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The Corrosion Behaviors of Mild Steel with Hexamethylenetetramine

Inhibitor in Pickling Process
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ABSTRACT

Pickling inhibitors can be used to form an adsorbed layer on the metal surface to hinder the
discharge of H+ and dissolution of metal ions. Hexamethylenetetramine (HMTA) was selected as
corrosion inhibitors for mild steel (MS) in pickling acid process. In this study, the addition of
HMTA as the inhibitor, the pickling temperature and the pickling time were the parameters to
investigate the effect on the inhibition efficiency (IE) and corrosion behavior for MS using weight
loss measurement.

The results showed that the IE increases with the increase in pickling immersion time and
the increase in temperature at the room temperature and at 40°C. At the higher temperatures, the
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IE values were higher and almost independent of the pickling time. The adsorption of hexamethylenetetramine on the

MS surface in hydrochloric acid was found to obey Temkin's adsorption isotherm. The potentiodynamic polarization

studies were carried out at room temperature and revealed that the inhibitor blocked the corrosion reactions. The

roughness test and SEM investigation were also studied in this paper.

Key words: mild steel; hexamethylenetetramine; pickling acid; Temkin's adsorption isotherm; SEM.
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Fig.3  Temkin's adsorption isotherm plot for the
adsorption of various concentrations of
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Surface of mild steel after immersion in 12%
HCI (without inhibitor) solution for 10 min.
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Surface of mild steel after immersion in 12%

HCI solution with inhibitor for 10 min .
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Table 1.

e L E R AR

Chemical compositions of mild steel.

6 2 mtn

C|Si|Mn| P S

wt (%)

0.08 10.003]0.346{0.001{0.001

b 2 A

Fe Al Cu

wt (%)

99.39(0.032|0.103{0.027| 0.001

2.

Table 2.

L (25°C) WFlihTE 12% EERG7A -H st
IRf i L EHRK (mg).

Weight loss for MS in 12% HCI solution in the
absence and presence of inhibitor with
different concentrations from weight loss vs.

pickling time at 25°C.

A ] R
A (ppm)

BR & BF F (min)
20 30 40

10 60

Blank

38.50]43.30(52.56|56.30(62.80

5000

47.22149.25(55.26(56.40(60.13

10000

45.96(47.37(52.83(53.92|57.36

15000

44.81(46.21(49.35(51.62|55.29

25000

43.60(43.30(47.76(48.10(48.77

3.

Table 3.

40°C FRFRRENIAE 12% BT gL o B
HEAEL (mg).

Weight loss for MS in 12% HCI solution in the
absence and presence of inhibitor with
different concentrations from weight loss vs.

pickling time at 40°C.

A ) AR
E(ppm)

BR & BF M (min)
20 30 40

10 60

Blank

41.73 (60.21 (77.43 [89.90 |118.9

5000

41.74 (50.38 [60.92 [64.17 [69.20

10000

41.21149.11 |57.92 (61.30 |65.97

15000

40.87 (47.72 [56.81 [59.13 [63.24

25000

39.66 (43.60 |54.17 |57.30 (58.93
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80°C IRFRIRHIAE 12% EEerhERYEIN .« B il
& (mg).

Weight loss for MS in 12% HCI in the absence
and presence of inhibitor with different

4.

Table 4.

concentrations from weight loss vs. pickling
time at 80°C.

B ] R
E(ppm)
Blank

BR 2k B 1 (min)
20 30 40
380.6 |1537.3 1645.2
259.3

60
1012.8

10
204.5

5000 458.2
10000

15000

60.21
58.89
56.92
54.07

120.2 |189.7

253.1
244.5
240.7

123.4|183.6 448.4

118.3 |180.2 435.2

25000 111.7 |1177.3 421.8

B

>~

5. BRKEEAE 12% EERSERviiRs o Tn{bEE (E)
IHRFRE (AG )

E, and AG ,. for MS in 12% HCI in the
absence and presence of various concentration

of inhibitor at 80 °C

Table 5.

Eq AG ads.
(kcal/mol) | (kcal/mol)
-8.73 -
-2.01 2.72
-1.96 -2.25
-1.82 -2.01
-1.70 -1.69

o w1 AR K

Blank
5000
10000
15000
25000

HHEERETW RBI92F6H

6.

PSR ERIE
Table 6. Corrosion parameters of MS in 12%HCI in the

absence and presence of inhibitor from weight

fixSiAE 12% BEERgrh RYey (10min) &~ HoAth

loss (10 min) at different temperatures.

Y 25°C 40°C 80°C

7 JE |PIE% CR | & |PIE%|CR| & |PIE%| CR 6
Blank 21.5 |- --- [23.3] --- 113.9

5000 |-22.7| 26.3 |---| 0.00 |23.3| 0.00 [70.65[33.55[0.706
10000{-19.5| 25.6 |---| 1.25(23.0]0.013| 71.2{32.82]0.712]
15000(-16.5| 24.9 |---| 2.06 [22.8/0.021|72.36]31.72]0.723
25000(-13.0( 24.3 |---| 4.95 [22.1] 0.05 | 73.6 |30.12]0.736]

32 :PIE: B 247 #1 2 & s CRUE fh ik £
0 R@BHF -

7.

TBESIAE 12%6HC1 g S5 E A P

Table 7. Electrochemical polarization parameters for
the corrosion of MS in 12% HCI solution.

P& AR |EETEmY) B TR E A &AL
JZ(ppm) |(VS.SCE) (mA/ cor’) | (Rp ohmy)
(VS.SCE)
Blank -539.5 1.850 11.74
5000 -532.9 1.356 16.01
10000 -499.0 0.532 74.43
15000 -442.5 0.158 137.5
25000 -434.5 0.117 182.9
F8.  WREAE 12% EEEAUR-RIRYE (10 min) $2.2

RITTHIBEIE
Table 8. Roughness for MS in 12% HCI after in the

absence and presence of inhibitor (10 min) at

different temperatures.

By H A AL RE B (m)

25°C 40°C 80°C
12% HCI| 1.825 2.400 2.475
12% HCI| 1.925 1.600 1.775
+EH2A
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