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Table 1  The corrosion rates and inhibition rates of the single
and compound inhibitors measured by the weight loss
method

psc’/ Poyarna’ R/ 4 /%
(mg-L™')  (mg-L") g (mmah)

0 0 0.1059 1.4773 -
50 0 0.0575 0.8021 45.70
100 0 0.0381 0.5315 64.02
200 0 0.0318 0.4436 69.97

0 50 0.0712 0.9932 32.76

0 100 0.0426 0.5946 59.75

0 200 0.0385 0.5370 63. 34
20 80 0.0024 0.0335 97.73
50 50 0.0021 0.0293 98. 01
80 20 0.0023 0.0321 97.82
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Fig.1 Potentiodynamic polarization curves of the single and compound corrosion inhibitors
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Table 2 Fitting parameters of potentiodynamic polarization
curves, corrosion inhibition rates and surface cover-

ages

psc/ Pomarma’ Leon” ,Bcﬂ)/ ﬁab)/ y

(mg+  (mg-  (pA-  (mV- (mV- )
%

L") L™ em™2) dec™') dec')

0 0 24.07 -58.55 79.82 - -
50 0 3.22  -44.97 39.45 86.61 0.866
100 0 3.56 -38.38 71.97 85.20 0.852
200 0 6.12 -68.80 68.06 74.57 0.745

0 50 26.74 -58.56 247.57 -11.10 -0.111

0 100 18.54 -86.54 78.69 22.96 0.229

0 200 6.70 -81.63 82.41 72.16 0.721
20 80 1.17  -143.76 77.35 95.11  0.951
50 50 0.67 -52.47 65.86 97.20 0.972
80 20 0.69 -156.74 89.41 97.10 0.971

a—PBAML Y Tafel £43; b—BAMAY Tafel £HK ; - FR TOEE

250l 1, SG Fi1 DMAPMA ()& T FH % 7Y 2%
M, 5A X IRAIAR L, B— SG B A JE LA E
PINER H2 SC M BTk AR LX) E RZ A K,
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Fig.2 EIS of the single and compound corrosion inhibitors
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Fig.3 Equivalent circuit diagram fitted to EIS
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Table 3 Parameters of the equivalent circuit diagram

i 2 g
w ARG (CPE)
psc/ Pomarma’ R/ ) 1 R/
Yo/ (pQ2t-
(mg-L~") (mg-L™") (Q-em?) n” (Qeem?)
em~2es™")
0 0 582.5 0. 001 829 0.367 1324
0 100 409.3 0.002135 0. 460 773
20 80 385.9 0. 000 694 0.671 18940
50 50 350.5 0. 000207 0.674 22100
80 20 347.1 0.000415 0.644 14020
100 0 345.4 0. 000742 0.606 2280

a—590; b—IR R B,

TR TR A TE A PR K A R P ) G2 SO L P — 42
M2,

(b) 100 mg/L SG

2.4 FREFIR

T 75— G2 Dl 3R 0 A2 T 92 ol 3R RS ok 72 h
Ja BGE WA IR R e 4 Frs . iR el LI B
Fih, 25 VAL bl i ™ R, B SGORT Bl
DMAPMA ¥ 0 3UAS [ #%2 BE 9 Jg i B 42, b SG 1Yy
GE U Y B A G iR R O LS, T
YR B SRR AT

R A TE & B 2% 1k 7] (50 mg/L SG + 50 mg/L
DMAPMA) H &k 72 h J5 ) FESEM B8 - anf&l 5
o MWEIAT LA 25 AR S iR 2 i
VSIS B G2 1) J B R A 2R T 6 AR WA s, 2R T
BB, AR T I 3ok () IR 08 0 I P I, U i O
SRR S i RE R4
2.5 XPS&R

Bl 6 ik i 78 B — 98 1k ) F0 &2 T 2% ol )
(50 mg/L SG +50 mg/L. DMAPMA) H12i1 12 h J5 1)
XPS ik, aRAEH,C 1s FIN 1s A9 FZRIFEI R
TERN T 1) SG 5 DMAPMA 43, C =0,C—N,
C—OH ,O—H 3 S f 2 W 5 1C 9 ol 550) W B 1
M, M Fe—O, XL FLEZMAHH O JEF5 Fe

(¢) 100 mg/L, DMAPMA (d) 50 mg/L, SG+50 mg/L,
DMAPMA

Pl 4 FES— 2R R A MO G2 i) rp =6 72 h sl R ol B I

Fig. 4

Optical microscope photos of the test pieces immersed in the single and compound corrosion inhibitors for 72 h
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Fig.5 FESEM photos of the test pieces immersed in the compound corrosion inhibitor for 72 h
— SrIp sk C-C — s AU R -N(CH —
. e 5k — s C0
Iy — or ’ — T
— WA — AR { PN AT
C-N/C-OH
€0 =N
L L | L 1 L 1 L 1 L 1 L 1 L Il L ] L | L 1 - L | - 1 L | 1 | L | L 1 L 1 L L i
296 294 292 290 288 286 284 282 280 410 408 406 404 402 400 398 396 394 392 546 542 538 534 530 526 522
4Rl e eleV EENTY
(@) C 17518 (b) N 1s7 38

(©) 0 1%

K6 RAEEBEMAN PR 120 FH XPS K%

Fig. 6 XPS spectra of the test pieces immersed in the compound corrosion inhibitor for 12 h
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Fig.7  Adsorption model of the corrosion inhibitor molecules on the iron surface as obtained by molecular dynamics simulation
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Fig. 8 Schematic diagram of synergistic corrosion

inhibition mechanism of SG and DMAPMA
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Corrosion inhibition of carbon steel by the combination of sodium
gluconate and dimethyl aminopropyl methacrylamide

. 1 2 . 1
CHANG JiaYu' LU Yuan~ ZHAO JingMao *
(1. College of Materials Science and Engineering, Beijing University of Chemical Technology, Beijing 100029 ;
2. Cener Tech Oilfield Chemical Co. , Ltd. , Tianjin 300450, China)

Abstract: Sodium gluconate (SG), dimethyl aminopropyl methacrylamide ( DMAPMA) and their compound sys-
tems have been used in the corrosion inhibition of carbon steel in circulating cooling water. The corrosion inhibition
performances of single and compound SG and DMAPMA were evaluated by the weight loss method and electrochem-
ical methods. Optical microscopy, field emission scanning electron microscopy ( FESEM ), X-ray photoelectron
spectroscopy ( XPS) and molecular dynamics simulations were employed to investigate the corrosion inhibition
mechanism. The synergy parameter (S) was calculated in order to measure the strength of the synergy between SG
and DMAPMA. The results show that when the total mass concentration of the system was 100 mg/L, the corrosion
inhibition rate of the compound corrosion inhibitors exceeded 95% . When the compound corrosion inhibitor con-
tained 50 mg/L SG and 50 mg/L. DMAPMA , the corrosion inhibition effect reached a maximum. Combinations of
SG and DMAPMA have a good corrosion inhibition synergistic effect and can mutually promote adsorption, resulting
in the formation of a dense protective film on the surface of the steel sheet.
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