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The Change of pH in Crevice Due to Crevice Corrosion of Stainless Steels

£y

Toshiro ADACHI, Tuguyasu YOSHII,

and Takahiko MAERKITA

Synopsis :

The change of pH in corroding crevices has been investigated. Crevice specimens were immersed in
NaCl solutions, and the pH and the Cl- ion concentration in crevices were determined. The potential
inside the crevice was also measured with a capillary inserted into the crevice.

The results show that the pH in crevice becomes lower with development of crevice corrosion.
The stationary pH of the SUS304 crevice is 2.5 to 4. The enrichment ratio of the Cl- ion in the
SUS304 crevice is increased, as the concentration of the Cl- jon in the test solution or the crevice
volume is decreased. Judging from the pH in crevice and the potential inside crevice, it seems that
active state is attained in the SUS304 crevice. The steels which contain Mo more than 295 have a

tendency to show lower pH in crevices in comparison with low Mo steels.
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Table 1. Chemical composition of steels. (wt %)
Steel c Si | Mn| Ni | Cr Mo
SUS304 0.06 | 0.61 1.09L 8.76/18.87, — —
NSSHT80 [0.061] 0.45 6.50 4.68 16.54/0.470.12Nb
SUS316 0.07 | 0.511 1.64/11.47/16.922,37 —
SUS316J1L [0.029; 0.721 1.71{13.58i17.49.2.05{1.68 Cu
SUS317L 0.012] 0.48{1.69/13.55(18.433.33| —
SUS310S 0.07 | 0.79 1.58]19.50,24 .85 — _
020 0.032] 0.51 1.4830.43“19.53:2.382.82Cu
NSS329M1 [0.014] 0.49/ 0.54 5.00|24.96:1.47 —

* FEF514E 9 B 8 HE2 1+ (Received Sep. 8, 1976)

PR (%K) ARSI (Syanan Works, Nisshin Steel Co., Ltd., 4976 Tonda Shinnanyou 746)
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Table 2. Experimental conditions for crevice test.
Crevice Cl-ion . . Specific .
Value volume | concentration Oxdizing volume Temgtgature Time
determined ( ml) (ppm) agent (1/pc) °C) (d)
Cl-and pH _
in crevice 0.8, 2.0 50~-30 300 Dissolved 80 20
oxygen 0.5 max 20
pH
in crevi max 10
crevice 30 300 2 %H,0,* 40
0.3 Min. 10/16
(5 %4NaCl) ' / 10, 20
Dissolved 80
Potential oxygen 0.4 10
. . . max
inside crevice 2 9, H,0,%* 40

Solution was renewed * every other day or ** every day.

60

Fig. 1.

Specimen for immersion test.
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Fig. 2. Assembly for electrochemical test.
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Fig. 3. Change of pH in crevice, enrichment ratio
of Cl- ion and weight loss with Cl- ion
concentration of test solution.
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Fig. 4. Change of pH in crevice and weight loss
with exposure time.
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Photo. 2. Crevice corrosion of SUS304 developed in 5 9,NaCl containing H;O, at 40°C.
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Fig. 5. Change of pH in crevice and weight loss
with exposure time.

- DHLITIFIE—E T, 480h OHEBICHWTL, PH @
ZLTE L AR bR of. EBERENE, HRUGBER
DRFBEEBITEMLTEY, BRRED 3 mg(dhik)
LR D bz, FRER O pPHAE 3 FHTICERE L
Tuwiz. BERIANO pH L BAKED dise B5 700,
Photo. 1 iz, FERIEDORA OBEEIRELTT. MEHHE
1 h O oML, T TR I /AIVERBIER
DHENBR LN T, HBNEOBRAIT b
T, BROH EBEBOITWE.

Fig. 5%, H,O, LK & T 5% C, SUS304 z>
WTITiR 27, BREEEMLF LWiEait kT 5, [HA
MO pH LB OFRZE(LE R, HERBAK 1 d

-0.1 T T T
SUS 304
5%NaCl, 80°C

outside

- 05! H 1 1 ) L L 1 1
0 2 4 6 8 10 12 14 16 18
Time (hr)

Fig. 6. Change of potential inside and outside

crevice with time.
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Fig. 9. Effect of Cr and Mo content on pH in crevice.
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Fig. 10. Corrosion rate obtained from immersion test.
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Fig. 11. pCl-pH diagram for Cr at 25°C. Arrows

show change of pH and Cl- ion concentra-
tion in crevice illustrated in Fig. 3.
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Table 3. pH in crevice obtained by other investigators.

Steel } pH in crevice Experimental condition Reference
Type 304L T 0.60~0.80 0.5N NaCl, 70°C
Type 316L | 0.06~0.17 1)
18Cr-16Ni1-5Mo | —0.13~0.08 15 mA fcm?
SUS304 1 1.4 ﬁ
SUS316 ! 1.4 ‘ :
| .
ZSCI' 1 Mo 13 1.6 h 35°C 2)
SUS304 2.0
SUS316 : 1.8 0.5V Ar sat.
25Cr ! 2.6
Type 304 1.2~.2.0 Seawater, pH=8.2, 393 d 3)
Stainless Steel 2.3 ' Seawater pH=8.3 : 4)
|
13Cr 4
3 95NaCl 5)
17Cr 3
Type 316 4.75 ' 3.52,NaCl 6)
L7 T, Cr, Mo HEIRITHIKS BT Hi5E L,
102 T T T T T T T [Cr]dz(kl+kz+k3) [H+]3+1/3 ([H+]_[H+]l)
s i )
i [(Mo]4=1/13[Crlg=Fk,[H*]
F1/4([H*]—[H*];) coeereoreennens (10
) 7 PH &<, BH L7/ Cr, Mo MBI~ THiRT 554
2107 4 i, BAFToRicis.
S | | [H+]=3(Cr],+4[Mo],+ [H*];
=(3+4/13) [Crlag4+[H*]; coorveveeens (an
ot ’ (9)~UD)R#EM@v, Cr wovTid, [Cl-1= 1 mol/l
- Mo(wi%) - & 0.03mol/l (=1000ppm Ci-) 0if&%, T/ Mo iz
10°k : sg i DT, —0.1Vsce & —0.2Vgee OFEREFET S
>
. . L ' & Fig  I2ZICR T Mo X il sd. $inbb, pH 23

pH

Fig. 12. Relationship between total dissolved Cr
and pH in crevice.

[CrCly*1s=105-°[Cl-]2[H*]3=ks[H*]3
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G, 183 2.5 L, RSDLTHERTSLDL
LT,

[Crlg=13[Mo]g ww-rerrervmreromeomseciacnecca (8)
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ZFv U AFOEBBEEICHE S FHERo pHoZ{kicow T 621

IR B ERE Y ZE L VIRV LE L DY,
AR TRkD-HEAN O pH 2D & i+ 5720,
Table 3z, thOIHEHOBEIE Lz, EEAT  VAFD
PRI D pH % 7R . BRI R L2 BRES BT 1L, 3R
BirXasbot, BEL-bOOMMENDS. SUS304
FTU, B OEICLENT, W ERWESPTREINT
W5, SUS3I6 RDGEAIE, BiRSOHIZBRVT, &
MBS R O HiFRIZH 5. AR T, FRID Ik
(geometry!®) LFEERNA A L OEEZEZRELTH
b, BRZEHEDI VKT, »OBREEROKE VD
DIEE, HERND pHIMEL A2 THLISDEHE X
bhsd. ERETCORBBRCIEADLLEFEIOLND
5, BERTRIOEBEED pHIZHEHEL 2 LDH, &
BREL T LERSL LELLNRS.
144 EBEAOENMNE pH (DT

MRRAE I fE 5 IR DBV, BEMBELREL
HlE T BHRTIE LA SR S D7-2 (Fig. 6),
H,0, #E{LH & T+ 2% TlE, SUS304 ¢ 0.4V BED
FZEMRTT 5 (Fig. 8). FHINLOBERLZEVT, BB % it
LEREFOHOBEIERFIC X OTIREEINS. LD
T, HoO, ZE{LAIETHRICHNT, BHFHEETZEL
FlE T 5 FROEREI/NS WEEEICDOWTHE, BIERE
PE LB NE W EE /LT, BHCEEES
AN E W T & (H0,%TlE, £FEiT0.32~0.52mA,
O,/ T3 0.08mA) iz X b, FRAAD IR FETFA/ X
72D EEZLND. RELWOPRIZK VT, BFHEE
EZER{LA & T B RICTEYE R & hn X 72354, SUS304 € 50
~140mV, SUS316 T 40mV EBEDOEAES BlIE LT
W5,
FREIAERORREI DWW CHE XD &, BESET LT
% SUS304 ORERINERTIE, BALH> —0.4Vsce £ CTHRT

L(Fig. 6, 8), %7z, ZiE¥ 5 pH {9 2.5~3(Fig.
4, 5) LRV, ThEEABNOES & TS &,

RESE PH X4y 2.5, (EMEIRREDOEAIIE —0.4Vger 1
T (Fig. 7), WHE O S, BN Tl oIk
BBz dh D LiffE NS MO E A IE L7z, SUS304
FOER 190pH 13 1.4~2.2 T, A CHIE L-E
XDELk>oTkD, PR R ORI D TiED
W, —0.2~0.35Vgce T, FRABROMBEL D E0EVE
PHEINLTWS. o bid, RBEFoEITh 51
{DEE 2 LR 5. SUSSIE m>WTHSD L, HEERD
BALIE, —0.2Vgepd &<, MELWORIEEE—RL
Twd. RERD pHIIZ 1 ~2 ¢ (Fig. 9)HMEFITHD
B pHW=1.7 ofhiFicdh 5. R pH (critical pH
¥ 7-t% depassivation pH) 13, [REEORL, KE

= e
=N )

DHLEE LTHEHSNTE D, BiEHITIE, 1 ~2 0
BEADE S WX SBbhs. £/, R pHIE, =
7T v A HOBRANOBRIREZMLTFn,D Lk
D, 5, SLHICFMICHEITOLERDD LF XD
5.

6. 5

BENICERKRIZDE/T 52 AWT, BEER
2137w, BB S RO pH F8) % #-<7:.
F7z, MEIRO Cl- 1 % RE, X UEMOLEicD
WTHEIERTH D27 BREZLDDELUTDEELD
Thb.

1) BRI ® pHIE, MHEBREOREAE L LHIETL,
SUS304D5, MEMN® pH T 2.5~4 & T3 5.

2) SUS304 DN D Cl- 4 # - DOiRffEtbld, Ak
D Cl- A F VIREMEWIZE, HDWE, BEELDD
BEBPNIVIFERE .

3) SUS304 ic oW, RN pH & BRI OHEH 5,
BREOEF LTV B REAEEERRECS 2 LE 250
5.

4) Mo % 2 %Ll E&Tr MY, Mo /7w iiic b3
RO pPHIZX DETL, | ~2o@%ERL7.
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