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Properties of coal-based alkylbenzene sulfonate surfactants compound system
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Abstract: Three kinds of coal-based isomeric alkylbenzene sulfonates, homemade sodium dodecylbenzene
sulfonate (SDDBS), sodium C6 dimer alkylbenzene sulfonate (SC6DBS) and sodium dihexylbenzene
sulfonate (SDHBS), were compounded with isomeric tridecanol polyoxyethylene ether (9) (IC13EQ9) to
obtain three compound systems SDDBS/IC13EOQ9, SC6DBS/IC13EOQ9 and SDHBS/ICI13EO9. The effects
of different compounding ratios (mass ratios, the same below) on surfactant stability, surface tension,
micellar aggregation, wettability, foam properties, emulsification properties and decontamination
performance of the three compound systems were evaluated by ultraviolet-visible spectrophotometer,
surface tensiometer, dynamic light scattering instrument, drop shape analyzer, vertical decontamination
machine. The results showed that the compound system of alkylbenzene sulfonate and IC13EQ9 with a
mass ratio of 5 : 5 displayed the best synergistic effect. The SDHBS/IC13EO9 exhibited good wettability
(water contact angle of 53.0 ° at 30 s), foam properties (foam half-life of 349.2 s) and emulsifying
properties (emulsifying time of 1035 s), demonstrating comparable decontamination performance to
commercial sodium dodecyl benzene sulfonate (LAS)/ICI13EO9 compound system.

Key words. isomeric alkylbenzene sulfonates; isomeric tridecanol polyoxyethylene ether; compound

system; dynamic surface tension; dynamic light scattering; decontamination performance; surfactants

i BEHEE: 2024-06-29; EFAHEH: 2024-08-06; DOI: 10.13550/j.jxhg.20240523

HETIH: ERARBSAREETH (22078219, U21A20315, 22378290)

EEEN: AT (1996—) , B, fH+4, E-mail: zgbln1795@163.com. BEREA: 25 JH (1987—) , B, fHi+, JFIfi, E-mail:
lixu0121@126.com; EEH (1963—) , 5, i+, #4Z, E-mail: dongjinxiangwork@hotmail.com,



e 1554 -

A% 4m 4 T FINE CHEMICALS

42

Jot I 2t 1R 2 — 2 o B B T R T Pk
A, HAERT 2, BAERtR. W tim
B S, BB AN I 30 5 R B IR 9 O R AR AR
Iz N T R R b SRR R R 19 A
LSRR . B AR B, e R RO
HREEE GERRBET AT ) b3k fbiifm,
o E M RE VR SR IR RS, R
BfgmEE, HEFHA, T, BEEEIL TH
REPE L, AL A R (FTS) #A
AL IR R F S S T 2 R il o), Rt
THEE AR Y S A B 60% M4 a-H
K, HBEaB i (c6~C25) VN, Hrk,
PEREIRIE A LAY C12 R oI IR BE B S5 A E T e
FAV N A it e R, HE— 2B A T AR 3 B
T RGN ——F e SR RR h . SR, WAk
BHEI a-Ifle, JEHIZE C5~C9 MM o-If )%,
AR RRHS 25 B b~ 5 1b A 18 RS 4
R TN A 2 L, T, AEEHER T
e, HRIE T PR LAY o RN A A
BORME . R (1) Bk st & Al oM@t iT —
FRE VA IE KRR BE 3RS 5 R, BlJE 5 R b gk
PR A R SRS B s SR (2) SR B S Lk
R - Jis i ORI TR SN A OB R0, bk
RS A A B R R R 5, 5 T e R R R A
i T BRSO ) 17 o 366 45 235 A0 A [) ) [v) S A TR0 o
REIR R

FREEHAZ AR B SEA R KR E
P R HERE, HAFE SR T 22 AR A Tl A
PP G VE | o iR e il =0 N (k-
LRGN ZBOA R, B UERIEC i E A
1 A o & 5 3 2 i o TR Y ¢ i I e |
Jic 7 He AN B i ) T I Ay . DR B S TR
TE PR /B K I A K, BEARAS R TG R R M
Tl S &2 e /U200 BTSRRI AL O 1 T5 1R
o

AR SCHERTIIIESE TARRFERE -, SILUHEIER] 43 5
PRI R R LR [+ e S 25h% R4 (SDDBS) |
C6 —HRIiHHERMERRAN ( SC6DBS ) AR e bp FE A4
iR 41 ( SDHBS ) ) /544 1+ = BE R A 4 1 Bk (9)
(IC13E09 ) H IR Z MHEAE (5N TR )
PRI ot FE AR TR TR R 1) B /K Ui 25 FA X 52 AR R FE AR
REMREMR o X BR R -+ B S IR R R A S A - —
REALIGTETMER, 5 3 FhIEILF 450 b
SRR AR LR R AGTENE . IR . FLAk R R iehE
e DI R B C5~C9 1 o-ti KRR , 46 %
S IR AL R R R RS

SO;Na
SO;Na

+ R LA (SDDBS)

K

XE S ERATRN(SDHBS) 7ty =FERE ZMME(9)(IC13E09)
1 SCIGERS

11 RAFENEE

SDDBS. SC6DBS. SDHBS, H#l™; w1+
TR FORBEIREN (LAS, Fis/Ee98% ) , ik
i T AR B A PR 2 Al 5 ICI3E09, Tl it [ 5
¥ =P o B <1%, R (PEG) sy
B<5%) , R (PE) LFERAR; WikaE
(% 0.830~0.860 g/mL ) , iRk IlHA
FRAHE] KK, Al

Lambda 850 Y £84h-A] UL/ YE5 AT (UV-Vis )
= [H PerkinElmer 2y ; BP100 BIsh &1 K S11X .
K100C UF AR MK 14 . DSA100 BLEHIEAR 4
Hr{¥ . DFA100 BYZh &K T, FEE KRUSS 2
Fl; Litesizer 500 I AKRL BE T4, BHF] Anton
Paar GmbH /A & ; DM750P By~ i 45 , 75 [ Leica
25 AEl; RHLQ-M AL A 3500, s E H e Tk
FEBEA PR E]; Ci7600 B EEAL, JEME Xrite 23 Al o
12 Ak

B, a0l 4 Rk ( SDDBS .,
SC6DBS. SDHBS #l IC13EOQ9 ) fin A £ F /K it
BRI R 10 o/L RS MR . Hk,
AHL 5 mL AR A SDDBS ¥ Al IC13E09 %
W 100 mL i, JEM/KFRES] 100 mL, 3K
HEFEWE N 1.0 g/L BHFEH A5 5 ARl
1 7 SDDBS/IC13EOQ9., fili, FIE%E 2 4, #
SDDBS ¥ i #: 4t i, SC6DBS % Wi 5% SDHBS A1k ,
A3 990 3R A5 & e 2% 1 35 P ¥ SC6DBS/ICI3EQ9 Al
SDHBS/IC13E09,
1.3 FRAEFAMIR
1.3.1 A& Ml

Fie FESCRR (2115 %, B 1 g B G PEF A
F1| 99 g K R HE 5T R 43 H 1.00% 1) 52 T 2 1 i 2 )
KIEW, HAH TG T 25 CHERE 2h, 5
Ja, K HER =TS as k@, ] UV-Vis it
SWAE A4=500 nm Ab Y 3E R, DLAE T4 &2 e i
AW EERFE R

Co6 R Lt HATHRR HI(SC6DBS)



7 H AR, S SR L IR R h 2 T T MR 2 AR R A « 1555«
SIS K 77 ) 3%
1.3.2 wmpﬁﬁﬁiﬁmh&‘ AG&C:RTm[CMCj (11)
BEOEK 1 g ERCREIEVERDMAZ] 1 L AKHE 55.5
SRR N 1,00 g/L B S L3 T I 1 ) K9 T AGY, = AGY. —Hewe (12)

(R o K5, iR Rk sh s & m ik
AL 3 HAE (25.040.1) °CF RIS SR m ik 11 .
T B A RCR RAERS A 0.01~100 s( 5 0.01~200's ),
)5, KM Rosen AU RIEARX (1) ~(6)
IR 3 Tl 52 M oA 28 38 T V5 2 500 40 7 A0 P I
PESE (n. tn(s) . t(s), Ry (mN-s/m) )Z2,

70_7t:[i*j (1)
Ve = 7m t
70_yt:K (2)
}/t_ym
lgK =n(lgt—lgt") (3)
g%:gﬁ+l (4)
n
1
lgt, =1gt —— (5)
n
Rl/2:70_*7m (6)
2t

. oy MEiK 25 CRFZS S/ K S & mk 71,
72.00 mN/m; y, AFER ] ¢ B 2 AT % PR 7R 09 = 1A
5K 77, mN/m; y, R ESEATR A R 5K 1, mN/m;
£N y BNIK o Ty HPIEME BT BT, 55 K Mt
WA n E—A 5 REEER T KRB
T ER, OB R T ) A% R B £ R RFF
Z IR 254 K 1, A K IF LR RGBT, s
t IR XIT R B R AHEIPY, s5 Ry, NFEIMGK
FIPd T X AR R B R, mN-s/m, HAEBOR
FET K ST BRI , B0 25 3 G M RS
1.3.3  #&&@mKHnRK

e, BRIBREE R 1.00 o/L /Y8 il £k
PEF KR 5 985 3 Wilhelmy 54 M ik BE#R S
Z T 7K S IR AR (25.040.1) °C F Wy # A2 1
i 1o DAFRTAIGK T (p) XU BEIXTEL (lge ) Az il
BRI ATIZE S N p-1ge d 27T EIAH R 5 1 FE R
WJE(CMC, mol/L ) FF-5 2% 1 5K 77 ( yeme, mN/m ).
A Gibbs MR RS (A (7) ~ (12) JiF
= 1 TR | B e e d e WA ST S LA N 3 S G AN
Amin PC20~ AGhgs ) FITEAARIE W PSR AL SEL AGhico

Fmax == : i ( 7 )
2.303nRT \dlgc ),
106
Amin = ( 8 )
NAFmax
Lcpe =70 — Veme (9)

Pey = —lgey (10)

GV SR A - B =R 18 11w o A WA & T TN ORI
B, mol/m?; Apin D97/ T B T PE ) 43
THT A E/INE R, nm® ;5 peag oA 3 1T PRI YR
e A I8 EN I A HOHe B Bt A 2 181 R, mN/m; AGhpie
F AGRas 43 ) A 180 35 M 350 23 T 7B 2K V6 P 0 e ok
A5 A5 W EFR B8 RAE SRR T A W B A 3
HBE, kJ/mol; R S BEAH S AR H %4, 8.3145 J/(mol-K);
T RAITIEEEE, K y AREK T, mN/m; n HE
TRIZEB, BUE 35 ¢ b3 T i P AR VA TR G T
mol/L; Ny A Bl R s 5% 4 %%, 6.02x10% mol '; CMC
g il S e B, mol/L s yy 4l K i F T 5K F7
72.00 mN/m; yome ATHEERTETK ST, mN/m; ¢y HFRTH
5774 20.00 mN/m B AR TANTE RIS AR B, mol/Ls
1.3.4 3 & k3K

T, BN 1.00 o/L 1Y M 2 1% 1
TR, SRIGHFHFLAE A 0.45 pm (A HLIE BT )E
) R AL He-Ne BOGAR B AUKLEE 3B {30 2 2=
TR T35 PR SR AR TE (25.040.1) °CF FPRAR M
1.3.5 HEEMEARR K

T, BoWEIRE R 1.00 /L 14 e 2T 1%
PEFIKES, 3 A W5 REAVE Bk BRI MR, SR
SRR T R A3 AT A FE (25.0£0.1) °CTF 4%
il 1, T 7 R T 2 R Y VR R SR IC L A Al AR R/
FRHEFCEE , LAk P 2 3 4 390 & e AR R VAT
R PERE . A SCIRE R 3 Ik, BUERCESME.
1.3.6 R MR X

B, BOHI R 1.00 g/L & N
PEFIREEW, SR R 8 25 1 UK 43 B AT 98 = AE
(25.0+0.1) °CF MR MERE o H 2 11 I 14 770 %
ANZEH RSB IE ey (FLAR 40~100 pum ) (YEIAE
oy s gs (KB 250 mm, EA2 40 mm) F1, LU
0.20 L/min B9 5s, P& FE A2 47 A R]
1200 s, AL ESR 3k, BUSECEHE.

1.3.7  SLAGHE gl 5%,

G, BoHl R E A 1.00 ¢/L B E BLE G
PEFKE I, AR5 8 1 437K ik ]k B U L A
fito B 40 mL 75 0 2 1 35 P 390 7 WO 40 mL WA
15F 100 mL BebR {5y 3 3 BT HLAE 10000 r/min
TP 12 s (AL, BEE R LR 2 100 mL
HEERM Y, 03B 1 10 mL KA FFTsata], 52
LN i =R IR/ O 5 = {1 B S5 2 S TR R
R WFLACRE T iR br o SR DG 10 S5 UL 55 e i
S Y] JE AR IE A, FFFRIA Image-J HRA4EXF



+ 1556 ¢ A% 2m /& T FINE CHEMICALS %4245

W B B R TE 25 I AT FLIBCRLAR 43 AR 50 BT o SDDBS/IC13EQ9 . SC6DBS/IC13E09 . SDHBS/IC13EOQ9
1.3.8  XiFhaemlix RARPREEM RS R . NE 1 aTLEE, 3 FfilE

HYG, B BRIy 2.00 o/L M RCRIE  FlR R 95 i R B K FE K . SDDBS/ICI3EO9=
PERIKIAW, 5% GB/T 13174—2008 { ATV SC6DBS/IC13E09>SDHBS/ICI3EOQ9, X &K Jy, [d
LT BARIRVERAEREAIINGE ) Tk, SRISLAL 4 5y P00 2 8 8 1) I /K S 45 25 57 3 50 B
TS LV 2R HNE PR BON5 f ( RIS A6 JB-01 . R T USSR M S B R R o
EHT5AE IB-02 FEZNET5 A JB-03) HILTSVERE. & SDHBS $14g & 1A ki K B 1 2 AR 1 857K
PRIy 20 min, BERFRCHE Y 120 eimin, EWRREL  peeaeaty, (OGO IE ) HIATIESS , 7S
#(30.0£0.1) “Co WMEBLIEHIRTTAM AL, b 1013800 proumnyse ik 75 bhimi saixtion, it
PRI R A RS IERE . 4 gk 2t 1013509 VR HL AR Fois

e LA i RZEE TR, JUHIE SDHBS/ICI3E09, RUEIA [
2 Z#HREHE B o IR
O3 SRR A oE OB TR 1 B /K g 45 44 2 S s B, T AR i
21 HERERNBEL R BIREE(, (13 PR R B R
B 1 M AFEER R E (¥ hEE, TR @ T 80%, FKILH IR R ERE M.
&=10:0 b &=10:0 &=10:0
2 =0:10 g o9 1 =010 100 o:10 1000 =911
90
¢=1:9 801/ F8:2 :9, =8:2 (= =8:2
70 4 N\ |
60}
=2:8 ' E7:30-2:8 =7:3 (2:8 =7:3
317 =6:4 =3 4 3 ~L—% 4
=4:6 (5:5 E4:6 =5:5 <4:6 (=5:5
CFRPEFEETERREL (SDDBS. SC6DBS. SDHBS) 5 ICI3EQ9 AL L5 60~100 ¥ it (%)
¥l 1 SDDBS/ICI3E09 (a) . SC6DBS/ICI3E09 (b) Hl SDHBS/ICI3EO9 (c) a1
Fig. 1 Stability of SDDBS/ICI3EOQ9 (a), SC6DBS/ICI3EQ9 (b) and SDHBS/IC13EO9 (c)
22 ERERABEFREKAN AR K 10 TP 1w R 4> AR
Kl 2 & SDDBS/ICI3EQ9. SC6DBS/ICI3EQ9 ¥ S i Wi Bt b BLHL 18 Al F , 2 ¢ 1 ok g Bifi sk Ji]
Fil SDHBS/IC13EQ9 ) shZ R w5k S ih 2k AR TR 2 .
O m(SDDBS) : m(ICI3E09)| 6% &, m(SC6DBS) : m(ICI3E09) | 63f¢ m(SDHBS) : m(ICI3E09)
65 =% =10:0+7:3 +3:7 60 F3y =10:0v7:3 +3:7 60 fg. =10:0v7:3 +3:7
__60 y  *9:1 +6:4 +~2:8 55 F N
Essf ‘8:2*5’5'(1)3‘1’05
550 i 4:6 © : EZ(S) -
R45) o
Eaol 7 40
K35t *% 35t
30} . 30t
25 v .JTT::W 25 b ) T T T BT |
1x100  1x10>  1x10°  1x10* 1x10° 1x10' 1x10*> 1x10°  1x10* 1x10° 1x10'  1x10  1x10°  1x10*  1x10°

R /ms FMAER/ms AR /ms

12 SDDBS/ICI3EO9 (a) . SC6DBS/ICI3EO9 (b) Il SDHBS/ICI3EO9 (c¢) )5k Iy Lk
Fig. 2 Dynamic surface tension curves of SDDBS/IC13EQO9 (a), SC6DBS/IC13EO9 (b) and SDHBS/IC13EQ9 (c)

MEl 2a ATLIE L, Bi%E SDDBS/ICI3EQ9 Hr ) B 2 T T35 PR 70 431 IC13EOQ9 BY TR AN 5 b3z ik hin
ICI13EO9 ¥RIN & L3, 10 ms MERESK 2B BF, ARSI 1 00 2R 6 M 390 o0 1 HE A AR A AL,
SelE NG N B, X EkE SDDBS/ICI3EQ9 X3R5k /1 Bk ; R4 anit, M IC13E09
A Bt 52 TC LU ) B A8 AT AR B S SE s P s BhIRl i 40 A b SDDBS B 5 1 B AR 2% 18 5K 1 i fig
o IR, YERERTEAZ MR KNS MERIGIEE —EEE, K ICI3E09 741



57

R, A IR B R R Eh A I R A2 B AR P e

e 1557 ¢

HEAR B A T, DT B B RO R B 3R 1K )
TR BN o B, PRI S BE P R A 2 B
RO, R, %FT IC13EOQ9 5 SDDBS (1) & Bt Lt
BlEF 5 SMERIAR, H 10 ms A1 100 s YR M
K Sy 44 T2 —1% SDDBS 2% i i £ I K A
I, 505 AHC EL i 2 A4 B U R) 2500 1Y) e /)N LA

M 2b Fl ¢ AILLFH, SC6DBS/ICI3EQ9 F
SDHBS/IC13EQ9 & At kb 1] i st A8 3 A & 51 i &2 L
R R U S PUE R, iR SR B R A P R A SR
XJER N, FMmTEPER > F SC6DBS, SDHBS Al
ICI13EO9 WJBi /K i 4 i 3k L BE 451, WA 2 S04k
B 7K 254 B FR TS PR 55 2 IC13E09 BN il i LL ) 3
i, A BOAR R AR M TR T B B e . A
M, fEJRLELE T, XT3 FRERUAR, it
Fefil ok 5 0 5 1 2R s R R B AR R ET TR AR SR .

3a NEBHE 5:5 B 3 FhERIKRLE
1.00 g/L iR FryshasRmak ik, £ 104
SR

70
a -=- SDDBS/IC13EO9
65 ~e- SC6DBS/IC13EQ9
60 4~ SDHBS/IC13EOQ9
% 55 F
E50 1}
R L
& 45
1= 40 |
i 35+
30
25 1 1 1 1 1
1x10! 1x10? 1x10° 1x10* 1x10°
R F#R/ms
30F b -
2.5+ -
20f __.!""5 o
151 I
% 1.0
0.5 = SDDBS/ICI3EO9
0 ° SC6DB§I/1C13E09
- A SDHBS/ICI3E09
---- SDDBS/IC13EO9fIZ 412
-0.5 - - - - SC6DBS/IC13EO9M R L&
-- - SDHBS/IC13EO9 & HI &
_10 1 1 1 1 1 1 1 1 1
10 1.5 20 25 30 35 40 45 50
lg(t/ms)

B3 ERECEH S5 5 %) SDDBS/IC13E09 .SC6DBS/IC13EO09
F1 SDHBS/ICI3EQ9 HyzhAE£mk Ik (a) F
IgK-lgr Mk (b)

Dynamic surface tension curves (a) and lgK-lgt
plots (b) of SDDBS/ICI3EQ9, SC6DBS/IC13EO09

and SDHBS/IC13EQ9 with a compound ratio of 5 : 5

Fig. 3

MK 3a i LR H, 3 MEEARRLE 10 ms B
ZFH K 1 R/ &y . SDDBS/IC13EQ9>SC6DBS/
IC13E09>SDHBS/ICI13E09, H:H', SC6DBS/IC13EO9

1l SDHBS/IC13EQ9 HA AR £ mE K F1 . XK
h, —Ji, REEPERSrF SC6DBS Ml SDHBS
(R L 7K Sty 235 FA X5 Ol SCRE R AL, A HC AR &R
SC6DBS F1 SDHBS 4 F#BREWS P 1T F8 2 R/
B, M\ R R BEA R m ook S o — v,
SDDBS/IC13E0Q9 H1i) SDDBS 41 H A7 85 K 1ty ot Ik
BiK B BE, LR 5K T (%) RE 7w 32h 1 3% 1 1
#1431 SC6DBS #1 SDHBS., %] Rosen #i%, DL
3a WY B A FR A TR TR IR, ST R X R Y
lgK Fil 1g¢ 2z & 3b, &l 3b MG 2Rt
RAEEE > W2 0 F0oox, HALShESHH AR
(4) ~(6) HHMAR, LEaTEH,

#£1 EWBCLH 5 : 589 SDDBS/ACI3EQ9. SC6DBS/ICIZEO9
1 SDHBS/IC13EQ9 31 752 i ik 1 &4

Table 1 Dynamic surface tension parameters of SDDBS/

IC13EO9, SC6DBS/IC13EO9 and SDHBS/IC13EO9
with a compound ratio of 5 : 5

RN
ERMKENZE gppps/ SC6DBS/  SDHBS/
IC13E09 IC13E09 IC13E09
Ya/(MN/m) 31.01 30.72 29.74
Yo—yu/(MN/m) 40.99 41.28 42.26
n 0.783 0.566 0.564
£/ 0.066 0.046 0.047
Ll 1.258 2.709 2.764
tils 0.004 0.001 0.001
Ry,»/(mN"s/m) 308.44 44528 453.38
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Fig. 4 Static surface tension curves of SDDBS/IC13EQ9 (a), SC6DBS/IC13EO9 (b) and SDHBS/IC13EOQ9 (c) with a

compound ratio of 5 : 5
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Table 2  Surface activity parameters of SDDBS/IC13EO9, SC6DBS/IC13EO9 and SDHBS/IC13EO9 with a compound ratio of 5 : 5

- FITEESEL
HBER
CMC/mmol/L)  pcao  yomc/(mMN/m)  Dpee/(pmol/m?)  Apyin/nm® AG/(kI/mol) AGY4/(kI/mol)
SDDBS/IC13EOQ9 0.11 5.38 31.58 0.84 1.98 -32.55 -80.66
SC6DBS/ICI3EO9 0.14 5.28 30.20 0.90 1.85 -31.95 -78.56
SDHBS/IC13EQ9 0.17 5.24 29.00 0.91 1.83 -31.47 -78.90
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Fig. 5 Particle size distribution curves of aggregates of

SDDBS/IC13EOQ9, SC6DBS/IC13EO9 and SDHBS/
IC13EO9 with a compound ratio of 5 : 5 in water
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Fig. 6 Dynamic water contact angle (a) and droplet optical
images (b) of LAS/ICI3EOQ9, SDDBS/IC13EO9,
SC6DBS/ICI3EO9 and SDHBS/ICI3EO9 with a
compound ratio of 5 : 5
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Fig. 7 Change curves of foam volume versus time (a) and

foam stability (b) of LAS/IC13EOQ9, SDDBS/
IC13E09, SC6DBS/IC13EO9 and SDHBS/IC13EO9

with a compound ratio of 5 : 5
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Table 3 Foam microstructure morphology of LAS/IC13EOQ9, SDDBS/IC13EQ9, SC6DBS/IC13EQ9 and SDHBS/IC13EQ9 with

a compound ratio of 5 : 5 at various times
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Table 4
compound ratio of 5 : 5 in foam structure test

Important parameters of LAS/IC13EO9, SDDBS/IC13EOQ9, SC6DBS/IC13EO9 and SDHBS/ICI3EO9 with a
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LAS/IC13EO9 40.85 24478 73 138 10.63 94121 141 284
SDDBS/IC13EO9 20.11 49735 102 201 8.57 116739 157 320
SC6DBS/IC13EO9 32.43 30840 82 154 9.25 108106 151 308
SDHBS/IC13EO9 41.31 24208 75 129 8.63 115825 161 292
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Table 5 Emulsification time of LAS/IC13EQ9, SDDBS/

ICI3EQ9, SC6DBS/ICI3EQO9 and SDHBS/
IC13EO9 with a compound ratio of 5 : 5
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Fig. 8 Emulsion optical microscopy images and emulsion particle size distribution curves of LAS/ICI3EO9 (al, a2),
SDDBS/IC13EO9 (b1, b2), SC6DBS/IC13EO9 (cl, c2) and SDHBS/ICI13EQ9 (d1, d2) with a compound ratio of 5 : 5
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Fig. 9 Detergency performance of LAS/IC13EO9, SDDBS/

IC13E09, SC6DBS/IC13EO9 and SDHBS/IC13EO9
with a compound ratio of 5 : 5
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