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Preparation and properties of anionic-nonionic polymeric surfactant

LYU Bin"%* LIU Yuchen?**, YANG Haien®, HU Jiarui***, GAO Dangge"**

(1. College of Bioresources Chemical & Materials Engineering, Shaanxi University of Science & Technology, Xi'an
710021, Shaanxi, China; 2. Xi'an Key Laboratory of Green Chemicals and Functional Materials, Xi'an 710021, Shaanxi,
China; 3. Xi'an Changqing Chemical Group Co., Ltd., Xi'an 710021, Shaanxi, China; 4. National Demonstration Center
for Experimental Light Chemistry Engineering Education, Shaanxi University of Science & Technology, Xi'an 710021,
Shaanxi, China )

Abstract: Anionic-nonionic polymeric surfactant (P-AASL) was prepared from free radical polymerization
of fatty alcohol polyoxyethylene ether acrylate intermediates (AEO-AA), which was obtained from
esterification reaction of fatty alcohol polyoxyethylene ether (AEO) and acrylic acid (AA), with sodium
styrene sulfonate as well as dodecyl acrylate, and characterized by FTIR, "HNMR, GPC, DLS and TEM.
The surfactant P-AASL were then evaluated by DSC, optical contact angle tester, surface tension tester and
spinning drop interfacial tensiometer, while the influence of m(P-AASL) : m(sodium petroleum sulfonate)
on the interface activity and oil washing efficiency of composite surfactant system were investigated. The
results showed that P-AASL displayed a number-average relative molecular mass of 12121, weight-average
relative molecular mass of 14027, and a polydispersion index of 1.157. P-AASL presented as a uniformly
spheroidal micelle with an average particle size of 141.7 nm and a polydispersion index of 0.136 in aqueous
solution. The critical micelle mass concentration of P-AASL aqueous solution was 0.62 g/L, and the lowest

i EEE: 2024-01-03; EAHHI: 2024-02-20; DOI: 10.13550/j.jxhg.20240007
HETIE: P TESUILITRIBE (2023YBGY-483); BV BIHAE S L #4111 H (2021TD-16)
EERN: & 5 (1980—), 5B, #u%, E-mal: xianyanglvbin@163.com. BRZ& A : i3S (1982—), 4, #d%, E-mal: dangge2000@126.com,
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surface tension was 33.4 mN/m. P-AASL aqueous solution with 0.3% mass fraction could reduce the
oil-water interfacial tension to 1x10™" mN/m, and the water-contact angle of oil-wet natural core to less than
40°. The compound surfactant system could reduce the interfacial tension between crude oil and water to
1x10™® mN/m, with an oil washing efficiency of about 77%.

Key words: polymeric surfactants;, anionic-nonionic surfactants; fatty alcohol polyoxyethylene ethers;

interfacial tension; compound coordination
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/Nl Tecnai G2 F20 S-Twin %35 5 it 7 5 i e
(TEM) , %[ FEI A 7]; STA449F3-1053M #!]F]
P HTL( DSC ), [ Netzsch 22 7] ; Attension 20
TS 2 12 fih A, 2F 2% Biolin BH A Al
TX-500C AUfig#% i S sk 40, i RECFHoR
WRARNTE; QBZY-1 MFEmK L, il F
IXEA FRA T
12 #HEFE

¥ 116.56 g (200 mmol ) AEO, 15.84 g ( 220
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Fig. 1 FTIR spectra of AEO-AA and P-AASL

& 1 A, X AEO-AA ki, 1728 cm™
SRR FE C=0 HEAY IR 48 IR s Wl g ; 2930 5
2852 e b Xt 18 AL AR ke C—H AR 4 iR Bh R e 5
1408 cm™ b Xt 1 75 A — AN BUR Y C=C #EAYIHT
B AR PR S ; 1630 em ™ b X C=C Y
HHE S 45 W2 I ; 1120 emt 4b X} R C¢—O—C (1)
ARXFFRA e B sl %+ T P-AASL Sk, 1463 cm™
bt B —CHg 1925 il iR WG 5 1724 e kb X i
C=0 A 45 P IS0 5 1186 e Ab X i C—
—C WYX FR A 4 B sh W i g ;- 2935 F1 777 e gk
XiF AR IR AN A =C—H A {1 45 i 3 W Wi e A1
A5 AR S i ig s 1004 1 1039 cmt L4y i R
SO S5 X6F FR A 245 31 20 0 5% ik 4o 45 9 s e i e, %
R EW, P-AASL B IhA
2.1.2 HNMR 2 #7

%l 2 Jy AEO-AA F1 P-AASL f) 'HNMR 4,

& 2 7f A, 1E AEO-AA (1) 'THNMR 5% &
0=3.62 X N 4T85 b R EkEE# th—CH— 1 i 715
S, 9=5.89. 6.15 Fil 6.36 4bXJ I A sH—HC=CH,
0 3R TS S IE . 7E P-AASL 1) 'THNMR 3 [&]
th, 0=2.38 XN EHE E—CH,— M R 115 514 ;
6=3.62 &k} (CH,CH,0), H—CH,— Y i 715 5 1§
0=7.58%f hj P-AASL E£4f AR =C—HK I FF5
W, 256G FTIRGEIE, 45 5R3RM], G T P-AASL,
2.1.3 GPC % #7

& 3 F1% 1 P-AASL Y GPC i 4h

0
[ nt

e —ca—o Jrum., —o Jr —a—c
f e dd " c H b

A

K 2 AEO-AA FI P-AASL fi) '"HNMR £ [&]
Fig.2 'HNMR spectraof AEO-AA and P-AASL
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Fig. 3 GPC curve of P-AASL
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Tablel GPC test datafor P-AASL
M, My PDI
12121 14027 1.157
E 3 f1 1 Al A, P-AASL MBS AIXT T

s (M,) o 12121, FEHMXGFRE (M) N
14027, F W P-AASL J& T & T RIEE R, 259
BHE%0 (PDI) i 1.157, RWFEYIAIXT /7
SAAEAET, LA R A RN R PR AT .
2.1.4 DLS#= TEM »#7

Kl 4 g P-AASL FE/K IR B A I RLAR 53 Al
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&l 4 P-AASL ikifasrfiize (a) 1 TEM & (b)
Fig. 4 Particle size distribution curve (a) and TEM image
(b) of P-AASL
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Fig. 5 Relationship between surface tension and mass
concentration of P-AASL
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Fig. 6 Relationship between interfacial tension and mass
fraction of P-AASL

M 6 n %, P-AASL ¥ Y 5t w5k 77 bt 25 5
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Tb, EFREK B EELE] 1x107" mN/m B g, #
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2.2.3 HIRM S

& 7 2 P-AASL 7K -5 R IR O B 7K 322 ik £
i 5 FsF 1) ) 28 Ak i 28

100 .
90_ ...........................
c8or « H,0
& 50l 2 P-AASLKIEW
-
60 -4
® a
50 4,
N
40 - A AAAAAAAAAAAAAAAAAAAAAAALA
300 1I0 N 2IO 3I0
B ) /s
P 7 P-AASL JK TR 52 0 14 7K 122 fl ffy i 25 E5F [ (928 4k
iHiE2

Fig. 7 Change curve of water contact angle of P-AASL
agueous solution with time
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Table 2 Effects of degree of mineralization of NaCl and
CaCl, on solubility of P-AASL

h NaCl Jit itk B /(g/L) CaCl, Jii e B/ (g/L)

20 50 80 110 140 2 4 6 8 10

WREN N N N N N N N N N Y
e N7 FORTHAIL; “Y” FoRBEHAHDB

M= 2 LIFE L, P-AASL 7E# 1Ly 140 g/L
) NaCl i Mw LA 8 g/L By CaCl, A i Hh 2k
PO, JF HICDUE . 2ORYAEFA 4, HE
2h G A Ak, FBH P-AASL i My, e
T A R PO 2 LA — i I
225 AAE S

5 8 & P-AASL 1) TG il DTG k.

|
i w
42 T W 2 /(%/min)

|
(=)} W
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R EE/°C
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Fig.8 TG (a) and DTG (b) curves of P-AASL
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SRR, JREERAY FEE . K e S RN R I
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Fig. 9 Dynamic interfacial tension of surfactant systems of
P-AASL and sodium petroleum sulfonate mixed
surfactant systems with different massratio

ME 9 LI, 4 m(P-AASL) : m(f3 iR
£H)=0 : 10 BF, BA— 7 It R Ak L REHE St ik ) B
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A1 HIE PR 4 53 S W B HE 91 7 2 43— 3 1 0 P 7
P-AASL 431 VOJl, 3G 1 2% i MR 550 7 il oK S
FIRLAEMEHES (K B 5K T35 B AR K o
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9 T % 4 7R A 2 ) S LA A S e
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FLAPER ZE s BEE m(P-AASL) = m(f1 MR 5 ) 4 1
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Fig. 10 Effect of P-AASL and sodium petroleum sulfonate

mixed surfactant systems with different massratio on
emulsification of crude oil
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Fig. 11 Effect of P-AASL and sodium petroleum sulfonate

mixed surfactant systems with different mass ratio on
oil washing efficiency
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