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Abstract

The possibility of inhibitor protection of 08PS steel in 2 M HCI, 2 M H2SO4 and 2 M H3POg4 in
the temperature range t=25-95°C was studied. Commercial forms of industrially manufactured
corrosion inhibitors of Invol-2 m. A, Invol-2 m. B, GREENCOR m. V, VNPP-2-V, VNPP-2-MV,
and Catamin AB brands were studied as corrosion inhibitors at their content of 10 g/L in the
corrosive environment. Significant inhibition of 08PS steel corrosion in 2 M HCI at t<60°C is
provided by the additives Catamin AB, Invol-2 m. B, and VNPP-2-V, while at t<95°C,
additives of GREENCOR m. V, Invol-2 m. A, and VNPP-2-MV inhibitors are efficient. In
solutions of H2SO4 and H3POs, the presence of these inhibitors alone often fails to provide a
significant reduction in the corrosion rate of steel. To improve their efficiency in slowing down
steel corrosion in H2SO4 and H3POj4 solutions, it is recommended to use the inhibitors studied
in combination with 2 g/L NaCl or 0.2 g/L NH4sCNS. In H2SO4 solution at t<95°C, the
GREENCOR m. V + NaCl, VNPP-2-V + NaCl, or GREENCOR m. V + NH4CNS combinations
should be used to protect steel, while in HsPO4 solution, combinations of Catamin AB, Invol-2
m. B, GREENCOR m. V, and VNPP-2-MV with NH4CNS are recommended.
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Introduction

Solutions of mineral acids are common process fluids used in the oil and gas production
industry, metallurgy, and public utilities [1-10]. Such process fluids are used to stimulate
the production of raw hydrocarbons from oil- and gas-bearing formations and to remove
scale, corrosion products, and mineral deposits from steel items and from the internal
surfaces of metal equipment. Corrosive acid solutions come into contact with steel items and
equipment. These process operations require special measures for metal protection that
significantly reduce the corrosive effect of acid solutions on steel. The optimal way to protect
steels in acid solutions is to use corrosion inhibitors represented by organic compounds or
mixtures on their basis [11-15].

Numerous compounds that can slow down the corrosion of steels in acid solutions have
been reported [16]. The reference literature [17—20] published in the second half of the 20™"
century summarized data on the most important commercial inhibitors that were produced
at that time. However, information about the properties of corrosion inhibitors produced on
an industrial scale in the recent decades is scant. Table 1 presents data on the study of such
products [21-33]. The data presented clearly show that the protective effect of industrially
produced corrosion inhibitors has been mainly studied for such widespread structural
materials as low-carbon steels. The studies are focused on HCI solutions, while only a few
studies have been carried out in H,SO, solutions. To our best knowledge, no information on
the protection of steels by commercial inhibitors in phosphoric acid solutions is available.
Most often, the protective properties of such corrosion inhibitors are studied at room
temperature (t), although this does not always coincide with the conditions of their industrial
use that can be much more severe. It may be assumed that the lack of results on the effect of
commercial inhibitors on the corrosion of steels in HsPO, solutions and in hot acid solutions
indicates that such additives have only low protective effects under these conditions.

Table 1. Commercial inhibitors of steel corrosion in acid solutions.

Corrosive Protected

No. Inhibitors . Research methods Ref.
environments metals
1 VNPP-2-V,KI-  22.3% HCI + St3 steel Corrosion rates were [21]
1and IKU 0.06% HF; determined gravimetrically
26.28% HCI + (from weight losses of
5.98% HF: specimens) or
37.32% H,SiFs electrochemically (linear
+ 1.7% SiO, polarization method).
(room
temperature).
Additionally,

0.01% Fe(l1)
was added.
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Corrosive

Protected

No. Inhibitors . Research methods Ref.
environments metals
2 VNPP-2-V, 20% HCI Mild steel Corrosion rates were [22]
Soling m. 3, (abgasic acid) determined gravimetrically
Napor-KB and (20-95°C) (from weight losses of
V-2 specimens)
3 Katasol 28-3, 12% HCI St35 steel, gray —— [23]
VNPP-2-V, (90°C) cast iron, Ni
Iproden K-1 m. Resist alloy,
B, Optima-061, powder steel
IKU-1, Dodicor ZhGriD15
2275, Azol
5010, Scimol
WS-2111,
Sonkor 9510K,
KI-1MR, Napor
KB and Soling
m. L
4 Akvatek-50 23% HCI (room Mild steel —/]— [24]
standart and temperature).
Akvatek-50
premium
5 AI-600, Al-250, 20% HCI Mild steel - [25]
NRUST CM (20°C)
150, Sinol IKK
and Sinol IK-
001
6 Inhibitors of the  0.01-2 M HCI St3 steel Corrosion rates were [26-28]
"FLEK" series, (room t); determined gravimetrically
KhPK-002 (120) 0.1 M HCI and (from weight losses of
B and 0.1 M HCI + specimens), Volt-Ampere
ScimolWS 2111 100 mg/L H,S measurements,
(20-60°C); Electrochemical Impedance
1 M HCl and Spectroscopy
1 M H2SOq4
(room
temperature).
7 Inhibitors of the 0.land 1 M St3 steel Corrosion rates were [29]
"SONKOR" HCI; 0.1 and determined gravimetrically
series 1 M H2SO4 (from weight losses of
(room specimens), Volt-Ampere

temperature).

measurements
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No. Inhibitors C_orroswe Protected Research methods Ref.
environments metals
8 Inhibitors ofthe 1 M HCl and St3 steel —/]— [30, 31]
“SOLING” 1 M H2S0q4; 5
series and 15% HCI
and 5% H>SO4
(room
temperature).
9 VNPP 27-33% HCI, Low carbon —/]— [32]
14% HCI + 5% steel
HF (20-80°C).
10 Katasol 28-3, 15% HCI, St3 steel Corrosion rates were [33]
SONKOR 9510 159 sulfamic determined gravimetrically
(K), NAPON- acid, 15% (from weight losses of
KB, VNPP-2-V,  gulfamic acid specimens)
'I“VO'I'g mA - +050r3%
nvol-2m. B, citric acid
Chemiks-1K, (20°C)
SNPKh-6438, '
NJ-100, IKU-
118, INKOR-ES

In this regard, it seems important to systematically explore the protective effect of some
commercially available inhibitors on steel corrosion in solutions of hydrochloric, sulfuric,
and phosphoric acids in a wide temperature range (t=25-95°C). We studied the following
industrially produced corrosion inhibitors: Invol-2 m. A, Invol-2 m. B, GREENCOR m. V,
VNPP-2-V, and VNPP-2-MV (manufactured by INKORMET LLC). In parallel, the
commercial product Catamin AB often used as a component of inhibitor compositions was
also studied. Our goal was also to consider whether the protective properties of commercial
forms of corrosion inhibitors in the acid solutions could be enhanced by adding other
additives.

Experimental

The corrosion rate of 08PS low-carbon steel (composition, in wt.%: C 0.08; Mn 0.5; Si 0.11;
P 0.035; S 0.04; Cr 0.1; Ni 0.25; Cu 0.25; As 0.08) in 2 M HCI, 2 M H,SO4, and 2 M H3PO,
was determined by measuring the weight loss of tape samples measuring 50 mmx20 mmx
0.5 mm (no less than 3 samples per point) using 50 mL of an acid solution per sample. The
duration of the experiments was 2 hours. Before each experiment, the samples were cleaned
using an abrasive wheel (1SO 9001, grit 60) and degreased with acetone.

The content of commercial corrosion inhibitors in acid solutions was 10 g/L, i.e., the
optimal value recommended by the manufacturer.
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The efficiency of inhibitors was estimated by the corrosion inhibition coefficient
v=Kko/kin, Where ko and ki, are the corrosion rates in the background solution and in the
solution with the additive under study, respectively.

Results and Discussion

Hydrochloric acid

In 2 M HCI, the corrosion rate of 08PS steel (k) increases with increasing temperature, t. An
increase in t from 25 to 95°C accelerates corrosion by a factor of 260 (Table 2). The acid
solution heated to 95°C is the most corrosive to steel. The maximum metal corrosion rate
under the experimental conditions is 1 kg/(m?-h).

Table 2. Corrosion parameters of 08PS steel in 2 M HCI containing 10 g/L of corrosion inhibitors. The steel
corrosion rate k is reported in g/(m?-h).

Temperature, °C

Inhibitor K,y Eact, kJ/mol

25 40 60 80 95

— k 3.9 9.6 70 460 1000 76
k 052 0.78 2.8 15 24

Catamin AB 54
75 12 25 31 42
k 0.55 0.71 0.91 1.8 1.9

Invol-2 m. A 17
7.1 14 77 260 530
k 0.65 0.69 2.6 14 36

Invol-2 m. B 55
6.0 14 27 33 28
k 0.35 0.48 0.63 1.1 1.6

GREENCOR m. V 19

11 20 110 420 630
k 052 0.61 1.6 5.2 34

VNPP-2-V -
v 75 16 44 88 29
k 043 0.45 1.1 27 37

VNPP-2-MV 31
v 91 11 64 170 270

All the additives studied slow down steel corrosion at t<60°C significantly. The least
efficient corrosion inhibitor under the experimental conditions, Catamin AB, provides
k=0.52-2.8 g/(m?-h). In the background environment, the value of k is 3.9—70 g/(m?-h). The
best result is provided by the GREENCOR m. V inhibitor; in its presence, k=0.35—
0.63 g/(m?-h) for steel.
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A further increase in t leads to a significant loss of the protective effect of the additives
Catamin AB, Invol-2 m. B, and VNPP-2-V on steel corrosion. The GREENCOR m. V,
Invol-2 m. A, and VNPP-2-MV inhibitors provide efficient protection of steel in the range
of t=25-95°C. For these inhibitors, the maximum observed values are k=1.6, 1.9, and 3.7
g/(m?-h), respectively, which is an interesting result. Steel corrosion slows down by a factor
of 630, 530, and 270.

For all the additives studied, the steel corrosion inhibition coefficients ()
systematically increase with increasing t. The maximum values of y, at least up to 95°C, are
not reached, which formally allows them to be classified as high-temperature inhibitors [34].
Moreover, in the presence of Catamin AB, Invol-2 m. B, and VNPP-2-V at t=95°C, the
corrosion rates of steel are high, which does not provide grounds to expect efficient metal
protection at higher temperatures. In contrast, in the case of the GREENCOR m. V, Invol-
2m. A, and VNPP-2-MV inhibitors, the corrosion rates of steel in HCI solution at t=95°C
are low, indicating that they can be considered high temperature inhibitors.

The corrosion of 08PS steel in 2 M HCI, both in the background environment and in
the presence of the additives under study, exhibits a linear dependence of Igk on T
(Figure 1), which makes it possible to determine the effective activation energy (Eac) of these
processes. The plot is not linear in the case of the VNPP-2-V additive only, which indirectly
implies that the corrosion mechanism changes significantly in the studied temperature range.

Z,
lg k [k, g/ (m h)] ¢ Without inhibitor
3 r m Catamin AB

A Invol-2m. A
Invol-2 m. B
2 F ® CREENCOR m.V
VNPP-2 -MV
1 }
0 F \\'
_1 1 [ ] L [l ']
0,0025 0,0030 0,0035 0,0025 0.,0030 0,0035
71, K-

Figure 1. Dependence of Ig k on T ~* for corrosion of 08PS steel in 2 M HCI containing 10 g/L
of corrosion inhibitors.

In the background acid solution, steel corrosion is characterized by a high value of
Ea:=76 kd/mol. All the additives studied reduce the E, value, which, in our opinion, results
from an increase in the fraction of the diffusion component in the process due to corrosion
inhibitors. It is important to note that the GREENCOR m. V and Invol-2 m A inhibitors
affect the corrosion process so strongly that the effective activation energy is below
20 kd/mol. This Eu value is typical of corrosion processes with diffusion control. Most
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likely, these corrosion inhibitors form a protective layer on the steel surface, which creates
diffusion limitations for the supply of protons to the metal surface and/or removal of
corrosion products.

All the corrosion inhibitors we have studied effectively protect steel in the HCI solution
at t<60°C. Inhibitors of the GREENCOR m. V, Invol-2 m. A, and VNPP-2-MV brands
provide protection to steel at t<95°C. Under the most severe experimental conditions
(t=95°C), their protective effects increase in the following series: VNPP-2-MV < Invol-
2 m. A<GREENCOR m. V. It should be noted that in the case of Catamin AB, Invol-m. B,
and, especially, VNPP-2-V, temporary overheating of the HCI solution to t=80°C would not
lead to significant corrosion losses of the metal.

Sulfuric acid

At 2 M H,SO,, the corrosion rate of 08PS steel increases 100 times upon t increase from 25
to 95°C (Table 3). The acid heated to 95°C, where k is 1.2 kg/(m?-h), is the most corrosive
towards steel.

Table 3. Corrosion parameters of 08PS steel in 2 M H2SO4 containing 10 g/L of corrosion inhibitors. The
steel corrosion rate, k, is given in g/(m?-h).

Temperature, °C

Inhibitor K,y
25 40 60 80 95
- k 12 18 72 320 1200

_ k 0.70 15 1.6 49 20

Catamin AB
v 17 12 45 65 60
k 1.6 2.7 23 - -

Invol-2 m. A
Y 75 6.7 3.1 - -
k 0.65 0.78 1.7 55 22

Invol-2m. B
18 23 41 58 55
0.64 0.92 27 - -

GREENCOR m. V

19 20 2.7 - -
k 0.61 1.1 13 - -

VNPP-2-VV
20 16 55 - -
k 0.79 8.4 11 - -

VNPP-2-MV
Y 15 2.1 6.5 - -

It should be noted that all the studied corrosion inhibitors in individual form are
generally less efficient in protecting 08PS steel in H,SO, solutions than in the hydrochloric
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acid environment. The products studied, with the exception of VNPP-2-MV, are efficient in
inhibiting steel corrosion in 2 M H,SO, at t<40°C. Addition of Catamin AB and Invol-2 m.
B to the acid solution will provide satisfactory protection of steel at t < 80°C.

The results obtained show that none of the studied industrial products in individual form can
provide effective protection of 08PS steel in an H,SO, solution in the selected temperature
range. A simple and inexpensive way to enhance the protective effect of corrosion inhibitors
IS to create mixed formulations on their basis that slow down metal corrosion more
efficiently than the original components [15]. It is therefore reasonable to investigate the
possibility of modifying the corrosion inhibitors in question with some readily available
compounds for expanding their efficient temperature range in the H,SO, solution. We used
NaCl and ammonium thiocyanate as such compounds. NaCl is well known as an additive
that enhances the protection of steels from corrosion by organic inhibitors in H,SO, solutions
[13, 35—-43]. The rhodanide anion is often studied as a component of mixtures with organic
compounds for steels protection in H,SO,4 solutions [42—45]. It enhances the effect of
corrosion inhibitors not only in H,SO4 but also in H3PO, solutions [46, 47].

Addition of 2 g/L NaCl to inhibited H,SO, solutions improves the protection of 08PS
steel (Table 4). The most interesting results in 2M H,SO, were observed for the
GREENCOR m. V+NaCl and VNPP-2-V+NaCl formulations. At the highest temperature,
they slow down corrosion by a factor of 220 and 210, respectively. In the temperature range
studied, the values of k are < 5.5 and 5.8 g/(m?-h). The other formulations, except for Invol-
2m. A+ NaCl, are efficient at t <80°C. For all mixtures containing NaCl, the steel corrosion
inhibition coefficient increases with increasing t. Formally, they can be classified as high-
temperature inhibitors, but only the GREENCOR m. V + NaCl and VNPP-2-V + NacCl
formulations can actually be considered as such.

Table 4. Corrosion parameters of 08PS steel in 2 M H2SO4 + 2 g/L NaCl containing 10 g/L of corrosion
inhibitors. The steel corrosion rate, k, is given in g/(m?h).

Temperature, °C

Inhibitor Y Eact, kJ/mol

25 40 60 80 95
k 0.50 0.80 1.8 4.0 12

Catamin AB 40
v 24 23 40 80 100
k 0.29 0.72 2.8 9.2 12

Invol-2 m. A 51
41 25 26 35 100
k 0.40 0.72 15 4.7 11

Invol-2 m. B 43
30 25 48 68 110
GREENCOR k 0.41 0.46 1.2 3.7 55

37
m. V v 29 39 65 86 220
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Temperature, °C

Inhibitor Y Eact, kJ/mol

25 40 60 80 95
k 0.45 0.48 2.2 3.7 5.8

VNPP-2-V 37
y 27 38 33 86 210
k 0.33 0.44 1.9 3.6 11

VNPP-2-MV 46
v 36 41 38 89 110

The data on the corrosion of 08PS steel in 2 M H,SO, in the presence of the studied
agents combined with NaCl are satisfactorily represented by a straight line in the Ig k—T
coordinates (Figure 2, Table 4). In the background acid solution, steel corrosion is
characterized by a high value of E,: = 61 kJ/mol. The presence of all studied inhibitor
formulations reduces the E, value, which, in our opinion, results from an increase in the

fraction of the diffusion component in the process due to the action of the mixed corrosion
inhibitor.

lg k [k. g/(m*-h)]
3

+ Without inhibitor

m Catamin AB

A Invol-2m. A
Invol-2m. B

® CREENCOR m.V
VNPP-2-V

*
*
1} \\\ ¢ .8 VNPP-2-MV
N _ \
o

2 F

=

_1 ] [ 'l ]
0.0025 0.0030 0.0035 0,0025 0,0030 0,0035

T K!

Figure 2. Dependence of Ig k on T~ for corrosion of 08PS steel in 2 M H2SO4 containing
10 g/L corrosion inhibitors + 2 g/L NaCl.

Similarly to NaCl, the addition of 0.2 g/L NH,CNS to inhibited H,SO, solutions
enhances the protection of 08PS steel (Table 5). A significant result in 2 M H,SO; is
exhibited by the formulation GREENCOR m. V + NH,CNS, which even at t=95°C slows
down the corrosion 340-fold. Mixtures of Catamin AB, Invol-2 m. A, Invol-2 m. B, and
VNPP-2-MV with NH,CNS are efficient at t<80°C. The VNPP-2-V + NH,CNS mixture
protects steel satisfactorily in solution with temperatures up to 60°C.
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Table 5. Corrosion parameters of 08PS steel in 2 M H2SOs + 0.2 g/L NH4sCNS containing 10 g/L of
corrosion inhibitors. The steel corrosion rate, k, is given in g/(m?-h).

Temperature, °C

Inhibitor K,y Eact, kd/mol

25 40 60 80 95
] k 0.53 0.62 0.77 4.1 7.9

Catamin AB 36
23 29 94 78 150
0.40 0.49 0.57 2.3 13

Invol-2m. A -
y 30 37 130 140 92

=~

0.33 0.60 0.70 2.7 6.5
Invol-2m. B 37
36 30 100 120 180

040 044 059 07 3.5
GREENCOR m. V 28
30 41 120 190 340

k 0.27 0.30 1.7 22 170

=~ |=

VNPP-2-V -
y 44 60 42 15 7.1
k 030 036 050 25 19

VNPP-2-MV -
v 40 50 140 130 63

The calculated values of E, for corrosion of 08PS steel in 2 M H,SO, containing
mixtures of Catamin AB, Invol-2 m. A, Invol-2 m. B, and GREENCOR m. V with NH,CNS
show that these mixed inhibitors, like the formulations with NaCl, reduce this parameter in
comparison with the background medium (Figure 3, Table 5).

lg k [k, g/(m?-h)]

3 F *
+ Without inhibitor
m Catamin AB

2 F < Invol-2m. B
® CREENCOR m.V

1 F *

0,0025 0,0030 0,0035 0,0025 0,0030 0,0035
T K

Figure 3. Dependence of Ig k on T ~* for corrosion of 08PS steel in 2 M H2SO4 containing
10 g/L corrosion inhibitors + 0.2 g/L NH4CNS.
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In conclusion, it should be noted that in the selected temperature range, in individual
form, all the corrosion inhibitors studied are not sufficiently efficient in slowing down the
corrosion of steel in H,SO,4 solutions. The protection of steel against corrosion in this
environment can be enhanced if they are used as mixtures with NaCl or NH,CNS. The
formulations promising for the protection of low-carbon steel include GREENCOR m. V +
NaCl, VNPP-2-V + NaCl, and especially GREENCOR m. V + NH,CNS.

Phosphoric acid

In 2 M H3PQ,, the corrosion rate of 08PS steel increases by a factor of 39 with an increase
in t from 25 to 95°C (Table 6). The maximum k value of steel in the solution with t = 95°C
is 340 g/(m?-h), which is significantly smaller than in 2 M H,SO4and 2 M HCI. In individual
form, all the inhibitor additives that we tested protect steel poorly. It is not expedient to use
these additives in individual form in H3PO, solutions. Their protective effect is somewhat
enhanced when combined with the addition of 2 g/L NaCl, but only the Invol-2 m. B + NaCl
combination provides satisfactory protection of steel at t <80°C (Table 7).

Table 6. Corrosion parameters of 08PS steel in 2 M H3PO4 containing 10 g/L of corrosion inhibitors. The
steel corrosion rate, k, is given in g/(m?-h).

Temperature, °C

Inhibitor K,y
25 40 60 80 95
- k 8.7 14 57 280 340

) k 1.6 3.2 18 — —

Catamin AB
y 5.4 4.4 3.2 _ _
k 2.4 6.0 39 — —

Invol-2 m. A
Y 3.6 2.3 15 — —
k 1.2 1.8 14 — —

Invol-2m. B
v 7.3 7.8 4.1 - -
k 7.1 24 67 — —

GREENCOR m. V

Y 1.2 0.58 0.85 — —
k 1.6 8.5 58 — -

VNPP—2-V
Y 54 1.6 0.98 — —
k 1.3 3.7 17 — —

VNPP—2-MV

v 6.7 3.8 3.4 - -
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Table 7. Corrosion parameters of 08PS steel in 2 M H3PO4 + 2 g/L NaCl containing 10 g/L of corrosion
inhibitor. The steel corrosion rate, k, is given in g/(m?-h).

Temperature, °C

Inhibitor K,y

25 40 60 80 95
] k 1.4 2.0 7.7 - —

Catamin AB
Y 6.2 7.0 7.4 - —
k 1.7 2.3 15 - —

Invol-2m. A
Y 5.1 6.1 3.8 — —
k 0.8 15 4.2 4.9 11

Invol-2m. B
Y 11 9.3 14 57 31
k 2.8 4.6 32 — —

GREENCOR m. V

Y 3.1 3.0 1.8 — —
k 1.6 3.0 26 - -

VNPP-2-V
5.4 4.7 2.2 — —
k 1.3 2.0 9.0 - -

VNPP-2-MV
Y 6.7 7.0 6.3 — —

Mixtures of the studied inhibitors with NH,CNS exhibit a significantly different result
in the protection of 08PS steel in 2 M H3PO,. All the inhibitors studied, except for VNPP-2-
V and Invol-2 m. A, provide efficient metal protection at t < 95°C (Table 8). Inhibitors of
the VNPP-2-V and Invol-2 m. A brands provide satisfactory protection at t < 80°C. The most
efficient additives, Catamin AB and VNPP-2-MV, slow down corrosion at t = 95°C by a
factor of 310 and 340, while the corrosion rate of steel is 1.1 and 1.0 g/(m?-h), which is an

important result.

Table 8. Corrosion parameters of 08PS steel in 2 M H3sPOs + 0.2 g/L NH4sCNS containing 10 g/L of
corrosion inhibitors. The steel corrosion rate, k, is given in g/(m?-h).

Temperature, °C

Inhibitor K,y Eact, kJ/mol

25 40 60 80 95
k 0.30 0.60 0.70 0.79 1.1

Catamin AB 14
26 23 81 350 310
k 1.4 2.1 2.3 2.7 10

Invol-2 m. A 20
Y 6.2 6.7 25 100 34

Invol-2m. B k 0.39 0.68 0.73 0.98 1.3 14
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Temperature, °C

Inhibitor K,y Eact, kJ/mol

25 40 60 80 95
Y 22 21 78 290 260
k 0.60 0.88 0.91 1.3 34

GREENCOR m. V 19
Y 15 16 63 220 100
K 11 2.0 0.64 4.3 82

VNPP-2-V -
Y 7.1 7.0 89 65 4.1
k 0.55 0.62 0.65 0.78 1.0

VNPP-2-MV 7
Y 16 23 88 360 340

In a background HsPO, solution, steel corrosion is characterized by the value Eq =
53 kJ/mol. All the additives studied, except for VNPP-2-V and NH4CNS, significantly
reduce E. (Figure 4, Table 8). In the presence of these mixed corrosion inhibitors, the
effective activation energy is below 20 kJ/mol, indicating diffusion-controlled corrosion. It
may be assumed that such mixtures of corrosion inhibitors form a protective layer on the
steel surface, thus creating diffusion limitations for the supply of protons to the metal surface
and/or removal of corrosion products.

lg k [k, g/(m*-h)]

3 r + Without inhibitor

- m Catamin AB
> | AInvol-2m. A
Invol-2m. B
® CREENCOR m.V
1 F A VNPP-2-MV
\

—

_1 L ] [ | 1 ']

0,0025 0,0030 0,0035  0,0025 0,0030 0.0035
71 K1

0 F

Figure 4. Dependence of Ig k on T ~* for corrosion of 08PS steel in 2 M H3PO4 containing
10 g/L corrosion inhibitor + 0.2 g/L NH4CNS.

If the corrosion inhibitors studied in this work are used to protect low-carbon steel in
HsPO, solutions, they should be used in mixtures with NH,CNS. The mixtures of Catamin
AB, Invol-2 m. B, GREENCOR m. V, and VNPP-2-MV with NH,CNS significantly inhibit
metal corrosion at t < 95°C.
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Conclusions

1.

Efficient protection of 08PS steel in 2 M HCl at t <60°C is provided by addition of 10 g/L
of Catamin AB, Invol-2 m. B, or VNPP-2-V. If it is possible that 2 M HCI can be heated
to t = 95°C, then 10 g/L of GREENCOR m. V, Invol-2 m. A, or VNPP-2-MV inhibitors
should be used to protect steel significantly. In the presence of the most efficient corrosion
inhibitor under these experimental conditions, GREENCOR m. V, the corrosion rate of steel
is 0.35—1.6 g/(m?-h), which means that steel corrosion is hindered by a factor of 11-630.

. To significantly reduce the corrosion rate of 08PS steel in 2 M H,SO4 0r 2 M H3PQy, it is

recommended to use not individual corrosion inhibitors but their combinations with NaCl
or NH,CNS, which allows the metal to be protected at t < 95°C. In the H,SO, solution,
these requirements are met by the GREENCOR m. V + NaCl, VNPP-2-V + NaCl, and
especially GREENCOR m. V + NH;CNS mixtures. For the latter mixture, in the selected
t range kmax = 3.5 g/(m?-h). In 2 M HsPQO,, low-carbon steel can be protected by mixtures
of Catamin AB, Invol-2 m. B, GREENCOR m. V, or VNPP-2-MV with NH,CNS. The
best mixtures, i.e., Catamin AB + NH,CNS and VNPP-2-MV + NH4CNS, provide Kmax =
1.1 g/(m?.h).
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