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The Existence of Bound Water in the Passive
Films on Stainless Steels

Toshio SHIBATA
Go OKAMOTO

Abstract

The presence and the nature of bound water in the passive film formed on stainless
steel was demonstrated by means of a micro-thermogravimetric technique. The passive
films were formed either by applying the anodic polarization or by using of various
oxidizing agents in deaerated 1N H,SO,. No stripping of the film from the metal surface
was applied in order to avoid the possible changes of its structure.

It is found from the result that the passive film contains a large amount of bound
water extending 30 to 50%. It is also revealed from the measurement of the time
required to activate spontaneously the passive stainless steel that the bound water con-
teributes greatly to the stability of passive state in aqueous solution.
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Fig. 1. Schematic sketch of vacuum microbalance.

a) microbalance, b) cathetometer, ¢) thermocouple for measuring temperature
of specimen, d) quartz tube: inner wall is coated with evaporated gold film,
e) specimen, f) electric furnace, g) thermocouple to control temperature of
furnace, h) program controller.
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Fig. 2. Schematic figure of electrolytic cell for measuring
self-activation characteristics.

a) stop cock, b) glass hammer, ¢) specimen, d) salfbridge,

e) nitrogen gas inlet, f) gas outlet.
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Fig. 3. The measured thermogravimetric curves for the specimen
passivated anodically at 0.40 volt {vs. S.C.E.).

CURVE 1 ————: Temperature
CURVE 2 ——o0——: First cycle operation
CURVE 3 —— e ——: Second cycle operation
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Fig. 4. The corrected thermogravimetric curves for specimens

Fig. 5.

passivated anodically at various potentials for 60 minutes.
a) 0.20 volt, b) 0.30 volt, ¢) 0.50 volt d) 1.00 volt (vs. S.C.E)
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The corrected thermogravimetric curves for specimens passivated
anodically at various potentials for 1,000 minutes.

a) 0.20 volt, b) 0.40 volt, ¢) 0.70 volt, d) 1.00 volt (vs.S.C.E.)
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Fig. 6. The corrected thermogravimetric curves for
chemically passivated specimens.

a) $:07, b) HCrO; ¢) Cu', d) Ce*.
Concentration of passivator: 10 mN.
Time of immersion: 1,000 minutes.

& Fig. 5 IR L, (LA MELORITIC DWW T Fig. 6 TR L7,

C@&5mﬁﬁﬁ&dK%@kbtﬁWmﬁmT®éﬁbbh,%Mw&T PIHG O 1L

WRBORTICBOTRERBELIBBEYD SN Lo, EOIHLEIK C O R BREMEFS N
BUC X TSN 2 PHEATERT 57090, NNERORSPE LT v TR EL R
(0.40 volt iz 60 2rfa%sE) % 300° T L EfM#A L, KHHOB ST £ 775 - fo iy H.O 89%,
N, 5.5%, C0O,55% T&H >z, T OHFIFII LICOFHRFELFIIBY 2B RBDOBIZEAL
TAGTER B O R A K DIREEIC IS &S T EERLTN D

Fig. 4~6 O L pIE & 51, Th S BKFFIR IR e L ORI kE T 2 Rl b 5
EE2RLTVD, THhH Fig. 4, Fig. 5 OBAMOR@ L Fr O S KFHIIER i, Rk
WD ORLAH I WKWBNWTERRIOC~ I NHH LN DL, COE~7DRICHT 3
RBREAGZEOEEELTAH D E, FTHF LICAHRELEEO Z%aowfm,ﬁw%%xm
HEfL U724 (Fig. 5, 1000 43) (i3 @ O 084 (Fig. 4, 60 4) icig LT, K OB e
~IBBONTNAET EMNhrd, ILBMOEBIELORMTRZLAEEDLNE Y
NES, BOBBREE/A L 2SI EMSEIC 213 L, ©— 7 B 2 s d 2

AR (100 volt) e d N () I TiR, AMEICERE s ostr



9 AW L ORMERE PR o FEERKIC DL T 315

(@), (b), (), Lot~z Fig b itk TR AKERL L~ 7HEDS
ns

AN X DA REIE R IC B O T, BOBAEELREOE Alc @Y ok
B D~ 7 Cut* T L » TRWBEMINALEFCDOTOAED SN, OO T
3O REALANC Ko THEM D 2 158 S e,

Fig. 710, FE/LERA ORERBOMD SRKD 7 MHAKREBMOFEHE LTRL
foo 60 A3 THE U KEEEITh o SKoa R, BAKEELRZDEE—TED 05x107°
glem® DAEAER LTS, —7J7 1000 43 CHRR U 7o REEL L, 60 43R CHzRE U 7o 4l &
DEFEEKEDBDIEL, UbbBBUMSEELIICH>TEZ{>TS, D Fig. 7Kk
] R 1T AL 52 (R AB B RAT X 2 T3 B e e D ék@ax@@wwmm@mm%M%M&@m
AR LU o, BOKFER CREINCRR E B, AW &> TN OIS AKO &
BRECEMLLTV S, BARAEREMIC X 2 R HEBIERNIC BN TS, (WRIREIELIC X
LYW BT S, FRBMSBARWEECSH 2 E 0T HOEA S ZHEM O EKBHED S
na

DA A B AT TE AL DB O A R AR BRI I8 9~ A A %, —EEMICA ML D&
VAR5 T Tk o THERT U oo BEMED BT D ~ D IR IET IS/ S WD T L T,

T T T T T T T
2.0r
o
£
o
~
o
a
o
Lt
- [
g z
= 0f &
o
z 3
o}
[o]
a
!
i
| \ a e
: \\\ ® a /,/’
oLl Il b 8 L L (IS ol 1
-0.2 0 +0.2 +0.4 +0.6 +0.8 +1.0

POTENTIAL ( VoIt vs. S.C.E.)

Fig. 7. The effect of anodic potential and time of passivation
treatment on the amount of bound water.

——®—— Anodic passivation for 60 minutes.
—O—- ” 1000 minutes.
Chemical passivation for 1000 minutes with 10 mN.
® Cu'* solution
3 » HCrO; solution
AN ” S:04 solution
L)) ” Cef solution

~-------~  The anodic polarization curve.
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Table 1. The proportion of bound water in passive films
formed at various applied potentials.

Potential of Accumulated Calculated Amount of Total weight Proportion
specimen amount of amount of bound water of film of
electrity oxide (W) (W2) (Wy+ W) bound water

(volt vs. S.C.E) (10° coulomb/cm?) (10° g/cm?) (10% g/cm?) (108 g/cm?) (Wo/ Wi+ W)

Time of polarization: 60 minutes

0.20 2.09 0.56 0.48 1.04 0.46
0.40 2.21 0.60 0.55 1.15 0.48
0.70 3.32 0.90 0.44 1.34 0.33

Time of polarization: 1000 minutes

0.20 243 0.66 0.26 0.92 0.28
0.40 297 0.80 0.46 1.26 0.37
0.70 4.82 1.30 0.48 1.78 0.27
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Table 2. The effect of heat treatment on the time of self-activation.

Passivation treatment Temperaturej’ of Time of
treatment* self-activation
0.80 volt at 60°C for 180 minutes room temperature 11 hours
» 110°C 10 minutes
» 180°C 67 minutes
0.40 volt at 60°C for 40 minutes room temperature < 1 minute
3mN. K,CrO, at 60°C 40 minutes room temperature 37 minutes
» 110°C
” 180°C < 1 minute
” ’ 250°C
ig()glg.in}iiecsl‘OJ at room temperature for 180°C < 1 minute
3 mN. K,S,04 at 60°C for 40 minutes room temperature < 1 minute

*  Affer the specimen was exposed to a vacuum of 10-% mm Hg for 15 minutes, the heat treament

was conducted for 15 minutes in the same atmosphere.
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