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Abstract

Aluminum Bronzes alloys are widely used in several important
industrial applications, especially in the marine applications. Since, some suffer
from selective leaching such as Brasses, while costs of others are high such as
(Cu-Ni) alloys. Extensive studies had been conducted tom develop & improve
properties of such alloys. The great development in many major sectors of
industry, particularly in the Marine Industries & the need for the development
of new & high efficiency alloys which acts in hard & corroded mediums &
applications, has led to work this search & conducts to extended the effective

life of these alloys.

Generally, Samples used in this study are (Cu-Al) based. It belongs to
(Clxxxx) series, which prepared by Powder Metallurgy Technique under
vacuum atmosphere by Sintering Method. These alloys are prepared for first
time at this techniques in Iraq. Silicon is also added for the first time in this
percentage (Y7). Alloys used in this work include:

A=(Cu-93.°ZAl) ... Base Alloy
B=(Cu-49.°% Al - °/ Ni)
C=(Cu-9.2%Z Al-Y/ Mn)
D=(Cu-9.°7Z Al- ¢/ Fe)
E=(Cu-9.9Z Al-Y/Si)
F=(Cu-%.9% Al-°/ Ni-Y7Si)

G=(Cu-93.9ZAl-°%ZNi- Y. Mn- ¢/ Fe-Y/Si)

Several tests were carried out to evaluate the performance of alloys
used in this work, such as: Green, final density & porosity tests, Corrosion tests
which include the Simple Immersion method & corrosion/erosion ,
Compression , Wear tests & Hardness test.



These tests worked on two stages, in first stage have been added
alloying elements & second stage after alloys are heated treatment at
(6«1 °C)for(Vo,Y+,1+ 4 min.).

All alloys indicated increase in weight gain for immersion method &
weight loss for corrosion/erosion test before heat treatment & after it. The
results of alloys indicate imparity corrosion rate when the grain size
decreased. Alloys (B),(D) & (G) have high resistance to corrosion in immersion
method with improvement ratio (©11%) to alloy(A).In addition, (F) & (G) alloys
have high resistance to corrosion in erosion test with improvement ratio
(¢AA7) to alloy(A).Where the addition of (Ni),(Mn) & (Fe) elements to the base
alloy causes a relative increase in resistance to corrosion tests. While, the
addition of (Si) & all the above mentioned metals to the base increase the
resistance to wear & give the lowest corrosion rate.

Alloy (B) gives higher value of hardness & bigger grain size because
(Ni) added. Also , the addition of (Mn) & (Fe) metals to the base caused
decrease in grain size & increase in hardness . Whereas , the addition of (Si)
metal caused higher value for hardness & lowered grain size because diffusion
it in crystal limits .

When (Mn) metal had been added with (17 wt.) caused increase in
compressive strain of (C) alloy to (Y9+ MPa). Whereas, the addition of (Ni)
metal caused higher Elongation in (B) alloy.

The addition of (Si) metal with (Y7Zwt.) gave higher value in resistance
to Sliding Wear & follow it (Fe) metal in the same behavior, where the
improvement ratios are (Y1°%) & (Y Y17)

respectively.

After Alloys heated treatment At (¢« +,11+ °C) for (¥+,1+,9+ min.),
the results indicate the degree of temperature (17+ °C) is the best for all alloys
to decreasing weight gain in simple immersion test for interval (%+min.),
especially in (E) & (G) alloys with improvement ratio (Y**%) because the
addition of (Si) element. Also the same case in corrosion/erosion test , where
the degree (17 °C) is the best to decreasing the weight loss for all alloys.
Where (B) & (G) alloys were butter to resistance fluxing of Seawater with
improvement ratios are (Y) +.°%) & (1¢7) respectively.



Heat treating for alloys caused decrease in Elongation of (B),(C) & (D)
alloys because overdoing in heat. Whereas, the heat treating caused increase
in Elongation of (A) alloy.

The Heat treatment for all alloys is not given good improvement in
resistance to Sliding Wear except (G) alloy which gives good improvement in its
behavior in (YYoZ).

In addition, the heat treating for alloys caused decrease in hardness
of samples at (°++,11+ °C) for (9+ min.), which means increase in its
Elongation.

Alloy (G) also demonstrate high hardness, low corrosion rate in sea
water, good resistance to wear & compressive strain. These improvements
were attributed to the enhancement of properties caused by (Si) element
additions, such as , oxide plasticity, adhesion, and re-healing of makes a
protective layer in short time.
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Copper Alloys Classification o«adl) éliluw cidiuas ¥ ¥
e alal) il Lghann oy bl 5,58 Caiua dalail 2a
e From Canada, C.S.A. Standards.
e From Germany, D.I.N. Standard.
e From the UK, B.S. Standards.
e From America, ASTM. Standard.

e From North America, UNS, Standard.
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CVIY+ e CY40s

High-copper alloys

Cu & Cd,Be,Cror Fe

CY 04 CYAY . Brasses Cu, Zn
CYY &+« CYAT Leaded brasses Cu, Zn, Pb
Cé+ovv-CtAC Tin brasses Cu, Zn, Sn
Co+YerCoOVinn Phosphor bronzes Cu, Sn
CoYeéve COtAr Leaded phosphor bronzes Cu, Sn, Pb
Clele e ClEY Aluminum bronzes Cu, Al
CUEV e CIYV e e Silicon bronzes Cu, Si

C“i~ ~-C1‘U\~ .

Special brasses

Cu, Zn & Mn,Si,Al,etc

CVeVeo CYYOL

Copper nickels

Cu, Ni

CYYY o CY3d s

CAv Yoo sCAYY v

Nickel silvers

Coppper

Cu, Ni, Zn

Cu

CAYY+ +-CAYA -

High-copper alloys

Cu & Cr,Be,Co,Ni,Si

CAYY « +.CAYA e

Red brasses,leaded red brasses

Cu, Sn, Zn, Pb

CAEY v .CAEA

CAo* . ~_CA°A~ .

Semi-red brasses

Yellow brasses

Cu, Sn, Zn, Pb

Cu, Sn, Zn, Pb

CAWVY v v CATA .

CAVY ++CAYA s

Manganese bronzes

Silicon bronzes & brasses

Cu, Zn, Al, Mn, Pb

Cu, Zn, Si

C“nYnn_C‘\\Vnn

Tin bronzes

Cu, Sn




CAYY..CAYa.. Leaded tin bronzes Cu, Sn, Pb
CAYY.._Citon. High-leaded tin bronzes Cu, Sn, Pb
CaeY. . Catd.. Nickel-tin bronzes Cu, Sn, Ni
CioY...CioA.. Aluminum bronzes Cu, Al, Fe, Ni
CAly..-Cit.. Copper nickels Cu, Ni, Fe
CAYY e« _CAVA.. Nickel silvers Cu, Ni, Zn
CAAY ++CAAA Leaded coppers Cu, Pb
CA4Y..Ca4V.s Special alloys Cu, Ni, Fe, Al, Zn
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Pure copper

OFHC [GARRARE 44.9e Cy YYy.éoo | T4-THe oo_¢
High — copper alloy
. YA Cu-).9Be
Beryllium-
y CIVYee Annealed €4, Yo 1+ HRB
copper -+.YNiorCo
. 4Y 4 Cu- V.9 Be
Beryllium-
y CYVY.» Hardened Ve Yoo Y ¢Y HRC
copper -+.YNior Co
Brass
Gilding, 407 | CY)++» ieCu-°zn Annealed Yeo vy to oY HRF
Gilding, 407 | CY) e ieCu - °Zn Hard vy Yo ° "¢ HRB
Red brass,
Ao CYYeuo AoCu-VeZn Annealed YA 1) &y 1€ HRF
RedAE;ass, CYY oo AOCu - YoZn Hard A $1 ° YY HRB
Cartrige brass,
¥ SO e | veeu-Tazn | Annealed | oY Yy 50 YY HRF
Crtge s evns | vecu-Tozn Hard | vy | g6 A AY HRB
Muntz metal | CYA+ TCu-£+Zn Annealed YYA 114 g0 A+ HRF
Muntz metal | CYA««+ TeCu-£+Zn Half-hard £9. Yo. Vo Yo HRB
High lead
f) Croves | 1Y.Cu-TZn-YPb | Annealed | Yo 14 o A HRF
rass
H'Eh lead CY¥e¥.+ | Y-Cu-¥1Zn-YPb Hard AR ¥AA y A+ HRB
rass

Bronze




Phosphor

NG AREE 16Cu-°Sn Annealed Yo. Yo oo £+ HRB
bronze, °7.
PhOSphor S AREN) q0Cu-°Sn Hard OAA oA q 4+ HRB
bronze, °7.
Phosphor
PROT 1 coven | aucu-tesn | Annealed | tAY | Yo w Y HRB
bronze, \+/.
Phosphor | oxev | sucyotesn Hard v.v oA ¥ 11 HRB
bronze, ) +/.
Aluminium
ClrAes doCu-°Al Annealed €Y. \ve " ¢1 HRB
bronze
Aluminium
CleAes ieCu-°Al Cold rolled Voo £¢) A 1¢ HRB
bronze
AY.°Cu-
Aluminium )
ClVun 4.°Al-oNi- Extruded 19 €1 Yo 11 HRB
bronze
Y.°Fe-'Mn
M .°Cu-
Aluminium
Ci¥eee 1.°Al-oNi- Half hard M oy Vo 1A HRB
bronze
Y.°Fe-YMn
bt 41Cu-Y'Si-
High- silicon Cloo.. Annealed ” ™ 05 11 HRB
bronze YMn
b 41Cu-Y'Si-
High- silicon Cloo.. Hard “oA ‘n A 45 HRB
bronze YMn
Copper nickel
Cupronickel .
.y CYVe Y+ Cu-Y+Ni Annealed YAo AR A ¢+ HRB
CYVe Y+ Cu-Y+Ni Cold rolled OAA ooy ¥ AT HRB

Cupronickel




Nickel silver

Nickel silver | CYoV«+ | T10Cu-Y¥Zn-YYNi | Annealed £vy 141 ¥o ©6 HRB

Nickel silver | CYeY++ | 10Cu-YYZn-)YNi Hard 090 oYo ¢ A% HRB
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Heat Treatment of Aluminum Bronze
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