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WA 23.0 /L, b Cpp-Na (15.0 g/L) 35 T2 53%. JRIIER L Lb AN EE A B 4714 NaCl i 321 .

R B THRG: MiEhMERE; Krafft 01 AWM FUR; FEIEHEH)

FESES: TQ423.3 XEERIAE: A XEHS: 1003-5214 (2022) 06-1178-06

Synthesis and salt tolerance study of fatty acid-amine
counterion coupled surfactants
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Abstract: A series of counterion coupled surfactants C;,-TMA, C,-DMA, C,-MDA, C,-TEN, C;,-TMEDA,
Ci,-DMEA, C,,-MDEA and Cj;,-TEA were synthesized by reaction of dodecanoic acid (Cj;) with
trimethylamine (TMA), N,N-dimethylethylamine (DMA), N-methyldiethylamine (MDA), triethylamine
(TEN), N,N,N,N-tetramethylenediamine (TMEDA), N,N-dimethylethanolamine (DMEA), N-methyldiethanolamine
(MDEA) and triethanolamine (TEA) respectively, and its Krafft temperature (K1) and NaCl tolerability
were measured. The results showed that Kt of C,-TMA, C;,-DMA, C,-MDA, C,-TEN, C,;,-TMEDA and
Cy,-DMEA were lower than that of sodium dodecanoate (C,-Na) which is less than 46 °C when the mass
concentration (pn,cy) of NaCl was 25.0 g/L. Appropriate amount of NaCl could improve the stability of
emulsions formed by dodecane with C;,-Na, C,-TEN and C;,-TMEDA solutions respectively while
excessive NaCl led to the precipitation of surfactants. Precipitation of Cj,-TEN and C;,-TMEDA occurred
at pnac) of 23.0 g/L, which was improved by about 53% in comparison to Ci,-Na (15.0 g/L). This suggested
that fatty acid coupled with amines had better NaCl tolerance than the ones coupled with sodium salts.
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mF, A BEFE K P R B B R 1w v D, BR
THARETR G AR N . A, BT IEHLER
fif 52 P4 22 , KAERR W RREN 2 1K Hh & A b AT i 4,
RS ) L7 A b A & R i Rz

H AL G 7 R H RN A S5 i R A 2 T T
PEF] (CC-SAA) fEAZLMEME K. CC-SAA AT
HEIWAR 5 S AL B . AL NERR A5 Akl 455 b
A B 5 R A LR A R g R B,
CC-SAA ANEFLE THRMIFRER AT rE, HOKIAR
W T £ 5 RET I, AN, AYUE iR
P v R E PER AT, AR R S M LAY
CC-SAA P BRI, HEERmK M6
Tl 5 & R S EFA LM, T A ML AR I
A B R UA YIRS e E Y, BT
FEARAB IR ER 1 Ko M4 B HoKA M, i ieiAe . 5
T B8 i T 2 M A EE, Fl B 0 TR R A B O G 1Y
CC-SAA 1A Fl e A W aFny JCALER T 320k . A 271
KF CC-SAA TeHLERT 32 M IF I HAE 1 A 2 L

FWAE FRREA, LA (Cp) 205 8 Fh
AUz (Am) M CC-SAA (Cy,-Am), ] FTIR Fi
'HNMR 5o iF HAb 22454 . I+ @4 (Cp-Na) 2l
X, 43I Crp-Am 1) Ky SOLFLE+ Zhbe-/K
REPIAN A, 5T Crp-Am XF NaCl [T 321, A
AT 52 JCHLER A9 B 7 198 35 3 T 9% M 500 o 45 48 i 1
PLI Crp-Am B SERR R R B4 3515 B .
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Ci,. N-FE =2 (MDA), Fi/3%L 98%,
TCI ~W); NN-—HIEZ R} (DMA ), N,N,N,N-P4H
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Kt Z M GB/T 6730—2012( £ ik tEx FHE T
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HECRN 1%0 Cr-Am KW, Jom iR ihin i,
RS T OKAR Rt %, i C-Am FE/r 45 aH T
V. FETEREEETLL 0.2 °C/min FYBREE A8 TR, &
ZES VST TR R B K, EESCE 3K,
HBOPSAME . He MR R0, LUK B i 1) NaCl
TKIEMW (pract, g/L) R FIECHI BT RECH 1%0)
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M
1.2.4 k@K AFR @K pH V53R AL R X

43 F M HC1 AT NaOH [ {4 38 35 2 1 175 1 77 /K
VW (5.0x 107 mol/L) B pH (pH M ), 4341l
7€ pH=8.6 Fl 2.0 A KT TG PEFA W y Bl o,
%58y o /) pH FEFFERE
1.2.5 SURH &2 LA E R Z
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25 °CF, C;»-TMA. C;,-DMA . C;,-MDA .,
Ci,-TEN. C;,-TMEDA. C;,-DMEA. C;,-MDEA #J
IRBAAWANR, Cp-TEA HIRFECOKIR, ICRINTE
95%L)_F .43 ] "HNMR A1 FTIR $:3F i3 Co-Am
W43 F 454

Ci,-TMA : "THNMR (400 MHz, CDCl;), 6: 0.88 (t,
J = 6.7 Hz, 3H, CH;), 1.19~1.36 (m, 16H, CH,), 1.61
(m, 2H, CH,), 2.26 (t, J = 7.6 Hz, 2H, CH,), 2.52 (s,
9H, N—CH,).

Ci,-DMA : "THNMR (400 MHz, CDCl;), 6: 0.88 (t,
J = 6.5 Hz, 3H, CH;), 1.20 (t, J = 7.3 Hz, 3H, CH3),
1.23~1.34(m, 16H, CH,/CH3), 1.61 (m, 2H, CH,), 2.24
(t, J = 7.6 Hz, 2H, CH,), 2.49 (s, 6H, N—CHj), 2.75
(q,J=7.3 Hz, 2H, N—CH,).,

Ci,-MDA : "THNMR (400 MHz, CDCl;), 6: 0.88 (t,
J = 6.7 Hz, 3H, CH3), 1.20 (t, J = 7.3 Hz, 6H, CH3),
1.24~1.35 (m, 16H, CH,), 1.61 (m, 2H, CH,), 2.24 (t,
J=17.4Hz, 2H, CH,), 2.49 (s, 3H, N—CHj), 2.82 (q, J
=7.3 Hz, 4H, N—CH,),

C1,-TEN: "HNMR (400 MHz, CDCl;), 6: 0.88 (t,
J = 6.6 Hz, 3H, CH;), 1.17 (t, J = 7.3 Hz ,9H ,CH3),
1.21~1.43(m, 16H, CH,), 1.61 (m, 2H, CH,), 2.23(t, J =
7.7 Hz, 2H, CH,), 2.81~2.93 (m, 6H, N—CH,).,

C1,-DMEA: '"HNMR (400 MHz, CDCl5), 6: 0.88 (t,
J= 6.7 Hz, 3H, CH3), 1.21~1.36 (m, 16H, CH,), 1.60 (m,
2H, CH,), 2.25 (t,J = 7.5 Hz, 2H, CH,), 2.55 (s, 6H, N—
CH3), 2.82 (m, 2H, N—CH,), 3.79 (m, 2H, CH,).

Ci,-MDEA: "HNMR (400 MHz, CDCl3), J: 0.88
(t, J = 6.6 Hz, 3H, CH;), 1.21~1.35 (m, 16H, CH,), 1.59
(m, 2H, CH,), 2.25 (t, J = 7.5 Hz, 2H, CH,), 2.56 (s, 3H,
N—CHj), 2.96 (m, 4H, N—CH,), 3.84 (m, 4H, CH,).

C1,-TEA: "HNMR (400 MHz, CDCl;), 6: 0.88 (t,
J = 6.6 Hz, 3H, CH3), 1.20~1.34 (m, 16H, CH,), 1.60
(m, 2H, CH,), 2.29 (t, J = 7.5 Hz, 2H, CH,), 2.83 (m,
6H, N—CH,), 3.74 (m, 6H, CH,).

C1,-TMEDA : "HNMR (400 MHz, CDCl5), J: 0.88
(t, J = 6.7 Hz, 3H, CH;), 1.18~1.34 (m, 16H, CH,),
1.61 (m, 2H, CH,), 2.25 (t, J = 7.4 Hz, 2H, CH,), 2.35
(s, 12H, N—CH,), 2.61 (s, 4H, N—CH,).

Kl 14 C,. C,-TMEDA #ll C,,-TEN f FTIR
K L5 C, M H, 7E 2200~2700 cm ™! &k C1,-TMEDA
Al C1,-TEN 38 N—H A9/ 45 4 sh FRAE 0, e
B+ TMEDAH F1 TENH' f9TE AL ; 920 cm™!
REXFRE T Cpp R O—H TN AMNES th R g2
1F C1,-TMEDA F1 C,-TEN H1i%k; 1690 cm ' &b X%}
NFkFHE C=0 h4aHRahEfE C-TMEDA #1 C,,-TEN
FimFs 2 1721 cm ' fHIT, AIBESE Ci, 5 TMEDA Al

TEN JE R T 2K BsaE 45 kY FEg54 C,-TMEDA Fl
C,-TEN ) 'HNMR 5%, #i#] C,,-TMEDA A
C1,-TEN W95 F 458 5 WA & .

4000 3000 2000 1000

WE/em™
K1 Cp(a).C,-TMEDA (b)Fl Cp,-TEN(¢) 4 FTIR
Tk

Fig. 1 FTIR spectra of C},(a), C;,-TMEDA (b) and C,-TEN (c)

2.2 Am £5#3%0 NaCl [JREREX} K, BIS 0

KB AT IR e AR RO 1%
Cip-Am ZKE W I A 5T e NaCl i) Koy, 45
LILE 2,

100
i i

90J; L
50 [~
40 -

£

N —v—C»-DMA

a o, —%—Cpp-MDA
20 - —— Ci>-Na 12

—e—Ci-TMEDA—C0—Ci-DMEA

10
A C,TEN —4—Ci-MDEA

or —>—C,-TEA
+ " 12
~10 | | 1 Cr TMIA | |
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prac/(g/L)

K2 Cp-Am B Kr 5 paac FIER
Fig. 2 Relationship between Kt of Ci,-Am and py,c

HIE 2 AT L, SRNER A Cpp-Na (1 Ky 2 (24.5+
0.2) °C, 53cHRPPHRGE K 25 °CAHIT . % Cj,-MDEA
Fl C1o-TEA #b, HiAy 6 Fl Cro-Am K INERRT ) Ky 35
T Cp-Na, Hrr, C»-TMA. C;»-DMA. Cp,-MDA .
C,-TEN Fl C;,-TMEDA #J Ky KT 0 °C, i
C1,-DMEA [ K1 7 (6.9+0.3) °C, 53¢#kl*? 48
MRAL A CC-SAA 1) Ke M. 6k, 5 Cpp-Na #H
L, 8 F Cro-Am 1 Ky BB pract TR,
50RO AR AL . N TR BIMERE,
C1,-Na fil 8 Fil Cj,-Am XF NaCl BT 52 M, KRN
TFIFFHES) : TENH>TMEDAH >MDAH >TMAH ">
Na"™>DMEAH">MEDAH" ~ TEAH" ( NaCl Jfi & i
JE=15.0 /L), HJEHATEES KB 1Y RF b
AR
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Bl 302 8 Pl BB F iy &5 F =X, IR ik
KA AR B Rt R 2 BB, DAL AR 3R
IR B PR R H B 3 L, A LA TR
“HHH Na' (0.20 nm™) Ko XF N-GE 388 Tl 7
JBF R B RRAE A AL 1R Cro-Am 43 [i] ) 3
L, T RS K A SR BT B, R K PR AR
A% K, 12 H1 C,-TMA., Cj»-DMA. C;,-MDA . Cj,-
TEN F1 C,-TMEDA [ Kp 45 R0 30Rf I,

|+ i
o S A SN
TMAH' DMAH' MDAH* TENH'
0.58 nm 0.61 nm 0.64 nm 0.66 nm
HOQ

L.
/ + *
j\IH’\/N\ :N}’I\/OH HO ™[~ ~OH go~_NH~oH

TMEDAH" DMEAH* MDEAH* TEAH*
0.69 nm 0.65 nm 0.72 nm 0.77 nm

K3 AU IE B T A E R XAl R

Structural formulas and estimated sizes of tertiary
amine cations

Fig. 3

i A —CH,CH,OH %M1y TEA. MDEA #i
DMEA FIRH (FE 2), REX 3 Feg i 1R
s (E3) e Na ™k, HS5RAEIEMEL, B
FA B AW RO, 3N T B AL
i H Lewis BEFEAL, AR T N5 HEG. Wi,
7£ TEA. MDEA #1 DMEA W1, DMEA (£ 1 15
OFE) B AR, BT LY (P %l%/ﬁ\, Fr 1%
Ci,-DMEA 1 Ky /A (6.9+0.3) °C, BIRfKT
Ci-Na (24.5+0.2) °C, MHF, KEF BRSSO
Wi HE R AL Ky BYDIRE. PG 72 L HEE I N,
MDEA (f 2 M) M TEA (A 3 MROH)
1) Lewis B b FEAR, FEAHE W JCTk A 80m il
+ AR KR, i1 C,-MDEA 5 C\,-TEA 7E/il
90 CLTIETE T (K2 ),

bifi 1R & PNaCl MTE, B 2 hiraER S
Ky #RFHR A, X Na B RSFHE N, 5 5 it
A A 4 X JZ P, i (A AR S A 20,
FEACR MR AR 25 [l py Rl f PR HE R VR . R, N-Be
FAUHE BH B F B b N-F2 236U BH 25 - S 47 1)
o Na™MhEF, 4 pnaa = 25.0 g/L BF, C,-TMA
C»-DMA. Cp;-MDA. Cj,-TMEDA #l C,-TEN ¥
Ky 43514 (44.6+0.3 ). (39.5£0.4 ). (39.4+0.2 ).
(38.8+0.4) F (37.5£0.3) °C, kT 46 °C; 4
Praci = 20.0 g/L i}, C1,-Na i Ky KT 90 °C ;24 praci=
15.0 g/L B}, C;,-DMEA ¥ K+ KF 90 °C (& 2).
23 Cp-Am MEREKAFMFEIK A5

W Ky 8% H i NaCl #4f#9 C,-TEN Fi

Ci,-TMEDA 1EH Ci-Am B8, LA Cp-Na i Xf g,
3T p-1ge Fil o-1ge MR 8] 4 )% %8 Cpp-Am FEIEZR( )
TR 5K PR

70}
60}
50}
40t
30
20t
40f

»/(mN/m)

o/(mN/m)
N W
(=R )

—
| (=T ]
T T

0

1g[c/(moV/L)]

K4 C;,-Na. C;-TMEDA Al C,,-TEN 1 y-lge (a) il
o-lge (b) M4k

Fig. 4 y-lgc (a) and o-1gc (b) plots of Ci,-Na, C;,-TMEDA
and C,,-TEN

M 4 T, FE%E Co-Am MREERIISIN, y F1 6 B
Wik, C,-TEN. C;,-TMEDA # C\,-Na #FEH T R
IR y Al o (IRETT, HL=38 0 poin BRESNAZIT, 50
A Pmin C12-Na )= 22.35 mN/m SR TRGE (AR,
Ymin ( C-TMEDA ) = 2223 mN/m, i ( C,-TEN ) =
22.88 mN/m,

5 Ymin LG, 0min BB /N CE 4), KA, 0

( C1>-TMEDA MK % 0.21 mN/m, F opmin( C1o-Na X 2.83
mN/m ) Fl opnin (C,-TEN) (3.38 mN/m) /N 1 M5
9., MTREREIN . —J&, TMEDA J&T ik, 7¢
HKIEW R TAH+1 4 TMEDAH 241, 4 /D
+2 fff TMEDAH; 6475 )&, FERTWGERY S Fp N-
LS, TMEDA B RSFERAK (B 3). X Pifp
K Z 4 F]TF C1o.-TMEDA 7E3H -7K 5 1 L A X
S R

EATEENZE, K49 y-lge Fl o-1ge FHZRTEIR
BB A EE (CMC ) B 4o 3 B 8 A 459 5, il
AR IS . KR & C o-Na J& Tom b 55 R
ik, 1M C,-TEN il C,,-TMEDA #7255 R 5508 &k,
TEKE W H C1-Na,C,-TEN Fl C;,-TMEDA ¥& k&
AR RS . BAERRY pH B8, —
FOKESW pH SRR B i el AR i A8 4k . 3% 1w
TRV O BE N 2.0x107° mol/L i}, =34 pH 1k
7.5 I 24 2 G PR A RO E A 5,010 mol/L i,
—# pH T+ & 8.5~9.0, ik, 7ER 4 Ak i i/l
M, Ci;-Na. C;,-TEN Fil C,,-TMEDA /K& 4 FH
IK AT B e G P B C LT L e S 3 A
4 y-1ge Fll o-1ge BHZAE CMC [T 34t BLH i 1)
¥, fEfEE pH=10.5 B}, C;»-Na. C,,-TEN I
Ci,-TMEDA [ y-lge (5% o-1gc ) HIZ#7E CMC Ab
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ARBE B, B E T B 25,

=2y Fl o FAEEE R H 5 TR 5.0
10~ mol/L #J C1»-Na. C,-TEN Hl C;,-TMEDA ¥
1 pH JF2em it , LA Cp,-TEN Rl (€ 5), Fil HCI
¥ pH HEEE 2.0, T IR E TN Comitit,
y Hl o /I K ZE 54.5 F139.0 mN/m; 5/ NaOH
W pH 2 JFEREY 8.6 B, y Fl ¢ X T [A]Y% =4 4R {H

(30.0 1 4.5 mN/m ) fffifr . 7€ HCI A1 NaOH &4
HF, RIS C,-TEN A pH JFEminy (& 5), H
J&, Cp-Na FFRPEH 1 Waat Bl T 28N,
Ci,-TMEDA 7 L BT BRI E 2R 3 Wk, i
Ci,-TEN AIJE¥R 5 % (& 5).

Ci;-Na, Cp,-TEN #il C,,-TMEDA & pH JF &
TEARE 25, INE A T =% NaCl 32k
[@. i HCl Fil NaOH s /EH T B9 pH JF CAE L,
AR Y NaCl BIE AR, 1 C,-TEN Fl
C1,-TMEDA %} NaCl i 32 4L T Ci,-Na (& 2),
I, C,-TEN (5% ) F1 C;,-TMEDA (3 IR ) Y
pH JFRPGFRREL C,-Na (1 K ) £, 1fii C\,-TEN
5 C,-TMEDA & 1Y pH JT &G U 525 5 0 2
TMEDA AUt TEN N ¥ S 3. 5 C,-TEN
e, C,-TMEDA —iK pH FF G =4 NaCl
H S Cip-TEN BT, I, ZERSEFZMET, Cio-
TMEDA ¥ 1 pH T XAFIRREL L C,-TEN #9720,

60
50 a AN A 4\ A\ AN
~~ 40 r ’I ‘\ ’I ‘\\ ’l \\\ r” ‘\\ /I \\\
E A AU AW AR
% 30 A I’I \\‘ A l‘l \ ‘A’ :: ‘ “A \ “A’I P *A
3 ! \‘ ’,’ \‘ !
= 20¢ b l’ n ‘| :’ v “
of M
S B B
or . pH=8.6
0 1 2 3 4 5
TEFRREAR

K5 HCI-NaOH ZZ#EAE T Cp,-TEN KA y (a)
o (b) BYFFIN S
y (a) and o (b) switching response of C,-TEN
aqueous solution alternating by HC1-NaOH

Fig. 5

2.4 Cp-Am L+ ke-7k 2Lk ro et £ 1

B LLHEEE & 5.0x<10% mol/L #J Cp-Na .,
C1,-TEN Fl Cj,-TMEDA /K R AE Ak A, 525 R
+ 5 (AR ) ¥R 90 s FIEMAMK, FE pnea
TR RCEE (B 6) FFLBCRIAE RS .

M 6 AT, prnaci= 0 B, C,-TMEDA FL It
C»-Na 1 C\,-TEN e, H ) n 2 200 min, 53
B C-Na Ml C,-TEN MKy 3 5, X nlfER
C1,-TMEDA FL# ki A (4.33£1.31) um [ C,-Na

[ (8.73+3.37 ) um F C;»-TEN [ (8.13£3.22) um
NG 6w BUE R KNG FLBRAR R T2 )
M, FLBRARIE A, TE7F S1A4E R FLBORRE i
(TR AR, ¢y o BUIH /N, BESL, Cpo-TMEDA )
o I C,-Na I C,-TEN A% (& 4) thF THFL
TR R

250+ —0—Cp-Na
—0—C,,-TMEDA
200
g 150+
5
< 100}
501
0 L
0 10 20 30 40 50
Praci/(g/L)

K6 ZLBATH 1 mL KFTFFHFE (£ ne) 5 paact IR

Fig. 6 Relationship between the time required for emulsion to
separate out 1 mL water (¢, ) and pnacy

BEE pnact TGN, 3 FRFLIRAY ¢ o 95038 K5 8
/N CE6). WU, &R NaCl /746, AFFET
ARURT IS PR FLI AR 2 o Cro-Na. C1,-TMEDA #il
C1o-TEN FLI #) pr WETELXT R Y pact 2375124 3.0, 10.0
150 /Lo W5, BEE pract HE—2LHEI, FLIK 1) o
BRB/NER, HEHHREL R RERINSL . Y
Prac1= 15.0 g/L A}, C1p-Na JF IR 2R &E ; i X} F C1,-TEN
5 C,-TMEDA 1l 5, praci=23.0 g/L A ILELEE,
AT Cr-Na ZREERT Y pract $215 T4 53%.

PR A BB T BE SRR IR R A ROk B,
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