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ABSTRACT: In order to improve the comprehensive scale and corrosion inhibition performance of polyepoxysuccinic acid
(PESA) and expand its application range, 2-aminoethylsulfonic acid (SEA) was introduced into PESA molecule to synthesize a
polyepoxysuccinic acid derivative (SEA-PESA) and applied in seawater environment. SEA-PESA was synthesized by
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condensation of PESA and SEA, and the structure of SEA-PESA was characterized by Fourier-infrared spectroscopy and

"HNMR. Comprehensive property of scale and corrosion inhibition were studied on SEA-PESA and its quaternary formulation

in natural seawater. In seawater environment, when SEA-PESA concentration is 160 mg/L, and the corrosion inhibition

efficiencies of Q235 carbon steel is 61.82%, while that of PESA is only 52.17%. The corrosion inhibition rates of the quaternary
formulations of PESA and SEA-PESA were 88.87% and 96.99%, respectively, and the corrosion rates were 0.06 552 mm/a and
0.017 72 mm/a. The corrosion inhibition effect of the quaternary formulations of SEA-PESA was better than PESA’s, which

better met the requirements of national standards. SEA-PESA quaternary formulation is an anodic corrosion inhibitor, which

mainly inhibits the anode. It also showed good scale inhibition performance in seawater, and the scale inhibition rate reached

100% at the dosage of 10 mg/L. This study confirmed the potential of SEA-PESA for corrosion inhibition and scaling inhibition

in cooling systems and thermal desalination processes, especially in seawater environment, and has a broad application prospect.

KEY WORDS: seawater; 2-taurine; polyepoxysuccinic acid derivative; scale and corrosion inhibition mechanism
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1.2 PESA #1 SEA-PESA BI& X

1.2.1 PESA W&

FREL 15 g B9 NaOH, JH 25 mL % & F/KEML
Hig, BIAZORH, BEREE 40~50 C, mH
FNA 19.6 ¢ BYNEF H 252 %M, R)5FHEE
65 C, JNA 1.2 g Na,WO,, i/l 24 mL H,0,, ¥k
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Ca(OH)z (B1&5) &N 2 h, ERIEMAE TSR, M
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1.3 SEA-PESA W& & B/ ik

BT ¥ SEA-PESA TE KRR K TP I 22 it fig
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(7.85 g/em’ ); ¢ NLEIZILAYRTE] (h ),

_ (X, -X)

x100% 4
0

s Xo AE G BHIR I K 1 Q235 ik
BG4 S ik 3R 5 X DT R S e b BRI Q235
T B0 ) A J ol %6 5 p oA Q235 B BN ZE I /K v A SR Il 3R

#1 BEUithXiEKkKRDH
Tab.1 Analysis of sea-water quality of Tangshan

. Conductivity cr Ca* SO, Mg** Salinity Total alkalinity
P /(uS-em™) /(mg-L™h /(mg-L™" /(mg-L™" /(mg-L™" /(mg-L™" /(mmol-L™")
8.09 70 000 18 125 400 10 000 3514 29 690 2.7

1.4.2 BAFEEMRE MR EMYIE
SHLAL R R LK1100 H Ak~ TAES, , H it
KIS AR R AT H R B ( SCE ), 1 . Q235
BRANN TAERAL ( B8 2 mm) BIARAE = AR M,
I oA R e 4R, BEATsh i 2 i fe 3 4
Q235 T TAE R HIFESS FEZK FT & 4T SEA-PESA
K E K IR . EEHGER R 0.001 Vs,

FHEFE R (X IFEEEAL ) —300~300 mV {9 55
T, A5 30 PR AN B 0 B A AR 2R
1.4.3 SEA-PESA PRI %2zt

SEA-PESA FHAGIGPEREIT 2 8 GB/T 16632—
2019081 FHESTiG B RNR . A A —E R SEA-
PESA [k g 60 °C, WiH—EmE; Kk
ZRR, REEWRBE WAL BAIIE)E , Bk RS
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FORMAZ T2 ARG I8 S Ca® TRk, Bl
mg/L; n FrRigK k4 250
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FE BRI M RE AU 58 12 2 R, % 1000 mL 25 (3K
ZER Y 550 mL i), BAHEUIERYNTE, (H2ELH 2
350 mL i}, AR MUITERYINTH . IR, %7 SEA-
PESA. SEA-PESA & ATy i K& WA SR & A
WETE, H422% 5] 100 mL, TEASIKIETAH
UUUE BT R LIS RS, AR P iR
DU BF 25 70 25 2 ARG TS R BE 1T L, A S KT A
R TS, R DUEY A TR, R T
SRS o R PSS S, BR R
WA ERE Y, FJCK OB, T, 3
P, R,

2 #R5HE

2.1 FTIR #1 'HNMR &1k SEA-PESA KI45#4

Kl 1 25 PESA F1 SEA-PESA Y FTIR &, PESA
fIHhZE . 3494.85 cm ' Ak B IESE—OH (1) {H 45
PRBhide; 1612.62 em ™" Ab W L IE A R I —C—=0—
W4 shig; 1397.88 cm™' AbAY ML cIgly C—H 4
IS RSN ; 121557, 1312 cm &b Wi )
J C—O MR shig; 1073.61 cm ' 4k iy W i
C—O—C A MFF A M 4G PR & 5 17 894.89 cm ™' 4b
W b J T O—H [T 1S il 4k 2%, PESA 4k
T4 8 T PESA, SEA-PESA i<k, BT
HA PESA H#)—COOH, —OH fl C—O0—C—¥&
FEPH B WSS ;5 1560.01, 1511.73 cm ™" &b A Iz i i
i N—H BT NS PR 5 5 1365.45 em™ Ab k) C—N
HH4E R shis s 1215.57 em ™' WM EERR L P O—=S=0
BT A B e 4R shi% 5 1077.92, 1130.53 cm ™' 2 S=0
YRR AN XS R AR 4 P sl 0 5 DL 0 RS LR Bk I
WA T EBY SEA-PESA. % I, T 1
SEA-PESA 5 F45#H 5| A T—SO;H. —OH Hl
—COOH %53, P78 T PESA Il B—2k k44, oF
S FHIG B PR RE S AR .

MIE 2 AT, SEA-PESA Fi & A JE KA PESA H
MIRFE H g LIAN, 3 BT fb2E 0088 A 6.03 mg/L i
e KE TP H AT 1.49 mg/L R EL R A H I, P 4
ORI EIES PESA BRIEPIRIERAET R

SEA-PESA

3502.78
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1612.62
1 1

500 1000 1500 2000 2500 3000 3500 4000
Wave numbers/cm™!

Kl 1 SEA-PESA fll PESA HYZL A iS5+ Ak
Fig.1 Structural characterization of SEA-PESA and PESA in
infrared spectra
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Fig.2 "HNMR of PESA and SEA-PESA

R, SEA-PESA S5¥iEr=¥)orF A1 Al —2, SEA
Bk otk PESA B3,
2.2 SEEWHR SEA-PESA REEBRYIH
ZimitEge
& 3 Fyuk BE A8 4k T PESA 1 SEA-PESA ¥ 8—f&
RO EREISCI . BB 3 AT, BRIREBEIFARRAT A

70
1—SEA-PESA
2—PESA

Inhibition efficiency/%
S W [))
(=) S (=)

W
(=]
T

80 100 120 140 160 180 200
PESA or SEA-PESA concentrations/(mg - L™)
P13 Hi— PESA Fil SEA-PESA /it fe ik i X 2 ol M RE A 52 1l
Fig.3 Effects of single PESA and SEA-PESA concentrations
on corrosion inhibition properties
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¥ ( SEA-PESA ) Wit k4 160 mg/L B, 7EiEK
RS R i, k5] 66.82%; SEA-PESA JRitifk
&4 80~160 mg/L i, ZZ iR S 3 b a9 160 mg/L
ZJE, BMCRETREEE, HTEEE, 5 PESA HH
b, SEA-PESA 1 FE 5| A T REFR LA, ik iR 3 4]
X TR AT B AT R e 77, (3 R R A ke
Ph Fe,O5 L X BE W, 180 THR TR, M
M T &R,

%2 4 160 mg/L 1Y) PESA. SEA-PESA. B4
J5 B — B 53 A6 K P F ¥ G2 i 45 5 . SEA-
PESA M EEH 61.82%, ZEiykRE B0 T
PESA., MAREILRE LR ( HPAA ) 4% 1l 3k 5]
63.55%, kb SEA-PESA HIZZMHER &, (H)E xR
7 0.2146 mm/a, ##H T GB/T 23248—2009 1 %E Y
T4 )85 e 2% (0.075 mm/a ) %), 1fif H HAPP K&
WML R BHYR G2 ph ), Hor, W AT AR A T 0 ik

FY, Wi AE S R EE . B4, 2’ IR
RWAR 60.41%, H Zn*' B THEEIRE T, A
YIRS, RILEE K /DR HAPP Al Zn* il A
SEA-PESA B &5 WIMELJ7H . SEA-PESA+Na,MoO,
T JCHCJ7 il SEA-PESA+Na,MoO,+HPAA = JTHL 7 Y
SRR 77.11%., 84.52%, [Hi— SEA-PESA
PR MR AR 22, (HJE Dl R AR I A 3k 31 [ AR B o
PUIGE 4 BT [PESA+Na,MoO,+HPAA+ZnSO,4]. [SEA-
PESA+Na,MoO,+HPAA+ZnSO,] ( WUt E & Hl )7
BRI 21 2 7 2 3 0 4) BIZMRG 51N
88.87%. 96.99%, Ji il #4352 0.065 52, 0.017 72
mm/a, SEA-PESA UK GBI i E i #% L PESA
PUITE A BCT S T EORAL, B8] T EPREK, #
2 (R s, SEA-PESA &AWL Ty 1 il 2 Hb H:
T R AT MK, ik 96.99%, L CHR[30]
151 6%, IEF SEA-PESA & Pt ffi 2 it PE A 21 B 4R &

®2 ZMFEMMEREAIXTLL
Tab.2 Comparison of corrosion inhibition effects by inhibitors

Corrosion rate

Corrosion inhibitors

Corrosion inhibition Variation of corrosion

/(mm-a™") efficiency/% inhibition efficiency/%

Blank 0.5887 — —

Design requirement 0.075 87.26 —

PESA 0.2816 52.17 -35.09
SEA-PESA 0.2248 61.82 -25.44
ZnSOy 0.2331 60.41 -26.85
HPAA 0.2146 63.55 -23.71
Na,MoO, 0.4964 15.68 -71.58
SEA-PESA+Na,MoQ, 0.1348 77.11 -10.15
SEA-PESA+Na,MoO,+HPAA 0.091 13 84.52 -2.74
PESA+Na,MoO,+HPAA+ZnSO, 0.065 52 88.87 1.61
SEA-PESA+Na,MoO,+HPAA+ZnSO, 0.017 72 96.99 9.73

2.3 BAEMRXE— SEA-PESA RET
BT A A i

(&1 4 S Bl A F 38 A7 AN [F VR B SEA-PESA K78
FEK o Q235 BRAI M AL th £k . M Ak 2 T LI
th, # SEA-PESA fIn AZg K FRa, 8 ik e i sk 2D,
JEm AL IER . H, WTLIASH45E, SEA-PESA N
PHAR FUZZ P BE IR 77 o 3% 3 M INAS AR IR LAY ( Ecor)
I by B 970 8 PE( J oy )o FE SEA-PESA fFERISME T,
BRI 40 min B, Eqo,, AHXT 25 HHEIK & A TE
% ( Econr N=744.31 mV 1 K F]-90.662 mV ), 1M H Jeor
BN (Joore N 1.029x107" mA/m? W/NE] 2.263x107°
mA/m* ), AL, RIEIWE SEA-PESA Y Eqon 4=
FBIEREIAR, Jeor /N R, BALHIER ZERE o N 140,
160,180 mg/L HI%4dikF , 160 mg/L X1 SEA-PESA
1) Econ IEBIRZ, Joon B/, X5 REH BB HS5

JE—BU X T RESE H N SEA-PESA A HLAY 43 1
W BREFERR AN R T, JE T IR B E

0

W

—200

V/

~

—400

E/mV

—600 -

—800F |__Blank

2—140 mg/L
3—160 mg/L
4—180 mg/L

10

—1000 |

—1200
10°°

107 1072

J/(mA - m)
%l 4 KIF] SEA-PESA ¥JE T Q235 @M1k £k

Fig.4 Tafel polarization curves of Q235 steel in the absence
and presence of the SEA-PESA
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Tab.3 Electrochemical parameters determined from Tafel
extrapolation

x4 HBIEREMEIMNEEGINRLSH
Tab.4 Electrochemical parameters determined from Tafel
extrapolation

Different Corrosion Corrosion Corrosion Corrosion
concentrations potential current density Immersion time/h potential (E.,,) current density
of SEA-PESA (Eeor)mV  (Joor)/(MA-m™?) /mV (Jeorr)/(MA -m %)

4 .
Blank -744.31 1.029x10 S?I%}:ES(;ASCEmposne 50781 1.163x10°5
SAE-PESA 140 mg/L —585.06 7.764x107° tnfubitor 1.
SAE-PESA 160 mg/L -90.662 2.263x10° SAE-PESA composite _638.54 1.435%10°5
s inhibitor 24 h
SAE-PESA 180 mg/L -241.12 6.991x10 .
SAE-PESA composite 75229 3338%10°°

[ 5 F 4 43500 R sl B A 5 & SEA-PESA UG
AT BT KB Q235 HY AR Ak it £ i i
FEIRIMETEAF N Ecore A Jooreo MR 5 FIFE 4 WT LI
H, BEE IR WIHE A IE K, o M—507.81 mV Jali/N3
~752.29 mV, Jeow M 1.163x107° mA/m> 3 K F| 3.338x
10 mA/m?, {HIKAIIREARK, i EHME 4 tn] LA
i, PR RBRA LR, AR AR TR D R,
SEA-PESA WJTE A 7t )& T BH A A 2% o B IG 771
15 0 ) B K 3 — g R RS A ol AL O A R A R R
LU, Ui SEA-PESA PUJCKE A5 2% it B3 77 147
TE—E PG N Mk B, SEmTAE Q235 A9 R Y Ak
T SEA-PESA VUJLE A it 77 2% ok B35 751 0 5 i S0

o 1—Composite inhibitor (0.5 h)
2—Composite inhibitor (24 h)
200 3—Composite inhibitor (48 h) ==
200} e
/
2 -400 /
600
—-1000 [
107 10 107 1072 107!

J/(mA - m™)

K5 SEA-PESA PUIGHEL T A A 12 L B[] (i AR £k it £k

Fig.5 Polarization curves of SEA-PESA quaternary formula at
different soaking times

Mag

inhibitor 48 h

2.4 Q235 ExIWIE M I RE 53 K &M
LI

& 6 Akt Q235 ik i 12 & 7E 25 A AU SEA-
PESA K DUItR A 77 2 i BHIG I i K i) SEM
S, 76 40 CIEIRIZN 72 h 5, 25 (K R Q235
WA Fe R A AR 2 TS T, e R AR T
Broygih, izl REEIE K, WTRERLE TR T
J& b, T SEA-PESA [ /K Fr 26 A A KMo, fin
H SEA-PESA U7CK A Bt 77 2% ik BHIG 5510 () ¥ 7K )
WA RIS, H 3w B A W A8 ik =4 s
i, BELHOLWERERT (HXTF 45 AN SEA-PESA
AIRRERTH ), X LRMT, Q235 i Fy A 7 A A i
B AT R, X T8 SEA-PESA MUTTE &l )5 Sk
RHIG 770 50 T 8 W R FE I e i, 7 B se i 2 AR T
W BRI 2 SR, T IR . 5% HL R 2, SEA-PESA
VUITE A BT A 5 Fe(ID)E B ST, 114
Tk R ;s Zn® n] USRS H 2 1 OTE A A T A,
M H Zn®" 5 HPAA XTHRAR 8 irh 4 il AR 4 (1 b )
BONE, 0 T AR B AT BP0 S AN, X T RS
SEA-PESA N HDUITE & Bl )7 & BRI ik & A
FIREIR B AT 56, BRI T Fe,05 FUTTAR, AR 1Mok
TR, Wik b T 8RR E kP,

¥l 7 & SEA-PESA PUICE A B 77 W& TAILEE , A
7 A1, Q235 HiRHLAE AT SEA-PESA UL E &

Signat A= SE2
Mag= 500KX

a ¥k

b &7 SEA-PESAHEK

¢ A4 SEA-PESAPITCIE 7 K7k

6 K FIMARIA A SEA-PESA K H PU the 5 it Q235 H9 1145 s B K%

Fig.6 SEM images of Q235 steel in (a) raw seawater and (b) the seawater containing SEA-PESA and(c) the seawater containing

quaternary of SEA-PESA
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Fig.8 SEM images of scale crystals in (a) raw seawater and (b) the seawater containing SEA-PESA of 5 mg/L and (c) the seawater
containing SEA-PESA of 10 mg/L and (d) the seawater containing quaternary of SEA-PESA of 10 mg/L
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Fig.9 Scale formation and scale inhibition process
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