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Abstract

Polymer-surfactant interactions are of great importance in chemistry, materials science and indus-
trial applications, especially in fields such as pharmaceuticals, cosmetics and coatings. Among them,
the type of surfactant, as well as the concentration of the polymer, can have an effect on each other.
Currently, studies on the dynamic wettability behavior of the interaction between polymers and
different types of surfactants are mainly focused on high concentrations. In this paper, solutions of
polyvinyl alcohol (PVA) at different concentrations and mixtures of different types of surfactants
(SAA) with PVA were prepared, and the changes in surface tension of the mixtures of different mass
fractions and different types of SAA were investigated, as well as the transverse friction of these
solutions on the hydrophobic surface of polydimethylsiloxane (PDMS). It was found that the lateral
friction of the PVA solutions and the mixed solutions with the addition of different kinds of surfac-
tants during the movement on the PDMS surface showed a linear relationship with the magnitude
of their surface tension, i.e., the magnitude of the lateral friction increased gradually with the in-
crease of the surface tension value. Moreover, the effect of anionic surfactants on PVA is more obvi-
ous than that of cationic surfactants. By investigating the wettability and friction behavior of low-
concentration PVA and surfactant mixed solutions on hydrophobic surfaces, this paper provides
theoretical support and technical guidance for the design of sustained-release formulations of
drugs in the pharmaceutical field, the optimization of the skinfeel of cosmetics, and the homogene-
ous film-forming of coatings, which are of great practical application value.
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RS R TE M A BAR FEA S TRE . MRS R TS B B A, JUHAE S S
RIS 5 TR B )2 R R T S [1]-[5] 0 17 244 TR S 2641 T, AW - RINEMERE &R R
FER 2RV, WIEAEZAMGERE. WRESIVE R i SR SR A B OC B E FH[6]. WFA R, RITE TR
Sy Flid E RN L R GE G SR TR R SR AR B, T MR VA VR ) AR T 5K AR AT
[7]-[9] SR, IR T 57 25 B Hh T vk P55 R 2 110 2 UL g 2 P ol (s S Fse oAk B s SR 9K 47) [10]-[14],
B TR EE T BB ATEIE MEAT 5 ] 7 T BE R R (R e e, Rl RAEBK R AR R rfr, 3R T
YRR 2T BV M 5 5B DR SR A I B R KO8 5 B AL, X PR T HAE RO AR R RS A iR
SRR R s R AR R

&G S FRAEER (IR 5K 1A A B REHR I 21 2 S5, HE LU (IR BE Ak R 1 401
FOEE AR EAE 5 502 BRI [15]. #1140, Holmberg [16]4%(1992)id 53 Langmuir fH A 237 7 SDS W i
N RE, EHF RS IRT 0.1 wt%ll E3#KEE; Dobrynin [17]F1BA(1995) B 45 & 45 2 BEE 5 5 G B
AR B 1 5 A AR D A R A, (R 9 A 2R AT B AE 2 DU A VE G - 4k, Ritacco [18] (2017)
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PR S SR R B 3 B AR P TR A A AR 1) T R AL 1) AR A5 BB A

BEXT IR A, AR SR T BT R I 16 AT EE R I R 48 [19], 454 Je i SLIe A B S
V4% Mo BAT e sdi PE[20] 3 HLSZIR T 5% 58 20 T (PVA) AN 2 T 0 M 70 V4 Y VRAE 95 /K 38 THD 3 25 BE AT N I
PRI . IS0 H & 3R 1 1R (CTAB) 5 B B 2R 11 & 14 77 (SDS) £ 0.001~0.1 wit%eifk i 71 il A X I V3R
Tk 77 B ey PR m) BERE DI, 48R 1SRG — I P ) B [R] 20 SE 0 e 0 1 A R

2. SEER
2.1. SEEaR

B WA (PDMS, Sylgard184). ZCHEFIN H £ Ml BT AR, EIEEE(PVA-1799 &), 1EC
B, T IR AR AN (SDS) TN kil = LR (CTAB)I B FilgZ midk, HE T /KBS0 =% .

2.2. H&EF&E

PDMS AIAZHRF(FEEAK)i% 10:1 W & L TR/ & R e =150, BE G (8 B2 T xR &t
AT AL, WERE AW RS, BJR KRS BUAE 60 CIAEE N InFAfE L 2h, 1933 1H Y6HE i) PDMS
TR

7E PVA it e b, o S HAE =8 T A /K h 7 i ik 938 51 0 B Bl 5, 3l I 7K s in s 90°C
PUIGE R, FRAEI R =IRE, BREEMEFIN B 518 PVA R, FERiR Ay se &inmi)e, B
A —FaE ) PV AR TG FNAE W . 9256 il 4 7 B 84350455 728 0.001%. 0.005%- 0.010%-. 0.050%
F10.100%f1) PVA VAW, LI AHIE 540304 CTAB A1 SDS & . BN, #1148 7 &2 50N 0.001%(7)
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Figure 1. SEM images of PDMS membranes applied on slides
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Figure 2. Schematic diagram of solid-liquid interface transverse friction detection system
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3. R5i1T1ie
3.1. PVA JRE 3B 4RI 52N

I FTIR el o B, PVA 5H ARG EA(CTAB Fl SDS)& & 5, 4 KAE T BE21L
(W& 3 Arzn). PVA R CTAB KRGV VRAE 2098.2 e, 2846.5 et 1 2927.5 cm Ak Hi BRI i 1
3 X N AR 5 4R B A B EE Y C-H AR 48R3 110 PVA Fl SDS R A 1A VR AE 2856.2 cm ™ Al 2915.9 cm™
QL) C-H a4 5hiIE LA 1637.3cm™t. 1461.8cm™, 1224.6cm™t. 1091.5cm™. 653.7 cm ™ £ 624.8 cm™!
Wb g, 5 C=0. C-H &iifi. C=C. C-O. C-N il C-S f ¥ EEHIHRBNA HK[21] o XLl ic U (1) AR A0 3R
B PVA 5 AR IE R 7R R & HAHEAER, o087 ISR 454
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Figure 3. FTIR spectra of mixed solutions of PVA with different surfactants
& 3. PVA 5REREEMTIR &R RE FTIR Si%E

AR EUT, PVA 2 FEEMAL T AR 70 EARAS, I T IR U TE R 55 a8 4 ) A IR A
BAEH, SR FEEMZ AL, MUY A 800 = 4E M 45 5 44[22] . EBF, PVA 43 F X R ITE M
FUIR AL SRR, H B SRS T MRIRRE 718055, Rl A 4EFR7E L) 113.5° M = /K-F
(151 4(a)), FRIIVEBO /KR H IR AL T 2h & PERIR A [23]. B PVA WREZEBI N, Hor1EE
IR N R A R gL, RERHEZRAET R, RN T INEERERERE. 7, X
AARALEIF PVA Bl B3 I 2% 1R 57 B 250 7 BEL S 2 T 1 700 o0 F (0 SR 4, A L VR i s 3 — i,
PVA 157 K 38 [F1 5 2R v 1 77U (A P Sk () SDS HIREIR L . CTAB (17845 Sh ) FE i 2 A A1 28 1
- A EAE, TR SRENEEY. X EER R ERA T RIS RIE S - KSR
R, I FEAR S B b BE AT ) 2 VG M 77 43 176 L e mHES, TG R R H 5K Ji[24].
X 0D AF ELATE FF 3@ ek B AR T ¥ P 77K S B SRR P (CMIC) A LA I Sk B B AT S B g ek P 9 T
B, WARIUNERMIKSIBE PVA IR I RFSE R R a3 . 1 24 3R G M 77 iR B PR A, HAE S b
R B D, TR SE A AME RS - KRR R %2, FEEH 0 IR SR T, Beful £ Bl 2 1
K, FEIK BT, JEIRE IR R BARE[25]. A 4(0)FTLAR H, BiEaE0h 0.001 wi%l] PVA 5
R i) 5 2 5 R T 3 1k VR A VA VR I B F AR AL B 3 . PVA [T 001 55 30 TV M 7 RO A e Sk 3 e 2B
FMIEAEH, 658 7 RIEIE TR/ S RS S, WK T Bl M. X T CTAB 1 SDS, P& H &
SIEURE N, Bl AR, 3K B RS TR A S b R B S R, IR I SR [26] . IXFhR B K
P 72 S TT R R TV 14 7R 43 T B R HEAR 7 2 O ARIR IS, SR T 1 77 A OICSE 231 T8 3R B
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Figure 4. (a) Variation of contact angle for solutions with different mass fractions of PVA, CTAB, and
SDS; (b) Variation of contact angle for mixed solutions of PVA with different mass fractions of surfactants
4.(a) NEIRES ¥ PVA. CTAB. SDS RikEMATN; (b)PVA ERERESBREEMY
FIR&RIRAEMATN

WEEL A() T AT HE, ISR 500 0.001 W96 PVA 557K A7 5k 3010 2 55 VUSRS 2 I B A
AR . PVA [I55> T0E L5 FT 5 MR e Sk SR AT AR P, S T T 5 97 T T R
S, NTGHIR T Befhf. #F CTAB 1 SDS, B ML SMIN, BB Wile(E, MR mE 1k
FIE ST L (T I S, TR

3.2. REFEMFIXHEEERENIRN

SEIG S T ARFEIKE N CTAB F1 SDS FETEPEAINT PVA ZK VTR F BEE SRS M . 45 R,
CTAB ¥ I 2 BE 18 1 (FK) BB A6 VA P52 (1) 388 1T . 32 38 i, 0.001 wit% CTAB ¥ Fk M 35.59 uN %1 0.01
wt% CTAB AW 53.48 uN (U114 5 Fzn). 4N PVA J&, 0.001 wt% CTAB 1 PVA JBA VAT Fk M
107.61 uN %] 0.01 wt% CTAB 1 PVA JE VA 113.7 uN (W1 5 FiR). fEMRIKREEEMET, RImiE T
I3 T ADRSIR AR T i, Heo K kIt 5 PVA B B Al v 3 il it s S S 4s &, ik R 4 )
1 TR AR SR . MR S 2 RIEAA 1 2 FLAE M, R AN B R TV M 79 40 5 K ) 1 55
T S G, RN BEHEE (20 0.001 wit% CTAB/PVA JE AT Fk~107.61 uN). B L1,
FEIE AT 438 B 7K B AR Sk B 0] P i v U B R T R A ) SR B, T BRI R 45460, AT 3 B0 B
ERINEEMG T, WIS ), AR TR EEE ), R T IR AV AR E

X1 SDS i, Fk G WL (3G i 2 2 5 b0, AL 0.001 wit% SDS ¥ 36.4 uN % 0.01 wt%
SDS Al PVA JRA VAR 170.6 uN (114 6 Fi7R). Fk/Fs HLAE RIARL #4345 CTAB 25180, £ B SDS 4» 1~
B KEES PVA 70 THE I BRI X Z WA AR, E#ET SDS 43 FEZS - /K S Lkt B
% SDS IKRFERIIG N, XFHRFE R EBA R, ST W EEE R E G .

A 17 R4 77 R AR AN e 34 5 3 TS PR A ST R BRAT B UIAR DG . CTAB A1 SDS A8 B 1L T
TEVER, o AE ST bR B B B R A i i, AT S SO ) R ) RN . e,
FkiFs LUABERIARAE— DR B, FRITE LRI A IGO0 T S RE B 77, 38 BC 7 5T 0 BE Rk
453 B 0 5 75 BE 5 03 2 A1 1) 22 S BT ek /)~ o

S
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Figure 5. (a) Transverse friction of CTAB solutions with different mass fractions; (b) Fk/Fs of CTAB solutions
with different mass fractions; (c) Transverse friction of PVA mixed with different mass fractions of CTAB; (d)
Fk/Fs of PVA mixed with different mass fractions of CTAB
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Figure 6. (a) Lateral friction of SDS solutions with different mass fractions; (b) Fk/Fs of SDS solutions with
different mass fractions; (c) Lateral friction of PVA mixed with SDS with different mass fractions; (d) Fk/Fs
of PVA mixed with SDS with different mass fractions

6. () NEIFRE S K SDS iRRBIEREE1; (b) TEIRES ¥ SDS A KHE) Fk/Fs; (c) PVA S
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3.3. REEMFIXIRE KA

¥ CTAB 5 PVA JREHT, WK 7()fR, IBEVEIRTT TR I LR CTAB WREAK. XKW
PVA AAAERE— P18 T CTAB TE - /KSR, 2T PVA 5 CTAB Z[AIfFAH BAE AR 1
CTAB 4 FEFHIHES], AT A RO PEAS 7R 5K ). [FIFE, & 7(b)f@7r T SDS il 3R HiK 71
b SDS JFi i/ Huf it ke . SDS 1N B FRIENS TR, HoTHrBsKERS PVA 4 FHEMETK
WX 2 (B FIAH EAE Rk T SDS 7 FrEZ < - KSRt LRI . B SDS RIS IN, X F i R4 H
WA, ST REIK I EERFK. SDS 5 PVA JREEIMFEE K /1. 54 SDS ALk, SDS
5 PVA IR &AM T K A1t — B BRA%, #iltn, 0.001 wt%f) SDS iAW i 5Kk /1 M%) 69.82 mN/m [%
%5 0.001 wt% PVA JB& 512 53.63 mN/m. X —ILGEH, PVA X2 i 7 7E 5 i e b (0 2
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Figure 7. (a) Variation of surface tension for different mass fractions of CTAB solutions; (b) Variation of surface
tension for different mass fractions of SDS solutions
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