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Elucidation of the Film Formation Mechanism of a Novel Corrosion Inhibitor for
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In this study, the film formation mechanisms of oleylpropanediamine (OLDA)
on copper surfaces in high-temperature and high-pressure water and the reaction of its model
substances were elucidated using a multifaceted approach, including NMR and surface analysis. It was

found that OLDA selectively adsorbs on copper surfaces in high-temperature water at 150 , forming
a multilayered, hydrophobic protective film containing a large amount of copper ions through the
formation of copper complexes via amino groups. Furthermore, reaction analysis of model compounds,
such as ethylamine and octylamine, revealed that while hydrolysis of amines and isomerization of
products gradually proceed in high-temperature water, degradation is suppressed under the high pH
conditions where FFA is applied. This research has greatly advanced the molecular-level
understanding of the corrosion protection mechanism of FFA.



# X C—19, F—19—1 (Gtm)

1. WFZERAE SO 5

KIVFET T FOKFELRT A 7 VIZBNT, RA 77— KERR EOLEBEE ORI,
7T b OEEER L EHML - HERFE L o R MEIIRO 7O OEERETH D, (RN L, B R
TURT CEET HARKRBEER L UTHW, BT IEINEESE, B I3UKFE O pH ZHPEL 0 &<
o Z L THEEEZMHIT 2 HFENHWSLNTE T, L, B RT VU AIRBHENRIETHY |
DO KWEE~DOBATRRD LTS, £z, 7T UE=T ORI, HGE&0EEZEET S
BELH D,

2O LTEEEND, EF, RFEED 20 BEORHT VXA T I VENHILWE A T ORI RA
LLTHEHEZED WD, INOITEEFT X > (Film Forming Amine; FFA) & FEIZIL, &8
FHENZBUKME ORI A TR T 5 Z & TN R 2345 & F 2 6T\ 5, FFA I1,
AR T DI RIEEER IR Z E MmN 5, FFERM LN, MRS EDORE T T
T, FFA OEREIZHANIT 72H D fHAERIL LoD db -7z,

L2, FFA OVEFHBEREIC DWW CTIERMI 7 3% < | BB D S 672 5 ERN RO H i
DRBUZ D> T, FRIZ, FEET T o N OB 72 R 24 U 72 @il K To FFA O i
R, BREREA~OWE - KR Y 07 2T 5 H M ILEFICR O T, KEBETO
FFA OZZEVEZ Rl L 72AF5E6] b D 7e o iz, & BT, KIRIERA~DOFRINRESS, 77 2 FNO#
IR 72 £ FFA Ol SR T 2 8 b STV o 7,

% T, FFA OBFEA =AML TH, AARRNRE L EIN TV, K, FFA 1348
FKEICHY TBOWRFEREZERT 2 Z & T, BKEZ AFBENZ AT 5 2 & TRAKMEZ R L, K
L BB OB AR AR L THBEET D L B2 b T E 1, L L, EBEOE HEREE Cli,
B EERELSBIDEVEIEOEEARB SN0 L H 0 . BRIEOREE & B0 OBF
T LSBT o 7o, IO EGETECRRFFA L Z | 70 L~V O BIE X 72 WF5E
FZ Lotz

2. WHEOHM

ARFFE Tl FFA OREMZWED > TH LA LA LT a0 VT 22 (OLDA) & %412,
EREE DKM TR T 2ALZG & SAZRE CTOWE - IR EGERE OEfRIA 2 B &
L7z BlREE KR COEM OB ST B A Z TS5 LUV TEHFET A2 L0k,
FFA X ED X5 b P b R CTHRIREZRBT 500 EALNNCTHZ 2 HiE LT,

BRI, LTFO 4 82HLMNCTHIEE2HME Lz, (1) $AFEEIZWAE L7= OLDA FZ
FEDAL 2R R & OIS O BT, (2) B BRACHECHE A & i O+ B D EEA#E, (3) OLDA
DA T =X LDET /ML, (4) OLDA O @K CTOSUSA R DOIRE & SOGSHE OfEH,
IHNHDOH LWHRAEREGT S LT, FFA IZ XA BB ORI & A 1 = X MZHESL
3 LoV R GHES O E B L=,

AWFIE ORI, IR NMR & RHE DT 2B L7247 7 a—F12H 5, NMR 12X D
WD ERGATE . XPS « IR « AFM (2 X 5 7 5 QN4 B 3 il ORSEIRNT 2 A Bt 5 =
& T KIRIE—E Y R4 8 R O BB B OFE 2 B4 02, AFEOMAMERSH 5, HE
KD FHERBRIAWE L7098 &1L a w3, FEEAR OB L L TESIT b,

F 72, AAFZETIEL FFA ORGSO ERMICHOWT L 0 FEICTHR S 72, BC & N CTRINL
KGR L= F LT o= A4 (BtAHY) BLXO=F 7 2 (EtA) D/KESED NMR
T HAT o 72, =F AT 2> (BtA) 13, mOLEMARTAIAT I THY, A7 XTI T 2
V72 ED FFA DT VLS EMLEMST O D, S HIZIE, L0 EWTILF LA FFO 8% FFA
IZIEWET L ENLEMT 6D A7 F LT I (OctA) OENT H1T-7-c NMR IZ X B JFF L
IV DFERI 2R KBS ST 7> & . FFA O R ORI 2 B8 L7z, BARRNICIE. AT D 3 a4
AN E Uiz, (1) BtA/EtAH OB ES SR SR O AR D[R E & SOSHEHE OfE, (2) OctA/OctAH*
FOSDORIAEROEE, (3) TAFNAT I > OBERFKRIED R EEO R, EtA/EtAH
725 ONT OctA/OctAH 2% G: L 95 Z & T, 227 % FFA ORIGEFEE L, JEEMH O8]
D EER SR AT 2 s 2 E L,

FFA & ZDETIALEH O BIFITHR LT, IR NMR Z i & U765 72 SOSN8 3 5 05
D, K REOFRETH D, K-AXTA 7 NVERE T TCOT IV &, ZONMKDRENSAERKRST DT
N — VARG D FEREE | LV TH LT 5 Z L &2 BIEE L7z, FFA O/ERFEERR
BT 72, R bR 7T e —F & L CERLE,

3. WHEDTik

FHREEKH TO OLDA DAL G & SilZ i ~DWE 8 2B 5720, Hix ot Fik
ZEE U7, @iR/AKFTO OLDA OW ARSI, BRI DO OLDA DOE/) &% E&E NMR



HIEIZ X VIBHN LTz, PTERE D OLDA HEAKRIKZ 7 AEIZE AL, BXIFNT 150 °CTh
& 48 W] D KBMLER 21T - 7o, ALFRIRFEIZ I3EUEHE 2 B0 H L, iR £ Tadm L72%., 'THNMR
AT MVERIE Uz, SMTEEEY S 2 R HHE L U CTH Y, OLDA 8 X OVERM DR % £ &

L7,

R IR S 4172 OLDA FEED /3 HTIZIE, X #OEE T8k (XPS) . BAMBRWIIRS 53
Jeik (RA-IR), JRF-MIIBEMSE (AFM) % H 2, FTERE O OLDA KIFHRIZIRE L 7= itk &
150 °CCARBMLEE U 7-1% ., KM LT DL iRk A2 XPS 12 L 0 ok L7z, £7-. RA-IR
ERWT, RIEOELOS %A 2 Rt~ vy B 7 Lz, &5, FIRORE L £mFIRE
AFM (2 X 0 3l U7, SZem ORI, skl Sz X0 FE4 L 7=,

BT, AR TIL FFA OKEBSE DA DN T X U FEICTHR D720, BC B IO BN
FENIRCHERR L7 F LT 2 v (EtA) BL A7 F T 2 (OctA) D/KEVEHD NMR fEAT
H1T7 o577, EtA. EtA ®7 1 s fbfE (EtAH?). OctA, OctA D7 1 kL fbfE (OctAH") DI
% 300~400 °C D Hf i St~ HE i FUR L CRHEITT D Z & T, FFA ORI O % B L
72 EtA & EtAH', OctA & OctAH D GHED BRI LV . IR D pH DR LT/, EtA &
WML OctA % 1.0 mol kg DYRFEICFRH LT, Tk AE 7 /LT 8H LA REITE AL, FTED
BEOESIFICRAL TGS E, MONEEFNLEY B L%, IO H, BC, N
NMR A7 R vaERIEL, BB ORE & EBEEZIT-T-,

4. WFIEERH

£, OLDA DR~ B IR I DWW Tk %, NMR 2341 DfE %, OLDA (% 150 °CD
K T CHRAR R I I RINICNE LRI Z TR T 5 2 o te, SARmICIEK S s
OLDA FZfFid, XPS B LT RA-IR s, 72 /7 A2 0 L CERERIEICWAE L= 2k
ThHDHIENThoT, FIEORESIIEYE 0.5 pm F2E T, WEICZEDHHA 4 28/ LT
72o ICP-AES 234 Ot 5. FfEd o)+ & OLDA 4y DE/LHITH 1:6 TH-7=, OLDA fZ
A 7 aa RV AR LT A ITHNMR A2 MV TT X 2 O AF L7 a h o
KDL T FNNKIBIZIAEL LT Z v, IR T OLDA O X HWHA 42 L8R % T
LTS Z ERRB Iz, 20X D RESEROED, @ F8kox >y MU — 7 g A
L COLDA OZJE b 2L T\ D LB 65D,

RA-IR ¥ v BV ZHIEN O | BRI
W L7255 T OLDA 23R EL ]
LCW2B—J7, Rl b EEN B2 D3k
RS 55 AN N (A oY =S Ay =k =3
Nz (K1), £7-. AFMBENS, K
EREIZIZ~A 7 a2 A — LA —LD
FEIS) 72 M T 23 FAE T D 2 & 3B
L7-, ZO%fEtEd & £mIRkA, OLDA
R AR &R MEicHE LD Z
ERIRME S T, A B E O R R
OLDA DI 23 @ IE EREAMEDN 1)
UV R S R & R IR AR DY —
/A M RPN/ N2/ Ny ‘

WITETFAT 2 v OS> B 1 RA-IR AlED L LM &7z OLDA K
b\fﬁ’\“ E) o 13C-ISI\I :Eﬁ%%& EtAH+@ H%ﬁi@&ﬂ%qj@ OLDA 67\%0)*%%

300 °CIZ 81T B /KB i % NMR TREAIZ
AT U7 FE 5. BtAH DMK R L B =
% ) —)b (EtOH) &7 v E=T7 OAEKIIINZ . BAH ORI L D= F LTV E= T A 4
> (diEtAH") O HER S 372, EtOH I HIE S BIZHKBIGNZ LY =F L (CHa) DR
L7, 300 °C. 6 BED T EtAH, EtOH. diEtAH ORI L, & IR O
TRV ZF AT = A4 (iEtAHY) OAR BB S -, kT EtAH >
diEtAH' = EtOH > triEtAH " DJET&H - 7=,

FPED BtA (ZE BtAH CIE T R TORUGH 1~2 K < 1T U7z, 88— R SUSd E E 5 i
350 °CIZH\ T EtAH 23(4.8+0.4)x10* s, EtA 73(1.0£0.2)x10° s &R Bz, Z AU EtA Ol
KOTFRDS BtAH 2 #8H U CHEITT 5 &\ 9 BUSHERE 2 3R 5,

OctAH ™ 400 °CIZ31T 5 /KBS T, 1-4 27 7> (1-CsHis) BMEERD AN ERIGETH -
72o 10 23 DFUST OctA™ D 99%3 % L, #7277 v BMARA~ DI RIL 90%IZE L=, 47 T
v DOFRMERA~EREOIL, KT OB PSR S 1EIE B LTz, —F. D OctA
TIFIEDRD THE L | 400°C, 16 FEH DI S TI%DBRE Th > To, EAEKDIT 1-4 7 ¥
J =/ (1-OctOH) & 1-CsHis TH Y, o7 7 o BRI N TH o7, T E=T LA
A AT AT X LTI, KGR & KOG, AV 7 ¢ v O BMAES RIFIZIS S5 Z &
PRI NI,

VL EDOFER NS OLDA (23 S5 FFA O EiE/KF TORGEEE) & K IR s D 270
B & 72572, FFA XY 72 pH & BLD F CIXEEMICEI, &REF L E O K IR E T




T D2 L TENERREERET D, HENESCRT TIET 2 v OO Lk o Sttt
DR 2T 208, BUKPED @ WS IR X > TRIEOBKMEIZHEREF S D 2 & VR
Nb, T HROMASHRECERT LT rE=T I X AHRERLEAENFICES T2 L&
ZBND, SR KIEERF OREG & RO E K Z B#-S1F 72235 FFA OB & A B = X A
DIEZRBR A MWD 5 = L DNETH 5,



8 7 1 2

Yoshioka Haruka Yoshida Ken Noguchi Naoki Ueki Tomoyuki Murai Kei-ichiro Watanabe Kazuya 126
Nakahara Masaru
Microscopic Structure and Binding Mechanism of the Corrosion-Protective Film of 2022
Oleylpropanediamine on Copper in Hot Water
The Journal of Physical Chemistry C 6436 6447
DOl
10.1021/acs. jpcc.2c00526
Horikawa Toshihide Okamoto Miku Kuroki-Matsumoto Ayaka Yoshida Ken 196
Significant role of counterion for lead( ) ion adsorption on carbon pore surface 2022
Carbon 575 588
DOl
10.1016/j .carbon.2022.05.031
Yoshida Ken Doi Ayato Yoshioka Haruka Hirano Tomohiro Nakahara Masaru 127
Nuclear Magnetic Resonance Analysis of Hydrothermal Reactions of Ethyl- and Octylamine in Sub- 2023
and Supercritical Water
The Journal of Physical Chemistry A 3848 3861
DOl
10.1021/acs. jpca.3c01213
73
2022
32 39

DOl




Horikawa Toshihide Yuasa Ryuto Yoshida Ken Do D.D. 183

Temperature dependence of water cluster on functionalized graphite 2021

Carbon 380 389
DOI

10.1016/j -carbon.2021.07.024

Yoshida Ken Yoshioka Haruka 1

Solvation shell dynamics of supercritical water-cyclohexane mixtures in relation to the 2021

translational and rotational dynamics as studied by molecular dynamics simulation

AIP Advances

075219 075219

DOl
10.1063/5.0057093

Yoshida Ken Yoshioka Haruka Ushigusa Natsuko Nakahara Masaru 50

14N NMR Evidence for Initial Production of NH3 Accompanied by Alcohol from the Hydrolysis of 2021

Ethylamine and Butylamine in Supercritical Water

Chemistry Letters 316 319
DOl

10.1246/cl.200783

Yoshida Ken, Suhara Shinnosuke, Noguchi Naoki

Effect of Cage Occupancies on Molecular Vibrations of Methane in Structure H Clathrate Hydrate: 2024

Ab Initio Molecular Dynamics Simulation

The Journal of Physical Chemistry B

DOl
10.1021/acs. jpch.4c01790




24 8 7

Ken Yoshida

Formation Mechanism and Microscopic Structure of Corrosion Protective Coating for Steam Piping by Film-Forming Amine

International Association for the Properties of Water and Steam Annual Meeting 2022

2022

Ken Yoshida

Adsorption and Film-Formation of Corrosion-Protective Aliphatic Amines on Metal Surface in Hot Water

1st International Solvothermal and Hydrothermal Association Seminar

2022

Ken Yoshida

Structure, Formation Mechanism, and Reaction of Film-Forming Amines for Anticorrosion Protection for Steam Piping

The 9th International Discussion Meeting on Relaxations in Complex Systems

2023

44

2022




2022 2

2022

35

2022

Ken Yoshida

Stability and reactivity of film-forming amines in supercritical water: 14N NMR study on model alkylamines

2021 1APWS PCAS Symposium

2021

DOSY

26

2021




43

2021

14N NMR

2021

2020

2020

Ken Yoshida

Reaction pathways and mechanisms of alkylamines in supercritical water as studied by NMR spectroscopy

2023 1APWS Annual Meeting

2023




Masaru Nakahara and Ken Yoshida

Comparison of experimental and calculated ionization constants for subcritical/supercritical water

2023 1APWS Annual Meeting

2023

Ken Yoshida, Ayato Doi, Haruka Yoshioka, Tomohiro Hirano and Masaru Nakahara

Hydrothermal Reactions of Alkylamines in Sub- and Supercritical Water Studied by NMR Spectroscopy

8th International Solvothermal and Hydrothermal Association Conference

2023

Ken Yoshida, Rika Shibahara, Tsugita Reo, Tomoyuki Ueki, Naoki Noguchi, Hitoshi Mizuguchi, Cheng-Yu Chi and Yian Tai

Analysis of Film Formation Process of Aliphatic Amine Corrosion Inhibitor on Copper Surface from Low Concentration Aqueous
Solution

The 10th International Forum on Advanced Technologies 2024 (IFAT 2024)

2024

NMR

2023 2

2023




2023

2

2023

45

2023

45

2023

LL

C-H

45

2023




NMR

45
2023
2023
2023
H LL MD
2023
2023
NMR

2023

2023




/ ——
http://pub2.db.tokushima-u.ac.jp/ERD/person/189117/profile-ja.html
/ -

http://pub2.db.tokushima-u.ac.jp/ERD/person/323733/profile-ja.html
/ J—
http://pub2.db.tokushima-u.ac.jp/ERD/person/21021/profile-ja.html
/ J—
http://pub2.db.tokushima-u.ac.jp/ERD/person/10681/profile-ja.html

(NOGUCHI Naoki)

(50621760) (16101)

(MURAI Kei-ichiro)

(60335784) (16101)

(HIRANO Tomohiro)

(80314839) (16101)




