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Fig. 1  OCP-time curves of Q235 steel electrode in Fig. 2 Polarization curves of Q235 steel electrode in
1 mol/L HCI solution without and with different mass 1 mol/L. HCI solution without and with different mass
concentrations of moxifloxacin at 35 °C concentrations of moxifloxacin at 35 °C
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Table 1 Corrosion electrochemical parameters for Q235 steel electrode in 1 mol/L HCI

solution without and with different mass concentrations of moxifloxacin at 35 °C

p/(mg-L™") E.../V(vs SCE) 10°1,,,./(A-cm™?) B/ (mV-dec™") -B./(mV-dec™") 0/ %
blank -0.441 0.1683 59.3 112.2 -

10 -0.462 0.088 7 49.4 101.2 47.3

20 -0.462 0.045 4 55.9 100.3 73.0

40 -0.470 0.043 4 52.3 115.5 74.2

100 -0.464 0.0398 49.3 112.3 76.4

200 -0.466 0.0167 47.6 111.1 90. 1
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Fig.4 Equivalent circuits used to fit the electrochemical impedance spectroscopy

Nyquist plots (A) and Bode plots (B) for Q235 steel electrode in 1 mol/L HCI solution without and with
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Table 2 The parameters of EIS for Q235 steel in 1 mol/L HCI solution without and

with different mass concentrations of moxifloxacin at 35 °C

p/(mg-L~") R./(Q-cm?) 10 7Y,/ (S+s"+em~2) n R./(Q-cm*)  Cy/(wF-cm™?) 0%
blank 1.1 173.1 0.881 73 94.5 /

10 1.1 142.4 0.832 211 70.9 65.4

20 1.2 124.7 0.811 396 61.2 81.6

40 1.2 100.8 0.796 463 46.8 84.2

100 1.1 92.9 0.785 544 43.2 86.6

200 0.9 66.3 0.804 857 34.2 91.5
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Fig.5 Corrosion rate of Q235 steel immersed in 1 mol/L HCI solution containing different mass concentrations of

moxifloxacin for 4 h at different temperatures(A) and the corresponding inhibition efficiencies(B)
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Fig. 6 Surface morphology of Q235 steel specimens immersed in 1. 0 mol/L HCI solution without (A) and with
200 mg/L moxifloxacin(B) for 4 h at 25 °C
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Fig.7 Langmuir isotherm plots for Q235 steel in 1.0 mol/L HCI solution containing different mass concentrations of

moxifloxacin at different temperatures
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Table 3 Adsorption thermodynamic parameters for Q235 steel in 1.0 mol/L HCI solution

containing different concentrations of moxifloxacin at different temperatures

) Langmuir isotherm El-Awady thermodynamic-kinetic model
Temperature/“C o 0 4
Koo/ (Lemol ™) AG ./ (k] mol ™7) 1/y K, AG,4/ (kJ-mol ™)
25 6.91 x 10* -37.58 1.83 1.34 x10° -39.21
35 3.03 x 10* -36.73 1.17 2.51 x10* -36.24
45 1.98 x 10* -36.80 1.17 1.79 x 10* -36.52
55 2.29 x 10* -38.35 1.58 1.83 x10* -37.73

K8 Bw,In (6/(1 -0)) 5 Inp ZIAFATE REFIZMEOCHR , UL S PG vb B 7E Q235 HY T (1 I fi o
Fi6 El-Awady ISl A A8 Gl s U AR Ly MMERT 13, — A2 dif) 70 7 BUR T 24
Ko, BITE Q235 R 5 s 1 2 AN TE ML o A FRREE T 17y BOEASTR], n] RS 1 S filt5i) 73
TR AL o El-Awady $AE ) 2 BERIRAR 1 K, B AG, JOTE 5 1 Langmuir %55 J5 7275 31
AMEAF AR R 1) — B
2.4 HAEHWN

KIS R, i BE SR S 74 V0 B G PR R A T R R, R S Tl T )8 s 3 e, o0 A 17 5
PEYb R Q235 HAJ il SN B T3 B o A4 Arrhenius J7 R AR AR L sk R ik E 22 T
AR KR

Arrhenius equation ;

Inv = £, In A 3
nv=-pn+ln (3)
Transition state equation;
v R AS, AH,
In i In it R T RT (4)

A, E AT ALRE A SR RTIA N A h 535028 Avogadro i KURN Plank 4%, AH, A1 AS, 351 A 1 A A& Al
A o

B9 R, SEE AR X Arthenius J5 FE A1 P 2507 2 AL 400 RUAF, d o 0045 L 1A R R MU
R MTEALSI 12 2B R 4, R4 R B, ST R ES I, 6 Q235 BA7eERRRIA i b S 75 1k
AE £, BB, LI S5 0T 7 2 e e A9 E 22, 45 SR 6l S IO A2 5 PRI UE , RDSE P 70 il 1 Q235 A7k
RV R B It ST R o TR B R LR B, B, 5 0 Ak A, LA AR T f A8 A LA, & AT 22 0 1 56 2
10T/, 3T A1 05 AH, = E, - RT 3 5URE ™ o AH (KT, W) Q235 S 7EEh R IA i
P AR A AR AR R IR IR I L AH (R K, DT el R bR R L A Q235 I e
MR AT B 22 PR R, DT 3 8005 AR A2 1o PR, BTN 1 Q235 B AR JE e 39 A, S Iz b)), T A fE
BRG0P BRI AL RO T 375 1 B /0N , D00 68 6 A A B 1 o R AHL T (L 2 e
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Fig.9  Arrhenius plots (A) and transition state plots (B) for Q235 steel in 1. 0 mol/L HCI solution containing

different mass concentrations of moxifloxacin
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Table 4 Activation Kinetic parameters for Q235 steel in 1.0 mol/L HCI solution

ontaining different mass concentrations of moxifloxacin.

p/(mg-L™") E,/(kJ-mol 1) A AH,/(kJ-mol ") AS,/(J-K ' emol 1)
blank 53.97 1.17 x 10" 51.37 -60.91
10 68.47 1.61 x10"™ 65.87 -19.94
20 71.28 3.92 x10" 68.69 -12.53
40 78.05 4.01 x10" 75.45 6.79
100 75.50 9.54 x 10" 72.90 -5.14
200 70.94 9.11 x 10" 68.34 -24.67
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Fig. 11  Optimized structure of moxifloxacin(A) and its distributions of electrostatic potential(B) , HOMO( C) and

LUMO(D)
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Table 5 Quantum chemistry parameters of moxifloxacin
Eyono/ eV Eyymo/eV w'D AN
-6.18 -1.95 12.75 0.69
3 4 ie
SPGB AT LA ] I 40 Q235 A ER IR 1A VAL v 1) BH A 52y R B A 52z, 2 — b LAl B A Oy 32 1

LA TR R 5 S SRR B LB G T K L BESELFE 10 TG TR G, 4 S0 00 221
CHETREE 15 200 /1. 6, 5755 10368 FE 95 FR Y, JEE R AR 4000 T 80% , 76 35 °C B LA RO, 35
90% . SLPFYD R (ETHIR T RHY, A7 CLIVH T Q235 FAEERRRIF T 09 1 o, WEMERL B F1 %



5 8 1] HRDLTC5 2 BEVE VD AT Q235 HATE R R VE I Hh ) 2 Tk 1 963

A, BT & Langmuir 5536 7 #2H EL-Awady 4l #1500
2 % x M

[1] Gece G. Drugs:A Review of Promising Novel Corrosion Inhibitors[ J]. Corros Sci,2011,53(12) ;3873-3898.

[2] ZHENG Qingsi. Overview of the Clinical Application of Moxifloxacin Hydrochloride[ J]. Acta Med Sin,2014,27(1) :195-
197 (in Chinese) .

K. ERERSCVE Y R AIm RN I REL)]. 4 & B 5 ,2014,27(1) :195-197.

[3] LU Dinggiang, WANG Weibao, LING Youquan,et al. Progress in Synthesis and Applications of Moxifloxacin Hydrochloride
[J]. Mod Chem Ind,2014,34(2) :33-37(in Chinese).

JAETR, FYERE, BRI, 5. B TETRE AR R SV VD B O G N B N RS R [T ). IARAL T ,2014,34(2) .
33-37.

[4] YAN Yin,LIU Ruiquan. Synthesis of Aryloxymethyl Imidazolinium Quaternary Ammonium Salt and Its Evaluation as a
Corrosion Inhibitor[ J]. Chinese J Appl Chem ,2014,31(7) :852-859 (in Chinese).

e, X 5 S P R e bk e e R 1) G U S R I M BEIT A [T ] 2 R AL ,2014,31(7) :852-859.

[5] WEI Jian, XIE Bin, LAI Chuan, et al. Synthesis, Characterization and Corrosion Inhibition of N, N-Diethylammonium
0,0’'-(2-Methyl-2 ,4-pentylene) Dithiophosphate[ J]. Chinese J Appl Chem ,2016,33(2) :190-199 (in Chinese).
B, W L . 0,0"-(2-HHHE2 437 %8 ) “HRAUREIR-N , N-— QR & L R AE R B e RE AR () ). 2 A
5 ,2016,33(2) :190-199.

[6] LI Xianghong, DENG Shuduan, FU Hui. Corrosion Inhibition of 2-Aminopyrimidine for Steel in Hydrochloric Acid Media
[J]. Chinese J Appl Chem ,2012,29(2) :209-215(in Chinese).

AR 2L AR A5, AL 2-Z B NELEER IR A BT P X N I R BB (T ). B R AL ,2012,29(2) :209-215.

[7] Zheng X,Zhang S,Li W et al. Investigation of 1-Butyl-3-Methyl-1 H-menzimidazolium lodide as Inhibitor for Mild Steel in
Sulfuric Acid Solution[ J]. Corros Sci,2014,80(3) :383-392.

[8] Zheng X,Zhang S,Gong M et al. Experimental and Theoretical Study on the Corrosion Inhibition of Mild Steel by 1-Octyl-
3-methylimidazolium L-Prolinate in Sulfuric Acid Solution[ J]. Ind Eng Chem Res,2014,53(42) :16349-16358.

[9] SU Tiejun, LI Kehua, LUO Yunbai. Inhibition Behavior of 1-Phenylaminomethylbenzimidazole for Mild Steel in
Hydrochloric Acid[ J]. Chinese J Appl Chem ,2015,32(4) ;:464-471(in Chinese).

IR, A B, FhRh 1R I DR B I I ZZ ik AT o [T ] B R AL 52 ,2015,32(4) 1464471,

[10] LI Mingli,LIU Dan,CAO Shuyun,et al. Corrosion Inhibition of Q235 Steel in HCI Solution by Brénsted Acid Ionic Liquid
[J]. J Chinese Soc Corros Prot,2015,35(5) :400-406(in Chinese).

UL, X, B, . R BT Bronsted R B IR Q235 B AT NI ], P B B4R S B F AR,
2015,35(5) :400-406.

[11] ZHANG Honghong, XIE Yan, LIU Yuanwei, et al. Inhibition of Mild Steel Corrosion in Hydrochloric Acid Solution by
Salicylaldehyde Thiosemicarbazone[ J]. Chinese J Appl Chem ,2015,32(6) :720-725(in Chinese).

SRELLL M XITTht, . hRRA BT K M e 4 A LB IR IR I 2 i E I (J ] . 2 R 4 5 ,2015,32.(6) :720-725.

[12] CHEN Wen, GUAN Chunping, YANG Shenming, et al. Corrosion Inhibition of Equisetum Ramosissimum Extractive for
Carbon Steel in Hydrochloric Acid Solution[ J]. J Chinese Soc Corros Prot,2016,36(2) :177-184 (in Chinese).

WRIC, BT W], 5. 1 R TE SRR A BT O RN I 2 AT R A SE LT ). o B 4k 5 B 47 4R ,2016,36
(2):177-184.

[13] WANG Chunxia,CHEN Jingping, ZHANG Xiaohong,et al. Corrosion Inhibition of Octyl Isoquinolinium Bromide on Q235
Carbon Steel in HCl Solution[ J]. J Chinese Soc Corros Prot,2016,36(3) :245-252(in Chinese).

EAE L BREOT  IRIRLL, 5. AL N-2F g S v R TE R IR VA W Hh X Q235 BRI &1 AT R [J]. PB4k 5 B 47 5
#%,2016,36(3) ;245-252.

[14] Oguzie E E,Enenebeaku C K, Akalezi C O, et al. Adsorption and Corrosion-Inhibiting Effect of Dacryodis Edulis Extract on
Low-Carbon-Steel Corrosion in Acidic Media[ J]. J Colloid Interface Sci,2010,349.283-292.

[15] Hegazy M A, Badawi A M, Rehim S S A E, et al. Corrosion Inhibition of Carbon Steel Using Novel N-(2-(2-
Mercaptoacetoxy ) ethyl ) -V, N-dimethyl Dodecan-1-aminium Bromide During Acid Pickling[ J]. Corros Sci,2013,69(2) :
110-122.

[16] Cao Z,Tang Y,Cang H,et al. Novel Benzimidazole Derivatives as Corrosion Inhibitors of Mild Steel in the Acidic Media.
Part IT: Theoretical Studies[ J]. Corros Sci,2014,83(6) :292-298.

[17] LIAN Bingjie,SHI Zemin, XU Hui, et al. Adsorption Mechanism of Azole Corrosion Inhibitors on Cu Surface[ J]. Surf
Technol ,2015 ,44(12) :19-26 (in Chinese).



964 N AL o 534 %

FRICAN AR IR, 5. MR GENIGRITE A R AT A R BFFAL BT . R @R ,2015,44(12) :19-26.
[18] Obi-Egbedi N O, Obot I B. Inhibitive Properties, Thermodynamic and Quantum Chemical Studies of Alloxazine on Mild
Steel Corrosion in H,SO,[J]. Corros Sci,2011,53(1) :263-275.

Corrosion Inhibition of Q235 Steel by Moxifloxacin in
Hydrochloric Acid Solution
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Abstract In order to develop new environment-friendly corrosion inhibitors, the corrosion inhibition of Q235
steel by moxifloxacin in 1 mol/L HCI solution and its mechanism were investigated using electrochemical
measurements, mass loss method and quantum chemistry calculation. The results reveal that moxifloxacin is an
effective mixed-type inhibitor with a predominantly cathodic action for the corrosion of Q235 steel in HCI
solution. The inhibition efficiency increases with increased concentration of the inhibitor, but decreases with
incremental temperature. The adsorption of moxifloxacin on steel surface is a spontaneous process, and obeys
the Langmuir isotherm as well as the El-Awady thermodynamic-kinetic model. Accordingly, the thermodynamic
and kinetic parameters were calculated and discussed. Moreover, quantum chemistry calculation was employed
to give further insight into the inhibition mechanism of moxifloxacin, and the results showed that the corrosion
inhibition of moxifloxacin was caused by physical adsorption and chemical adsorption.
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