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Abstract

Banana leaf extract was prepared by decoction method using pure water as solvent. Electrochemical
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analysis, surface morphology test, quantum chemical calculation and molecular dynamics simula-
tion were used to investigate the corrosion inhibition performance of banana leaf extract on copper
in acid solution. The electrochemical test results showed that when the concentration of banana leaf
extract reached 400 mg/L, its corrosion inhibition performance could reach more than 92%. The
polarization curve showed that when banana leaf extract was adsorbed on the surface of copper
electrode, it could simultaneously inhibit the reaction of cathode and anode of copper electrode,
and it was a mixed corrosion inhibitor. The adsorption isotherm model study showed that the ad-
sorption of banana leaf extract on copper surface conformed to the Langmuir monolayer adsorption
model, and physical and chemical adsorption existed at the same time. Both quantum chemical cal-
culation and molecular dynamics simulation showed that banana leaf extract could exhibit high cor-
rosion inhibition performance.
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1. ARE R

BT gk P BB AR TR 6000 m A2 A, EAKDX MBS 1.6~1.7 MPa/100 m+, HiJZJE /R 1.1,
B A S B SIS 168,074 mg/L.  H ATHRIRER 58 HAE MV 1) = B 28 15208 i & /80 & & 55 tLom
Fi SEIRATE R BRI . “ EEY © CHIEE” N CREALER” S RV T B A i S A
3K, ARG S/ A 4 T BTG B8 ™ 5 A SR ek i) . G R R R R R, KPR RS R 2
PAREFERRIR 2 80°C~100°C, {H & JJFERFR LR G 1 FH X A4 DL K i 2 (1 ik s e Al K

RG], WK TARFREN IRIREE LA S A MUIRSE, BARTE— e R iR g i,
AAFE A R AR Z SRR A TR EA 2 o TR, B IR IR s I SR (b 22 R
JE, MATHSKESGETF R L. Lis Y Hm it g, ok, MR 2 RRRIE 2 il T
AT SO IR AU SRR A, BON SRR ST AR s . SR N[ RIE TS T AR S E A ) i 1 B R A ol
HH VR RE, AR i A2 SR AR B R SR U (IR B S 500 mg/L B, HLZRIMALEE REA 1L B 94%
FeAi, I FLREE s 00t 41 e R B AR AN B AR P ke SRS N (20 78 1 40 28 - B A A D 4 T R 6 4 7 A
FRV WP 2R R R 7E, SIS AR IR TF B 45 I R A 2 S SR U R 8 R I 2 T v R, M4
HHEEU A FE IR 2] 800 mg/L B, SR AEHEIAE] 96% LA I, I HIR FHTEH R I 175 & BIZR L Z IR
PRASRY, IR AEEMD R AL 2 B . S8 55E N [31BF AL 1 LA SR B E N G b, P A AE B RV 1) 2%
YERE, 1B AR T AL SESGTIAR . AR IR RIATESNR A T S TVERNR T T 5
FU R B S i R MR SRR 2 T A SR B VR B TS 2 800 mg/L I, HEE I EE Y 96.8%
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2. SR FGE
2.1. BEZERERIEE

i F 3 J A6 A 2 AR Sl (CHIT60B ) HEAT X0 7 BE SR B G2 Dt 70 AT 1 AH IS AR FELA 2 . ZE A
FAL AR 1, AR T — & RS B KV 2E B, DU ORI IR 53 I B 18 5 4ERFAE 298 Ko M4
FOBAERRAEN = AR B I, b, B R s S TAE R, — BN 2 em x 2 em FIE AR T
W, WA RS R, DR i s A e . AT AL IR BT, AR R A — &
BIFE AR E) AL FR AL 1% . %, fHH 400 H. 800 H. 1200 H E % 2000 H (IR AGE ST B s tl, HE I
RIMAB TR FRESGEE. BE, BB REBRE T IK R TR A, DK ZRER
TSR A NS 2 i . e, TEEIRZAAET, FIFA KURGE B35 5 Mok AR T R, LA e 4k
MARAEF o« 150 mL (YR AE AR SR, B0 LA 27 DU AT 456 FH BT B AR AR IV, LA R AR VAR ) A A
TRFEFTE 100 mL, DPABORSZES R AFI0 I . 1 Jedb AT 8 s r ik, M A i [R) g —/NeE, - DA £
FHARR T O AR B — DN ERRARE . A HPTEEIS) M. WS E WIAE ARG, % HAE
RN RGUA BIRRIRAS 5 TR U . KRS 7, s 7 ARl 100,000 Hz KA 0.01 Hz
MIE) X, SR T —/MERA 5 mV B IESZEAE N E S . N T RN FTREEM EIS #dE, AR
T Zsimpwin A, FEREIE T BTG SRR 0 A5 R AR R OR BEAT B A A b B, DUBERASHE R A
RO AL R RS B

2.2. SEM F 5

FEPRZAAAE AN SEIG 25 A T BRI TR AR T, SR T JEOL-JSM-7800F Y i1~ & i i (SEM) AT WL
Mo 7 HERE SEM TGKER, HRE S S48 D 1RSSR IT BIE I RS, TN 180 H % 7000 H A [FIRLEE Y
WYAE L AT, BEEFMEREEI PRSP BJE, FEb K CBEATEB 2K 7 5 AT
FTHYE, DR BRI AR MR . P se BR)E, PR RS IAEE R T, DA PR E R i+
B, R SIS . TR, BT T AR LSRG, DARIE T A AR SR X 4 2 T 3 A
SN . AETESE 298 K IR EEAT T, /KIS SR AR fh 2 DRI T IR B b — RO R I (s

INFIE 0.5 mol/L BRVEW, 75— FZ N 1 400 mg/L & AR IO B0 [F) i BEERR VA . PIZELAE i iR i
FREE 20 /NI o RIBEAUG, A RS AT AEKAF A BE, FRAER KERAE T BT, DA J5 %EH) SEM
TSR 5 73 -
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Fr BB B ) B SR P D (o B IH A B 21 A 3 3R AT, A 554 Nicolet iS50 ZLAMEREAN . 41
AR T S B Y 500~4000 cm .

2.4. R EIEH

712 F Materials Studio #4565 7 £ S Ut AT RO o I e, SR T3 S yiE 4 B 73 72 AR G
il e DA B BARER R Cu (111 ORI B B 0 )5S IS Miller 8%k, AR AL 4
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Figure 1. Infrared spectrum of banana leaf extract
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Figure 2. Molecular structures of the four active ingredients of banana leaf extract
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Yigle; 1401 em ! 4b24-CH; 1 i-CH (¥%5 HiFRZ)I%; 1027 em ™' 4624 C-O-C HIH4iHRZ)IE; 1000 cm ™ ELR
PRI AL I DRy 57 A IR M IR DT J F) C-HL Rl . 25 53R, AR b & A O N R B RERI A5
T, FFE MRS . 25655 B MR ISCER, AT DS RIn & 2 Frosigmesy, 735l
A 2-Amino-3-(3,4-dihydroxy-phenyl)-propionic acid (ADA), 3-(2-Diazenyl-ethyl)-1H-indol-5-0l (DEI), 3-(3,4-
Dihydroxy-phenyl)-acrylic acid (APA), 5,7-Dihydroxy-2-(4-hydroxy-phenyl)-chromen-4-one (ACO).
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Figure 3. Tafel polarization curves of copper electrode in acidic medium with and without banana leaf extract

[ 3. SEEERERMEN RS BMRZ FEMZEIRTEY Tafel AR 1LHHL[E

Table 1. Polarization curve parameters of copper electrode immersed in acid solution containing different concentrations of
banana leaf extract

= 1. RURBERBRT B TRIRENEEMHZ RN R LS

C (mg/L) Ecorr (mV/SCE) icorr (WA cm™2) Be (mV dec™) Ba (mV dec™!) 7 (%)
Blank 91 20.45 —185.7 76.4 —
CALLE
100 —96 3.51 -161.4 72.1 82.8
200 -116 2.57 -157.2 73.9 87.4
300 =117 1.81 -151.8 82.8 91.1
400 -120 1.26 -153.9 83.7 93.8

K3 27 HARIRIAE 0.5 M BRIER R & A Ak Z A AR HUYIIN () Tafel BAL LRI . dnlsl 3 Fr
s BEE AR SRR I N, R AR A B ik R S R B A MRS IR R
SRR PSR 2 T RES A R IR LR A BUH AR e Sa b, (EAS 13RI, BEE 7 AR IR B E
UsEn, AT AR S R B R 73 SCRTBH AR 73 SCRIRMR AL -T2 2B T A FAOHRFIE . AR 70 SCRTBUAEL, B
AL Z R I — S PATHE S, KR YIF AR SR B R IR e, I AR eSO A AR A8 s £
WUl 3NN T 8 B MR A -T2 EE , SR T Tafel MBI 23 3R A5 165 ot L 25 RIS ok LA, 55 2 4.
FIEREBEEAIELR 1, i, SRR R A0 1 #EATIRE[4] [5]:

w%ﬁi%iﬁinm 1)

corr,0

HA dcorno T dcor 53 BTN AN NG AT AR ISR b5 J5 B S T AR B P . R 1 T DUR B, 7R
ININE BRI BRI, I AT ) PR T %) 5 b PRI 5 PO 20.45 pA em 2. 475 BE ISR U (19K B O
400 mg/L B,  BEEHRRE 2R TH A5 Tk R IR A PR R PR 1.26 pA em 2, BB IR ISCRAEN 93.8%.
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3.3. BALFMEIERIRES

Kl 4(a)FIE] 4(b) I 18 BIARIRIELLE 0.5 M BRI & A Rk = AN [R19A FE A A2 S BV ) Nyquist
1 Bode B, W& 4 firos, Bl A& A SR ECYIR EE 03 0, mT CABA R R I Nyquist B HUIREAE S0 H
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Figure 4. Electrochemical impedance spectroscopy of a copper electrode immersed in an acidic medium with and without

banana leaf extract: (a) Nyquist plot; (b) Bode plot
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Figure 5. Electrochemical impedance spectroscopy of a copper electrode immersed in an acidic medium with and without

banana leaf extract: (a) Nyquist plot; (b) Bode plot
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Besh, AT EE T AL A BRSO S, R T E S AR B E R E 1A 4 A BT 2
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R, R T 2 Rt h 2 A AT R AR [6]-[8]:

%) = 2 R0 109 @)
1%)==%
Horbr, Ry M1 Rp o 73 A7 US NG R AR s I 2 b 751 = A A B BELE . ARNA 2 2 7T USRS S Fr gt 42
PR Bk 2] 400 mg/L B, HLERIM SR RENSIA B 93.1%,  [RI b m] DASR B B 5 - S U e 05 A6 25 i) 4 75
BRAE A o7 () ok

Table 2. Electrochemical impedance spectroscopy parameters of copper electrodes immersed in acidic solutions containing
different concentrations of banana leaf extract

2. fABERREEREARTEBARRENTEMHEIIN B L FETES K

C(mg/L) Rr(kQcm?) Ru(kQem?) Ry, (kQcm?) Cr(uFem?) n; Ca(uFem™@) n2 chzl gl /2)9 7 (%)
Blank 0 0.62 0.62 168.8 0.82 167.3 0.63 7.2 —
CALLE
100 0.21 3.23 3.44 88.6 0.96 133.7 0.73 - 81.9
200 0.42 4.15 4.57 79.3 0.93 98.1 0.86 - 86.4
300 0.67 5.75 6.42 66.4 0.99 67.4 0.99 - 90.3
400 0.82 8.17 8.99 49.9 0.96 41.5 0.77 — 93.1

3.4. IPHEFRARBY ST AT

TR A SRR B F AR R T B B AT e SR T AR S5 TR IR BB 2R 4T 20 B, 23 0k
H' 7 Langmuir, Frumkin, El-Awady F Freundlich &M AR 17304, A G 45 RE B, Langmuir
W AR (R 2R M R R AR T 1, X R A A A R I W 75 & Langmuir BZWPRBRY, Horh
Langmuir W AL 75 A Xl R 9] [10]:
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Figure 6. Adsorption isotherms of copper electrodes immersed in acidic medium with and without banana leaf extract
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Figure 7. SEM images of copper electrodes immersed in sulfuric acid medium with and without banana leaf extract: (a)
Surface morphology without corrosion inhibitor after immersion for 20 hours; (b) Surface morphology with 400 mg/L banana
leaf extract
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Figure 8. Optimized structures of ADA, DEI, APA and ACO in banana leaf extract and the electron cloud distribution of
HOMO and LUMO orbitals
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Figure 9. Optimized structures of ADA, DEI, APA and ACO in banana leaf extract and the electron cloud distribution of
HOMO and LUMO orbitals
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