5540 B4 2 B ¥ @ 4t T Vol.40, No.2
2023 4 2 A FINE CHEMICALS Feb. 2023

EHRAtZEm
NN-Z(46-—2EEBE-135-=FE)- 2%
W& B K & i M BE

FEAT, kIE

(FRPT RS (S5 T20, 195 M 210094 )

FE. D=REATONRHE, BAZIR (-4, 3-2INR ., 4-FHRTR. 6¢-2ICm) M 1,6-2 %,
Bt AT NN-T[4,6- —(Q-BALMHE)-1,3,5- = E]-2 —IF (TFYJ), NN-_[4,6- _(3-BEARI)-1,3,5-
=EIL-C % (TFBJ ). N,N-_[4,6- (4L TR IL)-1,3,5- =8 5L]-C % (TFDJ ), N.N-_[4,6-—(6-F I
FRHL)-1,3,5- =8 HE)-2 i (TFIT) 4 DM, FIA FTIR, 'HNMR., MS XHHZEH BT T340, sk
ik, BARSEEIEA T 45" BNTE 1 mol/L R A ERE, AL T TR A e o s e
AR AR FRERE R . Fukui F850, 407 TEHLIE, 5580, 4 D HARZMFE 1 mol/L FhFRHXT 45"
TN TP S EUR . 20 °CF, FBREMRES A 100 mg/L 4 TEIT ZEpRikF T 98.37% (K& ), HI4H
GBIy 32 R A ISR ], TFIT 454 Langmuir 00T R, ZLME2W M £ A kit , He
TR R AR =R IR L N R JORmIEA B ¢, O JR Tk, 5SS NEUF48s #tk, A Al
TSR R T 5.90%~10.62%, TFIJ FERBTR M IE R 600 mg/L RYAE/K AT EAT B A A a7k 4

KR =0E; SR &=IERR; Ek; Wtk A #sibER
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Synthesis and corrosion inhibition performance of N,N'-bis
(4,6-diamino acid-1,3,5-triazinyl)-hexanediamines

LI Guoyu, ZHU Guangjun’

( School of Chemistry and Chemical Engineering, Nanjing University of Science & Technology, Nanjing 210094,
Jiangsu, China )

Abstract: Four kinds of corrosion inhibitors, N, N-bis[4,6-bis(2-aminoacetoxy)-1,3,5-triazinyl]-hexanediamine
(TFYJ), N,N'-bis[4,6-bis(3-aminopropionyl)-1,3,5-triazinyl]-hexanediamine (TFBJ), N,N'-bis[4,6-bis(4-
aminobutyryl)-1,3,5-triazinyl]-hexanediamine (TFDJ), N,N"-bis[4,6-bis(6-aminocaproic acid)-1,3,5-triazinyl]-
hexylenediamine (TFJJ), were designed and synthesized from cyanuric chloride, amino acid (2-aminoacetic
acid, 3-aminopropionic acid, 4-aminobutyric acid, 6-aminocaproic acid) and 1,6-hexanediamine, and then
characterized by FTIR, 'HNMR and MS for structural analysis. The corrosion inhibition performance of 4
inhibitors for 45" carbon steel in 1 mol/L hydrochloric acid was evaluated by weight loss and
electrochemical method. The highest occupied molecular orbital energy, the lowest empty molecular
orbital energy and the Fukui index of inhibitor TFJJ were calculated quantitatively, the corrosion
inhibition mechanism was also analyzed. The results showed that all four corrosion inhibitors exhibited
excellent corrosion inhibition effect on 45" carbon steel in 1 mol/L hydrochloric acid. Especially, the
corrosion inhibition rate of TFJJ with a mass concentration of 100 mg/L at 20 °C reaching 98.37%
(weight loss method). The corrosion inhibitors obtained were ambiodic inhibitors but dominated with

cathodic corrosion reaction suppressions. The adsorption process by TFJJ conformed to the Langmuir
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isotherm adsorption equation, and was a spontaneous adsorption process dominated by chemical

adsorption. Its inhibition occurred on the N atoms of the triazine ring and amino group, and on the C

and O atoms of carboxylic acid group. Compared with that of the commercially available corrosion

inhibitor NEUF485, the corrosion inhibition rate of the products synthesized was increased by

5.90%~10.62%. Especially, TF]J still maintained good hard water resistance under hard water with a

mass concentration 600 mg/L.

Key words: triazine; corrosion inhibitor; amino acids; weight loss method; electrochemistry; synthesis;

construction chemicals
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TCT. 2-BAIELR . 3-AFENMR . 4-FFE TR,

6-ZAEC MR . 1,6-C0 %, AR, Bl T 50 (Fifg)
ARRAF; LA-ZEOSH . SR NI, oK O,
AR, HEZER AR ABRAF; JK Na,COs.
W ERR ( 204 36%~38% ) . To/k S 4k45 . NaOH,
fh2zal, R e IE LB AR A BR A F] 5 NEUF485,
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W5, HiRox A ¥,

1.2 EEFNERK

SRR A BRI . S, EUKERE (0~
5°C) F, MAEAREITA 1000 mL DU B H K
IMA 42.40 g (0.4 mol) Ji/K Nay,CO5. 0.21 mol
FHM . 300 mL PKOKIR G WO FE; 8,
fE 0~5 °CF, WBCHIEFM TCT MY 48 N R
(18.45¢ (0.1 mol) —FREH . 200 mL /N )
FHE % W0 < n ) _EaR R iR R Y, 2 h PYE
U 5E ; IR R P 2 h J5IA 10.60 g( 0.1 mol )
Jo/K Na,COs, JE# 1,6-C “M/KEW (581 ¢
(0.05mol ) 1,6-C% %, 50 mL K& F/K ] 127
B R NARR; fee, THEZE 120 °C, 7EHGIRE T
BFERN 4 h J5, OWVAKRREAZE 30 °C, JFHk
IERRIRIL = pH=4.0~4.5, LIVLIE H H @ E A, fhik,
IR YEEITE 60 °CF B2 T4 3 d; FIAH R AN
IR (AR 10 1) JRfrEEs A, k.

N,N-"[4,6-—(2-FF LRH)-1,3,5- =% H]-C
T Mg (TFYJ) , 21.95 g SO ER=Y), 1M 213~
214 °C, 7% 77.53%. 'HNMR (500 MHz, D,0),
3.96 (s, 8H), 3.39 (d, J =47.3 Hz, 4H), 1.61 (s, 4H),
1.37 (s, 4H), ESI-MS, m/Z: [M+H] I &{H 568.95,
FRIBMH 566.23,

N,N'-—[4,6- —(3-AFENRIHE)-1,3,5- = HH]-C
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M (TFBJ) , 23.52 g HEARBE™Y), #5162~
163 °C, F23 75.50%, '"HNMR (500 MHz, DMSO-dj),
5: 11.91 (s, 2H), 6.88~6.26 (m, 6H), 3.54~3.35 (m,
12H), 2.46 (s, 8H), 1.58~1.37 (m, 4H), 1.26 (s, 4H).
ESI-MS, m/Z: [M-H] Wl &#AH 619.07, it {H 622.29,
N,N-—[4,6-—(4-RA I T RHE)-1,3,5- = K)-C0
“J& (TFDJ) , 25.32 g AR, M 143~
144 °C, ;%5 74.69%, '"HNMR (500 MHz, DMSO-dj),

8: 11.97 (s, 2H), 6.86~6.26 (m, SH), 3.16 (s, 12H),
221 (d, J=7.3 Hz, 8H), 1.69 (s, 8H), 1.45 (s, 4H),

1.26 (s, 4H), ESI-MS, m/Z: [M—H] &4 677.75,
FIS{H 678.35,

N,N'-Z[4,6- —(6-A K O FR KL )-1,3,5- = FE])-
C. M (TFIY) , 32.24 g B[R, 1AM 127~
129 °C, f#3 81.62%. '"HNMR (500 MHz, DMSO-d),
5: 11.94 (s, 4H), 6.97~6.13 (m, 6H), 3.29~3.07 (m,
12H), 2.19 (t, J=6.9 Hz, 8H), 1.62~1.36 (m, 20H),
1.26 (s, 12H), ESI-MS, m/Z: [M+H] {8 791.32,
FRIBAH 790.48,
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BT A AN R R BRI 1 mol/L YRR
WP R, BT E YW N . oK, £
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Fig. 1

X TFJJ B '"HNMR FAEKBL, 0 11.94 H—
COOH &ML #0085 6 6.97~6.13 J—NH—ZE 1k
R 63.29~3.07 &b R EE L —NH——CH,—4
FIE2E0 RS 5 0 2.19 EEL—COOH [)—CH,— 41
00 R 6 1.62~1.36 1 1.26 Ky [al—CH,— & HY
b2 ik . L ERRR, RTLAIER TFIT # sl & i
HAx 3 P HARZ M A 2A i B 25, HOARTR S
A B A . Wi H ESI-MS IR EE R K0, 4 4~ HEx
2% 30003 ) R X 43 S B (AR A
22 HBERESH

RIERELILE R, RS R | £
B EMEMRSMBE (1) ~(3) B EH, #
1 ATEETR (20 °C) F, A5 BRANTE & AN 6] o i ik i
HERZZ A E 1 mol/L EhFRH IR 48 h 45 R .

e 1 s A, AR, AR h
AR IS B 0 1 J5 ol EL A B AR RIVE T, B 4 A
HARZE ph F HA RAFA 22 ok VERE o 78 BE B A 205
HEMREE N, G i SR A RE A S ) SO e R B A G
ARG, o o 3ok 56 it 2 5% o 7)ol e B P9 48 o o o
. TFYJ Bt FE ik 5] 80 mg/L A A BT AyZEhh
R (7>90% ) , i TFIJ AEFi e N 10 mg/L i},
CRR T REFMZ AR . TFYJ. TFBJ. TFDJ.
TFIJ bt L4 1 B N KB/ NW T A TFIJ>TFDI>
TFBJ>TFYJ, 7EMEEmWE N, L3N TFI>
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TFDJ>TFBJ>TFYJ, U] — £ B 1Y b B4 e A7 4%
M m g R g2 ph 38, ORI R, Bl e A K
FERHE NN, ZehFIat e P R, BN R H
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A T B b A £ 8 ok A R

ST BT G PR 31, BRI AR 2

#2 TR MRTELS
Table 2 Weight loss results of TFJJ

W/ C plmg/L)  cp/[g/(m*-h)] 0 7%
30 0 9.854 — —
10 0.377 0.96174 96.17
20 0.326 0.96692 96.69
50 0.101 0.98975 98.97
80 0.219 0.97778 97.78
100 0.196 0.98011 98.01
50 0 14.288 — —
10 0.588 0.95885 95.88
20 0.513 0.96410 96.41
50 0.473 0.96690 96.69
80 0.357 0.97501 97.50
100 0.324 0.97732 97.73
60 0 19.277 — —
10 0.956 0.95041 95.04
20 0.856 0.95559 95.56
50 0.802 0.95840 95.84
80 0.646 0.96649 96.65
100 0.601 0.96882 96.88
70 0 22.457 — —
10 1.702 0.92421 92.42
20 1.586 0.92938 92.94
50 1.522 0.93223 93.22
80 1.342 0.94024 94.02
100 1.288 0.94265 94.26

NEUF485 J& 17 i b H fiyfe w894 AL 2% 551
z—, HasmXmE 2 s, Wil (1) ~(3) 3
EHAEER (20 °C) THKKESE, 4RI TF

F 1 HIRGEMG K E LR
Table 1 Weight loss results of target corrosion inhibitors
ZimF plmg/L)  cr/[g/(m’-h)] 0 /%
TFYJ 0 8.351 — —
10 1.958 0.76554 76.54
20 1.706 0.79571 79.57
50 1.578 0.81104 81.10
80 0.657 0.92133 92.13
100 0.486 0.94180 94.18
TFBJ 0 8.351 — —
10 0.729 0.91271 91.27
20 0.586 0.92983 92.98
50 0.583 0.93019 93.02
80 0.537 0.93570 93.57
100 0.446 0.94659 94.66
TFDJ 0 8.351 — —
10 0.416 0.95019 95.02
20 0.382 0.95426 95.43
50 0.276 0.96695 96.69
80 0.252 0.96982 96.98
100 0.238 0.97150 97.15
TF1J 0 8.351 — —
10 0.290 0.96527 96.53
20 0.246 0.97054 97.05
50 0.223 0.97330 97.33
80 0.155 0.98144 98.14
100 0.136 0.98371 98.37
H: =7 A, T,

TFI W G2 USCR LT Hofh 3 A~ B ARG, i
B 20, 30, 50, 60, 70 °C 5 MREHE (20 °CTE
1), BEREEXT TFIT 28 15 8 Dl R () 52 ]
BRI TR 2, h3 1 7[F, ££ 20 °CF, TFIJ &
B EE 10 mg/L # F 100 mg/L, Rk EHN 9
W, iR 96.53%14 & 98.37%, AT 1.91%,
VO BRIk BE R Y TFIT SEC &k 3 T AR A9 2%
PR, 3 2 AT, B TR TR, TFID Xt 457
WA I R R T AT R AIG, 2 i T R S 3k 457k
PR TFIT 20 F &4 T R B IR A T
TFIJ 5@ sl finfl, MGRH S e bl T I B %, i

3,
(0] H H 0
HO)K/\NN\WNYN\/\/\/MOH
N\I¢N o
HN OH
K2 NEUF485 [yt
Fig. 2 Structure of NEUF485
%3 NEUF485 fyLH L
Table 3 Weight loss results of NEUF485
1R/ °C p/(mg/L) cr/[g/(m*-h)] 0 /%
20 0 8.351 — —
50 1.165 0.86050 86.05
100 0.924 0.88935 88.93
200 0.848 0.89846 89.85
500 0.628 0.92480 92.48
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WX 1 3R, FEERT, %
58 NEUF485 76 ¥ & 500 mg/L T, ZZiha
AL 92.48%. JTHIMEEE N 100 mg/L Bf, ZEphR
7 88.93% , % Lt [A] BT f Wk B T 9 TFYJ . TFBJ . TFDJ .
TFIJ, 2035 NEUF485 i 45 55 T 5.90% .
6.44% . 9.24%. 10.62%, VA [ i A0 5% 350 (1) B 4%
BCRAE T H i F i 2 i)

23 HBEEHSF
23.1 AL HT

MR Tafel MHZMSCIREER, AilREm S mnT
X (4) IEME, ABMEN (Eor)
bo. n 5T 4, Hrh, b, b el AMERH: . B
FL 3L - E AT B RS
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Table 4 Polarization parameter of target corrosion inhibitor

Al lcorr\ ba\

LI (mZéL) %1({;/ (mlx;rémz) (m\[/];‘(/iec) (m\[/]/c(/iec) 1%
TFYJ 0 -381 27.84 0.1572 0.1569 —
10 -342 14.58 0.1524 0.1284 47.63
20 -344 13.04 0.1216 0.1449 53.16
50 =376 10.86 0.1212 0.1909  60.99
100 -349 3.93 0.0929 0.1697  85.88
TFBJ 0 -381 27.84 0.1572 0.1569 —
10 -391 11.02 0.1168 0.1964  60.42
20 -404 3.54 0.1051 0.1275  87.28
50 -360 3.49 0.0635 0.2397 87.46
100 -390 3.45 0.0593 0.2248 87.61
TFDJ 0 -381 27.84 0.1572 0.1569 —
10 -306 4.72 0.1007 0.1989  83.05
20 -356 4.68 0.0886 0.1782  83.19
50 -321 2.36 0.0763 0.1794 91.52
100 -323 1.22 0.0677 0.1715  95.62
TFIJ 0 -381 27.84 0.1572 0.1569 —
10 -364 2.52 0.1063 0.1889  90.95
20 -365 2.17 0.0817 0.1974 92.21
50 -343 1.44 0.0535 0.2277 94.83
100 -331 1.08 0.0635 0.2123  96.12

Bl 3 O 45" BB A A T SO i B2 2% o R 1
1 mol/L FRIR Y AL £ . NI 3 AT, His
SR 0 b e AN 23 W MM Tafel ik AYIE
M, 3R BRG] (4 I A A S e L ER
XIS A 0 8 oAU A 47 DA A AT RGBS t 3)

— e, R PE SR SR Oy TR B T Rk
T A8 5 A 07, 0K Tl S i ok 2 4 e 9 e S 22
SRR S 18 B Xk 45 i B PR AP o Bt S k) o i
JEE BB, BRI A B A B FL O 2 AR AE A s
AR T 23 ke, BIH A O 2 B2 A9 28 AL B 2 R T FH
Wb P BE AR Ml o M AT DEHEIT I, % 22 ik Bk

Tt BERR B A, WIES I AR, HR
LA ) B AR R Ay 2 i T 4 B 2 o) 1)

02F A
(113
-0.2
>
304 0 mglL
= —— 0 m;
06 —— 10 mg/L

——20m
——50 mg/L
-0.8+ —— 100 mg/L

%5 4 3 2 0

log[icor/(A/cm?)]
021 B
0F
-0.2
>
g 04
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e 3 2 T o
log[icon/(A/cm?)]
02 ¢
0_
5 02
h:
§ —0.4
——0m
PP A
=1
— L g m,
081 7 700 mgL
B R e e

log[icor/(A/cm?)]

Eo/V

6 5 4 3 2 -1 0
log[icorn/(A/cm?)]
Kl 3 AEBEERE TFYJ (A), TFBJ (B). TFDJ (C)

o TFI (D) Wik Akl 2k
Fig. 3 Polarization curves of TFYJ (A), TFBJ (B), TFDJ (C)
and TFJJ (D) with different mass concentrations

H12 4 I LA, B 5 27 il ) o et R 10348
Econ RAETIERS, H icon 2 FREBEH, BmEE N
10 mg/L TFDJ Wy KHEMEA 2N 75 mV (<
85 mV ! L HIKE, NN T (4,6- R FERRFE-1,3,5-
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SWRED-C N B PR A B . A, BEE
SRR TR R FE I , deore DBV, B PHSRIE I, 24
JRE W IR F] 100 mg/L i, ZEhisRikF] T 85.88%
(TFYJ) . 87.61% (TFBJ) . 95.62% ( TFDJ) .
96.12% ( TFJJ) o X YOO 25515 5 2,4,6-=(6-
IO MR)-1,3,5- =, TEFSF T (100 mg/L)
T, shr e sE g, Hg R GRS T 86.67%.
SRR, BB, HARGE R 0 52 ik S
. HILFABOL T i B ) NEUF485 ZZ i PEgE
232 WwALF RS

FR P AL A BT A SE YR 25 R, 4528 iR R 22 Tk
ATLAAER (5) THEARH, HSCHPTSEB] T£ 5.
P BB B A A A5 R r B EnE 4 B, e R
HEAIFERA R, Q; RONEWHFL, Q; CPE A{H
EMNLTCH . MBS % ZSimDemo 3.30d i)
G, WEERIEER S, H Y8 CPE (fEEAHNL)
WH, n R CPE 484k, & 5 Al 6 43518 Nyquist [
F1 Phase Bode A .
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Table 5 Impedance parameter of corrosion inhibitors
ZEIh | p/ Rs/ Y(]/ RC‘/ 0
EUF oty @em) @Flem) " (@ent) %
TFYJ 0 0.495 16.10 0.878 0.856 —

10 0.505 7.53 0.861 2.184 60.81
20 0.477 5.22 0.872  2.901 70.49
50 0.554 3.10 0.873  3.765 77.26

100 0.512 4.03  0.841 9204 90.70
TFBJ 0 0495 1610 0.878 0.856 —
10 0.461 434 0971 2353 63.62
20 0.464 1.86 0958 3.281 73.91
S0 0.490 225 0.892  4.083  79.04
100 0.635 3.09  0.803 17.260 95.04
TFDIJ 0 0495 1610 0878 0.856 —
10 0.494 1.19 0966 2.663 67.86
20 0.505 1.66 0919 4526 81.09
50 0.523 234 0.889 5511 84.47
100 0.578 2.05  0.807 19.810 95.68
TFII 0 0495 16.10  0.878 0856  —
10 0571 200 0817 7985 89.28
20 0512 1.84 0836 9938 91.39
50 0524 1.60 0810 31.110  97.25
100 0.569 1.64 0781 50360 98.30
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&l 6 S A [] Jo it vk B2 22 it 57) TFYJ . TFBJ . TFDJ
Ke TFIT WAAL 1 . L TEIT 208 ], IR 6D

PO R — AN ) 8 AR IRV, B
ZeihsR] TEIT JRCE ke BE A3, BHAC(E AR 7E AN W
K, B RRL A AT B AR B A 0, X L2 SR AT
BUE T HBR 2R 10 T LA RO A 45" 0 75 R
PEE R I AT

1 mol/L EhFRYAWK

Bl 4 AL BH BT Ak 1A

Fig. 4 Electrochemical impedance equivalent circuit diagram
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Fig. 5 Impedance curves of corrosion inhibitors TFYJ (A),
TFBJ (B), TFDJ (C) and TFJJ (D) with different
mass concentrations
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Fig. 6 Phase Bode plots of corrosion inhibitors TFYJ (A),
TFBJ (B), TFDJ (C) and TFJJ (D) with different
mass concentrations

TE—EMABRET, Yo 5A 8 EBURIE
IM— B, A5 HILGE k350 (14 4 o 5 0 EL K B A H i
N, Yo U/ INUE BH % ok 551 R B 2 R AR K 2
i 5 2% b 751 o A B S 0, BELBTOIREE in, 2 kR
W, YRR IAE] 100 mg/L B, ZEphRikE| T
90.70% ( TFYJ ) . 95.04%( TFBJ ) . 95.68%( TFDJ ) .
98.30% ( TFJJ ) , Xt YOO Z5!SV4 m i 2,4,6-=(6-
FHCOMR)-1,3,5- =%, AW 100 mg/L T,
LA ZEBH P SE e, g g GRS T 87.80%. AL
HBULHT, B W2 A B T RR UL T T B Y — iR 92
Th3¥] NEUF485,

M T2 TFI AT HA 3 4> HARgim ), o
VUG SENL LG UE DA M AL 2 H B DL TRID A, S5
B = JCIRMR M NEUF485 HEAT HL 4L,

2.4 TREEKDHT

MR SCR[21], BC il BT & Wk B 4300 400, 600
1 800 mg/L AYfE 7K %K - I TFJJ Al NEUF485 433l
fic i AR A B 0N 5.0% . = LWERE . AviE g
B OK BB (TN = 2 BER Al pH AR5 1E 8.5 ) 5
RIG, PREE R B LA 5340 1.0% . 2.0%. 3.0%.
4.0%F01 5.0%% T 5 A A [R5 Wk B2 /K o, TR
BRI TR 2/3~4/5, TR IR, BT3B
1 5 PRGN . HE5 RT3 6.

BRIl R, BORB MR B —E
PLIEKAE S, KR ZE Ca® . Mg™, &S5RIk
RIS VE R, NI R AR Ik R0 o 1, 3 i 5 i
HBE IR . R 6 TS, TFIJ 76 Rk A
800 mg/L ffi7K H | T AN 4.0% 5% A H B
M, T Y NEUF485 7E it e W B2 h 400 mg/L fif
K BN 5.0%5 0 T ELA B . Ui
TFJJ Witk . Horr, TFI 765 BE l 600 mg/L
FIRE K T A BA BRI TR AR K PE . B 7 Ry v
7 800 mg/L BfK ., FBifmsr R 3.0%5%44 T, TFIJ
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Table 7 Adsorption thermodynamics parameters of TFJJ

T/K R? Kags/(L/mol) AG,4s/(kJ/mol)
*£6 Ttk SZR 293.15 0.999 2.23x10° —45.57
Table 6 Hard water resistance test 323.15 0.999 2.20x10° -50.18
ey R 157K J5 e Y BE /(mg/L) 343.15 0.999 2.04x10° -53.07
400 600 800
TFI 1.0 - - - MW7 ATUE L, AR, K B0
2.0 B B B 1%, AG,q <0 kJ/mol, BEMIZEM TFIT 43T WKt 7E
I ) ) . SRR, H AG,, <45 KI/mol,
50 - - + VL] TFIJ 73 & AR B SR Ab 22 W
NEUF485 1.0 - - + 2.6 B NFESH
2.0 - - * A Incg F1 U/T SUE1520E 9, MK 9 T LLF
" ] ' ' L3 AT B0 R o HUR LR R A
50 N N . MR B W E, F0 A, FHRERY) TR 8

T U7 NIRRT BN T NI

a—TFJJ; b—NEUF485
P 7 MpRE 7K 5256 B

Fig. 7 Pictures of hard water resistance test
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Fig. 8 Langmuir fitting curves of TFJJ at different temperatures
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Fig. 9 Arrhenius diagrams of 45” carbon steel in TFJJ with
different mass concentrations

F 8 TFJITE 1 mol/L LR h i inh 3 J1 2% B4k

Table 8 Corrosion kinetic parameters in 1 mol/L hydrochloric

acid of TFJJ
pl(mg/L) B E,/(kJ/mol) R Ax10*
0 -1957 16.27 8.78 0.65
10 —3409 28.34 10.29 2.94
20 -3587 29.82 10.73 4.57
50 -3695 30.75 10.99 5.93
100 —4321 35.92 12.61 29.95

ZATE R, BINE M Z 5 0N A TG ILRE E,
R TR T A, S0 3Kk, R AR ik 1)
RERBEE, AR i R xR frh A 2 b A 22k
R T hAE R, RE T &R, MEZ LA
Jo i A BT, VA R A 2 T ) 2 ) T R
R, (RS AN A48 b 7 s s/, i TS AT oA
27 HXEBHMESHT

10 SN 45" BRAILE & B & TFIJ 5 NEUF485
(R R T IS 48 h 5 Y6 W s 1
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A 10 T LA Y et 9 45" RN 2 1 e
BRT —SETES R R RR, A R bt #
) 45 AN 5T 1 mol/L EhRIE bh s, 1 B A8
w5, HELR/NAR— MYORSE RS T, mdshn T
JF R EE R 100 mg/L 4 TFIJ 8, NEUF485 Y W 7
TR AEJE T 45" RN FE T 48 h T, 457 R AN T H PR
DR YT, (BEO6H, UL TFIJ 5 NEUF485
BN AAT R0 2% T 4 Jm B JE AT R, i — A PR
T A T 4STRR ARG RS, IR H T LI B A
W, 2 TFIT AR 457k 40 2% 1 Y 6 fh i ke &0
NEUF485 AbFHfY) 45" 54N i 198 bt . X i
WY E ) TFID 22 kR0 0 2 Dl vk e 0 T i B G2 b 571

; T W 0GR a@& :
a—45" M ; b—1 mol/L #h#R; c— iU N 100 mg/L NEUF485;
d— WA 100 mg/L TFJJ
Bl 10 4S"BRAATE & A& TFIJ 5 NEUF485 4k R v it

TR 48 h 5 B R R
Fig. 10 Optical microscope images of 45" carbon steel

immersed in hydrochloric acid with or without TFJJ
or NEUF485 for 48 h
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B, tHXEESHEITE 9.

®O HTARPLERERE

Table 9 Frontier orbital energies

%'L’H&?ﬂ] EHQMQ/CV ELUMO/eV AE/eV
NEUF485 -5.89 —-0.11 5.78
TFJ1J —5.68 -0.25 5.43

T Enomo A di 4> FHUBERE AN 5 ELumo FIRARA 5
ﬁ%%?ﬂﬁﬁﬁ%ﬁ, AE =Erymo—Enomoo

ME 11 ATLLE S, 4 F /) HOMO FZ A4 AG 7E
R N JE T F, LUMO 4315 7852 R 5L 41
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HT- e, NS e N AR 4 s R . ST IR,
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Al TFIJ §) AE B&{KF NEUF485, 681 TFIJ
NEUF485 W45 55 KA AL i

&
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Fig. 11 Geometrically optimized configuration (a), HOMO (b),
LUMO distribution (¢) of TFJJ
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Table 10 Quanturn chemistry parameters of TFJJ

JFF Fukui(+) Fukui(-) PAE T pLY
2(N) 0.06 -0.05
5(N) 0.06 ~0.05
6(N) 0.07 -0.05
7(N) 0.04 -0.03
9(N) 0.04 -0.03
11(N) 0.04 -0.03
27(C) 0.08 0.08
28(0) 0.05 0.04
46(C) 0.05 0.05
47(0) 0.03 0.02
69(N) 0.04 -0.03
71(N) 0.06 -0.05
72(N) 0.06 -0.04
75(N) 0.06 ~0.04
76(N) 0.04 -0.03
77(N) 0.04 -0.03
111(C) 0.05 0.05
112(0) 0.03 0.02
115(C) 0.04 0.04
116(0) 0.03 0.00

Hor, Fukui(+) % 2R F N, Fukui(-)%
B E SR N, HAEMOR, R ARAE S kA,
TR A A D) 2 BRSE A . SR PR S B A B 2R,
WU A AR 68 71 1 X Jal 0 T B e 5 H AV A, D
KoM Z 5t N 11 AT AEH, 27(0).
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Kl 12 TFJJ ) Fukui(+) (a ), Fukui(-) (b), BRI (¢ )
Fig. 12 Fukui(+) (a), Fukui(-) (b) and dual descriptor map (c)
of TFJJ
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Fig. 13 Schematic diagram of adsorption mechanism of TFJJ
molecules on 45" carbon steel
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