOMENMET T 20T, BHH
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s
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Tz b,
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TEAE O SN IR AR & b 538°Clsec L) |- il ¢ FHIZ S UCTARO T OB A & PR & SRS L, L
BATAHSELWEECH B, ZOEMILY X 0.2~25mm, MLV D) Sk, $o LA BGENBIL &0 A7
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WTHADH EHUIEN TN D)
3-3 EFRhLIESRH
3%LL Lo Mg k&% Al-Mg 44Ti, @0 Mg
13 Al-Mg [E# R 50D & BN B aa 2L %1
W, BHAEMOKRETCIE, KREMBIUEERICL > TH8:L
D TN o "CEUERY 7o HT I A D < o 7oA I,
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