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ABSTRACT

This thesis aims to investigate the effect of silicon (Si) on the microstructure,
tensile strength, and corrosion behavior of Co-Cr-Mo alloys. The four concentrations
of Si added in Co-Cr-Mo alloys are 0.1, 0.5, and 1 wt %. The microstructure of these
alloys was investigated by using X-ray diffraction (XRD) and optical microscope (OM).
The results indicated that the increase in Si slishtly changed the microstructure of Co-
Cr-Mo alloys. The addition of Silicon increased its effect on the tensile strength of Co-
Cr-Mo. To study the corrosion behavior of Co-Cr-Mo alloys in normal saline solution.
The corrosion behavior of the experimental of these alloys are investigated using
Potentiodynamic polarization measurements. Polarization curves obtained from the
polarization test were evaluated in terms of corrosion current density (icor), cOrrosion
potential (Ecorr), and corrosion parameters, therefore the summary reveals an increase
in Si content impact on the corrosion resistance is better. The final section is a result
release of metal ions after Potentiodynamic polarization measurements by Inductively
coupled plasma optical emission spectroscopy (ICP-OES) is an analytical technique

then found that pH influences the released metal ions on elements in Co-Cr-Mo alloy.
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AelanedlAn Falangivaiaziinnnununiusienisianseugunn laediegsvesngulaneiian

= ' a a o ' < =1 ] 1
waTllauwn o9 (Au) 31 (Ag) uazuwaty (Pt) sgnalsnnu ullavenguiasdianununiuse
n1sianseulan wilavenguildinalisnangs Nedadlnagudanienasnt Julilileutuwdn
9UnIalNINITLIVENRBITINTFUNSY N1snuRssdendnsevindulassadandn aniunsld
@ S 1 oA = A Y ae L a A ¢

NUNNTUANTIL UeNngud 2 Aelaveniianuaiunsatumsasisiauindesiuiivsesanlys
1¢1 (Passivated metals) Falanenguilfinnsldnueganinansasnuiulaiglunisnisunng
lnssnlunquitanansoasiailauldflaun evaillon (A Taswdew (Cr) waglnindeu (Ti) &
avafieuldanusorhunldanuld iesindwmanensilufiviusisnisuywd lasdleuldaunse
wanldlaleeasamnusldlunisuauiulansdu laun wdnndlsatuuazlansnanveslavead-
Iasudlen (Co-Cr alloy) waavdpsfiuSualasidloy g1esn 12 Wesi@unlaeuinin Navyinli
Tavznavausadosiunisinnseuldfnazdedivunalasdetotie 18 Wosidudlagunin
Mgrlilanenausumunisianseulaegamdey lunsalvednnienannsadnlganulans
TugUveslaneuiansvielanenau [2] \uninsuiuiin wdnndnlfadu lavenaulniiouwas
lavznanvalavead lodmsunisiunisinme languaulnmilenaziinauduniusenisin



ndoudfian iesanduiiduniesenleduadavenan (mdoulaeonles Ti) veslmmiey 1
anaadssuasdeuanmsalumafatusnvifleteuusunnuidsmelFegamaisuslunig
Fewdied Tnndeunielavenaulnmisudulisngs lusneilansnavvedaveaiazda
fumusionsinnieusesasn duinaglifinnsiansounuugausenassinnisinnseuluisy
16 daumdnndliady azflanudumunisianieusfigauaziniansianieuuvugauas
wuuluisulédne [2]

lavenaulavead lasidey lwauatl (Co-Cr-Mo alloy) Ingninunldiuegtsunsviany 19y
Toruazasnniflounnedauaudfidnadimbouisdaumumiudenadonduasdanmudn
fuldvenidefovesdaidingia Tansnay Co-Cr-Mo mumsgIu ASTM (American society
testing and materials) iulangnaniidaunumudsnsianiou Tanuudausags lad
AR dumimanuazdauinmunisidend sniuidenliftunnianlugaamnssy
AunNIskng wazgnldiuetisunsvargd msunisfaenssunsegnuasiunnssy wu sindiu
Wiy dJoaglunuazUatansegniin [3) lulanenay Co-Cr-Mo Tduusznauvessnlauaadidu
drulsznaunan I@sJaJﬁmememummimaumumLﬂuaaumamaamm mmmammmimmsm
wshlilansnauveslaueadiiniuudwswariianuduniunisians ouid mJu vzl
Auantivoslududidoifiunrudunumsianseululavesandguiu dmiusigdu 4 7
ﬂ’ﬁﬁm1maaﬂ,uiawzmamaﬂﬂuaaﬁﬁwmaﬁmﬁaEJﬁ’mwiﬁm%aﬂauﬁ?u galunuagunsvany
dusumsihunaudnulavsnauvedavead widmiulanznauveavanndiliatuiannuien
Aagihsinddnoudlunaudae G988 nousilinnausAve slavuauing nnanlfadulus
Anausinanauasianudiuniunisdanseuddu (4] Taduivvesinerdnusatuily
mMsfnwsnBaneuiaziumaniulavenanvaslauaadoly

nstrfanultlumansunnddesddeisanneesinneuysd Tneialusnanisues
uyudi d5eduvesvonvaIvisasazatslusenie §sfarmdunsauazanseglussaud
wizay tnganizaunavesmiatlusinguyudazgnianied pH (Potential hydrogen) wag
SEAUAT pH JAMULANAAUIN 0 B9 14 Minveawadlusen1edsesiua pH g9 vunganuing
amaduvainntu asstuthuminvesvalusuniedid pH anas mneanaiinmdunse
1ntu Tunsdifisssuresdr pH Undfe 7.0 Setndusesuiilunans dausediua pH fmunza
vowwanarlusnenie 1wy uiane (Saliva) pH 9¢lu%29 7.0 fis 7.5 158n (Blood) pH aglut
7.35 09 7.45 LLauﬁaanu (Urine) pH agflu39 4.6 19 8.0 I@Sﬁ’]LMG)%@QM?LU&SULLU@W@QM
pH Tusnsnietdu tAndunnvarsanugdefu sndieg ety n1sfutssniuemnionu
iespufienudunsnviorisgs Ananedeaiisineavaotliviensusunduiiniouseg
Liifissnedorsazneliiinanzmsaqidsangannudunseualusienie dadaeuninda
anmyassnusiaziinuduiuasou o wazan pH 1m§amzagﬂiﬁﬂazmm 7.35 014 7.45 0LAn
naasunasllanseduuniagyinliiAnnngnsavieaiuld Turngiissmevesausilu
FAnszdriu finnsfuvsemuenmng edesiu Jedianuvianvatsvessziu pH vieanadunse



@ 1

uanssfulagmnanizfissnefiennsduiiefdsalimnuaugavesnsa-adludeninns
Wasuwlas feiudaduiinvedineninudatuinesinudninavesd pH denrudumunis
Annsauvetlanenay Co-Cr-Mo

nUsrasdrasineinusatuiife ilefnudvinaves Si demantRvedansuan
Co-Cr-Mo TulAs9ai19gan1a AUANNATUNIULSIAY LazAMURIUNIUAISARNT oY nela
Houlwasedluasazats NaCl aududu 0.9 Wesiudlasthmiin Afinsiudsuuiasmosan

oH 71 4.0 7.0 uaz 10.0

1.2 YAYINIBLAINOUTTAIAUDINITANEA

1. ilefnwnansgnuvesddnoudelasiaiisganiaveslansuan Co-Cr-Mo Wladnnsifs
sAANouTIUTIIN 0.1 0.5 uag 1.0 iadiiudlnstinin

2. WlefnwiHanENUYesdAneuson L uIuLIFsuedlanysan Co-Cr-Mo ladinsg

WAusedanauAuSuIa 0.1 0.5 waz 1.0 wWaswuslaeimgn

q
'
A

3, WefinwransznuvasdaneusenrusunIunstianseuveslaneras Co-Cr-Mo iledl
maifusedaneuiiusing 0.1 0.5 uag 1.0 Wediudlneinn luaisazats NaCl anuidudy
0.9 Wasuaenimiin

4. \Wefnwmansenuvete pH seanuiuumsinnsewvedlansuay Co-Cr-Mo tng
Vl’]fﬂi‘di‘Uﬂ’] pH TN 4.0 7.2 way 10.0 Tuaisazas NaCl anuidudy 0.9 1Wesidudlag

‘L!’]‘Vﬁm LN@NﬂWiL@Nﬁ’m%@ﬂ@u%ﬂiM’]m 0.1 0.5 uay 1.0 L‘UEﬁLGUUG]EIWEJ‘U’MUﬂ

1.3 aUNAgIUNITANY

nnmsfnsduaideyaluofinuazauideiifeatosing q aunsodsaunigudiedmun
voumveIM AN ARl

1. UTinaessindane uiiuansisdinanelasedd 99a maLag A mF UL A

2. Uhinamessmdaneuiluandsiinasemiudiuniunisianseuluasazats NaCl
aradiudu 0.9 iWadtiudlnednin

3. USunawessndaneudiuandnsdinadoanudiumiunisianseuluaisazaty NaCl

AMUNTY 0.9 Wesdudlaeuwiln wasiisyauar pH wana1aiy

1.4 YaUWAIIUIY

1. AnviamzUSinamesdanoy (Si) fivsunm 0.1 0.5 uag 1.0 Weddudlasimin

2. Anwawvansazane NaCl anududu 0.9 Wesduslnemdn

3. Anvnawzasazans NaCl anudadu 0.9 Wedifudlaedmin fivihnsusud pH
WinAU 4.0 7.2 uaz 10.0



1.5 SunauNIANE

1. Anwwazsiusmdeyailiisadesiulavenay Co-Cr-Mo 1wy anautfivnana Tassai
FAN1A ANUAIUNIUNTAANTEU

2. AnwTiBnsuastunoulunmsesnuuuMIvnges

3. wisutuLargUnIaiing 4 auiildenuuunimmaaes

4. yhmseasslansdoulavgnan Co-Cr-Mo MUTavessndanauuanmaiy iile
AnwilasaasisganiALazAmNiUNIUNNSAANTauTelaneNay

5. AATINANITNARRNUlATEIIgaNALaYAINATUNUNNSAANT BY

6. asunanmveaesniendaiausnuzdlsainnimeaos



UNN 2
[V}

IUIWNNYITD4

Tunsfnwuazideinerdnudidud mqma}alﬂmmimﬂmmwgua AUMER IR EPLRR
719°) LWa“[fzjmuLmeﬂumim's%ml@mmaiﬂLLaumLauaLﬂummmu

2.1 uAseiiieatas
2.1.1 Tavigway

Fagilfludugunsaldunsunmevionisdinsunnd Wy nsinuseilniiand
maduTunnssumaznszgn) asnsauudliidu nauvanlansuians nquianlanznan lnengs
vosTanlanzuiqvsideunnsotuatszms Wunsudosleseuveslavsuasnisdnnsog sl
msthanldifuegaundnareifesandaruudusgs Sanumilsuazanudriuldveiodo
vosdsdFAnna (5] vouriiTaglanenasmansussiamgaiianidludunisunmd lneflnuauifuay
Snvaugang q wnzavdusUHnuludunisunme [6) lnevhlulaverauivusslovinainnae
fusnnninlangu3ans wu sumnaudus duaufiununsianieu duanuituniy
msdnmsauaziuanudiulsluunmouyed Suduiioeunivarsfiazdanlansnaman
Tflumsnisunng wu Mdudede sunsegn fusuanss Wusu Asiiddyiinsdilsdedusu
usn AoYanwiatuazdosdamaudAdueadumunistaniouiiags dalvgudiFedon
Tavgwas 3 ngude nauveananndiliadu nquueslansuay Co-Cr-Mo waznguaslansnas
vodlniluy

2.1.1.1 wiannal¥adu (Stainless steel 316L)

wanndlSatuussinveeaiiifin (Austenitic stainless steel) ¥lln 316L niowmannals
afly \umadondmivihunldmaiunisunng esnfiguauddamefunnuudusgs
AanURAMI iUl usaNeaYwE (Biocompatibility) kaAIUAINAIUNIUNITAANTOUR
sullddsamiidnilavgnaungudu 7]

2.1.1.2 lanenaulavean Lasiilen luduatu (Co-Cr-Mo alloy)

Tavignan Co-Cr-Mo thanldifusgnnieemnamsiagmisiunsumdilosanniduiag il
AnaNTAMIanaa Tanuuusags anudumiumsiansougs AudunIuNsAnYTegen
wazaudnAulafiusmeuyed Tneanuaiunsatuiiunistesiunisinnsauinainniad
Hdueenlusfifianuudiusnn Ssaummnannginssumsneseslanioueenludiiounios

1%
a

Hutnlavenauiannnisianseulasanmundeuneuen (8]

2.1.1.3 lavenaulnlou (Ti alloy)

lyiflow fqauiufeiiudnuiammmuiuiu 4.5 g/cm® Weifisuivaunuaasfianin
3161 flmunuIuy 7.9 o/cm’ waglanswanwes Co-Cr-Mo fifianumunuyy 8.3 g¢/cm? [9]



Tavgnaulniniilon 1w Ti-6ALAV dANUAUNILLSIRIgIkaziinuiumuien1sinnTaug
wifirdaduendaiuarlifinuantfniawsivgn [7] fauauUifuanudiuldfduineme
uyudae Inmidoauuazlavgnanlnmdeugmirantilusunsumduas suunnssanieannndl
AuanRInain anuiumuianseuiindeumsznginssuvesiusonledues nindeule
oonludt (Ti02) egslsfnuilavenailnieninuasinsnsluladuiesununsdnusedin
[5]

langnay Co-Cr-Mo danuudiauss Anumidenasanudununisdngeninlavenay Ti
ua Stainless steel Fsdoaniunlilusudoso nszgn videlusuivdessosunndenddiien
g9 losnnlavgnanes Co-CrMo dmmuinumunisidend AaautAivisnauazaudLunIy
msfansoudifiangs (Muduniumsianssuliigdluasazaevesnaslsd) snaauives
wadwil sueonlodvoslavenavyind arnsonuniudean mndeunieuenldduasd
anuannsalunsisuldtuideBovesimnisyeifiuarannsoSsudieunuauifinang
vodlanenaumava i wdanddluned 2.1

A15199 2.1 MsiSpumiguamantaininaveslavisnaun 1IN miunsean [9]

Young’s Tensile
Yield Strength Fatigue Limit
Material Modulus, Strength
(MPa) (MPa)

E (MPa) (MPa)
Stainless 190 221-1213 586-1351 241-820
Co-Cr 210-253 448-1606 655-1896 207-950
Titanium 110 485 760 300
Ti-6Al- 116 896-1034 965-1103 620
Cortical 15-30 30-70 70-150 -

lanenaulavean aiuisawuseandu 2 Ussmmmmizmumisﬁugﬂ Aouszianil 1:
TonznavideuasUszinnit 2 Aolanenanyuiiugusamudon uaranunsonenadsveslaena
TAvead-lasuley sanlmdy 4 sdadwsumsidausiudaniswnmg [10]

(1) ASTM F75 aarUsenaufa Co-28Cr-6Mo 1Julanenauvias

(2) ASTM F799 a3rUsznaude Co-28Cr-6Mo iulanswauiinaefidiunszuiunisni

QaUUNAMARS

(3) ASTM F90 a3dusgnaufia Co-20Cr-15W-10Ni iiulavgnaunudugumamiudon

(4) ASTM F562 asfusznoufio Co-35Ni-20Cr-10Mo iHulangnasmuiugunisnnuiou

aaﬁ‘dszﬂaumamﬁuaz@mﬁmﬁ’&%aﬂasuaqiamma:umdwimmagﬂumiwﬁ 2.2 uag 2.3
Tnelavzuau ASTMT5 waz ASTM799 9xflasdusenaufindondaiu usizadrdavznauiin



et SsdenaliianTR@natiuansneiu amnsanansesdusznaumaniilafmisned 2.2
wona1nd Ysunalaueadly ASTM F9O uaz ASTM F562 §a@ninlu ASTM75 uag ASTM799
Tun19amsaiug1u ASTM F562 S9nAaN1nnI1 wag ASMT SVMS@auuInnl @ u1saleans
safUszneumaaildfinisi 2.2

A1519% 2.2 a9AUsENaUMLATvadlanzial Co-Cr 19 4 i luaunIsknne

ASTM ASTM
Elements ASTM F75 ASTM F90
F799 F562

Co 58.9-695 58-59  455-56.2 29.0-38.8
Cr 27.0-30.0 26.0-30.0 19.0-21.0 19.0-21.0

Mo 50-7.0 5.0-7.0 = 9.0-10.5
W 0.2 £ 14.0-16.0 -
Ni 2.5 1 9.0-11.0 33.0-37.0
Mn 1 1 2 0.15
Si 1 1 0.4 0.15
Fe 0.75 1.5 3 )
0.35 0.35 0.15 0.025
0.25 0.25 . =
0.02 T 0.04 0.015
Ti 0.1 7 N 1
S 0.01 i 0.03 0.01

A15199 2.3 Aaautianienavedlavienay Co-Cr 113 4 wiialuaunisunmg

ASTM F75 ASTM F799 ASTM F90 ASTM F562
Powder
As-Cast/ 44% Cold
Property Metallurgy/
Hot Forged Annealed  Cold Hot Forged Worked,
Hot Isostatic
Annealed Worked Aged
Pressing
Elastic modulus (GPa) 210 253 210 210 210 232 232
Yield strength (MPa) 450 841 896-1200 448-648 1606  965-1000 1500

Tensile strength (MPa) 655 1277 1399-1586 951-1220 1896 1206 1795




AsauRveslavienauvatlaueas Usznaumelifinnuduudmdn numusenisdnuse
msfinnsoutasianuiafesiigungiigs anusumumstianseuvestavenansic 4 siamarii
Anundeadstumanndnliady Tnefioenledues Cr,0, (Insileusonlud) Avisundesnsdin
NFOUIMNANNIINGOY iuaqﬂUivﬂauwu%mmaﬂawmau Co-Cr-Mo Usznousiennuinasg
Co (laueas) dUTuas 65% 579 Cr (lasiilew) GU:JEJL'wummmmumamiﬂmﬂiaui’mmma
ieuanuudaunsdifvansazaneiiduveudsveslansnan s1aluaudth (Mo) gnifisiinaniile
fedwmalifanuudussgeiundmnmandevionisitugy Tnsnuautfveslavenau Co-Cr i
dUsziavannsansesuelasdavunfentunisliaulusuganisuwnd

1. lavznay ASTM F75 (Julanenaumas Co-28Cr-6Mo lavznay F75 Uz insu
guuislugnaNNNITINTT DUz INIALAEN1TUgNE e TN suNNE AaauTRndnvodlans
naviireauiumunstandeuiiniben uiluanminedeniifinaelsn Insoonluduasiiuinfs
Aeadesiuusinnlesden e F75 gnvdetusy Tnsvaendtonmafi 1,350 fv 1,450°C anniu
Funvidesaussiuaduusifuiinsinfdsussnudeanis (Wu Ausuvuies aglnn s1ndiu
Jeu nggnuiiuundin) auauinalasaiaganiafuandsiuansadanaldduegiy
anmmsvasvedlavesa LogervdsnadeennautRiBinaveslansnan F75 lnglanizeg e
awransudivng lieu s umiuusisveslavenananas 8elunitduludaunnsessewing
NITUIUNITNED mﬁ]ﬁﬂﬁlﬁmﬂmmﬂﬁﬂLLazé’waﬁamﬁa%’wﬁumaslél’amwmmam’szLmﬁa:u

2. Tamguan ASTM F799 13uii§dniuludelang s Co-28Cr-6Mo wmumiawuma
adon Tnefiasdsznauind endstufulanssau F 75 WAR NP UINN13RD ugUToud
grunniUsranas 800°C ndsaINN1Viae SumeuRnAetusy ImmﬂmmmuqqLwamimugﬂi‘w
18 (fiwewaninsolunmaAeugl) deanluiuneuaainessligamgdmluduneunisiniusy
Jdlelwiannielanainniaudeu was sUssvinnnsiudl q gamgls q Heilaeluvhlniae
wanlmifunazashliarudausafisty fafusussaeinevostannialavesandaiiianud
ATINLaEATILAuLSIRgaiuapahwestavenay F75 fivdotugy

3. Tavgnan ASTM F90 ifhulanenanyuiugy fosdusznaufe Co-20Cr-15W-10Ni T51g
Ni wag W Liussdusenoululangnavtaelianunsondntugldadu lnsanizegeniseuseu
wazauauAvoslavenanagnsetulavgnad F75 Sudedugudaenisd ugluuuibuil 44
Wesidud (21nms19il 2.2) amnudn ansAugReTInkagAILAURLTuaDaviives F75

0. Tavigau ASTM F562 Ldulangnau Co-35Ni-20Cr-10Mo lavznaniiiinisnaumay
seviesanuidauss avmwien wazanudumunisinnseudiduszansamandian Ay
WBaunsefiendoudulngiinanmadadivarnvats wu n1sdugduuuibuy fuiedosiy
nszUILNIHAR Tnslanzegnade ASTM F562 Sinnaifumiuusafawiniu 1,795 MPa dagaiign
Tuussalangilidmiumsifnusudnsunmd wasdmeanumieiszanm 8 Wedldud



YagUusmudnlungu F9O Au F562 fis1e Ni ludiunan s Ni §1dusunaias gn
nudanuduiiviesinie Feludenunlimanisunnd datunguveslansranves Co-Cr-
Mo ndagutieuldiu fe F75 wag F799 Ay

2.1.2 vaunaslusnanieuyed
° o = v ¢ ] & 1Y

n1sinTagvielavenauulduselevdniamsunmglusinevesuyed deusenaulume
YDUNAWN 4 1wy 1Fen waad 1udu wastannesihulddedlinnudAyivaninindey
v ananlusaMeNyed iefnyimeiynisidauvesiantuiienaviilunaunula ssasng
nszan wazdore JeanmwindeunielusnieuyedUsenauniednue e uATivazn e
manmndteulvvesanwwindeniansiy agalsinuluneiuedl siolanziluesiuszneu
dfiry BelanellagiBeedoufitemaniiniaoninadnseuiseminedl uissinaguusdy
AunsianIeauseansaratslus eyl wagauawisalusunisianieuvedlanzazgn
dnnfiasaunduddy Wevineeignislinuvedanziiug Snviadadenieauunnsiisusda
pH deasiangnisldauveslaveuny

arsazarglusimenyuddnlugiduaisazateviin 0.9% Normal saline #38 NaCl 0.9
Wesiwudlnendn (edeumaslsannududy 0.9 Wesidudlaeuimidn ) Usznaumess Na+
way Cl Jussdusznaunan JsiiaAn pH agsewing 7.2 8 7.4 igamgll 37 ssrnwailed e
A1 pH Wasuwladluainszdu pH nasluann (pH 3 89 4 w39 10 A 12) onadwwalisnsniedl
ANUAnUNANS aLinAuLE BB uaesnIen 1NN WY N1yl @1sagany NaCl &
ANUAARRDI19NMEAIMTUNIISNEIAUAA YRl IARaaluAnTR AL AanLALL BT BNT
Waswwlasd3unas NaCl vinlviussiteealufniiUaguitasddinason1sindounivesvesviaiwag

] = <P ¢ & A ° Y v ]

n1sunsnsEAtevennfeviasisluwadiidae n1sul NaCl Anuduty 0.9 wWesidudlay
wntn nawnudngsamenyed (Wunshiiimdeveanidlsmeiuia) wisidunisvauwnulu

i ¢ = = v =i = a v ' =~
aneisenieuywdanydeveanal Faideiands NaCl azinaliaisazatelusnnieinig
Juwene (ua) wndu sudsananavsnsmeiireslsaludentiosnitung uas NaCl 0.9%
TUSuae 1000 TadanT MIBRMLNNEE

v A s 3 o A a = Ao o & 11

wifves NaCl 0.9 Wesdudlasuhudnvseaisensvlanilanianudnlusesenislay
hnihfauauAaNnaveIvesalluseng Shwieruiuladnliedluszauung ¥iglvinis
MUVRITEUUUTTAMUAENA 1L L D699 NTBUYITNYIAUAATDINTA AN (SEAUAT pH) VB9
sumedilvigamsenatly snwdsunsvesindeansssuuliianuauna s

2.1.3 ynAdeiigatesvaslansnau Co-Cr-Mo

2.1.3.1 lassaieganiaveslavienas Co-Cr-Mo

MNMsdTiTefiAeadesrneg nuingulansaanves Co Wungalansnaniil
AN UAAIUALLDIIILAZAULNTIET danuaiusalunisaiumunIsinnIsukaznIsiin
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pondiaduiidunn uenniionnduiigamgigdlavenaunguifiasnuudusdilfoged 39
AuaudAdinadunanan Tnseasrmdnvedavenaues amluauideves Zhang uavans
[11] ununmirasuslalaszunsuveslansuan CoxCr-6Mo uandluguil 2.1 FagnAnalasld
lUsunsu Thermo-Calc nnulalaozunsy nundivausznaunie 3 i Ao 1. a y w3e FCC
(Face centered cubic) 2. 1@ € %39 HCP (Hexagonal close packed) wag 3. 1Wa O %30
asUsznoudclany O Tnensiinia p datuseususzanas 1150 B¢ 100 aswrnaaiu M3iin
wa € 1NnYegumni 1150 839A1LARIY awnuandumsidsuutaminnssuaumaduiaifiety
wazla O Wntuldisnmngliandaamgion feiuiinames Cr ifutiads Tnedusinaves Cr
Uszunas 22 wWeswuidusuly vinlvilllenaneliAmma o luiuvespaaudfivesnalulans
waw Co-Cr-Mo tlassadng FCC famuwiisnannniilassadne HOP usay anudumiunis
dneninlassadie HCP uaglufrunisdaneulaseaiie FCC dannudmnisinnsougenin
Tpssasne HCP luansazatansadaiiagn mududu 2 Weosidus

1773 bl L L |
p L —
1573 - i
¥ - -
1313 Y40 3
o 1
= i
e[ N1730s : o |
3 i ! I
I
98\ [T ; I T -
:
7 ! B
|
773 T I T T T |

2 20 30 40 50
Cr concentration, x / mass %

JUN 2.1 wuanalpezinsuvedansran Co-xCr-6Mo

luwideves Chiba wazaue [12] Iassasegamenaznisnadivedalsusenaulialans
o wanslumalaozunsuaiuesausznou (Ternary phase diagram) veslansnas Co-(27-30)Cr-
(5-T)Mo Tlgaumafiunnsnsty faguil 2.2 1) 1197 K U7 2.3 Usinglasadnegania 3 wuu fio
1) Tnsead1audnuuu FCC vidowla Y 1intuiiu3unames Cr dindh 20 Wesdudlaeuszunamuas
USunmes Mo i 12 wWeddudlaeuszana 2) Tassadamdnuuy HCP viiewla € Antuil
USunawed Cr 58111920 9 40 WesidudlasUszanaazUsuiuees Mo s81ing 12 e 22
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Wosidudlagusyanauay 3) arsusyneuldelans O AnTufiusunames Cr sew3ne 0 84 60
Wesdudlngusyana guﬁ'z.z 2) 1473 K lusguuvedlanenay Co-Cr-Mo laseasneeg 2 wuu
fie 1) 1l Y uag 2) arsuszneuidslans © lasaziiuina v fanuaiesiionmgd 1473 K
warUSunaves Cr 40 WesidudlaeUssanaazUsuiames Mo 15 wWesdudlaeUsyana

@ Cr (mol%) (2) Cr (mol%)
Co-Cr-Mo 10 90 Co-Cr-Mo

20 1473K

Co Co 10 20 30 40 50 80 70 & g0 Mo
(mol%) (mol%) (mol%) (mol%)

Ul 2.2 ilalmezunsuamesduszneulussuuvedlaveen Co-Cr-Mo (1) 1473 K (2) 1200 K

lua3dgves Yoda uazane [13] Anw1dansnaveslsuna Cr delasiaineganinnas
AasauURnenalulanemay Co—(20-33)Cr-5Mo-N LLamﬁuwﬁ 2.3 wuindleuiua Cr Lﬂ'uﬁu W
wﬂwLLﬁWﬂJWﬂimmaﬂaaLWa Ry iy wogvilfina y Sanaiefios Sansdl o fluaintuas
danalut ﬂmammmqnameaﬁuumaLﬁnummﬂmm’mwawaq Lee Uavany [20] Anwransna
ﬂﬂil,wmusuaqﬂﬁmmﬁm Cr Tun1susudgsnaandmnienavesiansnay Co-Cr-Mo dlou3inm
199579 Cr Litudu 910 29 auila 36 Wesdulaotiniin Suevhliva v feruiafosuaylid
nMsanaznewvasarsUsyneuddlany O Lesannuavessn Cr Aeviliiva y feuades dae
Usuusanmasimanalilavenas Co-Cr-Mo geiu

1000 1000
v (1) a 2) 33cr
800 S 800} 29¢r
<) <) 26Cr
@ 600 |  93Cr  29Cr 26Cr a0, z9cy ¢ 600 23Cr
@ o 20Cr
2 400 B 400 f
2 ©
£ £
E 2007 E 200}
< 2% =z 2%,
Nominal strain, ¢ Nominal strain, ¢

Ul 2.3 n3wlanuidu-auieien vos (1) lid N idudiudseneulu (20-33)Cr wag (2) 7 N
Judwuszneulu (20-33)Cr
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Tusu3duues Cavalcanti uazamz [14] AnwingAnssunisianseuveamannanliady
naugIaNg (Duplex stainless steels) lnaguoonidunsmidsgud 2.4 uanaduanudusitusves
sasinstansoududadiuarsdszneudilane 6 annsmwuind euSunuvesdndu
ansusznouddlany © Wity dlisannsiandeuiiugedu

a4
&

Corrosion rate (gfm®)

a 2 4 E B e L4 12 LY | - 18

slgma phase [%)

SUN 2.4 naimnuduiuseningnsnisianseuiudndiuasuseneuslave ©

av oA A =l % = a '
NN AABBT AU IAsIasIRanavasa Y (FCO) danuiadesuinndd
Waligufiuma € (HCP) wazn1siiuuTunawessis Cr §edigannisiinaisuseneuddane ©

denalvinaaudisunisinnseumasiaslasdeuasyintig ¥ danuadesas

2.1.3.2 m3nansauvaslangnay Co-Cr-Mo

nsfinnseuRevfisersenindlanefuannznndeunouen wai ldazvinlilanedy
douanwasuardssalilavenamiinnsdensuanuannsglunsmmudenisianiou lag
UfAsedandlngiistutudufisenaifiwimieuifseuad [Wudu wusdimsdansouiiin
Fuifulavgnan Co-Cr-Mo dnumidunainaiuviadunafaujisereendindu duly
wamslunisdessunisiiamssansouainaniswindeunieuenlviiiiandelanswauyiail
awnsaidonlivinveslangnauiileteifiuanuannsalusunisiansous elaveneay aanlu
1WITyvee Hodgson wazany [15] Anwiauaudinislnineiveslavenay Co-Cr-Mo fmen1s
$raosasavareiifeglussnetum nsmlnmuilelaudininarlsiedulugud 2.5 Huns
Wisuileussduszneulaveuiavs Co Cr uay Mo fulavignan Co-Cr-MoliteAnwnansnuus
azasAaUsznau Mnnsilnanlsiwdudwsulane Co Cr uaz Mo wazlavsnayn Co-Cr-Mo wiulg
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Faindiiedlane Cr fulanenay Co-Cr-Mo AfTenIsRanIruidiosionIsAnnITouns ouan s
Wi Anszarinatag -0.4 8 0V vs SCE Fetnamnadnilduviesanlsmintuus naiuives
Tanenay vhuilunsuntesituinveslanenauaInnsianTouTeIEN I INELNEUBNLAY
lHnatia X-ray photoelectron spectroscopy iiemesdUsnaumaai vt uialaneneaud
Usinallpsifisusenlasunnnit 90% vuiuioveslanynay Usznauludae Cril) eenlss Cril)
lansenlaa wag Cr (V1) eanlauaznusonlunves Co AU ponlwavas Mo aAleuiuuanuly
USunausin LLamiéfﬁqgiJﬁ 2.6

5

=

[ ]

<

=

w

[

[1b]

3 5

3 7 M| —— CoCrMo

5407 i B Tt

S | ==Cr
| - Mo

10° . . : . .

1 0.5 0 0.5 1 1.5

Potential / V vs. SCE

sUN 2.5 nsninanlswduvaalansual Co-Cr-Mo wazs1n Co Cr hag Mo tuasazais NaCl

u 9

(pH 7.4 gaumnil 37 BaMivaldea)
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20 1 #Crin oxise _ -
WCr{lll) hydroxide 2 i
ACTVI)
i == = > =
= [mCo oxkdised -
£
E
=
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= | |
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C
§
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MOV} cxkde
o |ImMaiv) hyaroside
AMoavI} |
&
4
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i &
o ~ -

1 08 0F 04 <02 D 02 04 O 08 7 1
Patential [V SCE]

JUN 2.6 Ysuasailuesdusenauveseanlydiduveslaneves Cr-Cr-Mo

TusAdeves Kurz wazauz [16] lafnwinginssunisnesivesesnlaniaululanenay
Co-Cr-Mo #enisdnassansazaneiifieglusianieuyud (Simulated body fluid %3e SBF)
a1sazany NaCl anandudu 0.14 M 4 pH 7.4 gamgil 37 ssmwaidea shnsvieaesiiszes 5
P38 Aean 6 9 Wi 18 24 Flua wazaevheifunan 7 Yu Taeld Tmmudlelaurfielnanls
ity wansluguil 2.7 Grsfndlaiuuumatnvdotaanmsairenadnilay Tasevineas 0 fs
0.5V vs SCE denginssulunisadrsoenlediiduredansuanfenisunosiiufiveslansnas
INNIYNYINABINANNIIATOUABUBN uazeadUsznaumaaiiAntuULiiuATUsEneu e
Cr,0; (aswlgusanled) uazeanlynves Co fiu Mo
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Ll =

0.0001

10

10

Cament demsily] ) A om

10 *

10 1 B T r -

Potential E | W vs. SCE

sUN 2.7 nslnanlseduvaalangiay Co-Cr-Mo 1un1931aasansagatsn1glusenIen e

AY] 9

(pH 7.4 gumiil 37 Berivaldea)

Tuaruideves Bellefontaine [17] Ia@nwinisnasioanlwaiauvasdasiiousanlsn

2
a

(Cr,05) iAndululavgnan Co-Cr-Mo dslanifivspanled it uilfinuautfivililansnand
anusuusenIsianieugs nelandsusenludfiiat utuinuianesdusznouadlany
wan dnuaizvedlasideneenlysiiintufedaumniatunusnauuiuiivedansua 3
Tnsifissoonladiminflunsuntiontdevedansnauiiasgnianseunnaninuandeunisuen
#U pH vesasaraeldlunsvedeu ssfussneumaaiiveslanenan Co-28Cr-(5-Mo e
Usinasweslasideufiusinasnn avdwaliiAnnsadistueonlsduumirfnduiavedavenay
uatad NI RANsoulAR vaizfiusinaves Mo wiiu 5 &t 7 WesGudlaedwiin awthe
WinaanTRvIng Wy maiiunnudusdesifnasararsvesndaagifiunuduniunisio
NIOURUUIRNIZUT I

Tuswideues Banu wazauz [18] laAnwinginssunisnanseululaneguay Co-Cr-Mo-
W lunsauanfia (Lactic acid) Tnsvhnsvaaasisruanan 168 42l figauvindl 37 ssmwaidya
Tmatdalmnudlolaudialnalswdulunisiwsizvnginssunisinnsou Inatla X-ray
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photoelectron spectroscopy (XPS) IumﬁmiwﬁﬁmLLaﬂ%leﬂﬁﬂ Inductively coupled
plasma optical spectroscopy (ICP-OES) ’LumﬁLﬂi']w?*d'%umﬁuaaﬁwGﬂu%’jw?\léuaaﬂlsziﬁl,Lag
USinaessmiiazargesninluasazarendsannisnaassinniou ann1sanmudn lang
wetsl Co-Cr-Mo Slanudhumumsianseu Fudunauanmsiietuves masniiduves Cr0s
(nsfleusenled) Instusenlasiiintuuile fanaud@lunisundosiiufivedaneuaain
nsgniaNseUlAgaITATANENTALARFRA Fetuoonledartiofinanudumuliiulanewe

Tuaideves Giacomelli wazany [19] Anwnginssulniiaiiveslansnay Co-Cr-Mo
#8333 Open circuit potential way Tmnudlolnunfialnanlswiuluasazans thanewdiow
yieansarats NaCl anudidiu 0.9 wWosduflastminlnevihnsvanosiivasgungli 7 8 47
perwaled uarluyiavesel pH a8 5endng 1.4-13.4 31nn15An¥INUIIAT pH H8nSnasden
Fndluinisiangeu (B fe3ufl 2.8 namifidnuusiludunsedlos pH iindu vilsie
é’fﬂsTlv\Iﬂwmiﬁ’mﬂi'auﬁﬁhammLLazgﬂﬁ 2.9 nswiidhwardudunse dor pH i v¥ild
uiunszliinsiansew (e, enfntuie Saduwaumnmsiinesndndures
Co waz Cr finesuduturosoonludviefiSenimnadnliidy asuléde pH uazanszuali
nsiansou unkidisydnasemdndluviinisinnseululanznay Co-Cr-Mo

NNy i \Ve s Fwwesd,
slope = - 55 mV pH~!
4501 " 3 lope = - 55 mV pH g
o ! -
7 76004 u,
> |
E09504 X |
5 | Y |
= 9004 P~
b
1050 ;
0V 140ANE" W2 ¥ 14
pH

5UN 2.8 ¢i1 OCP Tuansazane Artificial saliva o gaungil 37 aeAgalTea
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< 81
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pH
5UN 2.9 Aramuwiunsgliiinisianseu (o) fu A1 pH

Tuuideres Zhang uazame [11] Anvimgdnssunisinnsenveslavienas Co-Cr-Mo 7
Usznoudaeia Y uazia € luansazae H,50: avududu 2 wWesdudlasdmin Tngld
wadalmnudlolaundalwalsiwiuagimsfnwmganssunisinnseuuansluzud 2.10 Tnan
lsiwduvedlavguan Co-Cr-Mo JudunsilSeufisunginssunisinnseuveslasiadnamdn FCC
waglassasnandn HCP Tuasazatunsadaiinin anuidud 2 Wesdud Tuguil 211900051
WU Eoep (Open circuit potential) 483lA39a379 FCC TANAINTT Eocp V0910598579 HCP uay
52989 UlAT9a5199AA1ARI8N1T Scanning electron microscope (SEM) JUA 2.12 tile
Wisudisunistandeuiiaziinduiulassaiddauinniify waediesesisguianasindae
wAila Inductively coupled plasma optical emission spectrometry (ICP-OES) Wionsa
Anszimusnamessgfiazateenunniuiavesia nenauvdainnisyhnistanseuly
a1savane H,50, Lansgul 2.13 uag 2.14
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_I‘cc
o ~——hcp
y 2
g 10°
<
= al (C)
210 ’ (B)
s (A)
I — 45
g 10° |
(&)
10° |
10.10

-02 00 02 04 06 08 10 12 14 16
Potential / V vs. SCE

JUN 2.10 n3milnanlsiwtuvedlaseasie FCC wag HCP luansazanensadailisnanuidudu 2
\Wesdudlaeimntn

JUN 2.11 SEM vadlaseadae HCP viaalnalsiwdundnglntily 1.2V luansaganensedaiiasn 2.0
\Wesidudlagumiin
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10 um

JUN 2.12 SEM vedlaseasne FCC viaalwanlsiwtundnglni 1.2v Tuansazarensadailisn 2.0
\Wesdudlagumiin

Taseadaganiavestaseasna HCP AlAnd undsnsvhnsanseudidnglnd 1.2 v 91
MIAsIERUFY SEM wansluguil 211 uanswuhlassainsiniama o dntunnunslunas
ilulassaial] fuudwiiilavesauinmstanseugininlassasng FeC Turndlusud 2.12
wanslasiassaniaveslaseaina FCC Mntundamshnisiandeudidndluh 1.2 v annnis
AT9deUmay SEM wuinlassaidnisdsuasnninfidnsludihdiniwagnisianseu

a sg < v
RVUERNUBY
70 3
%irnial 'i
: fee (Eed 0.7
60 = s 1.04
= A ey
5 i Sy Emsul
= SOH EEES ] 1.5V
w L HEEW
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%5 30 N
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S w0H | 3
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sUN 2.13 EDX UaaiuR1lAsIase FCC viaansvintwanlswdu Tuansazanensadainsn 2.0

Y

Wasiguslaguimin
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T

hep

Percentage of elements / wt %

Mo

JUN 2.14 EDX vasituinlaseaine HCP nasmsilnatlsiwdu Tuansazangnsadaiiain 2.0
\Wesdudlaguimin

mMsiATziUTINusmAvaneanainlavynas Co-Cr-Mo ndsannisvhnsdanseulu
ansazananIadaiiin 2.0 wWesdulneimiin veslassaing FCC uaglassadns HCP femaiia
Ansnt EDX Tuguil 2.13 wag 2.14 dusulassadiotaaes wuiuam Co naavaniminnndy
579 Cr Mo O uag Sl SsuUsii Co iludmiszneviiianuatostiosigauazdedensdnnieu
Tuanmeivanil lurusdlidedndlaiifingstiu asshliusunasig C Mo O wag Si fuultiunga
poningstululassashs HCP WaBeudisudu FCC fatulaseashs HCP fuunldunisfnnsou
gendlaseasne FCC

luguideves Saha uazame [20] Anwinisvegeulmmuilelaundnlnanlsiwduvedans
wefsl Co-Cr luansavanethanafioufidan pH sefy 1u§ﬂv‘°‘i 2.15 9nnsmivis 3 wiavesd pH
u fdnwurlnd Aoty fdlnarlaedusousidndludih ~400 fg 1600 mV vs. SCE Turasil
dndlaiiifindulazdranuuiunssuansdt fadunamnainnisesiesiueenleduasiui
Tonznandaiatuiigngliin +300mv uaranusamaeenidumaidimesnstaniou wansld
Fanseit 2.4 Endlainsianseugaisdisenusiumunisianiouiigedu Tnsrdnsluinly
N3AANT0U (Ecorr ) 71 pH 4.8 pH 6.9 Uz pH 9 fiB —44.5 ~12 uag —~49.5 mV suansu tnevialy
nsUsTRseTEUUNsinoufigiu @unIngINAINTELANIIAANTOU (o) EIAN leor 49
LansdadasInsAanseugevisALiUMIuMIinTeun Tnenginssunisinnieuvedlons
wes Co-Cr luansazaney pH 4.8 fanszuanisdansouiiganin 1.11 x 107 A/cm’ ANSzuanns
Annsouluansazais pH 6.9 waz pH 9 A1 9.48 x 10°% A/cm? uag 9.31 x 10°® A/cm? auansu
asUiluansasane pH 4.8 wiefinnulunsn agdAINTZLaINIIAANTEUGIMTBAUAUNIUNNT
finngeusii



UM 2.15 nawibwnudlelaundialnalsiwturasiavenay Co-Cr luansasargtiaeiieuiian

pH Lansineiy

Potential (V vs. SCE)

1.6 4
141 *PH
9 @ pH
12"' ° pH
1.0+

0.8 4
0.6-
0.41
0.2 -
0.0 -4
1

0.2 4

0.4 +

4.8
6.9
9

e o
1E-11 1E-10

T

1E-9

s 1 MR ma 2

1E-8 1E-7

1E-6 1E-5

Ty

Log | (Alcm?)

Y

1E-4 0.001
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i a s (Y [} ’oj a a0 1
A15199 2.4 W15AWesNIsHAnSeuvelangnau Co-Cr Iumia:ﬁmammamsmm PH LLANAIS

Au
WISITLMDINNSNANTU
pH
Ecorr (mV) lcorr (A/cm?) Ba (mV) Bc (mV)
4.8 -44.5 1.11E-07 201.91 126.28
6.9 -12 9.48E-08 179.57 129.91
9 -49.5 9.31E-08 196.78 167.04

Tuau3d8u8s Zhou warANE[21] ANYINANTENUVBINISLANSIR Si AongAnssunNIsin

nIauvadvdnnaNauAsuaulunsadaingn Amnutudy 10 Wesiudlasuindn ausafne

laarnnsvilwanlsdulugua 2.16 91005 1MLanIgAAIUNLILLUNTERE Anodic Aadlle
USuauwesse Si gelulumdnnanauasueu wansamisiinesnsianseuldnnisned 2.5

nuhimANITLLUUNSELaananluIIMYedsTs SigWuuazsnsIn1sinseuanIainlaain

ANUMMILNTERANTSARNTOU NAABLTlBLTNSIY STt lUasylidnsIn1sinnTausiag &

UITDIANUATUNIUNITAANT DU ALV UMIENNSERY Si



0.0

—e— Carbon steel
—o— 0.2 wt% Si
—e— 0.5 wt% Si
—o— 0.9 wt% Si

-0.1 1

-0.2 1

-0.3 4

Potential (V)

-0.4 4

-0.5 1

-0.6

10° 104

Current density (A/cm?)

10

JUN 2.16 nymlnanlsiwdureandnndansueusmlunsnansazanedaiingn anududu 10

Wosuslagtnin
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A15199 2.5 W15 dmasnisnansauannslnalswdulunsaaisazaledanasn mnuuty 10

Woswuslaetnn

Corrosion Corrosion Corrosion
! -Ba -Bc
Alloys current density potential y ), rate
b, (mV/dec ) (mV/dec’)
(AMem™) (v) (mm/year)
Carbon steel 0.00827 -0.395 22 52 7.6
0.2 wt% Si 0.00754 -0.346 25 59 52
0.5 wt% Si 0.00562 -0.328 28 56 4.3
0.9 wt% Si 0.00089 -0.218 33 54 2.1

Aav A a Yy v v = a Y] ] v
AMAIUIVYNLNYIVBIVINAU Iumﬁﬂﬂqumiimmiﬂfﬂﬂiauiuiawzmau Co-Cr-Mo ‘USIGU

wadaludlalaudalnailswdu WerinsmIAInIs1ameasiiNe119iUn1SIANTau WU A1

Andluiin1sinnTou (Ecor) wagmAanRvudunselniinisinnsou (o) zgninludmuimm

A19RIIN1INsAnnsousaly Tunginssunis@nwinisiansoussninawa y (FCO) duia €

(HCP) agUlainna Y Iansinisinnseuiisiniima € Tuvasiinginsunisinnsauluaisazaid

11 pH upnsinafiuien pH Maglrensnisinniougendten pH geaznsiinduuvesnagl
Hduneoenlenazaiimnununduinuuiuiivedaveraueuntaailavedlanei asgnin
NTOUIINAITALANENIDAN NG BUNBUBN AINAYI DA LaNZHANTAUATUNIUNITAANTOUN

G
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2.1.3.3. NANTENUVDY Si Ao lansNaumige

naulavznasedlaueadiJungulansnauiiinuantfivnannuudusuazanuunsefige
fruannsalumsiumunisianieulaznsifnoendinduiifunn mafinsg Siluideuty
unsvanglunsihunfui el udiunanveslangnan Co-Cr-Mo Faannsaifinnuanifiang
fumuusIfaazmLiumumMsianseuniensineendiniuiigamaiias nlusideves
Tunthawiroon wagAny [22] NSANYIBNTNAVRIUTUINVRS ST uansaiy 0.1Si 0.5Si 1.0Si
3.05i uaglanewau 5.0 lulavignau Co-Cr-Mo sionisnefvesiidueenlasuuiiuivedany

o

wety Co-Cr-Mo ndsnsiinoendinduiigumad 700 ssrmwaldoa 3Uf 2.17a 05 Wdeya
iU heumnanategeifuddaiermmududures sidiutu danudululginnisan
Amavvesiidusanledtiuinainnisiedives Cr0, iafiesniwaznisedves S0 melu
Fau nsunInszaEeInInlanganlanANLAN TUNINIE A8 YR8 NTLa g Meuans
gnuzasategsisyAvsam dyiulumsifiusg Si lulavewan shlvanavuvesiiduoonled

UUIURIaRaeINNsiineenTaduingamil 700 s walbed

700
600
500

400

300

200

100
0

0.18i 0.5Si 1.0S8i 3.08i  5.08i
Alloys

Thickness of oxide film, (nm)

JUN 2.17 nsmlaununvesesnleailduiuusutaes Si nuandsiululavenay Co-Cr-Mo

luanuddeves Wang wavaney [23] LAANWINANTENUVRY Si AOAMUAIUNIUNISAA
gendiatuves Cr fdUsun 9 Wesudlaedmdn lumdnndnlaiulnelfinailn X-ray
photoelectron spectroscopy \ionsndauasrUsTneumaeiiniisTuvdnnsyoendndu
wandluzudl 2.18 ann1sAnwmuiiluduveseonlediiindu Sooures Fe uninszauoong
meusnuaziediduoonludves Fe lnodiszansnsundvossiy Fe dudenunnieg Cr 39
wuduuenesdlsenevvaseanlsdiiind uiafuludreBoouressin Fe damdumeluiy
Usenaulumedaousig Cr wagluumsdinisnnnznaueenlynvetsis Fe wagsis Cr ludu
Svswavesnzfinstg Sidlululansnasazdamarilimmumuesiusenledunninilewiiou
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Aunisladifiase Sidnld & S asvihuthidarnauasdigannisiinesndindulazasiseanlod
Y83 Si0, fiupanluAves Cr,0; MntlunsiiiuAUAUNUNISHneoNTndY ATtusIe Cr

Y
=

wazn1sHNs1g Si hluagyilansnauiulianusiununisinnsounfgagy

Matrix

Matrix

(3) (4) PLO-Fe,0.

Fey0,

Fe,S10,

Matrix

U7 2.18 Schematic diagrams vasgausiu (1) (2) (3) wag (4) nszuiuniseanBnduvesman
duNay Cr 9 Woswudlneimin wWisueuiu (3) wag (4) Inalild (1) wag (2) Aldr1unauvea
Si

AR et R uiuEVENaYes S| deanuiunulavenaumui UFATuveq
579 Si TasuulINBaRnuazadsiuveeenludilid Cr0; Tsanmussoaniasves Cr0;
aaiesunniteanilusives CoO lulavnda Co-Cr-Mo ayniaveseanias Sio; gnnuly
5“mmjuaaﬂlszjml,avmmﬂ%aﬂawmam Co-Cr-Mo unzdegninuinegauuiinameuinau Feaz
yiutiigudantsunsvosaendiau warandnininineendinduiignmaiaeuaziidiutas
Usuusseanledues Cr0s damavilimnusuniunisianseululavesea Co-Cr-Mo getu

2.1.3.4 HANTENUVRN Si AoRMaNUANIINavalasNay

luauId8uee Mathai wagane [24] NSANYINANTENUDA Si fialaTaasiaganiaLay
AniandAMIsnaveslanzaay ALSi TagyinnsAnuuTunames Si fiusainm 4.0 6.0 8.0 10.0 14.0
uay 16.0 Wesifudlastmiin uagvinisianiswdsuulasaudfimanavaslansnan dldun
AufuuLssAaarauude nmantsAnvuitlunsiuiinaeesstg Sidlululans
wam ALSH leuTinasg Si innduasriiligauantiniena ddlduddamuuds Aarmdiuniy
u9Reasan AnudumuNsAnuseuarduUsyAniamdsaniuiAgely wd dssavinlia
Wesldudnsdasndiasinas
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U398 Kalhapure wagany [25] vin1sAnw1BnEnavessty Si denuaudininaves
ogililen AnwiUTinavesstn Sifie 5.0 7.0 9.0 125 uag 14.0 Wosidulaeimn vhuasin
AnanANIInameBnmaaeunnuduuAnnesa (Vickers hardness testing) tiloyeA1ves
AMUATUNIULTIAS (Tensile strength) AIMuLGs (Hardness) A1ULATS (Toughness) A4
wilen (Ductility) waz AuLTausegansn (Yield strength) 9nwanisAnwmuideUunaes
Si unduluauds 14 Weddudlpeiniin azshliamiudununssdsdanfsdugagaie
175 MPa uansluguil 2.19 waznsifiuuiinaues Si azdssalsiananusumuussia anm
WBaussgansndanfinged uiinavlidnnuudeesdonsnamfudude wivaed Arvos
WosdusnsBamimanmantioUiuiames Si fannniu

& 200

=

e ,—’.

E >0 ~——

Y 7

B

("

S100 ’

2 -

- al

LY f\(' V

b

E

= 0% v

< ) 2 2 8 5 10 12 14
Silicon Content %

JUN 2.19 wansenuvesdsuIn Si AemuA UL an lulaenas Al

lus3dgues Tunthawiroon kazaniy [26] AnwianIgnuves Si senuaudaninaves
Tavzsan Co-Cr-Mo 9nnsmlanuudaiazTunaues Si Mkansng Co-Cr-Mo 0.1Si 0.55i 1.0Si
3.05i waw 5.05i Tulangnan Co-Cr-Mo Uil 2.20 wuiaruudsweslansnanfintuiio Ui
Y04 Si iintu IngArauuduaievadlanenan 0.151 0.5 1,051 3.05 wae 5.05i Ao 287 292
295 356 uae 515 HV auddu Gsenuudefifistudunanananssenouiddansdanuuds
FININUNINTIAYTOU WAEVAFDULIINTBNLARINT AR UANILASIAYBlaneNas Co-
Cr-Mo USanauwes Si umnsinefu Tugudl 2.21 91nnsminansvaaeunuaNsALsIRsved 0.15i
0.55i 1.0Si 3.0Si wag 5.05i nuANLFUNLLIPRRNgTuileUsIves SifinTudaus 0.15i
fla 1,051 pgslsfio Woysina Si figendt 3.0 81 5.0 wWeddudlaetmin azaneudunu
ussRsuaznsasias feivilunsmannuiu-miueienvedlavenas 3.05i uay 5.0Si



26

2

led  Ju  Lh
8 8 8

Hardness, (HV 1)
-2
=

nl|

0.151 0.5581 1.081 3.0581 5.051
Alloys

U 2.20 uduiusszvinannuudsiuUiainasie Si 71 0.15 0551 1.0S1 3.0 uag 5.05i

> 8

2

3.051

5.051

D Ll ||.||’|J||l1|.||

0102030 -40 50 60

Nomunal strain, %

Nominal stress, MPa
]
=

JUN 2.21 naianuAulazALATEAYRIlavgnay Co-Cr-Mo

31nITeNAeITast AU snagUluiulassasne ialnesunsuvedlansnay Co-
28Cr-6Mo Usznausiy ta Y wia € wazansusznauslany O laswla Y daduuilednas

ANEumuUMsiAnseugIni e € vafimainansuszneudslans O axvinlidsasinisdia
nIeugaienudurunisiangousias luduaautinianaty Taenas Co-28Cr-6Mo
11MSZIU ASTM F799 TAautiansegandt ASTM F75 dadlusnunisianseu lavenau Co-28Cr-
6Mo Finnudnuynunisinnsouiias ilesanesduszneuvesesnludildufo Cr senlud deildu
Freunteiiuinvedlansnanainmsinnsou variinisiansouluaisazaefiden pH fmse
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Hunsags admwavilflansnandinsinndeugetu dmivamaudivesy Sidelansnay Co-
Cr-Mo Aeagtasiiumnuudauazaudumuusaddligel uays Siazdrevililansnand
AnudumunIndeuiigamgiiadiasdu uaznafiustg Si Wanndulumanndwanensuouiy
ahlisnsnsianseuiias uazlutlagtudslbinuamadoiifetosiusg si inaudriulay
wasl Co-Cr-Mo floghaannunetdn Tnstanigluswilifutanuanilaide Tanildiusnanieuyws
Feifudaduiunvesnisfinudninaves Siselassainqania ANuAIUNILLIRY LazAY
sunmumsianseululaneay Co-Cr-Mo

2.2 N3M32980ULATIATINTEAUANIA
m'iﬁmﬂLLagmimaf\]aauamauﬁﬁmﬂmsmwmaﬂaw (Physical properties) W
Fumeuiiuguuasifunslinseinsnaeudesiu aaautivanmeninvedlangasueg fu
TnssasauazmsinGesiuaseznaululavy fulunisdnulasiaiimeddanyansoutseen
Idu nisesivaevvualug wselussiuunnin (Macroscopic examination) & wwdunis
ns1daUfeidsensruiadivieansanewiuldfenidan uaznisnsiaaeulusedud
aronuesliviunisluszaugania (Microscopic examination) e fvuinszaululasiuns
(Micrometer) Tun13@nwsivasidunvavianlussavlulesiunsvioluaseu agdosldndas
qavssadlunisnismsiaaetlasaiisganianie Jaduns@nvinazinssiesdusznoures
Fan ludnsumeumsnsaeulussiuganiafendesqanssaidudeuduianuietuuazsios
finswienfimessunumedauney Tnsnsiludadtunseniwmsienauneveuluaudauin
azifun (Fausiued 100 300 600 800 1000 1500 2000 way 4000) wazlinsdadifivurnidnun
(w901 ALOs TR L Uaz 0.3 um) TnsiodnafauitoliaiuAIfdautu wagiau
Azo1ARIBIeNIuen NAsINTuNIAAiadeatsazatensn (Etching) witelianunsndauun
Lenuee kavliasgilasiasnmameald lunisfinwanuazgusne wwnresansusenauidslany
uarlassasnestunliogisiistu wietunuivuaiidnunnauliansonaeuldiiseiu
fdswenedaus 10 81000 wh SlusgBsisdondonliindasloniogunsaliifidnsnmgs
agndesganssaunuuliuasuagldunasiiauasainaididnaseu

2.2.1 ndesanssAkuULEs (Optical microscope)

ndesganssmiuunandundesgansaiililunsdnuilassairagania lnglduamas
srvuindauanduiiugiu asiliiunmingldleednsasieuuasaintngdigiaud
Usgnausmie aud 2 4n Aolaudlnaing (Objective lens) uagtaudlnan (Ocular lens %50
Eyepiece) fuuansluguit 2.22 Tnsiaudlndaquduaudlndtumogmiotunuiinesduaud
usnivihmihfinensnngegdlilngiuainund Tasmudlndingazairesnmduuuuningdein
nduiiflvunenslng uainauduese Tnesundwesnmazanlufiaudlndnvildiin
amaileuhnduiitlvuinverevilinuesfiunnlddaeu vildaansoueaiuingied1eni
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vnadnld Tsndesganssmituunassaviannsonsnasulnssainsvestanldudione fifa
ity Tagludnnisasfiourosas vneiitanfivuas wu Tanesynussnn woiinuasnediues
vavdia agldnnuandnsiu iesinanuansalumsasiounasiiuaneafuluudiameingg
faguotunuihumsdnutuawiedsuannsoasviousasifindiounszan udwinnisiade
asazanensavseansiadl azvilrueaiiulassainsgamealdinszinsuresianiifiansiiunnsng
fu FaflmnalaennAaufiserneiu Tasanunandeidiulusiasinsuasiuogiunis
agviouresiamennuiug vdsnsteidluuinaveseunsuasindosuindniu iesan
awauﬁu%nmauLmuﬁmmiwiamiLﬁmJﬁﬁ%mmﬂﬂﬁgﬂﬁ’mﬁwmiazmmsmﬁamimﬁ
unnivinady Jegnineenluinnnidiedieuiuiinunielunsy Jsamnsousadiuuinm
vosweumnsulfidiosinmsasfeuresiasiiuaneanuinmmesiuny [27]

<— Eyepiece

Light source

dy t
Body tube P

Coarse

adjustment Turret  with

. ,’ - Fine objectives
) Q e : adjustment J————\‘:HEH Coarse
Light source g A/ \ adjustment
jectiv ]
Arm

1]

Mechanical stage i
©
-y —4 =

Fine  adjustment l (6\

. L C )
(a) Microscope with moveable body. Individual (b) Microscope with moveable stage. - Turret re-

objectives must be changed to obtain difier- volves to bring various objectives into viewing
cnt magaifications. position.

Transparent mirror Ne

JUN 2.22 drulsenauvenaesgansiaiuuuliuas

2.2.2 ﬂﬁaﬂqawiiﬁﬁtwuﬁaﬁﬂiﬂﬂ (Scanning electron microscope)
£% L4 ! I ¢ A 4 dAa o a &

ndesganssAtwuvaainsIn (SEM) Luaunsalias aaloligeddidnaseulunnnssnuuy

Wilugununsedandiegne lneasinssausiusaswansdaniadiannsetind (Electronic
. & A o g Y o @ ro @& v ' v a vl A W ! Y

signals) eanu Fununsetanldvindudlidnluiesiunstailiissunsedu wivgded
ausalivila d1dagluinliihezdesedouianglansniotaniunlui wu nesdl wse
AISUBU ANNITAT NN INVDINABIYANITIAURUUHRINTINLUNITATIIABU TANVIS 0 TUAIBENY FD
N3NNI INAVIAIBIENATOUTIANNTENUAUNURIVDTER WalRBIanasouN AUl
AeE1Ins 75N IBIENATOUAIAUTNEB (Secondary electrons) ®anaenul Faiifanaadu
dayayns (Detector) ApevihmiiingiainUinavesdidnaseudduiidesivananiiuivesan
wIetufegtluusnaTY JUT 2.23 uanssivazideanagnannisinnu tnetudidnaseuassi
winindnandiannsou (Electron beam) wazAIuANlBLANATOUNINIANNTENUAURALEN S VY
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hireg9ld Tay Scanning coils axUdesliidBiinaseunsnnwuuiiuin fasviotuausoehs
uazadLdnnseutinszidandusesndng (Low angle back scatted electrons) agyindunsnien
ﬁ’udauﬁyjummﬁjuﬁa wazylinAnd i dnnsounseidandudiaes (Secondary back scattered
electrons) iloassdnyanauvesdidnnsoudaiunszuaunisiivilfAnamiuanlasazainso
veglatia 500,000 Wi [28]

. O High voltage
e =) Electron /A,—;'g——}/ s
electron gun gun Rl
Scan
- To beam i
= First condenser 3 generator| View
—SHBIEA|  branking coils
electron beam - tens, C1 Dzelioozd] imag
. anode
g——g/ Second condenser

Magnification
control

To scan coils

one, 02 DN
.

3 A e
- e 4
. Objective. |
magnetic lens AV A= lens. O
= 4 —
backscattered I X-ray

Final aperture

electron de'ec(ov\E secondary (ot brens] Secondiy
—~— preamp
= ) electron detector
/ 2-Specimen ant
curr
specimen w / stage chamber et
- Yacuum Diffusion or turbo- Electronic control and
et 3 pumping ~—— molecular pumps imaging system
system

[S"S-3 ST —L)

SUT 2.23 LU TWLARINNSINLYBINABIRANIFARILUAR N3 A

2.2.3 \wesdinnsesinisidsuuieiond
\A3psiloliAsigrinsaeIuusadiond (X-ray diffractometer, XRD) Hupiesilolunis
Jnnzidnuvalassaimdnuuulivhany (Nondestructive analysis) ifiofinenseuulaseasng
vesHENUeNsIR MsUseney Auapiivinailiaes lulvSnauasamnn aen1sedisndnnis
Guammamwwumﬁqawﬂ% (X-ray diffraction) Ingvhluazdeulivaenisd@idndiiiinain cu #
axdia Ka uaiz KB nswdimaila X-ray diffraction ililumslinseiludiunidundn el
X-ray Wlonnnsgnuduinvasndniiyunnnsenuiimneay Ssdonduisdinaziianisidsiuy
(Diffraction) wagS¥AUd LA NIvdRnTzevzaas Ui fufiaewasmdniiinasudweAnns
Aeuuresisionddnasiuas adidndunsdufaenegasludidndusianilaazvilniannis
Aonuures¥idisng fusuil 2.24 annsnosunsussdsuduaumanunguosuusnd [29]

A = 2dnwisind (2.1)
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Incident X-ray " Reflected X-ray

Transmitted X-ray

JUN 2.24 nsdeavYessEonduLsEUIUNEN

a v = Yo oS & ¢ - ) & U A d fx adwy

nsasenlassasmanteglisididndasldiaiesinnisidenvuvesssdidndgailniuns
WHF9E F93URUUVRINITIAEUUNALYNUUNNMEIATBITUNNLALNABAAIAUITHTUYDINTS
& Ao v v a a A dl' v = v v &
Wenuu luruendsusediadounluuasssinyuraawan Tnsuansnnuduiusidunsin
seneAAuduvesssdiand (Intensity) funuvinn1sdn (2-theta) wanslalugui 2.25 uazth
v v a o o | S A < v Y 1y X o q v =R
Joyadlniiieufiuiuisuvasiinisiusadugiudeyalisgud devilvianunsavladndu
519 @1susenauviselassasmansuule [30]

SUN 2.25 UNUAMUAAITIEaLBEAYBIATEIINNTEIUY

2.3 d@uUAn1ena

MNAABULTIAY iun1svameuiugumMmngsy WevautRvestagnisiuainu
ufause wagnsnaaeudeusiaiastaslimauamauautininavesian aAnuudusiansn
(Yield strength) w3aqnitiansuussligsgalngliidesy anuudaussiaseanuiumuussis
(Tensile strength) AT aussisgeqrusernuiumuusIfisgeande 9aivaniunssgaan
(Ultimate strength) 1Uasifusnisinda (Elongation) Wagdns1@UNISRARIEUNNEVBIULNGA
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(Poison ratio) %aamauﬂ’ﬁmd’nfﬁmmé’ﬁzg&iai’aawmz%QﬂﬁmﬂsﬁumiaaﬂLLUULLaxLﬁaﬂ
Sasllmnganivauilisoly

nsnaaeusewssislaeialuidunsliusdusuannuiien (Uniaxial tensile test)
Fuaunaaou Insussieiiaznsy o aiauenasaiuintdnve st usnunageu 3aguny
naaoustaazifunsanszuenvioiduusiy uansiasy 2.26 F9ruinmue1Yeuna (Gauge
length, Lo) azuusiiuaenndasiuruIndusuaugnats (Do) wieituiithdnvestiue (Ag) [31]

(1) 50 mm.
Approx. 20 mm. | 100 I

S =11

12 mm. Rad. 13 mm.

S0.4fms Rad. 10 mm. 50 mm. G
gage length gage length
200 mm.

JUT 2.26 F10819TUNUNAGBULTIA (1) FuaumMsInTsuen (2) TUNUNTAN v

~ &y Vo = a a =~ \ a .

Welavevieanlasuusaasaviinnisidesuluiuuganeguiasiuunaiadin (Elastic and

. g ' ~ A o Yo ~ & a = a | A a
plastic deformation) Tutusnidielanevisedanlasuusafafagiinniside sULuUEangunsadan
a | 1< [ YY) = < y a [y v ¢ | = A
afnnewdududuwsn Fadulununguetan (Hook’s law) lagiianudumusseninausafiei
nseyiudunuLarnsdaiivesusududunss (Linear relationship) a1ndutilovitnisiiy
L5l uiTeY ulavensetanNanTside UL UUNaaRnuIen1sde sULUUnT 3T UL Tl
YUIAVBILIIFINANIUTA LN UNNUIF AN SULIT AU UL IALAAIANLLAL (Stress, O MUIgAD
N/m? %30 Pa) Tuvus Ndnd1use I e DRINDAINLELANTDITUNIUNAZIUAD AILLATEN

(Strain, € laifivithe) aunsananinnuduiusvesanupusasAuAsealsuduaunisiaeail

c =F/A (2.2)
g=AL/Ly (2.3)
E=0c/¢ (2.4)

ilo E Aoruondavesdsd 6 Aernuidumsiennss € Aomnuassavsimnssy F Ae
Lssinsevisenfuningn A Aeuiinindavestuiy AL Aornueniiuasuldainainuen
WA Lo Aeanuenasudu lunisfiansanmnuduaunsaviils 2 wuu laun 1 feauduwuy
N334 (Engineering stress) L‘Uumiwmsmwmmmu‘uu‘wu%wu‘wuwmmmawmmmw uay
2 ﬂammmu%a (True stress) Lﬂumiwmimmmmuuuwu%mwuwmmmiwL‘Uaausumm
W luwagdu & mquummmmiwummqqmwmmmmm UIrnssy Tun1smANAIL LTS v
Tonzvzefananunsnildfonisictaniu lasussiinssshazaons uaunsesietaglianunsn



32
AunuussRaiiatuselula 3uiliAanmsuandnvseninesnainiu Asgun 2.27 lumsfus
lathanuduiusseninussfeniussesdadmIenizondn N3INANNAL-AUATEN (Stress

strain curve) LLaﬂﬂléﬂugﬂﬁ 2.28 [32]

Stress-Strain Curve

0.2% Offset Line
70 | T T
| Uttimate
600 Tensile
;.' Strenglh /J'
50 IUTsS . -
" Yieki Strength Pairt MTS) Breaking Strangth
w
E 400
@
300
Linear-Elastic Regian
200
100
[+]
1] .02 0.04 0.06 0.08 a1 01z
Sirain {rmim]
[— N A
Uiniform Unifarm Mecking E
Elastic Plastic g
Deformation Defarmation L=
b Tensile -
Specimens

JUN 2.27 Anduiussendnansml Stress strain anglaisedi

-
AMULAY

ATILASERA

JUN 2.28 LulAIAMLLAL ALATEA (Stress-strain curve) WUUHYAATIN

NI aLdulAIMULAN-AIATEATUFUN 2.11 [33] Lilausafusunseyinsety
naaou nliguiuvegeuaaoes noan ulegn A Felldnvarveansmiludunsslugnad
pudLRUSIEnINANIAL-AuRs ez Judndiuasinunguesgn (Hook’s law) wiaisend
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v o 1 o 1 [y

WindadIu (Proportional limit) wazneldiiindndiul JanazuanmginssunisAusuuuudan

' (%
= o

f
afin (Elastic behavior) mneddioudesusafsiinssyhdununaaeunazazyilidunaaey
nauluiivunawisy

Sloifuuseiiinssiiutununaaeusellawiuiiindadu @unsmazdos 9 THwen
NNduRse Jaguainvatevinsdiaunsanansmginssunisfuguladnianiesautiegn B waz
dlerugaiiluudr¥anaedinisudsuguasnsans (Plastic deformation) Winussisaudsgn C Tu
90 C thi3and19nnsnn (Yield point) wiorATALALIRATIN (Yield stress) WD AATMLTauss
AN ﬂ"mmLL%qua;mmmﬁLﬁuqmLLﬁﬂﬁijwqaﬂsimmiﬁugﬂﬁ’quamimmimgﬂ wazly
nsdlvedlanzazdudranuudasigeaaisoasiusslondldlagliiAanisdemeniounnsin
vdaniusauaegaTnuds Janazudsusuiduluunaainegisnns udufiuauiagn D
Fadugngean lugn D LRfermmLduATAAULTIRTE9En (Ultimate strength) nFaaidy
U597 (Tensile strength) Faifusmnuiugegaiianasnuldioudiazvevieunnosnainiu
(Fracture) ﬁfgm E

TunnsmAAULALRAATIN (Yield stress) WaeAIALTILsIAsIN (Yield strength) Vo9
lanzmdnusemannda augudl 2.29 anunsadunngansin (3a O lwegrstaauainnsvl
AnuduriugszninemdulaganIen vz lanyvietandnvansuiay exgiiden
noauns agliuangarsnagwiaau widisfazmidlaeimualufidivesauieiend 0.10
0.20% ntuinisanduruiutunslutassnluaudadunswlaslunsiuen Sgud
232 Aanuduiigadatifondn ansAufigad (Proof stress) vieaamifu 0.2% offset G99
g ldunuammusuaasInle

L g
ANUAUNTIU

»
AUy

0.1, 0.2% ATIASER
(0.001 »3a 0.002)

JUN 2.29 1dulAsAILAY AILATEA (Stress-strain curve) WuuliiiignAsIn
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N3NNI BLAULAIAINLAL-AIIULATEA UBNIINITUDNAIANULAUIAATIN ATAITULAULTS
AINTBANUATUNIULTIALAL AIANULAUIAUANTN (Fracture strength) Walaunsausuen
Ansinesiiaeatosiun Iasni

(1) muwmilen (Ductility) v09¥anaunsamlaninnisinesdudnistns (Percentage
elongation) fsaunis 2.5 niellesiusinisanfiufinnasinuans (Reduction of area) faaunns 2.6

L¢-L
%EL= =% x 100 (2.5)
Lo
LfIEJ L¢ a@ﬂ’;’mm’mmLﬂﬁ]ﬁﬁﬁﬁﬁ]’lﬂﬁﬁ'{]u“(ﬂﬂ
Lo ﬁammanmmmm%uéfu
Ap- A
%RA= —OA—f X 100 (2.6)

0

i 4 & A v oo o=
g Ao AeuNTFinnauds
Ar AoUNNTARYEIIINAIIN

lnemilufienldanesiduinsgndaunnniAndesidusnisaniuiinainaing Wesain
Pedon13inan wazanuwideivedansrsedanandusavenanuaiuisatunstuudndae
Tnadunndandanuniesgusordesdudnisgadigeazainisainerian tulddugulae
YR =~ A = Y No A = 6 A I3 o o
Aaiu 11530 NsATuU N1shaduain uaailagiianumieadmsedanusiged NagtTag
ulvgugulaenuieldanunsainliay

2.4 msiansaululansney
2.4.1 NFZTUIUMIUALANNIININANTOU
nszuaunsiansewlulfisenaiinieujisonliiwediiatudledaniufisentu

[ '
U =)

dawinaeu logsssuvallaiinuiseniudwisnesasdwaliianiuideuaninvsognazaiy
AEAIYIIREAIBAINANINLINADUVDIAIIAN VTBLaNY TUNBUBDIULATEITENINTLUINNSA
! Y a & [ =i v ! ! a a o/
nseuvedlangluaniizwindeniiiluveavial fagui 2.30 [34] Areg1adu nsiineendindures
lavgaudauansnuaunisi (2.7) lavegneandladainanmuanden dudunsnlansgyde
a N A aaa a o Py =2 aaa
diannseunienoufiTeneendindu muaunisi (2.8) uay (2.9) uanstauf)isennisanasues
annzilunsn vaueiaunis (2.10) wax (2.11) wansegluannsdunarmserdunng [35]

M > M"™ + ne’ (2.7)
2H +2e¢ — H, (2.8)

0, +4H" + 4¢° — 2H,0 (2.9)
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0, +2H,0 + 4¢ — 40H (2.10)

2H,0 +2¢ — H,+ 20H (2.11)

H Transpor Ow=idizin
ch g
Cathodic Trai?:{ 4~ of reactants 1 agent E
partlal Reduction T - i
reaction of cxidizing ransport _j E
nt ® of praduct
lﬂ'li ~ : Reduced reaction
— — \ ' products
: 1
Charge \
Anodic Trans fer i
i Outiaation of I
partlal metal T Transport | | )
reaction ) of products | § M etal ions
I oy e

/‘ 1 i
[ I

DOUBLE DIFFUSION
LAYER LAYER

JUN 2.30 Tumpuveduizensenininsyuaunsinnseuredansluannizindenduveavar

2.5 gULmUﬁ"'a‘lU?Jaaﬂ'ﬁﬁ'ﬂnéau

nsfansewaunsadwunesndumalivansdnuae Inaldinamisnefu wu duun
munalnyeamsianseu smudnwasnIN e mYBINsinnTeunTemufulsiTiavsnaienis
ANy [48]

2.5.1 psfiansounuuasiugse (Uniform corrosion)

TangazgninnieustsaiianosiiveslangiulasUnfie Lﬁmﬁfumﬂﬂﬁﬁémmﬁﬁa
Ugﬂiﬁﬂﬂﬂw miﬂmﬂiawLﬂmuamqamLauauummamu‘ummmw Tnavinlilangung
Fov vizeduhminmello Lmamaa‘] miﬂmﬂsauﬂsumwﬁiuLLwaamauﬂluﬂaﬂLﬂuﬁmm
uazliinelAndunsesuusavinlain esnaunsomsnsnsinniouuazeanuuuiile neu
faiuegnislinurestudniiinmatansouwuuild uazanunsndsulmiilofinaisy
A3

2.5.2 msnansauluuiiadnmwig (Localized corrosion)

2.5.2.1 wuuunAA (Macroscopic scale)

(1) msiansauluuiaia (Galvanic corrosion)
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lanzusazvilnaziirdndianizdl asdudvndlave 2 vila dulaiueguazd
a < 3 1 d' 1 4:1' ) = 1 9] 1
ansazasdiannstannazdlrulanedousanunlnin #sananuag19AsUIAT NN
il Wanarululansidndliinmninazinnisiansau (Anode) vauzilanedl
Andasnitazliinnseu (Cathode) aAnusndndvaslanevivans Baunninlusay
JULsININEINTY Ausedndaziliiinnisinavesdiannseuseninetanisaey
MIARLDRTINITAANTOUVBI AN AT AIAIUATUNIUABNITAANT DU D ULAZALAR
BRTINISAANT BUVDILANLNUAIAIUAIUNIUNINAIT LRgUNALAD LaneNIAIAINL
ANNFNEUINALTNITAIANTBUABDUTNUBENS aWNUIL L AATULAY LTBI9INNTLUIUNIST
AINAINEITDINUNTE WA NAMALANUBANANUDILaNE
(2) nsfinnsauuuvay (Pitting corrosion)
miﬁ’mﬂiamwugLeﬁw%aﬂ'ﬁﬁ’mm'aw,l,quu Wunisnansounnaliiinaiu
= ~ = o 8 v ¢ a P - a a A
demesuusange aailigunsal n3esilaviserudiu HnAnudenielienInnis
rp— o v & El s ) A Yo vy
nnsgadsdminvesiasae Wulymndsvuinnlagamnziulansnlaimunlng
Adu Jaatunrsinnsounuuimtnlaudus i odd1u198an 1z AL Ann154n
nIpuaNzAkazianseuanaslusous ilrdunaiulaenillosainwandusinig
Annsoulaunaguiontd nsdenseusuvilviliinuelaenn lneluinasinfiani
Wennuwsaldualawedlan N1snansauiinluwIdueIannvulftey Tnandnyay
mawmawaﬂmua‘{am 219l auUIALE NS B lua A ba kA lagdiulnazdauiadn
‘UNF’IN“\]uL‘Vi‘Lliﬂiuﬁ]’]EJE]EJﬂ‘WNﬂu%ﬁEJE]’H]E]EJSLﬂaﬂuﬁ]u{ﬂﬂaﬂﬂwﬂa‘ﬂu‘ﬂ%iﬂiu
(3) msamﬂimﬂ,wau (Crevice corrosion)
2 1 ‘NI a &( d’J ‘ﬂ. U lg‘j a dl U U U U 1 2
A1s5iansauTA AT uluNuNduuUN uRNansAdulalaensInuaIsiansoau N15A 9
| | P o a ) ' & Ad & o & Ad
nseuUsTLAningasiuUsINUesansazaneAegmuNun Juray vsenunv
[~ a Ao % U M Y & (=] 1 ) v
Jugen Uhnwauq Ndaserarednluiieglailunamnulagldinisaiem iy
ANUILNTUYIRanTRUlu S oasavate melusenluminfunieusn viliinnis
AsUMANITAANIaurstawanut Lty Insvusnaulurenazinadudnelunfanis
godeilelane
(4) n1sAawng (Erosion corrosion)
N3ARNTaUUTELANTSNANAITARNTauNRYedlna nakulavizuay lasenuis)
g9 mnveslraillignsinniouge WelanesudnagiiiAnnisinnseuladiedu vn
langtuiilduunaguiid n1slnavesveslyaenavilindugniianeluunsdiuusion
fauausaiavulmdlasindinmsianseutiazlisuuss dduAntulniladagsin
TANSAN3oUANTUBE1ITULTILATTIALTT
(5) MsAANTEUAINANTYATA (Fretting corrosion)
A1SAANTBUNLAA MUEN1ITUTTENNAUNG US N UNRIELEdSErINalane wilolane
Wuiaegnusenseyin dnsduasiiieuusnailmthduda Hinuniansgnunsegiu
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RA8ndnunils Fretting corrosion vlAanisvaiuudafianinauaieaunniiuly
(Excessive strain) ?szzﬁ’ﬂﬂgjmiLﬁﬂ'ﬁ'aﬁaLflua;@L'%'uéfusuaaﬁaa%fml,azﬁu Fatigue
fracture Iuﬁ?jm

2.5.2.2 wuugana (Microscopic scale)
(1) NM3AANTDUUTNIAVOULNTUY (Intergranular corrosion)
mauLﬂiuﬂﬂl,ﬁmﬂﬁﬁ%mié’dmﬂ’hLifamiu Tngveunsududuelun (aaeswoaie
Tave) melunsuifnazuansdanduduelon ynUIAeUINTUToYAIAd U U1
annznausgmiedismilannvietieniiuly veuinsuazgninnseuvierinuiizeld
$refusn dlenisiansewintulassiaaimis v dutuelunizindeud
Wasuuladly msanseusziinnszansegvinluilunuy Uniform attack Aoz
fou uanuinavounsululelupnaoaiian mMsnanseunazinlanzusuYey
insunaeanandunisianieusuveuinsy
(2) MIULRNINAINLIUAULAZNITARNTOU (Stress corrosion cracking)
ﬂ'ﬁf'ﬁ’mﬂi'awzjﬁmﬁﬁwﬁuﬁuiamﬁagﬂuamazLmﬁamﬁﬁmﬁﬁmﬂiau waziAuLAY
wseensziaiulany aruduionasdunnidunndne vdeaauiduneueniin
N3z muﬁamSLLUU?:ﬁaIaMzaﬂ%vazjgﬂﬁmﬂiaw%wﬁauwmlmaaLwﬂmﬁ@
lanzazfisesinnidng eguinugainnisinnseuiidaududiunfoadosasd
Snwarsesiaduiaiu Tnefiseesmienauintunuveunsuniennsuas il
(3) N1SAANIOUSAUAINAT (Fatigue corr05|on)
mm’mLﬂummimaﬂamwmu,saﬂsumsm6] Frudrguan amiuwamiamuummms
wandnidems nstnndeudnuas ianuvunavewsailagmnAmuduss
wasnuazdegnusnssnsudasiailuinnamiuarludwandouidquisn
nieusneud azdmariililuanmnufuniunisianisuvedlanguaiauisgaiiin
AULAENE

2.6 ANNAIUNIUNITAANTaY (NM3aF1eilaunadnvaslanzuey Co-Cr-Mo)

nsadesuiida (Passive oxide) fiflosdusznourastamdanlnoanledas (Cr0s) Tulans
wes Co-Cr-Mo azdawavililavgnandanuiumusenisrinnseugs [48] elanzegluaniaz
wiadsl apviliidiganizresnisnistanieudnamaranazied wiotumadwildunio
oonludiAntuuuiuivedlanenanluraafesuinmstanseutulagnay Tasfinramn
yostumadniidunintuldinsulsiunudevlvainosdusznounand gamgf dndluldh
anmen1seendatuasransenuIndnvatetdadesindiedn pH saduszneuvetasazaleBian
Tnslad 136, 371 egdlsfinumnnisamesvedlossuredlansnaiivtuasrililuisedngnis
fanseusnndaiiu [38]



38

2.7 watansniasidmsunsiadaunisnansou

2.7.1 ArfindlniinEudu (Open circuit potential, OCP)

dndlaliihvenasida AedndlihfiAniueddnetisidnTnsaiildfinsyualviinnmeuen
ﬁqﬁ?uﬁﬁ’ﬂsTlWﬂwamaiL?Jmﬁﬂmﬁm%umaaﬂﬁﬁ%mmm Anodic uay Cathodic fAnTunses 1
Auazlusnsuaeiy %a’qma’[,ﬁﬂixmeﬂwaﬁwmL‘flufjuéuazhjmmsa%fmiﬁimamq TagTy
svuulatiiedl ocP duansarmsialalutisamiaiefiasSnvnadosnmuesiouluna
TWipfivesansavaredidninslad luanzassduilsuoenlasiiaduuuiiuinveslanynay
viselunszurumsadraildusenlusiu welanvnauadrstunadniiduedssnlulf A OCP 9z
Wasuluganglaiih Anodic snndudes q auninasisdriiados (34, 36]

2.7.2. Twmwmudlalaundia Inanlswdu (Potentiodynamic polarization)

peAUszneursunalalwnudlalaunialnailswdy Ao AraaunuIndunszualiii
(Current density) wagadngludn (Potential) L‘émﬁuaﬁﬂé’fﬂsﬂv\lﬁwQﬂﬂaummmﬂ‘%mﬁ%ﬁm
I Tnnudloaunn (Potentiostat) AIN1318L005 I IUNITILATIEUUIAIANUATUNIUNNSAR
nseuRemAnuuLunssudiihuazadndgliih Sdunslmnuilelaundalnailseduas
Wunwamslunsfnwinisianseu aganunsansiadeulaainnanss nuvesinysmne 1wy
ssrUsznaumuaiivesarsdianinsladuasoamall FBvedouniuuinsgudmsunisiaany
srumulnanlsiwtuluulnmutlolauiin (ASTM G59 - 97) [39] 1S Un1TInAI NI 3measaIn
nywilwmudlelaundalnanlaedusgildlagmstmunieulslummenes Wy m3seysne,
nsaunuuazdasvasdngluitn Shansannuvesdndlulfiasfesineagilsvavaniing
anazaadi ludrunsesuisdiulsnevvesnsmlnnuilolaudalnanlswdu [34] wanslads
U7 231
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- Oxygen evolution
% Secondary passivity
=
*J‘p = Passive C.D.
§ Transpassive region TI”
z =
S _ : [
b= Passive region E
b4 2
g } 2
o lee. = Critical C.D. } @
g g
1=
% . - Epp = Primary ﬁ
*J‘Wn = Corrosion C.D. passivation
o T Anodic current potential
B — .. Active region
< l Cathodic current = g
L Ecorr = Corrosi
potential

Log current density (C.D.), mA/em?
sUN 2.31 nsulwmudlelaundialwanlswduuasAmisidnesnisnansau

nsesulvaUsenovresnslnmudlelaundialnailsiwdulsenause Anodic current
firdndluifinduuanuag Cathodic current dddndlwiliiuau gasnvesnsivlnanlsiwdu
serInduUnNIILALA nuaztdunsInueluan AeAIANS WH1AANTBU (Ecor) WAZAINNAUILUY
gl innToU (o) wazdiovhnnstoudndlwidinaudsenamids nszuanisiansounduilen
anas 1999 nUs N lansnauAansad et uildy SanAdndluinfsaan woadivinadu
(Active passive transition) kazArdndluliind yadiFendy dndlufimiadiuduusy (Primarily
passive potentials %158 Epp) Wledeudnsluinfistusely sunszienszudlndhnmsiansousy
anasauduatnsiiands ez toudnslwiifivlfunsaduasaumuinuuresnszuaiils
nswasunlas Tensmfinsyiansiidzonintamnadn (Passive region) AeituRaveslanynay
wgnunaquuardastufedusantuiuny Seannsnwaensaneimodansiasyilsiaemim
Wl unszuatans sudatanatetewnn aunadnsliianelaudsand i duilduunn
nseualivhianseuasiiintuegunnisuiondrsiiiaeqaiin frmsruniadl (Transpassive
region) Hutneilansnaunduaniansaaesivesiuilansegsariiauosnads vawiinism
AMUFUNUS SEnI9AAng N 1A aufuAIAurEILLUnsEkalWi1nsAanseu &
ANUFUNUSIAEATINUSRSINISAANT B UV laReNEY

Tun1snageulnvudloauanusowns sansiaianiaadlaf Aewadaniaadlniiun
Sinssraudaimanailiiesalniivieaisavane Inennslidyanamaliihfuanssogn
Tnglumsldaueissazinisteunszualiiivdennusmednsluih THunassegaiiows el
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Anudsenaiilnih snduffazsthaeuduiusseniensaualnih enusadnglaliiiindu
LaEATIITUNMIUABuLUADIAIF UM UL SHUAUN S LaR el UTEUU tnduamme
USinaens mdnsinisianseularegnisldanuresasieds lnemsiluussendldazaeli
annsovaAaumaninslliiiadivesfAefiAenteld nszuaiinldluseninansins
naaoulmnuTloaunnazaenndesiunasuvenszualniii Anodic wa Cathodic MAgadasriu
UFAse Wi eiunflAatuuuiuiivesdidnini k Aenswil auitesuieiiluaunsd 2.12

Imeasured = Zia,k + Zic,k (2 12)

Weiinslidndlnihuelsin dnsnisaansivedlansastesannuaznszualninninlaay
gnivuaslgaaunamanvesjiseualsin lunmssiudwdmsudndlniueluia a3
mainvesufiseunlsinmfatuiisadnies lumnuseuduiusserininsgydeniaves
Tavzuagnszualnviluiun eduissuannisves Faraday’s law Tuaunisia 2.13

M, t

M= (2.13)

nF

m Ao waveslanefignoandladlugasial t 1 AedInseialiiauelufn F Aed1Adn
229N15NAE (WU 96485 C/mol) n fis Oxidation valence wag M, A9uaasnauYlany
ANU1TNATLIUNIDNTINISNANTBUAIUITANILAANEUNITN 2.14 [40]

013 Xigoy X @

Rmpy r 0 (2.14)

A % o |

Rupy ~ ADDWNIINITNANTOU (Mm/year)

3

ior  ADAIANUNUILULYDINTZUANITAANTOU (WA/Cm?)

e Aot miinauyagveslane (g)

3

3

p AoANMUILULYRIlanE (¢/cm?)

2.8 1394 ICP-OES

\A38d Inductively coupled plasma optical emission spectrometer (ICP-OES) Tglunns
AasresimuIunasts uandddlusuil 2.32 luguuuuvesansazaadienisliudnnisiin e
sznouldfundsruanuieufasidsusnnsduoznouluannnszdunie Excited stated
ozmouluanziazdslifamuades widlonanenduluiduessouluannzund (Ground
states) uarazUdesndsnuuaseanin lnsfindsuuasiazdlugueiousnuamaznsam
Fyaranfiovhnsuaadudygraliuddeihnmsiinseinase nin ndsnuiiaesesnin
MNAsAsuaauze19eglugUresnsUNSed (Radiation) Fsndssuiiuansiafuseninesysu
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WSUgmIasEAUNaIUAlunTasuLUasEnue a8 linsuA1AINE1IAR UYDIARY
waitrdnlalsin LLamlﬁé'fa'gUﬁ 2.33 FUduUmNUFURUSIZNIINE1ULAZAMNYNIARY AINAUNIT
9INaA (Plank's’ equation)

E = hf (2.15)
_c
f= . (2.16)
1319 E A9AINWSI91U h ADANRNAINESR £ ARe1a 1 C AoA1ANULSILad Lag A AAlAn

g13nd U Ingaun1sianatansliiudAmMEa e N 519t 9vdAsEaund 10U 39579
1) AilyAANUEIAAUNTATELNINNTYANGUNE I ULAZNSUARENAS UL Z [55]

sUN 2.32 ipTediinsevimUSinasiglugdiuutetansaraiy



Energy —

Excitation

Ion ExcitedState

Ion Ground State

Excited
States

Emission
e-——————— ’\,)\4
hi —- /.\./X:,
.
fl g-——— ~\

Ground State

SUN 2.33 unumnsgaunaanuiiaiinissuiazUdesAaungany
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unii 3
A5N15A N UUNT5IAY

IngdnusatuifavintusfodunumdunmstauesAnvinanssnuresdanause
Tassadnagania mmdumuLssAsuazanuitununsianseululavenay Co-Cr-Mo s
AaudRlaveray Co-Cr-Mo Anusuniunisinnseulazilianumuniun1sdnuseassiudall
AnANTAN19NATA W Young’s Modulus AMNLEILTIATIN ATIFIUNIULSIRY AAIFuMY
ussisgeandudu driuinerinudetiuiFadenidlansnay Co-CrMo waiduduainnisfing
MIMUNMIUITIANTTIRAENUATETABTRs Aulavenan Co-Cr-Mo uazin3suianuazgunsal
dm3uldlun1smeaed n519aaulATIA3199801A NAABULIIAY NAABUNITAANT DUKAY
‘imezﬁﬂ%mmm@wqmaﬂmﬂﬁuﬁ’g

o ol =
3.1 Yaanlglunisinen
-, a ¢ o A v o P a v ) a aa Aa a W
eninusaduillaviinisfnwneitesnulsniusn@aneu N8UTuaYinAv 0.1 0.5
waz 1 Woasiwudleethuindulansnay Co-Cr-Mo @sazaanuiidulanenan Co-28Cr-6Mo-0.1Si
Co-28Cr-6Mo-0.55i Co-28Cr-6Mo-1.0Si aguea tanenad Co-26Cr-5Mo-1.0Si 4131nA15an
Usunameslesdlonuazluauminasann 28 wWesdudlnevvidnuas 6 Wesbudlaayiiviin 1Wu
26 Woaswuslaguimiinuay 5 1Uasudlaet1min auaau wadersUsuieesdanaulin 1
¢ & s o T N ¢ ~ y Ay
WasuAlaendnviney Fea1u1salanInInusenaunIaeiivoslanenay Co-Cr-Mo wanil e
AIMIS9N 3.1

¥ v (%
o

Tunsgvrunisndnlavgnauis 4 vdawardduindu duannvaeulanguasluinvasy
qanaLazya sl iud1a9n1usIsUIYA andutlansnauutevlidud oo
(Homogenization treatment) l¥auseufionmgil 1250 ssmwaidea (1523 K) 1luszoziian
26 Flaaudrgnifigamgivesiud (25 esmwaidea) ndsndurhinduguSeufigumad 1200
psmwadea (1473 K) faenszurunisiadeuliifuuvisnay desndesinisguasiui
oumgiiviesviuil Aelfiellavienanangumgiiasenasnis Jeldlavsnaniidnuasiduuvisun
30x20x150 mm Lidwsunnaesioly
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15197 3.1 9AUsENRUMINLALIvadlanenal Co-Cr-Mo

29AUIZNaUNTAL]
¢ Y o Co Cr Mo Si Mn C N
(Woasigudlaguiniin )
Co-28Cr-6Mo-0.1Si Bal. 27500 6.100 0.156 0.614 0.056 0.135
Co-28Cr-6Mo-0.5Si Bal. 28.100 6.150 0.466 0.521 0.054 0.148
Co-28Cr-6Mo-1.0Si Bal. 28.200 6.170 0.966 0.593 0.054 0.128
Co-26Cr-6Mo-1.0Si Bal. 26.500 5.500 1.000 0.750 0.065 0.100

3.2 ﬂ']‘iLﬂ%ﬂu%ﬂﬁquLLE‘I%Q‘UﬂﬁﬂﬂUﬂTﬁ%ﬂaEN

32,1 MIFRTUNLTARDY

ﬁﬂammau*ﬁa 4 91in A® Co-28Cr-6Mo-0.1Si Co-28Cr-6Mo-0.55i Co-28Cr-6Mo-1.0Si
uay Co-26Cr-5Mo-1.05i tuuvisnay tundalivundunuililunimmaaesdiivundux
Audnans 13 flading Amnuvun 2 dadiuns augud 3.1 Ineldiesasdalanzuuvazidondve
Heiwa technica Ju SS-33 faandluzuil 3.2

“— d 13 mm —

]

5UN 3.1 aunvesgununldlunimeaes
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1NJ3N

o
0 :
;

5UN 3.2 Iasesinlanzuuuaziden

3.2.2 psteSuniuidudavestuiy

nsinseudunuldniiuindudalinnuuisnewvinnstaniauseisnsiedusy
Funousaeluil nansgUtiunuroudndegud 3.3 (1)

(1) Famenugnenisinituinveslavshans9nsyTenseUes 100 500 600 800 1,000
1,500 2,000 k8¢ 4,000 HINaINU Imai%Lﬂ%d%’m%umuﬁﬂgﬂﬁ 3.4

(2) TnazidendronsTanuRavelanynanlyd AL Immssﬂ’mﬂ’u (Polishing)

mm‘lﬂjmwaaum (AP-A suspension struers ballerup denmark) ymsdesanun 2 soU fe
UA 1 lumauiuiamﬁml,au 0.3 lumsorluseuass antuthBumnuLyaLaTeIadELeN
19a (Ethanol)

(3) ¥nsvRAsanUsnuunt R aduE rdsnmsTaRvest s lneLASed v
AnuazendeAdusans luiindvie Elma elmasonic $u E figuil 3.5 Tnglddunuadudnines
fomuoaudildasdluluriossansilasdafussozaiann 15 ui% antaniduauLn
aullfuris uanagUTuumdednlddesuil 3.3 2)



JUN 3.3 dnwarvesdunuilinages (1)

(%
a I

YUIUAN

AUNTUA (2) YUIURAINITUA

LahoPol-1

UM 3.4 LATITATUIU
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5UN 3.5 IATemwianuazensienaudansilyila

3.2.3 NM395I90ULATIATNTANIA

nsnsanaaulassadisgameavesiavgnay Co-Cr-Mo Tumeunsnazsosthiusuluda
dielviuidudfatirnutuen Pnduhdunundadiensn weillanadeulasiasiagania
Fundesganssatuuuuas uanstunaunIsaIdeulasEsigamadaesn1seelud

(1) Yanenudemstaiiuiave dansnausionseaemsewes 100 500 600 800 1000
1500 2000 ae 4000 muady Tnelfiadostatiumusssuii 3.4

(2) Fnazidensronistan uinvedanynanlid At Immi‘ﬂ“ﬂﬁu (Polishing)
QUMBQI?INQGUWGQMU’W (AP-A suspension struers ballerup denmark) vmsaiianun 2 seU fae
YUR 1 lumauiuiammuau 0.3 lumsoulusovaes MntuhtunuuThauarenseen
uea (Ethanol)

(3) vhnsvdpdsanUsnuuviitui duts ndwnnstainedunuesalaonesdh
Anuazendeaiusansilaia 8% Elma elmasonic $u E daguit 3.5 Tnelatusuadludnines
fifenusaudnildasivlumiowanslsfindussesaiome 15 Wi anduiiunuu
aallifuis uamssUTunuvdadalddgu 3.3 2)

(8) ¥nnsfiansn (Etching) Aetedeusievaniniiufinduia 8o Struers Ju Lectropol 5
Faguit 3.6 Ineldiansazanensadaiindn-tumiuea (H,S0methanol) Tushsnau 9:1 Aidndlwiin
3 Toadt WHuszezia 10-30 3wl dlefnsensaade feniiununndrwneiazenn Tngliy
azormlnaruiuimiduda mntuthdueuandrsiuimidudadseniusadnaswazid
ausouliuAg
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LectroPol-5

5UN 3.6 LAT0uATENaN WA TG

3.2.4 MINAABULIIN

nsliBNInAse LS (Tensile test) LilovnanasTRmNEIUULTIRY Tnsnaay
Tdnfdmsulavsnalinine AATULEIIATIN AMATIEUMULS IR WAZ AR LA UMY
usaiagean Taoldvinisedeumuiavestunuilldlumanaaeulitivunadiuss Ui 3.7 Fawdn
AINIRSEU 1SO 22674 Fadumnmsgudmiunaaeutaamansunngusonisimatunn s

R15
) )t .
6 mm
N\ Yoy N 4S
—
11.5 mm
20.5 mm 2 mm
= 25.5 mm »

JUT 3.7 JUAv0 U U inAga uLIIAs

3.2.5 Mawssuasazaty NaCl kazn1susuan pH

nsm3eNa1savats NaCl aadudu 0.9 wWesiluilaguiwtn (A1 pH Wi 7.2) e
314 NaCl viseleeunaalsn Usuna 9 nfu mauiuiiu3ans Y3 1 Gas wagluniswsey
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ansazane NaCl mududu 0.9 WesGudlagtmidn 1A pH Wiy 4.0 Tneanunsaviléae
A8n1s5ldansavany Hydrochloric acid 37% TuUSnaiitiutuein 0 Jadans lWaudmiaies
pH meter (3U71 3.8) 3af pH Ieilviniu 4.0 Feazsilsiansazans NaCl ansidiudiu 0.9 wWesidus
Tnevwiin fien pH Wiy 4.0 variinisufuen pH Wwihdu 10.0 Whlddenisldarsazas
Sodium hydroxide TuUSmnaiiiintuain 0 fadans Weudsriledos pH meter Sae pH ¢
Wiy 10.0 Feazsilfansazans Nacl avandudu 0.9 wWeddudlaenimedn e pH Wiy 10.0

g‘dﬁ 3.8 LA304 pH meter

3.3 YUADUNISVINIGIVY

3.3.1 N13nsReaUlATIaeganA

nT9daUlAIET99anATRslansNas Co-28Cr-6Mo-0.1Si Co-28Cr-6Mo-0.55i Co-28Cr-
6Mo-1.0Si Uag Co-26Cr-5Mo-1.0Si FaendesganssAmiuuunasie ZEISS fu Axiolab lneil
fdsvenegeanedil 500 i1 fauandluguil 3.9 uazndesganssmidianasouuuudeansia Bve
JEOL 31 JSM-6610LV [41] fauanslugud 3.10 lun1sastaaeulassainandnnionsioaey
a15Usenaudislansvalanenaunlen1sInIsMgnan1MYeasUsenau 1ATIasIawanmse
asUsznouddansiiniuluiunu Anwvilngedendnnisiagiuuressedsnd wie X-ray
diffractrometer (XRD) faeiA3as XRD 8%e Shimadzu u LabX Xrd-6100 [42] fauanslugui
3.11 laeld Scan Range 20-80 941 Lag Step Size 0.02 83¢/AUNYI



UM 3.10 Nd0qanssABLanATaULUUADINTIA (SEM)
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31]17{ 3.11 @509 X-ray diffractometer

3.3.2 NMINAFBULIIA

N1INAFDUKIIAININNINTFIUATS (ASTM E646-98) 15022674 IneltiaIaanaaeudvie
Shimadzu 3u AG-X uanaguil 3.12 uagdmsnisesussieniglunismeaevedi 0.1 dadwns/
Yl

OB 7 &R |

7 3.12 LATDINAFDULTIA
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3.3.3 NNINAABIVBINIINANIDU

Anwnisianseuveslansnas Co-Cr-Mo denisyrtunilansnay Co-28Cr-6Mo-0.15i
Co-28Cr-6Mo-0.55i Co-28Cr-6Mo-1.0Si ke Co-26Cr-5Mo-1.0Si 41911n157naaeeni1snansaubu
d138za1e NaCl mnududu 0.9 1Wesiulnguinin fisziuen pH 4.0 7.2 uaz 10.0 &
pamniivieaiogumad 25 ssmivaliea uagvaaeunsianieuseinisslmnudloaunniy
Autolab PGSTAT302N é’qgﬂﬁ 3.13 uazldTusunsu NOVA 1.11 Tuniswdennsinlnailsisdud
ety swdsennsamemsifiinesvesnisianieu Fwsznouludemdngluiianisinnseu
(Ecorr) ANUAUILUUATEUENHINTANNTOU (icon) WATAOATINITAANTOU

5UN 3.13 ipseaianisiansaulmmuileauny

3.3.4 MsATEivTIIusInluasazany

ﬂﬁmﬁmmmaqsmﬁmmaamnmﬂﬁuﬁwaﬂammawé’qmﬂﬁwmimammsﬁ’@fﬁ'au
Frennsiivansazane NaCl aanadiudu 0.9 wWesdulagimin fiseéu pH 4.0 7.2 waz 10.0
Fandaansnsianseuvedansuausa 4 wiln Aszaue pH 4.0 7.2 wag 10.0 W@Sady 91nty
thuieegilagliiaiosiledio Perkin elmer $u AVIO 500 fauanslugudl 3.14 muSanm
ﬁmﬁ"waqmaamJw1ﬂﬁyuﬁasuaﬂiammam’hwé’ﬂmi Inductively couple plasma-optical

emission spectrometer (ICP - OES) [43]



D S

UM 3.14 aTeinTendSinassluasazany
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uni 4

NANISNAADILAZILATIZINE

Ineninusatuildvhnisinuuistudninavessin Siselassainqania anauds
ANUA UV UYDILTIAAEANUAIUINUNTIANTaUYaslaneray Co-Cr-Mo Tuansazaney NaCl
At 0.9 Wesidudlnevmiin sedu pH 4.0 7.2 10.0 TneidumsAnyuiaressa Si
Awzanlunsfinguandisulasiaiisgane auautiaufuurelssfuasay
sumunsinnseuliiulavenay Co-Cr-Mo

4.1 1A39813199a01AVDLaneHay

4.1.1 laseaireganinvaslanensas Co-(28-26)Cr-(6-5)Mo-(0.1-1.0)Si

astsgneuidslanzuaginseasiananainiululansuan Co-CrMo Anwldainiva
pozunsulavznay Co-Cr-Mo Tunideiidnwilassairsgamevedlavgnai Co-28Cr-6Mo-xSi
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ASIN AIUAIUNIULTIA IWosiuin158nsa Tulanenas Co-28Cr-6Mo-0.1Si Co-28Cr-6Mo-
0.5Si Co-28Cr-6Mo-1.0Si Co-26Cr-5Mo-1.0Si ¥n1sidseutisunmaudinisnaveslanenay
WuIlanznay Co-28Cr-6Mo-1.0Si 4z Co-26Cr-5Mo-1.0Si fiA1AMULT IWIIATINKAT AL
FuIULSIANYIIAY 602 604 MPa uay 1042 1046 MPa amid1sy dsfirrgandalansea Co-
28Cr-6Mo-0.151 Waz Co-28Cr-6Mo-0.55i filAAuudausinsInuagaN iUy LIty
564 581 MPa ey 956 990 MPa anuaau lnulangwau Co-28Cr-6Mo-1.0Si wag Co-26Cr-
5Mo-1.0Si Tadeseiafiusantes Si widuuazviiy 1.0 Wesifudlasiuin vneieai
langrasl Co-28Cr-6Mo-0.1Si kag Co-28Cr-6Mo-0.551 HUsuauves Si wansneiu Inelavienay
Co-28Cr-6Mo-0.581 §iU31Neauvadsnn Si wnndlangwau Co-28Cr-6Mo-0.1Si wazfIALuTans
ATINKATAIUAUURTIANLINATNAIUAY

n1sSeuLieuaaaudRvianavedlanegkay Co-28Cr-6Mo-0.1Si Co-28Cr-6Mo-0.5Si Co-
28Cr-6Mo-1.051 waz Co-26Cr-5Mo-1.0S waniissiiusainmuessng Si ey 0.1 0.5 wag 1.0
Weddudlnenionin Ineanesiei 4.1 Wisudeuu3unsg Si widuwazsaiululaneway 4
viin IneU3utasin Siliutuain 0.1 wuis 1.0 Wefdudlnedwdn wuhdamuudussasin
wazanudumusssisduuliiniivgdu Viinmessg Siwidy 1.0 wWesidudlaeiniinih
Tilanznay Co-28Cr-6Mo-1.0Si #ag Co-26Cr-5Mo-1.0Si fIA1AULTIRIIATINKATAIIN
fumuusaafiingsnilavesan Co-28Cr-6Mo-0.1Si Ay Co-28Cr-6Mo-0.55i AifiuSanawes Si
79 0.1 uaz 0.5 Wosidudlaetmin agnafiulddn (Eauudaussmnuazaufumuussis
fif11nN31 500 MPa uaw 100 MPa TasUszanamuaiu) vausfin1sfiud uresu3unasng Si
211 0.1 18w 0.5 Weddudlastain duavlfaienuudausennuazaudunuusis
safuifisadndon (Ussann 20 uay 40 MPa snugdnay) eUSinmuessig Si iumInguan
faud 0.1 9uds 1.0 wWoesdudlastviin Snavlviguandfussdadafiugadu naide
ApmsnitoasUinuansivessn Sifleuaunsodudauiviavennsudsariliinsuiioun
&n Fednsuilvunelnaiodulnnntuazslianudumuussswasanuuis s
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Tnsmauasifmanidmainlvinnusumuussiuazanuudussanniangdu ieiisuiiioy
fululavgnau Co-Cr-Mo wiin F-799 @adulansnanildludunisunmg iunssuistusunis
arufow) fAAuduganTIn ANUFUNILLIIEY Wiy 841 fU 1277 MPa Bdlavenauiia 4
yialusAtediadosnitlavenauyia F-799 Fsorvvsannugaaluduneunisaddlans
uawvia 2 uuv Sanusnsfudntiosuazdssavhlilessadisganauandsiuld dafutanildiny
Mansunng Sanudnunuusafadimgeazdmalifagildammnasnunsunndiianuudause
nMMUINENIEIndeueueniaaaviluldUsElovdludwiunnssy sunawunszanla
AndnifanndmenuiumuLs e

4.3 dNsSNavaITaAnaURINgRnssUNIsNAnsaululansueau Co-Cr-Mo

MsfnmanETRmLFumMuMsianseuvedavizaay Co-CrMo 4U3uNam8351 Si
ﬁLLG]ﬂGi’NIﬁM%Nﬁ@J Co-28Cr-6Mo-0.15i Co-28Cr-6Mo-0.55i Co-28Cr-6Mo-1.0Si tay Co-26Cr-
5Mo-1.05i waznageulugsavany Nacl anududu 0.9 wWesduslaeiwin @ pH wihifu 4.0
7.2 uay 10.0 Ingvhnistdeuiisumsiwesnisinnseuvaslansnau i 4 siiauasnaasdi
52AU pH WA LaasnsidTeuiisuniswiwanlsiduluaiserals NaCl anududu 0.9
WosGuilastmidn pH wiiy 7.2 ¢asuil 4.18

1.00E-02 -
T
1.00E-03 4 //
f\
< 1.00E-04 v
= N -(!"‘"'“"‘“ e
< 1.00E-05 - ™. 5onn ==
= N T
Z NIRRT
3 1.00E-06 — .\ .-(f — — (C0-28Cr-6Mo-0.1Si
g 100N %4 1 Co-28Cr-6Mo-0.55i
S l ==+ + Co-28Cr-6Mo-1.0Si
1.00E-08 | --------- Co-26Cr-5Mo-1.0Si
1.00E-09 I T T \ \ \ T \ \ \ \ \

-1.2 -1 -0.8 -06 -04 -0.2 0 0.2 04 06 0.8 1 1.2 1.4
Potential (V vs. SCE)

sUil 4.18 nswilmudlelaunfialwanlsiwduveslanenay Co-28Cr-6Mo-0.15i Co-28Cr-6Mo-
0.5Si Co-28Cr-6Mo-1.0Si wag Co-26Cr-5Mo-1.0Si luansazane NaCl Anuidudu 0.9 1Wesidus
Inguntin pH windu 7.2

nsSeuiiudnsnavesss Si luanmmwwandeun pH wirdu 7.2 wseilunans 3avinis
aszrannsaudunusvesnslnanlswduveslansnau Co-28Cr-6Mo-0.1Si Co-28Cr-
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6Mo-0.55i Co-28Cr-6Mo-1.0Si az Co-26Cr-5Mo-1.0Si Tuansazaiy NaCl anaidudu 0.9
Woesdudlnedmin pH Wity 7.2 Tusudl 4.18 uansanuduiudseninetennumun i
nszualninisianseu (Corrosion current density #38 icor) 1198581314 0.500 x10°° fia
0.600 x10°° A/em? uagAdnglninsinnseu (Corrosion potential 138 Ecor) HA0¢TUY3
TN -0.47 9 -0.33 V vs. SCE Taguualduanunuindunssualniinisinns sudwuqlu
LﬁmﬁuLLasa]zeiqmaiﬁammaugﬂﬁ’mﬂiaumﬂmiazmamﬂéﬁu fin151AnY Passive agluts -
0.2 §9 +0.6 V vs. SCE uazdin19ifin Tranpassive fasidaa +0.6 V vs. SCE Sendngluiluuusy
W (Pitting potential) Faust + 0.6 V vs. SCE wazdarmnumuIuuNsEARNTaULUUFANTAT
Faus 40 x10°¢ A/em? annsinalswiutiannsadindwamdmnsfine svesnsianseu
Felusunsy NOVA 1.11 dsuansnadnslemunisnad 4.2

A15197 4.2 AwnsanesnsinnTouveslanenaEl Co-28Cr-6Mo-0.15i Co-28Cr-6Mo-0.55i Co-
28Cr-6Mo-1.0Si way Co-26Cr-5Mo-1.0Si Tuansazais NaCl anuudu 0.9 wWesidudlae
dwmdn pH 7.2

_ Pitting
Corrosion
Corrosion Corrosion Pitting corrosion
current
Alloy potential _ rate potential current
density )
(mv) 2 (mm/year) (mV) density
(pA/cm?) )
(MA/cm?)
0.1Si -428.268 0.548 0.018 651.811 53.413
0.5Si -450.057 0.509 0.016 685.272 44.457
1.0Si -461.729 0.294 0.009 689.941 46.544
26Cr5Mo1.0Si - -337.224 0.606 0.019 714.063 52.325

ANN51TLIBSVBINNSAANTBUINNTT AT YN W Inar lswduluansazate NaCl aau
W 0.9 Weddurlnetmin s pH 7.2 wansiemsieii 4.2 Anrsafmesnsinnseululans
Wedl Co-28Cr-6Mo-0.1Si Co-28Cr-6Mo-0.55i Co-28Cr-6Mo-1.0Si thay Co-26Cr-5Mo-1.0Si
Usgnounie Ardndlniinisdanseu (Corrosion potential) dALMNAY -428.268 -450.057 -
461.729 uay -337.224 mV AUaIeu ANALLLLATELERANTaU (Corrosion current density)
AN 0.548 0.509 0.294 lag 0.606 pA/cm? WazA19nIIN13AnnTaU (Corrosion rate) LM1AY
0.018 0.016 0.009 wax 0.019 mm/Year MUaIU Fenuinlulaneway Co-Cr-Mo 7 4 wilndl
ileUSunames SiNLNTY AwsseurunLLunsuafanseuiidansas snsilansnauan
USaiwes Cr fu Mo a9 dA1vesanumnuuiunszuatnnsouiiiugsdu wazainAray
NUILLUYBINITNTERANSARNT B U lUMAIERSINISARNTBU NUIIANERIINISAANTDUTAAR
saadiousinuues Si ity uardidtesfigaidielavenauanuIunmes Cr fu Mo as Tudau
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ﬂ"]é’i’ﬂ&TlWﬂ']msﬁ’mﬂﬁaw%’aé’fﬂa“lvxlﬂqﬁiawmam‘%'ugﬂmiﬁ’mﬂi'auﬁgu Tuwufauuildunie
AwdtussE IR Inas g Si Awenssiufumdndlnindanseu
wyAnssunsinnseuvedlansuan Co-28Cr-6Mo-0.15i Co-28Cr-6Mo-0.55i Co-28Cr-6Mo-
1.0Si uay Co-26Cr-5Mo-1.05i Tuasazans NaCl anudadu 0.9 wWeddulaetmdn pH 7.2
vizaidunans Fasnsiiemnadvindetaeilavenauiinisadseenlaiiduduuilotostesiiuiia
YoIlanEHANIINNITYNAANTOUIINANNLINRBUNLUDN N5 4.18 nugadaes
Tanenausia 4 wila 9gluyae -0.2 §19 +0.6 V vs. SCE Faldnuwasvesamadnadieadetunas
Tudaumiﬁ’mﬂ'ﬁ'auLngﬁmaﬂawmauﬁgﬂ 4 saAndusausidas dndlaii + 0.65 V vs. SCE
LarAIAMITILLUNSZ AT ANToLLUU IS oL UA BN TIAUATUNIUNISIAN T OUKUS
Jululavenay Co-28Cr-6Mo-0.1Si Co-28Cr-6Mo-0.5S5i Co-28Cr-6Mo-1.0Si kg Co-26Cr-5Mo-

1.0Si A1AUAUILUUNTEUANANTOURUUTIN 1WA U 53.413 44.457 46.544 UWAY 52.325
uA/cm? anudndiu @alulavsranditusinnees i Waty Suwalduwhlfarenuvuiudunssua
Aansouuvugiuaniias uazlanswauanuiuames Cr fu Mo ad JArAumuLLnszIarin
nIouLUUgFgedy

Tusnsavans NaCl eududu 0.9 wWedduslnedmdn pH 7.2 nioamizidunaranuin
Tavignau Co-Cr-Mo wloySinaumas Si tiugeiuwiliuuildunasnssuanisiansou Anseuas
msfanseunvugdudiavhas dedmavilidnsnisfinnisumamsesinnduyiunisinngou
a9ty anzdilangnau Co-26Cr-5Mo-1.0Si USunmmes Cr fu Mo sas Srnszuanisfnnieu
Anszuasnstanseunuusdididngdiu Sdsmavhlisnantstandougeiuniedinnuduniu
nsinnsausas
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1.00E-02 -

‘.‘.:/q.\l‘"
1.00E-03 &
Sy 1.00E-04 ,-»/
e . o 2
S T p———
< 100E05 | ma. g
> == Lottt
c 1.00E-06 3 . Co-28Cr-6Mo-0.1Si
g /4
© & .
- - Co-28Cr-6Mo-0.5Si
S 1.00E-07 | -
= l =+ + C0-28Cr-6Mo-1.0Si
o 1.006-08 o W% | .. Co-26Cr-5Mo-1.0Si
1.00E-09 : !

-1.2 0 A1 -0.8 -06 -04 -0.2 0 02 04 06 0.8 1 1.2 14
Potential (V vs. SCE)

sU 4.19 asmlnudlelaunfialnanlswduvestansuan Co-28Cr-6Mo-0.15i Co-28Cr-6Mo-
0.55i Co-28Cr-6Mo-1.0Si ey Co-26Cr-5Mo-1.05i Tusansazans NaCl Auidudu 0.9 1Wosiiua
Inguntn pH wiadv 4.0

nsw3euiiisudviwavessny Siluanwuandeudl pH iy 4.0 ieidunsa Favinis
AnngvInnnANLduiusvainsminailswiuvedlanenau Co-28Cr-6Mo-0.1Si Co-28Cr-
6M0o-0.55i Co-28Cr-6Mo-1.0Si tay Co-26Cr-5Mo-1.0Si lussazans NaCt ansidudu 0.9
Wesidudlagtuiin pH Wity 4.0 lugufl 4.19 wansanuduiussevinggaanumuiuy
neualiInIsANNTou (icor) UA18ETENIN 0.400 x10° G4 1.000 x10°® A/cm? uaganAndlvifia
N137ANT8U (Ecor) AA18ETUYINTENINN -0.86 83 -0.36 V vs. SCE laguwildumnunuiwiy
nszualiihnssansouiuunlduiniuwarsdmalilansnaugniansouainaisazatean
B9%u Snsiiate Passive 9¢lure -0.2 819 +0.7 V vs. SCE LLa“ﬁﬂ’]SLﬁﬂ Tranpassive fauAv19
+0.7 V vs. SCE mmﬂﬂsﬂﬂ/\lﬂnwmﬂm (Pitting potential) Fau + 0.7 V. vs. SCE wazdiAnang
muwunszinnIeuwuUsufiddiud 110 x10° A/cm? annsminalswduiannsotiun
A TessusmstandstifasTUsinst NOVAL11 Ssuanmadnslimum
4.3
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61'15’1\1‘17; 4.3 AN ELARSNNSAANIaUVRlanEHEL Co-28Cr-6Mo-0.1Si Co-28Cr-6Mo-0.5S5i Co-
28Cr-6Mo-1.0Si way Co-26Cr-5Mo-1.0Si Tuansazans NaCl anuudy 0.9 wWasidudlae
yniin pH 4.0

) Pitting
) Corrosion ) o )
Corrosion Corrosion Pitting corrosion
current
Alloy potential , rate potential current
density .
(mv) ) (mm/year) (mV) density
(WA/cm?) 2
(WA/cm?)
0.1Si -404.924 0.641 0.021 752.193 149.291
0.5Si -453.169 0.538 0.017 737.408 120.883
1.0Si -384.692 0.426 0.014 730.406 112.326
26Cr5Mo1.0Si -409.593 0.973 0.031 744.411 138.723

AINNTINLADIVOINTAANTIUIINNITIATIZEIn TN Ina Isieduluasagans NaCl A
Wi 0.9 Wedduilnetmin a pH 4.0 uanwiss1ei 4.3 mansadwesnsianseululans
W&l Co-28Cr-6Mo-0.1Si Co-28Cr-6Mo-0.55i Co-28Cr-6Mo-1.0Si ey Co-26Cr-5Mo-1.0Si
Usgnounie Ardnglnianasiansou (Corrosion potential) HALNIAY -404.924 -453.169 -
384.692 hay -409.593 mV AIUaIRU AIAINLLUNTELENANTeU (Corrosion current density) &
AMNAU 0.641 0.538 0.426 kag 0.973 pA/cm?” kagpndn3In1Inanseu (Corrosion rate) L‘Vl’lﬂ‘U
0.021 0.017 0.014 UAw 0.031 mm/Year AINAIRY mwmﬂuiamwa:u Co-Cr-Mo ¥ 4 wilnil
dleusinamwes Sifitanntu Awernurwiunsziatanseulidanias vasflavsuauan
U3uauwes Cr U Mo ad dA19esmnumuuiunssiadnnsondifi ugslu uagainaiaim
NUILUUBDINITNTZUANITAANTIUUTIUMAIERTINTAANTOU NUINAIBRIINITAANToULIA1aN
draadleuinnes ity waelintesfiandelavenavanUiinmues Cr fu Mo as ludauy
Adngluiinistanieuniedndluiflangnamingnnisiandeuta ldnufunlduvie
AdTLS TN sUTINAIS Y ST AiunsnafuuAdndlnindanseu

ngANIIUNIAANToUYalanHay Co-28Cr-6Mo-0.1Si Co-28Cr-6Mo-0.55i Co-28Cr-
6Mo-1.0Si uay Co-26Cr-5Mo-1.05i luansazans NaCl arudiadu 0.9 wWeodduslaetmin pH
a.oviaeidunsn sn1siawadnndetasillansrauiimsadreeenleiiduiuniite Yo sdosiuia
yoslansnanaINMIgNAANToUIINANWIAABNMEUEN 2NN 4.19 WuIFenaTIves
Tavignauia 4 uiin oglutaa -0.2 fs +0.7 V vs. SCE Bslidnunzvestrmnadadiondeiuuas
Tudunsianseunuugduvedavenania 4 alaRntusausid dnglii + 0.73 v vs. SCE Tu
lavenau Co-28Cr-6Mo-0.15i Co-28Cr-6Mo-0.55i Co-28Cr-6Mo-1.0Si way Co-26Cr-5Mo-1.0Si

fA1AUNLILUUNSZRANANT BULUUTDN VAU 149.291 120.883 112.326 LAY 138.723
HA/cm? uanau @ slulangnauniusunaee Si iy Juwilduinliaianunuiwiunse g
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ﬁ’mm’auuuugvﬁuamﬁfm wazlanenananUsuiues Cr AU Mo a9 ANANNRUILLUATELENR
nouLuU3Fugedu

Tuansazane NaCl anududu 0.9 Wesduslnetmin pH 4.0 nieanzdunsa wui
Tanewau Co-Cr-Mo WieUSunames Si Lﬁmqﬁuﬁ'ﬂﬁuuﬂﬁmmmmzLLamiﬁ@m'au ANNSTELET
miﬁ’mﬂi'aw,l,wgt,%uﬁmﬁwaa Fedawarhlisnsmstanseusamsesianusumunsinniou
qq%u vauzilanenay Co-26Cr-5Mo-1.0Si SiUSunauwes Cr fu Mo shas Senszuanisinnsou
ﬂ"mzLLaimiﬁ'mﬂ'ﬁ'auLngLﬁ‘fmﬁmqaﬁu s?fadamaﬁﬂﬁé’mwmiﬁ’ﬂﬂi@ugq%um%ﬁmméfmm'm
AsiANTouRIa

1.00E-02 -
o'/-m‘_’.
1.00E-03 - 7
&4
o
< 100E-04 /
< N v
T 100E-05 | TRemeg e s e
o \ T ke 0 R 600,15
é 1.00E-06 \\ rlu/ Co-28Cr-6Mo-0.1Si
- \ ' 3R U Co-28Cr-6Mo-0.55i
S .
N Bl 4 !;’W/ | — - - C0-28Cr-6Mo-1.05i
o oz
1.00E-08 | ‘?,i‘ -------- Co-26Cr-5Mo-1.0Si
1OOE_\OQ I I I T T T I ] T T T T !

-12 -1 -08 -06 -04 -02 O 0.2 04 06 0.8 1 1.2 1.4 1.6
Potential (VSCE)

sUf 4.20 nsmlmnudlelaundialwanlsiwduveslanguan Co-28Cr-6Mo-0.15i Co-28Cr-6Mo-
0.55i Co-28Cr-6Mo-1.0Si thay Co-26Cr-5Mo-1.0Si Tuansazans NaCl anandudu 0.9 wesidud
Iagumitn 7 pH Wiy 10.0

MaSsuiisudvnavess s Si luaniundeui pH Wiy 10.0 viedua Ssvinng
AATEINNTINANNFLRusvoInTminalswduvedlanenan Co-28Cr-6Mo-0.1Si Co-28Cr-
6Mo-0.55i Co-28Cr-6Mo-1.0Si way Co-26Cr-5Mo-1.0S Tuansagans NaCl anududu 0.9
Wodduilagtiuin pH iy 10.0 Tugudl 4.20 uansmnuduiussesninmasnnumuiuu
nszualinnisinnsou (icor) 3A19¢521319 0.100 x10° 3 0.600 x10° A/cm? uagardndlnin
N137ANT8U (Ecor) A8 UYINTENINN -0.47 89 -0.32 V vs. SCE laguwaldumnunuiuiy
nszualiiinssansouiuulduivduuassdwalilansnaugndansouainaisazatean
B4y Tn19iAnvas Passive ogflutag 0.2 fla +0.7 V vs. SCE uazdin1sifin Tranpassive et
0.7 V vs. SCE Siendndluihuuuguidu (Pitting potential) faust + 0.67 V vs. SCE wagdidnaau
muwunsgiandouuuzduiaiiaud 0.10 x10° A/em? 9nnsinlnanlsgdudamusatiun
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ANUIUNIATINITITLADSUDINITAANTaUMETUSHATL NOVA 1.11 FIanInadnslan1unis1en
4.4

AM5199% 4.4A1M5Swesnsinnseuveslavenal Co-28Cr-6Mo-0.15i Co-28Cr-6Mo-0.5Si
Co-28Cr-6Mo-1.0Si waz Co-26Cr-5Mo-1.0Si Tuansazany NaCl Uyt 0.9 iwasigudiag
ynidn pH 10.0

_ Pitting
) Corrosion ) o ‘
Corrosion Corrosion Pitting corrosion
current
Alloy potential : rate potential current
density )
(mv) 5 (mm/year) (mV) density
(MA/cm?) 5
(WA/cm?)
0.1Si -474.958 0.385 0.012 693.831 34.561
0.5Si -377.688 0.270 0.009 679.825 29.243
1.0Si -324.561 0.116 0.004 688.031 29.789
26Cr5Mo1.0Si -481.749 0.565 0.018 711.163 38.067

ANNTILIOIVRINITAANTIUIINMTIATIZRn TN Tna L duluatsazats NaCl A
W 0.9 Wesdulaerivdn o pH 10.0 uaneinsd 4.4 Ansiwesmsinnseululans
Nl Co-28Cr-6Mo-0.1Si Co-28Cr-6Mo-0.55i Co-28Cr-6Mo-1.0Si wae Co-26Cr-5Mo-1.0Si
Usznaumie Ardndlniinisianseu (Corrosion potential) HANAY -474.958 -377.688 -
324.561 wag -481.749 mV A1UEIA U A1AIUNUILUUNTEREAANI DU (Corrosion current
density) iAvaAU 0.385 0.270 0.116 wag 0.565 pA/cm? LarA18nIINISAANIBY (Corrosion
rate) Wi 0.012 0.009 0.004 kaz 0.018 mm/Year auddu anuinlulanegnay Co-Cr-Mo
i 4 wiledd leUSunames Si NNty AvesraEmwUnsELaansoulimanias vad
TonznauanUutamas Cr U Mo a3 rvesmtuninuunszuainnsoulifiugedy uazaine
ANUAUILULTDINTZUENTAAN IO LN IUMAIERTINISARNTOU WUIIAERTINISARNTIULIATAR
draudleuiinmes Si ity waeiitosfiandelavenaraauiinmuues Cr fu Mo as ludau
Adngluiinistanseundedndluiiilansnamisgnnisdandeudu ldnufunlduvie
mnuduiussevineinasg Si fuansstuiuadndliiniansou

nwgANIIUNISAANIouvedlansral Co-28Cr-6Mo-0.1Si Co-28Cr-6Mo-0.55i Co-28Cr-
6Mo-1.0Si uaw Co-26Cr-5Mo-1.05i luansazans NaCl arudadu 0.9 wWeodduslaethmin pH
10.0v3osfuiua Fensiiamadnnieduilansnauiinisadseenleifduiunnitedesdes
fuvedlavenaunmagnianiousnanimuandeumeusn 21NN 4.20 wuhaamnad
wvaslavenaniie 4 odin aglutng -0.2 fa +0.6 V vs. SCE uildnunzvasismatadondaiu
warludmnisfandeunuugiunedlansuautis 4 viinfatudoudeag dndlidi + 0.67 V vs,
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SCE Tangwnan Co-28Cr-6Mo-0.15i Co-28Cr-6Mo-0.55i Co-28Cr-6Mo-1.0Si uag Co-26Cr-5Mo-

1.0Si fIAIAMUAUILUUNTLUATANTBULUUTIDN WINAU 34.561 29.243 29.789 LAY 38.067
wA/cm? anuansiu @ slulavenauiiiusunames Siiuty Suudlduvhldeimnumunudunseus
ﬁ’mﬂi'aul,l,uugl,%mami"']m warlanenananuSuiwes Cr AU Mo a9 SAANURUILLUNTTLENR
npuLUU3Fugedu

Tuansazane NaCl anududy 0.9 Wesdudlnetdmin pH 10.0 nieanzdusie nut
Tanegwau Co-Cr-Mo WieUSunames Si LﬁmqﬁuﬁﬂﬁumlﬁmmmﬂizLLamiﬁ’@niau ANNTELAT
miﬁ’mﬂiaut,l,wgt,%uﬁmﬁwaa Fedawarhlisasnisinnseusamdedanuiuniunisiansou
qqsﬁu vauzilanenay Co-26Cr-5Mo-1.05i SlUSinaumes Cr fu Mo shas Senszuanisinnseu
ﬂ"mizLLaimiﬁ'@ﬂéauLngLﬁ‘fmﬁﬁhqﬁu %aa'amaﬁﬂﬁé’m’]miﬁ’mﬂiauqﬁuﬁaﬁmméf’mm'm
nsfiandeusas asUnausuiileudnsnmstanseuredanenauia 4 via luasazais NaCl
ity 0.9 Wesfuslnethmin pH 4.0 7.2 uar 10.0 Tians i 4.21

mm/Year
0.04 '« -
0.035
0.03
0.025
0.02

0.015

IN==
CHi

0.01

0.005
0

0.5Si
1.0Si
0.1Si
0.5Si
1.0Si

26Cr5Mo1.0Si
26Cr5Mo1.0Si

26Cr5Mo1.08Si

pH4.0 pH 7.2 pH 10.0

‘E@mmmﬁﬂ?mm Si WANGINY

sUN 4.21 nsilSeuiieudnsnisianseuvedlansnauiiuunames Si unndeiuvadlanenas
Co-Cr-Mo luansazans NaCl Anudndu 0.9 wWesudlagunnmin pH 4.0 7.2 uay 10.0

N3a3UNaN1INARBINUBYIENAYDISTA Si AengAnssunsinnseululanznas Co-Cr-Mo
luansavae NaCl Anuidudu 0.9 wWesifudlagumind pH winiu 4.0 7.2 wag 10.0 wanslang
N3N 4.21 nsmsnsn1siansouduUsINaes Si Awanseiululanenay Co-Cr-Mo wuanlu
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1595818 pH 4.0 7.2 waz 10.0 swsmsinnsouiiuualiusias ieSunawes Si Lﬁuqasﬁu
faus 0.1 8¢ 1.0 wWedludlaetwiin uasiloanU3uumes Cr fu Mo ag ilismmmatiandeu
qﬁﬂua'ﬁazmm@ﬂﬁh pH ﬁqﬁf’ué’mdauﬂ%mmmﬁmﬁlﬂavwmauﬁﬁﬂ%mwmumn&haﬁ’uaeﬁwaq
519 Cr Mo uag Si aeildvinasiernudununisianseululavenan Co-Cr-Mo laguSuna
579 Si WAsuuUasdsuasidnsinistinnou S sinmessy Si gatu asvhlidnanisianiou
sawdernuiuniunsiansougeiululavesau Co-Cr-Mo

4.4 3M5NaVa9 pH AangAnssunisnansaululansney Co-Cr-Mo
nsAnwmgFnssunIsinnIeuvedlangnay Co-Cr-Mo vliameniu Tuaisazas NaCl 9il

ANUGNTY 0.9 WesWualnetmdn A1 pH wana1aiy @A pH Wity 4.0 7.2 waz 10.0) lag
MMNSUSEUIBUAINAINIIONITFIUNIUNITARNT o UBlans NaLslaRE U LAEAa DI TEAU
A1 pH UANARAY Lagvinsiseudiunisfineinisnansouradlansnauns 4 slalasnans
ziu pH Wiy wansnsissuiisunswlnanlsiwdureslanguay Co-28Cr-6Mo-0.15i 1ans
U 4.22
1.00E-02 " —
1.00E-03 - 7
1.00E-04 - LA
1,00E-05 - ~=as
1.00E-06 N~
3

o d = —pH4.0

1.00E-07 E s
| pH7.2

— - - pH10.0

Current density (A/cm?)

1.00E-08

1.00E-09

I I I [ I [ I I I I I 1
-1.2 -1 -0.8 -06 -04 -0.2 0 0.2 04 06 0.8 1 1.2 1.4
Potential (V vs. SCE)

sUi 4.22 nsmlmnudlelaudalnanlswiuvestanguan Co-28Cr-6Mo-0.15i luansazans
NaCl 0.9 wWesWudlaedwin 7 pH 4.0 7.2 uag 10.0

NSIUSEULNBUBNENATDY pH sloANAIUNISARNIOUTDIlaneNal Co-28Cr-6Mo-0.1Si
Fahnistwseiannsmanuduiusveansiinanlswduves pH 4.0 7.2 waz 10.0 Tu
ansagany NaCl mududu 0.9 wWedduilastimiin Tugud 4.22 uansnnudmiussemineis
ANUMRIUNSERAlNHINTAANTOU (icor) IADETENIN9 0.350 x10°° §is 0.650 x10° A/cm?
wagARN gl iNsAnNTeu (Ecor) A0 luY9591I19 -0.40 83 -0.48 V vs. SCE Tngwuilily



83

Armuunszualiinstanseufuwlinduduuazardmalilansnaugninngouain
arsavareund gy dn151Anea9 Passive 9gluY9 -0.2 f11 +0.6 V vs. SCE uagiin1sifin
Tranpassive Fausidas +0.6 V vs. SCE fiendnglihuuuguida (Pitting potential) Faus + 0.65
V vs. SCE LLazﬁﬁ’lm’m%u’lLLﬂuﬂizﬁJﬂﬂiauLngL%Mﬁﬁ’lg?ﬂLLG]I 34.00 x10° A/cm? annsaln
alswiuilanunsatunduasnamnsfimesvosnsianseudaelusunsy NOVA 1.11 Saudns
nadnSlFRLA159T 4.5

A15197 4.5 Ansanesnsinnseuvelanenal Co-28Cr-6Mo-0.1Si
Co-28Cr-6Mo-0.1Si

_ Pitting
, Corrosion . N ‘
Corrosion Corrosion Pitting corrosion
current
pH  potential : rate potential current
density ]
(mv) ) (mm/year) (mV) density
(MA/cm?) 5
(uA/cm?)
4.0  -404.924 0.641 0.021 0.730 112.326
7.2 -028.268 0.548 0.018 0.652 53.413
10 -474.958 0.385 0.012 0.694 34.561

ATNISIHRO3TRINISAANTBUINNITILATIEANT M Ina lswdunsinnsouredlansuas
Co-28Cr-6Mo-0.15i wanifsm15197 4.5 Aamasfiimesnisinnsoululanenay Co-28Cr-6Mo-
0.1Si i1 pH 4.0 7.2 wag 10.0 Usznaudie mdnsiniinisinnseu (Corrosion potential) fie
WA U -404.924 -428.268 way -474.958 mV ATUE1A U AIAINUNUIRUUNTERANANT DU
(Corrosion current density) A1 0.641 0.548 wag 0.385 pA/cm? LaZAIBRIINIIAANTOU
(Corrosion rate) Winfiu 0.021 0.018 Wag 0.012 mm/Year nud1iu Gewuinluansazaneilan
oH wansinefull (pH 4.0 7.2 uaz 10.0) wile pH sasseiianuunsaunnty shlvaiwesnin
muktunszuatinIouiiA1ady uararnAAmLILLTINIsNIE anTians et lumen
Sasnistansou nuiimdasnistandeudiagedwilousumen pH das ludauardnglid
nsftandeundedndluliilanerauiugnnistansoutiu linudwulufiuandadon pH
A9

nwgANIIUNIIAANTaUYBIlansnal Co-28Cr-6Mo-0.1Si luaisazans NaCl adnuitudy
0.9 Wesiulnetimin pH 4.0 7.2 way 10.0 Frsmsiinnia@nndetisilansuauiinisadis
aaﬂl‘fnﬁﬁ?\la‘msﬁumLﬁaﬂaaﬂaqﬁuﬁ’maﬂammaumﬂmigﬂﬁ’mﬂiaumﬂamwLmé’ammauaﬂ ol
N3 4.22 wuiidaamadives pH i 3 Aeglutag -0.2 s +0.65 V vs. SCE Feidnwairaes
Prmatnadeadetuiarludiumatinnieunuugin10.0 whit 3 ailieduiousitag dndld
+0.65 V vs. SCE @S UAIMINMUILELNSEUanaNTauLuUg N eI pH 4.0 7.2 uay 10.0
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WU 112.326 53.413 LAY 34.561 pA/cm? muddiu dslulanesnan Co-28Cr-6Mo-0.15i Lile
A pH getuvdeiimmduvaganniu wltmesdmumuutunszuatansouuuusfuan
mas feuluansazans NaCl anududy 0.9 Wesduslnetmin pH 4.0 7.2 uay 10.0 wui
laviguau Co-28Cr-6Mo-0.1Si ﬁé’mflmiﬁ’mﬂiauqq%u dlodn pH anshawdeliauduniunig
fanseusas

1.00E-02
, - -
1.00E-03 - //
T 1.00E-04 < o o
S < /
o N~ S
< 100E-05 {4 < ™S (e — .. -
> —y et/ 2
2 100E-06 \?.,/ .
S RS = — —pH4.0
- K
é 1.00E-07 | ' ..'I' pH7.2
)
©  1.00E-08 - | i' — -+ pH10.0
I
1-005'00 T T \I T T T T T T T T ]

12 -1 -08 -06 -04 -02 0 02 04 06 0.8 1 12 14
Potential (V vs. SCE)

Ul 4.23 nslnudlelaunfielnanlsiutuveslavienan Co-28Cr-6Mo-0.55i uansazas
NaCl 0.9 Wosdudlagumdn 7 pH 4.0 7.2 uay 10.0

NSIUSHUNBUBYENATDY pH FloANATUNISAANTOUTDIanENaN Co-28Cr-6Mo-0.5Si
Fahnsiesgiannsnanuduiusveansinlnailswduves pH 4.0 7.2 wag 10.0 Tu
ansazans NaCl avandudu 0.9 wWediudlaeimdn Tusud 4.23 uansanudiiudseaineng
AMAUULN TR AN AN (icor) UADE W19 0.50 x10° §9.0.250 x10° A/cm? uae
AENE INTHIN13AANTOU (Ecor) A8 luy958m319 -0.37 9 -0.45 V vs. SCE Tnsuuiliuniny
muuunszualifinistandeuduwildufisuiarazdesalilansnaugninniouainaisazans
1Bt fin1siAngae Passive 2e/lur39 -0.2 819 +0.6 V vs. SCE LLauflﬂ’]ﬁLﬁﬂ Tranpassive Aausl
%39 +0.6 V vs. SCE mmﬂﬂsﬂv\lﬁ%wmﬂmm (Pitting potential) faust + 0.65 V vs. SCE Wawdien
ArmULunssianeuLUgSudiAdaud 29.00 x10° A/cm? 9rnnsminanlswdudannan
thinduamamsimesvesnmsinnsauselusunsa NOVA 1.11 Gauanwmadnslanamss
7l 4.6
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M990 4.6 ANNNSITELMEINNSAANSaUYBlanENEl Co-28Cr-6Mo-0.5Si

Co-28Cr-6Mo-0.55i

. Pitting
, Corrosion , o ]
Corrosion Corrosion Pitting corrosion
, current .
pH potential , rate potential current
density .
(mv) ) (mm/year) (mV) density
(uA/cm?) 5
(uA/cm?)
4.0 -453.169 0.538 0.017 0.752 149.291
7.2 -450.057 0.509 0.016 0.685 44.457
10 -377.688 0.270 0.009 0.680 29.243

AN OURINITARNTIUINNITIATIZANTININa s Tun1sinnTouvedlansuas
Co-28Cr-6Mo-0.55i UaniRemI3147 4.6 A3 1iimesnnstansoululaveneay Co-28Cr-6Mo-
0.55i fifin pH 4.0 7.2 uag 10.0 Usznausne Adngliiinisianseu (Corrosion potential) fifn
WNAU -453.169 -450.057 kay -377.688 mV A1UE1AU AIAINUAUILUUNTERANANT DU
(Corrosion current density) 3AL7AU 0.538 0.509 uag 0.270 pA/cm? LagA18ATINISANNTOU
(Corrosion rate) Winfu 0.017 0.016 wag 0.009 mm/Year audasy Fswuiiluaisazanedisian
pH uAnseTdl (pH 4.0 7.2 wae 10.0) le pH wasedmnudunsanniy vildavesaan
wmuu'uﬂizLLaﬁ’mﬂiauﬁmqﬁu LAZAINAIAIINMWILU YR ININTERANTAANTOUL LUMAN
Sasinsiansou nuididasinistanseuiaguiiouiuue pH dras ludauadnglidn
nsftanseunedndluiilansnaniuganistansoudu Binufaualiufuandadion pH
A9

neANIINN1INANTDUVlavNaN Co-28Cr-6Mo-0.55i Tuansazale NaCl Annuudu
0.9 Wesuilnedvtn pH 4.0 7.2 waz 10.0 Fan5IHRAMATANS e Y lavenauinsadn
aaﬂlﬁﬂﬁﬂ?\lémﬁumLﬁaﬂaqﬂaqﬁuﬂw'eNIa‘vizmammmﬁgﬂﬁ’mﬂiaumﬂamwmﬁammauaﬂ ol
N3l 4.23 wudrenanes pH v 3 Aeglutng 0.2 §1 +0.6V vs. SCE dnuszvestiana
Fulndedanundioadstusasluduainistanounuugiduves pH s 3 Ariliindudsusidag
Andlnil + 0.68 V vs. SCE dm5UIAUNUILILNTZLANANSOULUUHNVBIAT pH 4.0 7.2
war 10.0 Wiy 149.291 44.457 WAY 29.243 uA/cm? Aud1du @ slulansnay Co-28Cr-
6Mo-0.55i LilaA1 pH msﬁw%ﬁmmLﬂutuammﬂsfu WUAlHLYDIATAUNUILLUUN TE AR
nfeuLuUgdNanmag fauluansazats NaCl e 0.9 LU@SL%um‘ImsJumuﬂ PH 4.0 7.2

wae 10.0 Wmﬂamwam CO 28Cr-6Mo-0.5Si uamwmiﬂmﬂsauawu Lll@ﬂ’] pH ANRAIBINION
mmmumumiﬂmﬂiaumaq



1.00E-02

1.00E-03

1.00E-04

1.00E-05

1.00E-06

1.00E-07

Current density (A/cm?)

1.00E-08

— —pH4.0
pH7.2

* pH10.0

1.00E509
-1.2

-1

-0.8

-0.6

-0.4

-0.2

0

0.2 04

0.6

Potential (V vs. SCE)

0.8

1.2 14

1.6

U 4.24 asmlnudlelaunfialwailswduveslansuan Co-28Cr-6Mo-1.05i luansazans
NaCl 0.9 Wasfurlaeuwin 7 pH 4.0 7.2 uay 10.0
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NS EULNBUBNENATDY pH sioAuAUNINRNIoUTelaneNal Co-28Cr-6Mo-1.0Si
Favhnshasiviannsmeudunusveansininanlsiwduaes pH 4.0 7.2 waz 10.0 Tu
ansagans Nacl psdudu 0.9 wWeddudlastnin Tusud 4.24 uansnnudiusszaines
AU ILNTERalNTNNIAN T (icor) HA19E51919 0.10 x10° £4 0.450 x10°° A/cm? uae
AN INHIN15AANTBU (Ecor) AAr08lutaesening -0.32 59 -0.46 V vs. SCE lnpuwuiliuniny
muuunszualifinistandeuiiuuildufistunarssdsralilonsnaugninnionainaisazans
1nBetu dnsifingae Passive pe/luY3e -0.1 fiv +0.6 V vs. SCE LLasﬁmiLﬁm Tranpassive Faus
%99 +0.6 V vs. SCE mmﬂﬂﬁlﬂ/\lﬂ%wmﬂwu (Pitting potential) Faus + 0.69 V vs. SCE wazilen
ArmunssianseuLUugduiid s 38.00 x10° A/cm? 91nnsmlwanlswdudannan
SandnandmsRnosvotmsianioukueTusunss NOVA 111 fatanwadindldnunsns

a7
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91'15’1\1‘17; 4.7 ﬁhwwsflﬁma%maﬁﬂﬂﬁauﬁuaﬂamwau Co-28Cr-6Mo-1.0Si
Co-28Cr-6Mo-1.0Si

. Pitting
) Corrosion ) o )
Corrosion Corrosion Pitting corrosion
, current .
pH potential , rate potential current
density )
(mv) ) (mm/year) (mV) density
(WA/cm?) )
(uA/cm?)
4.0 -384.692 0.426 0.014 0.737 120.883
7.2 -461.729 0.294 0.009 0.690 46.544
10 -324.561 0.116 0.004 0.711 38.067

AMEWesUINsinnsauIINNTIAszvinsvlnailswdunisinnseuvedanena
Co-28Cr-6Mo-1.0Si Uansian 5137 4.7 Armisdimedmsianseululansmay Co-28Cr-6Mo-
1.0Si i pH 4.0 7.2 uag 10.0 Usenause adndluilnisiansen (Corrosion potential) fidn
WU -384.692 -461.729 Wag -324.561 mV AIUAIAU ATANUAUILUUATEUAA ANT BY
(Corrosion current density) S U 0.426 0.294 uag 0.116 pA/cm? LagA19RITINISANNTOU
(Corrosion rate) WU 0.014 0.009 Way 0.004 mm/Year Muadu Gemuinluaisazaiefida
pH uAnsneuil (pH 4.0 7.2 wax 10.0) kile pH saweinnudunseanntu vHlvrvosay
wml,l,u'uﬂizLLaﬁmﬂiauﬁmqﬁu LAZAINATAINTLILILYRINIIN RN SANTouL LlUMAN
Sasinsfansou nuirdrdammsiandeuidrgeatuiiouiunne pH das ludaudrdnglid
nsfansoundedndinidlanswamiugnastansouiu linvisinTduduanados pH
A9

nWgANTINN1INANTOUVRNAaYENEAN Co-28Cr-6Mo-1.0Si Tuansazale NaCl Anuwudu
0.9 Wesuilnguhmin pH 4.0 7.2 uaz 10.0 T 5 RnMaTINS et Tanenauinsadna
oonleddutunnfietostosiiuiesansraumnmsgnianseurinaninundeumeusn a1n
N3 4.20 Wl aswE@nies pH 119 3 Aeglutae-0.1 1 +0.6 V vs. SCE Fafidnunizve
Frewradnladeadatunagludunisiansenuuugiiuvos pH e 3 AriiAadudusieig
ANl + 0.69 V vs. SCE @5 UAIAINUNUILUUNTZLANANS DUWUUHNTDIAT pH 4.0 7.2

way 10.0 Wiy 120.883 46.544 LAY 38.067 wA/cm? muansiu dslulansway Co-28Cr-6Mo-
1.0Si 1A pH geduvdadimnufuuagennty wnlturesepuvuiunssiadiansoy
wuugifuansas fetuluasazats NaCl armdiudu 0.9 Wesidudlneimin pH 4.0 7.2 uas
10.0 wuilavignau Co-28Cr-6Mo-1.05i fdnsn1siansougedu e pH ansasvdediaau
fumumsinnseusias
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1.00E-02
1.00E-03

ya
1.00E-04 7
100E05 | ey Pl

1.00E-06 - N7 -

: — —pH4.0
1.00E-07 \j" PHT.2

1.00E-08 - |! — - pH10.0

Current density (A/cm?)

1.00E;09

I I I [ I I I I I I I I |
1.2 A1 -0.8 -0.6 -04 -0.2 0 02 04 06 08 1 12 14 1.6
Potential (V vs. SCE)

Uit 4.25 nswilunudlelaundalnanlswduveslansnan Co-26Cr-5Mo-1.05i
luansazane NaCl 0.9 Wesdudlaeywin 71 pH 4.0 7.2 wag 10.0

NSLUSEULNBUBNENATDY pH floANATUNTARNITOUTDIlaNENEaN Co-26Cr-5Mo-1.0Si
Favhnshasiviannsmeudunusveansininanlsiwduaes pH 4.0 7.2 waz 10.0 Tu
ansagans Nacl psidudu 0.9 wWeddudlastniin Tusud 4.25 uansnnudsiussemineis
AU LN BRSO (icon) HAaesening 0.55 x10°® 1 1.00 x10°® A/cm? uag
AN INHIN13AANTBU (Ecor) Arr08lutaesening -0.30 59 -0.50 V vs. SCE lnpuwualiuniny
muuunszualifinistandeuiiuuildufistunarssdsralilonsnaugninnionainaisazans
1nBetu dnsifingae Passive pe/luYae -0.2 fiv +0.7 V vs, SCE LLasﬁmiLﬁm Tranpassive Faus
%99 +0.7 V. vs. SCE mmﬂﬂﬁlﬂ/\lﬂ%wmﬂwu (Pitting potential) Faus + 0.68 V vs. SCE wazdlen
ArmunsgianseuLuugduiidsaud 30.00 x10° A/cm? 91nnsmlwanlswdudannan
SandnandmsRnosvotmsianioukieTusunss NOVA 111 atanwadndldnunsns
7la.s8
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91'15’1\1‘17; 4.8 ﬁhwwsflﬁma%maﬁﬂﬂﬁauﬁuaﬂamwau Co-26Cr-5Mo-1.0Si
Co-28Cr-6Mo-1.0Si

. Pitting
) Corrosion ) o )
Corrosion Corrosion Pitting corrosion
, current .
pH potential , rate potential current
density )
(mv) ) (mm/year) (mV) density
(WA/cm?) )
(uA/cm?)
4.0 -409.593 0.973 0.031 0.744 138.723
7.2 -337.224 0.606 0.019 0.714 52.325
10 -481.749 0.565 0.018 0.688 29.789

AMEWesUINsinnsauIINNTIAszvinsvlnailswdunisinnseuvedanena
Co-26Cr-5Mo-1.0Si Uansians137 4.8 Armisdimesnsianseululansmey Co-28Cr-6Mo-
1.0Si i pH 4.0 7.2 uag 10.0 Usenause adndluilnisiansen (Corrosion potential) fidn
WA U -409.593 -337.224 way -481.749 mV A1UA1IAU ATANUAUILUUATEUAA ANT BY
(Corrosion current density) A WM1AU 0.973 0.606 Lay 0.565 pA/cm? LazA1BNIINITAN
n3eu (Corrosion rate) Wiy 0.031 0.019 Uay 0.018 mm/Year muadu Fenuitluasazae
fifien pH waneheuil (oH 4.0 7.2 uay 10.0) e pH sawsedanudunsaunntu vlvres
mﬂwuwﬂiuﬂizLLaﬁ’mﬂiauﬁmqasﬁu WAZINAIANUVUILUUYRININSEUANITAANTB N UM
A19AIINSAANTOU W‘U’J'WP]I’W5ﬁliﬁﬂﬂiﬁ®ﬂ§8uﬁﬁWQQ%ULﬁE)U%NWEUﬁ’] oH sas Tuduendngladi
nsfansoundedndinidlanswamiugnasiansouiy linviswnTduduanados pH
A9

ngANIINNIINANTOUVRlAaNENEAN Co-26Cr-5Mo-1.0Si Tuansazale NaCl Annuwudu
0.9 Wesuilnguhmin pH 4.0 7.2 uaz 10.0 Frn 5 RnMaTINSeT A Taenaui nsada
oonledildutuiotostiosiiuimedansnauannisgnianiouainaninwndennisusn 910
N3 4.25 Wi ena@ives pH 119 3 Aeglutiae-0.2 f1 +0.7V vs. SCE Fafidnunizve
Frewradnladeadatunagludunisiansenuuugiiuvos pH e 3 AriiAadudusieig
Andlnil + 0.68 V vs. SCE @S UAIAIUNUILUUNTZLANANS DUWUUHNTDIAT pH 4.0 7.2

way 10.0 Wiy 138.723 52.325 LAY 29.789 uA/cm? muasu dslulansway Co-26Cr-5Mo-
1.0i laen pH getunFefiruduuagannty wnltuvesmenumuuunssuatansauwuy
sfuanshas feduluansazans Nacl emmududu 0.9 Wesdudlneviwiin pH 4.0 7.2 uaz 10.0
wuilangnan Co-26Cr-5Mo-1.0Si fidnsnsiansougedu ilodn pH ansdiaaviedaa
Fuvumsfianseushas agumaisuiieusanmsianioures pH Aunnsafululavesaunia
4 il 1#fans i 4.26
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mm/Year

0.04 - [ rH40 EprH7.2 [ rH10.0
0.035

0.03
0.025
0.02
0.015
0.01
0.005
0

0.1Si 0.5Si 1.0Si 26CrbMo1Si

TanzNaNN1EH08 Si wAnFng

JUN 4.26 MsiUTeuiigudnsinsianseuasdn pH wanssiuiudsunaves Si iuansiaiuly
lavguas Co-Cr-Mo

n13auNanIIAaeeUBNINaTeIAT pH AenganssunIsianseuvadlangkay Co-Cr-
Mo luansazate NacCl ansdadu 0.9 WesGuilaeimin Tagan pH Wiy 6.0 7.2 waz 10.0
uandleians i 4.26 nsmIeuifiusnsmsianseufiua pH Ausnsnaiu Tasuenyndoya
puUsnames Si Auanansiululavegsan Co-Cr-Mo nuilubsasiangnay o pH getuvde
fanuidunsmnnTudswayhlsidamnistansougsdiundonnudiununistandousias uas
wnlifuvessnsnsinnseuralilioUinames Si Lﬁmqqsﬁu dmsulanenauysunves Cr i
Mo shadiu deuavinlvisasnisinnseusifiae

4.5 BNFNaVAIFIMAINGANTTUNTNANTBY

N3ANWBNENGVRIS Si viengAnssunIsnnnsauvadlanenay Co-28Cr-6Mo-0.1Si Co-
28Cr-6Mo-0.55i Co-28Cr-6Mo-1.0Si ki Co-26Cr-5Mo-1.0Si luansazay NaCl aududu 0.9
Wosidudlantwiin 7 pH 3 sefu fio 0.0 7.2 uay 100 laevhmsnsaaoumyiinuuessind
‘wamaaﬂumWﬂ‘ﬁuﬁﬂawmawé’qmﬂmﬁﬁwmiwmaaqmiﬁ’@ﬂéau AnsdvmALla Inductively
coupled plasma-optical emission spectrometry (ICP-OES) LLa“mmsmm‘dimmmwaﬂu
miawmamwamaaﬂmmﬂwummaﬂawmawaqmﬂmsmmaaqmiﬂmﬂsau wanslddannsnad
4.9



M13197 4.9 USunusgiivigaeeninanniuiilaerauvaainnisianieu

516 PH
TaneHay :
(mg/1) 4.0 7.2 10.0
Co 1.248 0.102 0.034
Cr 0.702 0.044 0.032
Co-28Cr-6Mo-0.1Si
Mo 0.060 0.004 0.004
Si - - -
Co 0.088 0.074 0.036
Cr 0.026 0.030 0.004
Co-28Cr-6Mo-0.5Si
Mo 0.002 0.004 0.006
Si - - 0.050
Co 0.238 0.120 0.022
Cr 0.094 0.026 0.020
Co-28Cr-6Mo-1.0Si
Mo 0.010 0.004 0.002
Si - - 0.072
Co 0.182 0.128 0.050
Cr 0.066 0.044 0.040
Co-26Cr-5Mo-1.0Si
Mo 0.006 0.004 0.004
Si - - 0.196

91

N1IMIYUSUIUYRIEINNNANBBNNIANNUHVRIlaNEHANNA R INATTIINTAANTa

ansazany NaCl anududu 0.9 Wesiduslneuwtn fisedu pH WU 4.0 7.2 uag 10.0 Land
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92

mg/L mg/L
(1) Co (2) Cr
0.5 - 05 _—
0.4 4 0.4
0.3 4 0.3 4
0.2 4 0.2 4
0.1 4 0.1 -

O n O I | I 1
n n n n n %) (%D n
~— Lo (@) (@) = O @ (@)

O ©)

= >

0 kO

O O

Tanzna Q N AATAE Q
mg/L mg/L

(3) Mo (4) Si

B 5 <1 \T S
0.4 AN
0.3 -+ 09 4
0.2 4 0.6 4
0.0 = 0424

O I I I 1 O T I I 1
N (5] n n n () %) %)
— Lo o ) — 0 o =)
(@) (@) ~ ~ (@) (@) — ~—

(@) (@)
= >
0 0
(@) O
Tanznan & Tanznan &

sUfl 4.27 Wisuifisuuinamedavgingaesninainiuiaveslansnasluaisazats NaCl
AMUANTU 0.9 Wesiudlaeimitin pH windu 7.2 (1) Co (2) Cr (3) Mo (4) Si

nswWssuiiigulTinaeddansivanesnunaniiuivesusaglanena NiuIIe s
Si waneeiy Janaaeuluaisazats NaCl anududu 0.9 wWesdualagtmdn A1 pH 7.2 wans



93

"Léfmﬂgﬂﬁ 4.27 wuindiansazans NaCl amududu 0.9 wWedduslnethnin e pH 7.2 fiu3ana
N15Maneanve451% Co Cr waz Mo wilinuni1snaneenvesis Silaenudsuiunisgaesn
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nsMaReenves1A Mo tu wuluuTunmmann
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0.1Si Co-28Cr-6Mo-0.55i Co-28Cr-6Mo-1.0Si ag Co-26Cr-5Mo-1.0Si Tuansazaiy NaCl Ay
dudu 0.9 wWesdudlasthmiin pH iy 7.2 TnefiuSiamessty Co fu Cr ngnoanan Fvan
ganudnitluansazateiifinnudunsavie pH 4.0 LLazmﬂ'gUﬁ 4.26 NILUIBULNBUDNTINTG
Aanseuvesdn pH wnndsiuiuusiames Siunnanadululanenas Co-Cr-Mo fuansd
winlifuveasnsinstanseudisnasiuaisazats pH iunarwsewifu 7.2 Weusunames Si
Funntu wazanngUil 4.27 Unamessiaves Cr naavenyshasileuiuinmests Sigetu
Tnesn Cr farwddnyfusenlasiiduazaanisaidnsg Sifiugedululavenauinaglutied
wilen O senleflAtuasyiliusinanvaneenves Cr ansasiazdsuarilfeuduniy
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uansldanguil 4.29 wuhilansazans NaCl anadudu 0.9 Wesidulaeimin a1 pH 10.0 4
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n13ANwBNSnavesIn@aneu (Si) lulanenau Co-Cr-Mo sialaseainegania Ay
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Abstract: The aim of this research was to investigate the effect of silicon (Siyon the microstructure
and corrosion behavior of CoCrMo alloys. The concentration of Si added in CoCrMo alloys was
01, 05 and 1 wt % The corrosion behavior of the present alloys was investigated using
potentiodynamic polarization measurements. The normal saline solution with 0.9 wt % was used as
an electrolyte. Polarization curves obtained from the polarization

test were used to evaluate in terms of corrosion current density (corp, corrosion potential (Ecorn
and corrosion parameters that be used to compute corrosion resistant property of CoCrMo
alloys. The microstructure of a sample during the polarization test was compared using

X-ray diffraction (XRD) and optical microscope (©M). The results indicated that the

increase in Si slightly changed the microstructure of CoCrMo alloys and could enhance
the resistance to corrosion of CoCrMo alloys in NaCl solution. In addition, the reduction

of Cr and Mo concentration in CoCrMo alloys was found to be a significant influence on
the decrease in corrosion resistance.

1.Introduction

The CoCrMo alloys are widely used in implants owing to their excellent mechanical properties, good
biocompatibility and high corrosion resistance (1-3;. In addition, they are recommended for use in metal-

on-metal joint replacement applications because of their high wear resistance and hardness 4,51

However, CoCrMo alloys which expose to the environment is undergone an oxidation as well as other
metallic biomaterials. As well-known, the oxidation is one of the corrosion degradation mode in which the

oxide films are formed at the interface of the alloy and environment. In the oxidation process, although,
spontaneous passive film forms, the loss of metals are simultaneously taken place. In general, it is
accepted that the good corrosion resistance of CoCrMo alloys is attributed to the high concentration of
Cr which is play an important role on the formation of an inert Cr203 film (61. In contrast, Cr and Mo were

reported to be a cause of the formation of intermetallic phase, named o phase, which decreased the
corrosion properties of these alloys (7). Therefore, the concentration of Cr and Mo should be controlled

to obtain the high performance of alloys. Si is widely used as an alloying element to enhance the corrosion
resistance of steels and alloys in various conditions. In addition Si adding to CoCrW could retard the
precipitation of the brittle o phase (81 However, no research related to the effect of Si on corrosion
resistance of CoCrMo alloys has been carried out. Thus, in this study, three kinds of CoCrMo alloys with
different Si concentrations (0.1, 0.5 and 1.0 wt %) are investigated

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further
BY

distribution of this work must maintain attribution to the authors)and the title of the work, journal citation and DOI.
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the corrosion behavior in NaCl solution. For comparison, an alloy with reduced Cr and Mo is also
performed the corrosion test in the same condition with the above-mentioned three alloys.

2.Materials and methods

Three kinds of Cobalt-Chromium-Molybdenum (CoCrMo)alloys with 0.1, 0.5 and 1 wt% Si and another
alloy which has the lower Cr and Mo concentration were chosen for this study. Table 1 shows the
chemical compositions of studied alloys. The all investigated alloys were cast using vacuum melting.

In order to obtain the homogeneous structure, as-cast alloys were solution treated at 1250 °C for 24

hours followed by the thermo-mechanical process by hot forging at 1200 °C. Subsequently, alloys
were rapidly quenched to room temperature in water. The disk samples were cut using wire electrical
discharge machining (wire-EDM). The surface of sample was ground by silicon emery paper,
polished with 1 and 0.3 um alumina powder (AP-A suspension, Struers). Mirror-like surface was
cleaned in alcohol ultrasonic cleaner for 10 minutes. Prior to corrosion tests, the phases identification
of alloys used Xray diffraction (XRD) analysis (Shimadzu labx xrd-6100) equipped with X-ray
diffractometer (Cu Ka radiation source). The microstructure of the alloy was characterized by optical
microscope (OM; ZEISS Axio lab).

Tabel 1. The chemical compositions of investigated CoCrMo alloys

Alloy composition (wt %) Co Cr Mo Si Mn C N
Co-28Cr-6Mo-0.1Si Bal. A5 6.1 0156 0614 0056 0135
Co-28Cr-6Mo-0.5Si Bal. 281 6.15 0466 0521 0054 0148
Co-28Cr-6Mo-1.0Si Bal. 282 6.17 0966 0593 0054 0128
Co-26Cr-5Mo0-1.0Si Bal. 265 55 10 0.75 0065 0.100

The potentiodynamic polarization measurement was performed in three electrode systems
including the working electrode (sample), Pt counter electrode and activated carbon reference

electrode. The applied potentials ranging from -08 V to 04 V (SCE) were generated using a
Potentiostst/Galvanostst PGSTAT 302N (Autolab, EcoChemie, Netherlands). The polarization
experiments were performed with a scan rate of 1 mVs;s in 09 wt % NaCl solution. The

polarization test of each alloy was repeated at least three times to confirm the repeatability of
experimental results. The corrosion rate was calculated using the parameters obtained by Nova

1.11 software Electrochemistry software; Metrohm Autolab).

3.Results and Discussion

3.1 Phase identification and microstructure

The phase diagram of Co-29Cr-6Mo-0-2wt»)Si was predicted by the Thermo-Calc V50 as
shown in Fig. 1@). Two types of crystal structures: face-centered cubic (y-phase)and hexagonal
close-packed e-phase)were displayed depend on the temperature. In addition, two intermetallic
phases were shown in the calculated phase diagram; o and p. The results of the XRD analysis
in Fig. 1(b), revealed that the microstructure of alloys was dominantly composed of a nearly
single y-phase. No peak related to the intermetallic phase was observed. This attributes to the

homogenized temperature and cooling process which are favorable for the presence of a single
y-phase. In previous study, Li et al. has demonstrated that the dominant presence of the y-phase

provided a higher resistance to corrosion than that of e-phase (9.

Figure 2 shows the initial microstructure of the investigated CoCrMo alloys, observed using
the optical microscope. Equiaxed grains along with the small fraction of twin boundaries which

is typical microstructure after deformation processes were observed for all alloys. Moreover,
finer grains were observed when the concentration of Si in the CoCrMo alloys was increased.
The finest grain size was obtained in the Co-26Cr-5Mo0-1.0Si alloys. Some defects in the form
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of microspores which possibly remained from the casting process were detected in all alloys.
The corrosion behavior of CoCrMo alloys with different grain size has been reported by Li et
al (91in that increasing of the quantity of 2 grain boundaries would accelerated the anodic
reaction resulting in the earlier occurrence of corrosion processes. To gain more details on the

effects of different grain sizes causing by the Si addition, the corrosion behavior was performed
and discussed in a next paragraph.
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Figure 1.@ Phase diagram of Co-29Cr-6Mo-xSi predicted by Thermo-
Calc V5.0 and (b) XRD pattern of Co-Cr-Mo alloys with different Si
contents.

Figure 2.Optical micrograph of the investigated CoCrMo alloys: @ Co-28Cr-
6Mo0-0.1Si, (b) Co-28Cr-6M0-05Si, (¢) Co-28Cr-6Mo-1.0Si and () Co-26Cr-
5Mo-1.0Si.

3.2 Polarization testing

Figure 3 shows the polarization curves of Co-28Cr-6Mo0-0.1Si, Co-28Cr-6M0-05Si, Co-28Cr-6Mo-1.0Si
and Co-26Cr-5Mo0-1.0Si alloys in 0.9 wt % NaCl solution at room temperature. The shape of the curves 3
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exhibited a similar characteristic. The transition from cathodic to anodic regions of four alloys, generally
referring to the open circuit potential (Eocp), is located around the applied potentials ranging from -0.4 to -
0.35 V (SCE). Among three alloys which have a similar Cr and Mo concentration, the

Eocp of Co-28Cr-6Mo-1.0Si alloys was higher than that of Co-28Cr-6Mo-0.1Si and Co-28Cr-6Mo-
0.5Si.
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£ 0.0001
<
% 0.00001 - -
c
(]
2 0.000001 -
S ) — = C0-28Cr-6Mo0-0.1S1
8 | = C0-28Cr-6M0-0.5Si
0.0000001 - [ — "+ C0-28Cr-6Mo-1.0Si
s C0-26Cr-5Mo0-1.0S1
1E-08 4 A
|
1E-09 o | N e R - ‘
-1 0.8 0.6 04 0.2 0 0.2 0.4 0.6

Potential (Vce)

Figure 3.The polarization curves of CoCrMo with different Si alloys in 9 wt % NaCl solution.

This result indicates that the concentration of Si directly contributes to the enhancement of corrosion
resistance although the higher concentration of Si reduce grain size of CoCrMo alloys. For the alloy with

lower Cr and Mo concentration, the Eocp was observed to be the most negative value, as seen in the
polarization curve of Co-26Cr-5Mo-1.0Si in Fig. 3. This implies that reduced Cr and Mo leads to the
decrease of caorrosion resistance of alloys. This finding provides the interesting evidence on the influence
of alloying elements on the corrosion resistance of CoCrMo alloys. Not only Cr/Mo but also Si plays a
key factor in determining the corrosion behavior of investigated alloy series.

It has been reported that the high corrosion resistance of CoCrMo alloys is due to the formation of
protective passive Cr203rich film although Co is a primary constitutional element (101 Mo also
significantly enhances the localized corrosion resistance [11;. In addition, Si promoted the formation of
a compact and single Cr203 passive film (121 Thus, the alloys with higher Si concentration would have
a higher ability to resist the corrosion from surrounding environment.

Table 2. Corrosion parameter of CoCrMo with different Si alloys in 9 wt % NaCl solution.

Parameter
Alloy ba be Ecorr icorr Corrosion rate
mV,dec) mV,dec) mV vs SCE) ( Acm? mmyyear)
Co0-28Cr-6Mo-0.1Si 05552 02551 -385.17 168 00195
C0-28Cr-6Mo-05Si 0.2060 02833 33247 065 00075
C0-28Cr-6Mo-1.0Si 0.2840 0.2626 -353.90 082 0.0095
Co0-26Cr-5Mo-1.0Si 0.6544 0.3504 -386.05 151 00175

The parameters from the polarization curve are summarized in the Table 2. The corrosion rate
in the unit of mm per year was calculated. It is clear that the corrosion rate is reduced from 0.0195
to 0.0095 mmyear for Co-28Cr-6Mo-0.1Si and Co-28Cr-6Mo-1.0Si, respectively while the reduced
Cr and Mo alloys exhibit the highest corrosion rate. This observation is consistent with the previous
observation on the corrosion property of CoCrMo alloys at high temperature application [131. The

presence of Si could slow down the reaction and dissolution of passive film in severe environment
due to a positive effect from the oxide film formation. The further research about the surface
4
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characterization of these alloys is required to clarify with regarding to the significant effect of such
a chemical composition of passive film.

4.Conclusions

The effect of Si on the microstructure and corrosion behavior of CoCrMo alloys was investigated. The
finer microstructure of alloys was obtained by increasing of Si concentration. The corrosion behavior of
CoCrMo alloys in 0.9 wt % NaCl solution exhibited a similar cathodic and anodic characteristic. The
presence of Si in CoCrMo alloys could slightly enhance the corrosion resistance properties. The

transition from cathodic to anodic region of low Si alloys took place much faster than that of high Si
alloys. The amount of Cr and Mo also played a key role on the determination of corrosion behavior.

Considering future direction of this work, corrosion behavior of these alloys should be characterized at
near the human body temperature which might increase the rate of corrosion and oxidation.

Furthermore, with further optimization of compositions that might provide the higher performance of
corrosion resistance, Co-based alloys would become a potential materials for biomedical applications.
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SAFETY DATA SHEET

Rewision Date 23-May-2018 Revision Mumber 2

SECTION 1: IDENTIFICATION OF THE SUBSTANCE/MIXTURE AND OF THE

COMPANY/UNDERTAKING
1.1. Product identification
Product Description: Sodium chlorde
Cat No.: SA16NPCTY, SIH6UT0G, S/A160033, 513160060, Sr60063, SI316I06S, SI316068,
SI3160iT0
Synonyms Halite; Common salt; Riock sait
CAS-No TH47-14-5
EC-Mo. 231-588-3
Molecular Formula CiNa

1.2. Relevant identified wses of the substance or mixiure and uses advised against

Recommended Lise
Uses advised against

Laboratory chemicals.
o Infiormation available

3 Details of fier of the safety data's

Company

E-mail address

1.4, Eme telephone number

UK entitybusiness name

Fisher Scientific LK

Bishop Meadow Road, Loughborowgh,
Leicestershire LE11 5Ri3, United Kingdom

EU entitytbusiness name
Acros Cirganics BVBEA

Janssen Pharmacauticalaan 2a
244 Geel, Belgium

begel sdsdesklthermcrisher.com

Tel 01509 231166
Chemitrec US: (200) 424-0300
Chemitrec EU: 001 (202) 4837618

SECTION 2: HAZARDS IDENTIFICATION

21 Classification of | .

Mot hazardous
Physical hazards

Health hazards

CLP Classification - Regulation {(EC] Mo 127212008

Based on available data. the classification criteria are not met

Based on available data, the classfication criteria are not met

FSUS3160
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Environmental hazards
Based on available data, the classification criteria are not met

22 Label elements

Hazard Statements

Precautionary Statements

2.3. Other hazards
Mo information avalable

SECTION 3: COMPOSITION/INFORMATION ON INGREDIENTS

3.1, Substances
Componed. CAE-No ECHo. ‘Walght % | CLP Classifcation - Reguiation [EC) No
127 42008
Zodium chiodde TRdT-14-5 231-5896-3 =35

Full fext of Hazard Sfafemenis: ses seclion 16

SECTION 4: FIRST AID MEASURES

4.1. Description of first aid measures

Eye Contact Rinse immedately with plenty of water, also under the eyelids, for at least 15 mnutes. Get
misdical attention.

Skin Contact Wash off immediately with plenty of water for at least 15 minutes. Get medical atienbion
immediately § symphoms ocour.

Ingestion Get medical aftention if sympioms occur. Clean mouth with water and drink afterwands
plenty of water

Inhalation Meove to fresh air. Get medical attertion immediately § symploms occur,

Self-Protection of the First Aider Mo special precautions requinsd

4.2 Most important symptoms and effects, both acute and delayed
Mone reasonably foreseeable.

FSUS360
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Motes to Physician Treat symptomatically.
| SECTION 5: FIREFIGHTING MEASURES

3.1. Extinguishing media

Suitable Extinguishing Media

Use extinguishing measures that ane appropriate to local circumstances and the sumounding environment. Use water spray,
alcohol-resistant foamn, dry chemical or carbon dicxide.

Extinguishing media which maust not be used for safety reasons
Mo mformaticn avalable.

a.2. Special hazards arising from the substance or mixfure

Thermal decomposition can lead to release of mtating gases and vapors. Keep product and empty container away from heat and
sources of ignition.

Hazardous Combustion Products
Hydrogen chionide gas, Sodium oxides.

3.3, Advice for firefighters

A= in any fire, wear saff-contained breathing apparatus pressure-demand, MSHATICSH (approved or equivalent] and ful
profective pear.

| SECTION 6: ACCIDENTAL RELEASE MEASURES

6.1. Personal ufions, protective i nt and EMC res

Ensure adequate ventlation. Use personal protective equipment. Awoid dust formation.

52 Envi tal h-

Should not be released into the emvironment.

6.3 Methods and material for containment and cleaning up

Sweep up or vacuum up spillage and collect in suitabe container for disposal. Awoid dust formation.

6.4 Reference to other sechions

Risfer to profective measures fisted in Sections B and 13.

SECTION 7: HANDLING AND STORAGE |

7.1. Precautions for safe handling

Vear personal protective equipment. Ensure adequate ventilation. Awoid contact with skin, eyes and clothing. Avoid ingestion and
inhalation. Awoid dust formation.

Hygiene Measures

Handle in accordance with good industrial hygiene and safety practice. Keep away from food. drink and animal feeding stuffs. Do
not eat, drink or smoke when using this product. Remowve and wash contaminated clothing befiore re-use. Wash hands befiore
breaks and at the end of workday.

F5US53160
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1.2. Conditions for safe stor including any in

Keep containers tighty dosed m a dry, cool and well-ventilated place. Store wnder an nert atmosphere. Protect from moisture.
7.3 Specific end usais

IUse in laboratories

| SECTION 8: EXPOSURE CONTROLS/PERSONAL PROTECTION

8.1. Control parameters

Exposure limits
List source{s):

Biological limit values
This product. as supplied, doss not contain any hazardous matenials with biclogical limits established by the region specific
reguistory bodies

Monitoring methods

B3 EM 14022: 2003 Title Identifier: Workplace stmospheres. Gusge for the application and use of procedures for the assessment of
exposure to chemical and bickegical agents.

MDHZ 1473 General methods for sampling and gravimetric analysis of respirable and inhalable dust

Derived Mo Effect Level (DINEL) Mo irformation avalable

Route of exposure Acute effects (local) Acute effects Chronic effects Chronic effects
: {systemic) [loal) {systemic)
Oiral
Dermal
Inhalation

Pradicted Mo Effect Concentration Mo information avalable
{PNEC)

8.2 Exposure controls
Engineering Measures

Ensure adequate ventlation, especially in confined areas. Enswe that eyewash stations and safety showsrs are dose o the
workestation location.

Personal protective equiprment

Eye Protection Safety glasses with side-shislds |European standard - EN 186)
Hand Protection Protective ghoves
Glove material Breakthrough time  Glove thickness EU standard Glowe comments
Matural rubber See manufacturers - EM 374 {minimum requirement})
Mitrile rubber recommendations
Meoprens
PC
Skin and body protection Wear appropriate protective glowes and clothing to prevent skin exposure
Inspect glowes befiore use.
F5U53160
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Please obsemve the instructions regarding permeability and breakthrough time which are prowided by the supplier of the gloves.
{Refer to manufachuren'supplier for information))

Enisure gloves are suitable for the task: Chemical compatability, Dexterity, Operational conditions, User susceptibdity, g
sensitisation effects. also take nio consideration the specific local conditions under which the produwct is wsed, such as the danger
of cuts, abrasion.

Remove gloves with care aveiding skin contamination.

Respiratory Protection When workers are facing concentrations above the exposure limit they must use
approprate certfied respirators.
Large scalefemargency uss lUse a MIOSHMSHA or Eurcpean Standard EN 138 approved respirator if exposune limits

are exceeded or if rrtation or other symptoms are experenced
Recommended Filter type: Paricle filter

Small scale/Laboratory use IMaintain adequate ventilation

Environmental exposure controls. Mo information avalable

| _ SECTION9: PHYSICAL AND CHEMICAL PROPERTIES

31. Information on basic physieal and chemical properfies

Appearance VWhite

Physical State Solid

Odor Odorless

Odor Threshold Mo data avalable

pH 5080 @ 20°C; A% ag.sol
Mzlting PointiRange BO1 °C J 4738 F

Softening Point Mo data avalable

Bailing Point'Range 1481 °C | 26618 °F @& 760 mmHg
Flash Point Mo information avalable Method - Mo information available
Evaporation Rate Mot applicable Salid
Flammability |solid.gas) Ido informabion avalable

Explosion Limits Mo data avalable

Vapor Pressure 1 mmbg @ B65 °C

WVapor Density Mot applicable Solid
Specific Gravity | Density

Bulk Density Mo data avalable

Water Solubility 380 gl {20°CY

Solubility in other solvents Mo information avaiable

Partition Coefficient (n-octancliwater)

Autoignition Temperatura

Decomposition Temperature o data avadable

Viscosity Mot applicable Salid
Explosive Properties Mo information avalable

Oxidizing Properties Mo information avalable

5.2_ Other information

Molecular Formula CliNa
Molecular Weight 53.44

SECTION 10: STABILITY AND REACTIVITY

FSUSHE
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10.1. Reactiv Mone known, based on information availabie

0.2 Chemi ii

Hygroscopic.

0.3, Possibility of .
Hazardous Polymerization Hazardous polymerization does not oocur
Hazardous Reactions [one under normal processing.

10.4. Conditions o avoid

ncompatible preducts. Excess heat Awoid dust formatien. Exposure to moist air or water.

10.5. Incompatible materials
Strong coadizing agents. Metals. Sirong acids.

06 | .
Hydrogen ehlonde gas. Sodism oudes.

| SECTION 11: TOXICOLOGICAL INFORMATION

11.1. Information on toxicological effects

Product Information See actal entry in RTECS for complete information.
{a) acute tomicity;

Oral Baszed on avalable data, the dassification critenia ane not met

Dermal Based on avalable data, the dassification critena are not met

Inhalation Based on avalable data, the dassification critenia ane not met

Component LD Owal LD Dermal LC50 Inhalation
Soaum dionde 050 =3 0kg | Rat ) [DE0 = 10 gk | Rabhi | [CE0=42 gme (Rt ) 1h

{b) skin comosienimitation; o data avalable

() serious eye damagefimitation; Mo data avalable

{d) respiratory or skin sensitization;

Respiratory Mo data avallable
Skin Mo data available
{e) germ cell mutagenicity; Mo data avalable

Mot rrutagenic in AMES Test
{f} carcinogenicity: Mo data available

There are no known carcinogenic chemicals in this product

{g) reproductive toxicity; Mo data avalable
{h) STOT-single exposure; Mo data avalable
FSUS36D
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{i} STOT-repeated exposure; Mo data avalable
Target Organs Pone known.
{j} aspiration hazard; Mot applicable

Solid
Symptoms | effects both acute and Mo information avalable
delayed

| SECTION 12: ECOLOGICAL INFORMATION

12.1. Tooicity
Ecotoxicity effects Do not empty into drains. .
Component Freahwatar Flan Water Flaa Freahwatar Alpas Microtoy
Sodium chioride Fimaphals prome: EC30C 1000 mgiLi48h
LE0: TE50 mgl/s6n

12.2. Persistence and degradability
Persistence Soluble in waber, Persistence &5 unlikely, based on information avalable.

Degradahility Mot relevant for norganic substances.

123 Bioaccumulative potential =~ Bioaccumulation is unlikely

12.4. Mobility in soil The product = water soluble, and may spread in water systems Wil ikely be mobile in the
emarcnment due to its water solub®ty. Highly mobile in soils

12.5. Results of PET and vPvB Mo data avalable for assessment.
ASSEESMENT

12.6. Other adwerse effects

Endocrine Disrneptor Information.  This product doss not contain any known or suspected endocrine disruptors
Persistent Organic Pollutant This product does not contain any known or suspected substance

Jzone Depletion Potential This product does not contain any known of suspected substance

| SECTION 13: DISPOSAL CONSIDERATIONS

131 Waste trestment methods

Waste from Residues | Unused Chermical waste generators must determing whether a discarded chemical 5 dassifed a5 a

Products hazardous waste. Consult local, regional. and naticnal hazardous waste regulations to
ensure complete and accurate classifcation.

Contaminated Packaging Emipty remiaming contents. Dispose of in accordance with local regulations. Do not re-use

emipty containers.

European Waste Catalogue (EWC)  Acconding to the European Waste Catalogue. Waste Codes are not product specific, but
application specific.

Other Information Waste codes should be assigned by the user based on the application for which the product
was used.

SECTION 14: TRANSPORT INFORMATION

F5SUS3E0
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SAFETY DATA SHEET
Sodium chloride Revision Date 28-May-2012

IMDGAMO Mot regulated

14.1. UN number
14.2. UN proper shipping name

143 Transport hazard classles)

144 Packing group

ADR Mot regulated
14.1. UN number

.2 UN proper shipping name

14.3. Transport hazard class|es)]
14.4. Packing group

IATA Not regulated

14.1. UN number

.2 UN proper shipping name
14.3. Transport hazard class{es)
14.4. Packing group

1435 Emvironmental hagards Mo hazards identfied

146 Special precaufions for usey Mo specil precautioes requirsd
J4.T. Transport in bulk aceording o Mot applicable, packaged goods
Anpex |l of MARPOLTITS and the

| SECTION 15: REGULATORY INFORMATION

1548 health and environmental reguiationsilegislation ifig: for the substance or mixture

International Inventories
¥ = lisiad, Furope (EINECHELINCS/NLP), LLG.A (TSCA), Canada [DSLNDEL)Y, Phllpoines (PICCS), China {IECSC), Japan (ENCS), Australa
{AIC:5), Korea (ECL).

Componsnt EIMECS | ELINCS | NLP TECE DSL | HDSL | PICCS | ENCE [ IECEC | &ICF | KECL
Sodlum chioride 231-388-3 N X X 5 X X X X KE-313
7
Mational Regulations
Component Garmany - Watsr Classification [Va'ws) (zarmany - TA-Luft Class
Sodlum chipride WK1
Component Francs - INRS (Tables of sccupational dissssss)
Sodlum chipride Tainleaun des maladies professionnelies (TMP) - RG 78

Take note of Control of Substances Hazardous to Health Reguiations (C0SHH) 2002 and 2005 Amendment.

15.2. Chemical s assessment
& Chemical Safety Assessment’Report (C5A/CSR) has not been conducted

F5US360
Page 8/3
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SAFETY DATA SHEET
Sodium chioride Revision Date 28-May-2012

SECTION 16: OTHER INFORMATION |

Full text of H-Statements referred to under sections 2 and 3

Lepend

A% - Chemical AbeTads Sendce TSCA - Unhed Stabes Towc Substances Contmil AC Section Sib)
Investory

EINECSELINCS - Europaan Inventory of Existing Commendial Chemical DELNDSL - Canadian Domestic Substances LisiMNon-Domestic
Sunstances’EL List of Motified Chemical Substances Subetancas List
PICCS - Philippines inventory of Chemicals and Chemical Substances  EMCS - Japanese Exlsting and New Chemical Sunstances
IECSC - Chinese Imvemary of Existing Chemical Substances AICS - Ausiralan Imventony of Chemical Substances
KECL - Korean Existing and Evaluated Chemical Subsiances N0 - Mew Zealand Inventony of Chemicals
WEL - Woriplace Exposurs Limit TWA - Time Vigighted Average
ACGIH - American Conference of Govermmental Industrial Hygienlsts  [ARC - Intemiational Agency for Research on Cancer
DHEL - Derved Mo Efect Lavel PHEC - Prediciad No Efect Concantraton
RPE - Respiratory Protecive Squipment LDS0 - Lethal Dose 50%
LS50 - Lethal Conceniration S0% ECH] - EMactive Concentration S0%:
HOEL - Mo Dbsened Effect Congentrabion POW - Partition coeMcent Cclanol Walsr
PET - Perisient, Boaccumulative, Toxe wPvB - very Persisient, very Bioaccumulative

ADR - Europaan Agreement Conceming the Intemational Camage of  ICAGMATA - intemational Givil Aviaton Organizationdntzmational Alr
@oods by Aoad ASEDCiEEN

Transport v
IMONMDG - Imemational Mantime rganizatonimematonal Manime  MARPOL - imemational Comvantion for the Prevention of Polluzon from

Dangamius Goods Coda Shipe
DECD - Organksation for Economic Co-operdtion nd Deveinoment ATE - Acute Toadchy Esfimate
BCF - Bloconzentration facior VO - Volafie Organic Compounds

Ky literature references and sources for data
Suppliers safety data sheet, Chamadwisar - LOLI, Menck index, RTECS

Training Advice
Chemical hazard awareness. fraining, incorperating |abelling, Safety Data Sheets (S05), Persona Protective Equipment (PPE) and
hygiens.

Creation Date 22-Jun-2002
Revision Date 28-May-2010

Revision Summary Update to Format.

This safety data sheet complies with the requirements of Regulation (EC) No. 190772006

Disclaimer
The information provided in this Safety Data Sheet is comect to the best of our knowledge, information and belief at the
date of its publication. The information given is designed only as a guidance for safe handling, use, processing, storage,
transportation, disposal and release and is not to be considered a wamaniy or quality specification. The information
relates only to the specific material designated and may not be valid for such material used in combination with any other
materials or in any process, unless specified in the text

End of Safety Data Sheet

FSU53160
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ansazanelalasaaasn (HCL)

RCl Labscar
R e SAFETY DATA SHEET

Arcording to Giobally Harmontzsd 2ystem of Classficaion and Labeling of Chamicals {GHE)
Revision Dabe Jul 01, 2048

SECTION 1: Identification of the substance/mixture and of the companylundertaking

1.1 Product ldentifer

Product name HYDROCHLORIC ACID 37%

CAS-Mo. Ta4T-01-0

Product code AR1107, BP1107, EP1107, GP1107, RP1107, SL1107, SM1107,
vLiior

1.2 Relevant Identifiad uzes of the subatancs or mixture and uses advised against

Identified uses Chemieal for analysls and production.
1.3 Detalls of the suppller of the safely data shest
Company RCI LABSCAN LIMITED.
24 Rama 1 Road, Pathumwan, Bangkok 10330 Thalland
Talephone numibsar [662) 613-79114
Fax number (662} 613-T915

1.4 Emargancy Telephons Humbar
Emergency phone (662) 513-T911-4

SECTION 2: Hazards identification

2 1 Classifcation of the substance cr mixture
ClzasNcation according to Regulation [EC) No 127212008
Comosive to metals (Category 1), H28d
SKin Comosion (Categoey 18), H314
Specie target organ ioxcty - singie exposune (Category 3), Respiatony system, HA3S
For the full text of the H-StEiements mentionad In this Section, 582 Seciion 156.

2.2 Labsl alaments
Labslling according Reguiation [EC) No 12722008

Pletogram

Signal word Danger

Hazard statements)

H¥a0 May be cormasive to metais.

H314 C3uses sevens skin bums and eys damage.

Hi3s May eause respiratory Imiation.

Precautionary statemantis)

P24 K2ep onty In anginal packaging.

P260 Do not breathe dusks or mists.

P2E4 Wiash hand thorowghiy arer nanding.

Pz Lise pnly outdoor or In a well-ventllated area.

F2E0 Viear protective giovesiprotective cothing/eye protection/Tace profection.

P301 + P330 + P331 IF SWALLOWED: Rinse mouth. Do NOT Induce womiting.

P303 + P3&1 + P353 IF ON SKIN [or halry Take off Immediately all contaminated clothing. Rinse skin
with water [or showear].

P304 + P340 IF INHALED: Remove person 1o fresh air and keep comfortable for breathing.

FoCI Linkeiezaen Ll protuel Paga 1o/ &
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P30S + P351 + P33E

P310
P312
P363
P35
P403 + P233
Pals
P40s5

2.3 Other hazards

Hydioshisis idd 37%

IF IN EYES: Ringe cautiousty wiih water for several minutes, Remove cortact
lenses, If present and 2asy to do. Condnue fnsing.

Immediately call a POISON CENTER/doctor.

Call 3 POISON CENTERMgoctor If you Teel urwell,

Wash contaminabad slothing befone reuss.

Ansom spliage to prevant matenal-damage.

Siore In a well-ventilated place. Keep contalner tightiy closad.

Store locked up.

Siore In commosion reslstant’ container with 3 reskstant Inner lner.

Npne

SECTION 3; Compoatfionanformation on iIngredienis

3.1 Substances
Mot applicabie

3.7 Mixturs
Hydrochionc acid
Synonyms

Chionabyorc ack, Hydragen chioride, Murlaic acid, Spiits of sat.

CAS-MO EC-No EC-Index-Mo Fommuia Miolecular VWedgnt Welght %
TE4T-01-0 231-585-T 17-002-01-X HCI 36.45 gimod 37

Hazardows Ingradiants according (o Reguiation (EC) Mo 127212008

Component | concentration | Classifcation
Hydrochlorc scid
CASNO  TE4T0ID T Comesive fo metls (Category 1), H290
EC-Mo 231-585-T S&In cormosion jCategory 18}, H314
EC-Ingek-ND 017-002-01-X Sgpecific tanget oroan baslelty - Sl Sxposure (Categary
3], Resplratory system, HI3S

For e Tull text of ihe H-Siatements mentianed in is Sedion, see Sacion 18

SECTION 4: Firat ald maasures

4.1 Description of firat ald measures

General avice
Inhalation

Skin contact

Eye contact

Ingestion

Rl Linbscsan Lirsied

Show this safety datasheet bohe doctor In attendance.

Mave b fr2eh 3l In case of acsigental Inhalation of vapors. Keep patiant wam. In case of
shorfiess of breaih, give oxygen. Apply ariiclal respiration anfy ¥ pabiant Is not breathing
OF unider medical SLPH'HEIEIII Mo artificial M-F|m.bl'l moath to mouth or mouth b nose.
Use suitable instruments/apparaus.

Remave contaminated cioling and wash afected skin with 50ap and water. Dab with
palyeihylans giyeal 400. I 6igns of polsoning appear, freat 3s %or Inhalaton. Cotain
miedical atiention. Wash contaminated clothing before reuse.

If the substance has got Into the eyes, Immediataly wash out with plenty of water at least
15 minutas. Obtaln medical attention.

Rinse mowh. Do not Induse vomiSng. Keep patient warm. In cass of shoriness of breah,
give cxygen. Apply artficial respiration anly I patient Is not braathing or under medical
-EI..FEPI'HM. Mo artificlal asplmﬂnn mouth o mouth or mouth 0 nose. Use suliable
Instruments/apparatus. Cotain madical attantion. Mever give anytning by mauth o an
LCONSC0S person.

Paga 2ol B
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Hydiehione idd 37%

4.2 Most iImportant symptoms and effects. both acute and delayed
The most Important known symptoms and effects are described In section 2.2 and sectlon 11

4.3 Indication of any immadiats medical aftention and speclal treatment nasded
ARer swallesIng. make VIcIm onnk water (two giasses at the most), avokd vomiting (rsk of peroraton).
Immediaizly call In physkelan. Do not attempt b neutralze,

SECTION 5: Firefighting measures

5.1 Extinguizhing mgdla
Sultable sxtinguishing medla
In adaption o materials stored in the Immeadiate nedghiborhiood.

5.2 Special Nazards areing mom the substance or mixturs
MOn-CombUstiDle, HYAMgen may Fonm wpon contact With metais (danger of expiosion). Ambient fire may iberats
hazardous vapors. The follvwing may develop In event of fire: Hydmehiors ack.

5.3 Advics for MireNghters
Do not 5-13}' n daﬂgen:us Zone withou? seif-contained Ml'fg appam.rs. Inorder o avold contact with skin,
keap 3 safely distancs and wear sultable protective cloming.

5.4 Further Information
Contaln escaping vagors with water. Rrevend fire-fghting water from entening surface water or ground water.

SECTION &: Accidental release measures

.1 Personal precautions, protective equipment and emengency procedurss
Evacuatz persannel to gafe areas. Do not Dreatne vapors or spray mist Wear a positive-pressure suppled-alr

respirator, fiame retandant antistabe proteciive cloming. Shut off leaks 1M wilhout fsk. Keep peogle away fom and
upwind of spikieak,

6.2 Envircnmental precautions
Contain or absoi l2aking Mquwd with sand or earth, consults an experi. Prevent lquid entering sewars,
Dasements and woskgplis. If EUDStaNCE NEE eniered 3 WEler COUTSE OF ESWET of contaminated soll, aoviss polce.

6.3 Mathods and materials for confalnmeant and claaning up
Spliags - soak up with Inart absorbant materal (2.q. sand, sl ged). Prevent llquid entering sewers, basements
and workplts. Trans?er fo covered drums. Dispose of promply.

.4 Raference to other gactions
For disposal se2 Section 13,

SECTION 7: Handling and storage

7.1 Pracautions for safs handling
Provision of good ventllation In the working ara. The ficar must be adid resistant. Suliable materials: Glass,
Staneware, porcelaln, Polyvinyl chiodde, Palyethyiens | PE), Polypropyiens, Polyietrafuomethylene PTFE
[Teflion). Do not leave contalner open. Avold splllage.

7.2 Condifions for afe storage, Including any Incompatiniities

Keep bightly cicsed at room temperaturs In a dry, cool and well-ventiated place. Keep out of direct sunlight and
away fromi haat, water and |I1ml‘|1|:II|h|E' matanals. ﬁ.‘qu'I'Eﬂ'hElﬂE fior conialners, no metal contalners.

T Libsasii L il Paga % of B
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Hydin=hiore mdd 3T%

7.3 Spacific end ussig)
HFIEI'I from thie uses mentonad In section 1.2 no I:I‘H'IHBFECME- LSEE H'EEHFILIEH.

SECTION B: Exposure controls/personal protection

8.1 Control paramstars
.1 Control paramstars
Dierived Mo Effect Level (DNEL]

Application &raa Health Effacts Exposure Valug
Worker LongHerm Local effiecis Innalation B mgim?
Consumer LongHerm Local effiects Inhalation E mgim?

Predicted No Effect Concentration {PNEC)
ot Avalabie

8.2 Exposure controls
Approprizts anginaering controls
The prodiecs ehould only b2 used in venlllation hoods and fans.

Indlvidual protection meazures [Peraonal protective squipmant, PPE)
Eysiface protection

Gogglss gving compleie profeciion 1o eyes.

SKin profection
Chamical feglstant apron ¢ comosive protectve Eoding, haavy duty work shoas.
Handie witn glovas
- Full contact wears gioves from nitrile rubber materal,
- Splash contact wears gloves from natural l3tex matarial,
The select protective gioves have to s3tiety the spacifications of EU Directive 637665 EEC and standand EN 374
dartéed from If.

Rempiratory protection
In cage of Insutfciznt ventation, wear sulfEgle respiratory equipment. Required when vagor3emsols ans
generated fier E-F2) (EN 141 or EN 14387).

Environmantal sxpoaurs controls
Prevent Iquid entering sewess, basemeants and workpis.

SECTION 3: Physical and chemical properties

3.1 Information on baslc physical and chemical properties

Appaarance: From Linquia

: Covugr Coioness
Odour Pungent
Ddour Threshold Mot Avallasie
pH <1 3t 20°C
Malting paintirange o
Boling painirangs 50
Flash point Nl Avalladie
Evaporatian raiz Nl Avalladie
Flammabliky {sold, gas) Nioi Avallabie
Explosion Imits: lowsr Nioi Avallabie

upper Mot Avallaole

Vapar Pressure 190 hPa &t 20°C
Relative Vapar Density Nt Avallazie
Density 1.19 gimi at 20°C

Rl Labsewn Limited Paga 4 of 8
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Hydipehlorke pad 3T
Water solublity Solusle at 21PC
Pariition coefMclent (n-oclanolfwater) Hot Avallaiie
Auto-ignition temperaiume Mot Avallable
Decomposiion Temperatune Mot Avallale
Wiscasity 23mPas
Explosive properties Mot Explosive
Oxidzing properties The substance or mixiure Is not classed a5 oxklzing.

SECTION 10: Stability and reactivity

10.1 Raactivity
Comosive In contact with matals, Reacts with alkalis, strong coddizing agents and strong bases.

102 Chamical stability
Stable under recommended storage conditons.

10.3 Posslbility of hazardous reactlons
Filsk of expioslion In contact wih alkal metals, conc: sulphunc adid, polassium pamanganate.,
The subetance can react dangerously with aluminium, alkal hydroxide, amines, ammonia, Muoring, basas,
ouidizing agenis, metal carbldes, calcium hydride, formaidenyds, copper sulphide, Nthiem slicide, metals,
sodium hydride, Endium fypechiorte and ks solulions, siianes, slicon dioxkde, vinyl mathyl ethar and zinc.

104 Conditions to avold
Heat

10.5 incompatible materals
Aluminium, amines, carbkdes, hydrides, uorine, potassium permanganate, sirong alkal, sals of axyhalogenic
acids, conc suifwic acld, semimetalic paide, semimetalic hydrogen compounds, aldehydes, suilides, [Ithium
shicide, vinyimethyl ether.
Incampatile witn various metals and metal alioys.

10.8 Hazardous decompesltion products
Hydrogen gas (Hazardows Secomposiion praducis fom unser confact with metals). Danger of expiosion.

SECTION 11: Toxicological information

11.1 Informaticn on tu:mmal afiacts
Mixture
Acuta toxicity
Mot Avallabie

Acute oral toxlclty

SYMpLoms: DUms In mouth, thimat, oesophagus and gastroiniestingl tract. Risk of parforation In Me oes0phagus
and stomach.

Acuts Inhalation fowcity
Imttations of the mucous membsanss, coughing, and dyspnoea.

Skin cormeslondrmtation
Bums

Serlous aye damagelsye Irritatlon
Bum:s, Risk of blindn2ss

Regplratory or 2kin senslilzation
Hot Avallaie

Rl Labsesan L i, Pags Sof B



Hydichioie idd 375

Garm cell mutaganlcty
Not Avallaie

carcinoganicity
Hot Avallaie

Reproduciive toxlcly
ot Avallaie

Taratogenicity
Wat Avallable

Specine target organ tozlcity (STOT) - single SEpOELTE
May cause respiratory Irntaton.

Specific targst organ toxicity (STOT) - repeated sepoaurs
ot Avallaoie

azpiration hazard
Mot Avallabis

Furthar Information
After 3 latency peripd: cardovascular Talurs.

SECTION 12: Ecologieal information

Milxtura
12.1 Toxlclty
Tawicity o fish LCs Leaclscus lous: 852 mgd (1M solution)

12.2 Persistence and degradability
Mot Avallabis

12.3 Bleaccumulatve potential
Mol Avallabde

12.4 Mobllity In soll
Hat Avalabls

12.5 Other adverae effecis
Forms comosive mbdures with waler even it diluited. Damage io plant growth. The folowing applies io
Hydrehione acid general Hamsul effzct on aquatic organisms. Hammiul effect due to pH shig.
Do niot allow o enter waters, wasie water or soll.

SECTION 13: Disposal considerations

13.1 Wasfe treatment mathoda
Product
Thera are no wnifom EC Regulatons for the flsposal of chemicals or residwes, Chemical reskues genesaly
COUNt a5 Gpecial waste. The dispesal of he [aker 15 reguiated In the EC Memoer couninies through
comespondng law and regulatons. We recommend that you contact efther the authortles In change or aporoved
wasta disposal companies which will advise you on how to dispoes of special waste or bum In a chemizal
Incinerator equipped with an afesbumar and scrubber but exert exira cane In kgriting as this matenal ks highly
tammadie. Dbserve all fegeral, state, and Iocal enwionmantal regulationes.

Rl Labscan Limited Paga s of 8

127



Contaminated packaging

Hiydrochlarke idd 375%

Disposal In complancs with offcial requiations. Handle comtaminaied packaging as hazardous waste In Me
£ame way of the substance tself. If not oMclally specfied dffenantly, non-contaminated packaging may oe
treated llke hausehold waste or recycled.

SECTION 14: Transport information

Land Trangport [ADRIRID)

UM Mumber 1789

UM propes shipging nams HYDROCHLORIC ACID
Transport hazand class(es) B

Facking group I

Environmental hazards ND

Special precautions for user YEE

Saa transport [IMDE)

UM Mumber 1769

UN proper shipging nams HYDROCHLORIC ACID
Transport hazand class(es) E

Facking group ]

Marine polutani Hio

Spedal precautions for user 26

EmS F-A 5B

Alr transport [IATA)

LN Mumber 1789

UN propes shipoing nams HYDROGHLORIC ACID
Transport hazand classies) E

Eacking group ]

Environmental hazards Ho

Special precasiions far user Ho

River transport [ANDVADNR)

(Mot examinad)

SECTION 15- Regulatory information

This safety datasheat complies with the requirements of Globally Hamonized Sysiem of Classification and Laneling

of Chemicals [GHS)

15.1 Safety, health and savironmental reguiationefegiziation specific for the substancs or mixturs

Waot Avallabia

15.2 Chamibcal Safety Azseazmant
For this product a chemical safsty assessment was not camied out.

SECTION 1&: Other information

Full text of H-Statements refemsd to under sactions 2 and 3

Hzoq M3y be cormosive to metals.
H314 Causes severe skin bums and EYye aamage.
H335 M3y 3use respiratory Imitstion.

FC] Linbeasin L il Paga Tof 8
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Hydsochoe ded 37%

Recommendad rastrictions
Take notice of [abels and safely data sheets Tor the working.

Referanca
Globally Harmonized System of Classification and Labeling of Chamicals (GHS).

Labelling according ta EC Directives S7/548 EEC and Regulation (EC) Mo 1272/2008,

Transpartation Information acearding in Recommendations on the Transport of Dangarous Goods, Model
Requiations. Tweifth revised edition. Unitad Masions.

Institute for Oocunational Safety and Health of the Garman Socal Accident INsUrance In Sankt Augustin/Gemany,
Source: IFA for Databasss on hazardous substances (GESTIS)

Further Informaticn
Contact o RCI Labscan Limibed

Ravislon Date
0172018

Tra irdormabon groveed B Db Saiety Date Shesl 5 2umes) I'pi'il st ef oo Whowtesge niemeben and h-" ol e dae of B pubizsion. Tha
ilmnialicn ghan (G descad only @ o neife i, L | pi | Ak, s i e Tk @d B Gl o be
cofidaned @ sadEnly o Qually dpeciioslion. Th RisThslicn heleb oafy 10 G u.lul; ml.-llhﬂlr-hu anid iy ool b vl T dasch ke fal
weivied [ corminalion Wit any ofved mleriak of i ey Bocis diad specled G The b
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129



130

ansazanelaneulansanlan (NaOH)

Ihermo’isner SAFETY DATA SHEET

Australian statement of hazardous nature : Classified as hazardous according to criteria of NOHSC

Section 1 - Identification

Product Mame Sodium hydroxide pellets extra pure

Product Code ACR12407, ACR20606, ACR3I8304, ACR42433, ACRA4TIE, ACRANGE, ACRAS113,
AJAZR3S, AJAZS3S, AJASDT, AJAARZ, AJA4ES, AJASH, AJACSLAE2, AFFADDH,
APPAGEZD, BSPSLTAD, FSEBP2SS, F5B5/4800, FSBS/4845, FSBS4920

Address ThemmoFisher Scientific Australia Pty Ltd
5§ Carbbean Drive, Scoreshy
WICTORIA 3178, Australia

Emergency Tel CHEMTRECE:
039737 4339 or +613 9737 4339
Telephone | Fax Numbers Tel: 1300 735 202
Fax: 1300 087 839
E-mail address: auinfothemofisher com
Recommended Use Laboratory chemicals.
Section 2 - Hazard(s) Identification

Classification under the Mational tiznal Health and Safety Commission (HMOHSC), Ausfralia

Classified a5 hazardous according to criteria of NOHSC

Physical hazards
Mix hazards identfied

Health hazards

Skin Comosiondimitation Category 1A
Senous Eye DamageEye Imitation Category 1
Environmental hazards

Mo hazands identified

Label Elements

Comosion

Signal Waord Danger

Hazard Statements
H214 - Causes severe sion bums and eye damage

Precavtionary Statements

AUS-D00604 Version 1 0-Mov-2013 Page 178
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Sodium hydraxide pellets extra pure SAFETY DATA SHEET

F264 - Wash face, hands and any exposad skin thoroughly after handling

P271 - Use only outdoors or in @ well-ventlated area

P280 - Wear protective glowes/ protective clothing eye protection face protection

P301 + P30 + F331 - IF SWALLOWELD: rinse mouth. Do NOT inducs womiting

303 + P31 + P353 - IF OM SKIM or hair): Remowe! Take off immediately all contaminated ciothing. Rinse skin with water!
shower

P304 + P20 - IF INHALED: Remove to fresh air and keep at rest in a posifion comfortable fior breathing

P305 + P351 + P33E - IF IM EYES: Rinse cautiously with water for several minutes. Remove contact lenses, & present and
easy o do. Continue rinsing

F310 - Immediately call a POISON CENTER o doctor’ physician

363 - Wash contaminated dothing before reuse

Pa03 + PZ33 - Store in 3 well-ventilated place. Keep contamer tightly closed

P501 - Dispose of contents! container to an approved waste disposal plant

Cther information
Mo information avalable

Section 3 - Composition and Information on Ingredients

Componant CAS-Ho ‘Welght %
Sodlum hydmeige 1310732 100

Section 4 - First Aid Measures

Inhalation Miove to fresh a@r. Call 3 physician or Poison Control Center mmediately. if breathing is
difficult, give copgen. Do not use mouth-te-rmouth method if wictm ingested or inhaled the
sulbstance: give atifical respiration with the aid of a pocket mask equipped with 3 one-way
valve or ofher proper respiatony medical device.

Ingestion Immediate medical attention is requred. Do not induce womiting. Drink plenty of water.
Mewer give anything by mouth o an unconscious person

Skin Contact Wash off immediately with soap and plenty of water while removing all contaminated
chothes and shoes. Call a physician mmediately.

Eye Contact Immediate medical attention is regured. Rinse immediately with plenty of water, also under
the eyelids, for atleast 15 minutes. Fesp eve wide open while rinsing.

General Advice Shows this safety data shest to the doctor in attendance. Immediate medical attention is
requined.

Protection of First-aiders Ensure that medical personnel are aware of the materialls) inwclwed, take precautions to

protect themselwes and prevent spread of contarmnaton

First Aid Facilities Eyewash, safety shower and washsoom.

Most important symptoms/effects  Cawses bums by all exposure routes. . Product is @ comoswe maternal. Use of gasine
|avage or emesis is contraindicated. Possible perforation of stomach or esophagus should
be mvestigated: Ingestion causes severe swalling, severe damage to the debicate tissue
and danger of perforation

Motes to Physician Treat sympbomatically.

Section 5 - Fire Fighting Measures

Suitable Extinguishing Madia
01z, dry chermical, dny sand. alcohol-resistant fioam.

Extinguishing media which must not be used for safety reasons

AUS-D00604 Version 1 10-Mov-2013 Page 278
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Sodium hycroxide pellets extrs pure SAFETY DATA SHEET

Mo information avaiable.

Specific Hazards Ansing from the Chemical

The product causes bums of eyes, skin and mucous membranes.

Special protective eguipment and precautions for fire fighters

As i any fire, wear sel-contained breathing apparatus pressure-demand, MSHAMIOSEH (approved or equivalent) and full
protective gear. Thermal decompostion can lead to release of imtating gases and vapors.

Section 6 - Accidental Release Measures

Emergency procedures
Evacuate persorne! to safe areas. Use personal protective equipment. Awoid contact with skin, eyes and clothing.

Environmental Precauvtions
D mott allow material to contaminate grownd water system. Should not be released into the environment. Do not flush into swrface
waler or sanitany sewer syshem.

Methods for Containment and Clean Up

Sweep up or vacuum up spillage and collect in sutable contaner for disposal. Avoid dust formation.
Reference to Other Sections

Refier to protective measures listed in Sections B and 13

Section 7 - Handling and Storage

Precautions for Safe Handling
|kse only under a chemical fume hood. Wear personal protective equipment. Do not breathe dust. Do not get in eyes, on skin, oron
clothing. Do not ingest.

Conditions for Safe Storage, Including any Incompatibilities
Keep containers tighly closed in a dry, cool and well-ventilated place. Comosives arsa
ASMES 2242.10:2004, Safely m |aborationes - Siorage of chemicals

Section 8 - Exposure Controls and Personal Protection

Exposure limits

ALS - Exposure Standards for Atmospheric Contaminants in the Occupaional Environmint - Guidance Mote on the Interpretation
of Exposure Standards. for Atmesphenc Contaminants in the Occupationad Ervironment [MOHSC:3008(1908]]

Adopted MNabional Exposure Standands for Atrmospheric Contaminants in the Occupational Envirenment [MOHSC: 1003 1885)]
updated in August, 2005, Safe Work Australia ACGHH - Threshodd Limit Values - Cailing (TLVSC) guidslines by the American
Conference of Govemmental Industnal Hygienists (ACGIH] for confrofing worker exposure to airbome chemical concentrations in
the workplace. UK - EH402005 Containing the workplace exposure Bmits (WELs) for use with the Controd of Substances
Hazardous to Health Regulations (COSHH) 2002 {35 amended). Updated by September 2006 official press. release and Dciober
2007 Supplement. DE - MAK. and BAT valees of Hazardous Chemical Compounds in the Work Area. Published by Germman
Research Foundation en July 1. 2011

Componsnt Luafraila Maw Zealand WEL ACGH TLV The Uinited Klngdom Garmany
Sodium Mydrxide T Mg VA Celing: 2 mgime Celling 2 Mg IMQNEGTEL |2 mgTe TV (Inhad
fraction)

Biclogical limit walues
This product, 35 suppiisd, does nof contain any hazardous materials with biclogical Fimits established by the region specific

reguistony bodies

Exposure Controls
Engineering Measures
Ensure that eyswash stations and safety showers are close 1o the workstation location.

Wherever possibbe, engineering control measunes such as the isolabion or enclosure of the process, the introduction of process or
equipment changes to minimise release or contact, and the use of properly designed ventilabion systems, should be adopted to
conirol hazardous matenals at sounce

Personal protective equipment
Eye Protection Goggles (Australian™ew Zealand Standard ASMZS 1337 - Eye protectors for Industral
applications)
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Sodim hydroxidepelets exra pure SAFETY DATA SHEET
Hand Protection Protective gloves
Glowe material Breakthrough time Glove thickness AUSMNZ Standard Glove comments
Neoorene See manufacturers - ASMNZS 21811 {minEmum requiremenit})
recormmendations
Inspect ghowes before use.

Please observe the instructions regarding permeability and breakthrough time which are provided by the supplier of the gloves.
{Refer to manufacturen'supplier for information)

Ensure gloves are suitable for the task: Chemical compatability, Dexterity, Operational conditions, User susceptibility, e.g.
sensitization effects, also take info consideration the specific local conditons under which the product is used, such as the danger
of cuts, abrasion

Rermove gloves with care avoiding skin contamination.

Skin and body protection Long skeeved cothing

Repiratony Protection Itse an ASEZS 1716 approwed respirator if exposurs limits are exceeded or if imitation or
other symptoms ane experienced. To protect the wearer, respiratony protective equipment
st be the comect fit and be used and mantaned m line with ASMES 1715 on the use
and maintenance of repiratory protective devices

Recommended Filter type: Particulates fiter conforming to BN 143 (or AUSNE equivalent)

Recommended half mask:- Walve fillering: EN405 or Half mask: EWN140 plus filer, EN 121 {or AUS/NZ equivalent)
When RPE is used a face piece Fit Test should b= conducted

Hygiene Measures Handle in accordance with good industnal hygiens and safely practice.
Environmental exposure controls  Prevent prduct from entening drains.

Section 9 - Physical and Chemical Properties

Appearanca Vihie
Physical State Salid
Odaor Mo information avaiiable
Odor Threshold Mo data available
pH 14
Melting PointiRange 318 °C, 4 9044 °F
Softening Point Mo data avadable
Bailing PointiRange 1280 *C | 2534 °F
Flash Paint Mo information vailabls Method - Mo information ausilable
Evaporation Rate Mot applicable Solid
Flammability (solid. gas) Mo information available
Explosion Limits Mo data awalable
Vapor Pressure Mo data avalable
Vapor Density Pot applicable Salid
Specific Gravity | Density Mo data avaiable
Bulk Density o data avadable
Water Solubility soluble
Solubility in other solvents Mo information available
Partition Coefficient {n-cctanoliwater)
Autoignition Temperature Mot applicable
ition Termperature Mo data avadable
Viscosity Mot applicable Solid
Explosive Properties Mo infermation available
Oxidizing Properties Mo infermation available
Other information
Molecular Formula MHaOH
Molecular Weight 40
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Sodium hydroxide pellets extra pure SAFETY DA.TA. SHEET
Section 10 - Stability and Reactivity

Reactivity Mone known, based on information available

Stability Stable wnder nomal conditions.
Conditions to Avoid Incompatible products, Excess heat.

Hazardous Decomposition Products Mone under nommial use conditions.
Hazardous Polymerization Hazardous polyrmenzation does not oo,

Section 11 - Toxicological Information

Information on Toxicological Effects:

Product Information
{a) acute toxicity;

Cral Bazed on avaiable data, the dassification criena are not met
Dermnal Bazed on avaiable data, the dassification criea are not met
Inhalation Based on avaiable data, the dlassification crienia are not met
Component L0 Oral D50 Dermal LC50 Inhalation
Zodium ySroide L&D = 1350 moky | Fabolt )
ib) skin comosionfimitation; Category 1
A

i) serious eye damagefmitation;  Catepory 1
{d] respiratory or skin sensitization;

Respiratony Basad on available data, the cassification criera ars not met
Skin Based on available data, the dassification critena are not met
i) germ cell mutagenicity; Based on available data, the cassification chitena are not met
if} carcinogenicity; Basad on available data, the dassification critena are not met
There are no known carcinggenic chemicals in this product
{g) reproductive toxicity; Basad on available data, the dassification criteria are not met
{h) STOT-single exposure; Based on available data, the dassification critera ane not met
{i} STOTrepeated exposure; Based on available data, the dassification crtenia are not met
Target Organs Mo imformation avalable.
{j} aspiration hazard; Mot applicable
Solid

Symptoms [ effects both acute and Product is a comosive material. Use of gasing lavage or emesis is contraindicated.
delayed Piossinle perforation of stomach or esophagus. should be investigated: Ingestion causes.
severe sweling, severe damage to the delicate tissue and danger of perforation

Section 12 - Ecological Information

Ecotoxicity effects Contains a substance which is:. Hanmiful to aquatic onganisms. The product contams
following substances which are hazardous for the envirmnment.
Compoenent Freshwatar Flah Wiater Flaa Freahwatar Algas Microtoe
Sodium hydroxide LES0: - 45.4 mglL, 55h| - - -
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SAFETY DATA SHEET

static [ Oncomynichus
mykiss)

Persistence and Degradability

Persistence

Degradation in sewage

treatment plant

Bioaccumulative Potential

Mohility

Endocrine Disruptor Information
Persistent Organic Pollutant

Ozone Depletion Potential

Soduble in water, Persistence is unlikely, based on information awalable.

Contains substances known to be hazardous to the environment or not degradable in waste
water reatment plants.

Binaccwmulation is unikely

The product = water soluble, and may spread in water systems. Wil Iikely b2 mobile in the
emircnment due to its water solubdity Highly mobile in sois

This product does not contain any known of suspected endocrine disniptors

This product does not contain any known of suspected substance

This product does not contain any known o suspected substance

Section 13 - Disposal Considerations

Waste from Residues [ Unused

Products

Contaminated Packaging

Cther Information

Do mot allow inte drains or watencourses or dspose of where ground or surface waters may
be affected. Wastes, including emptied contaners, are controfled wastes and should be
dispased of m accordance with all federal. E.P A, state and local reguiabions. Assure
conformity with all applicable reguiations.

Lispose of this contamer to hazardous or special waste collecon point.

Chermical wastes should be dispesad through a licensed commercial waste collection
zemice. Do not depose of waste into sewer, Waste codes should be assigned by the user
based on the apphm for which the product was used. Do not emply nto drams. Large
amounts will affect pH and harm agquatic organisms. Solutions with high pH-value must be
neutralized before discharge.

Section 14 - Transport Information

Environmental hazards
Special Precautions
Additional information

IMOGAMO

UM-No UN1823

Proper Shipping Name SODIUM HYDROXIDE, SOLID

Hazard Class 3

Packing Group il

ADG

UH-No 1823

Proper Shipping Mame SODUM HYDROXIDE, SOLID

Hazard Class d

Packing Group il

Component Hazchem Code

Sodium hydroxide 2w
1310-73-2({ 100 ) 2R

IATA

UH-No UN1EZ3

Proper Shipping Name SODIUM HYDROXIDE, SOLID

Hazard Class |

Packing Group |

Mo hazards identified

o specal precautions requined
Mone known

Section 15 - Regulatory Information

Safety, health and envircnmental regulationsilegislation specific for the substance or mogture

ALS-D00604

Version 1 10-MNow-2013 Page 6/8
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International Inventories X =listed
Component AICS | NfloC |EINECS| EUUNCS | TSCA | DSL | MDSL | PCCS | ENCS | IBCSC | KECL
Sodlum hydroxide X X 215185 - X X - X X X X
3
Standard for the Uniform
Scheduling of Medicines and
Poisons
Compaonent Standard for tha Uniform Scheduling of Haalth Survelllancs
Madicinas and Polains
Sodlum hydrodge Sohedule 5 lsted - except 1% sahs and

darvalvesin preparations baing: sold
sreparations the PH of whichIn 3 10 gL
aquenus solution |s =11.5lquid or semisolkd
preparations the PH of which s = 11.5 excepl]
In oo additive preparations for domestc
us2

Senedule & isted - except 1% sals and
mh’eﬁ-}[—:ﬂl&p’. when Inciuded In
Schadlie 5In praparstions containing «<=5%
of Sodium hydmkde being: soid
preparations the pH of whildh Ina 10 gL
aquecus solution 15 <=11.5;07 liquid or
Sami-5000 JrEparatons the pH of Wik s
==11.5;0r Iquid or semi-50ia food addive
prEparations;the pH of which Is 11,5 for
domestic use

Componant | Australlan - [zl Dnug Precursorsl Resgents Substanca Liat

Soalum oo g [ Catamony 3

Prohibition or notification/licensing Shown below ars details of specific probbiton/notifications or eencing requirerments when
requirements they apply.

Section 16 - Other Information

Legend
AICS - Ausiralian imventory of Chemical Subsiances MZJoC - Mew Zealand Inveniory of Chemicals
TSCA - Unied States Towe Subs@nces Cominol At S20lion &b} EINEC-SELINGS - Eurnpean Imventary of Edsting Commenlal Chemical
Irreenbony SubsiancasTU List of Nosfed Chemikcal Subetances
DELUMDSEL - Canadian Domestle Sudsiances LisiMNon-Domesic ENLCS - Japanese Existing and Mew Chemical Substances
Supsiancas List
IECSC - Chinese iventory of Exsting Chemical Subslances KECL - Kowean Existing and Evaluaizd Chemical Subslances
PICCS - Phllippines kventony of Ghemicals and Chemical Subetances  CAS - Chemical ADsracts Sendce
TWA - Time Weighted Average ACGIH - Amarican Conferenpe of Govemmenial Industrial Hyglenists
IARC - Imamalional Agency for Rieeearch on Cancer PHEC - Prediciad Mo Efect Concentraton
ICADAATA - Inbesmiational Civil Aviation Crganzationfiniemational Ar - INOAMDG - Int=mational Maritime Omgantzalonimemational Martime
Transpaort Assocation Cangamus Goods Coge
MARPOL - Intemiatipnal Comventon for e Prewention of Polution from  ADG Australan Code for the Transport of Dangenus Goods by Road
Ships ard Rall
MZS 543322012 - Transport of Dangenous Goods on Land QECD - Crganksation for Econamic Co-operaion and Development
LD - Lethal Diose SR LCS0 - Lemal Concantration S0%
ECS50 - Effective Concantraiion 0% ATE - Acne Towdcly Eslimate
WEL - Woriplace Exposurz Limit RPE - Fespiratory Protective Squipment
DHEL - Derved No Efect Lavel NOEC - No Obsarved Efact Copcaniration
PO - Panion cosMoant OotanoWater BCF - Bioconcaniralion fachor
wPvB - very Persizient, very Bloaccumulative PET - Parsistert, Eloaccumilathve, Towls

VIOC - Viniatile Organic Compounds

Key literature references and sowrces for data
Suppliers safety data sheet, Chemadvisor - LOU, Merck index, RTECS

Training Advice

Chernical hazard awareness training, incorporating belling, Safety Data Sheets (S05), Personal Protective Equipment (PPE) and
hygiene.

Use of personal protective equipment, covering appropriate selection, compatibility, breakthrough thresholds, care, mantenance, fit
and standards.

First aid for chemical exposure, including the wse of eye wash and safety showers.

Chermical incident response training.

ALS-000604 Version 1 10-MNow-2013 Page T/8
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Sodium hydroxzide pellets extra pure SAFETY DATA SHEET
Revision Daie 10-Mow-2015
Revision Summary Upedate to Format.
This safety data sheet complies with the requirements of Safe Work Australia WHS
Regulation
Disclaimer

The information provided in this Safety Data Sheet is comect to the best of our knowledge, information and belief at the
date of its publication. The information given is designed only as a guidance for safe handling. use, processing, storage,
fransportation, disposal and release and is not to be considered a warranty or quality specification. The information
redates only to the specific matenial designated and may not be valid for such material used in combination with any other
miaterials or im any process, unless specified in the text

End of Safety Data Sheet

AUS-000604 Version 1 10-Mov-20135 Page 8/8
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