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Structural Changes of Passive Films during Cyclic Polarization of Stainless Steels
in EMI-TFSI Ionic Liquid

Akinori Kawano ™ **, Shogo Masuda ™, Minoru Saito

*

*** Hiroaki Tsuchiya™ and Shinji Fujimoto™*

Graduate School of Engineering, Osaka University

** Stainless and High Alloy R&D Laboratories, Nisshin Steel co., Ltd.
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Surface Treatment Laboratories, Nisshin Steel co., Ltd.

SUS304 and SUS430LX stainless steels were subjected to cyclic voltammetry (CV) in EMI-TFSI ionic liquid
containing water of 5.5, 30 and 5000 ppm at room temperature. Structural changes of passive film during CV was
characterized by AES and TEM/EELS. Passive films after CV were mainly composed of mainly Cr and Fe oxides
similar to that formed in aqueous solutions. The thickness and Cr cation fraction of passive film increased with
increasing CV cycles. Furthermore, much Cr concentrated and thinner passive films were formed with less water
content in EMI-TFSI. It is concluded that SUS304 and SUS4301LX stainless steel are corrosion resistant in EMI-TFSI

ionic liquid with small amount of water.
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A% k& LT, EMI-TFSI (1-Ethyl-3-methylimidazolium
bis (trifluoromethylsulfonyl) imide, Merck #, #fi E£ 99.9%,
Z ANFEDEKEE 30 ppm AKi) & H\ 7z, KA 4 ik
FBUKEZRL, BRI ) D5 % 72
TR, BMENK 44V EIEL, 524 F VBB
WCEND. A4 VHARITTEEOEKRIIKITLES
W L, BRI EEICREAEELBLITZY. 22
TAMZETIX, EMI-TFSI % E##%E 1 ppm DUF, #&i-
70 CUTEHBMLZzZa—TKy 7 AT o 7.
EGREA T B2, 9 EMI-TFSI % 120 CT24h
VL m#gitik U CEk=% 5 ppm LV TR L7z, &
Dk, Y)Y ITHALFVYKEZHTL, 7u—7FKv 7
AWNT24 h DL L7228, BRI L 720 &KR0M
EIFEREX -V 7 1 v v —KGFEHE W
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GKER L 72 EMI-TFSI CO A5 » L A D8
SFALFERISICET 2R 25720, ZJu—TKRy 7 A
HNTHA 27 Yy ZEVY A 1Y) —(CV, Ehr A s B
0.02 Vs'') % & N @ BAL G GRER & 1T - 72, 3 WARATE
fAbFEEe VR, BF vy a A sy b(AbE T,
HZ-5000) % F W CREA 2 HIH L7z, WMz 5 O,
ZIEMITPt & L. 72, EMI-TFSIC7 20t >
® CVIllE 24TV, Z OB LEITEM (E°=0.405 V) ™
FHOWCHEUZSHEBROBEMN ZKIE L. &b, B
T SCE #:#THiL T 5.
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RO KM & N7 AR B O R )E & % 5F
i 570, BRALERBORBIZF — Y «BT-0005
M (AES) 2 %t L 72, #5121 JEOL #o> AES 754734 i
(JAMP9500F) & w272, ArA F v v F v 7D ANy
& #JE13 30.8 nm/min. (SiO, FEHEREHAT) TH Y, MeH
DEREENRY — 7 ON5512 70 BALE 2 B AR & 2
FLTHEEZHEM L. /2, B ohdimigs s FIB
T (H 372 % nanoDUE’ T NB5000, JIEEEE : 5kV, 1
F VU Ga) I TR HUEL 2 80 ) i L 7=, FIB I Lo
WA R OB e R 2 itk 3 % 720, I LAfiZE
FIRENE X8 120 nm O h — R V% 7285 L7, FIB
KEHNTY VAT Y AREREEZER L CHiELE. 20
%, FIB~XA za% > 7Y ¥ 712X ) 30,mx &
S 10mxXEE 5um OFEBEFBL T CuBDORA Y v 2
WCHEE L7z Lz B ob iz S 51Tl T
RAEMICIE 2 60nm O #B L L7z (F# L 72 TEM
(Transmission Electron Microscopy) i 1fi 7 ¥} 2 TEM
22 (JEOL # JEM-2010F), TEM-EDX % #F (= % )V ¥ —
5 B M X # 4 A7, Energy Dispersion X-ray Analysis,
Noran # Vantage) 7 & UN2 TEM-EELS 3-#7 (%& 7 = %
V¥ —JH25:% %61, Electron Energy-Loss Spectroscopy,
Gatan #! Enfina 1000) (2ft L7-. TEM £ 0 h#EET X
200kV & L7-.
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Fig1 Cyclic voltammogram of SUS 304 performed in EMI-TFSI
ionic liquid with various water content: (a) 5.5 ppm, (b)
30 ppm, (c) 5000ppm.
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Fig2 Cyclic voltammogram of SUS 304 performed in a borate
buffer solution (pH 8.4).
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7% BALIN THRA-0.01 mA-cm > BIED H YV — FEIRITH
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Fig3 Cyclic voltammogram of SUS 430LX performed in EMI-
TFSI ionic liquid with various water content: (a) 5.5 ppm,
(b) 30 ppm.
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Cr BN EMI-TFSI H & T/ E 0,

&K 30 ppm, =i EMI-TFSI 1112 T SUS 304 12
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Fig4 AES depth profiles of SUS304: (a) as-polished, after CV of
(b) 10 cycles, (c) 100 cycles and (d) 1000 cycles, in EMI-
TFSI ionic liquid with 30 ppm.
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Fig5 AES depth profiles of SUS 430LX: (a) as-polished, after CV
of (b) 10 cycles, (c) 100 cycles and (d) 1000 cycles, in
EMI-TFSI ionic liquid with 30 ppm.
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Fig 6 The thickness (left axis) and averaged Cr cation fraction
(right axis) of passive films on SUS 304 and SUS 430LX
stainless steels characterized after CV measurements in
(a) EMI-TFSI with water content of 30 ppm, (b) in a
borate buffer solution (pH 8.4).

Fig7 Cross-sectional TEM micrograph of the SUS304 after CV
of 10 cycles in EMI-TFSI with water content of 30 ppm.
The dots numbered 1-5 indicate the spots where TEM-
EDX semi-quantitative analysis and TEM-EELS analysis
were performed.

EELS O % Fig. 8 12”9, O K AT MHED LN
UMM AERBREER L E 2 5L, Fe Ly, BLU Cr Ly,
X ZFNZEN Fe,0,, Cr,05 OFEHERFHIOWTHIE L 72 A
N7 MVERIR, E—IMEN—F L £/, &To
GHIMTFK AR PV SN o7z, Thbb,

R & B

Table 1 Atomic fraction of elements at each spot obtained from
TEM-EDX semi-quantitative analysis indicated in Fig.7.
Passive film on SUS304 was analyzed after CV of 10
cycles in EMI-TFSI with water content of 30 ppm.

(at.%)
Spot Fe Cr Ni (6]
1 26.5 13.0 0.7 56.4
2 23.8 17.7 2.1 53.9
3 27.2 16.3 43 49.4
4 69.7 20.8 7.2 -
5 70.6 21.0 6.5 -
oK Crilys FK Felys;

Point 1

Point 2

Point 3

Intensity / a.u.

Point 4

540 580 620 660 700 740
Energy Loss / eV

Fig8 TEM-EELS spectra obtained for the cross section of SUS

304 after CV of 10 cycles in EMI-TFSI with water content
of 30 ppm. Analysis points were indicated in Fig.7.
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PR g CIZ B AR E R EMNIE Th T E L7 CP a8
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CPYICRITEN D, 51T, AR TIE Fe®' & X
TARNDEREED/NE W Cr OSBRI IR 70 LTk
WAL 2R L, BIEZERT 5. —7F, Fe*" ohks
B X B KEEIEY DI & P SRR B D KT 054
WO THELIZL L, & 5|2 Fe* 1 TFSI & A L
THHIZER Y v, D Eo#ER, RBESP Crigfbrsi
EEND., ABERFETORISORE ST, i lT
DIKDOBALR LIS T D RHANDOKIIHEE SN 720,
A7 VR E & DIEREBEOKIT S ST L, K
FAD Crigfid s ST T2LEz N5, T,
FAZ TR 72 & 912 EMI-TFSI Tl CF P 5 Crf P Ao
BAE A X B B2 ETIC L, E6IThy
AR & i LT A 4 ¥ OIEREAMEN Z &
5, AEEETOBNA 4 VIBEENEL 2T, EIC
Crl" DALY B L UKL OHERE A U R d 2,
PSR L7z 2 5N 5.

%k, RfFETO CV oflEEMIEIE EMI-TFSI O
FMENTH S Z &, EMI-TFSI T & M- i Rg iz
B2 F A e v (Fig. 8) & & % 5, EMI-TFSI
AT VUV ASE OBEERISR R R~® TFST 7 = 7+
YORAMIELREVWEEZ NS,

42 EMI-TFSI R CORMBERECETEERICH KT
TEKEOHE

4.1 12T, EMI-TFSI W Cld & v Bk i b & Mol L
TR I Cr N LT, BXORE
PHELRT W & 2k~ 7z2. AHiTld EMI-TFSI T
OAREREEZIEOL GBI B LI T EREO P L E5
¥ 5.

&K% 5.5 ppm, 30 ppm, 5000 ppm @ EMI-TFSI 7
5 N2 & 7 BREAS i h T CV % 1000 ¥ 4 7 VE itk O
SUS304 D AME)E 7 43 HT A5 S % Fig. 9 1cF L w7z, &
KPR AT ER P O -3y Cr 1 F 4 ¥ 3555 <,
PRI AN Z &b b, BIH TRz L 912, RHO
KA IT L CV BDO RIS Cr 251 L3\ 720,
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Fig9 The thickness (left axis) and averaged Cr cation fraction
(right axis) of passive films on SUS304 characterized after
CV of 1000 cycles in EMI-TFSI with water content of 5.5 -
5000 ppm and in a borate buffer solution (pH 8.4).
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W, BLE XY, EMI-TFSI ' Tl &K RAML VI & CV
TOAF VHEMEND R L, B TE AW EB L UK
BALY D REF DRz, [W—3 4 7V Tl L2
G, GKREMECITERENEL b EEZONDL, Z
NS OFEFIE Fig. 6 ISR L7z X 912 CV o igMmY <
BEHRERENRE L, gtk rwEiTIa L Tw
b, F72, AQVETRIBEEICHE SN2 LIEL T,
1000 ¥4 7 W THTOAQ O FAEMHE X 0 IEHE /3% 57
WL7-&Z5, &K%F55ppm, 30 ppm, 5000 ppm TZ
NENK 7.3 nm, #288nm, ¥ 57.8nm &7V, Fig. 9
WCRLZZAES S S oMz BE S X ) K& W,
COZEREBEORMIHE SN &R A+ v orid,
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THALY B X OKEBIL 2 TE L, B2ErIC Cr 2Sis
THIEERELTWDS,

YL EofEg2 5, EMI-TFSI Tl AR e % & &
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¥ Cr o F 4 D g <, BIEIE WA RE R 5 %
W B ERbhol, EHIZ, 0L XEKEIK
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Fig 10 Changes in the cumulative charge density AQ with
increasing cycle of CV performed on SUS 304 in EMI-
TFSI with various water contents. AQ is defined as the
difference between the anodic charge and cathodic
charge in CV at each cycle. A@Q is regarded as zero when

difference is negative.
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<, BARIIOMBALNIZE Cr hFF Y EPKE
<, BRIEENEICH 5.
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RFEW 2 A F VAR TH 5 EMI-TFSI 112 T 2 fid A
F UL Ao CVillE & AES B X OV TEM 12 X 5 FHifE
BETV, EREKRDA F ¥ RBREE TORYRERIFED
TEMBE T BET L2RE, DTFoOMA»ES .

- SUS304 B X 18 SUS430LX D& 7K # 5.5 ppm, 30 ppm, B
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