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On the Difference of Grain Structures in the F atigue Properties

of Aluminium Alloys.

by Seikiti Hukai and Katsuzi Takeuchi

Aluminium alloys often have coarse grain structure in the extruded end under certain
extrusion conditions. This report deals with notched and unnotched fatigue strengths of
coarse- and fine-grain structures of extruded 61S, 17S and forged 14S as well as with the
effect of grain direction of extruded 75S aluminium alloy which affect the fatigue strength.
The crack initiation under cyclic stressing of 61S aluminium alloy was also studied by the
microscopic examination. The specimens for this purpose have a complex constitution as
shown in Photo. 6.

The examinations of fatigue properties regarding to the grain size and the grain
directions effect were conducted on an Ong’s rotating-beam fatigue tester. The tests on
the forged material and on the microscopic examination were carried out by using the
Schenck’s vibrating fatigue tester.

The static strengths, such as, yield- and tensile strengths in fine grain structure show
higher values than that in coarse grain structure, and the structure parallel to extruded
direction shows also higher values than that in perpendicular direction.

As for the fatigue properties, the notched (3.2 theoretical stress concentration) and
unnotched fatigue strengths in fine grain structure of 61S aluminjum alloy show higher
values than that in coarse grain structure, but the difference of the fatigue strengths in
both structures of 17S aluminium alloy was not detected. In the case of 14S aluminium
alloy, the coarse grain structure shows lower fatigue strength at lower cycles, but shows
higher value than that of fine grain structure on increasing cycles. The effect of the grain
directions on the fatigue properties of 75S aluminium alloy is of no siginificance.

Those results show that the grain sizes and the grain directions are unimportant
factors for fatigue properties and this agrees with R.L. Templin’s conclusion.

The results of microscopic examination of the complex constitute structure show that
the crack under cyclic stressing proceeds in the coarse grain structure and initiated in the
intermetallic compound.

The authors considered that the difference of grain sizes is not so important a factor,
but the distribution and sizes of those intermetallic compounds are related to the fatigue
strengths.
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Table 1 Typical chemical compositions of specimens.

Chemical composition , %
Material Mark e - . R
Cu | Mg Mn si Fe cr Ti Zn | Al
61S (extruded) F 0.27 1.05 0.02 0.57 0.26 0.22 0.01 — Bal
178 (extruded) X1 3.95 0.48 0.52 0.16 0.24 Tr 0.01 0.02 Bal
14S (forged) - 4.29 - 0.55 0.77 0.84 0.26 Tr 0.01 0.07 Bal
758 (extruded) — 1.58 2.50 0.02 0.12 0.20 0.29 0.01 5.65 Bal

WL FERRCRE U, X DT, bkt O B AR S A
D 61S-T6 BHZ DWW TR T DT 7 v o3
L Ui,
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21 8 X #

sk Ehy 61S-T6, 17S-T4, 755-T6 (Ll L-i:#HED
LU 14S-T6 (&) D 4BMETH Y. TOREHIE
B2 syid Table 1 12773,

61S % S0mme HIMHEE, 17S & 20~150mme DHHY <0 XxQ
. o ) . (Fine grain structure) (Coarse grain structure)
*ﬁ\ 755 EImE X 126mm @rﬁﬂﬂﬂﬂﬂjﬂ"j’o‘i()\ 145 Circles show the locations of test specimens.
11 70X150 X 205mm DEER TH o Photo. 2 Macro-structures of extruded 17S-T4 aluminium
BB 2R UR-T AU B R G aR A I, o alloys.
T BEER R o KR ov 20X 1dmm i & 7 A B U
5 IS SR TS RN A k% (A RS S & 61S 0N 178 oy~ 7 v filEg o> 1 @ik 731 Photo.
HED 3D TR 0k L7, 1o X OV 20553 AR IR & 72 LR 0 T 2>

22 HEHMOTSOEBITUCREREEESE SOOI L 618 (AL & MUK R o BEY o0 {50 (L
ISR & B S LB v A BN Lo

758 o> -v 7 vifliike> 1) Photo. 3 15 Ly BRI ik
WL (A7 A s ISPV F 3 320 10> 2 J71
LD PRI LA

oA TR LS X 150~200mm i Wl L, FooRljdisod -

aj Perpendicular section to extruded direction.

(Fine grain structure) (Medium grain structure)

Section A

Section B

b) Porallel sections to extruded direction.

Photo. 3 Macro-structures of extruded 755-T6 aluminium
alloy.

. ¢ ' 148 1= 7 m RO T & o THIEL 7= L HDR LR
oarse grain strucfure) (Complex constitute structure) F:Tﬁf{j& ‘Z%” L/\ }%520)'7 7 m%liﬁ?ﬁ("’ﬁf IL)/)EAH 2 ,[:‘,?.75: 1 ;ﬁﬁ

Circles show the locations of test specimens.

Photo 1 Macro-structures of extruded 61S-T6 aluminium alloys. & UL TR\ foy ~ 7 12 sk 140k Photo. 4 &7
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(Fine grain structure) (Coarse grain structure)

Photo. 4 Macro-structure of forged 145-T6 aluminium alloys.

Photo. 6 Complex constitution structure

specimens of 61S-T6 aluminium alloy.
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17.5 17.5 17.517.5

Specimen

D; : Diameter of material
D, : Max, diameter of
coarse grain structure
Dy : Min. diameter of
coarse grain structure
D : Diameter of the circles
for the positions of specimens.

b). Transverse specimens

Fig. 1 The locations of specimens of forged 14S-T6
aluminium alloy.

Area of one gram‘“""(02 D) [number of grain

Diameter of one grcin:1/4><AreG of one grain

4

Fig. 2 The grain size determination method of coarse grain
Coarse grair .
. structure specimen of extruded alloys.

e : 61S IEV 17S osFEHEkfdEk Table 2 iR L,
Photo . 5 Macro-structures of fatigue test specimens o b o ot
(Transverse direction) of forged 145-T6 178 REEHECHIM AL (= 7w ilkiEsiica s L) o
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— 3 —




(238) T R B & B & 8 October 1960
Table 2 Average grain sizes of extruded specimens.
Average Remark
Material Structure Mark grain size, Positions of specimen from
mm Dia. of material, the center of material,
mm mimm
Fine grain F 0.24 80 25 (Radius)
Medium grain M 4.68 80 30 (Radius)
615-T6 Coarse grain C 6.18 80 30 (Radius)
Complex constitute Fine 0.20 _
structure * M Coarse 5.43 80
Semi-extruded .
XL PP 85 25 (Radius)
X0 ( ” ) 85 30 (Radius)
Fine grain XP ( 7 ) 130 50 (Radius)
XZ R ¢ 7 ) 150 50 (Radius)
175-T4 X1 0.08 20 0
XR 3.31 150 55 (Radius)
A XQ 7.54 80 30 (Radius)
Coarse grain XY 4.40 55 20 (Radius)
X2 5.13 20 0
* Specimens taken from the boundary between the coarse and fine grain structure.
14S DfEER IS R TRORBRA T ONWTED , y
30 0 30 o 4
BEEER X b 5 mm P O Wi AR REC DWW THIE Lo #ll & .
N

EHRIETROMBEROSE L FETH D, HaRokt
PO FRDOE XDOFEHELERD, FEMT DT
FRAEGRE L Uiz, SESfE Rk Table 3 wird,

Table 3 Average grain sizes of forged 14S5-T6
aluminium alloys.

. L%’;%g‘;?égal Transverse Specimen
Posxt3on of Fine grain [Coarse grain| Fine grain [Coarse grain
specimen structure, | structure, | Structure, | structure,

mm mm mm mm
Surface layer 0.19 0.1 0.43 1.35
Medium layer 0.16 0.60 — —
Central layer 0.06 1.01 0.22 1.26

ﬁﬁ%%M7AX7~K%%ﬁ%%%mbfﬁh\ﬁ%
ﬁmxl@%ﬂ%@lew 178 8 LU° 758) H U
F2 (14S) & Utro 22 9RBRE TV 2N, o b~ 2 E
feldm vy 7 v = 2 9 EBREA B W TT o7,
BRI NERESRRE (L,700rpm) Fikky =
v 7 BREHERE (BE4kg-m, 3,500cpm) #FHu, &
B E S 107 ki AESREARZE L 2o B # 12
6LS, 175 Iz 765 i, #H#EIL 145 OBEBRICH W,
MNEREFRBRTIETEHOER 10mme OEHERERF
ng@ﬁ%ﬁa%?)ﬁvm%ﬁ%ﬁ%Nwmr@
HERKC XA L 3-21cHMd 5 60°-V BBEREIRRRS
(D=12mm¢, d=10mme, p=0.25mm) D 2@+ L
Too WHEHEBRF OFTHOME B ik = 2 ) ~HE#K4/0 4
FF & Uleo OREBRFIIEEIOE L L, 20K
BT IAAR U, T & Ml U 20.02mm o
%@@K&é%@@&&ﬁ%ﬂ&btovxwﬁ@&%ﬁ
BRAWXFig3mRL, BBRAE~ 7 ef@toFs e L
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V VOREXEBETHRRILY = v 7 HIRDRBRE (&
& 0.5kg-m, 1,700cpm) # F\~, SERTHLEGH 22, 19,
18, 16, 145, 13 % L U* 10.4kg/mm?2 O 7 Bz DT

®
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Fig. 3 Form and dimensions of Schenck’s vibrating
fatigue test specimen for forged 14S-T6
aluminium alloy.
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Fig. 4 Form and dimensions of Schenck’s
vibrating fatigue test specimen of the
complex constitution structure.
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Table 4 Mechanical properties of extruded specimens.

Mechanical properties
Material Structure Mark Elastic  [Yield strength  Tensile |True breaking ’ Reduction Brinell
limit, (0.2%), strength, stress, Elongation, of area, hardness
kg/mm?2 kg/mm?2 kg/mm? kg/mm? % % (10/500/30)
- R 23.8 311 36.1 49.7 16 40 _
Fine grain F (100) 100 (160 (160) (100) (100)
: - 19.1 23.0 28.3 6 .
gisrg | redium grain M (80.3) (73.9) (8.4 - (100) -
: 17.7 20.8 95.2 24 =
Coarse grain c (74.3) (66.9) (69.9) - (150.0) -
Complex structure | CM 18.6 28.6 33.2 — 14 — -
<L - 33.3 7.2 N 18 ﬁ 104
100) (101.5) (112.5) (98.0)
X0 25.4 33,3 46.5 59,7 16 21 106
€100 (100) (100> (100 100) 100 100
; ; 1.4 25.4 1275 61.2 24 33 102
Fine grain d (44.9) (76.2) (91.4) (102.5) (150.0) (157.0) (96.2)
%7 21,2 30.8 47,1 59.2 15 17 110
(83.5) (92.4) (101.3) (99.2) (93.1 (8L.0) (103.8)
17S-T4 X1 29.5 388 51.6 62.2 17 20 113
(116.5) (116.6) aiLo (104.1) (106.2) (95.3) (106.6)
xR _ 22.6 36.5 . 29 — 01
(66.1) (78.5) (181.2) (95.2)
xQ _ 37.7 52.3 ~ 18 — 111
: N (113.2) (112.5) (112.4) (104.7)
Coarse grain Xy 20.1 25.9 35.7 - 20 - 102
(79.2) (77.8) (76.7) (125.0) (96.2)
% 2 1.7 28.9 35.7 _ % - 109
(85.4) (86.8) (76.7) (150.0) (102.9)

*Values in ( ) show the percentage for F and XO as 100 percent.

(1) ARBIALSS: & FURARER A i 975 &, — TRl ik (2) Fig. 6 ixFECWmED » £ v 5D L& RT, F
FLD LB RENE MERIPNIWEHARD D, T DIERIC LB E 7 X PR RORZ I L - TED I &
bbb, 61S DA, A% 100 % & 35 & thir OFIRE B, /b, Photo. 1 @ LTRETHLE, &
BB LZ70% THYH, FToMeIRLiic 150% o4 b A B RES SRS RANAN D T H 2 v 3E <, D E I
Do 1754 61S & FERAEAAL DD, MAAEEEN  AHBROBE RS LEL A D, B O OB TR
X ODEHMEA 100 % & 7% SRR 21U X Q UE < bo
DL IBlNE B BN 80%BETH D, Mk 615-T6 D

.- . . - Ceonter of
S — e A ERED 1 H% Fig. 5 KR, ) material
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1 N 120 ' X t 1
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7’)—-'———"' structure 1ol }--——— structure ———l
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90 - .
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o 20 S
v —
> ~
§ K ;g oot A
a g
L O-e-: Elastic limit 2 120T | | -
3 Fine grain
£ L —{
o 05-.'2 : Yield strength _;:i 110¢ L"., structure
: - 4 c
- o
% 100
>
10 0L J
5 Fine grain
120T I structure l I | h
] 110
[ 100
20 -
0 | R . 4 L A L..____. Diameter of
le- 0.2% —» Strain material (80mm¢p)
Fig. 5 Stress-strain curves of extruded 61S-T6 Fig. 6 Vickers hardness of the cross-section of
aluminium alloys. extruded 61S-T6 aluminium alloys,
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Table 5 Mechanical properties of forged 14S5-T6 aluminium alloys.
) Surface layer Medium layer Central layer
. Yield Rock- Yield Rock- Yield Rock-
Specimen Structure Elastic|streng-TensileElonga- well|Elasticlstreng-iTensile|Elonga- welliElasticistreng - Tensile|Elonga- well]
limit, {th stren- tion, |hard- |limit, th stren- |tion, |hard- [limit, [th stren- |tion, |hard-
(029, gth, ness| (0.29%),|  gth, ness 1(0.225),  gth, nes|
kg/mm2kg/mm2lkg/mm? % (B scale)lkg/mm2ikg/mm?lkg/mm? % (Bscale)|kg/mm?2kg/mm?2|kg/mm? % (Bscale)
Longi Fine grain 30.9 43.9 50.7 9 84 31.0 4.2 50.6 9 85 30.8 ‘. 43.3 49.9 8 84
tudinal | Coarse grain 28.3 40.4 47.2 8 85 29.9 41.7 49.2 9 85 30.4 ‘ 41.6 49.3 8 85
Trans Fine grain 29.1 44.5 50.2 7 83 —_ — —_ — — 29.0 | 42.3 48.0 10 82
verse | Coarse grain 27.4 42.4 47.8 6 85 - — — - — 27.8 1 41.9 48.3 8 85
312 & & B Table 6 Mechanical properties of extruded 755-T6
- aluminium alloy.
145 DEbRETEE L Table 5 wiRd, B HhiERIC - T
- Directi Mechanical properties
DWTHETDE OSE " | Elastic | Yield | Tensile|True  [Blon Reduc
- specimen | limit, stOreng'ch stren-h breaking| gation' c tion
P 3 =T - ) = s - Na .2% ), ) s N
(1) SRR LI B D14 & BT R & D 75 A3 R R T
Sl ST s S s & 2 s S 454 55.7 61.8 1.5 10 14
RAERR & D LS, T ozEk 3.5kg/mm? DIFCh %o paratiet | 3 | b | ity | G | dow | ao
s <kt b N o Perpendi- 32.9 49.1 55.7 8 _
HERLABED LS RBEOHMAHELD 1 ~2%& pendiarl ap | @ | dob | @ |

Wo

©2) EEE L NE L OBRRE OB BN . A
B 7 B - THIVRENE I D56 L& /2 5
BANRHD, CHERBRAOEGREOEDEENED
NI LR BRI, Fio, MR & B ORI & S8
R D2 BRI TR g

(B) KBRBRF D~ 7 v R OME D B HIREEE AR
R 2370 O DEMRB LD TIEI N EZE L Teh, Bl
DEHCFEDEINEL, Uhrd, COBEOKLBIED
KRR DIEEMB EER 2w 0D,

3-1-3 dHHMEORN O F OFEE

755 DEUEEEE L Table 6 iR,

BRI AR T A AR T WCES SR LD b
e ULinhio T, EERIOmNOIFENC & » TERTEE
PEBZEMD, Lind, EAFEOMERIETITIHTHE
L0 BIES, | L OREEEIEERIRO & 5 kit a2 LT

* Values in ( ) show the percentage for the specimen (parallel
to extruded direction) as 100 percent.

726
32 EHRMEOHRE
3.2-1 # W #

AR R BV S HE T Table 7 Rl S—
Nihgar 1% Fig. 7 (61S) 00w Fig. 8 (17S &4 X
1 BLY X2) KRT, BONIHERBCOWTHRHT S &

(LT & <2l bR D M E I 3R E £ 107 DfE
WD)

(1) HEARRROFE S HEE MR EARO T EABE L L
IERNMEWL D Th B, Tinbbh, 61S DBEITTFRE
VeGR4t & SIBRARRR O Al L v & 10~20%
1B\ 17S TEPB RN ARRRENC E SR E D ENTE E T2\,
LIRBVEIBBAARRD B AR L D 0 s BW X D ThH
%o Fig. 9 12 17S & onT S— N Loda LD T

Table 7 Fatigue strengths of extruded specimens.

Fatigue strength, kg/mm? Fatigu(;a strength
Material Structure Mark Unnotched Notched * refav.égglron
105cycles | 108cycles | 107cycles l 105cycles | 10%cycles | 107¢cycles (N=107)
- ; 941 18.6 4.6 11.8 7.3 55
Fine grain ¥ (100) (100) (100) (100) (100) (100) 2.66
. - 19.7 15.7 12.8 1029 6.8 479
615T6 Medium grain BLD (84.0) (81.1) 92,0 (93.2) 89.1) 2.61
- . 19.8 15.4 .9 2.2 7.1 i
Coarse grain c (82.2) (82.8) (81.5) | (103.4) (97.3) (85.5) 2.58
Complex structure CM 20.3 15.8 13.1 — - — —
XL - — — 13.2 9.4 6.7 -
244 7.6 3.7 _
X0 (100) (100) (100 - - -
. . 558 15.8 12.1
Fine grain XP | aosn (89.8) (88.3) - - - -
%z 994 21.6 17.0 ” — — — ;
(120.5) (122.7) (124.1) |
26.0 18.2 8.3 ‘
178-T4 X1 | 4686 1055 (110.8) - 9.9 7.2 2.11
iy 18.6 15.9 4.0 — — — -
(76.2) (90.4) (102.2)
. XQ — — — 11.7 8.0 6.1 —
Coarse grain 55 TN P
XY | @giD | (90.9) (89.1) - - - -
2.3 16.7 4.1
X 2 @b @0 (1029 18.3 9,0 6.1 2.31

* 3.2 theoretical stress concentartion.

** Values in ( ) show the percentage for F and XO as 100 percent.
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F : Fine grain
M : Medium grain Fig. 10 S-N curves of fine grain structure of longitudina
C : Coarse grain specimens of forged 14S-T6 aluminium alloys.

CM : Complex constitute structure

Fig. 7 S-N curves of extruded 61S-T6 aluminium alloys. 34 ; !
“ 30 .
> 1 26 :
%0 oe X1 & ™ |
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Cycles to failure . o 1
X1 : Fine grain (Average grain size==0.08mm) aluminium alloys.
X2 : Coarse grain (Average grain size==5.13mm) 34
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Table 8 Fatigue strengths of forged 145-T6 aluminium alloys.
Fatigue strength, kg/mm?
Specimen Location Fine grain structure Coarse grain structure

105cycles 10%cycles 107¢cycles 105cycles | 10%¢cycles ! 107cycles

Surface layer o) o6y {00y aeh oh | hoo

Longitudinal Medium layer &5 55 @10 atd) 353 l RER

Central layer & a8 @) aih | orh als6)

Transverse Surface layer 53 dts’s) RER) 0% aveh 1 (140.0)

Central layer & (105.8) 130.0) R atenh | ami

5 AEL Table 8 WO HHREL OB RIC BT
Fig. 4 @Rt EHNARERICDOWTHRET S &
(1) EIHE LR EORAIL Fig. 14 @Ry Ik
R % 105 TIRAE SR & TR EE R WERM A
boAs, FEEE 107 OB ITHOER Y b0,

2 T
s a
<
24 F=p=—
v —t
- o
o
2215
1 10° cycles
20 ; . T
o o
VY o
% o /o_/-v/
= L—=<—"T =& v
< 12
g 1
£ v 10° cycles
%
10 et
S
o
R
14 o) S—
v o v
12
v
10 }—o, o o
pv & 107 cycles
8
0 0.4 0.8 1.2 1.6
Average grain size, mm
O Surface layer
A Medium layer
YV Central layer

Fig. 14 Relations between grain size and fatigue strength
of forged 14S-T6 aluminium alloys.

* Values in ( ) Show the percentage for the Specimen (surface layer with fine grain structure) as 100 percent
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Fig. 15 S-N curves of extruded 755-T6 aluminium alloy.

Table 9 Fatigue stfengths of extruded 75S-T6 aluminium alloy.

Fatigue strength, kg/mm? Fatigue strength
Direction of specimen Unnotched | Notched * r(;ggé:gll‘on
10% cycles 109 cycles 1 107 cycles 10° cycles 10¢ cycles 107 cycles (N=107)
504 242 0.3 1.7 3.8 7.3
Parallel 160 aim_ | Qo 160 (160) 6o 2.82
: 28.0 23.5 20.6 9.9 972 74
Perpendicular @21 A (104.6) 1028 2.78

* 8.2 theoretical stress concentration.

** Values in () show the percentage for the specimen (parallel to extruded direction) as 100 percent.
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Fig. 16 The positions of crack initiation under cyclic
stressing (22 kg/mm2) of complex constitution
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On the Difference of Grain Structures in the Fatigue Properties

of Aluminium Alloys.

by Seikiti Hukai and Katsuzi Takeuchi

Aluminium alloys often have coarse grain structure in the extruded end under certain
extrusion conditions. This report deals with notched and unnotched fatigue strengths of
coarse- and fine-grain structures of extruded 61S, 17S and forged 14S as well as with the
effect of grain direction of extruded 758 aluminium alloy which affect the fatigue strength.
The crack initiation under cyclic stressing of 61S aluminium alloy was also studied by the
microscopic examination. The specimens for this purpose have a complex constitution as
shown in Photo. 6.

The examinations of fatigue properties regarding to the grain size and the grain
directions effect were conducted on an Ono’s rotating-beam fatigue tester. The tests on
the forged material and on the microscopic examination were carried out by using the
Schenck’s vibrating fatigue tester.

The static strengths, such as, yield- and tensile strengths in fine grain structure show
higher values than that in coarse grain structure, and the structure parallel to extruded
direction shows also higher values than that in perpendicular direction.

As for the fatigue properties, the notched (3.2 theoretical stress concentration) and
unnotched fatigue strengths in fine grain structure of 61S aluminium alloy show higher
values than that in coarse grain structure, but the difference of the fatigue strengths in
both structures of 17S aluminium alloy was not detected. In the case of 14S aluminium
alloy, the coarse grain structure shows lower fatigue strength at lower cycles, but shows
higher value than that of fine grain structure on increasing cycles. The effect of the grain
directions on the fatigue properties of 75S aluminium alloy is of no siginificance.

Those results show that the grain sizes and the grain directions are unimportant
factors for fatigue properties and this agrees with R.L. Templin’s conclusion.

The results of microscopic examination of the complex constitute structure show that
the crack under cyclic stressing proceeds in the coarse grain structure and initiated in the
intermetallic compound.

The authors considered that the difference of grain sizes is not so important a factor,
but the distribution and sizes of those intermetallic compounds are related to the fatigue
strengths.
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Table 1 Typical chemical composxtlons of specimens.
Chemzcal composition , %
Material Mark S [ , i
cu | Mg Mn si Fe cr Ti zn | Al
61S (extruded) F 0.27 1.05 0.02 0.57 0.26 0.22 0.01 - Bal
178 (extruded) X1 3.95 0.48 0.52 0.16 0.24 Tr 0.01 0.02 Bal
14S (forged) - 4.29 0.55 0.77 0.84 0.26 Tr 0.01 0.07 Bal
758 (extruded) - 1.58 2.50 0.02 0.12 0.20 0.29 0.01 5.65 Bal

ARG ERRMCRE Uie X DIT, MBE O R AR % &
D 61S-T6 BT DTS T ki 2555 7 v 03
L L,

2.
21 # R #

#R AL 61S-T6, 17S-T4, 75S-T6 (Ll Li:#H#D
LU 14S-T6 (&) DAHMETH . TOREHIL
Ba st Table 1 wikd,

61S & 80mme kR, 17S 1k 20~150mmde DM

HEM B IUOERF*®

B, 75S REIOE S 126mm o EEH B U8 148
13 70150 X 205mm DB T Do
BB R R UR-T BUERS i as e B, 2

PRI TR SRR B D R B/ 2D X 1dmm o/ b &
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N S TN (e L W oI

2:2 HRAMOTI OE#IEV ICHBR RIS &

A LB RS X
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(Complex constitute structurs)

Circles show the locations of test specimens.
Photo 1 Macro-structures of extruded 615-T6 aluminium alloys.

C
(Coarse grain structure)

— 2

XQ
(Coarse grain structure)

X O
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Circles show the locations of test specimens.
Photo. 2 Macro-structures of extruded 175-T4 aluminium
alloys.
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Photo. 3 Macro-structures of extruded 75S5-T6 aluminium
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Fig. 1 The locations of specimens of forged 14S-T6
aluminium alloy.
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Table 2 Average grain sizes of extruded specimens.
. Average Remark
Material Structure Mark grain size, Positions of specimen from
mm Dia. of material, the center of material,
mm mm
Fine grain F 0.24 80 25 (Radius)
Medium grain M 4,68 80 30 (Radius)
61S-T6 Coarse grain C 6.18 80 30 (Radius)
Complex constitute Fine 0.20
structure * oM Coarse 5.43 80 -
Semi-extruded s
XL structure 85 25 (Radius)
. X0 ( ” ) 85 30 (Radius)
Fine grain XP ( ” h) 130 50 (Radius)
Xz ( z ] 150 50 (Radius)
175-T4 X1 0.08 20 0
XR 3.81 150 55 (Radius)
. XQ 7.54 80 30 (Radius)
Coarse grain XY 4.40 55 20 (Radius)
X 2 5.13 20 0
* Specimens taken from the boundary between the coarse and fine grain structure.
14S DfESRE I ESRBRE TROBBRACOWTED y
30 30 i 4

BB & b 5 mm Pyl O ETE AR REIC DWW THIE Lico HI
S BRI RIR OB OB E L ARETH D, ROt
WO FADE I DOFEHEARD, TNE 2T IEDOF
FRAEERRIE L Ulso EkfhiEaX Table 3 12/Rd,

Table 3 Average grain sizes of forged 14S-T6

aluminium alloys.

Longitudinal s
Position of specimen Transverse Specxmen.
- Fine grain {Coarse grain| Fine grain [Coarse grain

specimen structure, | structure, | Structure, | structure,
mm mm mm mm
Surface layer 0.19 0.71 0.43 1.35
Medium layer 0.16 0.60 — —
Central layer 0.06 1.01 0.22 1.26
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Fig. 3 Form and dimensions of Schenck's vibrating
fatigue test specimen for forged 14S-T6
aluminium alloy.
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Table 4 Mechanical properties of extruded specimens.

Mechanical properties
Material Structure Mark Elastic  |Yield strength] Tensile |Irue breaking| Reduction |  Brinell
limit, (0.2%), strength, stress, Elongation, of area, hardness
kg/mm? kg/mm?2 kg/mm?2 kg/mm? % % (10/500/30)
: : 23.8 311 36,1 9.7 16 40
Fine grain F (100) (100 (100) (100) 100y (100) -
. : 9.1 23.0 28.3 16
615.T6 | Vedium grain M 30.3) (73.9) (78.4) - 100) - -
: 7.7 90,8 25.2 24
Coarse grain c (74.3) (66.9) (69.9) - (150.0) - -
Complex structure | CM 18.6 28.6 33.2 — 14 — -
XL — 33.3 573 _ 18 ﬁ 104
(100) (101.5) (112.5) (98.0)
X0 25.4 33.3 6.5 59.7 16 pil 106
(100) (100) (100) (100) (100) (100) (100)
: : 1.4 25.4 5 1.2 24 33 102
Fine grain XP (44.9) (76.2) (91.4) (102.5) (150.0) 157.0) (9%5.2)
Xz 91.2 30.8 7.1 59.2 15 17 110
(83.5) (92.4) (101.3) (99.2) (93.7) (81.0) (103.8)
178-T4 X1 2975 38.8 51.6 62.2 17 20 113
(116.5) (116.6) 1.0 (104.1) (106.2) (95.3) (106.6)
<R — 22.6 36.5 — 29 _ 101
66.1) (78.5) (181.2) (95.2)
xQ _ 52.3 _ 18 _ 111
. (113.2) (112.5) 112.4) 104.7)
Coarse grain Xy 701 25.9 35.7 - )] — 10
(79.2) (77.8) (76.7) (125.0) (96.2)
% 2 2.7 28.9 3.7 — 24 — 109
(85.4) (86.8) (6.7 (150.0) (102.9)

*Values in ( ) show the percentage for F and XO as 100 percent.
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Table 5 Mechanical properties of forged 14S-T6 aluminium alloys.

Surface layer Medium layer Central layer
. Yield i Rock- Yield Rock- Yield Rock-
Specimen Structure Elasticistreng-\TensileElonga-|  well Elastic/streng-TensileElonga-  welllElasticistreng-|Tensile/Elonga- well
limit, [th stren- |tion, [hard- [limit, [th stren~- |tion, |hard- |limit, |th stren- |tion, (hard-
(0.29), gth, ness 0.29%), gth, ness 1€0.2%), gth, ness|
kg/mm?kg/mm?kg/mm?2 % (Bscale)lkg/mm?kg/mm?lkg/mm?* % (Bscale)lkg/mm?2kg/mm?lkg/mm? 2% (Bscale)
Longi Fine grain 30.9 43.9 50.7 9 84 31.0 44.2 50.6 9 85 30.8 | 43.3 i 49.9 8 84
tudinal | Coarse grain 28.3 40.4 47.2 8 85 29.9 41.7 49.2 9 85 30.4 41.6 | 49.3 8 85
Trans Fine grain 29.1 44.5 50.2 7 83 - — —_ — — 29.0 42.3 48.0 10 82
verse | Coarse grain 27.4 42.4 47.8 6 85 - — — — — 27.8 41.9 48.3 8 85
312 & & # Table 6 Mechanical properties of extruded 755-T6

14S oy E L Table 5 wikd, BB/ RT
DNTHET D &

(1) BRI DA & RO A3
WALRL D LA, o3k 8.5kg/mm? LT Th Bo
HERLFARES LSEBEOFMEIE LD b 1~ 2%
o

(2) =B LN DBHNREOEII BN . N
T I B - CTHRELNE L kb 8a LM E b
BAMRLY, SRR ORMEEOHMEDEENR D
Nlc LR RZITER N Eio, R & BUROFER X S8
FRE DO LD TRE N,

(8) AHEHBRF O~ 7 v BBROFAE) HEHIRE L AR
BT 287 D DEED S B D TR W & F 2 Ty, Bk
DEHICFDOEFNEL, Lind, TOBREDHKGRIED
TE BIEERA LET 2 W L2 B,

3-1-3 MHEHEOTRILD T OFEE

755 OEIREIEEIL Table 6 1R+,

EHRREIIMB RS AR EAFR L D b
B\ LIeis T, ESROBNDOF A X - THEPRE
MELZENH D, Lavd, EAFAOMYEIETHR
L0 HEL,  EOBEIIEERED L H inkita 2 LT

aluminium alloy.

Directi Mechanical properties
Ireelion \mrastic [ Yield | Tensile [True  |Elon  |Reduc
specimen | limit, |strength| stren- ibreaking gation’ tion
(0.2%), gth,} stress, of area,
kg/mmﬁl kg/mm?| kg/mm? kg/mm? % %
45.4 55.7 61.8 71.5 10 14
Parallel | a6y | gy | ooy | Aody | dom | aow
Perpendi- I 32.9 1 49.1 . 55.7 o 8 _
cular] (72.5) (88.2) (90.1) (80)

* Values in ( ) show the percentage for the specimen (parallel
to extruded direction) as 100 percent.

726
32 EHREOHEE
3-2-1 i H ¥

BRp R AR R BEFEEE Table 7 w/RL, S—
Nifgix 141% Fig. 7 (61S) 3x0% Fig. 8 (17S b X
1 BLO X2) WiRT BHNAERICOWTHRET S L
(BT & el B WIR D S5 E LR E g 107 D fE
WD)

(1) AR O R AR o T h e FREE L L
CHERMEWL 5 TH D, Tibb, 61S DBAITTFEL
VIR b & SRR O 5 ASikiifh & D b 10 ~20%
1B\ 17S SEMBHHEFARRRRIC JE 950 DEHFR & e v,
)R BHEHBAARR D HAMREAL R L D LR VBN XD TH
%o Fig. 9 12 17S £ 0T S— N kO fix & 20T

Table 7 Fatigue strengths of extruded specimens.

Fatigue strength, kg/mm? Fatigude strength
Material Structure Mark Unnotched I Notched * refai.égglron
» 105cycles | 108cycles | 107cycles ‘ 105cycles | 10%cycles | 107cycles (N=107)
; : T 18.6 146 1.8 7.3 55
Fine grain F (100) (100 (160) (100 (100) (160) 2.66
- ; 19.7 15.7 12.8 10.9 5.8 49
1576 Medium grain (L) (84.4) (87.7 (92.4) (93.2) (89.1) 2.61
18- R 19.8 5.4 1.9 2.2 7.1 4.7
Coarse grain c (82.2) (82.8) (81,5) | (103.4) (97.3) (85.5) 2.53
Complex structure cM 20.3 15.8 13.1 — — — —
XL - - - 13.2 9.4 6.7 —
20,4 17.6 13,7
X0 (100) (100) ) - - - -
. . 25.8 15.8 12.1
Fine grain XP | qsn | 698 8.3 - - - -
Xz 29.4 1.6 17.0 — - - —
205 | Q22 | @24
A 26.0 18.2 15.2
175-T4 x1 | &8 | G8E | b - 9.9 7.2 2.11
R 19.6 15.9 4.0 - — _
(76.2) 90.4) | (022 -
o . XQ — — — 11.7 8.0 6.1 -
oarse grain Xy | 1s 160 2 = — - —
LD | (90.9) (89.1)
7.3 16.7 0.1
x2 | &3 orh | aish 13.3 9,0 6.1 2.31

* 8,2 theoretical stress concentartion.

** Values in ( ) show the percentage for F and XO as 100 percent.
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Table 8 Fatigue strengths of forged 14S-T6 aluminium alloys.

Fatigue strength, kg/mm?
Specimen Location Fine grain structure Coarse grain structure
105¢cycles 10tcycles 107cycles 10%cycles 108¢cycles 107cycles
244 13.6 10.0 25.4 135 10.0
Surface layer 100y (160) a6 Q04D (993) Q6o
s ; 23.8 13.0 9.0 35.0 13.1 13.0
- Longitudinal Medium layer (7.5 (95.5) (91.0) (102.5) (06.3) (130.0)
21.8 10.7 9.0 25.4 13.3 1.6
Central layer (89.4) 8.0 (90.0) SV (97:8) (116.0)
22.5 14.9 3.9 23.0 14.2 14.0
Transve Surface layer (92.2) (109.5) (139.0) (94.3) (104.4) l (140.0)
IrsSe

: Central layer 23.8 4.5 13.0 21.9 13.7 ’ 13.0
(97.6) (106.6) (130.0) (89.8) 00.m 1 a30.0)

¥ Values in ( ) Show the percentage for the Specimen (surface layer with fine grain structure) as 100 percent
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Table 9 Fatigue strengths of extruded 755-T6 aluminium alloy.

Fatigue strength, kg/mm? Fatigue strength
Direction of specimen Unnotched t Notched * refggggion
105 cycles 10¢ cycles 1 107 cycles 105 cycles 109 cycles 107 cycles (N=107)
30.4 24,2 20.3 1.7 8.8 7.2
Parallel (108> ai | aoy (150 (160 an | 2.82
: 28. 23.5 20,6 12.2 9.2 7.4 -
Perpendicular ©2.1) oD | and | s (104:6) ags | 278

* 3.2 theoretical stress concentration.
** Values in ( ) show the percentage for the specimen (parallel to extruded direction) as 100 percent.

—_ 8



Vol. 1 No. 4 73 =Y A AD ORISR LIETIEINT (243)
(1) EHBRELTEEM R I UK & BRI i & 5 AL LT B Ao FaE

DB L DERED TSV, Thbb, SFHMOEE,
1R (B 105 o0 5755 3 A 34 HI D N SEAT IS SRR L7 BBk
B RNEAFENCERE Lz b0 X D b 24kg/mm? &
A3, 107 ATl E#E oK A 0.3kg/mm? B, F i,
IR DA T I DA R RT3 1) 5 97 REE D7
5 0.5kg/mm?2 BT CH Do

(@) T E AR U BB i M B ME DR
DFRE (Tihbb, metal flow) HFEEIHOT, T
BV SEFTIC R Lz & D X 1 S EFBEIMEWD TR\
INEEZ T, FO LD REERNLD Thho Bl
TED B B DB A S HMED TR D H A NARERD & 5
BB Tl in o 78, AREBRIER X 0 SR ORI O ITA
PESREC R THEIRELVEEX L Do
3-2-4 vV UEEDOKEK

D&z, Photo. 6 Wik L7oHUilsk & Mo s
THABRBRAECONTES 7 VORI AT - iR E2 D&
B,

(1) & 22kg/mm?2 DA, HREE 3X104 THAL
HEBAS I EhRos (MTFMBEefT) Lhkd%3
mmoOBICEY 46p Dy v (v—7 AB) Tl Ui,
Z® v vix Photo. 7 ((EiE[E% 3.5X104 ® v vERT)

Stress 22 kg[mm2
Cycles 3.5X 104

Photo. 7 Crack initiation in coarse grain under cyclic
stressing. X700 (x3%)

Main crack

Coarse grain
structure

Fine grain
structure

Dots show the position of initiated “crack.

Fig. 16 The positions of crack initiation under cyclic
stressing (22 kg/mm?2) of complex constitution

structure of 61S-T6 aluminium alloy.

L

DEFEODRTN DD, FNDBFEE LiehEEU L
PTURTe oo FHEEK 35X104 ind & v vRT 7
Bk X, FoORD4 2 (A32, A28, A30, A26)
WEEERSE < T, FOM (A27, A17 s X UF A22) (3R
WREICH 510 SN HO T vOFEARREE Fig. 16 1R
T Fiz, AURAREL Tk bR & kIO BE ELE <
v Unl pETRE (Bl) xh., o7 vik Photo. 8a i

i

22 kg/mm?2

Cycles : 4% 104

Photo. 8 Crack initiation in fine grain under cyclic
stressing. X700 (x1%)

a) Stress : 22 kg/mm?
3.5x10¢

b) Stress :
Cycles :

FT L AR SBEAMI D Y vBHELTWD LR
B i MUEEAXI0NT /5 &, HURAESAIC IS
<oy vhHBRHX, Fio, TCRKRIE Lic Y vIEERE
BfG L CF O R — S RIP TiE—E T o 72o ML
METIE Y vAt4 # P (B22, B24, B26 10U B2T) 1@
B <41, Photo. 8b %o 1 fla k3 & 5ic Bl & Ak
AR A TR LT e, F ORI FERB OIS TY
UMRETE L, ¥, WARRE by v S (HEL
foo 7 VOMTRILGEH HO 1AL T 713 ML
DI DN T o 7o ERER L 2<AE TH %0 ThHb
. T UIBED DY VEDRRoT D LTREBICARE S n
BAMERBIFIC T 5 CHARE 2 R E S 6.5~7X10%
Vo B &SRR X D SRR = Y v ASETT Lico
Uind, FOMITHAICYDEMCHNNY VIS < FH
L, FNHOT7 VIEEBEELAm L VRELTHDH LD
I btne Y VIEENDEDBRD X HICHETL, &
ER i agoR [ 7.24 X104 CREE Ui,

@ J&7 19kg/mm?2 OBATHEE | %% 105, 18kg/
mm2 DIEAIE 2.7X105, 16kg/mm?2 DAL 2.3X108,
14.5kg/mm?2 D41k 5x105, 13kg/mm? DFEIL 6.3
X108 TV vEBRE Ui 7 VIEWTiu b IR AR AT 55
mcki s, FABECEBELEMm I D 7 vAFELTY
1D b B ot H 10.4kg/mm? OE-EERES 107
FCRE LA 7 vk AN oTze

(3) LlEOEEBRGERIC LD e, v ViSRRI



October 1960

(244) B R & 2 R & ®
{\ﬁi[ﬂxﬂ(m‘ LD ﬂo‘l? < jyﬁfi L. U ZL)\ e Vl/iﬁ'lh'ﬁ/]\ E)@é% 7&:7}')\6\ EHF? L 3,:0); » ,lI—(v U L j7 ngg/mm .
CHEFT Ulze U722 T Fl—IG &0 F Tl b ilss o BRI 410 CHLUERL RN Fe 4 Lf: v Lo 1 AT
FOHURRE X b LR, I 0BRSS 3-2-1 D 61S O e ¢ T

AT DN CORERFE I & R 2 L < —F U7o

4) LU, 2 S THBEE D0 E AL LT WS
BILAWN B Y VAR L TWB 2 & Th bo KRBT
D& D IETINRERT D L5 I A7 O S e )
DT VINFEET BONHBRTH D, ERFRLTOLHIT
RoTnDR, U Ly IS8 2 & 0 & il X
WHTRERIEIC & v v S BN CHBRC 2B A X
DFLE LBl BRI bivic, & OHESISBHILSWH
EFWEOT vORERZ KX REHN VAR LTS L%
B Z)ﬂc)@f??) 5o UTodio T, # FOBLEE & oS i
B TIETTh A D BN&BItam D%, Fitr
DREZISFBECHEEXYRITTOTHS 5,

¥, BhROAHEBEE I ﬂ’oH L EBILAa YT
HH TIN5, Photo. 9 [ EBEEM & B L, 3

a. b.
Non etched specimen (as polished).
Stress : 22 kg/mm2

Cycles : 4X104

Photo. 9 Crack initiation in coarse grain under cyclic
stressing. X700 (x1%)

Fine grain

Coarse grain

Photo. 10 Fractured surface after notched fatigue test of
extruded 61S-T6 aluminium alloys.

To U VODFL PORIZEROBe L 4
Hofoo LIchHoT, Hilko k57 Q‘Mmkﬂu
BEOHEMA LD ZOMMNENTHIEH U LD LE2
B He
3-2-5 EISBEORERIZ O\ T

FESS R OB E Photo, 101270 1 % 74 & 51278
BIALER D 7 AU ORI C 3 B HY
%ﬁufw%o%S@ﬂ&ﬁﬁmﬁﬁm%
WHEL—R LA 2 ABEOWHE L £ ThD, T01
W%Pmmllmmfomﬁbtiﬁmﬁ%m§®7um

=D ERDF IR » TiHEA, Hidh kR CHEAE 2 HD T,
iRSVEE S  EE T == ek S v R Bt S A A
5 ek A AR Um0 ThA D

[E51ES

a) Paralle! direction

b) Perpendicular direction

Photo. 11 Fractured surface after notched fatigue test of
extruded 755-T6 aluminium alloy.

3-3 & =
PLEDEBRERAYELDDHEDEDL S TTH, T

B, HREE ZH’IU(\/ﬁ’I LR 2SHIDEIALES 0 0 L — T R 28,
55 TR R VL R O [ & '*ﬁ('ﬁ"%) EUEE S, 61S
WO 175 7 Eim !/)7{1 A HDRIH LR 0 7 2si b b
L0 bR s 1kﬁbﬁ R E L
NREH LD L 10~209% TI}EL« (615) 2L L <L EFE
(A7S) Th b, Fiz, 148 O L 5 ICHEHSRE O/ 2
bxbxﬁ’ﬂ%’i}xﬁ%’ 30 L g R %: LOB& 435, R
LTbmmm ifﬁﬁmmwﬂmri&%ﬁxz VNER =
Lo UA, fERE LA DR ORTF AR SR E Iz

’( )J%

=4 1N

— 10 —



Vo L1 No. 4

7A=Y AE&OEBOMRAYEITRET B JIETEICWT

(245)

WA TIE LT HORAB A KRR D LR D BB
T F DB E Bl ¥ NG LWL TWAHMA, LIk
Tl 1D Th Do EFSIHIROREBRT I\ ThE kB
BAOHET & L TERBORNDOFRIEOEAL L TN
NGBS E & D S, IR E B BT
B, BEREGBEMAW LD YV vBIBT A LB
R E D AD—RTF & LTEBRLAc b EETHLE
MBI LRI, FEEHEHD LA S TEAF 27V
3 v (ESD) i oW THESEBRE 1T BT, M
%ﬁ&<f%ﬁ%@ﬁ%%@%g%%b%@m@mﬁ%%
EhARTEREEEBILI L bh Do AR S 14SDE
£, MR O AR R & B LA DE B LW ER
IR\ AS, SRR O ol R I BRI Ot BRI AR AR AR
&BLEW O OIS —TH . EIREDE
MRS HER O ZHULEIE L D bEAERBREWL ST
RZF BNAES LB olco ARROKRTIEEEHULEY
HESREC BE S E A RUET L ZEiE LEG2L, 20
I AREEE LU B SBOBRENRLETHS D,

4 #5 B

61S I 17S AT, 14S EEEHIC DL CHIRAR SR
& BT E O FE T 2SR YRS X DN IR SR IS RIE TR
&, 78S I oW TR E DN O F A OFEE S IS TR
L E Lico X BHIT, 61S O#RRE ORI DWW
THEISBECRIT 57 vOFE LR Ui B bR

WBDOEDLD Th Do

(1) EROBRES\IMRARRL D 7 AR & D S —HC R
o FRHEHES P SEAT I B R IR T N E AR LY
HE e

) 61S DESTMEII IR B L OCORM & Lk
DFHHEHERE L D & 10~20 %EV a3, 178 (XA RERT
TG ) BB DI\, 14S DESMRE L — IR
[EBAD T\ & USR5 AR & 0 b <. i
B304 < tn B L DOBEFE 00

(8)  75S (A HAHAME D BRAL D F7 A DA AME T TR
DA TUT Sin\ve

(4) v vOFEEOERARERO A SRR L D Lo L
Wk 5 Th B

X ik

(1) P. L. Teed: The Influence of Metallographic Structure
of Fatigue (Edited by W. M. Murray), 1952,

R. L. Templin : Proc. ASTM, 54 (1954), 641,

3) G. V. Bennet : Metal Prog. 72 (1957, 6, 102,

Federal Test Method Standard, Test Method No. 211.
H. Neuber :
FEHE, B EREIETTEw, 4 (16), 3, 192.
B, M BAREERER, T (WI33), 61, 527.

BB, G BERRE oAl 9 (WI18), 37, 1 161,
BAR, # KRB, 4 (17), 6, 843,

o

Kerbspannungslehre, 1937,

(=2

e e
-3 (%]
= £ D = = =

— 11 -



P
Rzéginted from SUMITOMO LIGHT METAL TECHNICAL REPORTS vl 1, No. 4, 0CT., 1960

= RRIRBERIT L 5 = v 5 v —EiE &P o R
LM F v DOEEBFEITOWT
B & B it B B A X

Rapid Determination of Carbon and Sulfur in Nickel-Copper Alloy
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Rapid Determination of Carbon and Sulfur in
Nickel-Copper Alloy by High Frequency Combustion Method

by Shikao Hashimoto and Reizi Tanaka

Determination of carbon and sulfur in nickel-copper alloy by high frequency combustion
method have been investigated, and obtained successful result in the following conditions:
(1) Determination of carbon.

Sample is burned in oxygen with pure iron flux. The time of combustion and
removing of carbon dioxide is 3 minutes each, and oxygen flow rate is 400 ml per
minute.

(2) Determination of sulfur.

Sample is burned in oxygen with pure iron and pure tin flux. Although pure
copper can be used as the accelator, iron and tin is better for the contamination
of silica tube.

The time of combustion and removing of sulfur dioxide is 3 minutes each and
oxygen flow rate is 1000 m! per minute.

Analytical time of carbon and sulfur is about 9 minutes each and agrees with
electrical resistant heating furnace method.

T

1. #

=y 7V~ ERA ST EYED BIFR s & T L <ambiT
Whe ZOFEDEERDRER LOA A v O@EEFUKE
SRR A TR A IRSEEHE Ty 1400°C ozt
U JREBZ 2 F 123 TERE & 2 70 & & UCHUE X4 % 5k
Tﬁwﬁﬁgo%Eﬁ%%&mi%ﬁ%ﬁiw4ﬁv@%
BRI DRBIC DTS BOMWE N D O s 0 HT 78
T HDOTHEMOVEESFCII NI D IR EN TN D
LB ThbHo Ui Lo OIS Bk Rk Ot TElk
B & OMEETTR D O Th Hlcwd, WIHIE DS
BDMETH Do EROKE, RIEOEETH LTI

FL LTHigha v, 7ed o v ORI LTI#Mgks : Platinum asbestos tube about 600°C
A 2 S TR DS B D RPN g 5 /DT .
e : Mg (Ci O4)2+NaOH+P205 tube
. High frequency combustion furnace
2. % l:%; . Mercury manometer

. Copper oxide tube about 400°C

RSEDRE A LT gk S B A XA B L
T Fig. L4 HED
DERC K LT Fig. 21 /Rd & 5 i JISH1201 S8 75

: Concentrated sulfuric acid
. P20s5 tube
. COs absorption tube (NaOH--P20s5)

W N o bW e

Fiortha B2 Ui & UCHRBER B4 0 2 i S 9 1 COs obsorption tube (NaOH-+P20s)
R LTz D& Ao, 10 2 NaOH+-P205 tube
# 7o) Ui IR B OV R IS R 5D T 113 Concontrated slfuric.acid
Z,)o 12 . Flow meter
- — C-1~C~4 : Stopcock
* HARE TSRS AEEN] (B46ln) R —izER
sk T2 Fig. 1 Apparatus for determination of carbon
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. Flow meter

. Sulfuric acid saturated chromic trioxide
. Sodium hydroxide

. Sulfuric acid

. Glass wool

. Mercury manometer

. High frequency combustion furnace

. Absorption bottle

. Stop-cock

O o ~N O bW N

Fig. 2 Apparatus for determination of sulfur
(1) & HFT-VH (EpEas
2) BAREMS LKW
8 A & # & 14MC
4 A J1 L2KW LI, #5 1L3KW
6) B#RADE 3797
6) # % BEURYE (SHE43mm, E34mm,
4 E220mm)
() BV YR 7V v 2L Py g
N T FME 23mm, X 24mm
AL ME 32mm, X S0mm
3. REROEE
31 BhA

=y 7V~ S E SO RBHIBIARIA T\ W T X
LI EHTEDLN, BERBBEOR S ED KEOEEE
BRI Z L F/aBlkbe fllh < Ui LTEAT B &
2 HRBEL7n\ o SR & O3S E LEEEUBNC 3 LB
BAIE UC A ZR LUK 7 w 2B v B, BT

C
’ |
Sample C
0.5 /A j 5 X
IS
0.4 /
/ Sample B
0.3 x/
/
0.2 /
0.1 .
o Sample A
e N S B
0 1 2 3 4

Pure iron, g

Fig. 3 Effect of iron flux

BEEE 25_/( gz SHBBEILERAEIOCEITE D LRI
NTWB, UL LA X U TR~ 2B ROEEATE
Y ADTHEAREAEVRBICSA0REDL D Z ENERE
T bHe

=y F v — RS UTEBNSAN . UMk E 7ok
AN D S &R 2 B, BB LT LSRR
EEBARTHOTEL UTHE W TICThiz, Fig
3 (3R 0.5~2g it Ligigk 0~3g A 2 CIABE S & /ckE
FCh o T, BIARIN N & 2133 A RSB A Ui
ST 2~3g TNk & FIEFEEAEB LN, ML
PRI AE: 0.5g O & XEB O —FARIRBEIREETE D,

i B PRSRIEILME ¢

CEWOHENED, Figkdg oL XA 50
WV TROREDEL L\

TS OGRS BRI O R B BB R B B
< 2g & Ufco 7ighigk s & dicifix x 0.56~1g, &

K7 v nfg 0.1~0.2g &Nz 52 & LB 7zhs, Table 1
AR & DT A E DR B 5 T
Table 1 Effect of tin and CrOs.
Pure iron| Pure tin CrOs
Sample Taken, added, added, added, |Cdetermined,
g g g g %
A 2 2 1 0.2 0.046
B 0.5 2 1 0.2 0.300
A 2 2 0.5 0.1 0.048
B 0.5 2 0.5 0.1 0.295

3:2 FABEE &R
WD 70 v~ PR O Fig 4 iR L, BB FE

300
Tap 1
200; \
— ]
100
Tap 2
200 !
N |
<
E .
a 100
{.\Tac 3
300
it
100
0 1 2 3
Time, min

Fig. 4 Plate current-time curve each added 2g of pure iron
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REEE D A A v F% AN ThH HS0O~TORCa » W% 120 B
PR #sd, RFESOTEZ v 7&INBICE LI &
BB ST 7 v — FEENE L. F 7o REERE AR
M GETEL 7B LD THDo L LE v 7 3 TIRIBEEN
IV ROBENRELVDTE vy T 28BN KT
Ulzo 7Rl BRISERE D 7" v — FBEIRIEEE O & W I 235 WA
REZEI L, e LTHEOB FE XN % 5igko
BER—ETH o THEARHIL L - T VENRL B, R
DR A U TR 2~0 oM TlhA & —E
DEREDN, FLABEBOZ v 72 L & b
BRBDNIh otz T BHOHRE Table 2 wird,

Table 2 Effect of combustion time.

Combustion
Sample Taken, time, . Tap i C determined,
min %
B 0.5 2 2 0.295
B 0.5 2 0.289
B 0.5 3 1 0.289
B 0.5 3 3 0.295
C 0.5 2 2 0.484
C 0.5 3 2 0.487
Cc 0.5 4 2 0.480
C 0.5 5 2 0.480

3-3 KEHAOEVH LY
BRI DTE RSk S 2g, RBERTE 3 S0 LIRR Y A D
B U A28 2 T~ il Rk Fig. 5 12/R 775 B0l

C
%
0.5 Sample C
1’/\ A Y
re
0.4
Sample B
0.3 p——— X
x=
0.2
0.1
Sample A
& e Qe @ —= O } o
S S I
0 2 4 6 8 10

CO, remqving time, min
Fig. 5 Effect of carbon dioxide removing time
UBSRE 2 70 Tlae S EWEME BB A 3~10 55 Tlddh A
E—REEMEDLN D, LIcHRoTEZDRMETIE 3~4 4R
R ADBNE LEITNELSTH 5,
3-4 BEOME
ZIVE TEFEOWEEF 200 ml/min ¢ 9§ < 7= 5,

Table 3wk X 5z 400 F7-1% 600ml/min w38 LC 4

Table 3 Effect of oxygen flow rate.
Sample B; 0.5g
C determined, %

FERERAE LN, WEOBMC & » Tl LARER Y A
DB U A ST 5 2 LT E B, BB 400ml/
min OFHE CIRBREVH LB 864 ¢, %72 600ml
[min TIZH 4 5 CRRA EREC IR Y 2 FIRT5H 2 &
MHEIRETH %o

U7 USRS ORIETRERE DB & D% KX <
TEAE WEALHHD TID b &EBED HEK 400ml/
min, JREEEFSS. RV A B LUEM 3 4 & Lo
TR A IRIGERF XN 71 B O CHREE A B O R B B A
WUEB I —E OB CTREINEA NS L Hic v
TCHETT B & s Lize

35 BHOMREBBREOEAFE

HAHELE X 0.3~0.5mm D b B2 B# Smm 24 - C
Buwiehy, Zo 14ARBERY) S5/ & & Smm B Li-
Ba bIRA E—EBEIE BbNTae L L—IRICKE WER A
RED—ERRIBEDE SBERDZ L RH DO THIMN Lz
FR X BHRFNEEVE LIRS LCAND EBER2 LD
LNV BEEOEBNDZ EMb b, Eiillo kic
ANz & & BB ERIC R - TRERZ R T Z L 035 %o
BERAIME S D _Ric B BRI AN B D2V L& T
HBo
3-6 BREILYR

BEBRO 7 Vv 24 T vy ROBEEN R D B Lin
M, BB 0.5~2g HRBES B & X AT v v R Tkt g
FC, SNHOLVYRTIE 2 FCHRERTEXS, “NET
DERRTEH AT v B a2 NIO NV v K& FINT
Table 4 iI0/RT L D CABOREREIE BN D, L LK

Table 4 Effect of small crucible.

C determined, %
Sample Taken Pure iron added, g
g 0.5 1 2
A 2 0.041 0.046 0.048
B 0.5 0.224 0.278 0.295
C 0.5 0.367 0.474 0.484

RDEA VL $T5HZ LEHEE T, Migh lg oL xRTry
ROBE L DEAENMENE BN D, ZHREITESER
FxRFAWTR~ P CHBELCES LV E L 0.8mg BET
BB VT R DI A S BIR R < s D g Ui
AR Uizo F7av v K& 280 UM IEE L 2o Rt 2s
MBIeh o T NEECHBRINTAN S B A2 L H 5 D T
1000°C < 10 BAZElEd 5 = 2 i Lz,
37 HEEEE

CIVE TR A WL A B, C, ZhEh kS
AR 0.05,0.3, 3 L 00.59% @ & O THRIVE O FEERE EE
BAW2g, BRIV CIL05g &, =\ Cliats B

Table 5 Effect of sample weight. used sample B

Combustion, CO; removing, Oxygen flow rate, ml/min
min min Sample taken, C determined,
20 | 400 600 %
3 4 0.300 0.300 0.295 0.5 0.300 0.300 0.295
3 2 0.272 0.300 0.300 1 0.300 0.295 0.295
2 2 o 0.284 0.295 2 0.284 0.295 0.280
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05,1 8 LU 2g4 & o CHRME X B A it LT
Inteo ZDFER Table itk LIk A E—E B % B, #id
LEH28 O & X ITENTIRNME & 7%, —fEe 3 2g
EHCD DT REEHREOENEE TH T, ZORED
T B IV ERAHT & LTREL 2 7\ & BN B

3-8 RERA XD

R 7 2 oW Fig. Lick4 & H i
H%WV\Wﬂmtbfﬁb<mbk%f/vlk§@m
AL T VYm0, —WICPEOHEBE YV v AN
Too ZOUEE 1 20T & BEEMRBIREENL R BB 7 ~
200~250mg BETH T, £Dd & H20 USSR
HAD—EEIALKFEBRIND L5 d, WHADD
DEZEIT S ICERIY 4~8 BHBEL B U TEEL XY
oD B Ui,

39 AHHE

J\ZFJ:J ) U e u«

=y v

"%‘:‘i?ﬁ@%u nE (EX0.3~05mm) % 3mm
TECYM L 22 WD & B, FiBli ek 2g At
ST, #HE (Fig.l) OoKEWHZHA~Nz0b, B&7
AN PEEF600°C 1, & BB {ERIF A 400°C win
# ., BEL200mljmin oFETE L, 2045#%c U=
'“ﬁimwﬂ:(23@éﬁb A% 0.2mg BUTF I ZafuidR o
WWVﬁéo

7 3HBAT Y n@ FirBEETH., HHrT0zE
%btW/TVﬂﬁ&ﬁM&Aﬂf“dﬁKD@ e
T VDB BHROFE A 400ml/min i FHET LAY L
SIABELEA L TERENOER BT, DWwTay
7 SHEABCENGED 2 v 7 X, SEEFEREED
47%%Kﬂéo%%m1ﬁﬁ%f%oTMFKﬁé@f
RV TEBTT D, SHOBERIBEBED AL vy FEED,
RER H 2 7 SBNH T 700D X BT 3 AR OH A % i 1
Do Ay 7 ABIUV /NI, BNFD 2y 7 B UZRE
BHUTRE L, KR L > TREOSHEREEHT %,

U= o (@) —ZeSE (@) 97.97 =
=H @ X212T=C (96

) RESEEN03% L Lo L x1dEE 0.5g & v
bo
d) ZOBEZLIEDS BbEDD 1 EIC DT DRIT
So
©) #gEHONTREDIEFCERIC AN D,
(d) ZesN BRIk D A B LA & FRRICEREL
VCj—(&) ZQO
3-10 BESERFICLDFHELOLE

Table 6 (FESEIURC & BFiE (2 BOSHTHEO L)
& EDFRIT L BRERA LB U0 T, MR LB
Uteo 728U A, B, B L0 CrooWCE AN BEEEE
CLOED HHTaAT - kbR, FHEhEh 0.047, 0.295%
LU0 0.4849% %R L. ok FENFER 0.001, 0.004 3 LU
0.004% Cd o770

>

Table 6. Comparison with electrical resistance
heating furnace method.

C determined, %

Sample Taken, X Electrical resistance
pe | T | gk freweney [ MRS R
A 2 0.05 0.05
B 0.5 0.30 0.30
C 0.5 0.48 0.49
D 2 0.09 0.09
E 2 0.03 0.03
F 2 0.01 0.01
G 2 0.06 0.07
H 0.5 0.14 0.41
1 0.5 0.50 0.49
J 0.5 0.55 0.56
311 #% Bl

T RIEABEE Y b=y 7V~ A EThDRBEOER
BERE Uicisg, BB 0.5~2g 2w, BAAlE LTHE
$28 &Mz, MBEOWHEA 400ml/min & L, BER X
O REE A A DB W L2 E 8 & CIHRROE BN
BT EBHoloe FloZ OBIIEBRENIFC L2 HkE
X < ”“& Lfk—-o

4 41FVDOEE
41 B1 # A
RFEDOERED & & & FRBIAR L UTHIZ A LTI~

JohkB R, SENIER XN A LS TEEREIFEOBAI
B U D TEWERE oo DEICERA L LTHA X% H
WTEA -GS 1g CLIBRBENR TSR A Tl o 7ol 2~4g T
2o FWFEMRET A ENTE ey LA LEIDBEELA A
v OIS, BoMiA XO@mmEOENE & bic—E
EWNER A S, BAAIE U CHiSRA L /o & &0 BTk
RIFEDSTREE 4T do B 03 2~38 DIRINC I » THRBE b 5E2IT
D A2 A v OEBESRIFTH -7, ol 42 %
TR T2 & FURIBEASRD T UL, vy FAEE U CRilR
ﬁﬁ&ﬁ#*&%&oto:n%@%%m%mmf4ﬁv
o Uik R Fig. 6 /R d,

MR A BIRA & LT W & & — g s LS, &
T TRE UL ER RS E B 1B 5 Ik B A 3 5 O THA

$% T
7 Copper
2

0.05

/

0.04

0.03 : \n\n
' N

0.02 K\\ \\\\
0.01 \\%i///—ﬁ-ﬂ
0 1 2 3 4

Accelator, g

Fig. 6 Effect of accelator, iron, tin and copper
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Fle UTHEE LN SO Tldil\n, F 2 CREgE & M2 X% B
ATAHIER L 5TA TV EBETHRERLDMNEH H
BT HhIz, Fig Tik=y r v~ 440500 2g i

$%

/———_—. \
0.05 iron 1g 4
0.04 jron 2g

0.03 / [

/ 7
A
0.01 5\ ~_. ron 0.5g

Y Y —

Tin, g
Fig. 7 Effect of tin and iron flux

Bl LOHEA XD L BA N2 THR ISR TH - T,

PRl & LCiigk 1g B IO 2 X 1~3g & inx /o & %28
MM RIFRZ LB ofce DECHMA X% 28 WHHEL
gk 2 Bh Mz THRAHE, Fig. 8 wikd X 5l

$% {
Og 1000 mi/min
/—xan
0.05 a <
[ ] o |
/ 600 ml/min

] N

0 0.5 1 1.5 2
Iron, g

Fig. 8 Effect of iron with 2g of tin as accelator orygen
flowrate; 600 ml, and 1000 ml per minutes

L 0.75g F7olk 1.5 & LT L2 M ENMEAE DI, M
MO IEMECHET DUED DB 2 L BN 5 7m0 7013
KT OPE 600ml/min i Uzt 1000mil/ min 7
BEd% 0N RIFREHENES RS L5 Thbe ohb
DIERN DA A v OEECH UTEBIRE & Uit 2 1g
EMEAR2EHR NS Z LI U, F B S U TS 9~
3 HAWTHERTHZ 21T Uiz,
4-2 MBS & FERERK

FRERIIE Y 720 L &AL v F% AN TH B50~T0
BTBBEN IR, 0~10T7 v — P EHEN T D, X v
71T AR AR MR DIRBEBIIANI W B, BRI

MldEW, Fios v 73 TlRL DR RBET 2 DA RSB
LW oD R DIGG R T Do PREERERTIL Table 7

Table 7. Effect of combustion time.
used sample C.

Combustion, SO: removing, S determined,
min min %

2 4 0.052 0.054

3 3 0.054 0.054

4 3 0.054 0.055

5 3 0.055 0.054

RS LD 2~b DITIEA E—REEA1BII, 20D
EEIRPNEEA G2 DB A LD B INHORENDE
FEMII A v 77252 WS Z LT U, F A BRBERENE 3 &
& Ui

4-3 HEBRATRAELOBVEH UEE

R3O 600ml min,  ZABER 3 AT LicHa,
BEER # A & DB HY LB 2~10 ’/}'CM F RN ?%B
Nizo € TREDOFERED & & L FEE3 5B LAEFT
GIf“/f}’CjoE)o \..jfbb@* /le: Table 8 h_/j"é o

Table 8 Effect of SOg removing time.
used sample C.

=

Comlrarilisr;cion, SO» rrennilrfving: S determined,
3 2 0.054 0.055
3 3 0.055 0.054
3 4 0.054 0.054 |
3 5 0.055 0.054 '
3 10 0.053 0.054 1

4-4 FRROFE

SREAR D A A v ORERECIIBREORE Y 200ml/min
LTW5A D &5 545, —fFic 800~1500ml/min % /i~
TWB LOMN% N, Fig. 9 13BEOHHE% 400~1400ml/
min [ FHE L CrEd UciE R ¢ 600ml/min I3 _EoOHHET
PRI S RIFRER Y S, L LFig. 8 B RTCLBHE
DIRBNL A Z AT 024 CH 5 0 ¢ 1000lm /min i FHE4
B Uiz,

4-5 HROMIR LR OREASE

$%
0.06

Sample C

0.05

0.01

0 200 400 600 800 1000 1200 1400
O, flow rate, ml/min

Fig. 9 Effect of oxygen flow rate

— 5 —



Vol 1 No. 4

RN X B = v 7 v ~ SO RS R LU F Y OmRe oW

(2599

=y 7= RESOFENLE X 0.3~0.5mm DHI D A
A bmm DT o7z & FREBOERD & & L FE—
EDRERINE BN FBRAILER O T ER AN
5@#ibﬁ\M%&ﬂinMﬂkﬁmkntam%%
%97} ﬁ)j/bfé:/)‘/)t’.o
4-6 BREELYIR

SRERIT/NEI D vy R [N TLT o fe 3K BV 7 & F o

ferxb R S TRBEREDZENT & Do ¥ 72
sulfur cap VXA Linis o Te SRS OB Tl < &

< & 10~15 2 DFEBH T THBEE Y 5 Z LT E Do
4T S}MAHEH

BB Y (2 0.3~0.5mm) % Smm R B
b%m%b&éo%hﬂﬁm%ivﬁxzk%i%
Th<o ¥t (Fig. 2) wRIUEAE ERS L, v Y RO
BETH., B UHEE LV Yy RiCiigh, AL
U BIRC AN TR Ricod, BBEFERC & D D
%o MEFEOFEH A 1000ml/min i FRETL T 1 7 LERE
WD A BN Lz, FEREED AL v Fu2 A3
BB AL v FHE) Do T DMIRBENIAD & IRET DD
TREOWEL T 5, I BICIFHERT A 7 5B
o S HMBEOEAEKT DB, 2 ;{))ﬁ W TR e
@?TwWM%%L\%%$U~P%W%%%%&1/C
oo KBRALT + U v AT T 5o WIAHIOKIZS &
Ul 2 X% Fi N CaBEDO 2R A TV, KA Lo TA

A v EHRYHEMT %,

[NJI00KEEAL T bV 2 it (mD 4B (D)

= (8

0.016=S (%)
¥ (2) WIEL R UrcEig bakgE (0.1%) 60ml
AL AR (0.00085%) 10ml % iz T H

lz\éo
D) AFvwm—+t 0.2g %7z~ 100ml CEEE L
THW5,

(©) KE{tF + Vv » 4g %7k S00ml e % L, 1000
ml 2 27 7 2 2B LA KERIE/S Y v & ffn
EHIml & N2 72D BB E TH T THD E4,
AT 2 &f}]ﬂhﬁfﬂ:b]) BHo ZOBEWHITEL
106512 5 3 QW/M‘MLT bV A FR A
¥ %o

4-8 BEEFIFCEDHEE QLB

Table 9 W TESEINC L 2HT7EE (2 BIO 5 HTHEON-#)

Table 9. Comparison with electrical resistance heating
furnace method.

Sample . S determined, % ] .
each og High frequency Electrical resistance
combustion method heating furnace method
A 0.010 0.010
B 0.024 0.024
C 0.055 0.053
D 0.007 0.006
E 0.008 0.008
r 0.012 0.013
G 0.018 0.018
H 0.022 0.021
I 0.036 0.036
J 0.039 0.040

L DI L AERE L Ulc 0T, ERARBEREC
& B L DODMENNTE NMERM DD o T2 E IR A E—B L
foo EiEE Al B 510 Cle oW TERIRAEIEEE T
10D I HTAAT o 7ol R 2 €0 0.010, 0.024 s LY
0.056 %% 7% L. o 1ZFNFh 0.0003, 0.0004% & vt 0.000
G%fj;)ofio
4-9 &

ERREER =y v —SRE SO & v DE
B BE Uciis, 3B 28 AW, Bl UTHEk
lg LA x2gani, MEOHELF 1000ml/min & L,
BB L OB A A 7 E OBV LEEEN 3 45T
IFHERDOBBND T & ol F e Z OREFITESIEN
P L 5l L —B Ui,

il

5. AFHEBHEICDONT

S R e ?&%mé&%@ﬂﬁt%ﬁﬁf%é &
ﬁw%nfmaoTwm10m®mm£ﬁmammmmr

Table 10 Time required for determination of carbon

and sulfur,
| Time, min
Electrical resistance
coI;Inlggsgs:? l;ggfc:ﬁod heatﬁgtg&;nac

Sampling 1 min 1

Setting and 1 2

air removing

Preheating — 3
Carbon | Combustion 3 } 20

COzremoving 3

Weighing 1 1

Total 9 %

Sampling 1 1

Setting and 1 )

air removing

Preheating — 3
Sulfur | Combustion 3 } %

SOsremoving 3

Titration 1 1

Total 9 36

WX AR E i Ui b0 T, EEEHUR CIRBEDER
R WTHIZ05, A 4 v DEECRWTHB6S AL LT
DS, COEERREEEER CIIRE, A4V & BRI 5
CHMTIRE TS Do Bl = V7V —fEEDEE LESIK
FolFe X AR Uy AR M AsE e E <L PRSE
SFCHIRBCERATE D 0 L BN %,

X 3

N dedh, BRI A4, 7 (1955), 32.

bl WhE ORI Sk, 44, 247.

R.B. Numema Ker, S. A. Shrader; Anal. Chem., 28
(1956) 1040.

ZI; OGRS AaRE, T (1943), 498

Ky 3 *l*‘f wiE, 8 (1958), 59.

L. P. Repkowitz, W. D. Moak; Anal. Chem., 26 (1954),
1022.
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Corrosion Testing on Condenser Tubes by
Model Condenser at Osaka Power Station (Rep. 1)

by Takemichi Otsu and Shiro Sato.

Using model condenser, a corrosion test has been conducted on condenser tubes since
March 1958 in co-operation with Kansai Electric Company.

Model condenser which was installed at Osaka Power Station (165,000 KW x4) of Kansai
E.Co. used brackish water from the estuary of the Kizu River near Osaka Bay.

Following procedures were taken;

1) Six of each alloy tubes which include aluminium brass, AlbracV, Alumi-Brass? and
109 cupronickel were set in the model condenser on March 1958.

2) Two of the each alloy tubes were taken out on September 1958 and were inspected.

3) Immeadiatly after 2) the new replacement tubes of the same composition were
installed.

4) And then, the deposits of fixed and vibration types were set in some of the tubes
in the model condenser.

Also in some of the tube, inlet end were covered with plastic insert.

5) On September 1959, newly installed tubes along with the originally installed tubes
were taken out and tested.

6) During this period analysis of water were performed.

Following results were obtained ;

1) By the analysis of brackish water:

a) The concentration of sea water was more than eightly percent.

b) Pollution due to NHjz, NOg-, Fett+Fettr, Cu* and organic substances was
prominent.

¢) In summer chlorine demand increased.

d) At ebb-tide chlorine demand increased.

e) Degree of pollution of water has gradually increased towards the end of the
period of this test. The evidence is that biological activity has ceased during
this period.

2) By the inspection of tubes:
a) Corrosion was severe compared with that due to clean sea water.
b) Among four different types of tubes corrosion was most severe in 109
cupronickel.
3) By the inspection of the tubes equipped with deposit:

a) Local corrosion due to fixed type deposit were slight in the originally installed
- and later deposit inserted - tubes and severe in the new ones. This difference
may be due to the fact that on the surface of originally installed tube a protective
film has already been formed when a deposit is inserted but the above phenomenon
was not observed for newly installed tubes.

b) Local corrosion due to the fixed type deposit did not occur at the portion of
contact but around the area of the contact.

¢) Local corrosion due to the vibration type deposit occured severely at the portion
of contact and aluminium brass and Alumi-Brass tubes were perforated.

d) Corrosion due the vibration type deposit might be independent of hardness of
deposit.

4) Insglla’cion of the insert was effective to the protection of the inlet attack, but
some of the tubes suffered corrosion slightly around the end of insert.

D Albrac: Special aluminium brass alloy modified with Si and Sb; patented product

of Sumitomo Light Metal Ind., Ltd. JIS H 3632 BsTF-2 (Spec. for Copper
Alloy Seamless Condenser Tubes)
2 Alumi-Brass: Special alminium brass alloy modified with Ni.
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Table 1 Chemical composition of specimens.

qu|A1[SiiAsISb]NiiFe[Pb}zn1Mn]

A. Aluminium brass | 7.4 2. 1. —[o.0g —| —]o.02 008 R | —
'B. Albrac 780 2.0 0.24 0.05 0.0 — | 0.02 Tr.| R | —
C. Alumi-Brass 78 4 ml_é; - TW T s 0.5 ?(?1 _'Er_ ?j
D. 10% cupronickel '_—-1? Tl‘_: _m-” T m _ﬁ) E— ? F43
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Fig. 1 Situation of Osaka Power Station.
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dom to measure flow 6. Chlorinator

P. Pressure guage

4. Model condenser 5. Triangle

T. Thermometer
Fig. 2 Schematic diagram of model condenser.
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8 : Albrac
D : 10% cupronickel.

A : Aluminium brass
C : Alumi-Brass
Fig. 3 Installation of test tubes in model condenser.
(1st period of test)
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Fig. 4 Variation of quantity (ppm) of chlorine feeded to
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Table 2 Chemical analysis of water used in model condenser from March until September in 1958.

}X_M\D\af\ Mar. 11 Apr. 28 May 29 June 24 July 15 Aug. 6 Sep. 3

 ltems T \,._,“*Eij\ ﬁood] | Ebb |flood |Ebb fiood| |EbD ﬂood} | Ebb |flood] 1Ebb ﬁood[ !Ebb flood| Ebb
1| Water temp. °C. o | o | o |48 14] 14] 20| 20| 20 23 2 18| 18.5] 18 | 27.5] 28.5] 28.5
2| Turbidity, ppm SiO: ‘ T 8] 10| 10] 4|5 23| 22| 11| 10| 8| 9| 3| 3|3
3| pH 75| 7.1 7.1 T 7.9 7.7|7.7|7.9]7.8 75|75 7.5 7.6 7.6 75| 7.4)|7.4|7.4
" 4| Electrical conductivity, mho I T 0. 02800.032]0. 0820, 016)0.028]0. 021
5 | Specific gravity T o 1.0221.021|1..020{1 . 023{1. 020,1..020
6| Palkalinity, ppm as CaCOs 0 0| o |solsoleo 1| 2|2 5| 4| |ololo|w 3|s5|s5]|s8]|s
7| Mealkalinity, ’ 196 | 196 | 194 | 100 | 111 | 111 | 103 | 106 | 107 | 107 | 112 | 115 | 106 | 107 | 109 | 110 | 112 | 109 | 116 | 109 | 110
8| Total hardness, x10° ppm 6.63 6.31] 6.63 3.80 3.67 4.75 R 5.43 5.43) 4.83 5.67| 4.99] 4.93
79| Ca hardness, ppm as CaCO, | 856 | 776 | 803 | T S| || oo sss | 776 | a9 | 775 | 766
10| Mg hardness,  # 5.8 | 5.5 5.8 o - 43| 45| 41| 4.9 42| 4.2
11| Evaporation residue % 317 2.90 3.03 3.0 2.85 2.97 3.33 3.21) | 2.20] 2.56 2.60| 3.17) 8.11] 2.86| 3.17] 2.97| 2.98
12 | Dissolving solid % o 3.08| 2.84) 2.97) 3.32| 3.20 2.29| 2.56| 2.60 3.16| 3.11| 2.86 3.17| 2.97] 2.98
—15; Suspension solid, ppm T 38 40 35, 87120 21.2 156 11.2) 12 14, 161 5.6 HH
| % "1.77) 1.59) 1.56) 1.64) 1.75 1.76) 1.59) 1.49) 1.46) 1.69 1.64 1.22) 1.29| 1.36 1.72 1.72| 1.55| 1.69] 1.57 1.58
15 | Si0s, ppm o T " 63|47 9.0| 55|87 10.2
16| NH., ppm 0.0 0.0 0.0 | 0.08] 0.05 0.05 0.02 0.02 | 0.0 0.05] 0.05| 0.06| 0.06] 0.06
17| NOs-, ppm Tr.| 0.5 0.5 020101} 0|0 [ 0.05| 0.05 0.05| 1 | 05] 0.4
18 | Fe*++Fe***,  ppm 705 1a]| 0.5 0.95 0.8 0.3] 0.3 T oz 0s 0.2105]02] 0.2
19| Carn, ppm o " 170,03 0.04 0.07] 0.05] 0.42 0.12
20 | sutfide, ppm 0.010.0] 0.0 0010000 |00 " 00 00|00 000000
21| S0, % 0.30 0.26 0.3 | | | o0.20 0.21] 0.26] 0.61] 0.55 "1 0.46 0.46 0.46) 0.67| 0.46| 0.63
22| Chlorine demand, ppm 1.6 2.3 2.7 | 2.8 | 2.8 | 2.8|2.9|38.0 32| 1.2|22]|81|38|87|84|41|44|44|44|35|35
23| Oxygen demand, ppm 8.8| 6.5 5.5 T 3.0 38.0] 4.9 34|48 {114 114 114 4.6 | 5.7 | 5.0
24| car, ppm 340 | 310 | 320 440 | 350 | 310 | 320 | 310 | 310
%5 | Mg, x10*  ppm 14| 1.4 1.4 R 11]11]0991.2|1.0] 1.0

Table 3 Chemical analyis of water used in model condenser from October in 1958 until August in 1959.

T T DAt 1 ot Nov. 18 Feb. 9, 59 Apr. 24 Jupe. 8 Aug. 21

T Lems T ———1ide |Flood| Ebb | Flood Ebb | Flood Ebb [Flood| | Ebb (Flood| | Ebb |Flood| EEE
11 Turbidity, ppm SiO: 3 4.0 4 4 6 6 1 15 1130 22
2| oH 7.5 8.0 | 7.9 7.8 7.7 |77 76 |7.8 |71 |78 |73
3| Specific gravity .02 | 1.028) 1.023 O
4| P-alkalinity, ppm as CaCO, I 20 | 20 | o0 s o o of of

M-alkalinity, » 120 111§ 112 108 108 104 102 104 72 106 106
5| Total hardness,x10° ppm 6.5 5.83 | 5.64 T
6 | Evaporation residue % 2.98 3.36 ~3—§)~ 2.94 T T 3.2513.03|2.42 | 1.63 | 1.54
7| Dissolving solid % 2.98 3.36 | 3.30 2.94 - 3.08 | 2.41 | 1.62 | 1.53
8| Suspension solid, ppm 10.0_ Tr| Tr 2 2 49 | 126 66
9| cr, % 1.59 L7 | 167 1.52 1.93 | 1.04| | 1.75 | 1.58 | 1.24 | 0.92 | 0.81
0] S0, % 052 | 0.70 | 0.46 0.26 .2z |02z | |
11| sio., ppm 1.5 4.7 |55 2.4 2.0 | 1.6 1.7 |2.3
12| NH,,  ppm 0.06 0.1 | 0.1 0.1 0.0 [0.0 |20 |15 |20
13| NOs,  ppom 0.5 0.1 | 0.2 0.9 0.1 |03
14| Fe"+Fe™, ppm 0.23 0.10 | 0.52 0.74 0.05 | 0.05 0.40 | 0.70 | 0.45 | 1,12 | 1.12
15| cut, ppm 0.14 0.22 | 0.12 0.04 0.07 | 0.07 0.1 |0.10 | 0.21 | 0.05 | 0.06
16| Chlorine demand, ppm 2.6 14 | 1.7 2.3 3.0 | 3.6 3.0 |32 [2.8 4.8 |3.3
17 | Oxygen demand, ppm 7.7 3.1 2.1 7.0 2.9 2.2 11.6 [9.0 185 9.1
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Table 4 Comparison of analysis of various water.

Kizugawa Kizugawa Water used in model condenser Sea water

P.S. Senbon matsu Range Mean Medium (standard)
Turbidity, ppm 8~30 25.1 3~130 — — —
pH, 7.1~7.3 7.42 7.1~8.0 7.5 7.5 8.0~8.3
Electrical conductivity, - — - — — 23
Specific gravity, 1.007~1.015 — 1.007~1.023 o — 1.02~1.03
P-alkalinity, ppm CaCOj;, as 1} — 0~25 4 1 —
M-alkalinity, ~ 7 72~98 - 72~196 114 108 -
Total hardness, <103 ppm as CaCO, — - 3.67~6.67 — — —
Ca hardness, ppm as CaCO; — - 766~1100 —_ — —
Mg hardness, x10% ppm as CaCQg — — 4.1~5.8 —_ — —
Evaporation residue, % e — 1.42~3.36 2.76 2.97 3.47
Suspension solid, ppm — 27.8 Tr.~130 —_ — —
Cl-, % 0.74~1.43 — 0.80~1.94 1.50 153 1.91
5102, ppm — — 1.6~11.8 — — 0.02~2.7
NH,*, ppm — — 0.0~2.0 0.07 0.08 0.005~0.05
NOsg™, ppm - - 0~1 0.4 0.3 0.003~1.6
Fett+Fet*, ppm - -— 0.05~1.7 0.46 0.33 0.002
Cu*, ppm — — 0.03~0.61 — - 0.005
Sulfide, Ppm e — 0.0 — — -
S04, % - - 0.1~0.7 — e 0.266
Chlorine demand, ppm 3.4~11.0 — 1.2~4.4 — — —_
Oxygen demamd, ppm —_ 5.43 2.1~22 — — —
Catt, ppm — — 260~480 —_ — 403
Mg*, % — - 0.083~0.14 — — 0.128
Table. 4 i3 BBRGR OHIFH & Wiﬁﬁé T el &% AT
=L %btfﬁ&“fﬁ@ﬁb@ﬁﬁ(ﬁ% L DY 5) HIFEEYYR X OWERE
1.0km ¥, Fig. 1 ) & k) Ii%ﬁ?&fﬁﬂﬁkm@ﬁm 1.42~3.36% THMIRAC TR &7 D TEIRHC RIS A

GERERo 1km L5 L IEEORKOERY T L
720
Us LSBT D L i &0 L BB I X o TELD
VEL DS DTk, EfE, rhRE A B Linds o
720
B 1EYT o o TR R E D A OB OREME L ITE L
B3, SN E EER DM PV F T Reigdtry RR I
R BHIe Z LIER DR TH Bo
1 & 3
g 1 R GIL 3 ~23ppm, 4 2 #ICiE 3 ~180ppm T
HAHH, 1AD S BLORIN L BHEEINE
S AR B & IERCAEL S Do
2) pH
7.1~8.0 TH D, WHKCHTPREN,
FHTEFH%E THERRWA, T &R & 5 &5
WO FNLLE N
3 W fﬁ
1.007~1.028 TR L D LR/R& Uy,
4 T NE
Py 0~25ppm,
ppm Tdh B,
PrnsvgrM7vr Y ELOMC3ERBGRIIR DS

M 75y g 72~196

— 7

Yo

6) IREEEY
#HE~130ppm ¢, 1 805 B TEEI/NI WA, |
MR D ERE LA SD Do

RS LATFERERE R A A, SRR I R T
BECIIHDNRN D THA D

T EHEAA

0.80~1.94%C, KL D/NEWBERE N,

8) 7rvE=VILAFV

#1HITH 0.0~0.06ppm Th »72h3, 281k 0.0

~2.0ppm THh 1, BHCSMEDFETRITIIE WMEL R Ui,
9 A A
0.0~1.0ppm T, 1 H®D 5B TIEHEIT/AS WA, AM

RBinbe, KREREALD D,

10) &g 4~

0.05~1.7ppm TEEDHEK L DIEFCARE L, BEkAE
LB SARENL, FEI L AELOKENES
bbb bHo TIIEHTEWEERT,

1) $RA 4 >~
0.03~0.61ppm .,
12) e b W
Wb 0 Th B, 8 2HcilllEed,

BHEDREAR L DIRIEHIT R & v,
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13) HETSRE

1l.2~4dppm CH BN, BRI TELS 2D, 8
ANRERTH 5,

KIEFETE R ClREENC 8 A R A ST EAR
w U TARIMCES U SRS D CHERRIERE LD
EWIHBIHEE LT,

FRTHSEEWMEERR L TND I E L0,

= OflE Fig. 6 wRd,

5 an

//// Ebb-tide
4
3 ///

v
'
[l
’

Chlorine demond

2 -
Flood-tide

Time (August 22, 1959)

Fig. 6 Variation of chlorine demand of brackish water
used in model condenser.

14) BEHEE

2.1~22.0ppm T, 1H®D 5 b oA X 58 k)
oAy, BRI B E KRELERIT B

15) ANy v nAF Y

260~480ppm T, EEEIREKTOSER L DX N
25, SHRTBREIKOEEC LA LD L BEbh b,

16) =72y vnAfa4v

0.083~0.14% T, HEEIIHEKPOGEHEE LD LA EL
M ANITERFIKDEEC L5 D & B b,

T IKBEDFEALDWREEAE ST L THh B

a) FEHLVBTEHD

WRIERENFFEIE

b) MR XDk E 0BT H LD

WRIRE, S A VLTRSS MEY & Do

KFTRE Y, BRERSERNCE <. IR E N
fH% & %o

FIOEEA A v bTEMIE S, BRI E -,

FENKROFIKDIEE A & » & OWIRE T i i r 2
T ¥E YA 1 C b F NN 100ppm BUF & O 500ppm 1)
TChh, —HEEDEKDEREA A ~ £13 19,000ppm,
VIREIY M EL 84,700ppm Tk B,

FEFIKD 2 5 DEREILIEK D LIV D T, 2
DOEEFIFRD LB e B Iz & 35 2 THEK & FRD
REDEEGHEFTH L., TOEESGERDIL 2 AFig 7
@-’B%T‘Z.DO%CO

Fig. 7 2Bk LK OBAEILG & A X80~89% 1 &
BT EDNT D,

— 8

26

24
22
20
18
16
] .
N
12

10

LANMIIINY

8
6
4
2

K
49’ 59 69 79 89 99

1 | \ ! i 1

40 50 60 70 80 90
Range of concentration of sea water, R,

(%3

Fig. 7 Histogram of mixing ratio of sea water and
river water in brackish water used in model
condenser, calculated from water analysis of Cl.~

54 ¥ & &
SEOFR L VAR R o7 Z LITRDHEBETH %o

1) MR LDERTHEDOD b, &kl v, HEE
RKEFXTHO S bTHEECHE e b BAEREY, BIF

EE LR & < 7R Do

2) HMHRERBIEHETHMECHRCENCR - TEAT
%)O

3 TYE=TENRDED LN TS,

4) WA A VB CHFEEL TN B,

0) EEFNRZEIEENTND,

6) (EMRKITEARCFEKRDES Lz b DT, RKOED 5
E&1380% Ll EDBE RS

) KD ED BEIE RSN b 2D B, FEMELR L
JoKTHAHZ LITER S5,

8)  TBEANEAICIEEA Ui\ CoRE R & b ok &
BHHDTHDH I L, BEEREFEOBAT L AFLD
IR TH B,

6. HMEDORE

MEFI334E 9 AL0RB L ON, 344E 9 A 8 HiIm N FNE %
B D RMELTT o0 BT 2RI DNTHAN B,
6.1 £1HHEEEORE
ABOEMECOERIBEIVALIAR H2EKLY
F IR, F8ARLYHIE &L Uiz

%7 B B /ME(m) ) B
A-3% B2 222 7= n I
A-5% H1EE 222 73=v aEEE
B-1% 2@l 2.0 77Ty

B-6% 1l 250 TNTTe s

C-3% H2m%k 250 HETNVITTRE
C-4% H1MmK 250 LEFVITTRE
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D-34%

D-5 %%
6.1.1 &%

25,0 10% % o 7'w=y Ui
25.0 109 %

0, S%)IFEHRTHED

e

L
.

0

Do
R
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e

Photo. 3 Corrosion of aluminium brass tube.
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AT ERC bl o Ttk L T2 A7 -~V TED
nr%b\a HEZAHBEREFEELRELTHBHS b

BT, AT — VIR DE NS D TH oo AT
~;1/7§ SHIEE LT B85 & BL S e i FM’%U“‘T?L'CL\

AN 2T PRI & Ao I AR D o HIl
ﬂmbt%@%%%&%xbﬂ@o%@&@QMT&%%
Photo. 3 iRk d,

BWRENI AT YPTENS R ZT Sivice PRIV A DM
100mm O E L b 300mm o &, H ol 100mm
BT R WTE LY, HEE8 150mm J D sk i id 4Ty

Mark Infet

BN ERREAE Uiy, LR & A 20 v 584
MR BNz
CEp, e, HOEoETH AR L O 5
PIRAFE LU E 2 AU TADE GO, shaRic
7L CHm2 LR OMITAM Lo/ dDD 1 H T
Hho HEXMOBEFHWEIRN A Photo. 4 wird,
B AT ONTHIUE, R SR AR ESF
FFENT IR - CT—Ef e 2D B, & OFE 4 ORI
&U%ﬁ%%%PNM)5LM$0L@WJ%@%@$
7N X A REHEAOBRER ST LD

Out let

Center

A-3

A-5

B-1

B-6

C-3

C-4

D-3

D-4

A

Photo. 5 Corrosion of aluminium brass x13§ [ 3

tube and its cross section.

BN bDERZ NS, TOEADEENRE 2 ¥k %
N ESEFFEMIZFE > T—EHE LA TE LTSS
EMBART, RO EN e & T BIZIE 75 75~ ~2)
HEAI L TELLDEEZBNRNI L bll, 20
BTSN FEEIC R CEURRAR DT LT
Whe

A-5% (55 1H@E

EEIRTLE A-3 4 & R A AREED 2 7 — v
TN Tz,

A = VEREBROE NENC R, A DS & HDE & L
NS Bz, HEOMERINIE L CTFIBTH b,
Af3’”iD%”@ﬁﬁﬁimA¢5VﬂmU&kﬂ%to

-5 A CHIE Photo. 6 wiRd 2 <, MAEHM
otM&#w@bﬂho_@M$mWﬁﬁﬁVm@®

?@:fé%mmwmto
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mml
Photo. 8 Corrosion of Albrac tube.
(8) BBp7NI T RAE

L e e I S AT AR, B 213 A ST BT B o

Photo. 6 Corrosion of aluminium brass
tube and its cross section. 7o PITEBSAIRIVEEE UCH I Ch o722, ADES, o

I SRR RN SRR Bz hRERE/N S 7R

ROMBEIE S BERD BN BED TN D TH 57z,
AEHLFENESD 5 b Helder i U845 o0 T B Ok it
# Photo. 9 4. BWEFEITEW LD TR,

Q@ TNTTyIE

- 1% (3 2 B

A = AR 37 D A
FETn\ o
REHOENTICIZA DT, HocBECIRI AR 2
FHNEDLT, PREITEA EBERZT T o
oo WIENRIE 2N H A DB & HoEic 0.03mm AR EE oMy
(HWEFE) 2B ENH LD EH o7,
‘h%{W’iPh%o?&”T@ e XABESAELTG D

FLTWhznl, ALK

xX13
Pheto. 9 Corrosion of Alumi-Brass tube

and its cross section.
(8 1@mp
e VEIRERIUEAE . BE L RER W,
‘ %@%@W@KMAM%1m~%Mm1@%K%KWL
%13 WA A 20D Fro FRSRTERLE RRRR N AN A 7 B

Photo. 7 porroswn of _Albrac tube and Bk OB A A bty S K Photo. 10 12773
its cross section.

o bHD BN TONRADHEFFIH T HR ALY
1% 0.05mm BELITO LD TH B,

B-67% (35 1@k

Z I = R REIR TR AR & RKEE T

B-6%11B- 1 ki3 ivui, XD UWEEE 20
TWTC, 2ECIFENARZT Bivize L LEDILEN
BN TRR Y Yy - TR DT, MRS B
W&o Tnte, BADETREEIADE L HnEick Wy
TE LD o T2, R CIRIRETH o 7co AL DILTEN I B S Ao s U8 St i A E
¥4 Photo. 8 i, Photo. 10 Corrosion of Alumi-Brass tube.
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N VB R 15 i O Bl AR 4 o0 PRI A2 O T R W A
Photo. 11 @iz . ZE+ 0.imm FLEED A7 0B UMy
H DT,

T R )
X 13
Photo. 11 Corrosion of Alumi-Brass tube

and its cross section.

@) 10%% o7 w=yrvig

D-3% (%2 @)

A = VDEZITA, Bl XOCHE & REER W IRIEY
AL i fal

XA, BRICCHEID o0 L amisil
FENAHE U T iee W, Ot T AnE L Y
BER R DRV, S FEh A 4 U Tz,

A TBITER UL AT & SMIMAFEED B D 2V A
QLI ﬁ%{b/)\oto A WUSEALER 00 PITHT Be OV DR R A
Photo. 12 wird o MDD EAENE 2 A E T
AR BN,

5

X 13
Photo. 12 Corrosion of 109 cupronickel

tube and its cross section.
D-5% (28 18K
Ao = VAREIRIUI A, BER LOCHE &K,
FERNECEIFEIVRREZ Hiv, ADEITERNZE L -
Too BB L W4 % Photo. 13 127R3,

6.1.2

S S 145 PRI S I SR R W |
Photo. 13 Corrosion of 109 cupronickel tube.

ATV L3 i3 ik OB ARG BN DA b H o1,
O N ORI A Photo. 14 iwiR4, = o gk

x13
Phote. 14 Corrosion of 10% cupronickel
tube and its cross section.

G HhT% % o 7 n=y FVEE, TI=Y in"i
GPE, TMT Ty IR BWRT VI T T AT L
LOBWLCBREZT TS X 5T°3’oofco 4’#017@:1%75&‘

ﬁ&bk/ J\ chj;)/)fk—o

n‘ﬁn*& Table. 5 k4,

Table 5 Effect of corrosion on the tensile strength

715

and elongation of test tubes.
(Duration of test: 3822h)

As prepared After the corrosion test/ -
Mark S{fgféﬁy Elongation,] Mark s’{fennsgﬂt?l, Elongation,
ckg/mm? 5 % ckg/mm? 5%
A-3 43.1 55
A 42.0 62 A5 43.9 57
B-1 40.3 6'}——7
B 44.0 o1 B-6 4.7 66
B c3 40.4 58
c 48.1 60 C-4 4.4 57
B D-3 35.0 36
D 3.9 4 D-5 35.2 38
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A, BlsXUCo3HDE 6 AL bEEMARTD b & A5 U TREMER S S D 0 (Cw),

KELRL, BRC LHBHEM Yy, MEDERT LR -THED
TN
UL ULDED IR E DE TR B BIb, &0
EEEDFTE U O BEDOREC L 54D EHEZ BN
bo
6.1.3 A7 —roabi
BN A 7 — v 70T TR AL
IR D FEETITn o 1zo
B 110°C (@ CRpitk, F
PIBNE R SR eb Do BAMI TR TS, HFwHE L, #
BRI T U A RSV E SR L, B DT v U 4 (Si0g2)
HR DT, THHNRITHB < MG, Bk ELE U, Fi{LR
wrpllL, Bt (CuO) & LT Lize mUIET v
= 7RO X kR Lgk (FeoOg) +®(b7 /v I=v o
(AleOg) & UTFER Ui, wEIE7 v 7 VPR CHEIK
Fam L, & CICh Ll otk 4 19
& l/wcﬂ L/f\:o
Srifti By Table 6 @74,
Table 6 Chemical composition of scales formed on
the surface of tubes.

DRELT o100 1L

N

Aluminium . 10%~
brass Albrac Alumi-Brass cupronaickel
A3 | A5 | B1 | B6 | C3|Ca| D3] DS

Ignition loss 16.2 | 14.2 | 19.3| 14.7] 17.3 | 11.3 | 14.2| 14.1

S§i0g 6.5 3.1} 10.0 2.6 3.8 1.9 1.3 1.2
CuO 38.2 | 385.9| 27.1) 82.1| 31.5| 32.5| 88.6| 34.7
Fey03+Al1,05 | 36.6 | 34.2| 32.4 | 32.1| 36.6| 38.0| 35.2| 36.5
Zn0O 1.4 1.8 0.16] 4.1 1.1 1.3 2.8 1.8
Total 83.9 | 87.9| 88.9] 83.5 90.3| 83.0] 92.0] 88.3

B L. #% 800°CTiymh L,

EARIRA(LIESR (ZnO)

gtrvi=vn (Fet+AD Th 5,

TAF (S, W Zn) LEBLUTEELT S, -
12 ROPCREGEE 7V =y AFERTH LT, 7
DRFLG BTN, BORBEL VLT, 7= a
A DO TG ABMNE SN E B biLD,

6.2 2B EOHE

4 oA/
2% 17 & L7zs

~—y ol 7

A1 2 70 3=v IR
Bl TvI=
2 2 TNT T
2L TNTT oy U
5230 W TV I TR
G BTN T R
W2t 10%% 2 T =y ooy
Ela 10%% 2 7e=yrvig

A ORI

(1) 73 =v LR
A-1% (B8 2 B
Mgk A Photo. 15 @ik,
—VTEDLILTE D, ToOtH

CKHE

IO S
B otoo BHEALHD F BIHCLE Ute 27 — 1 ORI
% B LT B DS o 12

%??W%%ﬁi{%ﬁ@%ﬁ;ﬁ;ﬁ%ié@%}%i%EE??? i

Photo. 15 Scale formed on alummuffh brass tube.

— 13 —



(273)

kit serFvay 7y —

ok DHRESE O e

Pei s MR A Photo. 16 12797

RSB BWITEI ST D B, 1&E A EDORS N
FULIRIZ 7R 5 TNy E BRI/ N S e stk BHLIR
£ lmm BUF) OBFEB L0 b, 0RO EAE
FADE 100mm LD ehREIE T TH CFHEELTED,
EFAHMICE > TELTHBE LD LD olce ZDHIRDE
BEROWIRIE Photo. 17 o< T 0, #ATEE YV 1TED T
AR N AR = R (W e

X 16
Pheto. 17 Corrosion of aluminium brass

tube and its cross section.
Z ORI 1T IS o Photo. 5 LI L T\ie,
FZEHR O EFEFmOEERIL A Photo. 18 & —# LT
9o

A-6% (18K

BNTERIOEL A-1% L 155/
MA-1TELDENRDSL
% AR LT,

%ﬁ%@“ﬂﬁm @VVV%“%%E%H%ﬂ\¢%
LU WIENE &
of b\to :@HJL"”“WJ i LEOAEAC % 0.05mm
BEOLD LB ENT, (Photo. 19 )
- A-6

LTHkD,

ThDHH, fkh PG
AT e I

ALI

B

X 16
Photo. 19 Corrosion of aluminium brass

tube and its cross section.

(2) TN Ty I
3% (8 2mE)
"f"m@ VRSB

MROA T ~VTEDNTEY, £
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Mark Inlet Center Out et

A-6

B-5

C-6

D-1
D-6
Photo. 18 Longitudinal cros sections of test tube. (duration of test: March 1958~September 1959, 5,929h) X8
DRBE A-1% 2 IBIFAKR TS o7 h 50~300mm DM IFREE DTS 207 D B bivik
B OEAEIEEEIE  PIRNRRZT billic, & M, FOMOESINEE A EE—TH ol
D5, AR LY 150 ~ 350mm DI s AL PR ORI A DL D 50~300mm 35 L O g X
LTS . S A SR 2 R e UL D D0~250mm OFEFHPICEL7 /< 2RO TR IR
N=E SN ot Nl AR €1 WA o T e SR
Fro ZOT SALRONFENEIL Photo. 20 DA< TH Y, MRS BV T LT olce iiREETIR

HROLLEBENESNDIES LB 10
H i i3 BILFE R oI & Photo. 21 10/Rk9, 12

B-5

ZE 3 0.05mm B TRED LD Th -7,
B-3

Photo. 20 Corrosion of Albrac tube and e X116
its cross section. Photo. 21 .C,orloswn of Albrac tube and
its cross section.
B-5% (5 18 WHIABD BNDRHFE DB LN SO TR 070,
PRI ORI A1 LIRIERETh olce AR X @) HBETNITTRE
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(275) WAL NS N ey

C-1% (38 28%)

FRESBITIEE N A7 = VAR LI, FOE
T A-1 B B IR R Rk O T T A BRI
A7~ v OSEERN S SO REREE
T

PR RO PIFIR A D S & D 100~300mm o 7Py 2%
R R LW N A S TR b . & O Mﬁll
B LD ot ORISR I A EE & B E O ILSEED
VEFAE L \WEECH o 7e 28, B0 BNk “mosaic” Bk
ROB A I LT\ ey = o) “mosaic” BEREH OIS
A% Photo. 22 DIN< ThH, Z OBSATOEY L
’L)UDVC“XOO?LCO

x13
Photo. 22 Corrosion of Alumi-Brass tube
and its cross section.

C-6% (45 1mK)
EREREECHED 27 — i DT e A0 X
B 50~200mm DOFIF e FED id i E = r - v o4
BESHERE L, CoAEREELFE LT,

PR OB A D X D 50~850mm DEiFE N A A
EC BN DB & A T Tl v, 2 0  k o B il
(MIEB) 734 U0z (Photo. 23 £
C-46

x 13
Photo. 23 Corrosion of Alumi-Brass tube

and its cross section.

FOEAEOE X 0.lmm BETCh - - mF O A

VR R SRR T 0 RIS SRR I B & 28 TT LT

HER LB -7,

4y V0% *%a7e=yrvig

D-1% (3 2 &

BHNTNREWEEED 275 ~ i L o> TEbITA Y ~
VDRI TR D & 73:07‘_0 AL, o 2 — v
D FHEFR S U A BLTWDEDNRS oo hd,
%%@X7~W@MW53#&D¢%M< =P Nk

TNT, AT O S A 4 LTz,
RSB OENEIE 2B VIR R ZD B, BT

Au%lmN%mmn@m@mr/%ﬁ%wﬁ&(%ﬂ&)
DEA ISR AZ T Bt T O DB LW

1\%:'“ F Ty FloEARIT L, SIROE A AGE 5 T

\5a:é%wwbﬂtodmmo%%ﬂ

PRt s e s T
x13

Photo. 24 Corrosion of 10% cupronickel
tube and its cross section.

ZOEAEIR BN E T AT 0Imm BB A

éﬂ’bf\z\%) L9 VC“XDOﬁ:o
E O 2D

@mmjﬁmxv~wm¢mrwamtwl)1#
BRI K2 2 < BB v,

A 50~350mm DEIFHD & 7 — v EIEEEN VL 3
LT 2885 & R E OB A A s RE LT 5
oy & Re D, HPLEBEEEE O e, BE g
DO EEHEE D T £ Abhizs, ML TERTH -
7o

%%&@%WTKMA[saﬂ@ﬁfi&%@?ﬁhn
AU JEIR (BEBRR) OMES R 20 B, 2572 DB LV
FH VT TNz, RS, H DR LRV D Ry
L/}(j LTWARETH -7

AT B2 0 JE R O JE Atk Photo. 256 in<d Tk b |
)%ﬁ?:ﬂs@!{iﬁﬂﬂ (HED 7 DIRWGDs, Bk E gL
A WBECH 57

AP OWITE A DD B A e Seif e L OV i b
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xX13
Photo. 25 Corrosion of 109 cupronickel

tube and its cross section.

6.2.2 SlEAER
BlESBR Ok Sy Table. 7 R34, 1ML IZEA Y

Table 7 Results of tensile tests on test tubes.
(Duration of test: 5,929h.)

Mark Tensile strength, Elongation,
o kg/mm? 5 %

Al 42.9 56

A 8 43.9 51

B 3 43.6 56

B 5 41.5 66

C 1 40.8 58

C 6 40.7 56

D1 35.3 38

D 6 35.3 37

R TH olco BIBHA, B, C3FDHE 6 AR LA
BB LT, BUERMY, MY ERTEDL N b o

7oo LWUDEDLIWIMHODETRRZIT Bz, SO
1, B g U TWBEEDORIL L D BT HH BARn

DENRSAEEDRELY I HC LA LD EEZ BN,

6.2.3 R —VDSHT
NE A — IV 75 ¥ CTHIR Lz,
B AR OME %Y Table. 8 R4,

Table 8 Chemical composition of scales formed on

the surface of tubes.

Aluminium
brass
Al | A6

109~

Albrac cupronickel

Alumi-Brass

B3 | B5 | C1 | C6 | D1 | D6

Ignition loss 24.9 26.1] 25.4| 31.5} 23.2| 21.9] 28.2| 30.2
Si0; 5.8 6.0 16.8 4.1 7.4 10.2| 11.9 9.3
Fe:O4 44.1| 41.7| 27.2| 36.1| 385.9| 40.7] 28.7} 28.8
CuO 21.5 | 17.0 25.7| 17.4| 26.2| 23.8) 23.1| 22.3
ZnO 2.1 2.4 2.0 0.9 1.3 1.6 0.7 0.5
Total 97.5 | 93.2| 97.1| 90.0| 94.0| 98.2| 92.6| 9.1

SR R DRI RS & D T\Wb, BRIk
EERTH D ¥ UV B IVCHBNBINBRDWNTINZ,

63 F & &

Bl L 2 [Elop HiHR & o §8 25 D REHE P J5 \ T LR AR
DN/ LIFDODEDHEEATH Do

1 B1EHOFEOHHIE 2BEROE LD SEBENHL
WEETH D, T E O PRI OB DWW C DO EMA A
B EBd B b,

2) A E LB HEIKO A LEE 50~300mm DFFHPN DR
BRELL, COBSFEFMCEAEY R T 21
A DI I AEHKOBERIC LH2BAC L H DL
2 BNDo PRENIE AN £ RGN & H
BHIC B HBEDRAFENRIT bNERETH oo H
LRI DB & RER DI A oD rh MR B D IR & 5200 T
726

3) Fo LA TRIORARE O,
Hiviah T,

4) TNTTy s EEETERCMNEEOEANRAZ
F oA, WIS F OB XN EBRE M s 4
HEER BN o,

5) BT v 7T AERaeEcBRWIENEZT Tk
b, AR &3, RRDBEE bET T,

6) 10% o 7'm=y 7y VEFEE D Q&L 2T
Tk D, BB/ UEic AR TIBEBR) B
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A Study on the High-Temperature Strengths of
Ti—22 Al—22Mn Alloys and Some Commercially Pure Titaniums.

by Seikiti Hukai, Katsuzi Takeuchi and Eiji Tanaka

Titanium and its alloy are widely used as structural materials because of their excellent
corrosion- and heat-resistant properties, but the strengths, especially the fatigue and creep
properties at high-temperatures, are not well studied owing to the fact that titanium is
a comparatively new industrial material. There is a need of knowing their characteristics
under static and dynamic stresses in order to develop and enlarge the high-temperature
services. The authors studied the static tensile properties, hardness values, impact values,
fatigue strengths and creep strengths of Ti-29A1-29Mn alloys and some commercially»
pure titaniums at room- and high-temperatures up to 600°C.

The room- and high-temperatures fatigue tests were conducted on an Ono’s high-
temperature fatigue tester (3,000 rpm) and the fatigue strengths were determined at 107
cycles. The creep tests were carried out using the lever type creep-rupture tester and
the creep strengths were calibrated at 0.02 percent per 1,000 hours.

The high-temperature tensile properties, Vickers hardness and Charpy impact values
of the materials are shown in Fig. 3-9. The yield- and tensile-strengths of Ti-295A1-2%Mn
alloys and commercially pure titaniums decreased remarkably up to 200° and 300°C,
respectively, from the value at room-temperature and they decreased further with increasing
temperature but with smaller rate up to 500°C, and at higher temperature, they decreased
rapidly again. The hardness values of those materials show the same behaviour at high-
temperature. The Charpy impact values increased with temperature and the difference
of impact values between Ti-29§Al1-29%Mn alloy and commercially pure titanium can not
be detected at temperature above 150°C.

The unnotched and notchd (3.0 theoretical stress concentration) fatigue strengths of
Ti-29A1-294Mn alloy decreased remarkably up to 100°C from the values at room-
termperature and they decreased slowly in the range from 150° to 300°C, and in the case
of higher temperature, those values decreased again quickly. The unnotched fatigue
strengths of commercially pure titaniums decreased remarkably with the increasing
temperature up to 200-300°C and they decreased smoothly at higher temperatures. The
higher purity specimen of commercially pure titanium shows lower fatigue strength than
that of lower purity specimen. Those fatigue strengths are shown in Table 3 and Fig. 16,
and the fatigue strength reduction factors of those materials are also shown in Table 5.

In the high-temperature fatigue tests, an unnotched specimens tested at higher stress
levels induced internal heating and the specimen changed their colour due to generated
heat. We detected the temperature of generated heat through the degree of their colouration
of specimen and examined the modified S-N curves as shown in Fig. 20. The internal
heating phenomenon in room-temperature fatigue test, which is recognized in the
experiments of E.D’Appolonia as well as authors, is seen only for unnotched specimen but
not for notched specimen. The high-temperature fatigue tests show the same results as
we mentioned above. The phenomenon of internal heating seems to be associated with
the increase of internal friction, for applied cyclic loading is higher than the static elastic
limit or yield strength at high-temperatures, and titanium and its alloy are of lower thermal
conductivity.

As for the creep properties, the creep strength of Ti-29;A1-29;Mn alloy decreased with
the increasing temperature up to 200°C from the value at room-temperature, but the value
at about 250°C increased, and at higher temperature, decreased again remarkably. The
creep strength of commercially pure titanium tends to have similar tendency at high-

*OREFNS4AR 9 B 14H, HAMBMBESESHBE Y v XYY A RICHEELISDE F LD, HMEO L)L,
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temperatures. Those creep strengths are shown in Fig. 35-36. It is concidered that the
increment of creep strengths at 250°C is owing to the strain aging as stated by W. R.
Kiesel.

In comparing each strength, such as, yield-, unnotched-fatigue- and creep strengths,
the values of fatigue strength of Ti-294A1-2%Mn alloy show lower values from room-
temperature to 400°C than those of other strengths, and at higher temperature range, the
creep strength shows the lowest value compared with other strengths. In the case of
commercially pure titaniums, the values of creep strength show the lowest values in the
whole range of temperature tested.

The authors made the high-temperature stress limit diagram which might be
recomended for the purpose of designing from the experimental results. The endurance
limit diagram (Goodman’s diagram), known so far, has not taken into account the creep
strength, but our new “high-temperature stress limit diagram” has taken into account this
factor and furnishes the limit of the dynamic (fatigue) and static (tensile and creep)

stresses. The diagrams of those materials at different temperatures are shown in Fig. 43-48.
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(1 o - N e

B OB B QR 20 LT EDORE R FER X 5 fzdicid

uﬂb@MH@m T AT D E AL O B IS i

) #51. A UH BT Ulcs
BRI I513 B B A O RIS 1 3 5 MERE AT B At ;
FHRESD S oo 2. BRHEVICRRA S
ffu\ Bk A% e L E.JD’ Appolonia 5536 0N 2
2-1 % =2 &

%bm%“btiéw Mg 2 =9 WMIHEIR TR (W

K2 L) OESRRETTD LHEOBACHESRSAS P TI2%Al2%Mn a4 WF72=v 1 &4
ST ENRD B, LIchio T, HETHRIRLTHEEBRA O EHPIBLOTHEMMT 2 =7 2 LITMF 2= n &
Table 1 Chemical compositions of specimens.

Chemical composition, %

[ark Material
Mark ateria N | o c H AL | Ma | Fe si | i

A ST-A90 (Ti-2%Al1-29Mn alloy) 0.01 0.13 0.02 0.004 2.50 2.05 0.05 0.03 Bal.

B ST-A90 (Ti-29%A1-29Mn alloy) 0.01 0.12 0.01 0.015 1.84 2,00 0.22 0.02 Bal.

¢ | ST-0 (Commercially pure = 0.01 g 0.10 0.03 0.006 - 0.01 0.02 0.01 99.814

ST-60 (Commercially pure = _
D . u titanium) 0.01 0.15 0.01 0.010 0.16 0.02 99,640
ST-60 (Commercially pure . _ - .
B titanium) 0.01 ’ 0.15 0.02 0.006 0.20 0.03 99.584
Table 2 Typical mechanical properties of specimens.
Mechanical properties*®
Size and Elastic Yield Tensile True Reduction | Rockwell |
Mark manufacture Heat treatment limit, strength strength, | breaking | Elongation, of hardness
(0.2%), stress, area,
] kg/mm? kg/mm? kg/mm? kg/mm?* % % (A scale)

A 20mmé¢, forged 730°C, air cooled 47.0 64.5 27.9 101.0 21 43 61

B 15mm¢, forged 730°C, air cooled 54.3 67.4 74.9 97.9 19 — 60

C 20 mmé, forged 700°C, air cooled 9.6 21.9 36.1 - 43 — 40

D 15 mmé¢, forged 700°C, air cooled 21.7 38.1 51.5 75.7 25 51 51

E 20 mme¢. forged 700°C, air cooled 27.6 46.4 57.9 86.7 26 47 54

* Specimen size :
Testing speed : Approximatly 0.5%/min.

2

JIS-Z2241 (Diameter of parallel section is 1dmm ¢ and gauge length is 50 mm).
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Table 3 Fatigue strengths of specimens at high temperatures.
Fatigue strength, kg/mm?*
Mark ’l‘empeO{:ature, Unnotched l Notched
104 108 105 107 ‘ 104 10® 108 107
cycles cycles cycles cycles cycles cycles cycles cycles

20 64.3 49.6 49.5 49.5 36.0 24.5 20.7 19.9

100 55.5 43.5 40.9 39.7 33.0 23.5 19.6 17.8

150 50.7 43.1 40.0 38.2 32.5 22.3 18.6 17.2

A 200 50.6 42.3 38.5 36.3 32.3 21.7 18.2 16.0
250 48.4 41.6 37.0 33.4 30.5 22.4 18.3 16.5

300 43.8 37.9 35.5 34.1 29.0 20.7 15.6 13.4

400 37.0 32.6 28.9 26.0 27.9 16.9 12.1 10.4

500 30.4 24.9 21.9 19.3 23.7 18.7 8.8 6.5

20 21.9 20.8 20.0 20.0 25.7 19.3 15.9 13.7

¢ 100 19.8 16.9 15.7 15.5 23.1 17.4 13.5 11.4
200 18.8 15.5 13.0 12.0 17.4 13.2 10.7 9.4

300 15.7 13.5 11.6 11.0 16.3 11.9 8.9 7.1

20 53.1 41.4 38.8 38.5 33.2 23.7 18.7 17.0

100 39.3 30.7 30.0 30.0 30.5 20.1 15.4 14.1

150 36.2 29.9 29.0 29.0 25.9 18.7 14.4 12.7

E 200 35.5 28.1 25.0 25.0 25.5 18.4 14.0 12.5
250 34.3 27.1 22.0 22.0 24.3 15.8 11.3 9.5

300 28.7 23.2 20.6 20.1 23.3 17.4 13.0 10.5

400 23.0 19.7 17.7 17.1 19.8 4.7 10.9 8.9

500 18.6 15.6 13.9 13.3 16.5 11.3 7.7 6.3

Table 4 Reduction percentages of fatigue strengths.
Reduction percentage,® 2%
Mark Tempgéature, VVVVVVVVVV Unnotched l Notched

08T 108 108 107 } 104 105 100 107
_cycles cycles cycles cycles cycles cycles cycles cycles

100 13.6 12.3 17.3 19.8 8.3 4.1 5.3 10.6

150 21.2 13.2 19.2 22.8 9.8 9.0 10.1 13.6

200 21.3 14.8 22.2 26.7 10.3 11.4 12.1 19.6

A 250 24.7 16.2 25.2 32.5 15.3 8.6 11.6 17.1
300 31.9 23.6 28.3 31.1 19.5 15.5 24.6 32.7

400 42.5 34.2 41.6 47.5 22.5 31.0 41.5 47.7

500 52.7 49.8 55.8 61.0 34.2 44.1 57.5 67.4

100 9.6 18.7 21.5 22.5 10.1 9.8 15.1 16.7

C 200 14.2 25.5 35.0 40.0 32.3 31.6 32.7 31.4
300 28.3 35.1 42.0 45.0 36.5 38.3 44.0 48.2

100 26.0 25.8 22.3 22.1 8.1 15.2 17.7 17.1

150 31.8 27.8 24.9 24.7 22.0 21.1 23.0 25.3

200 33.1 32.1 35.2 35.1 23.2 22.4 25.1 26.5

E 250 35.4 34.5 43.0 42.9 26.8 33.3 39.6 44.1
300 46.0 44.0 46.6 47.8 29.8 26.6 30.5 38.3

400 56.7 52.4 54.1 55.6 40.3 38.0 44.7 47.6

500 65.0 62.3 64.0 65.5 50.3 52.3 58.8 62.9

* Reduction percentages show the fatigue s{:rengths in room temperature (20°C) as 100 percent.

Table 5 Fatigue strength reduction factors at high-

temperatures

of

specimens

theoretical stress concentration.

under

3.0

Temperat Fatigue strength reduction factor

Mark | L TePereC g 105 106 107
cycles cycies cycles cycles

20 1.79 2.02 2.39 2.49

100 1.68 1.85 2.09 2.23

150 1.56 1.93 2,18 2.22

200 1.57 1.95 2.12 2.27

A 250 1.59 1.86 2.02 2.02

300 1.51 1.83 2.27 2.54

400 1.33 1.93 2.39 2.50

500 1.28 1.82 2.49 2.97

20 0.85 1.08 1.26 1.46

100 0.86 0.97 1.16 1.36

C 200 1.08 1.18 1.21 1.28

300 0.96 1.13 1.30 1.55

20 1.60 1.75 2.06 2.27

100 1.29 1.53 1.95 2.18

150 1.40 1.60 2.01 2.28

E 200 1.39 1.53 1.79 2.00

250 1.41 1.72 1.97 2.32

300 1.23 1,33 1.58 1.91

400 1.16 1.34 1.62 1.92

500 1.13 1.38 1.80 2.11

68 sul L 1111 B I A3 A

b4 i Symbol V shows the internal heating

60 sl 41 | phenomenon. (Fig. 12 and 14, ditto) [ 11]]
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Fig. 10 S-N curves of unnotched specimen A.
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Fig. 18 Fatigue strength reduction factors
at 107 cycles of the specimens.
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Table 6 Relations between the temperature and the

colour of specimen E.

Temg%rature, Discolouratin Colour l rl\xlvl.lumn%?alr clalélls%gléa(%?on
20 Non Pilgrim grey N5.5/0 A
100 Non Pilgrim grey NS5.5/0 A
150 Non Pilgrim grey N5.5/0 A
200 Non Pilgrim grey N5.5/0 A
250 Observed [Metallic grey | 2.5Y6.5/1 B
300 Observed |Terrapin grey; 2.5Y5/1 C
350 Observed — 2.5Y4/1 D
400 Observed — 7.5YR4/1 E
500 Observed - 10PB2/3 P
600 Observed — 2.5B6/2.5 G

— 8 —



(292) F k& ¢ B & # October 1960

DEBOFEENREFREL B - X R \WE-E ORISR 3:2:4 S-N i omRic 2>\

H D BB OZBOBIE L 5 5o Fig. 19 BPHREIEY) W72 = v REHEFERIER X D 200°CHIE & Tl K E
To PHRT e 7429 nE it 0L 5 RERNSRET S
: : g, S-N oo x12100°C X b 250°C
2OQC{Unnotched ..... Ll ]\ B 4-_:1..T_3L ..{_-_. LTI s _},_ I_ Y
Notched i—¢ H e RSl T ¥ CIRED S fE->Tile U< 72 9 ,300°C
mooC{Unnotched e R ATRIA N 11T E R L MR 111 - _
. D‘°'°h°d e 3 T % Wi % &l B e BIER D BN Do
o fUnnotched }--- s o1 o3 : s . s
150°C N erenen LR : Gk D SN i XV GE B A
200°c ) Unnotched |- --f- it il a1 3 LG 44 4. 8L 2.5 ] .
I Notched SR —etfe—e : T B & REBEIE B I8 B 2D Bo
2500C{rl31nn°;ctied 4o EI LA R I - s -lg $ e°|—- :
otche: ¢ * -t T 4 . =gy = —_—
3000C{Unﬂ0fched o ___g: L < LL R cI o ) 4e“ 3 3 l'=1/m7 U -jgﬁg
Notched T T clc olEl e o oy 3 ; >
4W%P$&wim_“ : Rl TR LTI 5 7Y~ 7R R O BRI BN
i N h d " F - - — g
M%Pxﬁwif» R :?sﬂ“_% I s FNFENFig 21~341cRd, 7V — 7@l
‘NOtChed u.s Kk 3 ‘: nEo :;<|:§ <G; - 2 348 10 Gz: 36 4 '5‘0 XOj(uu Efy‘ﬁ@]({iﬂﬁﬁ%iﬂi Fig' 35 :!"5 J:U:36‘(Ci:\‘ L/‘
L 1 lil'l!\"‘;’k L 1 III-IIA['W. k] R N L i1 \xhll L i o 7,—4 é_.\ v =
08 104 105 jos 107 3><lxo7 7Y ~ 758 Table 7 (iR o RUBRELEL
Cycles to failure 500°C DBAEFERM & & 500h LINDE
Fig. 19 Discolourations of fatigue tested specimen E. RERIC RS L7z & D% L . v, IRIES

Th 7 ) — THENRNE DR E DT 0.02%/1,000h D

N » - - %l B ¢ )
@ MEOLOELTEESNMRERDDE Te 20 e piieca o oto 1B O RREERIX

DEHEAY, PESE R X E Fig. 20 o8z _ . .
Table 8 1z5% L. $ERic Fig. 37 X088 (& —m:lEi
LD SN EAEBIEDTHS 5o [ SN 7 " C

IR S 105 BRI 5\ T—Bc L, Zhblnic sy, o) ERTo BTRBIRERICOVWTIET 5 L 0¥
CEEEO SN WEATHCEE L TR Y, gEEgy: P50 o WUTE CREbBIRCRD 70 ~ 75
INSWVEBEDBIE PSR Be LiesioT, Fad ey 0:02%/1,000h oA Hin5),

BEEBAR DML 5 2 L H0H Do Tads, FERRE

500°C D34, MNEFEE L= i ik S i g 0kg [mm2
. e Y A [ = 3.0
SIAA, TIVEPIHEFEIA L CL 2 ORENERBE L T
BE S L IR ENLLIT e O TRERF OZ B ISR U 2.5//
WD TR A D v
2.0
62} =
W, IR R IR 1T
58 1 HILHH O . 1.5
54 e
50 fet 207 —— LA 1.0
N . 311 R
46 . q A +HH < | |
_;_oo'c\ Y i e 1 . 0.7 I |
AP 5 T £ 63kgmm?
E gl S = =S = [ 2
K P HTRESYe 1 % 0.6
2 34 > \é‘\\‘%% S E {
R i AN S o 2 /
5 26T = . g o5t /
22 17 i \\V ‘f\_: OA\ e i — w 2 i /
18 A e et ] A 0.4 7
14 # —tw sillled el
10 f i sl
103 04 105 108 107 108 . /
Cycles to failure o2 58kg/mm?
Fig. 20 Modified S-N curves of unnotched specimen E. R [
(4) PIEBFEBI R OB A & RS BRI A NI, o1 55kg/mn?
DIEHH BT 5 2 LT 2 =¥ 1 OEEEEHUE & o _ | ; 1]
N g Y 200 30 40 5 -
LR LD LB BND, Fhbh, ARBRIREC ° S
1 B EE 10T DRESEEL Fig. 3, 5 8 X077 iRk
U7eBHIEIR 2 FRREE & L 2L D b0 X 5 T %o Fig. 2L Creep curves at 20°C of specimen A.

—_— 9 —



Vol..1 No. 4 Ti-294A1-294Mnérdeds X O T Hst7 2 = & 1 ORI B+ 2 ik (293)
Table 7 Creep strengths of specimens. 0.3
Creep strength, kg/mm?
Temperature
Mark
°C 0.05% 0.02% 0.01957
0-19/1,0000| “0%5 0 | 020 | * " Vohoon 48kg[ mm?2
20 63.2 59.8 56.8 55.9
150 — — 44.0 -
A 200 48.2 55.9 41.8 38.5 0.2
250 - - 46.0 - N
300 e — 42.7 35.5 .5 45kg/mm2
20 27.1 24.5 21°1 - 12
150 26.1 23.8 21.0 — =
E 200 21.4 19.6 17.8 17.2 5
250 24.9 2.1 20.2 17.6 oo 40kg/mm?2
300 22.8 21.3 18.6 - ' et
42kg[mm2
2.1 T
50kg/mm?
1.9 0 = —
o] 100 200 300 400 500 600
Time, h
1.7 Fig. 24 Creep curves at 250°C of specimen A.
0.9 | |
< [ 0.50 ]
s 45kg [mm2 35kg [ mm?
§ 08 0.40 %
“ 130kg/ mm=
5 0.7 —
203 50kg [ mm2 0-30
N 0.20
0.2 44.5kg[mm? <08 '
0.1 L | @ 47kg | mm? I
’ 40kg[mm?2 < 0.16 —
° Vam
0 L S —
0 100 200 300 400 500 &0 914 Okgfmm
Time, h
Fig. 22 Creep curves at 150°C of specimen A. 0.12
0.10 - -
1.6 0 100 200 300 400 500 600
. I [ Time, h
1 T
15 45kg ] mm? Fig. 25 Creep curves at 300°C of specimen A,
/ 3.6
1.4 4
/| 3.2,
/ ‘ 6kg/mm?2
1.3
2.8 //
5 2 Vad
J2 Okg /mm 4
R , © 24
~ 2
R P 40klg/mml . /
S £ A
a P—— 42kg[mm?2 E 2.0 /
5 1.0 i
kS [ T 16 )4 -
0.9 < //
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' /
35kg/mm?2 0.4
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Time, h Time, h

Fig. 23 Creep curves at 200°C of specimen A.

Fig. 26 Creep curves at 500°C of specimen A.
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Table 8 Results of creep-rupture tests at 500°C of specimens.
Mark Stress Instantaneous| Time, h Elongation,
kg/mm? stram”}” 0.1% 0.5% 19 I 2 % 5 9% 10% Rupture %
29 1.156 — — — — 0.08 0.2 0.3 24.2
20 0.316 — 0.13 0.5 1.2 3.8 5.8 15.2 43.6
A 15 0.029 - 5.6 8.5 13.7 25.5 37.0 5.3 39.7
12 0.024 11.3 35.0 47.5 64.5 84.0 99.5 138.1 41.0
17 6.922 — — — — — 0.09 0.7 29.8
15 2.024 — - — - 0.56 1.1 1.5 22.6
E 10 0.078 0.1 2.4 4.4 6.9 13.0 22.0 26.2 85.2
8 0.014 0.6 4.3 9.0 18.0 35.0 48.0 70.0 35.0
6 0.041 0.9 14.0 29.0 52.0 115.0 181.0 224.5 37.7
8 L
45 T 30kg/mm?
Stressi; 20kg/mm? Stress; 12kgjmm? 14
Timo ¢ 15.2 h Timo : 138,1 h /
Elong : 43.8% Elong : 41.0% /
40, 10
s s kg
Elong : 37,197 b ~
35 yd
|  f
/ R
30 S0
| :
R G
S / _ 09
= B Sivmss: 29kg[mm? i g
52 fomie e s
k7 0.8 - :
K . / Va 21kg/mm2
2 20 I / 0.7
| /
15
] /
0 150 300 450 600 750 200
10 / Time ,h
, / / Fig. 29 Creep curves at 150°C of specimen E.
l / 10T
8 : / ;
| J 09
) 9
. mm
9‘ / / 13 23\49”_’_//
0 05 25 50 75 100 125 150 I
Time, h
0.7
Fig. 27 Creep curves at 500°C of specimen A. N ¥
£0%
g
06 ?
- 0.5
1 2
05 k) ]Skg(mmz
© 2 0.4 :
© 28kg[mme T P 20kg [ mm?2
< 0.4 F—— 22kg [ mm2 0.3
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K 03 24kg [ mm 0.2
2 16.5kg/mm2
0.2 .
0.1 7
0.1 .
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Fig. 28 Creep curves at 20°C of specimen E.

Fig. 30 Creep curves at 200°C of specimen E.
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Fig. 31 Creep curves at 250°C of specimen E. Fig. 33 Creep curves at 500°C of specimenfE.
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Fig. 32 Creep curves at 300°C of specimen E.

Fig. 34 Creep curves at 500°C of specimen E,
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Fig. 35 Minimum creep rate curves of specimen A. at 500°C of specimen E.
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Fig. 36 Minimum creep rate curves of specimen E.
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Wiz Table 1 L WFIH LcEMRBIOETSH D, MEELL
Wt A&7 AEHEERRNEBRBICWTHEL RS
RO BN ZOERE T ANEAELIzE LT
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5 LD HASHTOEE BRI 2 0RO T DR
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Table 9 Gas contents of specimen after creep tests.

: Amount of gas in
Mark Tempceé”ature, Ifg‘c;;ss{z g;gé;ogegtf' specimen, %
h N | o ] H
20+ - - 0.010 | 0.130 | 0.004
45 452 0.013 | 0.132 | 0.004
200 " 407 0.014 | 0.113 0.003
40 501 0.014 | 0.113] 0.003
A 48 503 0.013 | 0.113 | 0.004
250 15 503 0.013 | 0.114 | 0.004
a2 503 0.013 | 0.116 | 0.004
40 502 0.015 | 0.103 | 0.003
500 4 505 0.016 | 0.135| 0.003
20% — — 0.010 | 0.150 | 0.006
23 502 0.012 | 0.152| 0.005
200 20 500 0.012 | 0.141| 0.005
18 503 0.011 | 0.118] 0.005
E 26 509 0.011 | 0.152 | 0.006
23 342 0.012 | 0.173| 0.006
250 21 503 0.011| 0.155| 0.006
19 500 0.012 | 0.131] 0.005
500 3 504 0.011] 0.193 | 0.006

# Amounts of gas show the typical valves before the tests.
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Table 10 High-temperature strengths of specimens.

- Tensile properties Fatigue (sl‘gx;egyg'cc%&)kg/mmﬂ Creep strength, kg/mm?
emperature, . Yield s
Mark °C Elastic Tensile - Ie te=
limit, strength strength, Unnotched Notched Creep rate= reefi rare
kg/mm? I@g%iﬂ kg/mm? - 0.1%/1,000h 0.0295/1,000h
20 47.0 64.5 72.9 49.5 19.9 63.2 56.8
100 (39.2) 52.8 63.6 39.7 ws e
150 31.0) 45.8 58.6 38.2 17.2 48.2 44.0
A 200 (29.1) 41.8 54.7 36.3 16.0 41.8
250 (28.5) 38.7 52.1 33.4 16.5 - 46.0
300 (25.6) 36.5 49.5 34.1 13.4 — 42.7
400 (21.6) 32.1 45.0 26.0 10.4 - -
500 (16.3) 29.1 39.6 19.8 6.5 { - -
20 9.6 21.9 36.1 20.0 18.7 - .
c 100 (8.6) 19.9 28.9 15.5 11.4 -
200 4.0 10.9 18.5 12.0 9.4 - -
300 (2.8) 6.4 14.4 11.0 7.1 e -
20 27.6 46.4 57.9 38.5 17.0 27.1 21.1
100 (26.6) 34.7 49.5 30.0 14.1 - -
150 (21.7) 30.6 43.4 29.0 12.7 16.1 21.0
B 200 (14.0) 24.7 36.6 25.0 12.5 21.4 17.8
250 (18.7) 22.3 33.8 22.0 9.5 24.9 20.2
300 (10.2) 18.6 28.6 20.1 10.5 22.8 18.6
400 C9.0) 16.5 23.2 17.1 8.9 e R
500 7.8 15.1 20.2 13.3 6.3 — -
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