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2 % £4 P89 £54 2¥A polymethylmethacrylate(PMMA), poly vinyl chloride(PVC)$} 354 2% aluminiume] ¥ water, glycerol,
formamide, diiodomethane, 1,1,2,2-tetrabromoethane, 1-bromonaphthalene, acetone, chloroform, benzene, ethanol® methanol#9] H%7& Washburn?!
% 718e2 @ wicking¥o® 2Rk XY, FEo] e Lol AWBAA SDS(sodium dodecyl sulfate)st %o}& AWEAHA CTAB(cetyl
trimethylamonium bromide) & A#e] F%2¢ A9 47144579 249 W22 0226 Zisman plotS A3l YARHRRZY 7.5 9=
sglen, sxd ©e AWNBYA SDS% CTABS4 N e] H2740 2 2E adhesion tension plotE A3 ycE 38 QT. $719H, ABSHA
SDS¢ CTABF8#9¢] thald 23 PMMAS yc= 22 435, 28.3%} 362mNm_1°1“1, EA PVCY yce 47 42 2807 348mNm'3te ALt o
258, 34 ZW9 H443 Aol ARG ) Hrlo] o Mgy & 4 9ot 58, 349 d5Foz Ry 239FAL A4sd 7 14
o FEAFAUA, rsot 2 AR FES BASYUY

Abstract : The contact angle on powder hydrophobic polymer PMMA (polymethylmethacrylate), PVC(poly vinyl chloride) and hydrophilic metal
aluminium was measured by wicking method on the base of Washburn equation for water, glycerol, formamide, diiodomethane, 1,1,2,2-tetrabromoethane,
1-bromonaphthalene, acetone, ch]oroform, benzene, ethanol, methanol, and for anionic surfactant SDS(sodium dodecyl sulfate) and cationic surfactant
CATB(cety! trimethylamonium bromide) aqueous solutions with concentrations. The values of 7¢ estimated by Zisman plot and adhesion tension plot
for contact angle with organic liquids, SDS, and CTAB aqueous solutions were 435, 283, and 362mNm” for PMMA and 442, 280, and 348 mNm™*
for PVC, respectively. From the results, it was considered that wettability and characteristics of solid surface were transformed by adding surfactant.
The surface free energy, 7s and its components of PMMA, PVC, and aluminium were determined using harmonic equation.

1. 2B o &ol& AWBAYA SDS(sodium dodecyl sulfate)S FHA|7 o
2W F29 29 SA4% AU BE AT7E £Ra%ET, o
TAHS EWE hydrophobic(4244)3} hydrophilic(¥14:4)2.2 RRE ARBEAS FHoe ) B2 FAARIYA} 2
A WAtk Hydrophobic ZAE ZEas Ada7] olde a8c 238 A2 £, 19969 Luner & 2o @ &3
SA71(CHenn), #'27)(Cetls) 5 8449 287 (functional) & A2 g 2549 C1-976(2,2-dimethyl-N-[2,46-trimethoxyphenyl]
IFT Ao, gRee uPA 2do| oyl sgud dodecanamide) B8l SDS, AOT(dioctyl sulfosuccinate), Tween
Hydrophilic Al 247 FelA 2EAste) Atolo] AYS we 20, HTAB(hexadecyltrimethyl ammonium bromide) 59 AW
7l A& SEZAY)(OH), 7+2%A)71(COOH), ohul:7](NHy), # BA FRo2Rd uAY Y4 P 75 sysgon A
E71CO), €&7ISOH)E EHF oz yriy 34 B2 1 374 ZHo2RE ni9 FUAGIUNE AAse g BN
glass bead?} o}719] 43t} £, hydrophobic A= A duix] A3tE d5eAnH3).
(low energy)E 7}X19, hydrophilic A& 3 o1 =|(high energy) A A de] F44E FRANT GM AEHE Aug
€ 73 gtk ols} o), hydrophobics} hydrophilic ZAE % BAE AFRYAN A4 g4 B FHozny gg
WHoe) W AEE 7422 ok A2 hydrophobic Tl tE AR 8 ERAcollector) 2 AHERT. AVBHA Sgole
29 A 414 (wettability)& Z7}A1719, hydrophilic 24 Aoz 4 Aw) 4% =(Critical Micellar Concentration, CMC)olAHel A 7@
FH 2S AAN) Ad HAHE ANgYAY 2o g A A R 72 qBo) A%7178 FEo] R M
W A7 Bes +Y5n Uk olE AZ By A= 98 71g E%0% I3 & FHZ YASE ndojg= 2ol
35 5 A A Boe] AgE3 9} AAE AL o2 AF, ANBAA B2 AW T3 ¥
Pyterg& ®IS4 AU PF(paraffin)? PMMA (polymethyl- #37] W&ol of 79 243ke] CMColN Ad was Yo
methacrylate) EWA  AUBAA  C,E;(penta-(oxyethylene) 2tk olgt o], CMCelstst ool A AWEHA g9 S4
decylmonoether)sl FR02 of7|slt 2A9) AN EW 54 S A B 444 % B9 B4 308 982 9 e
oF 2% 478 FHAYH. Jancak 5L o2 711 B2 W M, Hydrophobic-Hydrophilic 24| dfs 5= e Augsy
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Fig. 1. Contact angles between liquid and solid surface.
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3.1. &8 Az

-Solids © HEZ o] ALY 2 Hye 244 2Rz Glass Tube
PMMA, PVCQ} A44 24 aluminium® AldrichAl, $3HF)sh
A HHFEEH FYsdth 4 B4 PMMA, PVCsH
aluminium®| %;5 EZE GALAINS CIS-1 95 247z 23
gyen, 1 Zx22g ¥4 PMMA, PVCS aluminium® =3
HErt e $HFL2 450m, 77.0 mst 160 me) Ao] THolsgy
9. =23, 4R F2Re 3% du4e Agstd B3e 4y,
PMMAE ¢33 7R%L 7140 PVCY aluminivme E7F93
ke vehgic,

- Surfactants 1 0 AMBYA SDSS Fole AwBAA
CTABE AcrostZ3E T3t ARBYA S840 5eiz
2 %2 6.8x107° ~ 0.2mole/ ¢ 9 FE WA pHE 552 o

Powder

T~ Vessel with Test Liquid

QA st ringW S AHESt] AT AUSAHA SDSe — B

CTAB &4 QA AFsTE ARGAA $899 =5(C)o] — 1

& HUEE( 5 )32 AA 0}9\1001 Z+7} 8.13x10 *mole/ £

b 9.34x10 7 mole/ 2 & ATk ol FHA[12, 1318 A9 9 ILiﬁiﬂgSwge
e o & ol\;}.

‘Liquids © & o|eu87]18 343 255 NS ALl Fig. 2. A schematic diagram of the experimental set-up for
= 9 f%o}&i Mgt om, 424 (bipolan) AA 2 glycerol, determining the contact angle of powder.
formamide, EAFYA (B FAHLAERAN BRSOl 245l o)

Balde)] A7 dge W= FugY o] Az gg di)zs Table 1. Measured Values of Contact Angle with Organic Liquids
diiodomethane,  1,1,2,2-tetrabromoethane, ~ 1-bromonaphthalene, for the PMMA, PVC, and Aluminium Powder Samples
chloroform, n-hexane, 4 (polar)2} 4| 2+ acetone A}-&3gth. contact angle,
contact angle, degree degree
3.2, Ag Yy Liquids PMMA  PVC Liquids  Aluminium

CERAY  AEL Ao 4" FRe g2 AUz - - " 5
SDS$t CTAB§99] EH##e K-12 processor tensionmeter Water 805800 2.3(87.0 Water 47131430)
(KRUSS GmbH Co)& AH83}e] ring¥goz Z4stgion o Glycerol 710 670  |Diiodomethane 850
Wzt goe] WEe} MEE K-12 processor tensionmeterst Formamide 62.2(64.0° 65.0(66.0)°]  Benzene 67
Ostwaldg A E A3t Z48AT) o] ring$d-e v A Lo Diiodomethane 460  350(36.0)°| Chloroform  25.3(26.0)°
dzg WFom wsolz ringS BA o FHOZRE Zo] 3R 1,1,2,2-tetra- a o
& W 42E GA7 FolA gold el Pl o) Yol bromoethane 0000 Aceton 264C70)
EE AYL BCAAN sysigon, o2 A2k ga) 20 1-bromonaphthalene 145  100(11.0)]  Ethanol 41.1(41.00
ol ddstel 1 WIAE Ak AW EHRY A= Methanol ~ 43.3(46.0)°
1% oljojch, v7]°—‘,‘1ﬂe-4 FURE ge 2dA)RE A4 . ]

At} ) * () reference value measured for film PMMA and PVC[8].

() reference value sured for powder aluminium{14].
-H&7 B4 PMMA, PVC% aluminium® HZ7he K-12 reierence value measured for powder aluminium{

processor tensionmeter(KRUSS GmbH Co.)& A8t wicking

WoR Z3edn. A PVMAY 24 Zxar) 99 gz 4 2N X IF

2ol oA frel El2 3 WA 09cem, ¥l 60cm? 975 )

Bgo 2 3HBE AR08 1509 242 35em h:o]i 22t 771%5e| Mz

FHAGG EA AE AEE A &) A S 24 chkmg%‘g AHgstel &4 PMMA, PVCS} aluminium®} ¢4
# Yz B2 23R A7bsw A o3 2= PERERS T°r?4 z Z Al dl el Aoz AHA A4 o2 Axrsrd o}, o] FEzEE
ARE T FEARA 2AAZ tee 2Az 497 PMMA, PVCS} aluminiums} #7194 53ke) 222 Aj7h] uf
FUBE WY YEAA, A2 92 934 49 Bos g4 © 099 A IR BHEIE 24 @ 99 Avsgien, 2
FAT UHE ke dAe) A2 A AR A2 232 Table 19 YehNITh £, Fig. 3] 23 aluminium}
Al Z&E Fig. 291 Uehiaick 55 G 5CAM 359 71 HAET] m? vs. tBAE EPRATh Wicking'gol & H
3, 222 HAH7) A8 ARe 242 oW o4 EHam BT 57 334 A= 52 dAE Z0] Brb5EEE, Table 10
& Aspch AN E4 PMMASH PVCol théh glycerold] HE2e 2a)[g]

J. of Korean Ind. & Eng. Chemistry, Vol.9. No. 2, 1998



180 i%\ﬂl‘ -

2.5
[ e Ethanol
s Methanol
I a4 Hexane
20 . v Aceton
& Benzene
e Diiodomethane
1.5 |-
b0 I
1.0 |-
S+
0.0
0 60

t, sec

Fig. 3. The wetting results of the aluminium powder sample in
various wetting liquids. (symbols : experimental values;
lines : calculated values from Eq. (8))

2 Agstgdo. EEolA wxol ¥4 PMMASH PVCe 23l 4
zzte P&zt R0 ALE f7IAAE uig w2 &e 2R
£, ol PMMAS PVC7L B34 netel 44 & 77 AE
ot} ¥4 aluminium® 29 A&7 473°2 PMMASH PVCel
Hjg) e ghe 7HAE, Zugd gel we frldAEHe &
zte Wiy 2 g 7R, o/t aluminiume] 2 oA A
2R 7 oy WiEelth £%, gEAE zAS F714A
23t EQG AaAEo2 opldt BATZS: nAG A
28 A gt e gL Mg ¢ 5 vk & 2gAe
23 PMMASH PVCst £3¢l vt 2§ Fee] PMMA%
PVCS 71045 e HE4e 49 o4 e WelA /A
ot 4 glom[p, 8], ¥4 aluminiume] FEZAE ERA AL <
AL & ¢ A4l

4.2, BX AHEAN +8U HEY
HEZ 240 AHLE FEd @ gol2 AWSYA SDS%
otol& AWBAA CTAB #49o ZAFH @& Fig 49 Y&
Wk 2delH B5o) AB2wd A SPSs} CTAB #4949 &
Wgge CMCAAE Moz 7astrl CMColddME o
2 AAE e 7hRch CMCAA ARZAA SDS$ CTABS %
Aol geARL 247 298 mNm ‘9 406 mNm ™' & Ak
2% PMMAS PVCS 54 mE ol AWEAA SDS ¢
gozte] &AL A A5 c A9 M4 AFUSZFY 4
® s AdsAct. 4 PMMAS SDSFEAHY] m? vs. t
BAS Fig. 5ol Jerdch 2gozRe AUEAA FE7}
Z7lstm EUAY gol AATFE Azt ©E AM FFY 7]
277} Z2718e & 4 g, ol ARNYAYA SDS FEA ¥
7} Z7 a2 23 PMMAS PVCer HAAel ZFrtstr] o
olt}, wela, AREAA SDSY Artz d8) 24 AFHE 7t
A PMMASH PVCshe] RAAT 4580 Z718He ¢ 4 Ao
2z PMMAS PVCSt =] wE SDSTgoxel HFEAL
m?vs. t plotd 71&7] gezRE AMdstd Fg. 69 Jehidl
C el BEo] BEzZte AWBAA SDSTE A CMC7HA
AR gast CMColAAME 23] #28E ¢ F 3
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Fig. 4. Surface tensions of SDS and CTAB aqueous solutions
as a function of In C.
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Fig. 5. The concentration effects as a function of time for the
PMMA/SDS system.

o AWEHA SDS F&e CMC( 7.y=29.8 mNm ™' )4
PMMAY H&7e 730°08, PVCE 85.4°9 g& 4, o
22g PMMAZE PVCH T HAldel o 88 ¢ & Atk £,
SDS 44989 %7} 0.2 mole/ £ ( yiv=28.3 mNm ' yell 4] PMMA
= 9" HA(@=0°)0] o|FoAY, PVCE 3H5°9 HEAE @
202 %A Ao o]Fo|xA && & + Sk

24 PMMASH PVCe %0 m& Yol AHUZ4YA CTAB
sodzte) H&7he A4tsidch Fig 79 £4 PMMASH CTAB
Fgaite] m?vs. t BAE YRS, Fig 8 ¥4 PMMA
ot PVCY ¥Eo| @& CTABF&Y3e HE7HE Jehidh
ageld BEo] HEZS 7+ BEAld did] &0l AdWEAA
SDSS&F nlaztAE ARGAAA CTABFE4d9 CMCAHAE
AA3 gash), CMColAdAME 343 22%e & & ot
olg} o] ANBAA F&oo] WE £3 PMMAS PVCY A%
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Fig. 6. The contact angles and work of adhesions vs. 7., measured
from the concentration changes in SDS aqueous solution.
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[ ® 6.9*10° M (y,,~58.8 mNm™')

SO 25010% M (1,,=50.9 mNm")
F m 2.5*10° M (y,,=37.3 mNm™)
[ 0 5.0*10° M (y,,~36.7 mNm™)

“Ta oosM (¥,y=36.2 mNm"'
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~" 3
E i
2k
A
0'0' P NN NN TP PR AT
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t, sec

Fig. 7. The concentration effects as a function of time for the
PMMA/CTAB system.

e @A AUEAA Byl 24 Fde FRFozH
4 ZEA ZWo| B FigLo] Frlake A5A THow
eyl Meez sHgoAnt 3, B4 auminiumd 5%
e ol AWGYA SDS +493e] HE2AL ANEHL
o, Fig. 9% 109 ¥%ol @& SDSFEAT  aluminiume)
m’vs. t BAS FEZAE JehIAT AREEA Y E=r) 27}
55 71877t Basgon, HERL ANIYA F4d9
CMC7HA & HA3] #4ashy, CMCol A E F235) 2718t
o2RE AWEAA SDS 5849 CMColdIA A4 alumi-
niumEHo|] 7] Aaargoe] gaste 254 EHoz Wl
5 ¢ & Yo

¥4 PMMA, PVC% aluminium¥ AREAA SDSS+ CTAB
FEAF} ZAY HEAozny FIU(work of adhesion),
Wag 4 (OF Audstel, 1 43 Fig. 6, 8% 109 27 gt
Wdch.

r& alot
2

_-&rE-hJ?i
N

100

30 |-

W,, mNm"

20

30 40 50 60 70

Tovs mNm™!

Fig. 8. The contact angles and work of adhesions vs. 7.y
measured from the concentration changes in CTAB
aqueous solution.

2.0
[ @ 69%10° M
L O 25*%10* M
- m 8.13*10° M
15 o 001 M
- A 005 M
[ 4 01 M
G |
wr 1.0
= i
51
0‘0”. PR S S SN RN S N S SN SR SH SR S
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t, sec

Fig. 9. The concentration effects as a function of time for the
aluminium/SDS system.

Wa=7Lv(1+ cos®) )

Fig. 63 894 HolRol w, & AW SDSS CTAB $4
o TE7t SHEFE ZasE CMCoAdNE 2713e ¢ 4
Ak o] CMColAA ARBAHA F809 5, = AR gt
7HE B9, 52 F43 Zadgy) 98 Aoz 2w
ok %3 Fig. 10004 24 aluminium® AR 842 SDSS-4 o7}
9 FEF F7HREE AA3 #asitsl, CMCol e A
sk, ol CMCoAe 5& 594 aluminium &
2 H3ld dZE2Ze] F7haldrl W o),

4.3. B&ZA2(adhesion tension)

A PMMA, PVCSH aluminium¥ %% @2 gole Aug
44 SDS% ol AUBAA CTABH 234 FZzgozy
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Fig. 10. The contact angles and work of adhesions vs. 7y

measured from the concentration changes in SDS

aqueous solution for the aluminium powder.
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w
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Ny r —O— PVC-SDS aq.
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—O— Aluminium-SDS agq.

Yoys mNm"'

Fig. 11. Adhesion tension vs. 7.y measured from the concen-
tration changes in surfactant aqueous solutions.

€} Fig. 119} adhesion tension plot( (7ivcos®) vs. 7v)& WERY
Ak 2o BRol ZF EASt AUNGHAY Fiel wet &
B%S MR EW, ol 1A EW o3 AREAA PAEY F
2 Axet 727t f27] WEolt 4 PMMAS PVCHl dig
AREAA SDSY CTAB 8 A7e] HEZH( yvcos0)2 AW
449 F=7t 2718l RUZY o] AAEEE A8 F7t
a7t CMCOIAH 7v.sps < 29.8 mNm ™', 71y cran < 40.6mNm™')
qx 523 F/HEE ¢ ¢ ok 24 PMMASY ARZAA
SDS F4d 2A PVCS AREAA CTAB F8&%39) ’“ZUQ'
& ARNGAYA SDS% CTAB F499] yy7t 27 283 mNm™
9} 362 mNm™! oA wetting line( cos®=1)T H3}A At} o=
Re 24 PMMAS PVCE 77 A8 A SDSS} CTAB 4

A9 & FEAA W Ao olFlPL & & Yo}, ¥A
PMMASH CTAB 449, £4 PVC¢ SDS 899 Z“‘”JE—”-&
$2 SEAMZAT 98 Hdlo] o|FolAA ¥8e ¢ & Uk

A8, A9 A A2 35, 198

=z

- QJu]of

| —e— PMMA-SDS agq.
- —O— PVC-SDS aq.

- —m—- PMMA-CTAB aq.

r —a-- PVC-CTABaq. 4

6 A Aluminium-SDS agq. ! Q

6
FSL , mole/m? /10

InC

Fig. 12. Adsorbed amount at the solid-liquids interface as a
function of In C.

ol ¥ PMMAE CTAB #8945t} SDS +89, £4 PVC

SDS $49dutt CTAB 4443 o 2 F&57] o
2790, £, aluminium AR A SDS9 ¥Est Fhs
5 483l gage ¢ e, o A$4< auminum

Edo] AURYA SDSS FHLE A3 24
Z7}o] Hat F7hsk7] wWEolth

¥4 PMMA, PVC% aluminium¥ AR#4A SDS$t CTAB
Fgazel AF57oz 4 (6)9 (rveosd vs. (InC) plote] 71&
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Fig. 13. Zisman plot for the PMMA and PVC powder.

Table 2. Estimated Value of 7. by Zisman Plot and Adhesion
Tension Plot of SDS and CTAB Aqueous Solution for
the PMMA and PVC Powder Samples

Table 3. Values of the #y and v from the Literature[S]

Organic Liquids Av mNm™' 7y mNm™' 7y mNm™
Water 218 51.0 72.8
Glycerol 34.0 30.0 64.0
Formamide 330 190 580
Diiodomethane 0.4 0.38 50.8
1,1,2,2-Tetrabromoethane 497 00 497
1-Bromonaphthalene 44 0.0 444
Benzene 2.7 17 284
Chloroform %7 16 215

Table 4. Values of the 7§ and 2 Components of the Solid
Powders Calculated from Eg. (11)

Zisman Plot Adhesion Tension Plot
Polymer Powders —
Organic Liquids SDS aq. CTABr aq.
PMMA 435 283 36.2
pPVC 42 280 348

PVCO y gt& Table 201 Yehllen, 242} 4359 44.2 mNm ™!
& A3tk o] 2AR2RE v 2AY B TR JEs @
TA7E P 28R 4= 430~450 mNm ! 2E MRS
4 4 Aot EY, 24 PMMAS PVCY %o mj2 74]""2“21]
SDS¢t CTAB£d7e HE27 2HogRy ,.38 2359
ot Fig. 119 adhesion tension plotol 4 wetting ]me»} ‘?}Urr:
rwE rcet ROt ol RE oEd g Table 201 Yl
WAL =Xl HEo] 5 PMMAS PVCE %o W& Aw
44 T8ty HEZoRRE 2F 4 Zo] f7]AH e
HEA0E o5 g o ke, o) PMMAS PVCY 4
FA W FE&A Fof AWBAA B 25477 FF u)
detn AWEYAL A4A717F 2 W RO R wjdso
3o F3EE F/MINE Ao AT 4 glon o)z 9l
A HEFZe) ity Wt = AUHor FasA H:
103 Heltl E3 dzg oz RE Lol AWIAA SDS
AR S W BT ol AWM CTABE A43lde
o &y &8s YeEh: A% ¢ £ 93, o] CTABo] PMMA

Y

=T

4.5, 12| FHXIFOL{X|

7«]] PMMA, PVC$ aluminiumol th3t §7]dA55e 249
te 2 2 ARsET 2AY A4 AU} &
2 oAt AREF0l2E A st Wudl 938 A
TN TNE & AAsded A 1007 206 8 18

N

2 ox mt
i He e r-{n:
[o

Solid Powders Liquid Pairs 7§ mNm™! 4 mNm~™' 75 mNm~!

WD 365 523 417

WT 433 421 475

WB 430 425 473

GD 365 401 406

PMMA GT 433 2.32 456
GB 430 240 454

FD 365 275 393

FT 433 0.76 441

FB 430 0.8 439

WD 415 428 458

WB 437 397 477

GD 415 405 456

Pve GB 437 349 472
FD 419 043 423

FB 437 001 437

WD 181 347 52.8

Aluminium WBe 236 308 44
WwC 20.7 327 534

W : Water, G : Glycerol, F : Formamide, D : Diiodomethane,
T :1,1,22-Tetrabromoethane, B 1-Bromonaphthalene, Be : Benzene,
C : Chloroform

d d n n
7LV 7S YLv s
= + - - n n O
ra=rvtrs—4 riv+ vt 7s 10
SV, A 0k ne 4 At el v2a 24 &
otk 4 (V3 4 (10& 2FH 4 1DF & + Utk
A A Ay R
yiv(cos @+ 1) = 4L g Ly 78 (11)

Yiv+ 78 v+ 72

¥4 PMMA, PVCS} aluminiumel] tha] ZA-ul2x a4 %9
T A9 &7 ZHoaRy A9 49 F AL oz
A4 (DE AHEste A o 28 ZASAT A QDo) AHEE
T Avs Avde FYABIZHE Table 391 UehiQth Table
4 A ADEFE 229 24 PMMA, PVCS aluminium® 7,
A% A &S et SN HEol RE B9 L9 1
HEES AHEE A4 B9 426 wa g2 e 9dd 23
PMMASH PVCE /7t AET ol 2 g2 /X =g olzyy
AT ¥[34 44& /R nEAIS ¢ 5 A 23
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