maguinmaaieinsimniaeiasnauiilndlne a3 28 T E O

AMM-201 15-17 @aNAN 2557 INTAVDULY

n'lsl,l,mn%"rm'mﬂ'swLé’]’us'wﬁ'umsﬁ'ﬂn%aummﬁnL'ﬁaa:gﬁtﬁﬂumawﬁ Tusin
nziadwitonuanluibe

Stress-corrosion cracking of nickel-aluminum bronze under ammonia-polluted

seawater
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Abstract

For engineering components with crack-like defects, the growth of cracks from these defects
is possible under the combination between corrosive environment and service load, i.e. a stress
corrosion cracking (SCC). As a linear-elastic fracture mechanics parameter, the stress intensity factor
under opening mode (K,) can be applied to characterize the severity at crack tip. The Kiscc is defined
as a threshold K, for susceptibility to stress-corrosion cracking. Nickel-aluminum bronze (NAB) is a
copper-based alloy, which has a good combination of mechanical properties and corrosion resistance.
It has been widely used in a variety of marine applications, e.g. valves, propeller blades, pumps,
shafts, heat exchangers. However, limited amount of works have been done on the Ksoc of NAB in
polluted seawater with ammonia. In the present study, the Kiscc of NAB alloy in artificial seawater,
and a mixture between artificial seawater and ammonium hydroxide were determined using 4-point
bending technique (4PBT). The results were correlated with the analysis of corrosion products and

crack paths, and then the fracture behavior and mechanism were discusse
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5.5%, W8Z  LAAN 3-5% maaﬁmﬁfm”a@; Tawd fuinzia sanaliiian1sgiFsuiauazniy
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a7 anudenisvaslusnsiesiafinain ns
wanFNANNFBRIINALMIAAnIaw Aeld
snwasauinnzalwilawuonluile
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(4-point bending technique %3a 4PBT) anltlu
Mg sznena Wi unagey Kisce
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2.1 a0
THOHTN NAB AlFlunsaFreduan
nagey lauu1annIngnniiie lay
Nuaziduauadadflsznaunaail LasaNya
NIINA LLam@”\‘]mi’m‘ﬁ' 1 U8Z 2 ATNAIAU
Iﬂidﬂ%’ldﬁ‘]‘aﬂ’]ﬂ‘ﬂﬂd NAB LLE*T@]G@TGJ‘I’]Wﬁ 2
psdUsznaunaadvasnad g andiaazi
#2830 Energy-dispersive X-ray spectroscopy
(EDS analysis) asugailua13197 3 laoiag
nau NAB Usznaudisianannanue 5 s
et
o, : FCC copper-rich solid solution
Ki : globular or rosette shape of iron-rich
(Fe,Al)
Ky1: dendritic rosettes unevenly distribute within
a-phase
Knr: lamellar of nickel-rich (NiAl) grows normal
to a-phase, and around Kj-phase

Krv: fine precipitate of iron-rich within a-phase

A19191 1 agalsznautndvadlanznas NAB

NAB Al% Ni% Fe% Mn% Cu%

Present 95 43 4.6 1.1 80.5
C95800* 9.0 40 4.0 1.5 81.5

*ASM handbook

A137199 2 FVUANIINaaIlansNay NAB

AWEUUANINNG NAB
Tensile strength (MPa) 547
Yield strength (MPa) 220
Modulus of elasticity (GPa) 116
Ductility (%) 25
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100 um a-phase K,-phase
K, -phase
NN 2 Imaa&”ﬂﬂuizﬁuqamﬂmaa NAB (a) finaspenae (b) Masuenug
A19199 3 asfdsznaumaailmnadns guas NAB
p9nUsznaumaLafiwt. %)
R
Ni Al Fe Mn Cu C 0]
a 2.22 6.01 1.59 0.91 77.27 11.22 0.78
K 12.4 10.99 54.77 1.82 11.29 4.82 2.56
K 26.43 17.33 19.65 1.88 25.54 8.83 -
Kl 27.37 22.78 11.27 1.45 25.7 7.62 3.81
Kiv[9 4.0+1.0 20.0+3.0 62.0+4.0 1.5+0.3 13.0£1.0 - -
2.2  IRNAFAUNITUAASIIVIAAIINIAK ElectroPuls E10000) #iauf 20 Hz uae
I Qs Q I Qs 1 U 1 tﬂl a é’ tﬂl
SINAUNITAANTON AATIEIUAINAB R = 0.1 @1 K Miiadwn

Uaa99897100951% SENB 8101708 142 Th

TUNAFAULULY single-edge notch

> 1danaums [12]
bending (SENB) nainsduannlanznau NAB

WA MNARAUNITLANIINIINANULAWIINAL 3 P(S—d)
K=F(a)—————~I7ta

(1
2 BwW’

MINANTOU YUAVBITHINY SENB &3904
V19331% 1SO7539-6 [11] usadlunwi 3 lag

_ _ 2
S1497% SENB F(a)=1.122-1.121a +3.740a +

N30 ai”ﬁamwwi”umm@ga )

v Z & o
Nnluwudan Fwnw SENB  ndiugidas 3.873a° —19.05a" +22.550°
aszuannrInatzlansdroaruqlwvn
a
(electric discharged machine W38 EDM) ag o=— 3)
w

SN VITUIW SENB s 9lasltinadie

Tuiuudaauuy 4 9@ (4PB jig) §18A1ITUUL

24930UINNLATBINARALNNTAN (Instron:
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ANMURWIVAITUINK, W fa anunives
TUIB, S A9 J282WNIVIRILRIINTTE
AWENNVEI 4PB jig, UWaz d A8 TerEIsped

FURUINIZAULBVDY 4PB jig

d B
Pi2}, P2 “ "
@ @
s _|]v H
A A

! = |

dimension (mm)

W B S d
10 5 60 40

NN 3 gﬂs'ﬂal,m:"um@%mm SENB

vsmnagdnaeldniszuuuleTey
(cyclic plastic zone %38 r.) ﬁﬂa’lmaﬂ%’]’mad
H197% SENB gnmuqmmza‘fwiaU%”nl,%mi”u
NAARANTENUYaIN SR swussnwanUY
WAIRANAD NILANIIIINAMAULABIINALNNT
Aansan lasusnmnanzdndasduwialannin
ANURITITUIH ANWNITOBI Ua/WID
AUATUUTI VUaVBILSIWa®En Arwaraele
27N [13]

AK?

3
———(~sin® 6+

r(0) = -
16770, 2

(1—2v)?(1+ cos 9))

e 0 de muwwulm:uuﬁﬁ‘mﬁwﬁﬁ
Usesesdn, v e sandmdames lu
nwiswil iamfnl,‘%'mi”ugﬂa%d"fuﬁm AK; =
11 MPa.m™ aoinmevasusmnwaadn &
uraidu 51.4 pm G9LEnn37 AR UIVE

FUIU ANVEIITAYI LAY/RID NUNTULI

2.3 NIINAFDUNITHANTIIDINAIINEA
SINAUNITAANTW
MIANENITHANTIINANNLAUTINAL

AInansawuaIlansway NAB vinlasld
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madaluluudaaiuy 4 10 (4PBT) 32U
nasay 4PB jig LEAIRINIWD 4 gnaanuuy
WAz ®IMBRANNaN LSaiy 304 13
Waswiaswavasdunagoy SENB nszvin

o A A o a
TaglEmanfonnvaIzaninaen

4PB-bar

/— strain gage

SENB specimen
ﬂ"lW‘ﬁ 4 itﬂﬂﬂ@ﬁaﬂﬂﬁﬂmﬂ%ﬁ’]Lﬁa\‘]ﬁﬂﬂﬂ’]’m

LAUIINALNINANTEY 4PB-jig

WS9FHVBITUNAFEL (P) amiadIBLnNg
1ANULATLA (strain gauge) LU full bridge 'ﬁl
faasUn 4PB jig lasdnsseuifiouniuglnynt
AW (load cell) YW@ 1 kN (Kyowa: LMA-A-
1kN) Aawn3lE ANeNITa8317 (crack length
%30 a) gm”@@i’aﬂﬂﬁaaqamsﬂﬁuuuumﬁ'ﬁ
ANNazLANA 10 um

NNINARBUNITULANIIIANINAINNULA W
NAUMINANTaUUadlaneNay NAB a1y
N1A331% 1SO 7539-6 [10] maasuuta
2PV BITUNATOLU SENB annazvilaglinig
ndaufivasasninasy meldanwwegaura
niow ue K (5uan (initial  stress intensity
factor W38 K)  HUWIAFINTT Kigee N3
Wasuuasrmarasiunasey SENB gﬂ%’ﬂ‘m
TWasf ussduueItunaay (P) Waz AU
588311 (@) zwiemInaseu gnldlunis
AU K LAY 809N VLN8AITEITE8I
(da/dt) @1 K uaz da/dt Famw1aaaadiaruniny

v A a X - a
H1IVBITDUININENN Y ‘ﬂ‘lﬂ‘l«mq@] K  47%1a

corrosive
I environment
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WAL Kigee UaT 78831IMLAB81807 NI 4
$ATIMIVLNLAIAINTT 3.6x107 W /Bl
[10] 3334 (3UN31 MINARBUULLNITRARY
2849 K

MURRINNTBITNINYATEIAL NID K
FUU199NY Kisee m3agnulasawiavas
Funasoy SENB Qmﬁ'wfu fBMIANNS
ndaufivasasninasy moldanmwuiasauna
nsaw 961 K waz da/dt fuwmierRaduanuns
Waswulasrwavesiunagoumiudn auly
‘ﬁq@ K J211aLvinny aunsnmunIsuaniig
(fracture toughness %38 Kic) 789789 WAz T
nageu SENB uanvn  38msH onin ns
NAFOULUUM RN U89 K

AIANENINITLANITIINANULARIINAL
mifansaueslansnay NAB vinnieldin
NZLAFILATIER (artificial seawater o) SW)
wa dnzadaiazinansswanluiioylaa
Son-lod (artificial seawater ammonium
hydroxide %38 SW:AH) 7180318 5:1 uaz
10:1 I@mﬁmuaé’ame:ﬁwaufumummpu
ASTM D1141 [14]

LANTIIINNAINNLABIINAUNIINANTOY

ITRINNNINARAUNNT

smwuaadaugnatuguliinalisuasaaiam
@18LAT89 magnetic stirrer Loz AILAND AN

erIenInagauldn 30+2°C

3. HANTIIIVLUALNITIATIEN
3.1 N1TVYIYAIVDITAYITIIUALNTT
wagnuilasus
NNINARALNITUANITIINAINLAY
TIALNINANIOH UWULNTANRIVAY K WUn
T T RY LR Rl Ea T e R I DI UTRICRIIER
AMoldanInuIaRaNnANIan@1I g LAY

WOANTTULTULALINY laAI881INTVNLD
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AT 6 MINAREL SCC UUUNMIANaIad K
ANNUIARDN SWAH 803180 5:1 NN (a)
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