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ABSTRACT: The work aims to develop an effective CO, corrosion inhibitor with the novel biological method from green
natural materials. The Lactobacillus plantarum is used as a modification tool, and cellulose nanofibers were modified by bio-
logical method to prepare functional nanomaterials. The structure of the product is characterized by infrared spectroscopy, and
the corrosion inhibition performance of carbon steel in CO, -saturated salt solution is evaluated by weight loss test and electro-
chemical measurements. The functionalized cellulose nanofibers (FCNFs) can inhibit the corrosion of carbon steel effectively,
and the inhibition efficiency can reach 88.6% when the addition concentration reaches 10™* in weight loss tests. In addition, the
results in potentiodynamic polarization show that the FCNFs have mixed inhibition mechanism, which can inhibit both the

charge transfer process in cathode and the anodic dissolution process, and the nano particles will desorb at high overpotential.
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Electrochemical impedance spectroscopy tests at different immersion time shows that the fluctuation time before the inhibition

performance of FCNFs achieves stability in solution is about 8 hours, which is obviously longer than that of traditional inhibi-

tors. The functionalized cellulose nanofiber is a new type of nano-inhibitor with excellent inhibition performance, and the

unique structure enables nanoparticles to adsorb on metal surface. The special modification method provides a new idea for the

green and safe production of corrosion inhibitor.
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Fig.1 The FT-IR spectra of reactants and products
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Tab.1 The results of weight loss of carbon steel with different additives

Cl(mg-L ™) AW/g Veorr /(mm-a") %

0 0.0254+0.0026 0.874+0.089 —

CNFs 40 0.02290.0016 0.788+0.055 9.84
CM 40 0.0181+0.0012 0.623+0.041 28.7
20 0.0061+0.0012 0.210+0.041 76.0

40 0.0050+0.0008 0.172+0.028 80.3

FCNFs 60 0.0043+0.0007 0.148+0.024 83.1
80 0.0035+0.0008 0.120+0.028 86.3

100 0.0029+0.0005 0.100+0.017 88.6
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Fig.2 Polarization curves of carbon steel measured under different conditions: a) different additives at 40 mg/L; b) different con-

centrations of FCNFs
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Tab.2 Fitting parameters of the polarization curves of metals measured under different concentrations of FCNFs

C/(mg-L™) Eeon(vs.SCE)/mV for/ (A-cm?) b/(mV-dec™!) bo/(mV-dec™)
0 —73444 (0.816+0.063)x107* 49+6 —209+6
CNFs 40 —718+3 (0.6610.058)x107* 565 ~189+7
CM 40 ~703+3 (0.584+0.045)x107* 53+5 —221+6
20 ~71942 (0.528+0.036)x10°° 51+5 —180+5
40 —692+2 (0.303+0.019)x107° 55+4 ~138+5
FCNFs 60 —686+2 (0.118+0.010)x107° 5543 -137+6
80 —675+2 (0.088+0.008)x10~° 563 ~131%7
100 —666+3 (0.075+0.008)x10°° 54+3 ~148+8
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Fig.3 The EIS of carbon steel measured under different conditions: a) different additives at 40 mg/L; b) different concentrations

of FCNFs
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Fig.4 Equivalent circuits for fitting the EIS in different conditions: a) different additives at 40 mg/L; b) different concentrations of

FCNFs
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Tab.3 The fittiong parameters of EIS measured for metals with different additives
C/(mg-L™")  CPET/(S"Q 'cm™?) n R/(Q-cm®)  CPEFT/(S™Q 'cm™) n, Ri/(Q-cm?)
0 1.2x1073 0.83 102.5 4.0x107" 0.99 32.7
CNFs 40 8.3x107* 0.80 172.5 4.9x107" 0.99 72.8
CM 40 1.7x107* 0.87 100.5 3.7x107* 0.82 162.8
20 3.0x107* 0.88 530.0 8.1x107° 0.82 15.6
40 6.9x107° 0.93 847.3 6.4x107° 0.91 21.2
FCNFs 60 1.6x107* 0.90 1238.0 1.3x1072 0.99 124.5
80 1.2x107* 0.90 1611.0 1.4x1072 0.99 214.5
100 8.7x107° 0.94 1941.0 1.0x1072 0.99 345.8
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