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Crevice Corrosion Test Method for Stainless Steel

e Masamichi KOWAKA, Hiroo NAGANO, and Eijiroo SUZUKI

Synopsis:

Study was carried out for the purpose of finding laboratory crevice corrosion test method necessary for
the development of sea water resistant stainless steels. The test results obtained are as follows:

(1) Pitting potentials or immersion test in ferric chloride solution could not evaluate the corrosion
resistance of stainless steels to sea water, in which crevice corrosion is prevalent on stainless steels.

(2) A new laboratory crevice corrosion test method was developed which consisted of immersing crevice
test specimen in an aerated solution with 3%NaCl, 1/20 M Na,SO,, and activated carbon. Activated
carbon was mixed into the solution with the weight ratio of 2 parts of activated carbon to 5 parts of the
solution. The test results obtained by this method were correlated well with the immersion test results
in sea water:

(3) The role of activated carbon on the crevice corrosion of stainless steels was to enhance the cathodic
reduction of oxygen by increasing active cathodic site on the outer surface of crevice test specimen. Ac—
cordingly, the corrosion potential of stainless steel in the test solution having approximately the same pH
value as that of sea water changes to the potential nobler than Vecrev. (the initiation potential for crevice
corrosion), and then crevice corrosion occurs in shoter period compared with field test in sea water.
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Table 1. Popular test methods of pitting and crevice corrosion.
Kind of Test method

local corrosion

Kind of test Specimen Solution
1) 3.5%NaCl
Immersion test Single 2) 59K, Fe(CN)s+3.5%NaCl
Pitting ’ ' 3)  109%FeCl;
Electrochemical Sinele Pitting potential (V') and protection
measurement g potential (V') to chloride solutions

Crevice corrosion

Immersion test

With crevice

1) 3.59%NaCl
2) 109,FeCl,
3) Flowing solution?

Electrochemical
measurement

Single

1) V' —Vy'® to chloride solutions

With crevice

2) Crevice corrosion potential (F{:ev.)

Table 2. Chemical composition of steels used (wt.%)

Table 1 3. BE%ZAE LnWREBR2EWT &b
wo R BB S, ERRAOENS L, REKE
Wik s ILAEMN (Vo) ILAELEM (V) ZHl
ez = LN X fThh T (Fig. ). KEICEW
1z, Ch O ARBREC X DML AN : KHilgKE
FRERIC X B i g AKHE DB MS D TR LTe.
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Steel C Si Mn P s Cu Ni Cr | Mo | Others
14Cr-19Ni-3Mo-0.1Ti| 0.020| 0.58 | 1.5¢ | 0.006 | 0.007 19.03 | 18.76 | 3.0¢ | 1\
20Cr-18Ni-0.3Ti 0.047 | 0.53 | 1.60 | 0.003| 0.021 | <0.01| 18.10| 19.88 Doe
SUS 304 [ 0.08 ' 0.47 | 1.40 | 0.026 | 0.006 9.30 | 18.40 | 0.06
SUS 304L 0.026| 0.60 | 1.68 | 0.024| 0.008| 0.04 | 12.01 | 18.41|0.08
SUS 316 0.06 | 0.53 | 1.57 | 0.023| 0.008| 0.25 | 13.63| 16.80 2.13
SUS 316L 0.019| 055 | 1.38 | 0.030| 0.008| 0.26 | 14.35| 16.56 | 2.08
Carpenter 20Cb 0.066[ 0.51 | 1.59 | 0.004| 0.019| 2.96 | 30.16| 20.14]2.00 | §5g
SUS 3297 1 0.027 | 0.42 | 0.99 | 0.006| o0.011 5.71| 25.80| 1.88 | N,
95Cr-6Ni-3Mo 0.016 | 0.43 | 0.83 | 0.006| 0.007| 0.40 | 6.12| 24.80|3.08| o'}
30Cr-2Mo 0.013 | 0.023| 0.007 | 0.003| 0.005 30.15 | 1.95

e aRES VbR TEY, o RENRBREER

Fig. 1. Anodic polarization curve for stainless

steel in sodium chloride solution.
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Table 3. Pitting and protection potentials for stainless steels in the aerated
solution of 39,NaCl+1/20M Na,SO, at 35°C and pH 5.

Steel Pitt}/{lﬁ(go\l}f;ntial PTOte(}}vi’?I(l IIf)vov);ential Vo' —V, (mV)
20Cr-18Ni-0.3Ti 155 —295 450
SUS 304 270 —190 460
SUS 316 335 —135 470
Carpenter 20Cb 375 —50 425
SUS 329]J.1 1145 —265 1410
30Cr-2Mo 1115 —385 1 500
22 EBA®

(1) fLAEM IO ARBEEMLOHE : 20§ x
3t (mm) OHRABA &= 2 v PIELK No. 320 T
BEEEL, K¥E WM, %%, lom? OFHEHEEL,
fiig = =% VB T< A% v 7 Li-.

ZORBRHAE AT, 3% NaCl+1/20M Na,SO, ¥
W (pH 5, 35°C, Ze&miAz) dic, BAREEE 20
mV/min X Y7 — FoOMEREEE Ui, kM
LT, LEEA (Ve), FLAEILEMN (V) IO
VeV E Lic. ARBLILT 7 — FORMERE
EEDY 100 pA/em? (i Lick X 0 B, FLAE IR
%, ALRRBER, 7/ — VEREED 10mA/cm? 2
Lic & &, BT [0F % REBMLS E» SBEBEMT
iR :, BAERELT5EME L.

(2) HEE_HBFRREAR :30f x3t(mm) DR
EaH% = 2 ) BFEESE No. 320 ¥ CHIEEL, Kk, s,
#11%, FeCly-6H,0 50 g/1+1/20N HCI(35°C) s
48h, BERABREITOL.

(3) WKRRERE : EBEOBKEEC KT 5 Ak
& FHI S 5 e gk O EMRBR A 1T 0. RERIR
Fig. 2R3 doc, A74kFLT, Kk, BilE &
BLE, EROFXLE, 7y b, BEBHON—2754
FDY o Ve b Ty v BHWT, BB, L
7o, RBRETIRERPAHOMWAT, 1 ,ERI002
y EORBRBAE Tk,

2-3 REBREER

Fig. 3 w8 27 v v A#D 3% NaCl+1/20 M
Na,SO, BRH D7 7 — FoBil#E ey =T, JLAEMT
(&)SUS 329 J1>30Cr-2Mo 4§ > Carpenter 20Cb>
316>304>20Cr-18Ni-0.3Ti #f (%) OlEF 5. L
REM, FLEBEILEM, V-V, oW TDOE LD%
Table 3 773, SUS 329 J1, 30Cr-2Mo $HoOALE

Fig. 2. Specimen dimensions for long-term field
test in sea water. (mm)
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Fig. 3. Anodic polarization curves for stainless
steels in the aerated solution of 394, NaCl
+1/20M Na,SO, at 35°C.
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Fig. 4. Immersion test results of stainless steels
in ferric chloride solution.
(FeCly-6H,0O 50 g/1+1/20N HCI, 35°C)
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Fig. 5. Immersion test results of stainless steels
in sea water.
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BERTWBD, SE OF — & T L&k @Ehic
SUS 329] 1 % X 0¥ 30Cr-2Mo i DfENE L KEV.

Fig. 4 WIS SR O BERBROKRTH .
JILABLOE- 329] 1 IV 30Cr-2Mo  #RicizfLE
2 bR, flio 4Bk, WThbELY
AEFFEEL TS, L EofER, SUS 329J1 BXIT
30Cr-2Mo S THILAMAE L Bh 5 & &h b, KB
DY X LT WEKES RFTHH S & FHEIh
7z,

Test duration (year)
Steel

1 2

304

316

20Cr-18Ni-0.3Ti

Carpenter20-Cb

329 J1

30Cr-2Mo

Photo. 1. Post-test appearance of specimens in
sea water.
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%, FHREK LT 329]1 ¥ X0 30Cr-2Mo  gfic b 2>
70 OEMEAENFEE LT\5 (Fig.5) . MARECH
T AEAR L EBEMEOBR OV, BRRIER
VABERI—BRE L, RKCTHHE, REHFOIREL
STED, BE, RE#GESTRLRLERER LM
oo T\ 5.

BaET, KEMREEACEE L%, Photo. 1
CET I, BEREAREIN—2754 2B LOMHT
BELHM L, K BEONERCREEL TS, RRE
13, Carpenter 20 Cb PE/NTH BHS, fLoREREE
e OREEAY BELTw5. MflAfHo SUS 329
J1 % X 0% 30Cr-2Mo SROBREE AT TR K EL,
D D, AABMPEASE SRR X ARER
Ex iR L RER AN ERR & s 5 KB A L ORI
FAEMEINT A EE T D EBEI NG, Fi, V-V
LEARERABRER L ORI IS REE R,
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Table 4. Kinds of activated carbon used.

. . Impurities (%)
Kind of . . .. Apparent specific p
activated carbon Particle size Activation gravity (g/l) pH al o
A 50%, under 325mesh | Activated by 330 9.0 | <0.15 | <o.1
80%, under 200mesh | fctivated by 270 6.5 0.020| 0.015
2
Activated by
G 4 steam 302 7.0 0.015 0.010
Teflon bolt and nut
S
T Y
Y Test solution( 3%NaCl *%oM
Na;So.* activated carbon)
30 glass vessel
Fig. 6. Specimen dimension for crevice corrosion Constant.temperature
test. (mm) water bath

eIz, FHg KB ERER & AHBIME: O E\ EER AR
RIRBERR S EEZHERETALERD D, UTFrokas
To7.

3. RERENRMBRIEBREORR

Fig. 6 wirRTREBARRA AT, 3% NaCl+
1/20MNa,SO, BEH I3 A7 v L A WMOBERKA
RIS TR & T OfE8E, KO pH OB BE L
foo ok, TEMEREA OFEHZ, EHER ORREERLIER
WHER Licied T, CoMELXFIHE LCRBREL LT
EE DI X AMEBMRARREY, G. Acavio bz
IBREBEBARE LD S.

3.1 RBRA*

Table 2 wRT#EAM L AT, FTioF ke X v g
HE B RIE TG R OB L B L.

(1) WARFT AR L OEEFREAOKE  FH L
WL 3% NaCl+1/20M Na,SO, %% (pH 5, 60°C)
T, AEBRCHWCESERIL Table 4 DARTHS.
EEOBEE S I EREL CKEBWK 5 it LTiEM:R 2
El7c. COBEEBRTREATIEL BREEBAERBRI DR
EOIMUAEER THIE, BEH D CEBESI AL
WoATsZ Lic & b HoBESAmR Sh s RiBe b 5. B
BrisER Fig. 7 wr3.

(2) WEHREY SHT 2 Ko pH opE : 3%
NaCl+1/20M Na2,SO,+ iE#: i Akw#e o pH % 1, 3,
S5 LA IR E EORMBAEREOEICOWVTHRE L
fc.

(3) BEERCKRETEEROBHOEE : Einc

Fig. 7. Crevice corrosion test apparatus.

VT ZABEOEMR L Table 4 RT3 ThHs. R
ERIAWRLE, 2000 ppmCl- +{EW R BT, pHS ik
L, 60°C, Z2&ukid, 30 AMORARE. HHR &K
B L OEAH, BEEHCTKEKS ©xt LT, EHER
1 DE&TES L.

3.2 EBRER

Table 5 |3 3% NaCl+1/20M Na,SO, %# (pH 5
60°C) zdsid 5 SUS 316 35X 08 14Cr-19Ni-3Mo-
0.1Ti HoREBARRERCH 5. 3% NaCl+1/20
M Na,SO, BRI EHREEE L, ZXDDIEBE
FWOAT EIEBE RN LW BEI L bRT, REE
BNFELIMEIRS.

Fig. 8 ¥ 3% NaCl+1/20M Na,SO,+ EM: R W
(pH 5, 35°C, BEZENGA) &, 10 HE OREE AR
BThsb. ZoLEHETTIR, BEOHBI T THOK
e, EHIFTCEMEL FLV REEAY 2L
20Cr-18Ni-0.3Ti £t L0 304 DA B LAY,
320J1 I 7 v LWBREEAEEZRE L5,

Fig. 5 KRS 5 KBERBOKR L Fig. 8 1wR
XN BEEREFIR L BERERRROFER L oMHEY
FLHBHE Fig. 9 Dlowissd. BEEAEETEL
T, WEDOBICIIRERDOIAARBROERCII R Shich
O RIEFISAHBIBIHRSE A bR D,

Fig. 10 13 3% NaCl+1/20M Na,SO,+ & 2 I
(35°C, BXIKA) ek} 5 AT v VASMOREEA
CRIETHERDO pH OBZETHD . ThoAF v A
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Table 5. Effect of test environments on-crevice corrosion of stainless steels (60°C, 20days).

Soln. A* Soln. A Soln. B** Soln. B
S Ar bubbled O, bubbled Aerated O, bubbled
teel _ . : -
‘ ;/c\)fszlght Crevice ?g’s?ght Crevice ?/nght Crevice ;Noszlght Crevice
ttack¥** ttack . ttack attack
(mg) | 2ttack (mg) | 22 (mg) | 212° (mg) ¢
316 1.3 O 1.0 O 1.6 @) 4.2 X
14Cr-19Ni-3Mo0-0.1Ti| no test no test 8.3 X 23.5 X X 157.3 X X X
* Soln. A:3%NaCl+1/20M Nap;SOy4, pH 5
*%  Soln. B :39%NaCl+1/20M Na;SO,-+activated carbon, pH 5
%k Crevice attack : Q< X <X X <X X X, O :no crevice attack
1,000 ¢ 300
E 100
% EF
E 0 -
0
0y °
0
o] B
- c
Qo
n T
o
£ o
Re; o
§ S 10 :—- \\\
r6) k] X W
S S'_>’ - Carpenter 20Cb o
o
-I i 1 1
1 3 5

Fig. 8. Results of laboratory crevice corrosion
test of stainless steels.
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Fig. 9. Correlation between laboratory and field
corrosion test results of stainless steels.

Fig. 10. Effect of pH on crevice corrosion of
stainless steels in the solution of 39%;
NaCl+1/20M Na,SO,+ activated carbon
at 35°C.

WEd, B pH AT 5 RE, BRIEE A AT 5 HE
Aieds. Linl, H. P. Leckie® 5if, 0.1IN NaCl
BT %5 SUS 304 ofLAEAME, pH 1~8 O
T, BWRD pH DEE 213 LAY FHi\ T L2 HE
L%, Tihbh, BkEBEECART S TERE
EEED Cl- o F vickh$ 5\t iR T ILARMI
4% pH o 3REIReET5 Cl- £ 4+ VIRI B
BREEOBEE L, BTl 5 IEEEEL B
L3 5EEaERRT%, pH 0B LIZFE L AR
Lo rEand. BEofERIL, WIhbEERAX B
TEbhi.

BERAOIEERCOWT, EEROBEOBEY
DFretst L. EERAxEEHRCKBRS el 1o
Ao+ 5 Cl-1 4 v 2000ppm DOFHE (pH 5,
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Fig. 11. Effect of kinds of activated carbon on
the corrosion of stainless steels in the
solution containing Cl- of 2000 ppm
with or without activated carbon.

(pH 35, 60°C, aerated, 30 days)

60°C) KB IEERE L TARSIVOCREZ FVGIE
#cix SUS 304L kX0t SI6L oL AITE L K
E\ 0, IEMR B OSA IR, IEERE X ARMEED
MELE E A SR bhigy (Fig. 11).

EHER ORI X > CIREBREY HET 2 BB
T, —mw KRS R (Table 4 DA X
OCR) &Y bmEdnR (BR) Lk BlE&M4» &S
B, HERKREOKABEOWICERYAE T, iy
Tol o 7o b B B,

Tighb, S D RICRREOEK LR EXKE
WEENETLIEA L EOERYOFER S LY, &
LSRR DFEF I BRFORERE LG LT, BE
BELHL IELEEIB. chboPlmEoxR
X0, KEIFCLHEEREHA &, 2V —FD
BREVMC 313 2B ICIIE (Op+ 2H,0+4e—40H-) 2340
Hxh, BREEEOMENEMERTHIDOEEL B
5.
Teds, R X ABRE T 3B P iEER C RS X
nNoYBEEELh, H5VIXERYR S oFE L b
KOPBRELT L 785 L 5 BB IAEC L S
IEBHRIMETFT B 3B VEL. Lo,

3% Na-Cl KSR EREWR L LTIl Lien’ bifgt 3
HTENREE L.

4. FEMRICEDOTMEZIHAS
ATV RO BB R RS

BEALE SRR ERR L KR ERE & ORI
BEAERL, SEBRE UEERYFIRE LICREE A
ARER D RHIK R RR L MBI B W LB
WLAEY THD. ARCRUL, ZOBEBEZHE L2
W S, HACE ZHBE R L OERREH OB
FRFTCOAT vV ARIDOBRBA L JIE L.

4-1 $tH

Fu bk Table 2 i3 SUS 316,329 J1 %
X0t 25Cr-6Ni-3Mo $fC, BT oERmMRERVTH
L= 2 ) BFEEMK No. 320 THELL-LDTH 5.

42 EBAHZ%

(1) BLE_SBEFO BABMOWE : 50g/1
FeCly-6H,0+1/20N HCl %% (50°C) Hic it 5 =
7Y VARDOBARBMORRNELEEE L. i, k
BRI BT 2 AMED BARBMO EVE B bare
T 5D, LREEESEKO Cl- 1+ VBEE
pH :#%F—ic L7 0.5M NaCl (pH 1, 50°C) thc7
7 — ForRRAR S HE L.

(2) EMERESEEAYERFOBREEN OBE :
3% NaCl, 3% NaCl+1/20M Na,SO, B ICIEr:R %
BAEIRIBE, A7 VvV AROBARBMNOEY, &
PEB DM, WO pH OBY#E CHRE L.

43 ERER

Fig. 12 it 8B RP 025 v L A0 BE
EBiLZ ~T. &EO BREEML, 316 »° 50mV,
329J1 T 200mV, 25Cr-6Ni-3Mo #f¢ 600mV g
e o TRY, MBI OTERBMNE L Bins.

o5} e T . — o
d R e avo

Corrosion potentiat(Vvs,SCE)

=1
«@
o

0 3 6 9 12 15 18 21 2 27
Time (hr)

Fig. 12. Corrosion potential-time curves for
stainless steels in the solution of 50 g/1
FeCl;-6H,0+1/20N HCIL
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Potential (Vvs,SCE)

Fig. 13. Anodic polarization curves for stainless
steels in the solution of 0.5M NaCL
(pH 1, 50°C)

Co kOB X oT, BIEHBEERFORARNM
PEI LD, BRBEMN Fesr+e~Fert DEILNIG
DHEEC L OTORRE LD TR, 77— VEBERRIG
DB RS T BicdE Exbhb., Fig. 13 3ELE
—gnwEE—o Cl- 1+ VvEERIO pHIRLT,
Fe3* A+ vEBWEREFCORXMEDT /7 — V&
e RTLOTHS. DL, 77— FHOmiligg
RV A RERERE R & LD B ol b BAL,
(4#) 25Cr-6Ni-3Mo #§>329] 1>316(&) OIEF &7
D, ThAEME BT HTOEMEDRARMOM
BrRBmEhTn5.

D EoER Yy, B SREoRERRTIL, B
W pH 239 1 & & TRV, SFMECRKARM
17 7 — FOmBHBRoEEY 5, K4 RIgOIELTR
n, BRFMCIA—ORARE CERBRL TS L
it ie S o AV L.

MOBABMMIE TSGR OB oW T RICE
w35, 3% NaCl 3B B 5\ 3% NaCGl+1/20M
Na,SO, BKICEERE SUHE (B : HERKOEE
F=5:2) sk T, SUS 316 oFAEMIL 25°C
< 150mV FiBTHh, HEHRE EF LRVCBRSBO
—100mV §itg < B, # 350mV BE L ot
% (Fig. 14). WAEMBE LR, 3% NaCl & 3%
NaCl+1/20M Na,SO, & OEIcIiLE & A EENR Y
TN, 1R L, EEEROWAKF TR SO2- A 4 vAsTR
DEBEINTEDY, T, BREBE WORCAREL,
BE Loobh b BREE T, SO 14+ VItkd7
) — FERORENREIhTWEZ EnD, BREER
OREREWE & LTI, 3% NaCl+1/20M Na,SO, i

[
‘V 3% NaCt

e @ e e e e D e
4 > 8

®
3%NaCl +*4oM NapSQ,

Corrosion potential (mVvs ,SCE)

o0 2 30 L0 50 6
Time (min)

Fig. 14. Corrosion potential-time curves for SUS

316 in the chloride solutions with or

without activated carbon at 25°C.

(Mixing ratio in weight : solution : act-

vated carbon=>5 : 2)

[ -
Activated carbon
%,)) 02 Qerated ?
@ 0 —
— > ™
TS . ,,' \‘\(Aeraled
— / Sea
[ -~
N ~
g -o ~e
. _,—-'—9\.
.5 -02 / \(Deoercled
0 .
© -03 / \ e
& J ‘\ —"
(ST o "
~05)

Fig. 15. Effect of pH of the solution of 395 NaCl
+1/20M Na,SO, with or without acti-
vated carbon on the corrosion potential
of 25Cr-6Ni-3Mo.

R ER IEBRDOIZHINDEE L.

395 NaCl+1/20M Na,SO, ## o pH & 25Cr-6Ni-
3Mo OB AER & DEG% Fig. 15 ©iRT. % pH
DI\ NT, HEEREERFT2HRPCE T,
25Cr-6Ni-3Mo SO ABA LY 200mV &, 1EikR
ZEAR LI WBRIEL BREL 2T 5.

EEoOBE L oTh, EEREBRFPOMOKR A
BRI RS . 3% NaCl+iEMR BT OKBK - R
DEEH=5:1, 25°C) o SUS 316 DFAEEN
1, (B TEMER A S IEMER B > IGMRE L () OIFF &
7+% (Fig. 16). %%, Cl- A+ v% 2000 ppm &
BWARTh, (E)IEERA, EKC>ER B >E:
R4E L (B) OEF L7 5 (Fig. 17).

FRosER Y v, BRI X 5 REEAREO#EIT
Fig. 18 0 X 5w&xbh3b. RpD7 /7 — FoyRihE
DEBIBEEROREBEM ORI O 7 7 — ¥ )&
BThy, MBIBREEAYRE Lictk, BK O pH B
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Fig. 16. Corrosion potential-time curves for SUS
316 in the solution of 39, NaCl with or
without activated carbon at 25°C.
(Mixing ratio in weight : solution : acti-
vated carbon=35: 1)
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Fig. 17. Corrosion potential-time curves for SUS
316L in the solution containing Cl- of
2000 ppm with or without activated
carbon at 25°C.

(Mixing ratio in weight : solution : acti-
vated carbon=>5:1)
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Fig. 18. Mechanism of crevice corrosion of stain-
less steel accelerated by activated carbon.

THIC Cl- £+ voEENRBISTVWAHBREIHD 7

7 — P BB Th 5.
—7, BREBWRD YV — FThIREIMC I T,

R ORI (Oy+ 2H,0+4e—>40H~) H3E1T3 5.
Fig. 18 HORRETRT L 51, BEORTRIGIL, &
BROBARIDZELIREINS. CORBEIERE
MLDOBBEML~DEL Lo Th bbb,
WKPEBT B AT VU AMOBREMIL, HARTE
DXL EBRE EOREREEIEORE K X b R
ERIREM G T 50, BRI X DEABMD
ZAEDIZ 5 T A A TAE V. EERER X
H v — FREILEEG OR# e X v, BAREM Eikc
E, OBMICEETS. ZoBAIT BRRECTETHE
REAE X935, REBEOREEM Verev. LD
Bieicd, BEIRE RE TS, Wolkti, BHEBAE®
ReET5HE, BEADT 7 — FOBEFH OB LD,
BREIN O BRI SRR cEfT Tas Licie s
2, ZOBEL BARRKIGE Y - FRIGEE THBD
T, EHREE OBA OISR AhC BREEN KE
LA
Doz losn s, REIOIMI%Z L H F EH
R ORECIS N TUL, BROFRILRIGHREIND. &
DGR, WMOBAEMIKBCEBM S HCELL, BR
HEREORI®YED 5. 2T, BEREYEF LHE
BB\ CBREE AR ORAE O RN EE BRI
BWTHBIFROLLCERATE EBbh 5.

5. ¥

(1) F—AF74 'R, ZHEFIVOE Cr 7= 5
4 YERAT VVARICRB T 5 RBA D DS
SR OBRERROERE L RV O KBE OB
B L BB R edote. oM, %
EZoWKBERBRC S T, LA DI LARBIE
BADEIMEE LTI DOTWAIDEEL BRS.

(2) WEMEREFIE L 3% NaCl+1/20M Na,SO,
+IEMR BT R BT 2 RERE AR (AW &R &
DEEH : B EREKR=5:20EEH, RKABRHL
2HERBREEARBRAER) A7 v v ARoiEK
Xt A MBREE AL Y B cE, Lard 1~
2 HARKEERR OBR L RiFc HEIM AR
\j-

il

(3) BREBARRCIT HIE®ROBENL, BRESS
DEELFEERTES L E S v — FEEE
A IE, HOBROBLRICKIEE RS, ok
R, BREMAIKECEBALFACELL, BREEAED
RAER IVOHEOHBEL{EETS.

¥, HHRREZEFTHHEEO pH OEVWR, x5 v
VASROBREBE AN K E . EHER E LT, ZoCl, iR
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