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Abstract. The quality of ferrous metals may decrease due to corrosion. The corrosion rate can
be inhibited using inhibitors derived from organic compounds. Sugar cane waste from the sugar
industry contains lignin that can be used as an environmentally friendly organic inhibitor, also
called green inhibitor or eco-friendly inhibitor. The present article describes the use of green
eco-friendly lignin natural polymer as corrosion inhibitor on the surface of ferrous metal in acidic
media. Lignin was isolated from bagasse by acidification methods and characterized by FTIR to
confirm the functional groups. The inhibition effectiveness of lignin against corrosion rate was
observed by varying the concentration of lignin and metal immersion time in acidic medium. By
using weight-loss method, it was found that the optimum inhibition effectiveness was 80.79%
using the lignin concentration of 10 g/L and metal immersion time for 6 hours. The corrosion
rate decreases with increasing lignin concentration of bagasse and length of immersion time.

1. Introduction

Corrosion is deterioration of metals due to spontaneous electrochemical reactions. Deterioration or
destruction of metals is an unavoidable event yet controllable process. Many investigations were
conducted to inhibit the corrosion process [1,2].

Organic inhibitors are more developed and used than inorganic inhibitors because they are more
environmentally friendly, safe, practical, low cost and renewable [3]. Organic inhibitors known as green
inhibitors or eco-friendly inhibitors. Many organic inhibitors derived from natural sources such as plants
were flavonoids, alkaloids, or other natural products [2].

Bagasse is usually utilized as an alternative energy sources such as bioethanol or biogas, because it
contains 52.7% cellulose, 20.0% hemicellulose, and lignin 24.2% [4,5]. Relatively high lignin content
in the bagasse is potential to be used as a corrosion inhibitor [6]. Lignin is a phenolic macromolecule
[7] consists of the three main phenylpropane units (monoglinol), i.e. coniferyl alcohol, sinapyl alcohol,
and p-coumaryl alcohol. The functional groups in lignin are phenolic, hydroxyl, carboxyl, benzyl
alcohol, methoxy and aldehyde that make lignin useful as a corrosion inhibitor. The functional group
contains double bonds and free electron pairs on the O atoms which enable lignin to be adsorbed on the
metal surface forming a barrier between the metal and the corrosive environment [8].

The potential of lignin as a corrosion inhibitor has been investigated by Altwaig, et al. [8]. Alkali
lignin was extracted from sawdust of a maple wood tree. Alaneme and Olusegun [9] also have
investigated the inhibition potentials of lignin extract from sunflower. Study of the use of lignin from
the skin of coffee as an inhibitor performed by Hasan, et al. [10]. Isolation of lignin from sugarcane
bagasse was once performed by Lubis, et al. [11], but there was no utilization of the isolated lignin as
corrosion inhibitor.
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In this paper, we reported a study of lignin utilization from sugarcane bagasse as a corrosion inhibitor
with variation of lignin concentration and immersion time.

2. Method

Materials and tools used in this research were bagasse as lignin source, iron plate, hydrochloric acid
37%, sodium hydroxide 10%, glassware, analytical balance, sandpaper, filter paper, vacuum, 40 mesh
sieve, oven, grinding machine and FTIR spectrometer. Pre-treatment of iron plate was carried out by
grinding the iron plate surface with sandpaper, rinsing with distilled water, degreased with acetone then
dried in the oven at 45 °C for five minutes. After that the iron plate was weighed by the analytical balance
to determine the initial weight (Wo).

Isolation of lignin from bagasse was done through several stages. The bagasse was dried, made into
powder, filtered using a 40 mesh sieve and then treated with sodium hydroxyde solution (solid-liquid
ratio 1:10) at 170 °C for 1 hour. After treatment, the mixture was cooled for 2 hours and then filtered.
Hydrochloric acid solution was added to the filtrate solution until pH 2 was reached in order to
precipitate the lignin. The lignin precipitate was cooled in freezer for 24 hours, air dried and filtered
using vacuum filter while washed with distilled water. The lignin residu was heated in the oven at 45°C
for 24 hours. The lignin was then weighed and characterized FTIR spectrometer.

Iron plate is immersed in lignin solution at varying concentrations of 5, 10 and 10 g/L and fed into a
corrosive medium containing 50 ml of 1 M HCl solution with immersion time of 2, 4 and 6 hours. After
immersion, the iron plate was washed, dried in the oven, and weighed. The corrosion rate (CR) was
calculated by weight-loss method using equation (1). Percent inhibition efficiency (%IE) was calculated
using equation (2) where CR1 was corrosion rate in corrosive medium at zero concentration of lignin.

R Initial Weight of iron (g) — Weight of corroded iron (g)

1
exposed area(cm?) X exposure time(hour) D
CR1 - CR2

3. Result and discussion

3.1. The isolation and characterization of lignin

In lignin isolation, dry sugarcane bagasse which has been filtered using a 40 mesh sieve was dissolved
in sodium hydroxide solution, thus forming a soluble phenolic salt [10]. To accelerate the formation of
a phenolic salt and separating the lignin from the other compounds, heating at 170°C was carried out on
the mixture. Such treatment produces black liquor containing lignin and residue waste. After filtration,
the black filtrate is acidified using HCI to pH 2, so that lignin precipitates. Precipitation until pH 2 is
performed to maximize lignin precipitation [12]. Addition of acid will change the phenolic salt of lignin
into lignin neutral base that cannot be dissolved in water [13]. By filtration, lignin is separated and then
heated in an oven at a temperature of 45 °C to obtain lignin in solid form.

Analysis of the functional groups of lignin using FTIR spectrometer was performed by direct
transmission using potassium bromide (KBr) pellet technique. FTIR spectrum was recorded in the range
0f 4000 to 400 cm™'. Resulting of IR spectrum of lignin can be seen in Figure 1. These results have been
compared with the results of FTIR analysis from Lubis et al. [8] research. Tabulation of data from
absorption bands of lignin compared to absorption bands of standard lignin [14] is shown in Table 1.
These results indicate that the FTIR spectrum of lignin isolated from bagasse is similar with bagasse
lignin from Lubis, et al [11].
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Table 1. Comparison of IR absorption bands of
bagasse and standard lignin.

Absorption Bands (cm™)

Lignin of Standard Functional groups
sugarcane bagasse  Lignin [14]
3447,104 3400-3450 O-H stretch
2927,405 2820-2940  C-H stretch
1636,390 1600-1650 C=C Aromatic
1506,846 1505-1515 C=C Aromatic
1459,276 1460-1470  C-H asymmetry
1389,245 1350-1400 C-O stretch
1067,347 1030-1085 C-H Aromatic

3982.962 0173
3894.384 0127

% Transmittance

2120.386 0.602
2060392 6638

0.8

3562.164 9.215
3447.104 0.138
3359407 0.280
2927405 6326

1681525 0623
1636.390 0439
1506.846 1.105

1604.317 0.739
1459.276 0467

0.6
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Figure 1. IR spectrum of lignin of sugarcane bagasse.

3.2. The effectiveness of lignin bagasse as a corrosion inhibitor

The effectiveness of lignin as corrosion inhibitor was measured by immersing the iron plate in lignin
mixture with 1 M HCI (as corrosive medium). The variations of lignin concentration used were 5 g/L,
10 g/L and 15 g/L and immersion time of 2, 4 and 6 hours. From these experiments we obtain the masses
of iron plate before and after immersion in corrosive media. The data is used to determine the corrosion
rate using weight-loss method.

The effect of lignin concentration and immersion time on corrosion rate can be seen in Figure 2.
From the graph (Figure 2), it is known that the higher concentration of lignin bagasse and the longer
immersion time of iron plate generally results in the decreasing of the corrosion rate. According to Sighk
and Mukherjee [15] the decrease in corrosion rate against increased time occurs due to the formation of
a passive layer from the accumulation of corrosion products on metal surfaces so that the corrosion rate
decreases.

The most optimal conditions of lignin as an inhibitor were obtained at lignin concentration of 10 g/L
with 6 hours immersion time. Based on the calculation using equation (2), it is known that the efficiency
of lignin inhibition on the addition of lignin concentration of 10 g/L and the immersion time of 6 hours
is 80.79%. while the lowest efficiency reached in the addition of lignin concentration of 5 g/L at
immersion time of 2 hours which is about 7.96%. The findings from this study tend to be similar to the
results of research conducted by Hasan, et al. [10].
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Figure 2. The effect of lignin concentration and immersion time on corrosion rate.
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Figure 3. Efficiency of lignin inhibition.

The inhibitory effect of corrosion rate by lignin associated with functional groups as revealed by the
results of the analysis using FTIR spectrometer [13]. Lignin adsorbed on the metal surface forming a
barrier between the metal and the corrosive environment. In addition, lignin has a high surface area (180
m? g1) that exhibits surface activity [8]. The findings in this study also reinforce the importance of
exploring potential natural materials as environmentally friendly organic inhibitors [2].

4. Conclusion

The yield of lignin from bagasse was 15,4% and FTIR analysis showed that lignin contain double bonds
and OH groups which in O atoms have free electron pairs. The greater variation of lignin concentration
and the longer the immersion time of the metal may decrease the corrosion rate, since lignin adsorbed
on the metal surface to form a barrier layer between the metal and the corrosion environment. The
optimum inhibition effectiveness is 80,79%.

Acknowledgement
Acknowledgments submitted to the Center for Research and Publishing - Institute for Research and
Community Service - UIN Sunan Gunung Djati Bandung who has facilitated publishing of this paper.



3rd Annual Applied Science and Engineering Conference (AASEC 2018) IOP Publishing

IOP Conf. Series: Materials Science and Engineering 434 (2018) 012087 doi:10.1088/1757-899X/434/1/012087

References

[1] P B Raja and M G Sethuraman 2008 Natural products as corrosion inhibitor for metals in
corrosive media - A review Mater. Lett. 62(1) pp. 113-116

[2] D Kesavan, M Gopiraman and N Sulochana 2012 Green Inhibitors for Corrosion of Metals : A
Review Correspondence Chem. Sci. Rev. Lett.1(1) pp. 1-8

[3] M M Fares, A K Maayta and M M Al-Qudah 2012 Pectin as promising green corrosion inhibitor
of aluminum in hydrochloric acid solution Corros. Sci. 60 pp. 112-117

[4] Samsuri M, Gozan M, Mardias R, Baiquni M, Hermansyah H, Wijanarko A and Nasikin M 2009
Pemanfaatan sellulosa bagas untuk produksi ethanol melalui sakarifikasi dan fermentasi
serentak dengan enzim xylanase MAKARA 11(1)

[5] Canilha L, Chandel A K, Suzane dos Santos Milessi T, Antunes F A F, Luiz da Costa Freitas, W,
das Gracas Almeida Felipe M and da Silva S S 2012 Bioconversion of sugarcane biomass into
ethanol: an overview about composition, pretreatment methods, detoxification of
hydrolysates, enzymatic saccharification, and ethanol fermentation. BioMed Research
International

[6] ™ A Abu-Dalo, N A F Al-Rawashdeh and A Ababneh 2013 Evaluating the performance of
sulfonated Kraft lignin agent as corrosion inhibitor for iron-based materials in water
distribution systems Desalination 313 pp. 105-114

[71 M P Vinardell, V Ugartondo and M Mitjans 2008 Potential applications of antioxidant lignins
from different sources Ind. Crops Prod. 27(2) pp. 220-223

[8] S Altawaiq, J Khouri, S Al-luaibi, H D Lehmann and C Vogt 2011 The role of extracted alkali
lignin as corrosion inhibitor J.Matter.Environm.Sci. 2(3) pp. 259-270

[9] K K Alaneme and S J Olusegun Corrosion Inhibition Performance of Lignin Extract of Sun
Flower ( Tithonia Diversifolia ) on Medium Carbon Low Alloy Steel Immersed in H 2 SO 4
Solution Leonardo J. Sci. 20 pp. 59-70

[10] Z Hasan, T Mulyono and I N A Winata Studi Pemanfaatan Ekstrak Lignin Kulit Kopi Sebagai
Inhibitor Organik Korosi Besi in Seminar Nasional Kimia 2015 pp. 101-103

[11] M A R Lubis, A R Dewi, L Risanto, L H Zaiini and E Hermiati 2012 Isolation and
Characterization of Lignin from Alkaline Pretreatment Black Liquor of Oil Palm Empty Fruit
Bunch and Sugarcane Bagasse Mechatronics, Electr. Power, Veh. Technol. (1) pp. 1-5

[12] R Zulkafli, N K Othman, I A Rahman and A Jalar 2014 Effect of Rice Straw Extract and Alkali
Lignin on the Corrosion Inhibition of Carbon Steel Malaysian J. Anal. Sci.18(1) pp. 204-211

[13] Y Ren, Y Luo, K Zhang, G Zhu and X Tan 2008 Lignin terpolymer for corrosion inhibition of
mild steel in 10% hydrochloric acid medium Corros. Sci. 50(11) pp. 3147-3153

[14] SY Linand C W Dence 1992 Methods in Lignin Chemistry. Berlin Heidelberg: Springer Berlin
Heidelberg

[15] S K Singh and A K Mukherjee 2010 Kinetics of Mild Steel Corrosion in Aqueous Acetic Acid

Solutions J.Mater.Sci.Technol. 26(3) pp. 264-269



