(H A #® 8% # W F4227) (2023

LAt 3L

Z D% - FEWRAITICE B1LFET 5 > NABEMFRERERIED

FEHR

In-situ and Non-destructive Measurement Methods for Analysis of Protective Coatings
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Abstract

To improve the reliability of structural materials for energy production exposed to harsh corrosive
environments, the protective properties of the films formed at the interface between the environment
and the material are important. To understand the formation and degradation mechanisms of
protective films, it is desirable to extract as much information as possible about these films in the
functional state. Non-destructive and in-situ analysis methods were studied for this purpose. As a
result of applying these methods, the mechanism of gas reaction inhibition by Cu addition to metal
dusting corrosion in the GTL fuel fabrication process and the mechanism of corrosion inhibition
by Cr in low-alloy Oil Country Tubular Goods materials in a CO, environment were elucidated.
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Angle-resolved XPS spectra of each element in alloy1”
(a) Cr 2p3/2 spectrum. In the figure, Met.Cr indicates the metallic component and Cr-O the oxide component. (b) Ni 2p3/2
spectrum. (c) Cu 2p3/2 spectrum.
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(a) alloy1, (b) alloy2. In the figure, Cr-Met. is the Cr metal component, Cr-Ox is Cr the oxide component, and CH is the hydro-
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The results for OCr, 2Cr, and 5Cr specimens at room temperature, immediately after heating up to 200°C (early stage), about

600 s after reaching 200°C (middle stage), and about 1800 s (later stage). The red circles in the figure indicate corrosion

products of interest.?
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Raman spectra from 2Cr material at 200°C?
Spectra observed at the early stage and middle stage are
shown, respectively.
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=2 B BT ALY DAY FVOIHEBNTSE L v
73, Melendres 5 |2 & > T, EiEEKEETO Cr&H
FHEEIE T, 520em™ IS 70— R4 E—2 2779 Cr(OH),
DIFFED L SN TV 5o Brook® 53, Cr(OH), I3, &
K T CRERDIERT 522 L 2B L T b,

3Cr@200deg.C o _
spinel iron oxide
| — T
c
>
o
= later stage
2
2
3] middle stage
=
|
early stage Cr(OH),
1200 1000 800 600 400 200

Raman shift / cm™

9 200CH 3Cr#romT< 2 ZANYT ML
ZhZh, early stage, middle stage XU\ later stage (C&]
BANLINYT MLERT,

Raman spectra from 3Cr material at 200°C?
Spectra observed at the early stage, middle stage, and lat-
er stage are shown, respectively.

13Cr@200deg.C spinel iron oxide

later stage

middle stage

Intensity / arb. unit

- eartly stage

~700cm™
800 600
Raman Shift, fem?

| 1 1
1200 1000 400 200

10 200CHO 13Cr#Mh 5D F < ZANRYT ML
ZhZh, early stage, middle stage XU\ later stage (Z&}
BAINLEANT MLERT,

Raman spectra from 13Cr material at 200°C?
Spectra observed at the early stage, middle stage, and lat-
er stage are shown, respectively.
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2@ Cr(OH), 1F, 200CHRFFDOEIIFIREFLD early stage
TOARBI ST W2A, 100C, 150CHREROBL, early
stage LETHBIHI SN AT TH o720 BL 5 100C,
150C F CORME LI LT, 200C~DHIRIL, W% 2
THLZENVHERTHA)o TbH, 200CICHIRT 5 mfE
THEW L7 Cr(OH), LiZ, 20k, AY A IVEIRR{LERAHE
B L7:2 & T Cr(OH), PBIR SIUIK K o 2b D EER
TWa,

200CCTO 13Cr Moz T < v AT MLEIK 10
IR T o FHRERD early stage 7 SEUHFE T £ THERE L T
AR NVEIALER ORI A H T 5T 7V ART MIVOIRH
Blgshizo LOLBDS, 20T Y AR MU,
8II/RL 72 2Cr M CHEISR SN2 A ¥ A VERIEEE D A7 b
IR TEBEEINIC T — Vv 2572 700em™ T2 =
W= FTEIEREHETHART MLV TH >
2o STOX)LEFBERT I AR PVICIE, BT
FeCr,0, D7 ¥ AT PV L CHHN T Do 9Cr B
HH S D FRBEOEEME S A R VIBILEED ZA~T ML
PR SNz 9Cr R 1BCr M D L) 12 Cr EH =DV
RN 5 A EAVERILHAT, FeCr,0, % & Cr %<
EHTHAERNVEIR AR % EA T 2 T REMEIZ S V.

i D CO, I A G HKEHIREET, Fe-Cr &K
DI AR RS B & B T ~ » B G THE R L
Too HHEDBHIND RERT AEABBICB UL Cr &
BHICTER SN L EEABRYORRELEZRIICELD
720 TIE CTREAERI DM OB, BAEBERIZIIGE T,
REREIICEAILL, TNEBIg, #Emd b2 IR TH -
1S, FOWHHTHI LT, M TEDOREZRZEL%

=1 ZTOBHHTHEL D EL S EBRERMDZFIFE(L?
Changes over time of corrosion products revealed by in-si-
tu analysis?

Elapsed time after temperture increase

Speci T ture(°C
pecimen Temperature(*C) Early stage Middle stage Later stage

100 FeCO, — —
0Cr 150 FeCO, — —

200 FeCO, — —

100 FeCO, — —
1Cr 150 FeCO, — —

200 FeCO, — —

100 SP SP+FeCO, —
2Cr 150 SP SP+FeCO, —

200 SP SP+FeCO, —

100 Cr(OH), SP SP+FeCO,
3Cr 150 Cr(OH), SP SP+FeCO,

200 Cr(OH),+SP SP SP+FeCO,

100 Cr(OH), SP SP+FeCO,
5Cr 150 Cr(OH), SP SP+FeCO,

200 Cr(OH),+SP SP SP+FeCO,
9Cr 200 SP — SP+FeCO,
13Cr 200 SP — —

SP: Spinel iron oxide
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MRS 52 LN TE T2,

FOYOHTTHL P E 572, Cr ek, W, BRI
LB A A, BiEEE [ERIZFE0G L 72 ICP-AES |2
KBRS, B LSRR XPS TR R &Nz,
ERLUIARBEBEIIBITS Cr/EHZB 11 12F L7z, FREA
&, SR 2) BB SRV DTSR %,

Cr EHENDRVHE (BBER 2%, K12) T,
JEEMIALY FeCO, 2L LG B0 LA LARDS, ZD
FeCO, #ifhid, KRz 2L, WML FH % # 3
T HDIEL 7% & D later stage UFETH Y, ZNFTIEH 5D
BEREIIHGET 200 EbN s,

—75, Cr&as (11) T, AR, Fe, CrZ&Ek
ML, BT ABEEE ORERE 72 I BRI O Tt L <
BEL, BT 5, L2ALaAS, BH LA CriddEes
(SRR BRI 2 TER L, Cr(OH), & L TR
H FICILE LG 5, FEREICEM L72 Fe b Fe ML %
T LG %o ERHPICHAFT 5 Cr A 4 Y OERIZ LD
FeCO, DAERUTIIHI S 41, £ {13, AR VEIERILER L LT,
i I — B 2 §ARPITER L, RS 0%
A B L 72,

HEO%E, b L IREEOIEI 72 2 MR ORRES
W7 2%, Z DB L BTG R D5 7217 Tl
B, KEIERE @, HEK T2, ToMoOBERELEZ
EBET -5 L LTI ERWREE Lz SNOEHE 2
NEFTOMREMAEDLELZ LT, MEEETREZ T
WELHRERAENNIHET LI EDTE 2, AFHEE 45

H20+CO2<> HxCO3
H:CO3 <>H *+ HCO 3

2 3+ B s> ot 2Pt
Fe Cr s F.e | T d
pinel type oxide
TM T Cr(OH) 4 \
! crom) R AN |
‘ Fe—-xCr ‘—) Fe-xCr — Fe—-xCr — Fe—xCr
early stage middle stage later stage

11 Cr EFHDOBRERNDIFRIIZE(LEXX?
Schematic diagram of time-dependent corrosion products
changing on chromium-containing steels with chromium at
a 2 mass% or higher content?

H,0+C0, <> H,CO,

H,CO;<>H*+HCO 3
Fez+ FeZ+ FeCO3 Fe 2+ Fez+
FeCO3
I I P S PR N
o o o ful n iml iml
‘ Fe |_>‘ Fe - ‘ Fe ‘» Fe
early stage middle stage later stage

12 CrIFEBHDBRERMDIFRIIE(LEXR?
Schematic diagram of time-dependent corrosion products
changing on steels with less than 2 mass% chromium?
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CEEREN SIE EvE U (A REE SR S
FHOMBEEHRITIC & o ORI 75 6

4. #&

W2 BRI S 5 SN D T4V F — B IR v A1 )
FIENIEBE L OMEAERNC LY, BALBIEDSTER S L5,
MO ANE, B2 i3 2L % & A 725 O
MR, M7 L2, MRIOMEHRE COMERILYE, Ko
P SIS BIERDPERN SN TV L, ZNOIERE EE
e L, BRERIE L 2o O EAT E LT, IR
2O HEM OV o0 EFN LT,

FEATORE R, BEHEMESRT Y, i shamehaahs
DS, KON, ESEEEM O EHT 5,
FREAEL O R IXRINTITREOEE DK E V., KEGT
WA LZFFITIE, BRI Cu® Cr MBS DM
VERINZ & 2 RFT 72 5 A 284 b & B B AP AR IRTE A L 2 3k
SN, AR E L CRERERECH B OB 2% 5 L7z,
W, W OMAGOEDELR LI LT, MOFMITHEL
BRNHREET 2HBID L\, S, HERIRBRLX SR 22 5 #k
PELE 7O AT RECBIEL, F72, HEFY A7 5 b,
T X BIMICHRIEHFI A A TN Lo B2 B
55 COMEHERHCHEAT T 2 S 4 ARY, ThOIIeHk
DOIERE & fe RBR A 228 2 MR RE STl o MR R T 0 81 Y
ABNDORMAEHEZ TEHR LS, Bee R RBIZSIC T
MR CEDERFMABEL T &,
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