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Synthesis and properties of sodium nonylcyclohexanol ethoxylates sulfate
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Abstract: Substitute for sodium nonylphenol ethoxylate sulfate is in urgent need due to its aquatic toxicity.
Nonyl cyclohexanol ethoxylates, with a higher safety profile and similar physicochemical properties to
nonylphenol ethoxylates, have been considered as potential alternatives. Herein, sodium nonylcyclohexanol
ethoxylates sulfate were synthesized using nonylcyclohexanol ethoxylates as raw materials and chlorosulfonic
acid as sulfation reagent, in which the esterification rates toward sodium nonylcyclohexanol ethoxylate (5)
sulfate and sodium nonyl cyclohexanol ethoxylate (9) sulfate (5 and 9 represent the number of ethylene
oxide addition) could reach 90.91% and 91.06%, respectively. The results indicated that the aqueous
solution of sodium nonylcyclohexanol ethoxylate (5) sulfate exhibited similar interfacial activity as that of
sodium alkyl ethoxylate (3) sulfate (AES). Sodium nonylcyclohexanol ethoxylates sulfate presented
comparable wetting and foaming properties as nonylcyclohexanol ethoxylates, and better wetting, foaming
as well as emulsifying performance than AES.

Key words. sodium nonylcyclohexanol ethoxylates sulfate; sodium alkyl ethoxylate sulfate; polyoxylethylene
ether; surfactants; surface/interface activity
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Fig. 1 Effect of reaction time and molar ratio of reactants
on esterification rate
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Table 1 PEG and NC content in reaction mixture and
production yield
Jetet NC & #/% PEG &#t/%  4ifbilis/%
NCEOs 0.85 1.81 93.4
NCEO, 0.67 2.53 92.2
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Fig. 2 FTIR spectra of AES, NCEO, and NCEO,S
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Fig. 5 y-lge plots of AES, NCEO, and NCEO,S at 25 °C
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Table 2 Surface activity of aqueous solution of polyoxyethylene
ether surfactants

CMC/ yCMC/ HCMC/

CMC/ Lol

(10*  (mN/ (mN/ pCy Cor (10*‘02 a/nm?
mol/L) m) m) mol/cm®)
AES 529 32.9539.05 4.11 677  2.01 0.83
NCEOs  0.49 28.74 43.28 5.57 1824  3.24 0.51
NCEO,  0.87 29.37 42.65 5.40 21.86  2.98 0.56
NCEOsS 637 29.88 42.12 415 9.06  2.04 0.81
NCEO,S 5.11 34.06 37.94 432 10.70  1.05 1.58

NCEOoS 7S 7 A 11 1 W B 2% B 41K, 3T
HERACEm R RIS (£ 2), H youe H
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e T S T S 2 o R s ) A AR
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82(5) = 1x10™* mol/L AES 21x107 mol/L NCEOsS
=221 0 1x1073 mol/L AES ® 1x10* mol/L NCEO,S

g 8451(5) " 4 1x10* mol/L NCEOsS © 1x10- mol/L. NCEO,S

~ . L o

2040 e
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025F _ at4a 4 4 a s
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Fig. 6 Interfacial tension of aqueous solution of surfactant
and nonane
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Fig. 7 Wettability of NCEO,, AES and NCEOQ,S at 25 °C
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2700}
= 6001
5500 :
R400H
300H
200}
100+
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Fig. 8 Emulsifying ability of NCEO,, AES and NCEO,S at 25 °C
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NCEOs>NCEOy., & A1 17t P4 751 (14 36 VR 1 B B T 7R
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233

FOE WM AN GE .
" (R A b
= 0

50 |~ HIRAREHE Rs /I/ 170
g .
g 1602
g4l 60 %“
# T~ 50
g S
2 S

20r 130

20

0 NCEOs NCEO, AES NCEOsS NCEO,S

Kl 9 40 °C'F,NCEO,.AES & NCEO,S il ik M fg (i
W B IRAS E )

Fig. 9 Foaming ability (foaming property and foam stability)

of NCEO,,, AES and NCEO,S at 40 °C

H YR S TS B 7K R I AL TP B RES RT
GIERORIIR, IR & B, R EH S5
NCEO,S Hy;fifif: 5 NCEOsS M, H—J5ihi, BEE
EO $urysihn, SR MR KRR, GBS AE EO &
Ji FEUE RO TR R /KA, H A 5K EO £ NCEO,S
TES IR T B U R B 2540, R Bh s 31
TR, R A T IR R

3 #it

LI NCEO, MR, £ i Sk iR i I IR 1k K
NaOH "1, il #8 T—FhBH-AE R & M5 NCEO,S .
TE0 °C. n (NCEO,) :n (&EEMR ) =1: 1.2, [
i 1] 60 min B, RS2 11355 90.91%( NCEOsS ).
91.06% ( NCEOoS ). r=#yifiit FTIR. ESI-MS Al
"HNMR #iik T 454, NCEOsS EA 5 AES HHIT Y
CMC( 6.37x10 *mol/L ) FTHEAKAY yeme ( 29.88 mN/m ),
T H AR K S 5K ) B RE I AHA o E4h, NCEO,S
JEBL T 5 5B NCEO, £l 197 1% S Ik PEBE, 1
AES BAHLFEIE . R LRI ERE . ARATF5E N
NCEO,, % B ) FH R T 356 Py 20 4 2 A ik 1) 2 €65 4K
AT S S

(F#H% 221 7)



