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AE Source Identification and Classification of Corrosion Severity by AE Signal
Prateepasen, A.1* and Lothongkum, G.2

7Faculty of Engineering, King Mongkut’s University of Technology Thonburi
126 Prachautid, Bangmod, Toongkru, Bangkok, 10140
ZCoI/eage of Engineering, Chulalongkorn University, Phaya Thai Road, Bangkok 10330

Abstract

In this research Acoustic Emission Testing (AET) was implemented to detect AE signal
released from corrosion process in austenitic stainless steel (AlSI 304) and mild steel (A36). For
stainless steel, two tests were conducted at room temperature using an acidic 30% Chloride
solution and 3% Chloride solution accelerated by electrochemical process respectively. It
appeared that AE signals could be detected during corrosion process and AE source obtained
from corrosion were identified. AE sources in high concentration chloride test mainly are impact
and burst of hydrogen bubble whereas in electrochemical corrosive test the AE sources are
passive film breakage and pitting corrosion. Subsequently the corrosion severity is graded
roughly into five levels based on the depth of corrosion by using a semi-parametric scheme for
learning the mixture model. The results showed good performance to predict corrosion severity.
Furthermore, a novel low-cost AE location system based on a Field Programmable Gate Array
PC (FPGA-PC) was established. The corrosion positions detected by the system displayed the
correct positions. For mild steel, the uniform corrosion mechanism in various concentrations of
Sulfuric acid (H,SO,) solution was studied. The relationship between AE signals and sulphur

concentrations as well as pH were exhibited.

Keywords: Corrosion, Acoustic Emission Source, Sulfuric acid, Classification, FPGA
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31l 7.5 aUnsainanaaay AE

7.1.4 BHAV2IARK (Type of wave)
A A A ' [ o o o & A A a A
ARWFBININaNaaddauananiaguaraIIUMoRIATIIRALTL ARLLFEITIAARY
N7 (Surface wave) ANFINANINNINAFBTRAA NN (Longitudinal wave) LRZARKANVI
(Shear wave) Methftasnniuanilfsavasszaziangandt uaznIaanawadwasnukasni
A a A A A A A A o A o A A A &
adurfaduitasnninaafend lduuiivesiag Weawiamaseuifouaduioaninaduy

ARWLFLIMIIIWAILEY sasnud et 2 Thade
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& d da . A o [ P L o a < € & w
Wueduninedadiaan b muamlugﬂ‘n 7.6 LT RYIMALFLIINNITIIVRINANT UaAU
a & o A & v o o 1 A A 1 o o A A
windmeininldiienzideyatudyansuuudaiiiasfia drszaudyyiouais (ASL)  wie

AErms tTuaw

wuuLTlwaa9 (Burst)

& A Adao a & & o P A cda 7N o o
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® LDNWRINFIFA (peak amplitude) ﬁamm@mao@hqaq@mamawﬂﬁi}maaé’@apm

U 9q
ﬂﬁuaz@aan

'
A a

i i A Aa o & x> AA ' A =
o 15dlnu (Risetime) AavzpziianfGuiuaudsyy unldganidaGulfouauis
NAATY YUV ALDUNAINFINGA
) i i A Aa o & Y AA \ A a A
® au37ulna (Duration time) faszuziimfBunuadyuildginilaiuaou
=2 A o o P A a d'
AUDITTHTINNFY YT WA TV RO
[ =S e d' a 4:!‘ = v a a 0/ Y] A:ll
® WA (Energy) Aawasinurasnduazgadniiiisuladannsdufiinsaussaulning

BNFNAIREY WNEUNUIRILEIRITA SJﬂ'J']llﬁ']%V]’]%vLW‘W’W QGQﬂﬂifﬁ@]‘i’Jﬁ]"i’@ ¢4 LLﬁ@]\‘ilu
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L
U=— | V*(t)dt 1
L V(e (™
dl =1 ] =
lasan U Ao ANTWRII
fa mwﬁmmﬂﬂﬁwmqﬂmzﬁmwi’@
t fa LIAN
V(t) Ao dusndulnianaUnsalanaiainam t

3; o A a a fdi A a v o 1A YV o o o dln%' [
wannuuisliazgadnwiniineioug nisuldiuudlldlidmrdrnaanalilund
BLauni (Event) &n (Hits) ALafauadIz@LRTYN M (Average signal level (W3a ASL)) Liudn lu
nmInasaunIasidiasulisulienudagann hesnazilinavasezgadnniniiiaas
e d' U a =} 1 =1 n' A d' o
wanganlfsuwauldals lasdndazifendriasuilfenimuzsuaudyyimsuniule

FANNLIARBNNINRINAFAY

7.2 nsnansan [13,14]

luanuningetnandie 9 mananseuaznanaiie MnlanzgnriaiodisanIunIITNg
il Wdiedl wIamydjauiuinslansingt (Metallurgical  Interaction) 3x#i1378q fiu
AI U QL £ a J 1 v 1 o a 1 dl ﬂl =) L 1
fanasen lasnildudeziialuedetng udduiundaiiiesllFes g luunsnsdimsnansawas
a ‘; 1 =) ¢ I L [ a L 1 [l
NelwiAsITaaeriasasauu1eg vuialane  Sonradudiniemsiianisnansanlugag
goludrudn  ualuurenImIasuNaswinaInNINaNTanIaNHMENTI9 LazAn VSN 581 9

% ) a L A& A o e A o ¥y,
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7.2.1 ilovgndwananisnanIan

dammilng fngeils wislnaedeth 9 @anmilna < 1.5 wasdeduni) 2z
ﬂ'alﬁﬁaﬂtymmsﬁ'@ﬂiaumﬂﬂimwﬁvlma 51?0mmﬁ@miﬁ'@ﬂiauuuummﬁﬂ (Pitting
Corrosion), M1TNANIBKIHEINNANNLANGASDaIUINNMEaNTLa% (Oxygen  Concentration
Cells) wannsnansanitasanuuafise (MIC-Microbiologically Influenced Corrosion) W@tn
% ] 1A a a A (d'n =3 & & > 1 % [
a@mms"lmagamq 2.4 Wadadwn  ’hunIeaan lwaNAIRANGIDwaITI8TERD IRNNING
ﬂiauﬁwawzgﬂﬁwmﬂ WunaldlAanInanTauluy Erosion — Corrosion  8@31n1INaNIat
sz 30 =50 VadLNaTeall

a A & s & dl & L 1 v Aa Qs 1 nll 1 L3 a a
goanndl qm%guLﬂuﬂaawmmﬂumLidlmﬂ@msn@mauwgo LATADINNITNINTON
' o a S o ' v ¢ da & o A P’ 2 A

mug"tﬂﬂuﬂsmmﬂaa"l:m“lummﬂ 1B DNNTUSI AR L36en Wegmnnigidn aandia
azazaglinin lanasasrinlwannnisnansauaaas LLazﬁ"]ﬁm%’uﬁwﬁﬁﬂ%mmﬂaa%@i‘gaﬁ
qm%gﬁlﬁmﬁu AAIINIINANTAUIL LU AARILNINDONT LA I WINBUIZRARIANY

i A = ' e A A = £

f1 pH Aadianudunsa — 619 asazauase lsand pH < 4 wladanudunsaninin
A A A o o o A &, & o Aaa Ae & Aa L a
W3l pH B3¢ daTnInanIauInNATUeE1ITINTIN  pH > 4  UJATeIanTuiiiatnas

. < Aaaa £ | < ' a i
Reduction of Oxygen  A2ML529091 ATEN9 k0 NUANNLTIVEINTUNITVBIDBNTLIUTD
Hwldagnet 9

lasf pH <4 ﬂgﬂsmwn"ﬁumﬂ@mu A8 Reduction of Hydrogen lon lea\‘illgﬂim
awldfimaandiau lalasiaudeeunaziiaguin tlesnniunsa deiudjiTorniinaniauas
a & o = A Aaaa o ' o A Aa 6 &
Weduldagnamiada sz 1 pH > 9 UfAsenmsnansansztiasannifiasanidaslaasanlae
dln =3
NHAAAN

ad S a & 1 a a o \ a £ \ Ve o

8IANDU Y mnlummaa"[magamamm ANILAANINANTARILLAAT WA LN LT UT a1
% [ { v e 1 s 3 J 1 e { )
W uamAsaelane 2N INANTBULTUTOUNINI®  LTU  MTUANNAUNTIN
wannanl3afiy 316 vwndnndmeluusseaineinfiasalsd pH = 4.5 fimadn Nacl adlu
IR nwuz’[uﬁﬁmqmﬂ%ﬂm 16 7 Taa liiAanInanIaniitadanauLah Aisangu
& Al & g A K a A . A A .
A9 "megu naiilasnnluaausiiveniin (amine) way lo@svasBiaa (sodium acetate)

A = v & Y
sml,ﬂummumﬂuagmﬂ

7.2.2 vann13vad lldalgmsSunsnansan
o ' v A v Ado o a A& a & o
manansawlasudassuanduuurwmsmaWiedingands Sso1afedunusiule
! A a & ' A A . A A &
funilandaniuridlans aziinadfouaniwainlane (Metallic State) ToRanwidunananig
il dulansndidsza WAl (lonic state) lunszuiwn1snansanazinislnaves
a a J a 1 { a o oA {
nzua WA NUS I lauS I iR Lans I wRITAZ AN uﬁu‘ﬂummvl,wwvlﬂgmnmﬁu %3
lanzdu asazanpdianlaslan (Electrolyte)  fa snsazansfiflaunialnii 8aau (lons) e

& ' A a [ S a £ @ : A a
a:@lalﬂﬁiaﬂq&]ﬂz@ﬂuﬂlaﬂaw@lﬂﬂqﬂqwm’] AdLD uf]lliq'ﬂﬁ‘i]zlhzﬂau@']Uﬂiﬂﬂaz@auﬂuﬂizﬁg
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=

+ ] =) ¢ - { =) 1 L= = g:

uanda H wazny laavendadefiUszgan OH AUTuILYNg AIBURITATANY
A& 3 < 3’ g’ A 1 Aa v v ] o A
dlanlaslarienaazidusinsssuan nfe nta @19 AleanuduTuaNeg nw lwn1INages

v oA X v AEy . & P g
IWiazfetuldnsusnysahaziduazdasiiznlwih 2 97 fa 99090 (Anode) W VINU
(Cathode) uazdnnIgadazdaaandaiony 97 WHaradulansarsafians wiaidusiuaeq
vulanzuradeinuile mMIdeiTansznined i nigesanadiilalansiluazwiu ualunsna
nsaulasn luduinanm sl A nsgesnsNEaABlasass MInnTzua ez lnasowm

C Ty e v A e . A 4 mmm . A
32131992 RN dnduszdasfidranudrsdandnislWilnszninsaaniges 9l jisonds9n

LA Lo b lavizazt et

o lanzvijisennuin
induluanaffitn  asmwezgnaadufifinlan:  nuwihfgnaalitlezfiad fiTenu

a { [ + o {
d0an vadlansNazaiuaanintd MOH + H 93U 7.9

31U 7.9 nsazangvaslansluin [14]

e lanziianmInansawu (Water Corrosion)

{ Aa Aaaa [ ' 2+ 4 a {
Wahedjisowdlanzazazaseaninaglugd M- lumsazans () lasnalnasgud

v

& a -a o < + oA . ~ ° @ o
7.10 @8 MOH ﬁ]:qtytaﬂ e anaananuldw MOH Sﬁdﬂquamawuazmﬂuu’mm LenaIL
2+

M~ + OH

aAan ol 1

319 7.10 n’mﬁm]g;]nsmmsnmmauwm‘[am [14]



v s

A aaa o 1 =3 d‘u
WL El%ﬂg]ﬂiiﬂ ﬂ'ﬁﬂ@ﬂi@%‘llﬂx‘ll,%aﬂvlﬂﬂd%

Fe(OH,)—> Fe(OH) +H +¢
FeOH FEOH + e
FeOH _ Fe:  + OH

o lanziiawaTaWan (Water Passivation)
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nnUJiseninadnuus Wekhgngadulinfalanzusy Seauvaslanzazaiuaanina:

Qm‘i’uia ﬂIuLaqamaaﬁﬂﬁagﬁﬁniaﬁ: usnnadwaanloauadlansNig mnﬁfuﬁwzgﬂgmsﬁ'ﬂi’ﬁ

Arvateanlad (ununazgnaaduniivaslanslasasy) asun 7.11

5171 7.11 nstnaNannA

u

a

2Nanzlawin [14]

a o ! A . Aa wa &
® IaﬁzLﬂ@ﬂ’]iﬂ@ﬂiauLNaa%1%&75@$ﬂ’] Uﬂuﬂmﬁuu@nﬂuﬂi@

9

'Y . a ¥ da va & Ao A s
msﬂ@mawuaﬂaﬁ:‘ﬂaglum‘nmmauumLﬂuﬂmuuuaﬂwm:msmazluu,ﬂaasm

q

Usznaumuyisen Oxidation wae Reduction

Aaaa . . a £ &
lag§jiisen Oxidation vaslanzaziiedmduiiazlue ;

M = M+ 2

waz§A381 Reduction aztianviezlne lagnalaziduasi

A ey a J
1. M lalasianiiodn

2H + 26 > H,
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2. 1N® Reduction VaI0anTLI%
0, + 4H + 4e = 2H,0

3. 17ia Reduction Taddaauvailans
3 - 2
M+ e 2> M

fmumInanseuiieiinaals@siuads (Choride Assisted Corrosion Process) lnydl

A3 da - . A v o o - o V) vaa = &
il o wawegllalansdudaniuin  luwanazes C axgnaadulinflanzununaniy
& & a o aaa ' { [ 2+ - o d &
luanath anuuazifia MCl uazinujisendeldlungaazla M7 + 2¢ da3un 7.12 9nuun
azfiad i3 Reduction wiufarolalasiawndenniuiunsdinsnansanlwinid auaudd
Wunsanm lddsnsdindesalsdilanzas bisansasisflanlasn sunso3euiisy cf 1w

A o & P & 2+ dq/ Aa g’ o v A a J aaa
wRaunudundu M~ anlane iwnznalnflaziiadn giu uazielalosiauiiietuwany §ize

tﬂ'y 1 a et ‘ﬁ! o 1 et 1 1
uaum:agmumm aa’sa@;mazmvlﬂgmiﬂ@maum ﬂlel

{ £a & 1 % 1
gﬂﬁ 712 aaalsndaawlwiidinananisnanlawyaslans [14]

m§nﬂ§ﬁvl,§aﬁua‘]’ﬂl,ﬁ@miﬁ'@ﬂiammumquﬁﬂ (Pitting Corrosion) LT% WAaNNA" S aH
{ 4 S [ o a [ !

304 uaz 316 Naduluimzadell pH = 8 uazlidannyluad azifianisnaniauiuunguan

@ a A ' { o o o ' {
widn 316 aziiludiion (Mo) 2 % TFudusudsznaunilesnumsnanseufany  1ad3NnaAae
lsdazluvansiduaanlodnunilaanannd Safuduusnmdn 9 vShahnds onluadedl
A A A a o & A A & a Aa e A A a Y ' o &
aunidnlafisuiviunenlne  saduuinunilesnloddsdegivinmniendann danu
Aaaa [ ] Aa dl l I =3 =3 v &
Ujfisensianiawaziianenluaateguusadunguinasld  e1sazaseeanunmild o
ﬁﬂmamaa%quﬁn‘lﬂmuﬁﬂmwaaLmMstwaoIaﬂ wananbaaduwnnunuainmnansan
=3 c? = 1 aaa [ o . A d' a | v
wuunaudntt axlimaialjitenlasdalud@ (Autocatalytic  Process) faliaifiaidunguudy

& £ A A o 4 al a o &
ﬂ’]ﬂI%%QSJ%Lﬂ%ﬂ?WJ’]ﬂ“U% NI pH AANAIRY TINVWAWNIILNANIU
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lumouusn aiieidunauazlideasuasanalidlunguaguinuazaandlaudi daanaae
6 o aaa o :/ ¥
ladazvhufisennuinlensa

L

M'CI + H,0 MOH + H'CI

sanald pH lunguénas  msazasvedeandiaudiasdin inliiiannansouguus
J =3 v v a a 1 a & a a s a
ndu ndnna alivelidyminisnanieuuuueiia Seazfauinnmenyudy wia uTm
dld v 1 A 13 a dld a ol a n‘f I dll =) L a
nfisnsazanpandied  Fudunnmnfieandiaudr vinadandualua Wafisuiuuiom

2% ANBUMIAAANEALMINANTAULULNNEN JUN 7.13 UaastamInanTakluLnguan

v in the pit accelerate attack of all

. . : .
51N 7.13 msnﬂniammquu'ﬁnLﬁaamnﬂaa1sm [14]

7.2.3 ANBMLBNIEVDINIITNANTORUAALT A
Lﬁaﬁmfﬁ‘uaﬂamﬂszauﬁumiﬁﬂﬂiauqﬁ'ﬂméﬁﬂgmiﬂaﬁﬁLauaﬁuﬁaﬁoﬁaﬂﬁﬁ QN

ﬂdn’jﬁ'mqLﬁ@miﬁ‘@m’ammuaﬁ’naua (Uniform Corrosion) msfansanwsnuasiian lidass

dsngauwanlans ﬁaﬁmsw:mﬂﬁ%miamﬁﬁtf:al,ﬁmﬁu@aa@ﬂmﬁﬁuﬂuwaslﬁgmmG] U

Rt lansiian1Inansawlailyinng s nTuaatstaImInansannwuInlulanzaziduaad
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e msfaniawiiosanaNuLe® (SCC)
anudingassmananionluussonmeausuuy lesawiziiolansmsssuanuidu
PNNALUBNRITBMAITUANVLAULTIRINM BT URTa N BRI UINUTALTY  MTUANBNaNALAALLLY
HILNT% WIOUANMNTOUTOUABINTS WILAANS 2 LUUWTaNTw Waasn LA 1Tw uas
ReswafiaznalmAamauanyn duiudinarsfirnlmaamstansanuazlassanavaslansiu
miﬁ'@ﬂiam’mmmLﬁul,ﬂugﬂLL'.umJaamiﬁ'@ﬂiauﬁﬁm’mﬁ’]ﬁmguwswzmmmlﬁ@%ﬂ@ﬂu
larznanaaiia s‘fjlamiﬂmu@iamsﬁ'ﬂﬂiamzf’fuagﬁuﬂ%uwmmaaﬁLﬁaluIamzfu6]
ﬂ’%mmﬁl,ﬁa@‘i'ﬁq@ﬁmﬁnnﬁﬂ%’aﬁuﬂ'\mu@ia scc Vl,@i"agszwm 8 — 12 % FawinulSunm
fintAalu 304 uaz 316 lednaanmildouaalssen 2 uis 7ild 304 uaz 316 Neavduiany
iidaaelse 40 ppm ﬁqmvxgﬁ 80 avrmaLTus aziiia sce ald U IdiluszozanTeasets
8091
mﬂmiﬁﬁaﬁﬂﬂiamuq@m%msw’?‘iLﬁ@mwmﬁﬂmmmu SCC Hanuawyuin [13]
46% VBIAMULFIMIOUUL SCC 91Aaft pH = 2-6
42% 2aIANNFUALUUL SCC azifiaf pH = 6-9
11% BaIANURELWIBLUL SCC 2z1fiafi pH > 9

!
a 2

laofl pH §9 9 fiaanudumsuuy scclanaumnigs Selaonildasazansfiiaae

U

6 3 v a a ¥ v A a v ' a J A a J
vLi@ﬁ]S:ﬂﬂl%Lﬂ@]ﬂ')']&lLﬁEl‘ﬁ"lElLLﬂJiJ SCC "l@]mmqmmnuwaq LL@%ZLﬂ@NWﬂ%%LN@@'m%Q&liﬁd‘llu

wanlagUn@adlategenwanids bee wIawashsd wdtibasanniils bee  aztdzn
A o ' o @ . P v A A Py A A =
gannidn (wizdumumanansawiesananuduiiolinaaldlad) Waldulasdiouaaly
2 =3 1 ai 1 U s 1 dg ] d' a Aa A a aAa a 2
lassaenanlaidouutas waanudunmunmInanseuddu udlladnivia @Lihallaseains

o v (=3 v v a v é 1
v fee) adldannwaazyinlimannan afuilassadonandu foec w3 sama ludasaz laiidne

[
Aa o

Jamwnnidn qmauﬁ'@mmaﬁ LT LAANNAN ISRT 304 WAz 316 Lluen

9 U

®  NINANIBULILITAIBLLEN (Crevice Corrosion)

Tuaanan g 9 Vlﬂmiﬁ‘@ﬂ‘s'amﬁ@f:amuﬁamﬁﬁ'@ﬂiauqﬁaﬁnmmwiamaﬂaméﬁa
é’m‘i’aa%iﬁ'u?w'm’mﬁawﬁﬁ’ama’%umiﬁ'@ﬂiau IInsruandserunisalinniTnansaull
wwalnazsiinuSiimsesuan S9dasazarsandraiduasiuwiwndniazuis nstansaunds
aansaifaduldluusiimsesusniiaudalussazans ﬂﬁﬁ%mﬁ'@ﬂ‘iaul,ﬁmxuvle‘fﬁnﬂmm
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Abstract. In this paper acoustic emission (AE) was implemented to detect and study the corrosion
on austenitic stainless steel grade AISI 304. Two tests were conducted at room temperature using an
acidic 30% Chloride solution in passive tests procedure and 3% NaCl solution in electrochemical
process. From the experimental works, it appeared that AE signals could be detected during
corrosion. Data were studied in time and frequency domain to characterize and to find out the
relation between AE parameter and corrosion. In addition the source of generated acoustic signals
and corrosive mechanism in the different corrosive environment condition were discussed.

Introduction and AE source in corrosion monitoring

AE is the stress waves produced by the sudden internal stress redistribution of the materials caused
by the changes in the internal structure. Previous works showed the similar conclusion that AE
technique was efficient for corrosion monitoring. However, the main argument is the source
identification of acoustic wave. Mansfield and Stocker [1] found that AE count number related to
corrosion rate in various corrosive conditions and showed that the AE sources from the metal were
from corrosion activity and the hydrogen bubble occurrences on electrode. The frequency analysis
of AE signals in abrasion corrosion process was studied and the results showed that the sources of
AE were from the impact of glass bead and gas bubbles [2].

The AE source in pitting and crevice corrosion monitoring were studied by a number of
researchers. A. Mirakowski concluded that passive film breakage, the bubble formation and the
other actions in corrosion process were considered as sources of AE signal [3]. The AE of gas
bubble formation or bubble activity in corrosion process can be set as noise and then eliminated by
experimental set up to ensure that it can not interfere AE system analysis. Then, only AE signal was
analyzed for pitting corrosion via AE counts in electrochemical method [4, 5]. The experiment used
to study the acoustic emission, generated by heating the metals and alloys, confirmed that AE
signal was released during the phase transformation of specimens and could be explained in term of
an AE parameter which was “count” [6]. In controlled potential of crevice corrosion monitoring,
researchers commented that AE signal in the monitoring was detected from all activity sources in
corrosion process including gas bubble activities [7]. The gas bubble activity also releases the
acoustic wave. Therefore the researches in corrosion process which generated the gas bubble
presented the identical discussion that AE source was from bubble activity by comparison of AE
counts with and without bubbles [8, 9]. AE event in investigation of pitting corrosion in
potentiodynamic methods expressed the relationship of corrosion process and AE source such as
bubble [10]. As mentioned above, numerous researchers tried to investigate sources of AE in
corrosion process. However, the AE sources are not clear. Consequently, the identification of AE
source is the main aim in this work.

Experimental setup

Corrosive environment used in this work consisted of two different corrosive conditions: high
chloride ion condition by acidic adjustment and potential control for accelerating the electro-



chemical reaction to produce pitting corrosion. Stainless steel specimens of grade 304 were used on
both corrosive conditions. The specimens of size 100 x 100 mm and 1 mm thick were prepared
from a stainless steel plate.

As shown in Figl, the preliminary test was performed using broad band transducer (WD)
mounted to down side of the test surface. The result showed that the frequency response of AE from
corrosion process was between 100 and 190
kHz. To increase sensitivity of the tests, the
transducer of type R15 (PAC) with resonant
frequency at 150 kHz was then applied. AE
signal was passed to a preamplifier of 60dB
gain, and AE parameters were extracted and
stored in LOCAN 320. The frequency
waveform was recorded by a spectrum analyzer
(HP 89410A). For the corrosion study in high
chloride concentration tests, 30% NaCl
solution with initial pH adjusted to 2 by adding HCl was performed for 20 hours. For the
polarization tests, the electrochemical environment was 3%NaCl solution added with HCL to
control its pH at the level of two and a Solartron 1284 was used to control the electrochemically
applied potential.

The pitting corrosion rate was controlled by the potentiostat that applied a constant potential
(Epit) on specimen for 20 hours. Data received from the sample of SS304 was analyzed. The
average frequency and time waveforms were collected every ten minutes.

Spectwn Analyser
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Fig. 1. A schematic of AE system

Results and discussions

AE in high concentration chloride tests. In the high concentration corrosive test condition, the
uniform corrosion can be observed on the material surface for 60 hours. The chloride ion in
solution disrupted the mechanism of passive film produce, so in high chloride condition the material
could not reproduce the passive film. Material surface with a passive film had lower corrosion
resistance and caused the localized corrosion such as pitting corrosion. It should be noted that
crevice corrosion can occur in the smaller amount oxygen location. To avoid the crevice corrosion,
the solution container must be carefully mounted to the specimen to leave no gap between them.

/|

3 hous | 20 hours .' 60 hours
Fig. 2. Hydrogen bubble formation on surface of SS304 in 30% NaCl pH=I.

The observation of corrosion process during 60 hours showed occurrences of uniform corrosion
and products of corrosion such as hydrogen bubbles on the material surface as shown in Fig 2. The
amount of hydrogen bubble continuously decreased with time. It showed a high number of hits in
the initial stage of corrosion then significantly decreased. The bubble sizes occurred during the tests
were inconsistent. It exhibited that the AE signals received were due to the burst of the gas bubble
activity as evident from the amounts of hydrogen bubbles. Pressure (P) and force (F) from the burst

of bubble can be shown as P=2%/R [N/m’] and F=2aR’P, where a[N/m] is a tension coefficient of
the bubble in the corrosive medium and the radius of bubble is R[m]. The burst of gas bubble on the
material surface caused the corrosion occur [11].

For the reason that hydrogen bubble was released from material surface, the oscillation
frequency of gas bubble (f [Hz]) generated by the movement of gas bubble in the corrosive medium
has a relationship with the radius of gas inside the bubble surface [12]:



(1)
e L 3w
2nr\ p

where r [m] is the radial coordinate in the spherical frame (with origin at center of a bubble),
v [J/(kgK)] is the specific heat of a gas, and p [kg/m’] is density of the surrounding fluid.

The Eq. (1) shows that size of bubble and frequency has invert relationship. In this experiment,
the diameter of the gas bubbles was captured and their diameters were measured. Median value
from the set was selected as the representative of the bubble stage. It appeared that the bubble size
approximately 0.03-0.05 mm was found in the initial stage of corrosion. The signal in frequency
domain showed that the detected frequency of AE signal was in the range of 125-225 kHz (see Fig.
3a). It exhibited good relation to the size of the gas bubble according to the Eq. (1). The
classification of AE source by the frequency analysis has applied for identification of AE source in
chemical reaction process [13, 14].
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(a) Sample average AE waveform in frequency domain (b) AE parameters in time domain
Fig. 3. AE signal obtained from 30%NaCl pH=1 corrosive condition test

It can be concluded that AE source of corrosion process in high concentration chloride is the
hydrogen bubble action since the hit number of detected AE signal changes simultaneously to the
amount of gas bubbles (see Fig 2 and 3b.). In addition, the frequency response of AE signal was
related to the bubble size along the course of the experiment. Although the corrosion process
consists of various AE sources such as the corrosion activity and the passive film breakage, AE
signal of the hydrogen bubble action displayed higher amplitude and hit number than the other
sources.

(@

L
P21Vt vy

labemla |
" " H bt ctbenirsm TRl '|| | |

W0 W0 W0 W0 S0 60 e em w0 10 e LA e INNPISTANEAIY
a0 15000 284400 35004

(a) Sample average AE waveform in frequency domain (b) Hit parameters in time domain
Fig. 4. AE signal obtained from controlled potential corrosion test

AE in Electrochemical Corrosive Tests. In the electrochemical corrosive experiment, there is
no bubble appearance on material surface; however, there were some gas bubbles generated around
the counter electrode. Nevertheless the AE signal received from the hydrogen bubble action in this
process could be eliminated by extending the distance between the AE sensor and the cathode
electrode in which the bubble was generated. Consequently the AE signal detected in the potential



control of the corrosion process was received from only corrosion mechanism signal. The
potentiostatic tests were controlled at the constant potential, Epit = 0.266 Volts, as it caused an
onset of pitting corrosion in this material and environment. The Epit value was carried out from the
polarization curve of potentiodynamic tests. This corrosion test condition was controlled by
accelerating the pit occurrences until the specimen was broken through. The frequency response of
AE in this experiment was illustrated in Fig 4a where the average frequency of AE in frequency
domain obtained from the corrosion signals was around 110 kHz. The range of frequency response
of AE signal is unlike AE signal received from the bubble formation mentioned in the previous
results and other researches [15]. The peak amplitude of frequency spectrum illustrated in Fig 4b is
higher than that shown in Fig 3a because the corrosion rate in electrochemical corrosive tests are
much more severe than in high concentration chloride tests.

In addition, the results of this part can be explained that the corrosion mechanism contained two
stages: passive film breakage and pitting corrosion stages. Time domain analyzes showed that AE
hit and amplitude were related to the changing of material in corrosive solution. Fig. 4b showed that
the breakage of passive film caused a high number of hits in the initial corrosion period. Then the
number of hit decreased in next stage but rose again when the pit occurred at another side of the
material due to the corrosion of passive film layer.

Conclusions

Two experimental tests were performed to clarify AE sources. It can be concluded that different
corrosive environment condition causes different dominant AE sources. In high concentration
chloride test, impact and burst of hydrogen bubble is dominated whereas in electrochemical
corrosive test, the AE sources are passive film breakage and pitting corrosion. AE parameters
exhibit good correlation with corrosion activities. In high corrosion chloride test, AE signal in
frequency domain displays high relationship with size of the bubbles. For electrochemical corrosive
tests, the number of AE hit arises at the initial stage and significantly decreases in the pitting
corrosion stage.
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The Effect of Electrochemical Charge Transfer
on Acoustic Signal in Corrosion Monitoring by
Acoustic Emission Technique
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Abstract

The pitting corrosion of AISI 304 in diluted sodium chloride solution
acidified to pH 2 and controlled by electrochemical process controller was
studied. The relation between acoustic wave generation and the electrical
charge transfer during corrosion process was carried out. The potentiodynamic
method was used. The acoustic emission analysis via acoustic parameter showed
good relation between the acoustic signal characteristic and pitting corrosion
mechanism based on electrochemical analysis. The explanation of the effect of
charge transfer to acoustic signal was discussed in this paper. In addition, it was
confirmed that pitting corrosion can be detected by Acoustic Emission
technique.

Keyword: Corrosion, Electrochemical Analysis, Acoustic Emission
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