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ABSTRACT: This paper aims to explore the effect of extracellular polymeric substances (EPS) secreted by sulfate-reducing
bacteria in the environment where there is water in the aircraft fuel tank on the corrosion behavior of 2024 aluminum alloy and
provide a theoretical basis for microbial corrosion and protection in aircraft fuel tanks. The growth of microorganisms in
aviation coal caused the corrosion failure of the aircraft fuel tank material 2024 aluminum alloy. Sulfate-reducing bacteria EPS

was isolated and extracted by high-speed centrifugation. Different experimental groups were formed by adding different

WREH: 2021-10-21; EITE#H: 2022-05-30

Received: 2021-10-21; Revised: 2022-05-30

EEWMHE: FRHERALAA (3122019107); RAnZArtHERXAR

Fund: Central University Fund Project (3122019107); Civil Aviation Safety Capacity Building Project

EHERT: THY (1984—), *, i+, 83, T2MAFTQARHABIRE G

Biography: DING Qing-miao (1984-), Female, Doctor, Associate professor, Research focus: material corrosion and protection.

Blxxtgs: TEW, xzhm, EXE. IR A AT R 2024 4554 JEARAT A Hea[T]. @K, 2022, 51(12): 197-207.

DING Qing-miao, LIU Rui-yang, HOU Wen-liang. Influence of Extracellular Polymeric Substances on Corrosion Behavior of 2024 Aluminum
Alloy in Aircraft Fuel Tank[J]. Surface Technology, 2022, 51(12): 197-207.



- 198 - * wm #H R

contents of EPS to the simulated jetting water solution. Cut the 2024 aluminum alloy into long squares of 10 mmx10 mmx3 mm
as the materials and smooth them by sandpaper and cleaned. After placing the experimental groups for 11 days, Fourier
transform infrared spectroscopy (FT-IR) was used to analyze the composition of EPS. The corrosion behavior of aircraft fuel
tanks 2024 aluminum alloy induced by EPS of sulfate-reducing bacteria was investigated with surface analysis method and
electrochemical method in a simulated aircraft fuel tank water environment. Results showed that compared with the medium
condition without EPS, under the same experimental conditions, the corrosion current density of 2024 aluminum alloy decreased
under the action of the EPS. The corrosion product film showed a loose and porous morphology. The corrosion morphology was
dominated by pitting corrosion. Within 11 days of the experiment, the corrosion behavior was divided into three stages when the
EPS concentration in the solution was 100 mg/L and 200 mg/L. In the first stage, within 3 days of the experiment, it hindered
the diffusion of dissolved oxygen and inhibited corrosion to a certain extent since the EPS coated on the surface of the aluminum
alloy acted as a protective layer. The second stage was in the 3-7 days of the experiment, the non-uniformity of the EPS film
became larger, and the corrosive ions accelerated metal corrosion. The third stage was after 7 days of the experiment, EPS
formed a stable protective film on the metal surface. It connected with various substances in the protective film to hinder the
diffusion of corrosion ions and dissolved oxygen and inhibit the oxygen absorption reaction of the cathode, resulting in the

corrosion rate to slow down. The EPS-metal complex produced by the complexation of EPS and AI**

promoted the anodic
dissolution rate of 2024 aluminum alloy samples, but the main influence was to inhibit the diffusion of dissolved oxygen to slow
down the cathodic oxygen absorption reaction. The effect of inhibiting corrosion was still proportional to the EPS concentration.
The corrosion behavior of aluminum alloy was influenced by EPS in the simulated jetting water solution. The corrosion current
density of 2024 aluminum alloy in a solution with EPS concentration of 200 mg/L was roughly 1/10 times that of no EPS. When
the EPS concentration was 200 mg/L, the effect of inhibiting the corrosion of aluminum alloy was the best. With 300 mg/L EPS
concentration in the solution, the EPS-metal complex lost its effect in isolating dissolved oxygen and accelerated the corrosion
rate of the sample.

KEY WORDS: 2024 aluminum alloy; extracellular polymeric substances (EPS); simulated jetting water solution; electroche-

mical tests; corrosion morphology; corrosion law
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Fig.1 Polarization curves of 2024 aluminum alloy immersed in simulated jetting water solution with different
EPS concentration for different time: a) EPS concentration is 0 mg/L; b) EPS concentration is 100 mg/L;
c) EPS concentration is 200 mg/L; d) EPS concentration is 300 mg/L
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Tab.1 Polarization curvefitting results of 2024 aluminum alloy immersed in simulated jetting
water solution with different EPS concentration for different time

*x1

EPS concentration/

(mg-L ) Time/d B/(mV-dec™") B/ (mV-dec™) Eeon(vs. SCE)/V Jeor/(MA-m™?)
1 197 200.803 —0.511 4.14
3 105 364.964 —0.436 57.09
0 5 150 334.225 ~0.538 24.48
7 144 430.849 ~0.406 70.99
11 141.703 342.231 ~0.428 233.30
1 98.610 214.133 -0.620 3.47
3 113.43 407.498 ~0.435 54.92
100 5 156.104 339.443 -0.531 11.55
7 113.186 408.664 —0.424 67.68
11 156.250 353.232 ~0.396 77.02
1 187.126 277.316 -0.533 2.48
3 136.761 946.074 -0.426 15.50
200 5 157.953 353.107 -0.58 21.82
7 117.689 305.81 ~0.408 56.37
11 122.459 451.264 ~0.419 30.11
1 150.693 328.731 ~0.595 35.16
3 189.107 200.28 -0.371 4.86
300 5 145.879 476.19 ~0.544 15.27
7 149.499 488.281 -0.396 55.34
11 102.659 319.387 -0.429 23.07
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Fig.2 Electrochemical impedance spectroscopy of 2024 aluminum alloy immersed in simulated
jetting water solution with 0 mg/L EPS concentration for different time
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Fig.3 Electrochemical impedance spectroscopy of 2024 aluminum alloy immersed in simulated
jetting water solution with 100 mg/L EPS concentration for different time
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Fig.4 Electrochemical impedance spectroscopy of 2024 aluminum alloy immersed in simulated
jetting water solution with 200 mg/L EPS concentration for different time
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Fig.5 Electrochemical impedance spectroscopy of 2024 aluminum alloy immersed in simulated
jetting water solution with 300 mg/L EPS concentration for different time
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aluminum alloy in simulated jetting water
solution: a) no EPS group; b) test group
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Tab.2 Electrochemical impedance spectra fitting parameter s of 2024 aluminum alloy immersed in
simulated jetting water solution with different EPS concentration for different time

Crps/(mg-L7")  #/d RJQ Ry/Q  Q4/(F-cm?) ng O/(F-cm?) ne R /Q W/(Q-cm?)
1 0.01 423.8  9.673x10° 0.7845  1.084x10*  0.9717 41 560
3 0.04 4389  9.556x107°  0.5131 1.656x107"  0.6659 35000
0 5 0.02 5427  3.261x10°  0.6094 1.131x10°  0.7856 52 160
7 0.01 3478.0  8.446x107°  0.5095 2.808x107'° 0.5211 62 830
11 0.01 2953.0  7.543x10°  0.5027 2.215x1071°  0.4579 5 683
1 0.01 430.5  5.472x10° 0.8548 1.322x10° 0.7147 72990  1.762x107°
3 0.01 643.5  9.148x107° 05421 5.821x107  0.1226 36980  2.031x107°
100 5 0.01 531.0  3.146x10° 0.8477 6.545x1071°  0.7152 283  3.294x10°
7 0.04 657.5 3.685x10° 0.8828  1.381x10° 0.5739 113 1.135x107
11 0.03 6422  1.079x10% 0.4660 7.377<107  0.846 0 70630  1.171x10°8
1 0.01 546.8  6.739x10° 0.8548  1.282x10°  0.813 1 86880  6.398x107°
3 1.45 1101.0  4.758x10°  0.5665 7.280x107'° 0.5889 30970  1.115%x10°°
200 5 0.01 5309  1.226x107°  0.8577 1.233x107°  0.844 0 4053  1.787x107
7 0.01 2255 7.220x107°  0.4972  4.026x107'°  0.5354 34330  4.235x10°°
11 0.01 823.0  6.157x10°  0.5278 1.101x10° 0.6125 474300  5.908x10°°
1 11.12 703.5 7.639 0.776 1 1.206x10°  0.637 1 122200  2.086x107*
3 11.27 7643  1.022x10%  0.5019  7.485x107'°  0.1201 15770  5.378x107°
300 5 0.01 504.7  2.321x107°  0.6335  1.304x10™  0.1110 39700 4.254x107°
7 0.01 921.8  5.929x107°  0.6190 2.140x10”°  0.861 8 938 600  2.174x107°
11 0.01 906.9  3.745x10° 0.8965 5.690x1071° 0.998 6 4059  3.432x10°°
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TERUIN EPS WA IR 3 d 5, iR R 1 ol =
VIR R sibn Z LIRS (K 7al ), ‘SRR M
MBS T B35 4w S AR At i sk o ) Rk
EE R, WAL &P &45 85 SEM (F 7a2) R
g5, MENEMTYEARR, &RIL ARz 2R
P, b TFA RSN, EEA EPS MIRIIA R
Hh, B i U 3R A ek ) AT A 2 A 18] T2 ),
REELE R, 5T EPS Fia ¥k 100 mg/L
200 mg/L ¥ RFEA L, 12U T EPS iR
7300 mg/L A FR AL P 0 1R A A B 4
MR SRS (| 7d2). ATRAER],
EPS AT KR AR K AR HULVS Y 2 %o e 2 1T 1) 8 ol e
G . R X Ui, BEE EPS WREERIHR,

EPS L4725 Wi A8 A G B I B2, T ik s i A
A B fi T BORE S Tl B e . L, EPS 21
A I 2 e R PO AT Z AR B R

% 8 k2024 5 A 4 AE AR EPS ¥R T AT
KA IR 3. 11 d J5 £ b=y i 2% 1
PESHE . A E 8al A 8a2 W1, TEARINMN EPS
PR , BB IR MR ] A RE K, R 2 i 1 B0 ) 3R
JEh, R T ER, ST B AR A
Ko 7E EPS R 100 mg/L Fl 200 mg/L i
FUKA I I IZ i 3 d iR s =W )5, HE
A B %, EPS iR IRE N 200 mg/L (A
8bl Ml 8cl) B, EEM ST HRAEE S EPS
EIREE R 100 mg/L WA H S s o 12 i 45 R
B, 885 4RI 0 S T ECE 5050 3 d AH HLBH o 3
fne HIRAAETE EPS Buit vk 300 mg/L A MTAEFR K
RERLAW R 11 d 5, 2024 854 4 R i 4
FEE VAR PR B T R AR A T TS
3dBFE AL,

2.3 EPS W #lREEMR ST

LIAMETERIER G Y B RE A A 3 TF-BL, 2550
WK . WA B | T 0 3 T A S UG R A7 AR O
& 9 JE7E EPS Fit R R 300 mg/L MM UK AL
WP 3 d 1Y 2024 FRA SRR AMGIE IR . AT
DIEH, 75292299, 1633.31. 1050.69 cm' 2L REXS
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al 0 mg/L EPS bl 100 mg/L EPS €1:200 mg/L EPS * 5

r

420 mg/L EPS ¥ | b2 100 mg/L EPS €2 200 me/L EPS

d1 300 mg/L EPS d2 300 mg/L EPS

K7 2024 $R5 BTEANIR EPS W EE B ATREBUKBIA W T 3. 11 d /5 SEM E{R
Fig.7 SEM images of 2024 aluminum alloy immersed in the simulated jetting water solution
with different EPS concentrations after 3 and 11 days

al 0 mg/L EPS b1 100 mg/L EPS ¢1 200 mg/L EPS

a2 0 Ihg/L EPS b2 100 mg/L EPS c2 200 mg/L EPS

d1 300 mg/L EPS d2 300 mg/L'EPS

K8 2024 fRA BAEAIF EPS W RIMTRBUK SR W PRI 3. 11 d J5 25 BRI k™ 9 69 5 A AR 1R

Fig.8 Metallographic microscopic images of the corrosion products removed of 2024 aluminum alloy
immersed in the simulated jetting water solution with different EPS concentrations after 3 and 11 days
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Fig.9 The FT-IR image of the biofilm on the
surface of 2024 aluminum alloy immersed

in the simulated jetting water solution with
300 mg/L EPS concentrations after 3 days
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1539.34 em ' Ab A i I4 5351 5 —COOH . C=N ##
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hESLE P R S A e, REZHE C—O0—C i
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FLA A 0 H Ay R R 45 B AT S L LA I R v Y R
i, XUCHREMIRE S 4 Jm B A EAER, x4 s
BT EA R MR,

= 3 EPSH FT-IR Jtif IR UE X B2 B9 E BE
Tab.3 The functional group corresponding to the
absor ption peak of the FT-IR spectrum of EPS

Wavenumber/cm™ Assignments
3442.95 O—H,N—H
1 633.31 Cc=0
1539.34 C=N
1 050.69 C—0—C

& 10 232 o 7E EPS Jit i v 5 4 300 mg/L it/ FH
KB R 3 d A 11 d REERI 2T AMGIE T L, 3t
BEFETH T L EU EPS-4J& 46 &) FTIR Y64 O—H .
N—H Fl C=0 W&a e shxs B i b & AT B
FmAL, [EEF, RHTE EPS Bk Bk 300 mg/L
3 d BRFELLAMGIE I H C=N {45 3= Sh %0 A W i
W 57 %5F I TR MO AE AR [A] EPS MEFE P 11 d (i RELT 4b
S B W WA 057 TL T 2K o U BHAH N BE Al S5 2
5T mg s AR, RPHE X S AR R R AP R
THESVER, M5 At i B RE A R A T 43 F Z R A

AL IFH EPS A C=0 Al L5 AP A, BimiAl
DIAR G-t W2 B A2 4 i 2 18
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Fig.10 FTIR comparison of the biofilm on the
surface of the sample immersed in the simulated

jetting water solution with 300 mg/L EPS
concentrations after 3 d and 11 d

4 NEE4 R EPS-SBESYTH Al TER
S IREE 3 d AT, EPS R A 200 mg/L i
I FE R EPS-E R4 AW Al TR & & i/
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T EPS it ¥k M 100 mg/L F1 200 mg/L I 4 ,
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BAT RIS URE Y FH AR S, (s fE A R, Bt
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PR I 6] 32 W0 7 B v B EPS BIAAE RUK LA TR b
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ABEA, MAVIREESE RN EPS-& B4 &Yk
FRBAS R L PR B VS i S PR T, AR & A

&4 EPS-ERBEYUWHATERE

Tab.4 Al element content in EPS-metal complex

Al element content/(mg-kg™")

Time/d

Omg/L 100 mg/L 200 mg/L 300 mg/L
EPS EPS EPS EPS
3 0.684 0.491 0.155 0.203
11 1.298 1.508 2.796 4.135
3 &Hig

1) BT AR EPS ¥ AT BUR LI 8
(2024 575 G ST 1 ) I B A 22 LAY 4
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5530 ok RO RE 5 BER TR ] B3
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