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ABSTRACT

This work studied the corrosion inhibition of 304 stainless steel in 0.1 M NaCl solution
by using anionic single surfactant and anionic gemini surfactant. The surfactant concentrations
were 0.25, 0.5, 1, and 2 times of the critical micelle concentration (CMC). The corrosion study
was performed by potentiodynamic polarization technique. A saturated calomel electrode (SCE)
was applied as a reference electrode and platinum was used as a counter electrode. An increased
concentration of anionic surfactant yielded to an increase in pitting resistance. The gemini
surfactant also increased pitting resistance. However when the concentration of the gemini

surfactant was higher than 0.25 times of CMC, the pitting resistance showed a decline.

Keyword: Corrosion inhibition, Stainless steel, Anionic single surfactant, Anionic gemini

surfactant, Potentiodynamic polarization
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2.1 ﬁé’nmsﬁugmmmmsﬁﬂﬂﬁ'au (Basic principles of corrosion) [4-11]

2.1.1 M3nANIOHU (Corrosion) [4-6]
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2. msnanseuni§nseunilluvh (Electrochemical corrosion) [6-7]
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2.1.3 malasulasimvesTans (Polarization) [7]
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2.1.4 Usz1anveamanansou (Type of corrosion) [8-11]
1. MINANI ULV AN AN (Uniform corrosion) [8-11]
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2. M3NANIDULVUNAIINA (Galvanic corrosion) [8-10]
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E*
Reduction Half-Reaction (\))
Stronger Fig) + 2¢° —> 2 F (aq) 287 Weaker
oxidizing HOxa) + 2H @) + 2¢-  —> 2HO(l) 1.78 reducing
agent MOy (ig) + 8 H(ag) + 5¢= —> Mn®*(ag) + 4 HyO() 151 agent
Clyg) + 2¢” > 2 Cl(uq) 1.36
CrOA(ag) + 14 H @) + 6¢* —> 2Cr™(ag) + 7 HOl) 133
Oxg) + 4 H*@q) + 4 ¢” > 2 HyO(N) 123
Bryl) + 2¢” —> 2 Br{ay) 1.9
Ag'ag) + ¢ —> Ag(s) 0.80
Fe'(aq) + ¢~ —> Fet(ag) 077
Ox) + 2H*(aq) + 2¢” > H;05(aq) 0.70
Iyfs) + 2¢” = 2 I"(aq) 0
04(g) +2HOM + 4¢ > 4 OH"(aq) 040
Cu*(ag) + 2¢~ 3 Cu(s) 034
Sn'*(ag) + 2¢° —> Sn?*(ag) 0.15
2H@r2e L o Hg) N
Pb™*(aq) + 2¢ — Pb(s)
Ni**(aq) + 2¢” — Ni(s)
Cd**(ag) + 2¢” —> Cd(s)
Fo**(aq) + 2¢~ > Fe(s)
Zn**(ag) + 2¢° > Zn(s)
2H,O() + 2¢° —> Hy(g) + 20H(aq) ~0.83
Al*(g) + 3¢ —> Al(s) 1,66
Weaker Mg*(ag) + 2¢ — Mg(s) 237
oxidizing Nat(ag) + ¢ —> Na(s) -271

agent Lit(aq) + ¢ - Li(s) 304




3. MSNANTOUVUHYH (Pitting corrosion) [8-10]
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3) 155 tloafuuunin Indn (Cathodic protection)

4. MINANTOUVSIUYBN (Crevice corrosion) [8-10]
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3 25 lupumsianseuuinsen [16]
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5. MSNANTOUUSLINVIULNTH (Intergranular corrosion) [8-10]
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6. MSUANTIVINANNIAULAZMINANIOU (Stress corrosion cracking, SCC) [8-10]

[ a o { 1 A Aa =
mMsuandnnAaNuduLazmsfanioussifany Tanzeg ludwnadeuniignnig

@ S ! o ) =2 & g v y & A v &
NANTDUITINNUANNIAULIIAY °]N@'l‘DLﬂUﬂQTNLﬂuﬂﬂﬂWQluﬂiﬁﬁS‘Wiﬂﬂ'ﬂlﬂﬂuﬂ’]ﬂuﬂﬂ‘ﬂﬂﬂ

o w ) Y dy a 9 [ 1< A gy 9 dy a a
ﬂig‘ﬂ'lﬂ‘]JIaﬂzﬂ11ﬂ1ULuﬂTﬁﬂ$LﬂﬂﬁﬂEJﬁ'l'JﬂﬂHﬂ!gtﬂuﬂ\‘lﬂ']u Tﬂﬂﬁﬂﬁlﬁ'l')u@'ﬁ]l.ﬂﬂ‘ﬂﬁnﬂl
] g [
UYDULNTY (Intergranular  cracking) nSorna1unsunld (Transgranular  cracking) (%Y

noamaese: linussueu Tuils drumannar ¥ aiuee lunudenae 154 leoou Wudy

D.

Y @ 1
51 2.7 junuumsuani e NuAULazMsiAnToU [18]
atenmanonsnansou
v ] a '3
1) Yaq 1w viaveslany Taseasieveslane ssdilsznovuss Tang
Y = 2 Y v & ) = o
1) AIUAULLINIPN mmﬂummmuﬂﬂmﬂmuﬂiawz AITUIAUNTIYUDANUINTEN
Yy A Y A a A dyy

ﬂ'l'liJLﬂuLH@ﬂﬂ']ﬂﬂ')'miﬂuﬁi@ﬂ1%lﬂﬂﬂ'lﬂﬂ'lilﬂff)uﬂ1ﬂ

a ] a '3
2) Auadow 1w gungll eanisznouvesaisazany

a [ 9

A o Aaa y [ 1
‘5‘1]‘“ 2.8 ‘ﬂ‘ﬂ%fJ‘VlllEW]ﬁWﬂﬂUﬂ'l5Lmﬂ5']'3‘0'1ﬂﬂ')']11lﬂutlﬁ$ﬂ"liﬂﬂﬂ5'ﬂu [19]

U

Y 9 [ 1 [ A a v 1 9
ﬂﬁLmﬂiT)%']ﬂﬂ')']mﬂ‘NLLﬁ%ﬂTiﬂﬂﬂiﬂuﬁWﬂTiﬂﬂ@Qﬂuﬂ5ﬂﬁﬂﬂiﬁ1mﬂ15ﬂﬂﬂiﬂu‘lﬂ
Tng
v [ & A 9 ~ 5
1) aﬂﬂ'J']iJLﬂ‘Ll(v'lﬂﬂ'Nﬂ'lﬂiuluﬂiﬁﬂZ’H5?Jﬂﬂﬂ'ﬂulﬂuﬂ'lﬂu'ﬂﬂ‘ﬂlﬂﬂigﬂ'l

2) AAANUUTWOITUINADY

Y
=1

3) ¥ lanzhtinnuiesvseiimdng luihigeiu

4) l¥msfleaiuuuun InAn (Cathodic protection)



12

7. MUANS1INNMINANTOUIINAVAINET (Corrosion fatigue cracking, CFC)

[8-10]

9 [ [ [l Y 9y a d? A Yo o :’ 1
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UANYALTEYNY (Fracture)

ﬂ‘fdl 2.9 i‘lJl,LU‘]JmSLLﬂﬂS'l’Jmﬂﬂ'l'iﬂﬂﬂiﬂ‘L!i’JﬂJﬂ‘]Jﬂ’J']iJaW [20]

ﬂTiLmﬂ%H’Jﬂ'lﬂﬂWﬁﬁ,ﬂﬂiﬂui’Jilﬁ‘iJﬂ’J'liJﬁ'lﬁ'lﬂJ’liﬂ'ﬂ?Nﬁuﬁi@ﬁﬂﬂ?uWﬂlﬂﬁﬁﬂﬂfﬂu

1&Ta0
9 A a 1 = a A A o v A Y Ao = [ 1
1) ldmsiadeui wu Insdisy infa o dnduadeunigninisnansou
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8. AnuaemeIn lalasien (Hydrogen damage) [9-11]
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2.2 M3tleanumsnanseu (Corrosion prevention) [22]
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Corrosion
control

Material Coatings Design Cathodic and Environmental
selection anodic protection control
Metallic Metallic Avoid excessive Temperature
Nonmetallic Inorganic stresses Velocity
Organic Avoid dissimilar Oxygen
metal contact Concentration
Avoid crevices Inhibitors
Exclude air Cleaning
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1. Stainless steels-nitric acid

2. Nickel and Nickel alloys-caustic

3. Monel-hydrofluoric acid

4. Hastelloys (Chlorimets)-hot hydrofluoric acid
5. Lead-dilute sulfuric acid

6. Aluminum-nonstaining atmospheric exposure
7. Tin-distilled water

8. Titanium-hot strong oxidizing solutions

9. Tantalum-ultimate resistance

10. Steel-concentrated sulfuric acid
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Environment Sample Inhibitors
Waters
Potable water CaCO; deposition, silicates, polyphosphates, zinc salts
Recirculating Chromate. nitrate at 300-500 ppm
cooling water calcium polyphosphates at [3=37 ppm
silicates at 2040 ppm
Automotive Nitrite, benzoate, borax, phosphate
coolants sodium mercaptobenzothiazole. benzotriazole
Steam Neutralizers: ammonia, morpholine. cyclohexamine,
condensates benzylamine
long chain aliphatic amines such as octdecylamine at 1-3
ppm
Brines and Refrigeration brines: chromates, 2000-3300 ppm
seawater diluted seawater: sodium nitrite, 3—-10%
hot desalting brines: mixed chromate and phosphate. 50-100
ppm
Acid Pickling Solutions
Sulfuric acid Phenylthiourea, di-ortho-tolyl-thiourea. mercaptans. sulfides.
-0.003-0.01%
Hydrochloric acid Pyridine, quinoline. various amines, decylamine,

phenylthiourea. dibenzylsulfoxides

Qil Production and Refining

Primary and Fatty imidazolines. various amines :nciuding pamary amine,
secondary diamines, amido-amines, oxyethylated primary amines. alkyl
recovery pyridines, quaternized zmines

Refining Imidazoline and derivatives

Compiled from Mercer’*:
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2.3.1 MIWHNTHAVDIN5HVEINSNANIOU (Inhibitors classification) [23]
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2.3.2 MlSuamwaanaaey (Environmental conditionals) [23]
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- Taswim (Chomate)
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2.4 M19aAL99609KW (Surfactants) [25-31]
J =®
2.4.1 93A5ENOUVDIEITAAUSIAIAT (Composition of surfactants) [25-27]
a 9 [ 'o o | 1 { uy
a15aausIReRlsenoualeduid gy 2 @au Ao dauivouin (Hydrophilic) ag
1 { ] °y % A 4 :: 1 a o
dmf liyeuti (Hydrophobic) 3109nlsenoundIuvesasanusanamazildarsanus
A a A wa d‘ 3 [ " Y ] :’ Y :’
Aerlauia lumssaweans uondunueg 1a wu igiuai
1. 8UNY¥oUI (hydrophilic)
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- Sulfonate RSO;M+

- Sulfate ROSO,M"

- Carboxylate RCOOM"

- Phosphate RPO,M"

- Ammonium RHNX (x=1-3,y=1-3)
- Quaternary ammonium RN'X

- Betaines RN'(CH,),CH,CO0

- Sulfobetaines RN'(CH,),CH,CH,SO,

- Polyoxyethlene (POE) ROCH,CH,(OCH,CH,) OH
- Polyoxyethylene sulfate ROCHZCHZ(OCHZCHZ)HOSO3-M+
- Sucrose esters ROCH,0(0OH),0C H,(OH),

* M flo vy lanz, R Ao nijdana
2.9 m‘fﬂu"v 01]131 (Hydrophobic)
A lisomihnindudnwesmomiveuiiiaiveuiiusalsznouilssana 12-
18 BLADY 'ﬁ?ﬂ‘uwﬂiizamﬂﬁw:}mwﬂsmﬁﬂiauagi“luiﬂim%'nﬁ'w
- Long, Straight-Chain alkyl groups (C,-C,,)
- Branched-chain alkyl groups (C,-C,,)
- Alkylbenzenes (C,-C,,CH,)
- Alkylnaphthalenes (W3] Alkyl siniilu C;’f}yu"lﬂ)
- Fluoroalkyl groups
- Polydimethylsiloxanes (-OSi [CH,],0-)
2.4.2 ¥HAVB I TAAUITIAINI (Type of surfactants) [25-28]
1. m‘sammﬁaﬁwﬁﬂﬂizqan (Anionic surfactant)
1Aun indovea Ta@ew (Sodium) TNUNALTHEN (Potassium) 1493 TN1i18Y (Ammonium)

]
1R

@ e 2 KR a a dyd =*R a 1 a
Lmzﬂﬁﬂ‘lwu (Fatty acid) Glf\iﬁ']jﬁﬂuj\jﬁﬂW'J"]fuﬂu!ﬁﬂuﬁ'liﬁﬂlﬁﬂﬂ\'iwaﬂguclﬁmmq@lLaguﬂll

{ 1 { gl 3| '
THnniige Taeldwnseniniulszyay wu

1) Sulfates

- Alkyl sulfates ROSO,

- Alkyl ether sulfates R(OC,H,) 080,

- Sulfated alkanolamides RCONHC,H,0S0,

- Monoglycerride sulfates RCOOCH,CHOHCH,0SO,

- Sulfated alkylphenol ethoxylates RC(H,(OC,H,),0S0,



2) Sulfonated hydrocarbons
- Alkyl benzene sulfonates
- Alkane sulfonates
- Alpha-olefin sulfonates
3) Sulfonated esters
- Acyl isothionates

- Fatty ester Ol- sulfonates

- Monoalkylsulfosuccinates
v g A 1 o’j
(R 3intily € H,, ©5911NN )
4) Sulfonated amides
- Acyl methyltaurateds

- Akyl sulfosuccinamates

5) Carboxylate
- Soaps
- Alkyl ethoxy carboxylates

- Acyl sarcosinates

29

RCH,SO,
RSO,

3

RCH=CHR'SO,

RCOOC,H,SO;

RCHCOOR’
o

Rooc<|;Hso3'

CH,CO0

RCON(CH,)C,H,SO,
RNH(|:0CH803'
CH,COO

RCOO
R(OC,H,),0CH,COO
RCON(CH,)CH,CO0

2] a a y &
2. msaﬂuﬁmmwﬂﬂszqmn (Cationic surfactant)

t4
=) = '

1 = & a )
ul,g]}llﬂ INH0UDY Quaternary ammonium %ﬂﬁ'li’ﬁml'iﬂﬁﬂW’J%uﬂu%%ui’]ﬂ%mﬁﬂ’)'\ﬁ'ﬁ

2 A a a A 3 S| 1
aﬂlliﬂﬁ@ﬂﬂ%uﬂﬂigﬂaﬂllﬁgﬂﬁﬁuﬂ%ﬂﬂu“ﬂuﬂi&’?‘U'Jﬂ YU

1) Non-nitrogenous
- Fatty alcohols
- Fatty alcohol ethoxalates
- Akylphenol ethoxalates
- Polyethylene glycol esters
2) Alkarolamides
- Monoalkanolamides
- Dialkanolamides
- Ethoxalated monoalkanolamides

- Ethoxalated dialkanolamides

ROH
R(OC,H,) OH
RC,H,(OC,H,) OH
RCO(OC,H,) OH

RCONHC,H, OH
RCON(C,H, OH)_
RCONHC,H, (OC,H,) OH
RCON-C,H,,(OC,H,) OH
(JInHzn(OC2H4)yOH
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3. myaausanamIsia lidiylszq (Nonionic surfactant)
1aun @157 Tutanalsznoudae Ethoxylated  fatty  acid, Poly(vinyl  alcohol),
s é a ) 3 1 { os,
Alkylphenol, Amine 1ia2 Hydroxyethyl cellulose #4ensanussfsisiatiaziidaunyouiin
< ] '
Wulufiszy wu
- Monoalkyltrimethylammonium salts RNJr(CHS)3
- Dialkyldimethylammonium salts R2N+(CH3)2
4. MIaausIneRIsiailszgausazlszquIn (Amphoteric surfactant)
1&uA @137 Tuianad2noUAIY Aromatic aminosulphonic acid UB3 Asymmetric
: 24 S e e e J g
structure LIQY DodecyI—B-alamne cmmiaﬂusamm%uﬂu%xumuwmuuuﬂuﬂizi;ammz
g § o ) ;
Uszquan Tagvziiuilszgaunsetlssquan¥uniy pH 90981522010 13U Betaine and
sulfobetaines
- Triakylaminoacetate R,N'CH,CO0’
243 ﬁammﬁaﬁmmud (Gemini surfactant) [29-30]
2K a 1 d 2 A Aa KX a a ~
asaaussRULgivenTaaus IR INTaNTaaiLs RN DURE I Tuanah
P oy g il 7, i A P doa g
milounu Tasdaruien TeaNisend1 Spacer NA1UNT DTN TOIAITAALUSIASH ULV VIAYING

Yy v o A A a ' A g o A
ﬁﬂﬁiulﬁf}ﬁmﬂﬂ?ﬂﬂu °]Nﬁ]zﬁ’]lﬂﬁﬂl%ﬂuiﬂﬁﬂﬁnmﬁ?u'ﬂ%@ﬂu']l!ﬁﬂ\?ﬂﬂzﬂ 2.22 (A) 199

] ] £ ]
Woulvsusnadiud v naasdagilin 222 B uaz C)

(4) B) © -

& & a s g
gﬂﬂ 2.22 M3seu Teusnuaunveuih (A) uay
A a LAy s
Mo TvauSnaaun lureuri (B uag C) [29]
Tagna ldauiAvuoea15aausIAaAMUURIZANII@ITAAUTIRIAILVULAYD

T ' Yy y A g a el : : =
NIDYIULU ﬂ’J’IlJL‘UﬁJ“UuLiuﬂUﬂ'lilﬂﬂthL“m (Critical micelle concentration, CMC) URZILTIF
a ; 2 a 1 z; 1 a { & o
A7 (Surface tension) YOI AAUIIAIH MV UFITAINTANTAAUTIARMUVIAGY Fevzvh1d
auAnN15aza1e (Solubilizing properties) AUTANITILoN (Wetting properties) aNi@AN15INA
W09 (Foaming properties) HagauUANIINTZ A2 (Dispersing properties) YOIAITAALTIAIA?

HUUAAN T AANTIANAILULIRYD



31

a 1 o J 4 1 = ~
MaausIRIRLLLggaFuATIzHIuIeduNInneaz il Tnseaiehivainnaty

HEAAIAIAT19N 2.4

M5190 2.4 7061901 50ALT SRRV U [29]

CH; CH; CH; CH3
Al [

Br ‘TT-(CH:).-Y-(CH;),—II\I* Br
Ry R,

Al: Ry =R; = CpHom; Y = CHp; x+yt+l =35
m-s-m surfactants

A2: Ry =Ry = CnHam; Y = CHy, O, S, N(CH3);
x=y=2

A2 : R| = Rz = C,,,Hz,,..u; Y= CHOH, (CHOH);;
x=y=1

A3: R[ = Rz = C,,Hzml', Y= (OCHzCHﬂZ;
x=2,y=0

A4: R, =Ry = CpHomi; Y =C=C; x =y =1[32]
AS :R1 =Ry =CpHym1; Y=0;x=y=1

A6: Ry =R, = C,H2,m1OC(O)CH,; Y=0;
x =y = 1; chloride counterions

AT:R; =Ry = C4HsCpFom1; Y =0; x=y =1

A8: R| = Ry = CgH,¢Fe with Fe = ferrocenyl group;

Y=CHyx=y=1
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2.4.4 M31Ha lusa (Micelle formation) [26, 31]
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2.4.5 ANMTNTUENAUM TINA T (Critical micelle concentration, CMC) [31]
4 A Y v 2 a 4 A 0o q Y =t
Woiuanududuassmsaausnsiinniuioesg azdrldarsazateiinig
~ = [ ] ) ] @ a
wasuulasmauaiuaznionw wu aranmmsth i anuvuuniu anudueea Tudn
a g 2 a { { ' o { ! A
wazusedsin Wudu FeauSnanimsulaouwlasedadanuiige Afe manududuSudy

mana luwatiueg uaasdagii 2.24



33

ARG LA
PEPPEE

] ° 4
ot T e T e Aranmir Wi
PLLLI
L )

_— ATTHWNIININ

.4—‘-'_'-‘-

e

LIEEIE
FIIILE

— ATIARRRATURN

L Y
— e WTIFIIUD

q
e
PrELE
ILLSSS
PIIPIIE

e
i
arudiuduaaid1sanusifiibn

gil‘ﬂ 2.24 Msasuudan1unliuaeMonWuoIEITaZAUUBIANETAAUTIAIHD [31]

2.4.6 nﬁﬂizqﬂﬂ‘”l‘ﬂ'msaﬂmaﬁaﬁ'a (Application of surfactants) [26]
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industrial applications

51 2.25 mﬁﬂswaﬂm“lcnmﬁaﬂmqmm"luammwmsumm [26]



34

2.5 Inan 15t uveamsnanIaY (Corrosion of polarization) [7]
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2.6 madalwmusle launsinlwa1lsissu (Potentiodynamic Polarization) [7]
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2.7.1 Tt leauna (Potentiostat)
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Chemical composition of stainless steels
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