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On the corrosion and corrosion inhibition of the Al-storage vessel
in the coolant used in cold chain
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Abstract

The primary goal of this research is to investigate the corrosion and anti-corrosion of cold storage agents on
aluminum cold storage containers used in cold chain technology. A typical cold storage agent is 15 wt. % sodium
chloride solution, and aluminum foil (thickness in 7 pm) is often used as a cold storage bag container because it
is a cheap and good heat transfer material. The chloride ion is very corrosive to aluminum metal, which makes it
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easy for corrosion to damage the aluminum cold storage bag. It will cause storage failures, system pollution

disasters, and economic losses. We must protect the cold storage system from corrosion to prevent this corrosion

phenomenon. The anti-corrosion strategy, in this case, adopts the anti-corrosion method of corrosion inhibitor.

The aluminum foil samples are immersed in 15 wt. % sodium chloride solution for different temperature of 20, 0,
20, 40, and 60 °C. In addition, the 10°° M, 107 M, and 10 M concentrations of three kinds of environment-

friendly corrosion inhibitors (A, B, and C) were used as cold storage agents, and those samples were immersed

for 3, 5, 7, 14, and 21 days for corrosion tests. The weight loss, and the pitting depth of the surface have been

measured. Corrosion inhibitors for pitting corrosion were investigated. The open circuit potential and Tafel

polarization method were utilized to evaluate the corrosion rate of the cold storage agent. Cyclic anodic potential

polarization curves can be used to determine inhibition efficiency. Finally, electrochemical impedance

spectroscopy was used to understand aluminum foil's corrosion and corrosion inhibition mechanisms.

Keywords: Cold Chain; Corrosion; Corrosion Inhibitors; Pitting Corrosion; Anode Dynamic Cyclic Polarization;

Inhibition Efficiency.
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Figure 1 The cyclic anodic potential polarization curve of different situation in solution.
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Table 1 Corrosion rate and Inhibition Efficiency at 0 °C without any inhibitor for 21 days.

RMAETEE RBREREYER AAEAE FEHEE I (umpy)
(mg) (mg) (mg)
3K 188.51 147.51 61.54 1535.08
5K 198.26 161.24 62.71 785.90
7K 204.86 163.22 63.65 680.45
14 X 203.40 168.46 66.22 353.96
21 K 223.65 186.37 68.21 214.56
22 HIEIEIGIETE A)E 10° M [EEERE0 °C) 2 JEfh R BHIHIRCREE S AR 8411 -
Table 2 Corrosion rate and Inhibition Efficiency at 0 °C with 10°M inhibitor A for 21 days.
RERERE | REREREMYE | (RELE = HIIGRVES
(mg) H(mg) (mg | TEREEGm | )
3K 260.87 260.46 0.41 7.67 99.33
5K 263.70 263.26 0.44 4.94 99.16
7R 244.75 244.19 0.56 4.49 99.12
14 X 262.47 261.89 0.58 2.33 99.12
21 K 262.75 262.2 0.55 1.47 99.09
£3 EIBGIHE BYE 10° M EIRSRREQ °0) AR ST HICRR 2 R 251k -
Table 3 Corrosion rate and Inhibition Efficiency at 0 °C with 10° M inhibitor B for 21 days.
RMETEE REBRERE(YER SRR R (umpy) M’FﬁLJ’x“ﬁZ%
(mg) (mg) (mg) (%)
3K 276.50 275.54 0.96 17.96 98.44
5K 274.96 273.98 0.98 11.00 98.13
7K 197.76 196.56 1.20 12.83 98.11
14 X 195.63 194.35 1.28 6.84 98.07
21 K% 200.24 194.43 1.25 4.45 97.92
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Table 4 Corrosion rate and Inhibition Efficiency at 0 °C with 10”* M inhibitor C for 21 days.
RBRTEE REREREMYER A ERE 48 HIEAPUES
BRI (um
(mg) (mg) (mg) i INC)

3K 264.62 260.84 3.78 70.72 93.86
5K 256.17 246.45 3.72 41.76 92.92
7K 249.12 245.59 5.02 40.25 92.11
14 X 246.42 240.52 5.90 23.65 91.09
21 K 246.37 233.86 12.51 33.43 79.22
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Figure2 Open Circuit Potential for various
inhibitors in different temperature.
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The anodic cyclic polarization diagram of
the solution with the same concentration
(10° M) of the same inhibitor A soaked
for different days at 60 °C.
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The anodic cyclic polarization diagram of
the solution with the same concentration
(10° M) of the same inhibitor B soaked
for different days at 60 °C.
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The anodic cyclic polarization diagram of
the solution with the same concentration
(10° M) of the same inhibitor C soaked
for different days at 60 °C.
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The anodic cyclic polarization diagram of
the solution with the same concentration
(10° M) of the same inhibitor A soaked
for different days at 0 °C.
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Figure 10 The anodic cyclic polarization diagram of
the solution with the same concentration
(10° M) of the same inhibitor C soaked
for different days at 0 °C.

4. $55m
1. AR BT 4 5 i i 2 P (o R B 5 4
i HEE 3 R R T A Ak
S BB o

M | B8 4 B0 OB ARSI ahE
o HEEM GG A ST 4 4 057
B JILE 3 4E52 10 {E A - I C e 2
FENT @A - M RINHIEE HAEFEA 0.4
o KEIR S AL -

HHE 4 Z[E 6 TTLIE HAE 60 CHUEI T - i
IS Fus alge HATHER By © A > C >
B EAIIER A 1 C /E 5 REH I EAE
RS > AR ST T AR -
EATITIRINA B~ Co FEHRE 10° M AL,
BTSRRI kA SR > i 8 =
&l 10 Kifi/MEkF R - A>B>C> Hit A+ B
R RIIEIE T SasE FLAR A (E 18 AE ST -

S

&!I

&S B R} & 51 & NSTC 110-2622-E-008-



R A R R e & % A A < SR BB AT 5T

023 ~ NSTC 110-2221-E-008-027 - NSTCI111-

2221-E-008-086 k; NSTC 112-2221-E-008-016 $

AT e &) -

XK

(1]

(3]

(4]

(6]

“Leaves extract of Ananas sativum as green

corrosion inhibitor for aluminium in
hydrochloric acid solutions”, E. Ating, S.
Umoren, I. Udousoro, E. Ebenso, and A.
Udoh, Green Chemistry Letters and Reviews,
3 (2010) pp. 61-68.

“Synergism between cerium nitrate and
sodium dodecylbenzenesulfonate on corrosion
of AA5052 aluminium alloy in 3 wt.% NaCl
solution”, J. Liu, D. Wang, L. Gao, and D.
Zhang, Applied Surface Science, 389 (2016)
pp. 369-377.

“Organic corrosion inhibitors for aluminum
and its alloys in chloride and alkaline
solutions: A review”, K. Xhanari and M.
FinSgar, Arabian Journal of Chemistry, 12
(2019) pp. 4646-4663.

“Inhibition of tryptophan on AA 2024 in
chloride-containing solutions”, X. Li, B.
Xiang, X. 1. Zuo, Q. Wang, and Z. d. Wei,
Journal of materials engineering and
performance, 20 (2011) pp. 265-270.
“Evolution of the corrosion process of AA
2024-T3 in an alkaline NaCl solution with
sodium dodecylbenzenesulfonate and
lanthanum chloride inhibitors”, B. Zhou, Y.
Wang, and Y. Zuo, Applied Surface Science,
357 (2015) pp. 735-744.

“A critical review on the recent studies on

plant biomaterials as corrosion inhibitors for

-30-

[10]

[11]

industrial metals”, S. A. Umoren, M. M.
Solomon, I. B. Obot, and R. K. Suleiman,
Journal of Industrial and Engineering
Chemistry, 76 (2019) pp. 91-115.
“Watermelon waste products as green
corrosion inhibitors for mild steel in HCI
solution”, N. Odewunmi, S. Umoren, and Z.
Gasem, Journal of Environmental Chemical
Engineering, 3 (2015) pp. 286-296.

“The roles of mercapto, benzene, and methyl
groups in the corrosion inhibition of
imidazoles on copper: II. Inhibitor—copper
bonding”, N. Kovacevi¢, I. Milosev, and A.
Kokalj, Corrosion Science, 98 (2015) pp. 457-
470.
“Corrosion  inhibition and  adsorption
behaviour for mild steel by Ficus glumosa
gum in H,SO, solution”, P. O. Ameh, L.
Magaji, and T. Salihu, African Journal of Pure
and Applied Chemistry, 6 (2012) pp. 100-106.
BREEHT - “HEEES 50 V% MR {EE
TR AA6060 $RE < I aRHIH]
BgE”  BIZH SRR B TAENT 5T
FThE 5w L > 2012 -

“Inhibition effects of ethyl-2-amino-4-methyl-
1, 3-thiazole-5-carboxylate on the corrosion of
AA6061 alloy in hydrochloric acid media”, K.
Raviprabha and R. S. Bhat, Journal of Failure
Analysis and Prevention, 19 (2019) pp. 1464-
1474.

“Anodic polarization behaviour of nickel-
based alloys in neutral and very acidic
solutions”, A. Mohamed, J. Cahoon, and W.
Caley, Corrosion Science and Engineering, 15

(2012) p. 1.



