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Yong-Jin Chun', Yong-Sung Park*, and Soon-Young Soh**

Department of New Mat. & Appl. Chem., Chungwoon University, Hongsung 350-800, Korea
*Department of Industrial Chemistry, Sangmyung University, Seoul 110-743, Korea
**Hanwha Research and Engineering Center, Taejon 305-345, Korea

(Received October 20, 1997; accepted October 12, 1995)

@ ok WAAZ diakylamine (di-)nitrobenzoates 147 83&%& Astn A7kl Azek ¢4 WAL zAEAT §ASEES
H-NMR 2oz selstgion @48 stgE% A7H [(NH)LCOs NaHCO ol WA e $EAZ 1 M NaSOs £ 1% (w/v) S3AA poten-
tiostatic method® B2A@std zAbstich Holl thd dialkylamine 3, 5-dinitrobenzoates 3.6 dialkylamine 4-nitrobenzoates -5 €3t

x1gto]. diethylamine 4-nitrobenzoate £l 4 & 2 (i 478 mA/om) &
9t dipropylamine 3, 5-dinitrobenzoate$t hexamethyleneimine 3, 5-dinitrobenzoate?t %
NaHCO; 7 aste o) gisl B& 2494 235 vegou, azdMs
(NHo:COs, NaHCO:9) HA E3u] &2 4:63 5:5019, FFehg A4

2¥A, FT-IR,

AU ()7

Uebgleleh el tigt i,2tE dialkylamine 3, 5-dinitrobenzoates?t #
& g Gy 36, 37 mA/em)E JERATh WA A (NH)COs0
z2e A2 9% Zagich #4 PAHA dicthylamine 4-nitrobenzoatet

E ()% 026, 085 mA/em’e] H24@8 7244 JehlAdh

Abstract: Dialkylamine (di-)nitrobenzoates as vapor corrosion inhibitor were synthesized with dialkylamines and (di-)nitrobenzoic acids. The com-
pounds were analyzed by elemental analyzer, FT-IR and '"H-NMR spectrophotometer. Corrosion inhibition of synthetic compounds and additives
[(NH4)2COs, NaHCO3 ] against ferrous and non-ferrous metal was investigated by potentiostatic method [1% (w/v) corrosion inhibitor in 1M Na»SO;4
aqueous solution] respectively. For corrosion inhibition of ferrous metal, dialkylamine 4-nitrobenzoates were better inhibitor than dialkylamine 3,
5-dinitrobenzoates, the passivating current density (i,) of dialkylamine 4-nitrobcnzoate was shown 478 mA/cm’. While, for non-fcrrous metal,
dialkylamine 3, 5-dinitrobenzoates were better, those of dipropylamine 3, 5-dinitrobenzoate and hexamethylencimine 3, 5-dinitrobenzoate were shown
36 and 37 mA/cm?. Additive cffect of (NHs):COs and NaHCO; for corrosion inhibition of ferrous metal was excellent but that of non-ferrous metal
was not. Optimum ratios of diethylamine 4-nitrobenzoate with (NHs):COs and NaHCO; were 4:6 and 5:5 (V/V), and passivating current densitics

(ip) of the mixtures were shown 0.26 and 0.85 mA/cmZ, respectively.

Key words: Corrosion Inhibitor, Dialkylamine (di-)nitrobenzoate, Passivation Current Density (i,)
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38, 82§ OdEHEL
2 BEHY, g4gdd 2§ 7IsddHAE UNI (sodium nitrite +
urotropine), DICHAN (dicyclohexylamine nitrite)®} sodium nitrite
¢} ammonium benzoate =¥ carbamide 5°) AHEH 1 1 cH6-8].
DICHANe®|1} CHC (cyclohexylammonium carbonate)© 58 %
AAZ s YA FAUgel hadAl ¥3 HFel w4
o Zo g3 g8 W) e deen e §7] SAE
AHgstrz A f53tn FAPA AR FA AU den,
Lauert F& 9Ee s (7). uAE s HEAE
A 7|sAwA A vs 22l Zel AAW CHC, benzotria-
zole, tolytriazole 5°) W Eo2 WAHHE AR LR glon BE
2% AMGETHI-11L

B AFME akylamined @29 3439 B3, 3y
AL Eolx F£hoF (di-)nitrobenzoic acidg e HEl7t Hx=
3t amine”17} 29 QA ammonium7| 2 AgEHo A - v
of ¢ BAHEANE FEE e U SAFERA 23 ofnl
dialkylamine (di-)nitrobenzoate® Z+ alkyl7]e} wet 147] 3}
rg A7) dhg oz AT ol FRES ofUsE}EY
alkyl7) &} benzoic acid®] nitro7}ol @& WA A EE& potentiostatic
method2 ¥34¥sa, olg Edz WHAd $HEA Fd7zt
s e A7hAY #3 E@ues S nasie 7Sy
Ae WA mechanism FEI 7SS HAR HHAY HHLE
of 88 HA WA fomulation EHY %7} HEES T A
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2.4 9

2.1, Alek 9 AIE7|7

Aol A3 A2t dialkylamine 7% 4-nitrobenzoic acid, 2
2] 3, 5-dinitrobenzoic acid AldrichAl Sgolv, A7HA=Z A}
48 elRE, FEHIYEEE Kantod S80Itk &0 ofAl
E& FPE¢ AASHA g1 aUR ALgsiet g4 sgEe
717184 S Foke] g C, H N ¥€425848 CARLO
ERBA 1106 Elemental Organic AnalyzerZ 2A131%3, H9A &
s 2#E8& Perkin Elmer 16F PC FT-IR Spectrometer& A}&
o] KBroz ZAL 4o dxr)zy 23E3AS Bruker
AM 200 FT-NMR# Varian EM 360 NMR Spectrometer2 %%
ot w342 24749 Electropotentiostat 2 A A sHd o}

2.2. Dialkylamine (di-)nitrobenzoates &4
e 147 e 25 FUYF e AN 2 L 4

olf
~J

T flaskoll (di-)nitrobenzoic acid 05 mole o Eol A3 &
A AT 4-Nitrobenzoic acid® 7Z$-£ 1600 mL9] olAIEE, 3
5-dinitrobenzoic acide 500 mLel olAE& 7lste LsiAFALh
4-Nitrobenzoic acide oHEd) di@ &al=rt Yonz, o3t 7}
g (40 C olat2)sAY deeE 10~30 mL A= H7lste] ¢4
3] £3jAZAt (Di-)Nitrobenzoic acid7} ¢33 &g £4&
ice bath oA WZAA7IBA D amine FEE 05 moles
dropping funnel 1A1Z} o4 A3 HalstAct ¥g F AAE
A33re e oFstn ofMESE AHsta Ao AZAZLh
349 dialkylamine (di-)nitrobenzoate®} F&-& Table 17} #t}.

2.3. 23 4%

B dFoAE A8 2204 A 14 3EEF B U &
Herl Fe 47 FFEL AT 1040 S3EE (51, 52, 53, 54,
55, 56, 57, 58, 63, 64)°l is] A zTHE APy A3
potentiostatic method2 #34d& sH¢th

Ade AHg" AHLS 71E, AZ 2 cmold, 1200 CW emery
paperZ Avtg ¥ ZHF, ol E, it £o 2 AHSY ALE
stk #uld AHE Arset Adrlel Faetx, 10 mLe Al
Y 44 FoH AFAh Ad A3L #F 1S, V€ A=
& Z2d A3 ALAth AHE 24 &9 Fo FHea 5
B AT A Fo] AFHol Fo] He HHAE ¥E F 7 4¥
< AASET AE £9L NSO Bolsd 59 1
Ao A48 SHAE 1% (W) TEZ LA A AzxsHg

2.4, #OHH A

239 BIAFAA 247 F3} v Ed) dig) 7oA 2t 2
3gee HAAs HUHAS formulationg AASAT. 71333
A4 g3g FHAZ F e AFER (NH)LOsH NaHCO;
& WA Rujul2 8:2%F 7:3,6:4, 5:5 4:6, 3: 7744 A
A, Rt F5EEE AAFeRMA o5 Ehgd n
2 AR &gt ojwd FFL vAeA] 4¥, 2L 7Y
AA &7t A% 2 EgueS T

3. dnt ¥ 1

3.1. Dialkylamine (di-)nitrobenzoates®| &4

FAE BAAAA dialkylamine (di-)nitrobenzoates scheme 1
3 o] AN A - dy) wrgog AHEQY Fol of
AE Bgolonz HANA B, 43 £ gtk 7MEolvt &
of glo] AHoz dojus ddurgolng ALLRAE A ice
bath Aol A ¥HSAIZ T ¥hg-o] SR} AP A wSA7} #d
2 97} gloeng aminedtFES AAE Falstdth ukgAlel
go] LAY amine?} carboxylic acid?t AgwHS5 o] amide’}
A 9oz A9 ¥Zd fostgth #&% Fol7] A3
HNe e 208 € 5 e & e g AHEsd 56, 60,
64 BFE ALl oANENLT 2T L35y Wi, oAE
o ¥& dagEort #4847 Ut

FA" BAQAAE 771K gZob3 mono- T dinitro-
benzoic acid7t & ol& 147 SFEE, ol&9 pHeE FAHIA
o} gl & 23 AWE ol cyclic amine®] #2413 A A 2 A
F&RolE Hgo aHolni[12], 23 ofny sEHEo] FHA ¢
o] <tdstE2(13] 709 23bolvl g MAE Kk FAHH 147 T
289 T4, IS A8 J7IeAE AT 7 SEEY
'H-NMR spectrumell w2} 7 2322 proton Hx¢ 27)E
Table 19 Z#E Yehlich  Alkylamine® proton $HA&
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Table 1. Yield and NMR Spectrum Analysis of Synthesized Dialkylamine (di-)nitrobenzoates

Compound| —p - m=|n=|ned NMR (60MHz, DMSO-ds, 8 ppm)
No. (%)
51 4 1 84 | 2.75(s, 6H, 2CHs-), 8.3, 86(dd, 4H, aromatic CH)
CHs3-
52 3 2 77 | 28(s, 6H, 2CHz-), 90(s, 2H, aromatic CH), 9.1(s, 1H, aromatic cH)
4 1 72 | 14« J=THz, 6H, 2CHz-), 3.1(q, J=6Hz, 4H, 2-CHs-), 8.2(s, 4H. aromatic CH-)
CHCHy- 15(;, J=THz, 6H, 2CHs), 32(q, J=6Hz, 4H, 2-CH:-), 895(s, 1H, aromatic CH), 9.05(s, 2H,
54 3 2 65 .
aromatic CH)
095(t, J=7Hz, 6H, 2CHs-), 1.5(m, J=6Hz, 4H, 2CH:;CHo-), 2, 6(t, J=THz, 4H, 2-CHaN-), 8.2(s,
55 a1 | & 1z, OH,
4H. aromatic CH-)
CHsCH:CHa- —
56 3 9 54 1.0(t, J=7THz, 6H, 2CHs-), 1.65(m, J=6Hz, 4H, 2CHsCHs-), 2.7(t, J=THz, 4H, 2-CHaN-), 895(s,
1H, aromatic CH), 9.05(s, 2H, aromatic CH)
57 4 1 67 | 1.05, 1.15(dd, J=THz, 12H, 4CHy-), 2.95(m, J=7THz, 9H, 2CH-), 8.3(s, 4H, aromatic CH)
(CHs).CH-
58 3 2 1.1, 1.25(dd, J=7Hz, 12H, 4CHy-), 30(m, J=6Hz, 2H, 2CH-), 9.1(s, 3H, aromatic CH)
59 4 1 09(t, J=7Hz, 6H, 2CHs-), 1.35(m, J=6Hz, 4H, 2CH{CH>-), 168(m, J=6Hz, 4H, 2-CHCHaN),
CHy(CHCH 30(t, J=7Hz, 4H, 2-CH:N), 7.95, 822(dd, 4H, aromatic CH)
6 v s | g | 5 |10G JTHz 6H %CHo), 14m, JGH 4H 9CH:CHz-), 17(m, J=6Hz, 4H, 2-CHCHoN),
30(t, J=THz, 4H, 2-CH:N), 8.1(s, 3H, aromatic CH)
61 4 1 94 | 11-22(m, 22H, 2 cyclic CeHu-), 3.05(broad s, 1H, NH), 83(s, 4H, aromatic CH)
cyclic CsHi-
62 3 2 88 | 1.15-2.3(m, 22H, 2cyclic CsHu-), 3.1(broad s, 1H, NH), 9.1(s, 3H, aromatic CH)
63 R:NH = 4 1 65 | 15(s, 1H, NH), 1.7(m, 8H, - H.CH,CH-CHo-), 2.8(t, 4H, 2NCH.-), 8.15(s, 4H. aromatic CH-)
Hexamethyl- [ 1 7111565, 1H, NH), 17(m, 8, -CHCH:CHCHy-), 28(, 4H, 2NCH:-), 89%(s, 1H, aromatic CH),
enermine 9.05(s, 2H, aromatic CH)
Re-NH + HOOC-CeHn~(NOz)y = Aboll A A9} sk Tt
RoNH:' - "00C-CeHm~(NO2)n
o 0 3.2. # sjstge ES4Y Hnt
2o U £8%st Bo 47 FFELS A 104 A2 6],
3 2 52, 53, 54, 55, 56, 57, 58, 63, 64)°l] deel RAcA B3E %’4
4 1 3 2IAEe AAsgch 234PL A £ Fo de B
£gde Bag #aAstE Aoy WEEd dy] F RA%(E 02
Scheme 1. Synthesis of dialkylamine (di-)nitrobenzoates. o] A P AT A, ¥ "1 Aol 44 A48
Zo| e AZF Qo] RAFAS FHY F Q7] o] Aol
(di-)nitrobenzoic acid®] AH &I 2jste] K9 alkylamine X PR ARPYE Aoz olgHd o wW AFUEE DHHH
T} B A7 RZoz 583 o|Fo] dolt % % srolg & 9l DAY A o)FBo 2 AFUEI} F4E B4 457 #E
v} £33 C, H N 9424 AfE A4x9 34X 71 Table 29 g AL gusith A9E £4 mechanism % 9ol dojuE
Zro) 9 5gen], Table 39 HAAEH spectum ZAFE Z 8 W 2ad oz & 1 uwge 7Y U E Yehdch A9
350 2L7)e] weh 1634~1656 cm’e COO ¥UA AFH AAE BAsA =9 FAukgo) &wr} FAaste] FEEst A
1380 cm™9 COO & AE9el nitro7]9] N=0, $&FF a2} 2% (1) gl Zopxo, AFAd A W) &F FFHF A
C=C, ¢Zolule] C-H A 49<L As}sich ¥,) 3ol Z7hgcH14]. ¥ AFANE A4 FE29 A 7
A4 £8e 7 ofnl g8 ths] 4-nitrobenzoic acid® & A5E REY AFLE ()F vugd 2348 A disf »
A7) A% (24935 335)7} 3, 5-dinitrobenzoic acidg ¥HEA b=
70 A% (A4 s dFE)RY F&o] ¥4th 3 olFE 4-nitro- 71t Ale) B3 mechanisme A#3HA FHso A %
benzoate®) amined (51, 53, 55, 57, 59, 61, 63)°] 3, 5 oy tg 2 A sl ok 1) F45EU FASE 1Y
dinitrobenzoates) amine® (52, 54, 56, 58, 60, 62, 64)5r} =4 A 27 F4EHE 2FA0R Y] gid, Eolut Aas
o] AAM olMEd g aj=st o ¥r] I AoE AREh e mAgAse] wes =t} 2) WAL oA pHE ¢F
stAa 1A #3329 Zo Bd $8l% A 4-nitrobenzoate® YA BANge £28 2AAZIT 3) FAAC o8 ge
dEo] 3, 5-dinitrobenzoated FERT © Fth 28y EFol & Ohm A& FAARE Hid) 4) 359 AZET U
meo| & wa 59, 60, 61, 62 HFEL Bo W &=} °ll W7t Zdogn AUSES Wojxdd Aus 77
050 mlwo g Wskch o)A alkyl chainol FolWsE Aagel Bz Hedd PA4E Yok deiA o

G0l A44SR Wake AL ridcka 47, 2222 o
£ #32 (59, 60, 61, 62)2 RAE ¥ WA Y formulation

Fgse, A 103 A1 E 199

[2,15].



7]8t3 94 A Dialkylamine (di-)nitrobenzoates T4 2 ¥4

Table 3. Assignment of IR Peaks for Dialkylamine
(di-)nitrobenzoates(cm *)

Compot V aromatic
No. Cc=C

51 16461 13819 15215, 13470 15664 21317
16411 13869 15414, 13520 15813 21716
16411 13819 15315 13421 15762 2178
16461 13769 15414, 1470 15700 27875, 27377
16461 13819 15215 13620 15713 27676, 2697.8
16561 13819 13464, 13470 15720 27776, 26978
16342 13369 15215 13421 15564 21178,
16561 13720 13414, 13470 15614 27875, 26978
59 16411 13819 15215 13421 15713 21217
60 16511 13720 15464, 13470 15614 27676, 27178
61 16411 13819 15265, 13421 15414 27277, 26719

und Vae COO Vym COO VvV NO; v C-H

SLEHEDS

62 1646.1 13720 15414, 13520 15813 29371, 2857.3
63 1616.2 13819 15165, 13470 15763 2687.9
64 1646.1 13720 15414, 13470 15702 29371, 2867.3
100
BB Fe
E= Cu

80

Passivation Current Density (Ip; mA/cm?)

Compound Name

Figure 1. Passivation current density(i,) of iron and copper in
1% dialkylamine (di-)nitrobenzoates, in 1-M NaSQOs.

3.2.1. Hg 4HH

Figure 1914 B uigl o] RAAAAZ  dialkylamine
(di-)nitrobenzoate® 27134 %2 wiggdojA A3} Feld of
g 25dsd AFYEG)RES 51, 63 mA/om® (Blank)ol itk
benzoic acid °}&9| nitro7]ol W& Ad g BAdA T
4-nitrobenzoic acid (51, 53, 55, 57, 63)7} 3, 5-dinitrobenzoic
acid (54, 53)2 0 W& i3t ZHE Jgdd. 53] 632 AT
51, 53, 55, 57 &89 REHI AFLE &S 5~10 mA/em’
24, 24 7|suAgA2 2ol AlLHE dicyclohexylamine nitrite
of i3] Rosenfeld S[2]c] Ad& FEeist AFLU=E & 120
mA/ecm’B o Z& gtolith o4 3 4-nitrobenzoate amine® & A
of A4 &t & Wb, 3, 5-dinitro benzoate amine® (54,
58)9) 7% 42~67 mA/em’el 5 U3} AFYUE goz H A
Aol disiA A4 2745 E2 Jeh#] ¥ ok Dialkyl-
amine nitrobenzoatesv= As{EQ] Fol o3 ThSAF Zo] {7

off
©

Folen ol oz R £ Eastd,

RaNH - HOOCCHNO, + Ho0 = R:N'H.0H - HOOCGGHINO:
= RNH, + OH + H + OOCCHNO:

g0l #7174 opmizt Agsld ALEE W, [ >Br >Cl 9 £4
2 3AA e gH#olg Hackerman €9 75160 22 2
BZA )k f7] dol (o}RIsHEHE)e] nitrobenzoic
acid gol2e] dstoz F& Fud By @ Faso YAHAR
A Zgste Aoz Algdnh

2adsoa T4 siEe dopglel wel HAda 347}
A9 getAE=AE Figure 1914 AHuw, ddojule] #ajekol
242 Z amined £ol9¥ dialkyl group®l methyl (51), ethyl
(53), propyl (55), hexamethylene (63)2.2 alkyl chain®] Eold+
2 2540l AN FHEUL ¥ BAHZRH H3F F Qe
#2e AE v, 71340 wolAn Hltf& alkyl group W
o Baiel Bapzl g4Edd 2xE £ gA doh w@kA, akyl
chaino] UF #AY WF AR goje} FAAA aAE 2zt A
o2 #AvsEd, B AP n IXses A=A 5714 227
74 ethylZl & 713 EFE (53)o] $43 A2 Figure 19
2325 +¢=4

agzz B A4 4T 3¥EE ¥4 mechanisme &
o 714 Dol gHE FEoz WA ERE Yehdon A"t
AT 14709 AFEF RTH ARrdEst M AL AL
mono-nitrobenzoic acid$®t diethylamineg #3-Al170 diethylamine
4-nitrobenzoate (53)2 478 mA/em’d] F& BAA EHE 2
I 9k

off

3.2.2. H|HE YHA

e wpEd FEd dis 2 SgEe] FA A x| dig
2348 A= 4-nitrobenzoate®] amine® (51, 53, 57, 63)£2
25Es AFIE G)7F 60~70 mA/em’2 BAAAAE ¥Ihs)
2] ko wpghgolel i2k 63 mA/em’H Aoz} QAY o 2 i, &
© 2 Figure 19 Yepygch wid ZAAAAZ 3 5-dinitrobenzoate
amine (52, 54, 56, 58, 64)5 & A7IE LAEL i, ol #A3
t A%E roFa gk ¥l 528 A3 54, 56, 58, 64
o REs WFYUE @& 40 mA/em’e ATE Figure 104 2
o}t 3| dipropylamine 3, 5-dinitrobenzoate (56)% hexam-
ethylene imine 3, 5-dinitrobenzoate (64)= i, 7o) 36, 37 mA/cm’
2 6l el BadA gyt Adh o] AP wEH F&
i3t 94 mechanismo] 24 HAAGE d2A Jgse Aoz
AEHEZ ol izt 37t AFE AFsoof & Foloh

3.2.3. Hof st MV g

7t B3 2349 43 Ao dsf s 5 2adA a2y
£ Jehd diethylamine 4-nitrobenzoate (53) 3384 (NHy):COs
9} NaHCO:9 #7158t Figure 28 2o BAdA a3/ o &
obde ¢ F AT BAAE $ALE 539 i} 478 mA/em’
g (Figure 29} 10:0 &%) 98] 53: (NHy):LO:E 8:2%E 3
DA Hige gt dzpek B EEy3 AFUSE 3
mA/em’ olet2 oA EFLL (NH)LO: B7HH8e %
ZINZEE 9 & A4 5948 YehiH, 4:62 99 @1
026 mA/em’® Ao} RAA &34 Uehith of g Yol
Al 8] % Rosenfeld 5[2]¢} dicyclohexylamine nitrite *#%Ej3}
AFIUE & 120 mA/em’ BT B oz B AHeM 7pg 3
A anrt & Aol
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—@— 53:(NH,),CO;
~ —m— 53:NaHCO,
N
€ 51
(]
<
E
< 4
2
w
<
a
3
c 2
L
s
2
@
s 1
o
0 T T T T T
10:0 6:4 5:5 4:6 3:7
Mixing Ratio

Figure 2. Passivation current density(i,) of iron with mixing
ratio in 1% mixture of 53 and additives, in 1-M NazSOa.
NH.):COq7}t o]9} 2ol 529 3}

2AA LHE 4EATNE °

= pH7} 249 530 47142 (NH):COs7h #B7bg o2 s W
ool pHE @2EsAIE FAd, Og uhdAdAg el
(NH.):COy7} 742850} ammonias RAAAE dHA 28 F
p1a=

(NH»):COs + 2 HO = 2 NH/,OH + HXCOs

[
2NH; + 2 HO

o] AL g9 321014 AFH B3 mechanisme F WA 7HEQ
w27t Wide pHE gZedAA FaAse] $58 F2AY
t2let 2 AL (NH)CO7t H7bHo] B3 anE wole
Aoz Almdth

NaHCO; #7tE A7hu g9 Z7lo) wel 2o FAdA4 g74&
FANTE BHE BIAFT YA, (NH)LOs 747}34 BUE
og3ko) Aok, o7]x 53: NaHCO; 55-‘%‘3]%% 5:52 349&
o 3ol 085 mA/cm’'E B2 BAdA g ekl Fed
ol & F4tsto] &3} uhale] ghito| o] HUA B & e

2% 59 oled Bade gEid, oY
| asiee) Q{1718 SgigT ARH

SRR LR

o

ca + HCOs + OH CaCO: + H0

3.2.4. |Hol ohE oM HF

2o d3 Figure 388 713 =2 £4494 Z4E Jeid

dipropylamine 3, 5-dinitrobenzoate (56)°1 (NH,):CO3%F NaHCOs
g #rlste g 2348 e Qv 7 A 29 99 3
748 (NHiCOs7t BA A 238 ol do 798A %3,

S3lg RAGAA TE (66)%2 ‘&%Ei *}%?&3 e i, %
36 mA/em’ B0 6 2§, & 40~50 mA/em’S YERETh T
g wetME 5:58 EFEHYS Wt —‘?’i‘.i‘n‘i‘é A QA7) A
Telo wAEde Atk NaHCOsE #7lstode 444 &
g Eol: dol 7ldsA R o 2 JA T 3

mechanisme] 27 d2ths RS 9v|g}

s A 10 d A1 E, 199

1%

oX

ve
M
of

—@— 56:(NH,),CO;

52 1| _m— 56:NaHCO,

48
46 —
44
42 -
40 -

38

Passivation Current Density (ip; mA/cm?)

36

34 T T T T
10:0 6:4 5:5 4:6
Mixing Ratio

Figure 3. Passivation current density(i,) of copper with mixing
ratio in 1% mixture of 56 and additives, in 1-M Na;SOa.

afze B a7 4" diakylamine 4-nitrobenzoates 3%
e AL FAPAAZA A FHERES 22 gAT,
HgozNE 7o) nlxz] £t HE & o2 dialkylamine
3, 5-dinitrobenzoates”t ¥F W iéiﬂra 2 gtk HIHA
(NH:):COstt NaHCO:9l #7tas= o tigh Hadsel 433
A v Hd drMe g4 Eh‘e Bolx E3¢d 1 31
2 #)do] et WA mechanism 7EH HHA Ao g
7} o o3

4. 2 E

348 dialkylamine (di-)nitrobenzoates$t F7HAe} WH &4 &
2324 gge 2L A%k

1) Dialkylamine (di-)nitrobenzoates 147} @& 4. @7] ut
oz 747 51~94%9 &2 FA}A

2) 2248 A3 Ho] i3] dialkylamine 4-nitrobenzoates®]

dialkylamine 3, 5-dinitrobenzoates3t32 Bt} 2Fe3 AFLE
(ip)7} Bgkon dialkyl7|Z F4EA $HAF F24E 9 ethyl

717y EAsHeolnz @AY NEEF diethyl amine 4-nitro-
benzoate (53)7} 2L WA 2 ¢4t} vl Hd & dialkylamine
3, 5-dinitrobenzoates®] EEH3 AFU()7E Ao, HBE

WwAAE  dipropylamine 3, 5-dinitrobenzoate (56), hexamethyl-
eneimine 3, 5-dinitrobenzoate (64)7F %+ th

3) A& WA (NH)L0: A7tadgs vde] pHE 92+
FAA BAuS &52 4477 4% Ao, WwHA (63)%
AMAe A EduE 4:608 EFHI AFVEG)E 026
mA/cm’e) A243e VeI

4) 2L A NaHCO:9 F7tade 34
FAL 98 Aoz WA 63 HIAY H
olty REFI} AFYE(,)E 08 mA/molgth

& A

we] BRI (FAWE; 06 E 0210)



3N

or s w

. I L. Rozenfeld, “Corrosion Inhibitors”,

718-4 W3 A Dialkylamine (di-)nitrobenzoates &4 2 #3485 1

o

L)

Ho
rot

AWA, 224334, 9, 37(1980).

I L Rozenfeld, B. P. Persiantseva and P. B. Terentiev,
Corrosion, 20, 222t(1964).

WA g=rastala), 12, 31(1983).

C. A. Man, Trans. Electrochem Soc., 72, 333(1937).

. a) N. Hackerman and J. D. Sudbury, J. Electrochem Soc.,

97, 109(1950).
b) Ind Eng. Chem., 46, 523(194).
¢) Corrosion, 18, 332t(1962).

. G. Trabanelli and V. Carassiti, “Advances in Corrosion

Science and Technology”, 1, Plenum Press, 147(1970).

_J. C. Scully, “The Fundamentals of Corrosion”, 3rd Ed,

Pergamon Press, Oxford (1990).
McGraw-Hill Inc.,
New York, 297(1981).

9

10.
11

12

. USP 3791855 (1974).

JP 86-15988 (1986).

JP 87-109987 (1987).

E. Amold and U. R Evans, “An Introduce to Metallic
Corrosion”, 3rd Ed. (1981).

. J. K. Wolef and K. L. Temple, J. Am Chem Soc, 70, 1411
(1948).

.1 L. Rozenfeld, “Corrosion Inhibitors”, McGraw-Hill Inc,
New York, 6(1981).

. B. A Miksic and R. H. Miller, Ann. Univ. Ferrara Sez. 5
Suppl.,, 217(1980).

. N. Hackerman and E. S. Snavely, Jr, J. S. Panye, Jr, J

Electrochem. Soc, 113, 677(1966).

ARA, d=R283]%], 14, 47(1985).

J. of Korean Ind. & Eng. Chemistry, Vol. 10, No.1, 1999



