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Corrosion Behaviour of Inconel 617 Coated with Silicon Oxides in

Impure Helium
Yoshikazu SAKAL

Synopsis:

Tatsuo SHIKAMA,

Tatsuhiko TANABE and Tadashi SUZUKI

Inconel 617 samples were coated with silicon or silicon oxide SiOx(0<< X=<2) films by reactive magnetron
sputtering method. The coated samples were corrosion—tested in an impure helium environment at 900
and 1000°C. The impure helium simulates the coolant gas of a high temperature gas cooled reacter now
being developed in Japan. The SiOx(X<2) films reacted with the substrate alloy, Inconel 617 at elevated
temperatures. Silicon in the SiOy films diffused into the substrate to form the carbide of (Si, Mo)x Cy.
Nickel and Chromium in the substrate diffused into the SiOx films to form silicides. The SiOx(X<2) films
exfoliated appreciably during the corrosion test and hardly protected the substrate against corrosive attack
by the impure helium. Rather, SiOx(X<2) films enhanced a carburization of Inconel 617 in the impure

helium.

On the other hand, the stoichiometric SiO, films had an excellelent protective effect in the impure he-
lium at 900 and 1 000°C. However, the protective effect of the SiO, film degraded a little at 1 000°C.
Inconel 617 was carburized and oxidized internally to form aluminum internal oxide-layer at 1 000°C.
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7w n (Cr) L7eaftly (Cr,Op) OFHHERSE
CHEYTLIRETHD, T ADOBARVKESRT v
Ve A, HAFOYHBORMYHBRE OB R REE
(L EDTE LS B TAH L ERETF BB,
CDLDBEET v LOBWCEESPOBAEDES
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BLEEOHENEL DRS. ThbLERREXRT v
+ VRTHRET, BEBLEEYERI®HZ LT
HhH. EELIX ST BEORAAEEDOA—ATF AT
AHBERORK A~V 7 2ah TORARBB L RHANCHER,
Si % 0.5 wt% BESHESIFHKOR ORREART v
Ve VEBEDOEOSTRE DECHIGE LT LW - 2
REZ OB LT, 3.5wty BE Si¥EUAE
13, BIFARE - BRERTRTZEEHELM LY.
Zhit 3.5 wt% Si %S U A& TRA SRR — I HE
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2. HEMBIURERAE

Inconel 617 DfHKE K, HTGR SELARKM~ Y & A
AT, R~V v & LBEEET5) RO ATHEK %
Table 1 K0 21753, Inconel 617 1376 A ¥ Io.3\»
T, HTGR BZBBARFBAEEDO—2OTHH, LR
M~V o ADEOME, REXRT v v VO L
CBIRCRIGEL, TORREHZ2E(I LY. 20K
D LREEEDOREHENE XTI REOME & &2
bhb.

40x 12x2.5mm o M@ Inconel 617 (Fig. 1)
Hew 2 ) —HECHER, Tt vRTHER GBS
L, ok (Fig. 1 1 Coating side) i< 7% b »
VAR RIRET, RIHEA Sy 23EIC LD, BEERD
HERMBLY (SiOx 0<X=<2) DHELITOMN. A2y
s EBy# 212 4Pa © Ar+Yvol%O, (0<Y <40) (fig
E% Yvol% g7 r=vrx2) ¢, R. F. At 1
kW & L, 2.2, 22— 5, FIZIZSE 99.999% o
BEMERA 2 L. ®%8+, Inconel 617 F¥Hi
BEWEMNMCE X, BEIL 300~350°C i {4 U, 7%
EEIFR 7 AR OBMERECH KR T 525, Art
17 vol %0, DBE&C, 6~8 pm/h, Ar+30vol%0, ¢
~2pm/h Thote, EWERCHBEHRIL 5h TH 5.

Table 1. Chemical composition of Inconel 617

(Wt%).

C Si Mn Cr Mo Al Ti Fe Co Ni

0.07 0.21 0.05 20.3 86 0.72 0.57 1.02 11.71 Bal

Table 2. Impurity levels in the present impure
helium (ppm).

H, CO CH, CO, N, O,

300 100 15 1 5 N.D.

N.D.: Not detected

Specimen

Uncoating si

Fig. 1. Dimension of specimen and sampling
procedure for chemical carbon analysis.

SiOx KIEOWEE RV SiOx FEOEH I DWW T DR
M mETHFETHS.

BB LiciAk %, 50 cc/min-cm? DFHED 4 — U
0.4kg/cm? OFH~Y 7 a1, 900 K 1000°C ¢
200h BWHERBK L. T~V v 2 hOTMBEE ORI
E - HlEs CEARRBRECOVCTLTEER S OofEYY 1
FELL.

BE%, WHEREROKEONXFEME, TAMNET
BAREE (SEM) 1o X% i, X BREHEE, XHE~ 1
7m 73544 (EPMA, EDAX) /x X2 X 50 % T
Vv, FHREM, FHEM ORI RE KRR L
. FRBRINBOEENE»D, BRC ISZEEE(L
RUOBEFORMMEIED BT 5 ER A5, KR
RICEAL Tz, EPMA 12 X3 RZEBEORE, Rty
B oRIEICE €T, LECO-IR12 R EH 8z
L2 REBEBEAESNEIT Ok, REBELLE ST O
B%, #@EM (Fig. 1 vp Coating side) & IE#E Ml (Fig.
1 1 ST side) % Fig. | i3 X 5 IREDHR TR
U X v =4 L. JEAREi® Inconel 617032
BEEL 700 ppm THB.

3. R BB R

3-1 WEMEOMA

A3y 2MEBH A (Ar+Yvol%0,) FOBMRRE Y
B%E L, ABARMBRCHR LICHEBEN ORIEDHB K
O)E % Table 3 wir-d. #4711 @ EPMA T,
SiKe RV OK, HOMEXREL, B4 OFFEE
ZITOTRDID. Ol SiKa, SiKp, ROzh b
74 MRDOART P D Si DA RERICEI T
LML B, Table 3 nBo25 k5w, BREE
25vol% LI T DIEE # A TRy & LT-8E, R XK

Table 3. Chemical composition and thickness of

sputtered films as a function of oxygen content in
sputter gas.

O3 content Composition of Thickness of
in sputter sputtered films sputtered films
gas (%) (pm)

0 Si 6

10 SiOo.7s 34

17 S$i0.3 40

25 Si0; 14

30 SiOg 14

35 SiO; 9

40 Si0, 6
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Fig. 2. Weight gain during 200h corrosion test
in impure helium at 900 and 1000°C.

% EE S BR o SiOx(X<2) Linnh. BE
W 25vol% LTI, BMERECLLT, B
ALEEE (Si0,) KREAER I, BEROMEHEER
RE1x, SiOx(0<X<2) KEFRTIXMER (S) Fox
hi, ZBEEE Si0) HOoLh ENEEL TV E
LAY, SIK oA~ 27 b AnDEEI W5, BERE
25vol% LA LTA -2y 2 B Lic SIO, KIE T, iz
EROEARESHEEORAER SIKK oA~ 27 Ak
BT i ote. XERPFT S, B bhlckE
WTFhOBELERETHSLEEXLDNRS.

3.2 TH~NY D LREESER

900 B0t 1000°C TR~V 7 AFTOFERICH S
R OBEEELE Fig. 2 wrid. SiOx(X<2) THE
LERBIEER 2 RT. 2hik, B3 KE#E
BIER L BA TS L EE SiOx (X<2) KESBRPT
MO REET B d EEZBRD. SiO, T H#E LI
KCoERCHE > &R, FEFEM ST) oxtho
3 1/2 Lo Twb. ZTHIIRBORFEOA S HE
Lizz & &#F x5 L wBEATCOBRCH > EEBIMIE
FERTELZ EARLT WA,

Fig. 3 RHBUROCEHBEMUTCOBRRICH > REKER
EEETT. ChiFEMIvBELhERTH
B, A8y ZEENH AhOBEEE #BI L U TRHERNIT
REREOTRE, ThbbEREOREEN DERW
DIRERERZE LS\ fERRT. 900 Kot 1000°C T
OIEHBEMONWTEE P cmd) Tk Fic
250~350 ppm BERK LT\5. #HEM (NPER

400

300

900°C ST side

g

100 2

|00CfC Coating side
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| o
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-1 1 1 1 1 1
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Fig. 3. Change in carbon content during 200 h
corrosion test in impure helium at 900 and 1 000°C.

CET) TR, Aty 2EEIF AFOBEKRE, b
LB D LMK 1w X oT, KRBEORMLSFEL
¢ Bic%n. SiOx (X<2) #EM Tk, LA IFEE
BXoLEENEEIRS. —F, SiO, BEMTII,
Inconel 617 OERITELLEDIZE, HIFHIZH TS
LB BENTHS.

Photo. 1 1z 900 J& 7% 1000°C TORM~Y v &
< OERBOIEFE M O SR ORELL H # 2w
+. EEmBH IR, SEIRELHE > BORREA T T O
Cr ORZBRUEHRD Al ONRBRILEOERLD Y,
% 7o FDOE T HRK PR 8D TREBOAER LT
W5, OB TERIRORBICHNELTS ORI D
¥, WAL EROHEAED bR S, KIC Photo. 2
RO 3 B M OBEART RO 900, 1000°C EAREDK
R 0 Inconel 617 FEAEEDOHAMA » ~T.
SiOx (X=0.75) @+ (Photo. 2) Df, 900°C,
&% (Photo. 2 (b)) TIREBEHICHWHTHHORER
Bz His. 1000°C (Photo. 2 (¢) TRRZODOH
W IR A R T S, R E L EM RIS
B DEILARD b, EH AR GO AT
7. SiO, @ (Photo. 3) D, KA (Photo.
3 (a)) &H#ELT, 900°C E&#% (Photo. 3(b)) TiX
B EAET RS, KERUEMIBETHS. Lo
L 1000°C (Photo. 3 (c)) "TIXRIK & Fb REILIC
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(a) 900°C (b) 1000°C
Photo. 1. Optical micrographs on the cross section
of Ioconel 617 after corrosion test in impure helium
for 200 h.

Pt
el

(a) as coated (b) corroded at 900°C

(c) corroded at 1000°C
Photo. 2. Optical micrographs on the cross section
of Inconel 617 coated with SiO, ;5 before and after
corrosion test in impure helium for 200 h.

Coated filml néonel 617

10um

(a) as coated (b) corroded at 900°C
(c) corroded at 1000°C

Photo. 3. Optical micrographs on the cross sec-
tion of Inconel 617 coated with SiO, before and
after corrosion test in impure helium for 200 h.

BTSSR ES b b, Zhit EPMA X h Mo-Si
R TH B EREI R, ke Fig. 4 R0'5 ED
AX X%, BEMEIE D Si, Cr, Mo K18 Ni g
OHTRER A RT. F7-, Photo. 4 K151z EPMA =
X AW R LR T, SiOx (X=0.75) #E# (Photo,
4 70 Fig. 4) it SiOx fzfii & %4+ Inconel 617 X
DEIOHEIEE»ZE L <BD bR, SiOx Ho Si it
Inconel 617 Gr~JK# 1, Inconel 617 oMo ¢ dtiz
LY (KEDOFTHIY) #4WT5. %1, Inconel 617
o Ni Rt Cr 3 SiOx fefEdiciigi L, Ni-Cr
BL® (B ) AT 5. —F, SiO, #EH
(Photo. 5 Jv* Fig. 5) -Cit SiO, & & 3£#f Inconel
617 & DIk 900°C Tl 4 < b bire\ . ¥ 7z Si0,
BILT @ Inconel 617 DR~V & AF A L BERD
900°C TIFFED Bhc\L . 1000°Ccit Photo. 3 FKyX
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Fig. 4. Line analysis of the characteristic X-ray
of Cr, Ni, Si, and Mo by EDAX on the cross
section of Inconel 617 coated with SiO, ;5 after
corrosion test in impure helium at 900 and 1000°C.

Fig. 5 wwRT X 5, SiO, EEH® Si o Inconel 617
Bl~DIEEAETRD RS X5 1iss. Lnnl, —#&
e SiO, KEOMAHMHEIERF TH5H & & HMmEI%
"HLRDHLIRD.

feds, BEEERO 900, 1000°C EAR%KD SiO;, FE
OXEEH -2 % — v Fig. 6 RT. §ido X 5eH
BE:, JESBTH O SiO, KiEIL 900°C TOE A D
b IESVE B Ron%, 1000°C DA TlL a-cristobalite
R LIAD TWAB T EAGh 5. Lo L SiO, KK
TOEZY - FIBEORAITEL BD bhiah ot

4. = -

B, Yo b=voV, FAZ-EVREDR X
Wiz 7 A3 F 4 2 v 7 (aluminizing) g & OREUE %
LB E S Fbh o055, ZhIIBREY A
CEINAFE, 7MYV ah T XARMBEEEFD
FHH =0 VOB LWERBARZERIEZ12DTH
5., ZDX 5 mBEr AFHR &S5 ERCHER Lic M
~Y) Y AFAKEDKEIEVCITOBERT v ¥ v v
Chd. SEOBRES AR TRIEE SN, Cr, Al, Si
o OFERFERS, REbeBbah, KEKBLY
&%,

—F, B~ v ADBEERT v o M EH B
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Fig. 5. Line analysis of the characteristic X-ray
of Cr,Ni, Si,and Mo by EDAX on the cross sec-
tion of Inconel 617 coated with SiO, after cor-
rosion test in impure helium at 900 and 1000°C.
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Fig. 6. X-ray diffraction analysis of SiO, films
coated on Inconel 617 before and after corrosion
test in impure helium at 900 and 1000°C.

Q, MOMEOBBEEIINE. 20X RERKT
REEREOELHBLROTOERLE LTOLER
FE (LR B O A B R LB . AEBRTO, Si0x
(X<2) HEMOBALRE, ToZ xHERLT
Wh, AEENT, vV a2rA P vy (Siliconizing) U
LT LA BEERUEEOARELEBEY (Si0x X<2) I©
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Photo. 4. Characteristic X-ray images on the cross section of Inconel 617 coated with
S8iO, .75 after corrosion test in impure helium for 200 h at 900°C.,

X5 MPAEEEOHEER, DRVDEN LG LABRKY
BR+TsERRLTWS,

Si0, #WE B L Tix, 900°C 1z 35\ T 1L E#f Inconel
617 LORIGHEBALES. £ LTHDOBAEZRIL, 12
BEETHHENERNHORD LS. 1000°C ik
W, T v IR LB AR, SiO, KRt B2
@ Inconel 617 r~ifth, ROBETOBRENTD S
R, Si0, EIEOBFRMICIIRIENH T 5.

RiEkEE SiO, R & O 3HEIR B Y, FEV K
iBE, BREZMHLC\5 (Table 3 Bor Fig. 3) =
DT EiX, 1000°C Tz SiO, EFESE LT OikEh 4
LT3 &% RBLTWS, 2oz s, SiO, ox
5 ABBIEED 900~1000°C whs o b, AEEOIE
sE SiO, KA 1000°C it f{k35% = & (Fig. 6)
&, AER Si0, JELEES ¢k, 1000°C fHiE
T, REMOILE - FRIIVAEL, Fhicgdbe CEE

KD OREDIEDETH L EREBLTWS, -
Si0, FEFDEZED Inconel 617 th~op Kk, BO
Inconel 617 A CD 7 v 3 = & 4 D PRRER({LE O ERKIT,
ZofEdbic X B Si0, thecoBEFIC L,
3810, +4AI2A L0, + 3Si

Eich, SiO, FfE L Inconel 617 L o RIEAE U T
BT EHRETA. D i, SiO, KEO BAMD
FE, HEOBEIZHEMTH R CRAR+oiz &
ZRLTW5. .
T~V 7 2h T Si0, BREEDER o0
Tix, 1000°C = 10000h [ FOBAMAERIRS.
TR, MEBLERNEC X 5EMEBED LR,
Si0, EEOBR TOLENRERDOHKEREN E2 5
5.

7ok, ®mRT Si0, X hikEMNCEER ALO, R
CIBHEAECONTE, W OroMBEERD D,
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Photo. 5. Characteristic X-ray images on the cross section of Inconel 617 coated with
Si0, after corrosion test for 200 h in impure helium at 900°C.

TR DWTIL, SiO, #8 & O R ARk © HE
TEFETHBY.

5. &

fElEIEA 4y 282 X b Inconel 617 Eiz SiOx (0
=X=2) #HEL, FhbEiEo HTGR ELIAR ~
Vo AFHKFTO R EERE LB READ L 570
A 2t

SiOx (X<2) #@EM C12, BmiRT SiOx s L &H
Inconel 617 & DREICKIGAE S SiOx o Si it
Inconel 617 sr~LEr LT\~ . %7: Inconel 617 o
Ni Kot Cr i SiOx g ~RE LEE(LY % W R+
5. BT, SiOx FEEA/chHBEL, BAMERE
EAERET, BLARKEYETS. —F SiO, Kl
%, 900°C % CHEH Inconel 617 k4 K33 <
NI EREAT T L2 bt e of. 1000°C iz
BWTh Si0, REOHRZIFEIZHECED bh 2 hi%E
# Inconel 617 X DRIGICL%EBbD, 743 H
HERILE o £, SiO, KIEFDEEE D Inconel 617

i

~OIE R OETDORRMBED RS,
B bicii, EPMA 1 X 24500 lif e it
WICTERBLE B BS#oBEL2R L ET.
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