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Effect of Aspergillus niger on the corrosion of industrially
pure titanium
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Abstract: The study investigated the influence of Aspergillus niger on the corrosion behavior of indus-
trial pure titanium TA2. Surface analysis techniques, including laser confocal microscopy and scanning
electron microscopy, were employed alongside electrochemical analysis methods such as electrochemic-
al impedance spectroscopy and potentiodynamic polarization curves to examine the corrosion resist-
ance of TA2 in the presence of Aspergillus niger biofilms. The findings revealed that the adherence and
growth of Aspergillus niger on the TA2 surface modified the electrochemical properties of the titanium,
with its corrosion resistance initially improving and then declining over time. The biofilm enhanced cor-
rosion resistance within a specific timeframe, and a thicker biofilm correlated with better resistance.
However, after 21 days of immersion in the Aspergillus niger solution, minor pitting was observed on
the titanium surface, indicating the initiation of microbial-induced corrosion.

Key words: commercial pure titanium, Aspergillus niger, microbiologically induced corrosion (MIC),
biofilm, electrochemistry
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Fig.5 Microbial membrane on the surface of titanium sheet after soaking in Aspergillus niger solution for different time
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Table 1 Fitting parameter table

TA2 t/d  Rs/(Q-em®)  Qrx10°/(Q"-S"em™) n R/(Q-em®)  Qrx107/(Q7"-S™cm ™) n Ret/(kQ-cm’)

7 65.68 3.36 0.92 265 300

RE&H(Sterile) 14 34.98 2.63 0.93 326 000
21 64.04 3.68 0.90 223 900

7 30.13 2.08 0.98 2223 2.99 0.92 572370

A.niger 14 25.07 3.07 0.93 78.17 0.3984 0.99 886 780

21 27.70 2.86 0.93 58.6 0.602 0.98 579 350
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Fig. 8 Potentiodynamic polarization curves of titanium sheets immersed in PDB medium and Aspergillus niger solution
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Table 2 Potentiodynamic polarization fitting data of titanium sheets immersed in PDB medium and Aspergillus niger solu-

tion
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21 1.16 -0.162 147.36 126.66
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21 223 -0.138 117.12 124.80
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of the sample containing Aspergillus niger for 21 days

3 &

DL TA2 SHFFE X 4, R O R A2 B s
F1 SEM S8R H T AR At T SR & B X TA2
() = P K e i B TR A0, R b2 AR5 T
PR X TA2 JE R A2, A58 LT 4518

1) Hh & AT LITE TA2 2100 M5 B U E Y
JE, 14 d B A= RS IRERE fe K, i 2R 0t

2) Bk R (R R e S5 A W I T J LA O,



- 52 - W gk Pl K 2025 455 46 &

HLAL 2 A2 R 3R B, B RV F] R34, TA2 SR EIAR A B Ay S

TE AT S B TR A T PP T b P R S s ks, SEFWITN T IR 5 T, PR IR AR
R RSB REE T, W TE 14 dis AR TR R A KA R E SRR, J5 SR —
BURRAL, 14 d SRR PR IERE N IE, HEWT SRR PP RUl A IRE R R AERIE T R il R R0 AR
AR DA K INEE ST A NSE et e RS20 A

3) JAETE 14 d EYREAOIE SO T i e 2 AT E YR i RER LIS

FETHEH, (H A A R il 2 T PR 5 P Bk 2 i

S5 3k

(1]

(2]

(3]

[4]
[5]
[6]

[7]

[8]

[10]

[11]

[12]

[131]

[14]

SUN J, QI Y J, LIU H, et al. Research progress on tribo-corrosion of titanium and titanium alloys in seawater environment[J].
Materials Protection, 2020, 53(1): 151-156.
(0, T, XURE, S5 MEPEEREE T B SR G 4 1O R Il I R (0], R1RMR, 2020, 53(1): 151-156.)
DONG Y C, FANG Z G, CHANG H, et al. Service performance of titanium alloy in marine environment[J]. Materials China,
2020, 39(3): 185-190.
G H i, 73S, W, 45 MRS T Bk A T ZIRAR PR RERFE ). rh R RLIERE, 2020, 39(3): 185-190.)
LIJ Q, ZHANG D Y, CHEN X B, et al. Laser directed energy deposited, ultrafine-grained functional titanium-copper alloys
tailored for marine environments: Antibacterial and anti-microbial corrosion studies[J]. Journal of Materials Science &
Technology, 2023, 166: 21-33.
JIANG C M, YANG S X, GUO D, et al. Simulated microgravity accelerates alloy corrosion by aspergillus sp. via the
enhanced production of organic acids[J]. Applied and Environmental Microbiology, 2022, 88(19): 1-16.
DENG C, ZHAO Z X, HU H S, et al. Comparisons of I and Cl concentrations on the corrosion behavior of TA4 titanium
alloy in azeotropic acetic acid solutions[J]. Journal of Physics: Conference Series, 2022, 2368(1): 012009.
SAN N O, NAZIR H, DONMEZ G. Evaluation of microbiologically influenced corrosion inhibition on Ni-Co alloy coatings
by aeromonas salmonicida and clavibacter michiganensis[J]. Corrosion Science, 2012, 65: 113-118.
ZHANG D, WU 1J J. Research progress on the mechanisms of microbiologically influenced corrosion in marine
environment[J]. Oceanologia et Limnologia Sinica, 2020, 51(4): 821-828.
(IR, AR, MR A My LBt e (). YT S5 I09A, 2020, 51(4): 821-828.)
VICTORIA S N, SHARMA A, MANIVANNAN R. Metal corrosion induced by microbial activity-Mechanism and control
options[J]. Journal of the Indian Chemical Society, 2021, 98(6): 100083.
JIA R, YANG D Q, XU D K, et al. Electron transfer mediators accelerated the microbiologically influence corrosion against
carbon steel by nitrate reducing Pseudomonas aeruginosa biofilm[J]. Bioelectrochemistry, 2017, 118: 38-46.
LI Z D, BI Z Y. Effects of environmental conditions such as temperature, salinity and pH on mold growth[J]. Asian Journal
of Clinical Medicine, 2019, 2(4): 33-38.
(i, el L | R I pH AFFRIE ARV X B AR R AR [)]. I PRIE 24240, 2019, 2(4): 33-38.)
LIU S D, KONG W X, WANG J. Investigation of typical marine mould corrosion environment-A case study of “Dong Fang
Hong 2” [J]. Guangzhou Chemical Industry, 2016, 44(21): 141-143.
O, FLAEST, EAE. MO R R S PR R A - DL “Z07 40 27 A I[]. JINAE T, 2016, 44(21): 141-143.)
KHAN M S, LI Z, YANG K, et al. Microbiologically influenced corrosion of titanium caused by aerobic marine bacterium
Pseudomonas aeruginosa[J]. Journal of Materials Science & Technology, 2019, 35(1): 216-222.
ZHANG Y X, CHEN C Y, LIU H W, et al. Research progress on mildew induced corrosion of Al-alloy[J]. Journal of
Chinese Society for Corrosion and Protection, 2021, 41(1): 13-21.
CoRFRAT, BRARFI, XA, 55, FRa S5 rE T vt (0], o E S i S5 B4 2741, 2021, 41(1): 13-21.)
TIAN F, BAI X Q, HE X Y, et al. Research progress on microbiological induced corrosion of metallic materials under ocean
environment[J]. Surface Technology, 2018, 47(8): 182-196.
(HIEE, FAF5 55, BUNEE, 55, IERREE T SR AR A Y bt 7 BRI ()], IR, 2018, 47(8): 182-196.)
CHEN J N. The study on microbiologically influenced corrosion behavior and mechanism of hull structure material 907 steel
in seawater[D]. Qingdao: University of Chinese Academy of Science (Institute of Oceanology, Chinese Academy of
Sciences), 2019.
(WRAG . ARRZSHG AR 907 BATEIE K st W A7 Ry R AL FR[D]. 75 & rh EREBE R (T ER =B
i), 2019.)

DR RS



	0 引言
	1 试验
	1.1 工业纯钛TA2预处理
	1.2 黑曲霉菌的培养
	1.3 微生物腐蚀试验
	1.3.1 黑曲霉菌在试片表面附着和生长
	1.3.2 黑曲霉菌在试片表面的生物膜特征

	1.4 电化学试验
	1.5 试片表面形貌观察

	2 结果与分析
	2.1 黑曲霉菌在钛及钛合金表面附着过程
	2.2 黑曲霉菌在钛及钛合金表面形成的生物膜特征
	2.3 电化学测试结果
	2.3.1 交流阻抗
	2.3.2 动电位极化

	2.4 试片表面形貌

	3 结论
	参考文献

