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In this work, the effect of N content on the corrosion resistanchigtf-nitrogenaustenitic stainless
steels fomonmagnetidrill collarsin aharsh service environment was investigated by immersion tests
in simulated service environment and XPS analyde number and morphology of corrosion pits on
0.63N, 0.79N and 0.83N steels were evaluated using the nsetfigmobability and statistics. The
composition of the passive films on 0.63N and 0.83N steatanalysed by XPS, and the mechanism

of high N catent improving corrosion resistance was discussed. The results show that in¢heslding
content not only reduced the number of pits but also greatly limited the growimoéith and depth.

In addition, it made pits more likely to appear as a reltiless harmfuliishallow disk. The XPS
analysis results show that N increased the ratio of chromium oxides and iron oxides in the passive film
and promoted the enrichment of CrN, whishs beneficial to improving the stability and protection
ability of the passive film. This work provides some experience and inspiration for the development of
high-nitrogen austenitic stainless steel imnmagnetidrill collars.

Keywords: high-nitrogen austenitic stainlesgee] nonmagnetiarill collars; pitting; passive film;
CI'-H2S-CQ; corrosion

1.INTRODUCTION

Non ma gdreitlilc col |l ars are i mportant tools for
the counterweight of the dril | ikitteramnd egreecaramgtn
field during [tih,edddjyreivlielri,nd her ¢ eensosn ecna gdermei ¢lilic ocnorelt
very harsh. Duri bbatwabfef edcotteldbnhy pyobegh, temper
as bending, ejt buwsiohmyadnd ,t @dmrsil dn &JT hmeu dc campdo Sia
of sdormel | i ng f I ui @msdoinst amonrse acgognpelsesxi v eS,c e@fpd n e |
cl. These components can easily induce pitting
cracknaomgmadmreatlilg 6clond duse t he | ife of drill col
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Thienimatadri als for nomemelgled0i sedrebl stal hhes s

Monel all oy, however, they were replaced beca
nitrogen all oyed austeniticMtateaeélessweal éepust
Wi ttthe devel opment of metallurgical technMr ogy
N nonmagnetic dril/l collar steel s, I ncleu/gj ng

providing high strength, gomdel/ttoughness and hi

The effect of nitrogen on the corrosi ¢B res
13] The reseajftéhobwedethat HWladdition goaddr o®ih
of stainless steel. I n addition, t he 1lpachidn tt hdee
enrichmentthbhé @assive f[illénn waadsd iakadeeinogwdtdhgb yf dNr m
of amifoHiaaMhi)on the surface of the passive fil]
favouretdeahengetppeasesp @ 0fi.LBlLhelr7gdgf ore, N can si
the repassivation ability and corrosion resist
the other hand, the addition oftheNpbwhiedhicean hs
of Ni i n austenitic sthailBledHOwetvewielyvs, t hbea bl
high N content (espeocn aclonyreasiigéghmc ¢ hafn Hu Ht evh i
f onron magdretlilc col |l ars sBhmarsaebecd ye@oeneidr ofmenef or
i mportance to study the effect ofomNmagméednt cor

Thi s study emelimpyeed tparreeh s@hgtba si mul at e t h
envir ommemtia ginfeitlilcComfld @aals | aser y$ €& i1Sadvd migi nme & r w
X-ray photoelectron spectroscopy (XPS) anal yses:s
content on haei cormridfriomiregno eaust eni t ino nsntaadreltlels <
coll assmulinat ed service enyvsisooemeneta.ni hlysffsolrwa nhige
mat esreilaelc tnioommafgdmre tlilc col | ar s.

2. EXPERIMENTAL

2.Materials preparation

The -highogen austenitic stainless steel s
pressurized Dhttietenoth Nucomtents were achieved
highrity nitrogdmet o nlgiog &8n pildeoetgieake .pl at es with
120 mm I 30 mm wirtahnobghe 9o @B~l dmMResampit es for the
tests were cut from the plates with theames$ess
wer e stodledti@eds fadr , 11000 owed by waTbe geshcbkieegl
accogr dion t he N content s, and the chemical comp

Table 1.Chemical compositions of the test steels (wt.%).

Steels| C Si Mn Cr Ni Mo N Fe
0.6/0.0/, 0. 321 18.[ 1.4 0.6 0. 6/ Bal
0.7/0.0/, 0. 321 18.| 1.4 0.6 0. 7 Bal
0.8/0.0/ 0. 321 18.( 1.4 0.6 0. 8 Bal
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2.P2otentiodynamic polarization tests

The potentiodynamic polari zad® wempeedtos mem I
Reference 600nrpyot eemtuii gpspteadt wWihGeld esac tcroonaveetnst yi soeneanh r
cal omel electrode (SCE) as reference electrode
as working electrode. The specimens were groun

23Hi gremper at u-psesamre himgner si on corrosion test

The -hegper atupreasudr @éigdhact or was -eemperyvadu
and -phighsure sernioonenagiowr@dliiltt i2Zc@ojlElhaords equi pment m
of an autocl aveatitrhermacloatp,l eai rot attiendgocaget
motor, et c. The reactor was made of 316L stoa
experimental tempandtuhe masi &6M pressure was
cage could be drrtwvesimplatetithrei dgnmot € condi t
rotating cage!, wandl1a®@ FflLlmiwn vel ocity of t he
approxbmattel y

The -hegper atupeesasadr @i gmmer si oswecaeearroise d no u
accordance Wwi7tzh0 DASITOIM | Gl ad eer vtihcee & n wif 1 ohti myery e
austenitic snanmd@gmsatlisd eell $ afrsrwaalBe 580 INatCil o 0
at 4@&D0Dth 0.2+ MP3R MPR] €Ot ed into the reactor. T
mot or was s'ét aasd I50 rflimiwi vel oci ty odpgrhexi matu
1. 75% mLs

The samplenisizegemh &ugheninoineagdraitlmlilc ecsosl |satre:
hif¢gemper atupeeansndr &i ghhmer si on corrosion tests
sur foafc etshe sampl es wer ec lweidtnlgddeuinadn it zoe RaOvidDt eethr ¢
dr iiendahiort. Aft ehwardwei ght samvrealeymeaaslurleal asdé e.g
soaked inemmer antiuyhe easdr @i ghactor for 30 days
removed accorQo0opgathhéeés Ot Bd0Fampl es were weigh

was calcul ated by Eq. 1.
87600 W,
c= (1
tja

wheVces the corrdsihanWhaaeet hemmwai ghts of the s
i mmer si qti st dshte (i gnmeyri si drhet idrmens(i h)y),améd & etshte s wer
area of tHRAe sample (cm

24Cor r omaropmhol ogy observation

A digital camera was used to trhee@aonpd eshef i
I mmer sion test. Wke epiotbs eeavneidshsbl yosnh msed aglsni ng el
( FEE M, Zeiss Ultra Plus), and t he ceendpoksy ta et

di spersive spkacdamnrfoscalpyl asEexrS)s.canni ng microsco
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uitl i zed to observe the pits on the Biamptllee adnt
sample surface was scanned under wd elr ewcpond rg o $nifgd
occurr etdhe Tnnaegnni f i catidebhewastihecseasgedfthh handgi
wi dd)h (Because of tthpme ti,rremgluy atrhe hragpxi mdm dept

Geney apicyotrirnogsi on occurred randomly, and pi
di stributed on the samples. Therefore, ten pit
value was calcul ated.

25XPS anal yses

X-ray photoel ect XBWBa ss pletcitliriozed ptyo detect t he
film on t esttestpecerlast ua frete @ uh ibg gy d rOrnacei d h et esatmp |
out of -ttehmpemiaghupe easndr &di gbhactor, they wede w.
et hanol and t Ak CAHArLiAeBd 2i5M Holtheainmo. Sci enti fic)
Al UK( 1265/ 0 150aW) s urce was spedcttrampesrcfamr moa ft
anadtyhe edleomamdsi t pasefsofl mt héAr gon i on spdPtagri n
energy 2 keV, sAktcimestpudemsing ar@a 2 mm [ 2 mr
di stributi ohhpearsfsarvmea tfiidm€m. The spectra of Cr 2
l1s and S 1s of the passi veswdraangeaf .t eXrP SPEWLKL ero
was used ttcheanaPlSy spectra, and t he whbioebd ian gnean dér
XPS datza®ake i dent i f i c aatcicoomgbvatsh ec omidrutcihCeegl se npeerag
(284.6 eV).

3. RESULTS & DISCUSSION

3.Plotentiodynamiuec veasl ari zati on

Figure 1 shows thgotentiodynamic polarization curves of the experimental nonmagnetic drill
collar steels in 3.5 wt.% NaCl solution at 40 Massive current fluctuatiswereobserved otthe curve
of 0.63N steel, which indicates the severe metastable pittingston. In addition, the pitting potential
of the0.63N steelvas very low. With increasing the nitrogen content to 0.79 wt.% and 0.86 wt.%, the
current fluctuation, i.e. metastable pitting corrosion, was significantly reduced. Moreover, the pitting
potentals were substantially enhanced. The potentiodynamic polarization results indicate that the
increasean nitrogen content significantly improved the corrosion resistano®miagnetic drill collar
steels.
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FigumMégpat enti odynamic polarization curves of t
i B.5 wt. % Nad8l. sol ution at

321 mmer si on corrosion weight | oss anal yses

Toi nvestigate the corrosion resistance of t
nonmagdireitlilc col | ar s ,Vc)t hoef ctoersrto ssitoene lrsatiens t(he s
werceal cul ated accordi ngThtéev Ehfuen ,t mes tt hrsd e dt e it
small . As the N Veoofnttehnet tiensctr esa seeed 3sn mdHaecor 2a'ss5ebd  1f
mmllaand 2732mill*a0 The results i mdicahteamt atnhiamere
corrosi on r ersiitsrtoagnecne aoufs theingiht i co ismaagdnnei téiscs ast € a
simulated service environment .

Tabl@or2rosin ofattelse (test steels in simulated
Steel s 0. 63N 0. 79N 0. 86N
Vel ( mmk a 3.879 10 2.58% 10 2.279 10

33Surface corrosion morphol ogy observation

The corrosion products of the test steel s
macroscopic corrosion m@aripapéogofesyalleowhoownr o

to the surface of the three test steel s, and 1
there is no obvious | arge pit on the sampl es.
I menr si on test were relatively | ow, no signifi

corrosion morphol ogies of the three test steel
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@

5 mm
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I

5 mm

Fiug2Macroscopic corrosion morphology of the s
prodgaj)s0.63N; (b) 0.79N; (c) 0. 86N.

Toobserve the morphologies of pits more cl e:
sampaltestihcer oscal e, and the sizes of ten pits we
depht)h a(hd dwlihdet ha v(er B) g e adveeprtdhg, e( nai xdit niomeka c € p tmla x § mu
wi dtnhk (0of t he pits TAmesr elriagtee d eipnt hBallfe th.e pi t ¢
14.96 Om, 11.35 Om, and 4.22 Om, and the aver
respectivel y.i Wianrt e€thhee ilmacidoeéasstesntn pihte t e sltl yst e
decreased, indicating that the corrosion res|
environment was gradually i mprovedhaontoN. tAe&dipt
al so decreasedhiNwicohtehéi ngoodéaset he size of pi
content is more random, and more deep and wid
growth of t het hpdietpst ha nadn dr ewdi udct ehd.

TablRe@®Bt.h and width of the pitting of the test

Steel ‘hf Om hmak O m ' Om dmak Om
0.63N 14.96N1 35.76 37.57N¢ 97.07
0. 79N| 11.35N1 33.76| 33.68N2 76.20
0. 86N 4. 22N3 12.63 21.17N! 35.40

The macroscopic corrosion morphol ogies of t
Fig3rae Ife) dt hs of the | argest pits are 97.07,
steel s, respectiavpgldys. ofrh el .e7 AN es tt eveol close to
wi dt hs are boddefs ndal6l3eN sttheaenl . Therefore, i ncr
reduces the depth and width of the | aorggieesst opfi t
| argest pits after removi ng B8B(hde) X{adrerpotshiso no fp rtohd
pi tshhehmree test steels are 35.76 Om, 33.76 Om,
respectivel ye maxi siemt(.s8 Meusctine essmal | er t han t}
and 0. 79N stestikat whhe hhiigodércalNecont ent raetduc e
dept h.
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© M =35.40 pm

P twmagestekrl st

Toanal yse the compositi-9SBEMowasougsediton obhoa
mor phol ogy of 04 SIBANwss tteledt. tFhegucerrosion prod
i ndi détaitmgC®®S Hin the simulated service environ
process and deteriorate the corrosion resistan

b 7k
( ) s Element wt %
6k - (o] 231
O 6.8
5k | S 17.2
Cr 9.6
ak b Mn 6.3

Fe 322
i 4.8

Counts (s)
w
=
z

1 pm EHT = 15.00kV Signal A= SE2 Date :23 Oct 2018 ot 5 6 7 8 9 10
WD = 84 mm Mag= 30.00KX Time 19:59:57 Energy (keV)

Figdf{e@a) Morphology and (b) EDS results of pit

I n receQ@c oyreraorssi,on has caused huge | osasnds t
hasherefore gradual |l y[ 280t,t r a4 tl @ @Bmmu@ a taetdt e 8 0 |
el ectrochenprcmde scsorwowlidonoccur on the surface
reacti on:

Fe ‘OQ‘Hzo =F @3€H2 (2)
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The final product s(owhitchhi smirgehatc teannh tibsa gfheyG @& mp &

which would destroy the passive film on the su
i ncrease the pH value iIinsC@ientthkee i ool utail om, ta&
formation epQ{blgq es3d) of Thet B\Ne ocroen,t einntc rceaans i anl@l sea voine
a certain extent, thereby imptowvigrg theteonit o s
aCQsaturated solution.
[ N]HF38 = M3 (3
[ N]HF48 = M, (4
Further mgre,orfrorsi dn, 6hewoprédsahcse afygHavat

stainl p286, ss#Héebsl d destroy the passive fil m, |
stainless stefBlunrsdemgditsisocalalty,onHr eaThe opr ¢ d¢hu
HSand'c®ul d easily adsor bstomeltsheamsdanf adeoobed
Fe(' M8 i th the Fe matri x. At'atnhtéc ®sua nde itnidnuec,e tah em
corrosion potenti al ofethaet kdakied ,hydreogdry "avcale
is a strong depdtargaien, el ect soras gdtfhteh ented aatl hc
bet ween Fepradimoamodi Beasl uti on and accel erast.i ng

Since N could increase the pH value inside the
theS Hcorros-nohrofehighbhstenitic stainless steel
H2S(anZH++|'$ (5
HS z H'+S? (6

34St atistical analyses of pitting

Toanal yse the effect of N content on the cor
environmeddt ainlhenosezes of ten pits were measur
of the pit si he a(st aakni negx et bmpeh edpheepdt ahb2aBs,,e d2 9ojn E q .

F =] 7
XTNF 1 (
wheF¥i s the probability when thexemingzse bhet heqgt

number of the pit dept,manidias rtamgemdumbem cfmai hv e
Further @ombdglstthre buti on of pit dep2@,; wadaB8] cal

hi €
Fx=expexp v (8
d ¢
= 9
V | nl A X ¥ ) (
whelies the depPa)ii eft hbesp@m)anfias aimeeé ec e n(ter)al p
The probability distribution of pitting was

as Eq. [I®lphnd 11
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hi 8+D| 8
U (11

Px=1expexp

wheP@r epresents the probaxemlISi sytWwbesuthacei ar ¢
(mm?,anRhak s the probability wkemn the maxi mum pit

I n addition, according th tamed dBi adithhs t(t g p e s
coul d beel duftfhiedideZal, t he pit walshaht e wo diwhkednt g
di=1, the pit walemiasplgedr i w#Mnl g ptethee pi t was ce

fib ultlyepte

Fighraee shows the cumul depovfa tphreo btaeh3i @l a ptfe eolf ¢
I mmer Bhigpint depth of O0.63N steel i's between 3. ¢
steels are between 1.95~33.76 and 1.4Renlasdid3nc
content, especially when it reasa¢thesge@l 86 can. %

reduced.

1.0 1.0
(a) A on (b) A ° ]

2‘08:— A ] ] 2‘08 A e =

% EAA ° l. ) é :0 L] ) )

goef ° ° 06 o

;’- :AOI §- oA

50.4:—“_ £ 04} =

g :AQI :g, oAm

© 02l uw w 063N | O 02 ,om = 063N

[ e 0.79N e 0.79N
[ 40 m A 0.86N 458 A 0.86N
ool . : : ' : : L 0.0 e —— e ——
0 5 10 15 20 25 30 35 40 0 10 20 30 40 50 60 70 80 90 100
Pit depth / um Pit width / um
Fi gbrCamul ati ve probability plots of (a) depth

i mmer sion corrosion for 30 days.

Fi g& ro®h otwtsse cumul ati ve probabilities of the
for 30hegdatysdeplht3oN steel I's between 9.30~97. (
bet ween 6.03~76.20 Om, and the ddepttch 4.f1 60~ 3856
Therefore, i ncreasing the N content can signi

4~25 Om, the scatters of the three steels are
monot onoustiygENawetom tne rctotnht @ apitt, dept h 1 & hNe ecdouncteedn
under all cumul at i Bea)p.r ofbhaibsi | ri &9 welst 1 ma nFiifgeusrtes
would | ead to the presence of isochmlrleoswesrt gonictes ,of
Th@umbdeilst ri bution curve of tihmmeirfdoram3@t Mdaog
shown i ® aRi,gu®&mdabdeihset ri buti on par ame TleaGs mhel
di stribution curves of the pit depths reapmi ds e¢rmr
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two kinds of pitting behaviours cdmnt9r]dhleegi by
shall ovsever d egrrteifeelrl y 'eouseodsiloyn, Cland mostForf t |
piwist h | arger dep-tCtisr 0 $donardalssitddsain ypSVBG | is o ddi c e

Therefore, the metastable pits thathtenmssitadd eat
Gumikdalstri buti on curves of 6(tbh)e. pTihte wii.d6t3aNe hasnede KOF
two | inear regionsjiowhibeobskyvedefbrnehe 0Oe§!
the pits on the 0.86N steel were much small er

25} (b)

Reduced variant / Y
Reduced variant / Y
[=]
(4]

m 0.63N
05¢ e 0.79N
A (086N
1.0- | IFEFET TS B AT AT BFET AT AP ST ST rEr S BUA AT AT AP ET AT AT A A S A AT
DH"5”‘I10II”‘IS‘“I20llll25”“30“"35‘HI4D 0 10 20 30 40 50 60 70 80 90 100
Pit depth / pm Pit width / um
Fi g6Gampelobabil ity plots of (a) depth and (b)

corrosion for 30 days.

Tabl @umMhdelstri buti on parameters of the pit dept

St ese G o} v of Uk Qu VY o}

0.6 2.5 6.0 17.: 2.4 10.¢«18.¢42.: 4.9

o.79 1.7 3.3, 14.7 1.2 14.2 17.2 40.¢ 1.8

0.8€¢ 1.5 2.3 7.1 3.3 10.¢(C16. 1 - -
Accordi Ggmbdelstthrd buti on parameters in Tabl e

pits foB@agséafmeersi on could be obtained barfsed ¢
I n the |l ow pit depth region (/(aas) )s,hotwme i m;mr dlthab i

corrosion for the three tests snioeneelnst aarree aulslu acll
or metastable pits. However, as the pit depth
decreased, and the pissalfFfaurhiher moment awet & eud
probadwfil stgble pitting corrosion was signific:
resi st dtreceet oft eel s was significantly enhanced.
shown i A bHi.gulrhee pr obabd Iby yi nvchiee ead istog mrte.d uAse s |
enl arged vif(ebw ,ofi nFitghuer er egi on of | arge pthewi
0. 79N steel i's sltihGgh6BNWN bowet ,twanl ehahethpi t t |
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0. 86N steel drops dr antahNgd cainlt y.nt Therce fearse,d it rha
pitting corrosion of the test steels in the si
of 0.86 wt. %.
10"(a 10°
2 210"
3 —=—063N | T
© —e—079N | 8
o —A—086N | O
o o =
102} 3
TR
0 I10I IZDI I.30H”40I ”50 1070 26 4IO‘lHSIO‘ ‘SIOH ‘100
Pit depth / pm Pit width / um
FiguPeobabilitiea) ofifeptahiogfmd hieb lt ewsitd tshiceoe Ir 0 sa fol
for 30 days.
Tostudy the effect of N content on the shap

shape was obtainedha&cpotdi na@sB.a hlichves rseirszudl $t gsa frset
t teen investigatifibdil p itfdhk gtpreepri @ saroen ttiinee md spIh M r s
t yppo(@2h=1) pit on the femdNpbhedepittal canh g(p.@86eN st e
remai ndefishaat ewaldli €/Rh>X)ypeAs the N contedizh i nc
exhibits a decreasing trend.

7.

EA o 0.63N

6F A o 0.79N

[ A& 0.86N

5_

o °

TJEAAJD

Saf,

2:— DGA o

1; DOOEIAD ODDOD

Of; .;) 10 1’5 2ID 2'5 3‘0 3‘5 40

Pit depth / um
Fi gB8Geometri cal shapes of the pits on the
lts generally believed that t he da ndaegcer eoafs ep:

I n ot herfbwdrd ddp, ttgtpa@ar e t h e fhneonsi ts phhaggopéifdusd!| , art éh et h e

har mf ul fs haanld otwhoepi s & &y e e r[e2.0atTihveeley omiel, divN t h 1
content, theniptirtosgeons tatuhset lelanis ghi st e eTh @b ¢ ¢ ®wl0ae8 G a |
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st wedmuch smaller than those on the 0.63N and
generated by increasing N content.

35XPS analysis

The passive film ftohbemé8@8Noantdh®6e. 86aNfateebt$
Ssimul ated service was/tiudinene nt o f ol ar3i0f ydatylse i n
corrosion behaviTawer XdPfS tflud |t Bssiieoocs tricle éi sne xH iSg vernec
Cr, aMadl Fe peaks on the surface of the two test

are very |l ow, the corresponding peaks are not
o
o
s o
8 z
>
2
QO.6SN
E ‘_—_‘/‘l“‘\‘(
1200 10I00 8(;0 6(130 4(|)0 2(IJO 0
Binding energy / eV
Fiug®XPS survey spectra of the passive fil ms

®

2 \
B .
‘B
§ Fe 2p,, 60s
£

A\ .

N\ N

580 576 572 580 576 572 712 708 704 712 708 704 534 532 530 528 534 532 530 528
Binding energy / eV

Fi gaDePS spectsna Fefa@r 0O2ds of the passive film
(a)(c)(e) 0.63N; (b)(d)(f) O0.86N.

The XPS spesgi rFagacdfg @ tlBp et sthvfi n@ amdne60 s a
Figabe The spectrbusm doifvi@red2p nt os (t5hr7e e4 NP eGtk se V()
(576. 2N0. neg V) 5a&rBd 4Qr0. 2 e V)z)ias Tchiev iscpeect tirnutno offo
(711. 2N020:( 7089). 9ONPe 1 eV), Fe@e(70808N6NQ. &VEVh)
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of O 1s is divi Hed 1i.n3tNo0 . PIHv5e2\B)e BaknBd. (COEV) ) . Aft e
treat mendeemntt cain tblke outer | ayer of the passi
the inner | ayer mainly consists of oxides.
Table 5 shows the ratio of oxidestitswef h9daaox
60 s. At the oupeasehdstm,s warsf atchee Nr otolhneD e 6 8 wh c P

wt . %, t heOf &r i(cOPHB & e O) /| FeO0:0Ae OFHDH a IOl I Ncreasée
sputtering for €60 bncFe®O®Hndi sd ghpel acadds/t ocesn HOFH NCpr
FeOs FeO 2d@H, G hereby enhancing the stability ar

opta mg the corrosiomn 3r2e.si3s3tjlance of test steel s

TablRrRathios of oxides with hydroxides, and oxi d
and

after sputtering for O

Steel s/ SEcpoy cr(sC(R@+FeO)/ F FeOd Fe O?JOH

t i me
0. 6@ Ns 0.61 1.90 0.29 0. 42
0. 8® Ns 0.714 2.02 0.39 0.49
0. 6N s 0. 66 - 0.56 3.009
0. 86N s 1.009 - 0. 64 3.62

The XPS spectra 30ifn Mohe& dp axngdi wen f2ipl m after
shown i H FAtgutrkee outer most surface of the pass:s
2p/are observedd oWhém® sputher spectrum of M& 3d
(235. 7N0. 1 eV an*d 223322..75\00..11 eeW )a,n dMu22 9 .(2R8®.. B N&®
and 227.7N0.1 eV))s/isdihei cgpadcitmtuo.foli4 Mnd R@paksey
(640. 4NO. ImetV)( &hdl. MHO. 1 etvednt.s Siim cteh & htewdot esot
the influence of Mo on the passive film is no
exsisnt t he fopannd oMn QMnNiOh t hep d sedhiew ml a aBmge edotr tt delel. |
Mn significantly det er iaCoateeNd Cirh ehicgdr reostiroom yr e
the passivation process. Il n addition, the exi:
stabitlhpgays sofve Vel m. t Howlmlesp2Ntanadod. 86N stee
obvious sdukef eoentbe same Mn content.
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Fi galrXxPS spectra ofs/idho t3hde apnads sMnv e2 pf i | ms after
0.63N; (b)(d) O0.86N.

The XPS spectra of N 1s in thendacGivealrel
Fi gier eThe spectrum of N 1s csa(nd ObOe. 8dN Ovsi(18 €d@V.)i5 MO\l
eV) N Qr397.6N0. 1 eV) andN CiiNs t(r3i9o6u t8eNd0 . t1h reovu)g)h.o
Ammoni @aagQtilgNH s mainly concentrated on the out
of ammonia indicataeantdhkbat fANamd jilyH oo rs s’ rMnivreegh eH
solutionyetasemgby hienpH value near the passive

FigaxXPS spectra of N 1s in the passive fil ms
0. 86 N.

This could inhibit the damage of the passi:



