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Synthesis of tall oil-based hydroxyethyl imidazoline and study on its corrosion
inhibition properties
ZHANG Gao-fei'* , ZHANG Wei'** | WANG Feng-shou'"

(1.China Research Institute of Daily Chemistry Co., Ltd., Taiyuan 030000, China;
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Abstract: Tall oil-based hydroxyethyl imidazoline is synthesized by orthogonal experiment from hydroxyethyl
ethylenediamine and tall oil fatty acid that is a higher carbon complex fatty acid. The structure of the sample is
characterized by FT-IR.The corrosion inhibition performance of tall oil-based hydroxyethyl imidazoline in hydrochloric
acid system are investigated. The optimum synthesis process is obtained as follows: the molar ratio of hydroxyethyl
ethylenediamine to tall oil fatty acid is 1. 2, the reaction temperature gradient is 130-210°C ,and the heating rate is 20°C
per hour.Corrosion inhibition performance test shows that corrosion inhibition efficiency is as high as 94. 3% when the

“"in a 4 wt.% hydrochloric acid solution at

mass concentration of tall oil-based hydroxyethyl imidazoline is 300 mg-L
90°C.Tall oil-based hydroxyethyl imidazoline has a good inhibition efficiency for A; mild steel in acid solution. The
absorption is found to follow Langmuir adsorption isotherm.

Key words: tall oil fatty acid; imidazoline; corrosion inhibitor

Jun. 2020

P 65 ek S A Y R R SR S R I A A 1 ) 4
T B R AR AR B 98 4 = 5 8 b A DG i B 4 ik
FETAEN ™ FERERIEE N, L7 A AR SR
W HA =2z — 2R EES 4R B pd i s 4y =
BT KRR 7 b 55 DR HL R ok 1k B R A AR R
W G M W W T A2 0 T 4 TR 2% il A 4
B HRTTERR PR R WK Ik 2k 22 ol 50 1T 1
HyEZ 0 30. 82% 7,

IDK Ma R T M 1 5 B — A R DT R 5 2 &
05 22 WA — 32 25 A JBE /K 45 6 A= B K sk v i) 445
AL N 5 A SRR FE A, 758 Ab Bsf— i 0 75 22
FHBRAARFA AR A7), DR b oK e ok m ] 4L g ok s
DHRIR K ER ISl i ®) L WS FE I, IR e bk 1) 2% Ak
PEAE S5 IRIBBRER (4 25 B AR K 56 2R, IR bk 3R 75

R el P REBE Y DR e ] (A AR A
PF IR, A — s BRI, 05 B Ry, IR I P
GO DRI R e )R E SN Tl Al R AR
AR TR AN B S5 TN 5 BT Ak, e L AR
TSRV o AR A IR 43 i WKk i 1 7R JE k2
MR IR BRI R , A 22 /KR 15 FU K A IR £
e, R AT P A A W S ) — 22 2K g M 1R
SR TSI A T 2Rl AR LK
Mok, 73 2 R AE S T 2, IFITSE T HAERR YR
RS ERE

1 SEIREH

1.1 XF 5L
ZORIMPE IR (FA2) , CP, LB i fE Ak Rl 54

%5 B #A.2019-08-09; & B H #i : 2020-04-09
BEETH . B K E S0 &1 (2017YFB0308903)

EZE R ok m K (1985-) 58 At TR, 35 B0\ S35 3 1 PRI & B B FH P42, fei—85@ 163.com; Tk BR (1975-) , &, 1+, #4240 12, B
SR ) R T 1S PR BT & 5 N 8 REX &R A, chemzhangwei@ 163.com,



152 - A AL T

PR FIE = L3 " AR, LR R Ay
AR R A= JAL99. 99% , b it i IR Fh AR A
PR FAE ™

V70 {E L AR 4 21 40 S 3 {X | Advance 1T 400
MHz A% 53645 3 3% %, Bruker 28 742 77 K100 4 H
R IIAL, FEE KRuSS A R4,
1.2 SKIGJ/RIE

TR TR 5 ¥ O 5L & AR e SR B £
T A K EE G 2 /R IR £ BB | 5
JRBELEUNT

-2H,0

RCOOH + NH,CH,CH,

Hor . R Z R HIR R ot 3R 47
1.3 ZRAERZERMMAH &
O IR R W R AN 3k 2 i A T
PE R RS E 2SR B A DY DR R, TR AR
POREZS S5F T AT K 46 65 B g, 46 B Il S g
BWAKENGE R EHNR AR I e 15
B IR IR 2 FE KRR
1.4 ZimiEsemlik
KSR E LN ERE, B A, IR
F a3 RN G2 1l 31 5 2 v B 433l ol 50,100,200
300,400 mg/L 1 500 mg/L ()5 53 50N 4% Eh iz
KT R 4 h R BRSO R E L, T
P v MR o R
v=Am/(AXT) (1)
n = [(v, —v)/v,] x 100% (2)
Krf.Am A A, W MM BHT S 2, g4
A, B RTEFR,0.002 8 m?; T M IREGIF ] hyv,
IR mEBRET A, R A B JE I E R g/ (m*oh) s
TN T KIEBRKESE A BRAR AOIS IR o/ (m®-h) .

2 ZR5iFie

2.1 REX R A RN

FROFEL TGS FA2 BOREE /R Lo 1.2, HL2S
913 300 Pa, FHEEE R A 20°C /h I, 2286 5 iR
X ERIEAN FA2 S5 AR AG 20, W 1 iR, A1
HRT DU Y R R R v R (R /DN, FA2 R AR
R, B IRE KT 190 ~ 210°C B}, BR{E Al FA2
SEAL AR AR AR /N B IR R 240°C B R A
0.71 mg-KOH/g, FA2 ¥ A4b %K 99. 45% , 1501 )2 Jf
FEARGE R, Z IR I I 2 FE WK ks R Oy 98. 6%
PR A A SO IR A 190 ~210°C

N/\I
I
NHCH,CH,OH R—C—NCH,CH,0H

540556 5
. P— ——— 100

__120F o

T 1 |

:: 100F \ / 80 §
g 80F 2 160 ’%‘
w 60f =
E L /N 140 &
@ 40 \- :
& 20r ~.2 120

o/ B N,

T80 160 180 200 230 240"
REE/C
1—PR{H ;2—FA2 §i 4L %
W1 8 JE A E (A FA2 # LR &

2.2 LIIMNEHIRIAE

-1 I IR U5 TR R 2 7 i 3 5 2, TR R R 1) 21 411
REEE 2 i, mE 2 fEl B 1,3 281 em ™ it
VT h NH, BH4E 3R 3014 ;3 006 em™ [ff 3 C=C i
iR B ;2 923 em™ BT CH, A 45 4 3l 1%,
2 853 cm ™'t IT A CH, " C—H 8 /) X Fx A 47 P
Zh;1 708 em™ Bt COOH I 1 ¥ 58 % 2 0
1 603 em™ [ffiE C=N FEAEMZ U5 1 457 em™ Fff
R C—H FEA S RS 1 359 em™ B3 Ak 1)
WSO Sy CH, AR AU 5 1 284 em™ BHEAL Ky C—
0 Hg3hg; 1 270 em™ BT Ab Sy C—N A9 45 B
B, ZIRMMIGIHIRTE 1 708 cm™ ' fffIE COOH | [y
FERFIEAIR S TE 2 /R T 3L F2 2 LRI B (1) 2T 1 (&3
HELZIR, ZIR ML 2 BRI IR ZE 1 603 cm™
BRI AL PR AIE I S 0 2 B 5 i T R e B 3RS | 25 R 3R
B T Z IR I £ FE Rtk

3000 2600 2200 1800 1400 1000
BB /em™!
1— T2 IR SR § 2— T2 A T L0 2, SR s
B2 2 /R ok Fig B BR A IR e SRR 7wk e o
4140

2.3 Zmhigeiik
2.3.1 REREXZREN I

FERTIR MR 4% B R AR & FHFR SR
BRI 1) 2 SR BE 78 2 SE K e b T vk
GEPRR R WA 3 Frs, HIE 3 AT LUE B
T F- IR TR O BE R nas bl ot 5 VAR BE 1) 38 R, G R
TR G | Y 5 B vk B K & 300 me/L, 30°C Hif X
A, TBRAR G2l 89. 3% ;90°C X A, Bk A 2%



2020 6 B

Ay 94. 3% , & h R X fe vy, {H R BE A % 2K 2
R BRI S5 S 9 Y Ak SR, SR M RE A BT
IR RN D TE R P K U R 2 R 2R £ R
PR 75 7 AT BIR it 2% J0% Tl 55 £ R K e AR [
YR BN, 233 6] AR AH ELHE R DT8R HE B EE R
[[FEZIE SR

8100 200 300 700 500
TR 3L 35 2, L R AR 5 Bt R B/ (mg - 1Y)

1—30°C ;2—90°C
B3 F/R A Ak v otk B R X
% oMk Bk B9 B

2.3.2 BENZARENF W

FEZRIMBSE 2, FE R R 7 12 % 54 300 mg/ L,
ERFR IR WUTIR KU 4% IR & rh | 25 5530 B X 2%
AR, A 4 s, B 4 halDIE A
TV TR, 52 1ok 0 A0 o o SR 2R 1, 2
TR U SR FE R 2 BE R e o 4y iz
BIINIR A% BTN, 35K T AR B A B AE
A, i BX 2R TH TR B R R R S R B 4R T &l
RO EBET R, F R T P A A K, )
BRETE A B B9 2 1T 199 43— MO0 O S8 B 5 v 00 ol
S EE IR, el A5 e g T

£ L
& oo .
89 E
88 s s

30 40 50 60 70 80 90
TREE/C

1— SRl 2— i foh k¢
B4 U5 E& R

2.3.3 BRESHANZIEFG YA

TE 30°C 2 7R I 56 ¥ 20 56 DR e ok ot o YR B Ry
300 mg/L I, 25 5¢ 30 W2 Jot 5 3 BT 52 1k S80OR 1) 52
M, 255 5 s, RS el LA BEE $h IR
SEOTEIBE N, A 0 G2 ol 2 R ok o e A, 3 v 3
Ko XA T ZIR IS £ FE DRIk RE % I A 5 1
G5B B IE HL KPR 3 W TE A BN 1T

N & o
JE A/ [g - (m? - h)']

o

K E: R R BN SRR E RS 153 -

TR JE PRI = ] <5 B e, 4 R o 0 K
S, PR R T B R, SR T R K
HLFR L LR IE L 5 AR ELHE S AT 22 2K 3k
HLFE £ B TR e ok 4 Jm DR 0 R RO, IR IR 22 ph

b2z 16
Y& S
91.5F 1.2
) 91.0F 10 :5
< 905t £
H 10.8 &
& 90.0f =
& H
0.6
89.5¢ b
H
89.01 |‘0-4 =
10

NN

6 8
R RS %
1—LZB 3R 2—Ji o sk %
H5 HBRREQSEEMEENPH

2.3.4 Ay BARFK 09 R AT BT

IR BL SR LR R Sy T R R B SR R 6
(60=m) ,Vh /0 %} ¢ YEE, H Langmuir W B 25 i 0k
TG RF AL BiE9 2 T Y W BT Sy AT RO, 2 R
WK 6 s, ME 6 HATLLE Y, Z /RN 2 5
WRIEBHRAE A BB ZR 1A I W BT 0 F7 A Langmuir %
R 45
/0 = 1/Ka + ¢ (3)

P Ka S Langmuir 580 ¢ MRFHE

02 04 06 08 10 12 14
¢/(mmol + L)
1—30°C ;2—90C

K6 A, #1% W Langmuir % [f 2 i5 WA

MR Langmuir W B 45 AT Ka, Ka 5
W B A 30T B RE AGm ISR N
Ka = (1/55.5)exp! 26k (4)
AH1.55.5 8 1 LIHWRoKY A E ;R o~ 8. 314
J/(mol - K) ; T AT K,
Langmuir W B S8R AIE S E05R 1 o,
%1 Langmuir BHEEXBESH

T/ \ Ka/ AGm/

U SR R i i
(Lemol™") (kJ-mol™")

30 1.10560  0.99966  3.0303x10* -18.72

90 1.08208  0.99953  3.27869x10° -29.62




- 154 - A AL T

M1 AT LUE B BLE L ERR R Y
ZEF 1, R ZIRINILFR 2L BR RS> T 1E A, TR
FEE W AT RS Langmuir I&W%{ﬂ%*ﬁﬂ,?‘l’%
PR 1, R Z IR IR LR AR A, B 22 1T
J& T2y F 2B ; AGm S —18 ~ =29 kJ/mol , i
FIRIMIEFR L IR R RAE A, BRAY L A0 W BFFA >
—Fh A & AT M, 30°C 1, 32 DL A B R
90°C I APLAF ML B Ry 110

3 #it

(1) LAFR 2K 20— Jyig 000 6 v ok e 4 2% I Iy
PR —2Z /R G 05 1 o0 JER), SR FH L2 K TE A R T
T RN FE IR 2 TR R bl 1) FH AR B A 46 2T A0 %
IO B M AT T R—AE B BIRAE T o8 R
TSR R R EE O LU Sk 1.2, RN I B A
T 130 ~210°C , FHEH %R 20°C/h, Z IR R
IR AL AR 99. 2%

(2) FHERAS R EIRIEIY T 2RI 2 £ kg
WRAE SR RV X A 4N R 0 22 1l 1k R S 3R 1T 1 2%
TR BT A, SRR FE 90°C | i EI 4% 1
PRV, A I 3 35 72 2, 56 IR s bk 11 Joit 2 Yk
300 mg/L B, G2 1l 850 R R 3k 94. 3% , 5% il R
RAF,

(3) ZIRIMFE L L FEWR MR A, B9 A 1) 2% 1ok
W BFHAT AT A Langmuir W 2506, 2 —Fh A & 47
1, )@ TS T2 MR 30°C A, 32 D)4 BRI
Bk 32, 90°C B AR A A =

S 3k

[1] Perez T E.Corrosion in the oil and gas industry ; An increasing chal-
lenge for materials[ J].JOM,2013,65(8) ;:1033-1042.

[2] Ali Mobarakinejad.Effect of imidazoline corrosion inhibitors on ero-
sion/corrosion processes-an  electrochemical investigation [ J ].
Meeting Abstracts,2018,01( 14) . 1084-1084.

(E#%F 150 m)

(15] B, B = 4 T BRARE 1B PeHt FR AR X i b S bz 75 A
FE[J] A2 AR, 2011, (5) :26-28.

[16] #hE 2, P54, FeAr S Bk T R 7 B R S0 Bk 45 A1) T e 22
[J].TPE4ET, 1998, (6) :4-7.

[17] B, 2L, 1 TLE Bk B Dami B 02 i 4k e U5 B30 o
FEEEAH A ] A2 TN, 2011, (3) :12-16.

[18] Lee J Y,Kim Y C,Lee K K.Hydrogeological investigation and dis-
charge control of a nutrient-rich acidic solution from a coastal phos-
phogypsum stack at Yeocheom, Korea[ J].WaterAir, and Soil Pollu-
tion,2004,151(1-4) . 143-164.

[19] B & FEH A BB AR TT A FAE [P E R,

F405F60H

[3] Al-Janabi Y T, Al-Ajwad H A.Corrosivity and corrosion inhibition
of wet-sourcrude oil wells[ J].NACE International ,2015,3:15-19.

[4] Xu Yuanhong,Xu Hujun.Synthesis and surface active properties of
a gemini imidazoline amphoteric surfactant [ J ]. Journal of
Surfactants and Detergents,2016,19(5) :909-913.

[5] Yang Chengxin,Liu Yushuang,Liu Yong,et al.Study on the syner-
gistic inhibition effect of imidazoline and mercaptoethanol on the
corrosion of carbon steel in tarim oilfield [ C ]. 2018 2nd
International Conference on Energy and Power Engineering ( EPE
2018) ,Chendu, China,2018-03.:103-108.

[6] Moses M Solomon, Saviour A Umoren, Mumtaz A Quraishi, et al.
Mpyristic acid based imidazoline derivative as effective corrosion in-
hibitor for steel in 15% HCI medium[ J ].Journal of Colloid And In-
terface Science,2019,551:47-60.

[7] Obot I B, Moses M Solomon, Saviour A Umoren, et al.Progress in
the development of sour corrosion inhibitors; Past, present, and
future perspectives[ J ].Journal of Industrial and Engineering Chem-
istry,2019,79:1-18.

[8] BRabA, BUIRAR  BX S DR IR RIS G2 1o SR ZE A [R) 2 4 T K i
W[ I ] ALRE TR 2 4l ( A SRR i) ,2017,44(5) - 66—
71.

(9] E8E, LB Bk, BRIEAE IR BN DR e vt 22 o 58] i 3R 2 B8 B 22 1t
PERERISZNA[ )] S IS Bl 4, 2011,32(1) :21-23.

[10] RER, WRRH, o, 55—l bR w4 5 1R R A % ol 700 14 1

S PEREIN [ J].BRT.2,2007, (4) 1 141-143.

N IR 2R A g DR I R A B 5T S R [0 ATl

546 T.,2014,45(6) :96-102.

(127 gk &, aiggl, T = Wi i K vel bk it 12 4 119 6 1 B M B F 5T
[J]. 8 4L T.,2019,48(2) :318-321,326.

[13] FAk, ARG 22 0l BHAROIE B B0 G A BIF 58 —— IV . 2 ol 5 e 52

WAEBRAR [ )] b S b5 Bl P74l , 1996, (1) :15-19.

FEEL, EM, i, 55 TRLEE XS B 28 DR e oA 1) CO, T8 1ol 14 52 1

[J].#HRHAS,2010,43(9) :20-23,27.

[15] BRoei, T BRI PR T 2R i AL B b 230 i AT 52 (1] .4k
FHE 2017, (1) :57-61.

[16] S84 FRM VT 55 T AR DK B R P £h 22 AU FE A3 Y
R AT A )] AT HERE,2017,36(1) :336-342.

(177 Wl — S A ok A 22 22 ol 550 1) 2 LI K% 2 b b ) 2850 iz
W[ D] Aa AL sl TR, 2012,

[18] & dkar. b2 [ M. dbat: 2% Tl th kR4t 2014 199 -
202.1

[11

[a

[14

—

[

1996, (4) .42-44.

[20] RESCE IR 45 b B2 i 3 2 B IR He R & BF 1 e [T ]
TEHLER Tk ,2013,45(4) :38-40.

[21] Singh M.Effect of phosphatic and fluoride impurities of phosphogyp-
sumon the properties of selenite plaster[ J ].Cement Concrete Res,
2003,33(9) :1363-1369.

[22] MWeAE , @ AR B B B2k AR P R BRI S /NS5 [T
2 Tolk,2002, (4) :19-20.

[23] BB Z HE, WIR R IR W2k 1B Pt P il B B I5E = ks 4y
ByJ53% . Hh1E |, 201110316619.X[ P].2011-10-18.

[24] 2T REHREIR 2 T B RO Bk A Rl 22 52 J] .8k, 2009,
(6):23-424.1



