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ABSTRACT: The work aims to prepare an effective and economical inhibitor of phenanthroline derivative. The corrosion inhi-
bition ability of 1,10-phenanthroline (PHEN) and its derivative 2-phenyl-1H-imidazo[4,5-f][1,10] phenanthroline (PIPH) on
mild steel in HCI solution was investigated at various concentrations and temperatures by weight loss, polarization curves and
electrochemical impedance spectroscopy. The surface morphology of mild steel without and with different corrosion inhibitors

was observed by scanning electron microscope (SEM) and then the relationship between the molecular structure of PHEN and
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PIPH and their inhibitory properties was discussed with theoretical calculations. Inhibition efficiency of the PHEN and PIPH in-

creased with the increase of concentration, but decreased as the temperature increased. In the same condition, the corrosion inhi-

bition of PIPH was better than that of PHEN. The PHEN and PIPH showed the maximum inhibition efficiencies of 97.4% and

99.5% at 30 ‘C with the concentration of 1 mol/L. PHEN and PIPH obeyed the Langmuir adsorption isotherm on metal surface

and AGS

ads

was respectively —21.44 and —24.28 kJ/mol. From the results of electrochemical experiment, both inhibitors were

the mixed-type inhibitor mainly focusing on cathodal depression. The SEM observations showed that the inhibitors could inhibit

corrosion of mild steel in HCI effectively. The inhibitors PHEN and PIPH show excellent corrosion performance in 1.0 mol/L

HCl and PIPH with multiple adsorption centers has better inhibition property than PHEN.

KEY WORDS: mild steel; corrosion inhibitors; phenanthroline; HCI solution; adsorption mechanism; inhibitory property
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Tab.1 Chemical composition of the sample
wt.%

C Mn Si P Cr Ni Fe

0.20 0.50 0.26 0.02 0.02 0.02 Bal.
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Fig.1 Structures of PHEN (a) and PIPH (b)
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Tab.2 Corrosion inhibition efficiency of inhibitors
in different concentrations

Inhibitor ¢/(mmol-L™") ¥/(g'm 2h™") 0 IE,/%
Blank 0 31.92

0.2 2.63 09178  91.78

0.4 1.39 0.9564  95.64

PHEN 0.6 1.27 0.9603  96.03

0.8 1.06 0.9667  96.67

1.0 0.83 0.9740  97.40

0.2 1.41 0.9558  95.58

0.4 1.33 0.9583  95.83

PIPH 0.6 0.98 0.9692  96.92

0.8 0.78 0.9757  97.57

1.0 0.15 0.9953  99.53

TR Y I B RE 71O, T PIPH (94> TR TS5 H K T
PHEN, [t HEA Tsm e ae g, PR 80 o
I 5 RE o

R 3G TARRE T, iR 7S WA st il
8 h, PHEN A1 PIPH 1E RG] , XA 922 hPEBE

%3 ARIBET PHEN #1 PIPH # 1.0 mol/L
ERER VA T P XTI AR B9 28 1 1 e
Tab.3 Inhibition performance of PHEN and PIPH

on mild steel immersed in 1.0 mol/L HCI solution
at different temperatures

Vi(g'm2h") IE,/%

Inhibitor

20°C 30°C 40TC 50°C 20T 30TC 40T 50°C

Blank 17.33 31.92 51.10 86.68
PHEN 0.78 0.83 2.71 3.99 95.49 97.40 94.71 95.39

PIPH 0.12 0.15 1.54 2.95 99.30 99.53 96.98 96.60
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Fig.2 Polarization curves of mild steel in the different con-
centrations of inhibitors: a) PHEN, b) PIPH
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Tab.4 Electrochemical parameters of polarization curves

. C Ecorr(VS~ . . Jcorr
Infi‘:)lr’" /(mmol-  SCE) ﬂfi/e(?l\; ﬁaﬁ?}; [(mA- 1E;/%
LY /mV cm?)

Blank  —442 35 40  376.4

02  —533 9 10 90.9 759

04 516 29 15 724 808
PHEN

0.6  —530 19 8 584 845

0.8  —448 24 20 37.1 90.1

1.0 —539 21 16 169 955

Blank  —442 35 40  376.4

02  —337 33 25 93.5 752

04 216 16 23 725 80.7
PIPH

0.6  —147 29 13 403 89.3

0.8  —408 62 443 261 93.1

1.0 425 22 13 92 976
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Fig.3 Nyquist diagrams of mild steel:
a) PHEN, b) PIPH
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Fig.4 Equivalent electrical circuit
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Tab.5 EIS parameters

Rt

Inhibitior ~ ¢/(mmol-L™")  R,/(Q-cm?) . - Cg/(F-cm™?) n IE./%
R./(Q-cm”) Error/(x10 %)
Blank 0 442 27.15 9.349 0.786 0.9803
0.2 140.7 135.6 2.149 0.771 0.9530 68.59
0.4 259.2 247.1 2.799 0.614 0.7049 82.95
PHEN 0.6 293.4 283.2 2.492 0.624 0.7926 84.94
0.8 320.1 309.6 1.083 0.613 0.9998 86.19
1.0 335.2 323.9 1.929 0.496 1.0000 86.81
0.2 248.6 238.1 7.085 0.647 0.9909 82.22
0.4 2593 248.2 1.038 0.616 0.7997 82.95
PIPH 0.6 489.1 478.2 4314 0.600 0.9846 90.96
0.8 617.4 609.8 7.236 0.572 0.9707 92.84
1.0 653.7 646.0 6.501 0.478 0.9915 93.24
25 gkt S A s, BBEYT R E K- o 1 @
Bifi 5 2% 1oh ) v BE AR B8 I T T A R, (HO2 A CofH 1-0 ¢
A R . — 7 T T A Ko+, AG® =—RTIn55.5K (5)
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4 Langmuir 255 W% BfF 5 F2 1221, .
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& 5 W7, PHEN F1 PIPH 754> & 2% 1 W B 45 Ui
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JIR DA B 228 7R W o 25 TR AR TR (L bR i At O 25 BE S
1.0, XnlGEH TWFi7E Fe M A9 PHEN £ PIPH
A3 F [RIAFTE HL B0 55 AR ELAE T 15 R
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F-21.44 F1-24.28 kJ/molo AGgs<0 Ui HHZZ 15 43
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Fig.5 Langmuir's adsorption plots of PHEN (a) and PIPH
(b) on surface of mild steel in 1.0 mol/L HCI
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W [ AE 7782 K T PHEN B9 WL FHAE 77 .
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Fig.6 Corrosion morphology of mild steel:
a) blank; b) PHEN; ¢) PIPH

KT %z e b F R, gk
R TS MMEREMLS &, IRA T g mhilL
B, XA T A S (s SR ELA e
it Enomo AR HUIARER ELumo . PUERERT AE. )
W w) ST TR, 258 F3% 6.

M2 6 AlHl, PIPH /T & A B KM A5
HBEEH Enomo, 2 THEIRIEHBHE T, MBI HILE
BERR AE {H W7, PIPH It PHEN MyfasEtE2, fh2e
J I PR i, SR sk R o o E R T LA St i
FZE R R P ZE R R S P, ARARAE g (L 5 5 28 Tl g
BRFAO AR B4 A5 52124 PIPH (1) u {8 b PHEN 7, %
BIHER MR, Rk, MBS B4r#r, PIPH BYZRihiE
AEd T PHEN My phtEne, S0 i A —8k.



474 Fioiy

B A ARAED R S KA A MTE 1 mol/L LR Hh i 2 b M REBIF 5T © 57

PHEN

HOMO

LUMO

17 PHEN Fll PIPH B R £% 701 HUE L1 2 % 70 A1 18]
Fig.7 Frontier molecule orbital density distributions of PHEN and PIPH

%6 PHEN# PIPHHEFHFSHE
Tab.6 Quantum chemical parameters of PHEN and PIPH

Quantum chemical

broportis PHEN PIPH
Enomo/eV -5.74 -4.67
Erumo/eV ~2.40 -1.56
AE/eV 3.34 3.11
/D 5.48 5.67

3 #Hig

1) 4F4EZ ik ( PHEN ) K HATA% (PIPH) £
1 mol/L R WHIRER N BA RaFmgemhveng, H
PIPH WStk fEAL T PHEN, 7EIR N 30 °C. Sk
FHe B 1 mmol/L BF, PHEN F1 PIPH F) 2% 35 R B
B, Bk 97.4%F 99.5%.,

2 )PHEN Fil PIPH Pl 2 1t 50 341 Sy LA i) BHAR A
T E ARG,

3 )PHEN 71 PIPH il izt 49y JH U B 1 14 2 2 B A 48
J& FR Y AR, TR, DT R B AT 2%
TSR

4) SRR IR, R T A
F)—C=N— KIENEENSA SRR TS
HFdf7, PIPH MPEREIL T PHEN, S55Ci045 R EA
—EE,

SRk :
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