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g ZAREd dASAGE FHAA EE At PHo $HE FRL AU EE AP T FAAR A A
oA 7o) ¢ 2 A B FAAAAE FAstofof et A DA frE 0] 2 &ot= HEH YA FA A AL ¢l eH
oo e A= wEF Aot w2t £ AN = AAFE FAGAA G 2ad L& Aot ofof Hd
FHAAAE A At T =4 o] At & Aol A F24 4 A A= BTA, DANS MEA, TEAS A3 AL 25
N A5, XPS T 247171 € ol 83t vl A2 sttt T 2% 23 AL HE5Z4 AP AN BE AW
49 Buhg FAH FAAFY0l goAE @S T FAAAAY B S AFsHAT. B FA A A
A e=7tgeaS FAYA A7 FotA & AL AT 4 YA BTAE XPSU Y o)A FAH=d & Adst=
429 C-HZS peakd] o] A AEH A ESAIF M FAAA7L o § £A S Ho BA A= F4 A
aaE Holz A o2 gdrth o ghZotulof A TEARTH= MEA7} B & 43131 &1 MEAE 254 B/9h& 34
sto] of 9] HAFE S FAIAAZ AT 4 At

sHof: A& P YGAA, FYAEY, BTA

ABSTRACT  Stabilization of iron artifacts is focused on desalination than corrosion inhibitors. However artifacts are
not condition of desalination treatment must be applied to corrosion inhibitors. But iron artifacts is not representative
of inhibitors which drug is most effective qualities have not been identified. Therefore in this study validates the
effectiveness of existing inhibitors and its purpose is to suggest corrosion inhibitors for iron artifacts. In this study,
Comparative experiment of corrosion inhibitors is selected BTA, DAN and MEA, TEA. This study was studied using
Corrosion resistance test, Contact angle, XPS. As a result, all the samples treated with corrosion inhibitors was formed
hydrophobic coating and was rising corrosion resistance. Also, the concentration of corrosion inhibitors was 3% better
than 0.3%. BTA in the XPS experiment, the corrosive material to block the CH bond of the peak concentration was highly.
This is considered corrosion potential is very high to see out the effect in the polarization experiment. Ethanolamine
was superior to the MEA rather than in the TEA. MEA is likely to be appropriate in an outdoor iron artifacts seem to
be suitable as corrosion inhibitors.
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28 FAUSE WA HH wHE S22 BAo] Yo
2= ggt A 239 FEE F-A517] Hsh
A BA- S A= A= v Fasitt

AAREY BEANY I F A= FAJUA
£5 T FAGAA Y e s 52 4 k. ¢t
AA = Y REY BREARE0] FAUR &2 W
o] © a¥F ol TSt FAAA|A] £ Hrk= 7
2117} gEA o FHE T ek ARt oka4
Sl gARA ] A%t F2E S 2 AAFES F
AR &AL o1F7] Wl FAGAA FUAEE
sfof gtk

A A EQHEE HEAGES FHO
2 olgold HEAFEE] GEA RalAA 1.23-
Benzotriazole (©]3} BTA)ol| &3t A5L(Bae ef al., 2013)
L o o] ol ot AL ES] RA LA (Kim, 2012)
BERET vlwste] YrxA Q] FA QA A7} gl Aol
t}. ot ERAR = FAREC] A85H= FA9AA =
KR-TTS(AE)E Xylene 2 2 3]43}AY Dicyclohexyle
Ammonium Nitrite(¢]3} DAN)Z Ethyl Alcoholo] 34
shof ARgRITHAL 1ot Qleh(David, 1990). T2yt HA|-
£ F&ot= tE2AYA FAGAA7} glen ofd oE
o] 7 &7t $2A H A vzt gk =3 EA &3}
A Zofoll A= FA A Aol thgt Ada/do] e8]
SEIA] g2 Aefolct.

# A7olAl MY AR BTA, DAN
FEEIARE Holo| A= A 43 Monoethaolamine(©)
3} MEA), Triethanolamine(©]8} TEA)S XAttt o]
RajeAAe) Tekg YA F RAAA ER) 1
2 PR W RAAERS ulmsic AR 3
HARY wnE AT BIAYD Tute) 4L dobn
= 3E7H 49, RAAAe) weke) salaskaeE o
o] 912k XPSEAE ANFAT). o8 Fafol WS
geo) 2AoiAAe] AaAS A2 RAAA] A
o YloA 7|2ARE SEHY, AFS RAAAAE Al
A5tz gk

AR Fo AATOR Walo] HET A
A% B7hste] HAS RIS sl Aol B3 34
o] FWTAT} uhgte] UolLhi 54 HFL Fol % 9
3% )90 B 5 QIek. T ARAY pH, L 5
o 222 Z2te] Fo] th G2 v1A 4 9Irk(Kang

and Kim, 2005; Lee, 1999). o|3}o]A= & Lo A AF
H FAAAA o 4T JAA Q] HAHUF st =
ipi=

2.1.1. 73182 XA

713 AAAlE S JAAE S48 &
zsto] BAA F49] JAS FAd A7 ST &
O, N, S, P 39| 92E 3ol 549 A4 A
SEEHANA FHE el Xk €Z7] CHon 8] €
= THohs HSAEY a5 AT F RREew
ot 4471 FAGAAIZE S50 S2sket AR
o4 EHY HsHIEHIE "I A F4] vh3-o] &4
HAE &9 vk3-o] dojur] o FA gt} v]547]
& ®9 v 0 2 vjgsto] A7 wjdto] FLA)Q1=;
A3t HAS AA| g TH(Jung, 2002).
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2.1.2. 7|39 ||

7134 AAAlE S710] diides 2 B4 YA
AE Ushy o]F VPI(Volatile Phase Inhibitor)2}al gt}
ole f=9 #F3} 5ol Aol golste] FAYA| &}
£ =% & don e 37 oA RAER| o {85t
t}. o] AAA| 9 4] Z-g-2- 7188t 7] Fo 0]
4R SAsHH 2 1 Qe gafi=]o] FFukeat &
SRS AAAA RAAA] 28-S k= 2oz 44
ColEE G 22 F|¢e] & AE 2 &
(cyclic) OFF1FH(-NH)L} oFEAIA(NOY) 5©] 3HA Hrh
7184 AAA= HAlols FA9A] 237t glev vE
Azolle A7t A9 gl= B o] YTh(Lim, 2006).
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2.2.1. 22 A|&(Polarization test)
27| A&l gt F49] erAQl A2 Figure 13} Zth
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ol% 359 A5 3719 ¥ &|(active region),
F5E G S (passive region), 5 52 G H(transpassive
region) &2 U0 th /4 F Hofl A= &4 4hste o
Z2gT STt o= A 2= §43] S71Rth shA|
FEH A9 o] = RE= FFE Hufo] FgH B4 &
7} B8] Zasks Wio] QoL e B
7 EobAE R4 SEE h] B St of
FHe Fd LI Folt s, o] A9 A AU F
SH Huto] w1 =)7] wZo]th(Lee, 2004).

27|15 4=gHoj| A F A Q] (corrosion potential; Ecor)
2} HA) - F (corrosion current; icom)= 5459 AHSRAM
M+ )T FETAM + e > M)o] BAIFH= ol
o] AFo] FAx|H o] "k R4 o|ste] AfofM=
24 wHlolx B3] Ashignth o B o]
Lo, $A9] ool AL Ashige] SAls doldt

C FAARYL 4] AFo] Figure 19] s W&ty
2 RARALN7 52 3 FAARIE W2 3o fA s
% 20 ¥ 4 Gtk 2, RANEE B2 shkme
A A& oz daeg BAXNFYol &t

Rl

Z1u}

2.2.2. BEZHContact angle)

A&Zro]t Figure 20419} o] A7} 117 EH 9
BEHAYRET & o] A o] 1A 8] FH|A o] F
£ ZHO)olt}. FEHZA2 IA-AA|, AA-71A, 7]A-32A4]
78] FAZ | o) A€ ) o] 37kx] 4] FAAE(Y)
&, 7ol thet 24| 9] FEHEAF= (vsv), Aol gt 127 &)
FEAZE(yse), 7100 et HA Q] FHAE () ST
Aol o3 2 H

AA o] FAHAE O] Ao BHAHET 2L o J=
72 0°7h Ejo] 1A EH ol HA= @l dojdth
YHHA © 2 Figure 20419} Zro] AA|7} 14| floflA H%
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Figure 1. Corrosion properties of metals(Lee, 2004).
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2.2.3. XPS(X-ray Photoelectron Spectroscopy)

XA G BAHE Azl RALSte] BARe} A ]
5 Az g Fake] QA A A|zE iRzt
2 0% Ho|7} Ao, BRe] o7} tjrztel
AU R|(BE) ¥t} 2 AR BEoeRE A7)
S HEE A AR 2Fd Al wEt 22H
3 AGHo] ARe] 55 SASA XPS AHETo] o]
Zt}. o] 5 o]g3}o] o} ZR2 2}0] 9] chemical shiftE 7}
A3 Ee] T} 3oby 23 A= dobd
o= ok, AN AR AU A|7E LAs] W2l |k
WollM el Hzte) At | A|(BE)7F Attt o] Zgte]
UAl= dAke] R ghe 2E7] mie] BN HEE
= FAAY] spectrumE TETO2H HHO 24, 35
4 2% A 9 THALE AUEET & YrhKim,
1992).

XPSi RAloAAle] sekd 2g S0l A5 At
S B3] 915) AR Tast Aat Aol

¢

Al] GRT} A B Aol BT Bo| Y @
do]7] el Thach Aao| peak FHHOE MO

o

o] Y20 H=7t A vheH wutg o] & H= A
Z ZAu)(2008)= FH3FATE XPS Spectrum=- curve
fitting P wf T4 peakof| A HIFA 9| pd] AR
C-H AT B0 H2ohe 244 208 WA 3
S0l H2akA] FoPA he 28-S Fek(ung, 2002). we
A C-H A% peak®] =7} =4 LhoH A4 B2 2}
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Figure 2. The surface between the solid and the liquid(C.V.
Horie, 1987).
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Table 1. Characteristics of Corrosion inhibitors(TCI, 2009).

Corrosion
inhibitors BTA DAN MEA TEA
Nature
i
N HO._ -~ ,~~_OH
N N
Structural formula l Q Q H2N O, H
N NH-HNO, OH
. C,H;NO Ce¢HisNOs
Chemlcal formular C6H5N3 [(C6H11)2NH2]N02 NH2CH2CH20H N(CHchon)3
Molecular Weight 119.14(g/mole) 228.33(g/mole) 61.08 149.19
Melting point 94°C 183C 10C 17~22°C
Boiling point 350C no data 170C 335~360C
Vapor pressure 0.04mmHg/20C 0.4kPa/25C 0.48mmHg/20°C 0.01mmHg/20°C
Physical state Solid Liquid
Appearance Crystalline powder Having a colorless viscous
Solvent Alcohol, Acetone Water, Alcohol Water, Alcohol, Water, Alcohol
Toluene, Benzene Acetone Acetone
ro] go|gt 0.2 Beksry.
Ak peakel ] CN 2% F2HAT A2e F3L o Q
A= AL Z2(Jung et al., 2002) o] = oW &7 N N
] }\:LA( u%g [ oar;]—‘:]— lu ]o 7ﬂ ];]' —]ﬁ \ -, / g’ ~
AAS F0] B2 BES| she A2 st ~NAa ~
3. M8 Mz ¥ 24 @ G

2 Aol um Ayt
Hele] 44 gl AMgElE
FHESA BE BoplMt @AA AgEA gk
MEA, TEAS A4t u]iL BAsloitt. o5 okgol 4
A= AR AH7E PR| okuy] Isked 445t
.om AR o] B4E Table 16] Lrehit.

AAAlE S5 BE
A AA 2 BTA, DANZ}

HAXA
-
HA
5

3.1.1. BTA

BTAL: SRR o} (azole)7]9] WA7 Ffol
ofal) ek, ok o] v g5 Apae] 2R 2lstel
T4 Tl Bat F2o] thS- Golsin] o] Qsfe] 3
ot} 0.@e WAk ATE Bk

BTAL Cuo] RAJAAR 224 glont oha B4
283} 4 I}, Feo] BTAS 2§ 4] Feol £} BTA9) 3}
ahAgke Ferl Wao) v TR AAE Eakshe W9l ag

Figure 3. Fe-BTA complex(H. Brinch, 1985).

I} -NH7| 258 F29217) 2] ghE o] o] fol7l F1-4%
= 7A Aol T3 AEAQ polymer’de] 725 7H4
o] o] & =412 0 2 YehH Figure 33} gk

obefl 9] (1)4}2 BTAL] F-4] A w| A UZE2 Uehd 4
© 2 2% BTA complex filme] £x+= BTA7} d &9
of skskgtsts 7ete] FAAA FEL st H
& Aste}l B0 2 0E WEElA His 2L UERd Fo]
th(Cho, 1998).

Fe + 1/20, + 2CcH4N»NH — (C6H4N2~N)2~Fe + H,O

3.1.2. DAN

DAN2 7|3} FAYAAZ tf7] 59 2°] 343
ol &238h= %% Figure 49} o] AX3] 7]2}=]
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Fe + 2(CeH1);NH-HNO, — [(CeHi1);NH]yFe:(NOo), + Ha
(2)(Three Bond, 1987)

7134 FAGAIAlE a4 #E o
(barrier film)S FAIsl F<EFH

il
oo =N A avE Helrk(Lee,
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3.1.3. Ethanolamine ||

Ethanolamine2 E2&}3 FA|AAA 2 AA| A& A7}
a4 Fh 3ekg2RE sto] BT wuks J4To =N
FA EES ARt opgly] 9] iAol X|gE &
7] -2 alkyl hydroxyl7] 59 A7} 84 E= A 7
dof| whet F2 F4l 9] AR Yo Fake Fro] R4 A

A 1o z}o]7} YrERATH(Shon ef al., 1991). Ethanolamine

i

MM 7Eel FAYME o5 FAIGMKol 2sk A7 / LM, FR¥, U
Table 2. Sample List.
Experiment ~ Corrosion Resistance Film properties Chemical bonding state
Corrosion Polarization test(P) Contact angle(C) XPS(X) Totals
inhibitors 10x10x1mm 60x30x1mm 10x10x1mm
Blank PX 1 CX 1 XX 1 3
0.3% PB1 1 CBl1 1 XB1 1 3
BTA
3% PB2 1 CB2 1 XB2 1 3
0.3% PD1 1 CD1 1 XD1 1 3
DAN
3% PD2 1 CD2 1 XD2 1 3
0.3% PM1 1 CM1 1 XM1 1 3
MEA
3% PM2 1 CM2 1 XM2 1 3
0.3% PT1 1 CT1 1 XT1 1 3
TEA
3% PT2 1 CT2 1 XT2 1 3
Totals 8 8 8 27
H-——-0 C\ (j\
\\ N < %%N NH-HNO:2 + H20 " NH2* + OH™ + H' + NO2
/Y e - o // ('\/ /-\“K
|_ = ol b
~"
Figure 4. Vaporization state of DAN. Figure 5. A process that DAN is dissolved in water.
o] ka0t B3 WgSte] HAHE AL AR 'Y 2 oHH: SARIE(EO, CHL0)9 Y okete] Hhgo
DAN Figure 59} Zo] &) S2H ol §af=ol s A= E329| 7i4=¢} Fefoll w2k MEA, DEA,
AR shel Fute] WATel WA 442 TEA A 7HZ Lhdck
$tth(Linda G, 1985). MEA$} TEAE Fo] =3}0] 8 212191 AKacid)S A
()4 DAN Fert H35He DANS| oo} 402 Ashy] 9o} SAXAI 48e 23t &bt g Ao

= 97 AR} Qlnh. E3 MEAL akenjie] 24]0)
AR o g3le] & ATHE e Ao YaHon,
TEAE F3HE0]2S AlIAsHs FA9AAZ AME 47}
ATH(Yoon et al., 2002; Suzane, 1991).

3.2, AlH ZH|

RE A3 9] AHL #320~ 12007142 sand paperS
o]-&35to] TA| 2 0 2 grindingdt &, polishingd}o] A]H 9]
HUAA7 FFE H43}51E 1 T AJHY #H S
OB GEE TR L AHE & FFAx 3T

FAA A Y oFF2] A= Ethyl alcohol 2 sho] 4%
20| HANAA(BTA, DAN, MEA, TEA)E 0.3%2} 3%
|HOo 2 Azt AHE A 7-&He 247 7Rz
Sof] ASk Aol A dFY 7 JAsEe] HAAA 2 1]
o] YAEES sttt o] F G4 7AW Al H-E 244
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2B AABE B, B slo] T2 ARG AR o} EA] A2 mounting3}
TRS Table 2= AF £29F OFEo| G2 AR B0 of §& wF WA 1.0em’S SHHLh
2 A3t Aotk AHO 71T B AF(Polarization BIAPL AAY AR Potentiostat(EG&G Model

test), F=ZZ}(Contact angle), XPS(X-ray Photoelectron 273A)2 AR o FEHT2 SCE(Saturated Calomel
Spectroscopy)@} ¢FEZo] JE 9IRS BA|FOH, 0.3% Electrode)E, A AT WF A= ALEstt AP &

€ 19, 3% 200 2 27315l o2 3% NaCl 4§02 AMgstgon] 2ga3| scan
ratex= 5.0mV/sec®| 1L, potential range:= -1.0~1.6VZ 3}
3.3. =4 gy At
3.3.1. E2AH 3.3.2. ®ME2H

SIS RAATY 58S 5] R sles A A 27 YL R4 AR wjute] B4¢ Jolrr] A
vd% 10x10x1mm 7|2 A25Fet. Figure 63 Zol | 445193 o0 AJH-L Figure 7042} Zro] 60x30xImm =
719) o2 si9ith. WEZ 542 FTA 2004 AMSs)
A7 53 25 BEgkS Yick vol Az vl 247
2 Qo] 4R P Wolme F oH P23 14 F
o] ghge we] SR CCD 7iulekg o] 85to] st

5 s,
1
L
h S | 333.XPS
: sample XPS A2 FAGAA] njuke] 3} A3t A& gotl
mounting 1 ; 7] 915}e] AN, AP Figure 83+ 2] 10x10x
N —7 )
W [ R i Imm 37]2 s}¢{ct.
1 SRiELne XPS 7|71 KRATOS Al AJ2Het 202 AXIS-HSi
UL | (T
{1 A | modelo|t}. X-ray= Mg-Ka(1253.6 €V) T3 o]-&351%
T O pass 9HR|= 20eV, Power= 150W o]tl. Wide
scan©j|A] energy rangeE 0~ 1200eVZE 3|4 FHof Z3)
Figure 6. Sample for a Polarization test(unit : cm). e RE YAE 1x}7 02 ZAVSE THE Narrow scan2 5
BTA 0.3% DAN 0.3% MEA 0.3% TEA 0.3%
BTA 3% DAN 3% MEA 3% TEA 3%

Figure 7. Sample for a Contact angle experiment.
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BTA 0.3% DAN 0.3% MEA 0.3% TEA 0:3%

BTA 3% DAN 3% MEA 3% TEA 3%

H & EN e

Figure 8. Sample for XPS experiment.

o Z} fAof tigt ARE U2 Curve fitting program

-0.28 4

< o]-§5to S5 Ajt AHE AT o) |~ — s
7 pan Y o=
032 4 - :
- |
2471 gl 1=k 03ad \
4, EJ-I' L= . MEA
7 -0.36 | .
% -0.38 |
41, 2IAE 5
a -0404
0.42 | P
EIAFOA SHE FFET TAT 2T FA » ")
_ E 1 [®03s% X
o @AY HF A9 FARA ot s o) [
58 5.6 54 52 50 58 56

grol %24 A1} HFo] A FAJo] W] dojupm 24

AR(lcomye 4% AF7H o] Ea F4o] “}Ol o]

Leg Current Density(Afcm®)

Figure 9. The intersection of corrosion potential and corro-

dth webA B w1 BAARTT RS 4 sion current display.
Aol Ak & 4= gck.
Figure 9= A1 9lot R4 M7 WAHS BAF A Blank sample e B2 J7] 22|13t 2 A HEHLE EHo

o2 A FAAFE FAAROZ MU BN 4 najo] sy we) AlgEs ol B R s &
ARl RAATYE Bksloieh. o] BAHO) SR W s g

Pl A% ero R B4 RaofR) E3r} Holu). 1

ahA] ojiRe] RAAAT 03%R 3% RAAFY 40 mzz

o] £& AG & % lek. T3 3% Fole] Al o] 24

Aol 7P o8 1 FOIME DANT MEAZE 7 ofgkgel $31A171 03%¢} 3% =2 Takg Y7l
Foluth. A2 8] BTAZH FAIAS19L RAARA 87 2 RAjAA|e] YE2be] 24 A= Figure 100 1)
U S FeBTATEO] 714 A Wet wanke FAetel  Zz Aejsheirt. BIAS A3 o2 RAoA1A|9] e
R4jo] A NZEAE W7} Al FolAE Tuto] 7| mle] HEZE 60~ 80° Ao]o] EESGLE.

A FA £271 F7hE o] FAjo] go] dojul= Roz A 0.3%0]| A= MEA>TEA>DAN>BTA Y] &0 & &7}
2EC} 0.3% §Uo] AJHo] &3 A3 IFANE w7t o] &0 o] &A 2 HurgAo] & ik Ea 3%0]A]
A2 BTAZ} 4o & AZEA go| Jodth = MEA>TEA>BTA>DANS| 0% wut g4o] 2 5
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e & 4= 9lth MEAS} TEA: BTA9} DANO| 13

5L FHold a4 moto] FAEE= AL &+ U
w2k MEAS}H TEAE oFe] F4-R59] 24 AR E &
gt Ao ok

Figure 1004 2E 2 2]AA|7} 0.3% 2t 3%2] A
E2 AL A3 & 4= 9ick BTAL -9 0.3%%}
3%9] HEZ| zpo)7} wol V= A 0.3%2] gho| -
Uo A0 E Hol BTAE 5%/t Ak due 537t g
o] x| 4%k 3% o|4fo] Eojof mutg o] & Bl A
o2 FlEety. FEZte] AnE ¥g = MEAE

E2o]

[]0.3%
3%
81.80 —
77.03

71.30 72.78 7297

69.22
63.05

4017

Ave. Angle
'S
o
1

BTA |  DAN MEA |  TEA

Figure 10. The Contact angle of samples treated with
inhibitors.

03%3} 3% RE F&zte] 237} ooz wukgio]
A & B Ao® Btk TEAS] A% 0.3%2} 3%2]
HE7ke] A 2 Aol7h glons ASEoAE W}
F/do] 2 Hi= Ao ekwr),

4.3. XPS

AE ZH| &Rl BE 445 1] 34
wide scan< A A8+ 2. narrow scang 5] ZF Y4 9]
shebEg AHlE ARSI BE AJRE wide scangt 2
I FHEE C N, O, FeR Fdstalrt. & A7ollae &
HeiRAe] B4E GERRE Clseh N1se] peaks 2787
Lz AmEggTh

Figure 112 47}%] ¢F&9] 0.3%2} 3%2] Cls spectrum
< vehd Zolth ] ofZoll A 25 0.3% Bt 3%9] g
o] ol #A FE © AL & = Uen EH g9
Fo] §E5E FEE o] JAHUSE & 5 U
BTA%} TEAE =0 wE gadee] ZJol7} vjus 2
o, o|AL =7t 22 5 FAAAY wuto] FRA
Y= AL Sjulgich. whHs] DANI MEAL 50
whE Skl Aol7t Ao glo] B BN =)
e vjulat Ao uel,

47}A] 9F&2] Nls spectrum-Z YEFH Z-& Figure 120]
ok TEAE ARt YA Al oFFoll M= 3%9] Aao] ¢
o] £/ AEH Ut wetA FHo] A9 o] YEE

220001 |__pTa 3% ] 16000 16000 { —MEA 3% 18000 [ —TEA 3% fi
20000 / 1 1
- _ - 5 16000 }\\
£ 18000 | @ 14000 £ 14000 2 q
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£ 10000 \ E 000l et N, e £ A \‘ = ao00] Y
oo JVARY 1 S o] g . )
6000 kaas e e 60001 "W‘W"M/ i iRy Mg coop] e it
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Binding Energy(eV) Binding Energy(eV) Binding Energy(eV) Binding Energy(eV)
. e o o
Figure 11. C1s XPS spectrum of sample treated with inhibitor of 0.3% and 3%.
wsnuu: ‘m‘ 17000 oA 17000] 19000
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Figure 12. N1s XPS spectrum of sample treated with inhibitor of 0.3% and 3%.
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Figure 13. Curve fitting of C1s XPS spectrum of sample treated with inhibitor of 0.3% and 3%.
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Figure 14. Curve fitting of N1s XPS spectrum of sample treated with inhibitor of 0.3% and 3%.
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