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Microstructures and properties of micro-alloyed nickel-aluminium
bronze ingot by scandium, zirconium and strontium composite

XU Xiao-jing, CHEN Shu-dong, CHU Man-jun, PAN Li, WEI Jian, SHI Guo-fang

(Engineering Institute of Advanced Manufacturing and Modern Equipment Technology, Jiangsu University,
Zhenjiang 212013, China)

Abstract: The effects of scandium, zirconium and strontium on the hardness, microstructures, corrosion resistance and
friction-wear properties of nickel-aluminium bronze ingot were investigated by means of hardness measurement, optical
microscopy (OM), scanning electron microscopy (SEM), energy spectrum analysis and corrosion and friction
experiments. The results show that, compared with the un-micro-alloying nickel-aluminium bronze ingot (Cu-8.57Al-
5.3Fe-4.6Ni-1.07Mn-0.63Zn), the micro-alloying nickel-aluminium bronze ingot (Cu-9.97Al-5.4Fe-4.52Ni-1.05Mn-
0.62Zn-0.045Zr-0.03Sr- 0.057Sc) has no significant change in the phase composition, which is composed of a-phase,
f-phase (high-temperature phase) and x-phase, and each phase is remarkably refined. The alloy hardness increases from
212.1HV to 240.7HV. The corrosion occurs preferentially in eutectoid region (a-phase+xy-phase), but the refinement of
the eutectoid microstructure reduces the probability of generating the corrosion channel. So, in 3.5%NaCl water solution,
the micro-alloying nickel-aluminium bronze ingot presents better corrosion and tribological properties, the uniform
corrosion rate and the electrochemical corrosion rate decrease by 5.2% and 17.8%, the corrosion rates of micro-alloying
nickel-aluminium bronze are 0.023 mm/a and 0.231 mm/a, and the friction coefficient decreases by 23.4% (friction
coefficient is 0.019 3), respectively.
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Table 1 Chemical composition of alloy

BBl AR IS T bR AT AT S S G, VAT
WERFE N 20 C, &l 168 h Ja kA, H
VHCY): V(H,O)=1:1 #9022 BRI ™4, ks st 4 2k
P S R . SR CS350 XU G HI Ak 2 T ARkt
AT AR s g™, Fat i e A -1.0~2.5 v, H
N 20 mV/so SKH MGW—01 B i &2 i sh g
RSB IALI RE R B Lk B, R AR
4 mm [ SisN, EK, ok 1N, B4 10 min, A%
920 Hz, PPN 1 mm.

Xl Nikon EPIPHOH 300 4 AH s A4 X i
ZR HENL A (EDS)f) JEOL JSM—7001F %417 % 544
T WAL (SEM) LS 75 4 W A A LA S AOMIE S . K
H D/max—2500PC & X 5 A (AT HAH 23 b1, 3
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J& FORITE I, A7 I 25 DOBRR sl 0 GR AL 2R
INER I, ElH KA a/p Gt b, WaRTERK
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Mass fraction/%
Material
Cu Al Mn Ni Fe Zn Sc Zr Sr
Un-micro-alloying nickel aluminium bronze ingot ~ 79.77  8.57 1.07 4.6 53 0.63 - - -
Micro-alloying nickel aluminium bronze ingot 78.26  9.97 1.05 4.52 5.4 0.62  0.057 0.045 0.029
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Fig. 1 XRD patterns of un-micro-alloying (a) and micro-

alloying (b) nickel-aluminium bronze ingot
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Fig. 2 Microstructures of un-micro-alloying ((a), (¢)) and micro-alloying ((b), (d)) nickel-aluminium bronze ingot
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Table 2 Testing results of uniform corrosion of

un-micro-alloying and micro-alloying nickel-aluminium bronze

ingot
Sample Area,2 Mass loss, Corrosion :ate,
S/mm Am/mg v/(pm-a )
Un-micro-alloying 645.12 2.25 24.248
Micro-alloying 635.12 2.10 22.988

B 3 RBE MBS S b5 85 54 A 15
SEM #%

Fig. 3 SEM images of uniform corrosion of un-micro-
alloying (a) and micro-alloying (b) nickel-aluminium bronze

ingot
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Fig. 4 Potentiodynamic polarization curves of un-micro-

alloying and micro-alloying nickel-aluminium bronze ingot
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Table 3 Electrochemical corrosion parameters of un-micro-

alloying (a) and micro-alloying (b) nickel-aluminium bronze

ingots
Sample Potential, Current denfzity, Corrosion f?te,
A% Jo/(pAem ) v/(mma )
Un-micro-alloying —1.095 1 18.1 0.281
Micro-alloying —1.036 3 1.6 0.231
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Fig. 5 Changing curves of friction coefficient of un-micro-
alloying and micro-alloying nickel-aluminium bronze ingot

with wear time
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Fig. 6 SEM images and width of wear scar of un-micro-
alloying (a) and micro-alloying (b) nickel-aluminium bronze

ingot

A GRS BRI R TP S IR, TERIB AR TEX .
DA AT VR N R, 2id R S YR
A T3 A Ak A I ARk, e I OGS
Mo BRI/ TR, BT CA A AL
AR A S5 % SRR T o A
DY AR T R0 sy AHICE ERAD BEAN, oA SE N34S,
KA BERL RSN, RS oy AR AR AR AL 4
AT, i HAHT A B )E R A R e
FHCRARAR, AINDFERE, AT tHEESAA), BE AT BAT I
I HOR AT, TR~ BRI e, BRI,
SLT B 1 e B A

3 Zig

1) EEERT A IS Sev Zr F1 Sr, AJLLE
FAMA AL, AL ML IIRE, K &S
G 55 5 T 5 A B 2 7

2) ARSI R85 Ot S R AR AR SR AT A 2R (artrem)
o TN R T 2 2R AR R i A R



3386 o EA (8 R R 2013 412 A
e B FERE EASAS 5 R 1 0B P AR el T o (71 BEAE, 4%, GEE. S5 Al-Cu A4 M S,
3) BRAR T A B T B T« AV 75 44 J8 2441, 2005, 15(6): 923-928.

PR EERLEE R, KB AN rery AHCE BRAR AT i AH
CRARFDRIN T A S0 EEERI I, 38 i
BEPE

4) WAL, RIS 0.045%Zr
0.057%Sc Hl 0.029%Sr MIE-EE T A 4, HAERE A
240.7HV, 3451 JE s R L Ha Ak 2 8 il 5 0 R4 K]
B MBI T 52% 17.8%F1 23.4%.

REFERENCES

[1] BARIK R C, WHARTON J A, WOOD R J K, TAN K S,
STOKES K R. Erosion and erosion-corrosion performance of
cast and thermally sprayed nickel-aluminium bronze[J]. Wear,
2005, 259: 230-242.

[2] NIDR, XIAOBL, MAZY, QIAO Y X, ZHENG Y G
Corrosion properties
bronze[J]. Corrosion Science, 2010, 52: 1610-1617.

3] REEZE, PN, V¢, MR, IR BRI A
SIHLBITE]. Fifi G, 2008, 32(4): 420-424.

SONG De-jun, SUN Xian-long, XU Lei, YE Jing-tao, HU

of friction-stir processed cast NiAl

Wei-min. Research on  microstructure of  deforming

nickel-aluminium braze alloy[J]. Chinese Journal of Rare Metals,

2008, 32(4): 420—424.

4] x| P, ATRE, THRUR. W e AN A M)
Tk AL, 2007: 102-108.

LIU Ping, REN Feng-zhang, JIA Shu-guo. Copper alloy and its

b

application[M]. Beijing: Chemical Industry Press, 2007:
102-108.
[51 #0355, ERE, $PUR. WA R s S EEM

Jet: A Tk i ARAL, 2009: 68.

GUO Qing-wei, WANG Gui-sheng, GUO Geng-chen.
Commonly used nonferrous metal atlas of binary alloy phase[M].
Beijing: Chemical Industry Press, 2009: 68.

(6] BIE, HHE, & Sc Xt Al-Li-Cu-Mg-Ag-Zr &4 441
%ﬂ'ﬁnb (e, Fifs s Ak TR, 2003, 32(9): 736-739.
YIN Deng-feng, ZHENG Zi-giao, YU Zhi-ming. Effect of Sc on
microstructure and properties of Al-Li-Cu-Mg-Ag-Zr alloy[J].

Rare Metal Materials and Engineering, 2003, 32(9): 736—739.

[10]

[14]

[15]

MAO lJian-wei, JIN Tou-nan, XU Guo-fu. Microstructure of
Al-Cu alloy containing scandium[J]. The Chinese Journal of
Nonferrous Metals, 2005, 15(16): 923—-928.

JB/T 7901—1999. GJm ARSI 539 S AR T[S
JB/T 7901—1999. Mental materials-uniform corrosion-methods
of laboratory immersion testing[S].

KEAR G, BARKER B D, STOKES K, WALSH F C. Flow
influenced electrochemical corrosion of nickel aluminium
bronze[J].
1241-1248.
WHARTON J A, BARIK R C, KEAR G, WOOD R J K,
STOKES K R, WALSH F C. The corrosion of nickel aluminium
bronze in seawater[J]. Corrosion Science, 2005, 47: 3336—3367.
WHARTON J A, STOKES K R. The

Journal of Applied Electrochemistry, 2004, 34:

influence of
nickel-aluminium bronze microstructure and crevice solution on
the initiation of crevice corrosion[J]. Electrochimica Acta, 2008,
53:2463-2473.

KE, AER, Ak, SEEmT M
R HARAL, 1987: 114-127.

ZHANG Wen-qi, SHI Sheng-tai, XIAO Ji-mei. Metal corrosion

. b BiER

manual[M
1987: 114-127.
Al-HASHEM A, RIAD W. The role of microstructure of

]. Shanghai: Shanghai Science and Technology Press,

nickel-aluminium-bronze alloy on its cavitation corrosion
behavior in natural seawater[J]. Materials Characterization, 2002,
48:37-41.

FONLUPT S, BAYLE B, DELAFOSSE D, HEUZE J L. Role of
second phases in the stress corrosion cracking of a nickel-
aluminium bronze in saline water[J]. Corrosion Science, 2005,
47:2792-2806.
IR, B H, W
BT 2 3 B T (R 0 R
2004, 14(6): 917-921.
XU lJian-lin, CHEN Chao, LA Pei-qing, WANG Zhi-ping, LI

T, LT, érﬁl, XIHTRA, A/,
BERERE (D], E A 4 R S

Hai-lan, LIU Ming-lang, ZHU Xiao-wu. Lubrication friction
performance of new as-cast aluminum bronze[J]. The Chinese
Journal of Nonferrous Metals, 2004, 14(6): 917-921.

(4mig  FTHBLD)



