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A Study on the Electrochemical Protection
of Stainless Steel and Silver in
Hydrochloric Acid Solutions

Tae - Sil, Bek

Department of Marine Engineering, Graduate

School of Korea Maritime University

Abstract

Electrochemical Protection diagrams of SUS 316L stainless
steel and a high pure silver can be drawn with the data from
those cathodic and anodic polarization curves which are mea-
sured in 2.5 - 36 % hydrochloric acid solutions on the slow scan
rate.
The main results obtained from the diagrams are as follows;
1. The silver can be used without protection but the steel
prefers to be protected in the higher concentration than
20% solutions.

2. The silver can be under the passivation condition in all
concentration of the solutions and the steel can be in the

state of passive in the lower concentration than 7.5% solu-

tions by means of anodic polarization, but it is considered
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that these two metals prefer to be protected cathodically in

all concentration of the solutioms.

The published determination method of the optimum cathodic
protection potentials is revised as follows;

The protection potential of a metal on the polarization
curve is the potential which corresponded to the infimal polariza-
tion current in the range of constant Tafel slope and corresponded
to the minimum polarization current or the current of inflextion
point in the case that Tafel slope varies with the polarization
current. The polarization resistances of the points which corre-
sponded to the all of protection potentials must be infinity or

maximum.
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GEHER FEHREEBA AdAE AEHBHEBR A HY71x %
AU AAZ EREZ L HE T8 sls] @ Eol Bk
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2. ' s H &

9.1 #AsEbeer ABEH

o] EEgol AT AHMEE kol e a4 Fshi BEHA
f£7h Ao Mo &d ERERY 2svivelE zdllH 2@l SUS
S16 LS BN (TXR WM& BmpBEmos HeMol HMA
Worhol 4 AEEHEE 2 BHRstc CERREE (Ag > 99.0 % ) @iel T
mEE wwstgth  Table 12 Hifel W& ALFM L X K

WA TS vehde,

Table 1. Chemical compositions and mechanical properties.

chemical compositions(wt%) mechanical properties

Cx MnI\ Si| P S Y.P* | T.S* EX

{
|
|
%
| .
| Ni | Cr | Mo iy kgf?)| (%)

SUS
I |

3mLEm%pA%&ROﬁ%Oﬁth%I&WZJII>M > 47 |3
i |

1

¥ Y.P.:Yieid point, T.S. Tensile strength, k. Elongation

AR B A WS 36 %o —HEme REAR A4 wbe 2.5,
5.0, 7.5, 10.15, 20, 30, 36 %M\9 8 Aol x, ssmERSEZ 79 5 B
T 15~20C (#i )& wmol vk

SRS HR 15me MAels, o Kumkikel BEIT HA5S

Zol7] ¢sbd HHEEH (emery paper) 1000 &H7HA 2 EMLTE o ol
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EEEWo 24 HEstgdz, A%H S 2B+ MYEEoz:
H&HEBS AT, odd 984 HzEss REAFY BRBHE
IS X—Y recorder o Z38k<l 7tk

T, BRHAY HRBAME B P 605MY BEAAA RE
Al Fel Hlmsl gy, BBSEBRS FRBRETAA BhEHHE
EE WY HESRE —3 MRENA RES EE2mdg .12
of Al WPk o] w9 BWHEAEEEE 26U ZHEK
5mV/min, e 10mV/min 2 3}

Bbp o Wi iR ol 4 BEALEE = BHY AMEEE (Tafel extrapolation)
ZEAA TI L, REBRBMEN / Biic HiR(42R)ses B
EEd YA, FTERBLEEM/ B THREEM/ BRc BoEdaR
o EHEID ] A Tk

223 BB ABEMKAA TI B BHE BBRAKY ME
a4 BERsle] BREBEE 23 o] HEREA g B
¥ RAY EEAA AHBAEEMCLUEY BRES 2 R4 o &
Bol ABREMLsi= HBR(Fig.3 ¥ 5 82]) ol 2, KRB MBEALL
T BRI ° &Y REEHcH 2 PHERRLE o &8 &
e golelr AEd
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3. EEHRASE

3.1 Bmegwbe  SUS 316L  £wl gla] A4 gl

Fig.22¢ (I~ MREH HMRmw/El 2.5%, 5.0%, 1U%,30
%o EiRRESWE el A BHE 2 sdl A8 Exbe o MdhgRE o] ok
Fig.32= ol 52 9EiiREAAd T3 WA/ El (Eor/dox),
It KR BRES B TEAL J RIE (Ec/de) , REIREML AL /WK (E) ) AIE
WobL S ORHE (Ea/d.) S BEMEKS Bl s BRT SUS

slo Lsgel Wby fikfil ol =

cra|  EERAREW D A ol o) Awlaidl ZE S B K4k
Q- (M) 8] U T JEMEML &Rl BE s iR Lol Ta
tel Wizt 44 vhebubch zelan Fig. 22 s dlli 1o

Ergob Eaw TS HONEREA ( DREEMERE S F ) ol

Sl L) el REPRERE Mol Al LBl oD s Sofraisl Dol
oo Fed g

o Fig. 28 B omdiss wd o @mam it U0 Gl T M
BW ol A mHol & (CLl7) o @y shopd of Aagld=@mel £
WreR =9 1 o mEVE 10 %l RS B#bd A AghigdiskA X
goh 2 Bl kol ool &M LEAMA Y KEMRE

ES AMAYL BEES MOAZ e goletn 475
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Bol meror¥Ey £FF wAgr Twd REBEBR, EBLLEY
BRE THEHEBCIL, o MFY HHSE: mitFEmo= 2 =2
Bl o] age sl 2HQs AHY BEREEMEMS 259
HRABMEA A # 50mVEe BREIEY B ZEL, o
T OEAS diReld B EEmES Bme w@u4 A9 BE
o2 REsHA BRI zed FEELCELGES TEIREMEFF
BAMKES: 2 i&&@}mﬂ wHet4  AY ERWOEZ SEsA &1t
gek

= Fig.39 AE+ BESL 9T RUERSS Brg Ao =
A BBRRBRES Bmdel weld HRBMEER (Jo.), LESMEH
(L), THEMSER G.) 2 FHELEEHG)E A9 25 HK
MoE Hmel, M2KE HWKE @B4A Ban g2EL oz
@A Wy zEam 3.5 %LTFY EEBAKFAAS Rt
upel o] BmEPfke] WhEslY FRIMEEHC BB MERE
g4 222 o BEHERIAE KEHM] o HFsidz 4zd
158 weld  SUS 316 L s Qs 28 ERGML 2BREY =
BEBE A BEE#sldo §E 4 + Ut
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3.2 HmmEmhe BW

Fig.49 (Il % (D= RN BMEBEEZ 5 %9 20%2 &K
dio A EHIT BIS E—logd syl el MEREREVE Emd ol =
b 1 HiiARe]  HAE (IMeld MEeo® sefbarch ol w
SRR Lol A Eeor/deor, Eciic, Ev/ay 58 gt 2mul gl ol 2 sk
(3. 1208 ) ojAst g Hiflow TsH3lch Fig.5< Fig.49
WS R R ol 4] et kbl o a4 fERiar BRI S BN
W Bl o] o of 7oof 4 R RS RRES RRA AT (Ao - Ag - CIs AgCl
be o RRCEMEST  Qelupl Efiel s 2w LoD TR

oS HUHEE, Kool EomiMS] s R (BB ),
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ek Fia'tsa o - E 3
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< F 7 R Fy i ]
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BN _ i
S .
' \ oE | 3
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- 2 + J
a < - 4
r 4
w0 E
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10 C E /¢, 3 - 3
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o ’ s L Eeor/ teor p
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Fig. 4. Typical Potentiodynamic Polarization Curves of Silver i Hydrochloric Acid Solution.
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29~ 19504A/on* (0.34~2.26m/y) © o}%F 2 ol v MK Ao
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4. mEBBEEMEAN REERY BEHK
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°la, Tafel L7t HWEHMA ety Bale ASE  HEEH}
/Al AL (Case B) o] A i 4o Bz (CaseAB) o], =2EY
BAAAY  HEBEHE =2 EAolA Y EEAS oo} ek
LB o] &Y B/A FALLEeR Yy ALE 259 & ®
el A S EREE BFMESH Se w4 mEdo

wetd BB R LA BREREGMEA T BRSA Jehdx
¥e W Fig.79 2ol 2 HSEBHRAA HEERHERS THAA
FiBisted ok ¥k Fig.8€ HBW#iM LSl AP,AB YS9 2L Ho|
debd d 2o REREHMEMEZ St AL (09 dsE A
(X)) BAR(SE R, 9 WMAE) Y

O X O
A P L AB
E

Case A Case AB

(o]4]

Fig. 8 Optimum Cathodic Protection Potentials of Case
A and AB on Potentiodynamic Polarization Curves
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5. W A

EME AW he  SUS 316L sl ol 283l mAiEERe et

ool A 2Ee| KA MEE FET 4+ dor, oledd o 2

(1) MEpEwRe] @RS MaREs woeme EEMKEBE (8
& 4 o SUS 316L#RKL maikEs 49ds Zz2 53
20 %Ll LS E@EGAw DAL Bifsd EAsle el sidA st
28

(2) BWERAWTS SRS BEABP A, SUS 316 LAk 7.5
%LIFe Bm#hol A THEEMEsE ARestd o WHE EREMI
o Bmbiaal A FAsE Aol skkA sl

T BEREMEMY Awke b3 ol ME - #MERds A
o] e A =z &, [BRESBHKRIA REREMEAS Ta-
fel W7t —wd A 2o Mizstes BABEAA S&BEHR
Jb B/Nel Efzol L, Tafel Afg7t HBEH =2ty Fels A+
L HEEHK /A Bhrol A s Ee] WMo, ZEe AL
A pREESe = al kol AV EEAZ sojol Frh
elm o] Wit FAHelAoE U Afdw e A

o 2| bkl BifRESH sl webd dasichl.
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