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Influence of 475°C Embrittlement on the Passivation
of 25 pct. Chromimum Steel.

Ryocho Wapa
Akira Iwata

Abstract

Abnormal phenomenon so called “475°C embrittlement” has been found in iron chro-
mium alloy with about 25 pct. chromium and anodic dissolution of the alloy is decreased
by annealing at 475°C. To make sure of the relations between the decrease of anodic
dissolution and the chromium content of the alloy, anodic polarization in sulphuric acid
was measured and the influence of 475°C embrittlement on the passivation of the alloy
is discussed in this paper.

Anodic polarization of active state of alloys in 1% sulphuric acid is measured. The
anodic polarization has linear relation with current density and the inclination of this
line is found to become steeper with increase of the chromium content of the sample.
These inclinations are almost the same in furnace-cooled and annealed samples until
about 22 pct. chromium, however, in the alloys which have more than 22 pct. chromium,
the inclination of the annealed sample becomes greater than the inclination of the
furnace-cooled sample. Also, both samples show the same lower critical current density
up to 22 pct. chromium content, however the lower critical current density of annealed
sample with more than 22 pct. chromium suddenly decreases.

From the measurement of anodic polarization in the same electrolyte until passiva-
tion of the second stage has occurred, it is observed than when the current density
increases and decreasease, the polarization curve of the furnace-cooled sample shows
reversible change, but the polarization curve of the annealed sample shows irreversible
change. Upper critical current density rises with increase of the chromium content of
the sample and at more than about 20 pct. chromium the critical current density of the
annealed sample becomes smaller than that of furnace-cooled sample.

From consideration of these experimental data, the decrease of the anodic dissolution
which is produced by annealing of the sample may be said not to be the change of the
partial molar free energy or stabilization of the oxide film by the formation of the super-
structure. Evans' slip resistance theory only would be adaptable to explain the cause.



152 MERE AR B 2

§1. ¥

o rBEee025% CrifbEoedn = 14 P RIEEE L LTLENTELIHCD

i

NTW5b, BT OfFEIcdlrd “475°C ghl” P 2 AHHERAH S XD AUDRTEY
ToRRE LT
1. JFHIE GRALB O3 Y™ 7 o ABLY O 47 HEP Bl © J7 i R © 91 H ™)
2. BEEF (Felr @ 4520 FeCr @ 450~ 1)
2% b, T L TEPHCHE BN T 7 o0 s biEo&d® v Ch Mk i Bz
LNDELLAMPOH HIC L 230 2B L b, JHBib AT 5, URRKF
kLT@FﬁhFﬂk@Zoﬁ%kbﬂFd&ﬂ%%%@ﬁ@?é%@%#f&éﬁmmCﬂ
2 20% Cr I EF4AT 20 E2rRRIFTL Y, cofiolBodgiZREnHo b
0 25% Cr [{3E T U B LA bl 592 Fe,Cr OfFHE 51 20 #aRn X \v», L
Ui b Felr (3 X i X D CL OFFE R HED DE W CHE> THEE T OFTERIET L
fob D Tx < 25% Cr il © Fr s 475°C Fifal o SRk 0 BEsllic 1o TREEEDHICH < D
FhEiRe peak BN AELLIEFEIN I T Fiow,

= O F & O AR & BRER T 3R O o WHIEKC X 1™ Active state TCEMEIRRIICE
HUMbEASEE S L RCREBT2CES, TO0BECELEHD T e45F Lo

28 Cr* 2 LT LB L, ZOoBRBHORHEML CBREEFEMC R D2E LMD LT
W, Hbloog4T@HoBime /o soiiihe o2 o4t L THIEHR S L€
Blgkhid 5, WICHEME™ 11 26% Cr 044 7% 490°C 1o el % LB AR D < i B

ErRAE Lok Felr SLHIKBFORRIC I ABHRTHL AL D LT 5, W ORAT
B gk Lo T a@wmﬂmﬁaﬂéﬁ@km%mmmomLf:h%m%ﬁéng%
BEICRETH 2 B2 DNI0LEY, COREGOBBELZEET L b R EREC
Y, XZOFSUL DoMWL B0 ZE LIFHARETAFNEN LY RTHB UL TV 5
@ T 475°C Jait: O MR TS 3388 2 AE B E OB 2R T OB 2B E T 5 BT
HUFERTT O,

§2. HPORE, BEINT

1. SEORE
RS EHRT = v 7 o 2 BRSO THEM L, BEAla iz 53R Lt
FEM S CEA 20mm, F3 4O0mm oW EED, Frbh 6x6x40mm o GER Y
L2 B e R 2B U T 03 x10 mm O#fili 24§ 2 BUTinT Lz, MLgaifa s
FRER L TH 0T Lk 4 Table Licsts
PR O SILELL B A 0/4 32 X Y — == R = TR U TR, B e T 1000°C 1 3 R




o e s RERWHT B 4165°C Jeit O LB BuE 8 o0 T
Table 1. Composition of the samples
Sample % Cr. Sample Cr.
(No.) | (mol2s) (No.) (mol2s)
1 11.46 7 24.62
2 13.08 8 27.18
3 13.88 9 31.45
4 14.40 10 33.42
5 18.01 11 36.50
6 22.34
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OEME T o rOEFELINTRELIMBHRO T o a 22% &1k 1000°C x 3 hr © Skl %

K3 475°Cx 100hr O FEiH T ol e © b OHICEN R WA 22% 7 n Al ko b
O bIRFIHFCHE L CREL L DHER b DI,

2y Lower critical current density (45— o R R T EHBEE) L7 oafikeo
Edhske, chicd 229 Cr B 1w/ % & 1000°Cx3hr » 475°Cx100hr & offic a4 U
475°C gl o 0N A Critical current density 23/ & { in A H & I Uiz,

3) L9 BB AR GBI OF R LR v 20 B HEOE VWE
G0 475°C D FEHIIC Lo GHEETEA K& < A 2 BT 2R Lo REB R o R o %
oK & WIRICE b,

4) FUEEEHS CHE BROAMERAN LI NCOoBRFREATEL LA TH YRR LT
K reiE R Cr 11% HHEcrk CroCr® o 2R @D D hinh 0N Ll ko 7 o s 2 &%
THEHHCHOLEAPEDED 2D DI, T LTy FNoBHC v T 1000°C %3 hr

OFEFHIER O LA THCEB L THEAGHRAL &1L T iR i@oe bhasoicxf L 475
Clmgiacphy—F L o0 gt 1000°Cx 3hr 0RO AW eI L {—%T5
DI, TNERLTHES L OLENEMC Y, B RMCEL TERRY ORE L b 8CRY
DOFEH L VIR EIE DT,

5) Upper critical current density &7 o A0EHFEAMAT 22 KE LAY, FLTH
20% 7o Al EO 7 o s G HBERT 2 EEN v T 1000°0Cx 3 hr & 475°C figh & o Hjc
U0 2 TR e B UBEST T %

6)
OB E 0T, COBBEMMAB LIS 252 % & Lower critical current density @ £

< X o C Critical current densidy x/N& < e 5w b,

THIEMEFIC X B8k, M0k 7 o 4@ Partial molar free energy

ek Fe,Cr o AT 22 2 13 7 b 7o v oo Upper critical current density o 3541k,
FeCr JHIM T %55 2 70 < THADRVWEIC AR 5. BHIKF OB X % Oxide film ©25€
TEORIREASHED Teimt#n 5 &, Rﬁrﬁﬂ%%@ﬂ&kiﬂfﬁw“ HO 2T
DT B LEL NS, PHMCR 5 L o OMERD LA KM 5 il

3 %, Slip resistance HCILRIE D EHRFEOBHNL D & { -0 < 8 slip resistance 3% 0 3
DRNAEFRFBTETL 5970 E i L,

7)) W CHEERF LT Moo MR R 1% HSO ey, roflge
OHIIA R Uie s, FOBERIOWTRBI O HEM D OME S LE L Bk,

DA, AR S LR B EIEE R do 0 e SR R BIEILC L e B 72 BRI 2 B 5
F0TH D,
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