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HIGH 5TRENGTH II-III REPORT.

Goro Kozso, K’cm-z Kusumozo and Masuo Yata.

'SYNOPSIS : —Effects of the addition of Ni, Fe, Mn, Zn, Cd, Co, Cr, Sb Ti and W on thé mecha.mcal
and chemical properties of two- -phase aluminium-bronzes was examined. It was confirimed that nickel'i is

not hecessarily indispensable element to improve the properties of the two-phase alummlum-bronze, .

since the presence of nickel in excess of 2% raised the proof stress and hardness, but decreased the '

ductility remarkably and 1mparted an almost negligible éffect on the corrosion-resistance. - .
. As the 1esult of the study on Cu-Al-Fe-Mn series alloys, a new alloy «“ HB-5 ” was developed, the
properues of ‘which are as follows:
(1) Chemical composition : Al 10°5; Fe 4 ; Mn 4; Zn lmax-,

; Cr 059% max:; Cu balance.

€)) Physmal properties: Specific gravity 7 28 ; coeﬁiment of thermal expansion (20~200°C.) 191

;/\"’ x10-5; Youngs modulus 11,360 kg/mm? ;
(3) Mechamcal properties :

electrical conductivity (Cu 100%) 5'5%:

Yield Point -Tensile Elongation Brinell Charpy Im- Fatigue
02%)D Strength  (60mm) Hardness pact Energy Limit (107)
o kglinm? kg/mm? % (10/1,000) = Ekgmfom? &g f1nm*
7 Rolled or extruded rod - ’ - N ok :
£ CA12-100mm 5 (Heat troatedy 55~107  88~117 15~5  200~275  25~07 270
i. . Rolled sheet(1" 5mrn thick.) e . . _ — S . -
‘/ (Heat treated) 585 950 . 100 o o
) ' Chill cast bar. (As cast) 270 913 - 130 180 — —

Hes, microstructure and X-ray intereference ring of extruded aluminum bronze rods (47 10° 5,9 and
- 1179 were also examined. It was concluded that the hardemng or softening of the two-phase alu-
mmum-bronze is due to the séparation of «-from B, or to the decomposition of 8 into «+3, or to
combination of both changes. 1t should be noted, however, that the mechanical properties of these
. alloys with apprommately eutectoid composition varies to a considerable. extent with a minor variation
in ﬁhc alummum content, rate of cooling, the mass of specimen, -efc. The difficulties encuntered with
the commercm} Heoat treatment ~of these alloys are,ptesumably due to the abovementioned ev1dences
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‘EEﬁ"ects ‘of quenching and tempenng treatment on the hardness, Charpy Impact value, tensile proper-
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SAICET 5 Ni OFRIRRBNCLEL O TR, B
B Fe, Zn R CREES ML XHHERL, X Mn
OEFANC & o THEF UG T 2% BIXH T Ni Ok &
HELLAEWLD LTRSS,

# 1 % Mechanical Propert'es of “ Aluminium-Bronze”

Containing Nz, Fe, Mn or Zn.
A. 33% Cold roled Sheet, Imm thick.

@ Ni gZ7r =9 2FMOME, HFclEREiraT
DR E BT D, i Chemical Composition% ‘ Yield H Tensile 'Elongafionl
' : ‘Point(0°29%); Strength | (50mm)
@ Mn F¥E8T IS8 CBFE E B LA . Cu| Al | Ni| Fe|Mn|2Zn| kglmm* | kgjmm? %
3 hJ i
® Fe, Zn & Ni KRWTHEYHET. MLT Fe “lRem| 9| —|—|—|— 650 71'3 18
: ' v vl 1| ——=|~| 55 823 | 105 |
B ET S LA THESTH D08 Zn ik Ni A el I W e 77°0 834 9
: 4 v o |l—|—=| 1]|— 657 745 | 15 1
L ARE YT 5. v === 1 65'5 726 15 ,
. ' A v v | 1| 1| —]|— 794 850 75 |
@ Ni OFMEERCHAG 2IEREY #F L (KT vle b= 1|— 755 804 no
: : vl 1l ——|1 740 800 105
5. o 72— 1 1= 745 80'7 12'5
J p . ) - vl =] 1]—]|1 76'5 818 9
® LEDO Zn RRRERGEKEEBFAZ S LT P PR O R A 785 | 805 g
L/ = '. hd K4 - * | X O
® saksacr Fo sROERC2% 8o Ne [, | g B8 @ 8
g - . v |1 —| 1] 1 785 | 830 7
YRR EED 5 slo—| 1| 1] 1] 0 | 828 8
i [ 1 11 11 1 866 | 93'5 56
EN LU EORREFRLTERT 2L, THI=vaF : i
B. 1'Smm Sheet, Hot rolled at 750°C.
Chemical Composition, % 1 As Hot rolled Quenched fromaf 5305"3202‘“‘1 Tempered
] Yield Poi-| Tensile | Elonga- | Vickers |Yield Poi-/ Tensile | Elonga- | Vickers
Cu | Al | N Fe | Mn | Zn |nt (02%) Strength | tion Hardness nt (02%))| Strength | tion Hardness
: o : 0 - kgtmm® - hgimmd-] - % - | —Qongd—| kgimm® | kgjmm?| 9 | (10x0)_
Rem.| 10 — — — —_ 763 850 8 ‘ 99'5 64°1 841 14 99
k4 4 —- 1 — — 79°56 892 7 1005 35'6 731 T4 985
v 4 1 — — . — 449 806 17 96 636 742 15 98
4 “ — — -1 — 738 879 105 1005 650 |. 782 5 -105
4 4 — — - 1 360 727 24'5 90 681 - 758 15 C 104
4 4 —_ 2 — — 743 917 6 99 528 646 2 97
4 4 — 3 — — 566 842 17°5 97 478 793 85 98
7. 4 1 1 — —_ 558 888 17 100 492 802 65 96
v 1 R 51'5 890 17 100 46'3 816 12 97
v 4 —_ 1 1 — 702 871 12 100 502 81'3 5 104
v — 3 1 — 445 86'7 20 96 47'2 78'5 14 102
7 4 — 1 — 1 407 886 21 93'5 622 820 15 106
4 7 1 1 1 — . 360 820 16 96 816 834 1 104
4 4 1 3 L 582 914 85 101 78'6 824 15 104
4 v 1 1| — 1 424 . 877 14 98 787 840 05 95
v ” 1 1 T 1] 851 894 15 97 811 857 1 111
LU R B | 3. 1 ; 1 443 90°2 — 98 1006 862 05 110
C. d 15zm Rod, Rolled at 800°C.
Chemical Composition, % As Tolled | Quenched from 800'Cl and Tempered
i S Yield Poi-| Tensile | Elonga- | Vickers Yield Poi-| Tensile | Elonga- | Vickers
Cu | Al | Ni Fe | Mn | Zn int (0'2%)| Strength | tion Hardness ‘nt (0°2%)| Strength | tion Hardness
- | Lgfmm® | kglinm? % (10xg) Lgfmm?® | kglmin® % (10xg)
Rem. 10 | — , — | — . — ' 265 615 ; 29 210- 28'6 65'1 22 200 -
p - 3 | — 1 — 35 708 25 219 300 733 26 191
vy vy 2= - w2 766 o2 246 66'5 795 274
v 1 2 1 — 2 72 | 25 231 40°0 750 boo232
! | Lo I . H | l
A 1] 2 ; 1 IH 1y 255 | 695 i 13 T 555 0L T 212
— i R - ] J ]
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D. Y'5mm Sheet, Hot rolled at 800°C.
- N ! :
. Chemical Composition, 2% Annealing | Yield Point| Tensile I Elongation i Vickers
- Temperature, 02%) Strength . o Hardness
Cu Al N Fe Mn | Zn °C kegfmm? kglmmn? % (10xg)
Rem. 1101 — — — — 350 54'0 833 4'5 265
4 1103 — 098 — — 400 632 910 4'5 260
K4 11'04 — 208 — —_ ” 605 895 30 275 R
4 10°99 — 304 —_ — 4 T 64'8 © 939 30 - 268
7| 104 — | 408 — — 4 678 1084 20 275
7 1106 — — 0'95 — 350 52'5 83'5 35 253
K4 ‘1112 — — 1'92° — 7 525 692 20 256
4 11-11 — — 2'80 —_ 7 62'4 69'8 20 266
v 1136 — — 372 — 4 590 694 30 " 266
4 10°89 106 — — — 400 851 970 10 294
” 11'16 1'91 — — — ” 895 . 924 05 304
v | 10°37 309 — —_ — 4 578 94°9 40 259
4 1091 406 :—- — — ” 582 - 957 30 268
7 1119 — —_ — 053 400 - 740 887 15 270
4 1133 — — —_ 108 4 76'}4 86'5 10 285
” 1121 — — — | 212 v ? 820(?) 0 289
4 11'95 — — 270 4 ? ? ? 330
E. d 15mm Rod, Hot rolled at 800°C
Chernical Composition, % As rolled Anneated at 350°C Qué’i‘JgEJechrfégn;wS%%_ogcand
\ I Yield |[Tensile Vickers| Yield [Tensile Vickers| ~: Tensile Vickers|
‘ ) 2 3 Elon- P Elon- Yield Elon- ‘
N Point | Stren- | ‘5" Hard- | Point | Stren-| *::° |Hard- : Stren- .| Hard-
Cu| Al Ni| FeiMn| Zn 2% ath gz_lg/mnness 029" gch,atlon ness kP(/)g;qI;;;a gbhgagon ness
kglmm?® | kgfmm? 0 | (10xg) | kg/mm? | kgjmm? o | (10&) g | kg/mm? 0 | (10xg)
Rem.| 11 | —| —}'— | — 24'5 5671 12 - 217 30°0 578 10 927 650 67'7. 3 252
v 1Y = 3| —|— 382 730 | .20 210 395- 734 19 212 300 712 20 180
4 v 1 2| — | — | 292 705 11 252 355 75'4 11 266 86'6 866 0 - 285
v 7 1y 2| 1|— 280 739 | 12 252 84’57 . 7338 85 ‘251 690 73'4 282
v I} 201 1 305 586 45 268 378 583 2 284 )65'0 682 304
& 2 % Corrosion Test on “ Aluminium-Bronze ” Shéet,
Containing Ni, Fe, Mn, Zn, B
= Chemical Composition, % - Weight Loss
‘1 e 10% H,S0, 5% HCI Salt-Spray, .
‘ 7i 1
| Cu Al i Fe Mn Zn 23aays, 20°C 5nrs, 100°C 15aays, 20°C | 5Sars, 100°C 30dag;', /?,;7‘220 C
‘ mg/cm® mgjem?lhy mgjem? mafem?/hy 19/
|
i 8899 1101 — — — — 0-95 0042 110 0032 180
l 87°99 1103 — 098 — — 100 0'021 123 0°078 1'95 .
. 86'88 1104 = 208 — — 112 0019 165 0°098 2'66
. 8597 1099 — 304 — — 115 0025 112 0-029 2°78
| 8488 11°04 — 408 — — 122 0032 124 0'043 249
87°99 | 1106 - — | 095 — 1'02 0'038 085 0'046 2:84-
. 86°96 11'12 — — 192 1 — 106 0015 0'86 0045 373
" 8609 1111 — — 280 — 117 0043 122 0°098 418
- 8492 11°36 — — 372 — 120 0061 129 0141 4'46
| 8807, | 1087 106 — — —_ 105 0031 - 87°20 0-021 2:43
| 8693 11'16 191 — — — 123 0042 93'60 0038 2'95
| 86'54 1037 309 - — — 147 0029 74’5 0029 311
1 8503 1091 406 — — — i 125 0°051 ! 46'6 0044 260
i 8828 11°19 — — —_ 053 097 0022 ! 066 0032 150
| 8759 11-33 — —_ — 108 098 0042 084 0061 214
8667 | 1121 — - — | 212 108 0037 093 0080 221
8535 1195 — — — 270 146 0029 107 0090 430
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=1 Effect of Ni, Fe, Mn, Zn, on Tensile Properties
of 99 Al-Cw Alloy Sheet (33% Reduction Imm thick)
O Tensile Strength, kg/mn® N k:. . ﬁz Effect of Jl[i, F(.’, ﬂ[‘i’lv, Z‘TL, on Tensile
.- . e y103s = .-
Vield Point, (027 &gfmnt < S Propertiés of 11% Al-Cu Alloy Sheet (Hot Rolled at
| ®  Elongation {50 mnt), 2 = & .
kg/mm? s 8 ¢ & 800°C and Annealed at 350~400°C 15mm thick)
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- . .o 1050i— 402 383 056 — 016 "
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107 H 80, S5 He
20days at 18C J4days at 18°C
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100°C{mg/cniihr x10) (2077 Necl)30 days.
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%3 Resuts of corrosion Tests on 119 Al~Cu Alloy sheet Gontainihg Ni, Fe, Mn, Zn

(}‘:'};

majcni (3—B)BZHC .
. lOOAO' (15days at Room Temperature)
/‘i\ N
mglcm’ (3-A)10% H;S0, 800 ™~ :
5" . (23 days at Room Temperature) ) . - .
15} 600} , (3—C)Salt —Spray Test
g x mgjem (30days at R Temperat
14] 400! o~ 50k ¥s @ oom Temperature)
13 20; - —
. 1 # _ e T
12 , 18 40F -7
9 g o
in 2 16 , S
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0 1 2 3 4 0 1 -z 3 4 0 AL 2 3 4
Added Metals, % - ) (‘@4\/}7 dded ﬁlg’gls 2% e G ¢9» Y Added Metals, % o
2 o

%4 Micro Structure of Alurbinidfin Bronze Sheet g

= e >y
ugnche((i from 858‘56( %100 x 0675

1. Al 10%, Cu Rem
5. Al 10, Fe 1%

9. AL 10, NMi 1, Mn 1%
13. Al 119%, Cu Rem
17. Al 11, Mn 1%

. Al 10, Fe 2%
. AL 10, Zn 1%
10, A710, Nil, Fel, Mn1%
14. Al 11, Fe 2% ‘
18 Al 11, Ni 1, Fe 1,

* Mn 1, Zn 1%

» o

8. A1 10, Vi 1%
7. A1 10, Fe 1, Mn 1%
11. A7 10, Fe 1, Zn 1%
15. A1 11, Ni 1%
19. Al 11, Zn 1%

— 31 —

‘4, Al 10, Mn 1%

8. Al 10, Mn 1, Z7n 1%

12. A{10,Ni1,Fel, Mnl,Znl

16. Ail1, N1, Fel, Mn1%

20 Al 11, Ni 1, Fe 3,
*Mn 1, Zn 1%
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-1w2003mqms¢msoo;msoo9w T R v R R R F ¢ 9§ -8 §  § % u
Temperatare °C Temperatare ¢ Maximum Stress, kg/mm’
W, T4, Cd: #spatEc bt bk EREER
7 ’
* 5 |
Tensile Properties and Compressibility of
\ “HB-5" Alloy at Elevated Temperature Co: D K{EFI &ﬂ'ﬂxj’ﬁﬂ}'l@ﬁ&_ %Eﬂ)’i & Lir.
9/mm?
B - Si: BEEERETHE L BELET.
100 Sb . HSTHE FRNT USEBIET  Ee T
o G B IEEEEM: & RIFA D L
8oy Cr: 0'5% LAFORMEBM: ¥ FESFCRELE LA
70
o ; L < E T
% %5@mmﬂwﬁm@@—@%TT
. 40t : .
ol IIL %7 N5 =478 “HB-5” OitgE
? . A EEOESERORE L LTHRBED b DIk L
10¢°
i . T, 2Nt ¥ 82 LTI =Y 2FMTH 5. B
0 100 200 300 400 500 600 700 800 90D
Teerators ¢ TR RAE ORI E LT 3.
Wic 8~129% AlCu a&ic 8% LLTo Ni, Fe, Mn, ?‘ 8 3 \Castlng of “HB-5" Alloi
Zn FEBERESEEAETRM LS b THRER L 5
T
Al . Fe Mn  Cu
11% 4% 4% B
RAD b OIS TEFH A SEBRNEE Y ET BT & ¥4
7z.

2. HtbOFMERDE Z MTESR RO Al1L
9, Fe 4%, Mn4%, Cu AL vEREL L, Zic 2%
LFo W, Cd, Si, Co, Cr, Sb, Ti ®7inL TR
BRI LB B T B R R L, RO E
B E T e

“ HB—5 Pourmg “ 9%7;Sn-‘0u » Pouriné “HB-5" Pouring
Temperature Temperature Temperoature
1,150°C 1,150°C 1,100°C

106 104 10"
Nurpber of Cycle for Failure

2x10"
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i - [ Yield Point |l Tensile - Elongatlion - Brinell Charpy Impact.! Fatigue Limit |

: , 2% . Strength B0mm) Hardness | Energy Qe

{j ’ Lafman® - - kgfmm? % (10/1,000) - | kgmfem? Lgrmm? |
Rolled Bar(d12-100 |- po 100 88~117

mm) (Heat treated)

5~15 | 200~275 21~6'7 " 270

" | Rolied Sheet(1'omm

thick) . B85 j 950 100 - - -
(Heat hewt)d) ,

Chill (%Stcfsatf) 27 913 130 180 — T -

i ’ - T - T i

(1) RS 5.

A% Fe% Mn¥% Zn% Cr% Cu
10~11 8~5 - 3~5 05~1 <05 Rem.
(2) 4ERAEMEE (3F 6 BE2)
Specific Melting  Coef. of Thermal Young's Electric

Gravity Point °C Exransion(20-200°C) Modu'us Conductivity
Lgfmm® (Cu=100%)

" . 728 1,010-1,040 191x 10— 11,360 55

(3) iemtEE (5% 6 E2M)

(4) BmiEbiRE % 7 BoRes %rﬁﬁéﬁ 2 (15
i BR) BIESEEAER (4 10mm Sxgs#be) DFARICHR T
5%, AALR 600~900°C DI % B BEC
THMLT Bz Lastizl a8 700~750°C e T+

BT EBRLBFMNTH

(5) & AMBETALI=Y2FRL—HETH 0D
R ke CEIAER 2716%) bRF {, HBEEER
W BT B ARSI b B S5 7 A < L LT
SEREAS 5 LEFD (5 S BRI,

®£3Ix ‘I:ensile Properties of *“ HB-5" Cast Bar.

(6) Mpgmp: % IV i asm, AAed
O BEMTOF/IBBAMRBC TERIENZHEER
Th BHBREDE AR .

@ R,EKQﬁﬁ%Dé%ﬁxﬁd%ﬁ%ﬁﬁké

' ﬁ%ﬁ,ﬁgm@%ﬁ%&gﬁﬂﬁi%faﬁmﬁ
b3 | ‘

® %BK%K@E@EE&@&&%%«%%&K@
CEE OB TEA, BRYETLESD 3.

@ TILT, b, BE, BEMOKIELERT S
LAGEIE 600~T00°C I b A% 300~850°C
CTHRLT 52 & 2R OVERLT 3.

®£9 Wear Test /72” ’

Chill Cast - Sand Cast
As Cast ﬁf %gg‘ggd As Cast ‘3{? ggglgd
Yj%;}bﬁ:ﬁ?" 260 | 307 292 300
TensfleSwevgth | 906 | ors | sz | 936
Teongation 180 [ 100 40 100
Hardness B.H.N.178 B.H.N.203iV.H.N. 256/ V.H.N.251

® 3% 3 AERET (30%x40X 200mm) ERYE (45 20
mm AHE) ¥ HAOTEEY AHOFBERBREO—FITH

Phosphor Bronze HB-5 Alloy HB-3 Al oy (NG 259%)

(7) e 7227 — R Y A L 1301
NisOr e #F&L LT, A44, “HB3” 4% (4l
105, Ni2'5, Fe3'5, Mn19%, Cusi) R4 (Sn

, PO29%) ik T BEFE 1 & FLBGERER ¥ B i, EREFE
jﬁﬁf%%%&ikim%ﬁﬁﬁ%@ D ARBEZINICRE Ni &

At “HB3" 4esRkbLrctrBok. HIER
ﬁi5m8ﬁ%&@ %&@ﬁ%JO%ﬁ%xT%OTé

2 4 & Corrosion Tests on Aluminium-Bronze * Sheets.

Chemical Compos tion, % | 109 H.S0, 5% FHC! (‘232}(;83};%)

O | v | mi | e || g | e T | O et | it | i | e
Rem.| 1037 219 412 o074 —| <| 19 o021 876 0308 336
s |z =| 412 seg o052 — 182 0032 295 0956 £70
| e~ a1g 379 0w ?303 955 cor | ews 0241 502
7 | 1050 —| 4oz 383 056 016 162 ~ 212 0320 348

o T — 83—
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544 & L $ ﬁa:
2%, ASERAH TR T S E TR RS RO

(8) it ¥ IR AR 5 EicRe Basam ¢ N4
FebTri=v s FRLD D BL ARALOENETH
3. B 4RCHRBREEO—FEHBE.

() Niog® Ni ¥t aET7L 3 =7 4 FHH
DRI SRS LB T oML T 5 T & BB 1
H7etn { TH 595, RESK Nt ¥EIN LT L REOR
Binn %65%% “HB-5" 44w 3% LT Ni
KR B O HER ORI E £ R 3 b DTH 3.

#£5 i Influence of Ni on the Mechanical
Properties of “HB-5" Alloy

i. Chemical Composition -
Alloys. Ch

No. Al Fe Mn Zn Ni(%)
1 80118 . 1104 448 380 . 050 0
2 - 7986 11°32 398 376 046 062
3 7953 1108 420 360 . 057 102
4 7907 11°06 412 320 054 2'01
5 7797 1110 412 328 055 298

ii. Mechanica!l Pfoperty

Allo4 o ]S?Ex?ld Tensile Elonga- Elgfders
Y5 Condition >26c) Strength  tion

No. (0 2,/()) T / me y ness

Lglnme ©9M 0 (10%g)
1 As Extruded 302 " - 1158 14 232
2 o 324 1180 10 234
3 7 373 116'6 10 245
4 K4 413 1092 8 260
5 7 444 987 6 282
1 Quenched from 836 11271~ 3 281
2 600°C and Tem- 864 1105 - 1 308
8 pered at 300°C 993 117°2 1 311
4 7 101'9 1170 05 332
5 v 695 987 3 278

Quenched from )
1  700°C and Tem- 712 1079 3 " 286-
pered at 300°C.
2 . y . 816 1081 15 292
3 7 98'5 _ 1111 1 326
4 7 117'1 1250 1 330
5 4 1205 1 226
(10) a5 IV &2
IV. 7L3%=dAaBROMEE

T =y AHROBERICH L TRE 10 BEFc
AR TREBBELORXD Y, 4B Td Hane-
mann, Merica, Greenwood K& ¥ #d &4 OFHEE
HNE, ZOLBERBC Y ZHER ~ 1 7 = ko
BE 2L Led borLT, HpEiED %‘f&VCB T

Chemical Composition ~

A!N(())ys Cu% A1% FeY%  Mn%  Zn%

1 89'60-89'55 10'40-1046  ~— — —
2 £837-8822 11'63-11'78  — — —
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HKEpI N d ORMEHID v EEER , #10E B
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%?5 K’:ﬂ? D ’ ﬁ@ﬁﬁﬁﬁl% %1%% kb mi No.1 ‘ Fo.2 _ . No.3 .y
i 105 & 11°7% Al - Cu 4ol . "
e ICBL TR A RS DR E T O D .
YOT, HECHABRBIRELTE |
T T o o - 160
HICELA LT
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1.8 # &£ 66mn, & 200mnm © ,
C vy b (emgEs ¥ 3000 BEENE T me e e sl
- L = ) :
BEERLT750°C kT 12mmd Eic F T ) R W w0 w8
R Annealing Tanperature’C
S ST %@ B
mhpjend N .(r-.) Ts;.. ing_un No.3 (HB=6) Alley SN
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" ¢ o 2 Normalized 612 = 800 38 2005 036
- s ~ w (Al 200 609 797 3 1926 036
L SN 117%) 300 600 793 2 1901 035
a ~/ o 460 588 770 2 1921 018
E . 500 575 788 25 1930 035
st - ' 550 573 796 27 1908 035
z - 600 252 671 130 1651 430
700 224 541 130 1676 460
m . 800 177 380 130 1645 460
900 170 317 130 1676 490
* " 3 Normalized 315 828 185 1639 540
(HB- 200 314 837 17 1651 540
@ - 5) 300 320 847 18 . 1658 550
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o - S et e AN 700 312 958 9 1996 . 30
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I L722 b0k ) £EREBH ¥R L 2. ‘ :
. i) T i lloy No. 1==10'5 9
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i | ; i om o .— 98
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% 6 5 Effect of Heat-Treatment on 700 As Qggalched gi; ggﬁ i? iggg 48
- Mechanical Properties of “ Aluminium-Bronze ' v gog ge-g gs-a 17 1682 35
. . - 5 7" 65 17 1761 24
e —— - ( 1 ) Quenehlng V4 400 ) 415 - 776 65 186'6 18
: . . s . . Charpy i -
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O TR Loy gmns U3 Cloj, 000) jenerey . 200 427 728 55 1740 23
. - — — — —. 93
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) (Al= 200 505 623 2 1973 —
600 As Quenched 255 700 13 1639 48 117%) 300 51°0 620 23 200'5 —
v - 200 254 699 3 1637 41 350 456 59'8 2 2021 —
Y 300 299 705 13 1627 42 400 408 60°2 3 198'6 —
# 350 400 780 11 188'9 81 - "
” 400 661 759 2 4245 (36 450 371 574 3 1926 —
: ’ . 500 378 577 4 1895 —
7 - 450 - 77°0 836 1 2507 019 600 2001 752 185 2157 —
” 500 g6 752 1 246'1 036 700 279 500 12 2133 -
7 550 — — — — 270 - 800 277 452 7 2133 —
! g0 sre 6 &5 2098 240 3 Normalized 290 88 . 22 1651  —
700 As Quenched 279 734 135 1651 48 (HB- 200 08 BT 2 s
% 200 292 740 130 1651 @ — -4 200 902 5 lee3  —
C4 800 846 750 130 1714 438 200 583 bod 25 Byr  —
7. - 350 499 © 783 12 18I'5 84 ?
4 400 - 634 816 55 2284 053 - © 450 285 771 163 1535 --
o . 500 293 771 16 1540 —
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: . ¥ T
800 As Quenched £15 500 11 1645 5~g 3. MBEL LIWEBEMORL  AMCMLTH
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. 105%) 300 391 625 13. 15183 — TE) .
350 385 620 13 1524 —
400 336 595 15 1436 -— No. (A) Qunnched from 606°C No. (B) Quenched from 600°C
o = (%)) v 2 Temnered at 400°C
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800 199 586 20 1345 — . Tempered at 500°C
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#% 11 B "Micréstructure of Aluminium-Bronze
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No. A Quenched from 600°C No. B Quenched from 600°C

and Tempered at 350°C

g1 (B) Alloy No. 2 (A41=11'7%)

No. C Quenched from 600°C  No. D Quenched from 600°C
and Tempered at 400°C and Tempered at 450°C

No. E Quenched from 600°C No. F Quenched from 600°C and ' No. G Quenched from 600°C and
Tempered at 400°C Tempered at 480°C -
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(A
No. A Quenched-from 600°C No. A Quenched from 800°C
No. B Quenched from 600°C No. B Quenched from 800°C - Tempered at 400°C
and Tempered at 300°C ! Tempered at.300°C No. E Quenched from 800°C
No. C Quenched from 600°C _No. C Quenched from 800°C Tempered at 500°C
Tempered at 300°C. N[ ’I‘e}g‘pg;ed at 859°C No. F Quenched from 800°C
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No. A Quenched from 800°C

No. B Quenched from 800°C
Tempered at 300°C

No. C Quenched from 800°C
Temnpered at 350°C

No. D Quenched from 800°C

No. E Quenched from 800°C | No. A Quenched from 800°C
Tempered at 450°C " No. B Quenched from 800°C
No. F Quenched from 800°C. Tempered at 300°C
Tempered at 500°C ', No. C Quenched from 800°C
No. G Quenched from 800°C Tempered at 350°C

No. E Quenched from 800°C
Tempered at 450°C

No. F Quenched from 800°G.
Tempered at 500°C

No. G Quenched from 800°C

Tempered at 400°C
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Tempered at 600°C

“ No. D Quenched from 800°C

Temgered at 600°C

i Tempered at 400°C
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# 11 B X-Ray Rowder Photographs of Ai-Cu Alloy Cu-Kc radiation
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