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Synthesis and corrosion inhibition of two kinds of 2-(dimethylamino)ethyl
methacrylate quaternary ammonium salts
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Abstract: Two kinds of quaternary ammonium salts (DMA-I and DMA-II ) were designed and synthesized
by using 2-(dimethylamino)ethyl methacrylate as matrix, and chloropropene and benzyl chloride as
bridging groups, respectively. The obtained products were confirmed to be consistent with the designed by
infrared spectroscopy and nuclear magnetic resonance spectroscopy. Their corrosion inhibition were
evaluated on Q235 steel in 1 mol/L hydrochloric acid by weight loss measurement, electrochemical
impedance spectroscopy (EIS), AFM and contact angle tests. All results showed that DMA-I and DMA-II
could still firmly adsorb on the surface of Q235 steel at higher temperature. When the mass concentration of
DMA-I or DMA-II was 100 mg/L, the inhibition efficiency still reached over 92.7%. They exhibited
excellent corrosion inhibition effects on Q235 steel in hydrochloric acid. Furthermore, DMA-I had better
corrosion inhibition effect than DMA-II. The thermodynamic calculation results revealed that the
adsorption of DMA-I and DMA-II on the surface of Q235 steel was chemical adsorption of the
spontaneous exothermic process. The adsorption process was consistent with the Langmuir isotherm
adsorption model. DMA-I and DMA-II were anodic corrosion inhibitors. The molecular structure and
active sites of DMA-I and DMA-II were further studied by quantum chemical calculation. The results
showed that DMA-I was easier to provide or accept electrons.
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Fig. 3 Corrosion rate of Q235 steel at different temperatures
and concentrations of DMA-I and DMA-II
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Fig. 4 Nyquist diagrams of Q235 steel in 1 mol/L hydrochloric
acid with different concentrations of DMA-I and
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Table 1 Impedance parameters of Q235 steel in 1 mol/L
hydrochloric acid with different concentrations of
DMA-I and DMA-II

LZAF p/(mg/L) RY(Q-cm?) Ry/(Q-cm?) L /%

Ca/(uF/em?®) n

= H - 0.82 9.1 7372 079 -
20 0.93 146.3 156.8 0.83 93.78
40 0.89 200.5 149.3 0.81 95.46

DMA-I 60 1.01 268.7 134.7 0.82 96.61
80 0.97 362.4 127.9 0.80 97.49
100 1.13 417.2 111.4 0.80 97.82
20 0.95 126.0 174.3 0.81 92.78
40 0.97 149.8 161.7 0.82 93.93

DMA-II 60 1.24 181.7 152.6 0.80 94.99
80 1.08 215.2 144.0 0.81 95.67
100 1.16 235.8 120.8 0.81 96.14
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Fig. 5 Polarization curves of Q235 steel without or with
different mass concentrations of DMA-I and DMA-II

in 1 mol/L hydrochloric acid at 30 °C
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Table 2 Polarization parameters of Q235 steel in 1 mol/L
hydrochloric acid with different mass concentrations
of DMA-I and DMA-II

p/ Econl fcor/ ﬁd/ ﬁc/

LI (mg/L) (mV/SCE) (uA/cm?*) (mV/dec) (mV/dec) /%
S| — —481.30  50.1 83.4  -130.7 -
20 —441.32 3.2 105.9  —137.8 94.17
40 -430.78 2.5 108.2  —130.3 94.44
DMA-I 60 —427.63 23 107.4  —138.5 95.81
80 —-436.45 1.8 107.6  -129.4 96.72
100  —424.57 1.6 108.0 -127.4 97.09
20 —432.53 4.0 852  -127.1 92.02
40 —447.21 3.4 77.6  -131.3 93.21
DMA-II 60 —-432.78 2.6 81.8  -135.2 94.81
80 —-420.24 2.2 883  -125.7 95.61
100  —427.97 2.0 932  -122.3 96.01
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Table 3 Adsorption parameters of DMA-I and DMA-II at
different temperatures

AHy, / ASy/

Kags/ AGY, /

ads
(L/mol )

Zm K
o (kJ/mol) (kJ/mol) (J/(mol-K))

DMA-I 293 244365  —40.01 -0.70 134.16
303 242130 4135 134.16
313 240619 4270 134.18
323 238546  —44.04 143.04
333 236098  —45.37 134.14

DMA-l 293 162754  —40.15 -9.23 105.53
303 161812 —40.33 102.64
313 137551  —41.24 102.27
323 120481  —42.20 102.07
333 117370  —43.44 102.7325
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Fig. 8 Arrhenius plots of Q235 steel in 1 mol/L hydrochloric
acid containing different mass concentrations of DMA-
I and DMA-II
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Table 4 Activation energy parameters for Q235 steel in 1
mol/L hydrochloric acid with different mass
concentrations of DMA-I and DMA-II

B
i?’mﬁ 21 20 mg/L 40 mg/L 60 mg/L 80 mg/L 100 mg/L
ik
DMA-I 3816 5620 59.55 62.32 6524  69.01
DMA-l 3816 46.66 5144 5283 53.01 5623
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TET P19 2 o 49 Ja8 Ak 2 W Bf
2.6 AR

30 °C'F, Q235 WMAEMAANIFEWE DMA-I 5%
DMA-II 1) 1 mol/L LM rHiR i 4 h R L
fik A 2 SR AN & 9 BT o

Fig. 9 Contact angles of Q235 steel after soaking in 1 mol/L
hydrochloric acid with or without DMA-I and
DMA-II for 4 h
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