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. Du Nouy Ring Method and Wilhelmy Plate Method
. Spinning Drop method

. DYNAMIC SURFACE TENSION

. Maximum Bubble Pressure Method

. Drop Volume Tensiometer

. Contact Angle

. Sessile Drop Method

. Wilhelmy Plate Method

. Powder Contact Angle
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Haist @ AriA 24 SAYH

==

FE LEE Z1AF AA A dAx Yz A HAF A7 &
(phase)ol Tigt o237 o|F AZF3r] A% s AP UdeF ey
Fo| e BEHAY (Surface Tension), Al B4 (Interfacial Tension) 22|32 3z}
(Contact Angle)& ©]€3t EHo| 32| (Surface Free Eergy) &< &Hste o7t
A dre] st g =8r| 20

FuAE s AUAYEE SFHse HYde FFH(static)FAH LA F3(dynamic)
ZAura o] EH ¢4 HAH(static)d FF LA tsled A& =3

1. Du Nouy Ring Method and Wilhelmy Plate Method

fEE AMEEL ALz xUAY ABRYE FAJLSH 7HdE
¢4#7Du Nouy ring S AEFE Folrh ol oln] 47 2 FH /e
of AlgHE WHoz AAAZAT A HIAPI $5F HAHo=E rHde
AHE-E I QlE W ol

Ring MethodE platinum 3-& platinum-iridium& AMEA D= ol&
olgdt EAEo] B ouiAgle] vlgEol ofd gAotx o] FEI
Eolr}.
Ringg do] ¥20g A3 Folgdd 53 22 Ego] vehdth (Fig. 1)

Ring made
of Pt-Ir

) 6 = contact a




°] Ring& 34t A== P42 olg k2 th(Fig 2)

8=0atF=Fp,,

°f 2™ BXo] MM3 FPo ma yaze = EAHT Hue
(Fmax)e]l E23AHE HE2L 0o 7} A o)ghs T sty xAgy
o %o aAd

2 o} 2 (Fig. 3)olA B%Eo] F19 3 (Fmax)dl =gge 3¢ ¢
AHE MEEde NFY RE AR Ao o3 Zguz dol ddegA o
o olgE BAFrT FGF FUFY e 2% 2 At

Air - Liquid
Interface

V = Volume of liquid being
weighed at F = Frax

THEE JBY S4e A% BIWY 24 olge 2o,
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o]+ Harkins & Jordan equationdl] ¢t RA=HT}

Fmax—Fv _
0 = T . cosd , Fv = gVipL - pa

Wilhelmy Plate 222 ZTHZHE 434 Y4 E Platinumo 2 o)
2 ZAALZE 5 %9 plateE AMEETH (Fig. 4)

Wilhelmy Plate Method

Plate made T F = Force, mN

of roughened Pt

L = Wetted
Length, mm

Air F - Fb

o = L-cosé@

Liquid

8 = contact angle
6 = 0 for most
liquids against platinum

ol FASE F¥ol w2 U YXHEL RHS & Yt YT E Ring
Method ¢ 22 EWZe] F7o Be BHARE FUL ARNAA 91 A
$Rez 24T & vk T o P RegeldE FUEs} Dojqmz

10mN/m 9] gtolslol A+ Ring A& =R FEo}

2. Spinning Drop method

Spinning Drop Tensiometer ¥ 10° ~ 10° mN/m A E9 o}F mAs AN

< 5387 s 593 ndd J7124 olE =Y Deep Drilling & Oil
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Extraction Tedchnology Institute of Clausthal Eellerfeld| 4] Tertiary Oil
Extractiong 93t 7ja= ).

o] SAYAE 71EHeR 14502 A AFL FH gL ux et
© Aol 7]z th.  ololwE Dense Phase’t AU S do] 0 HA G

FAE o8 n402 JAANPOZH ololodhe] Huze) watoz
de 29 9359 A8H HA5 59 e AT gASnZH AR
(Interfacial Tension) ¢} & AT 4 ot}

2, o] AWEF WP Lol 4 Pols} A AE BT 4w o]0l

T AEYE SH0] Jbedt. T o)\ FA5o| olgE wle(41) o] Hx @

oX it
Ho9

o
-

o

~
ol ZFAM Capillary o FAEE, 2%, AEx, J7e) AL Add
o & 2HE BAZ Ao} (Fig. 5)

Heavy Phase, py

mmmm; ‘
7 ’ / A

Light Phase, p, Capillary Wall

Spinning Drop Method of Interfacial Tension Measurement

= Kr'o® (pu - py)

0= Interfacial Tension

r = Droplet Radins

@ = Angular Speed
P u = Liquid density for heavy phase
PL = Liquid density for low light phase

1]
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o

o]2]$t Spinning Drop TensiometerZ ©] &% WA 0 2= 5mN/m o]3}e] Zrut
7

$ol= Du Néuy ring 5L o] &

of
-

Hol A5saz o] olabel % WY

of FAskoof #rt

3. DYNAMIC SURFACE TENSION

2 #9743 (Dynamic Surface Tension) & A Z¢ Interface’t FAHUL
o, A=A gas/liquid AHe] MIHEE A= Ao
AeHo2 FVFHL F4s Du Nouy ring ¥4olik Wilhelmy Plate4] &
EHo] Y (equilibrium) P& AAZ A gt}
Du Néuy ring 3] AHAIES AW Aeirt 38 Zelz gojop st

Be

Ag AR Bohs A9t Ak F ool E 242 5k ringe Ao
del 942 A e 39 £58 A T EAZ fot, ARg
AAZL Bl Qe AAY A% AVLAAS A2 A4E EHOE o|FHuz
LS :

Wilhelmy Plate 42 o]2]dt WM ring HA BT 953 FAL 223 9
o H] % Plate’} gas/liquid interfaced]l ¥ & E9F YR HoZ P2 FHo
FAdol AAT 2HEFRL HPS FASA 9. 2822 plate Methodol] Al
% ¥ (equilibrium)oll =23t A1ZHS ring methodol A 2o} 108 o]4 wW=A R
RR2A=3

€A% surfactant= AlWo] BArstEdl AFE 23th o] AW (Interface)
e ABEEA] A0 AHsn AE FAL Fdhe] Hro FHoYxR
(Surface Tension)7} HEZ % WFAACGER Y AzHE
729 Surfactantel Al o123 A4S B2 T2 94 2x yo] dojyr}

VAT AVLHAZ AL THE surfactantith DA WA Fabz g

HE 3t Boh w27 A28 SurfaceE WA E ),

(o)
ne
tio
oft
o
X
i
i)
L
@
ok

o2
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Dynamic Surface Tension®] 71&& o]9} Zo] wa ) WEsle e 2o
ATl A% WBgeld. oy dArse Evaluating Surfactant formulation,
fountain solutions for lithographic printing ink, Pharmaceuticals and agricultural

Spray formulations%ol] Z-&¢] € 4 Qio}
4. Maximum Bubble Pressure Method

Maximum Bubble Pressure Tensiometer Teflon®. 2% WZ o] 1.0 mm d Ha
A2H gas® FFHA FE A zgn TPn= *EE ZA3= Pressure

Transducer 2 T4 9t} (Fig 6)
0-30 psig
5" x 0.005" 1" x 0.005"

50 psig @. il ' @'|

$ $ 1< $ +
On/Ott
1/8" x 4*

Ven1 8 “x 0.063"

2" x 0.031" TFE —\ Vent
vema  lem_77"7" =1
emA M Pressure Transducer ]
O-1 mm Kg, Full Scale l
116" x 0.031” TFE 30 cc Beaker Reset, C l
{unless noted) l
XYRemvderD———————. — )

Electronics

WYL TeflonBL Ao Ax e Hol2 AITE, gasE BE By 23
A €

1A Fo=M #A Bobhleo] HAF 7] Al=atA =1 olu) WIEHE gaso
#¥E £33} @v). o]2]¢ Bubble Pressure Tensiometer gas®] ¥FZFE A&
o2 AL #F ¥H B 4374% 23 & 9o dHe A&EHor
FHUA Gas® FF8 FW AANZ B Liquid Gas Aol Aol g9 o
#el Tt wE AWE tubeols T ol i Ho, oldutzl ¢t=d
bubble o WA ezt Do Huz Zs1sA @Y. o Hl U (Pra) &
surface Tension# ZH A @A} g},

e
o

%

rlo
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F43tA €& bubble2 ¥ H A

flo

q71X gasE A& FFEA I¥E o=
o). (Fig. 7)

Maximum Bubble Pressure Method

Pz Prax Py

Pressure

Time (seconds)

2 o2 339 4HS ol YdstmEa F9 e ge T

< bubble rateE ZH¥ 0 ZH surface aged ZAd 4 ru}.

(Pmax - PO)r
0 d = 2

°tel ¥ 2(Fig. 8 Nonyl Phenol EthoxylateME< ¥%o] uba} Dynamic
Surface Tensiong 3% Curves o]t}

°f ™A BXeo] ¢53% B bubble rated] wat W8 FHAH W)
dolutAl Ftth a8y Surfactant® ¥ T} Z7b3te] wa) Dynamic Surface
Tension ] gke] A3 #23e & 4 Yo},
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Dynamic Surface Tension of
Nonylphenol Ethoxylate Solutions

/‘ 0 mg/t l

,

75

<D
w
1

1000 mg/L

Dynamic Surface Tension (mN/m)
N o
(9] (9,3
1 1

/// 8000 mg/L

CMC =33 mgiL

35 T T T T T T T 7 T T
0 1 2 3 4 5 6 7 8 9 10 11 12

Bubble Frequency (Hz)

CMC #(33mg/M2) 38} )23l o] Sozk Ao et Surface age 1/2 =
o] EUAEL B4 656 mN/m 2 CMC Value 28mN/m Bt} Fujoly #xR
=4 vebgoh

471 B0 surface o} $H-E& FAZA glo] N Jgke =)
@A 1/223k9] Surface $9%L Surfactant® 37} EA1g o gas/liquid FWof W

FHANE sted FET Aol Hx Ear) o]9} wWkHo| Static Surface
Tensione Surfactant7} BH4elo] =&sl=d 223 7)7to] 9= Surface®l A
£33}

hhE BAke Ane A2 Aol ATl wet NPsA JRe Broe

.
o
o

o

13t9 &uratAu AA7h gle ABE Surfactant?} 233 wEA g

AWML, & 5AY, N2 Surface FAFH LS QEEy 228 5 oo 9

471 19X B Xo] Static Surface Tension(CMC) %% (28mN/m) Dynamic
Surface TensionBH o2 Taslzi®l Hojx 240u) AT 9 X9 Srufactant”’}
283t o AfdE g Eix = < 927FA 9] Surfactant® Edtal= A
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5. Drop Volume Tensiometer

Drop Volume Tensiometerv Dynamic Interfacial Tension
"o}, F8] Bl Denser liquidE ¥ 1

o
¥
oxl
[«i0
o
rlr.
R
o,
oo

of FEl# ol Fof olF e F
#-& Syringe Pump ol 923 FAZ Hojgdd. (Fig. 9)

{_~ Dense Phase

T~ Droplet

t Flow of light phase

Lighter liquid€ Capilary&

56‘}0% Denser liquid® <A
Fed ALS-"o A Y

'6‘
AA = e FAME Drope
7he AHEY AFE AA o olgdmzA A3 A7k <l
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At A9 Asg AAHT 29X BZg B3t o AEe I A9
¥E ALEE 2 Dropd A7)E A = 9 ol 2 (Fig. 10) A R Eo]
Dropletel 344 9 B¥e] Dropel Eoid Yzt w3 2238 AAGsz 4%
@9 °] B4 Drop®] Volume& F4(Phase)de] AWZes J1x Beo] 9

A doh E¥ FXo {32 2™ wat Drop o] FXH¥E AIZHZE Interface
7V FAHE AHE 238 4 g}

o
2

Figure 3. Drop Volume method

Heavy phase, pyy Balance of Forces at the tip

Vdrop (pH - pL)g = Separation Force

o; =d = Adherence Force

Vdrop (pH - pL)g

nd
(for ci > 0.2 mN/m)
R SEEEEE—

Oj =

otz Table 1914 REo] &3 Chemical®} E39] AWAYPe zre Dynamic
Interfacial Test ®4jo]uy AE <l Static Interfacial Faloj L} = ZFol7t §lo] o
&) 3t 2 Surfactant’} £EH o] Q= AR Interfacial Tension %t
< & o7t wAF
Tl =obgle AHULYAE Static 2T v w3 Dynamic &7 <]
5 BAEA e Aol BT}
o} 2 1‘%}(F1g 1D BXo] A3 A2 Anionic Surfactant’} &-F5Ho] = o
A9 FHUshE AR FFo) met WslE = Dynamic Surface Tensiongt&
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Table 1. Comparision of Interface Tension Data for Water
Against Pure Liquids

Densi Drop Volume Literature

Liquid (e“—sf)z Method Value

g/cn (mN/m) (mN/m)
2-Methyl-1-propanol 0.803 2.0 2.0
Ethyl acetate 0.902 6.5 6.8
2-Hexanone 0.812 9.9 9.6
Dichloromethane 1.325 28.1 28.0
Chloroform 1.492 31.0 31.6
Benzene 0.874 33.9 3.1
Toluene 0.867 36.5 36.1
Carbon .tetrachloride 1.594 43.7 43.7
Cyclohexane 0.779 50.1 50.0
n-Heptane 0.684 50.7 50.2
n-Dodecane 0.750 52.4 51.9

All values measured using a flow rate of 1.0mL/Hr at 22%2C. Each phase
was saturated with the other prior to measurement. Most literature values
were measured using the penfant drop method, althouh spinning drop and du
Nofliy ring were also used.

a8 3x g 5 4%l wedel g Az AWe o wel 44el Wk
ol Surfactantt AWMAHEL FEtd WP xEe AF %L Yo 9

] o] o},
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ol AL AAHIAAHAA Oile AA = Aoy, Hard Surface Cleaning,
M2 Oil/water ARNA ] A&d K3FHAENAN Yedin o = A o]
W& =3 CMC(Critical Micelle Concentration) S ZA3ted olg " 4 g

ol¢t whel o} g} 1 (Fig. 12)Nonanionic Surfactant= <& SEAH =
frgel weh o} wEA WeE I 92 59 10mg/l o TrolAME
Dynamicc Interfacial Tension®] 15.6mN/m(at 0.1 mL/Hr) of Al 24.2mN/m(at 1.0
mL/Hr) ¢ #to]7h v},

Figure 12. Dynamic Interfacial Tension Data for

Alcohol Ethoxylate Solutions

25
*Slow Surfactant” Dense phasa: Water with
—E\ alcohol ethoxylats
S 50 {- (density = 0.99 g/cm3)
E SO CHa(CHp), = O CHoCHzE- OH
P ~ - ~. . Light phase: Canola Oil
.g ~ . RN (density = 0.91 g/ecm?3)
c 157 N Temperature: 23 11 °C
- N N ‘ Mathod: Drop Volume
B 3
3] AR
g 10 1 \
e Flow Rates
£ 1 ml/Hr =
2 | ==~ 0.75mUHr ST .
E 57 ... 0.50 mUHr = e
s, .- 0.25 mlU/Hr TesTEITIZ
Q — =~ 0.10ml/Hr
0 T ¥
10 100 1000 10000

Concentration (mg/L)
©] 2%}t Dynamic Interfacial Tension®] #-& & o] CMC3ztol T=235t7] AR
T Aol ettt o= Ssurfactant7} B ARAEG 41mN/m 9 g
ol B2 ¥ Axg 8o aFFolx Eig ne Shalkia=
Dynamic Interfacial Tension®] Datal z}zte] #|w Ay ANE £gstd HAo =
$HE HEeH K88 08" £ ot
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6. Contact Angle

TAFEHA B AFE gyt AgF el R & D 283 3
3kd e QCel o]27] 7% TdgstA ol 4@t 1A 9 FWEo A (Surface Free
Energy)2 SA4st=d o35 E HEZ4 WYY o8 TAF dojys =

A& 3 & (Wetting), H 2 (Adhesion), & ZH(Adsorption) A4 5 & o =715 814 s},

5% Polypropylene® Flaming&ol&3te] EHURE &3 m 2R PPA)
A2 WE W Fgde HAEY HAYPL LHFoTH A A $HS
FENDF Ak Aol A Aok FHANEANS HilFo2M Fast B E

2 2 Heol 248 uE

ozn A4 T4, HEA
=2 ARgo] 7bssta =Y 3
8% & vk
AR WEZL FAGE Yo = Tr4x wo] gl

- Sessile Drop Method

- Wilhelmy Plate Method
ol HZele 2%d A oYY F999 HEzHPowder Contact
Angle)& FHdh= ol AdEo]l A AL }GEJEE Bore] o] AT

4 FAo FFE Fe oy AdlM OIEA $EHT Aok GT)gAE o] A

7. Sessile Drop Method

o

Seeeile Drop Methode & nAZTAY ] Holma o2 A7 7L =
st Aoz ol2jd HEZo] YA YHME A, nH 18w Z1A17ke) o

d5 & 7199 (Fig 13).
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TLv = surface free energy between liquid and vapor (surtace tension of the liquid)
Tsv = surface free energy between solid and vapor
T s =interfacial free energy between liquid and solid

0 = contact angle

FEZe 2 HEAH(Wettability) & S4st=d o] g8k olg) A (Fig
14) BXo] &3] REeH e FEZo 077 Ho] gusA @A FeAs
e FEF2zto] 180 ° 7He ).

olel¥ HAEHTE o8t TAE A A4 (Hydrophylisity), 24 (Hydro-
phobisity) 59 €4¢& &A3¥ 43}t  Sessile Drop Method:= Fz &u] 7 3}
22 3] 778 o83y A A ok Hire A2 Z2Ho| sHssin

E olF He R HEF 330 s,

ST NG T T besr T Bemarkation T Good” " Compiets "
wetling wetting angle wetting wetting

e 180° >135° 90° <45° 0°
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8. Wilhelmy Plate Method

Wihelmy Plate Method2 HZ7Z& A+ WY F2Z Dynamic Contact AngleZ
Aupyolatal st ol oldl1d (Fig 15)dlA B o] PlateE A&EHoz o
o) g@riFaA BAsE d9 FE)E FAHNA JFFAE ALEI] Aol
plate® @1¥HA =A3sE Z+2 Advancing Contact Angle, PlateE fo] A w3

AA £33l 48 Receding Angle o] 2kt

Air

1 /L Air
g Liquid .

having known l

surface tension G
| | | e Haud

a down 8, anovmg surface tension O
Advancing Contact Angle Receding Contact Angle

o 7]ofl Al BXo] Wilhelmy Plate 82 ZAHY AAHA HEZH(S FH
HA e AT R o FAWYPL FE AFEE o] &3t FAHsm
2 1ot AAUE &9 FHo] 7tsst A4 TAHe] gl 2L
B4 = A (Symmetric Charactor)& zt1 glojol 3o}

olzg] ¥ (Fig. 16)2 Wilhelmy plate¥ o8 &
o7l A Y && Cosbe] geoli 71715 &3 Plated % ¥ (Buoyancy)d & o
A7V Aol

W

olr

£
Ao
o

ol
_?{_n‘
&
o

TEZ A,

9. Powder Contact Angle

AF7A e JEAE FAS) HMAE F9dE 43Etd  Pellet
type &2 TEZ o] 9o HSHojrry Sessile Drop WHE o2 HE27HE =A3)
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Force versus Plate Depth

2 4
Sample: Stainless steel
1 ' Liquid: Water
15 ] Receding Contact Angle L = 44.0 mm
/ T=20.0°C

Force

(=]

[9,]
o

Advancing Contact Angle o

l[‘,[r—v‘ ,,,,,,,
2 3 4 5 6 7

Depth (mm)

n

-

o
py

FTEYOl UYERI E 9ud ondA= on Pelleto = e o=
Held BA) 84S H¥sn Az w77} AT YA g e wrae
M54 2309 99 AH45EX 299, a8y 1= AUYA A Foye
Wilhelmy Plate® g3 o] o] oS A71% o] mody THEE T3t o
=23 o] Wicking Rate® $319 storje gzzts FH o)y =3y

FAE o2y (Fig 173 2o}

Hecuonic Balance H RUSS Processor-Tensiometer

Glass tube
Powder

Liguid border line

Vesselwith
Test Liguid

Glass sieve

l Lifting stage
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o
o
o
&
R

ol Heule] HEZE AAEY] YA E Washburn equation

ohefel BAoN 2HFAE Azte] BE REEE dn¥/dige ZH 24
A Aoz HEZ g AXstA P
t=time
m = mass of the sucked liquid
2 _ _c-p® 0 -cosf ¢ -
mes 7 h = capillary rising height
2
c = 2 3 Z 1 = viscosity of the liquid
t p“" 0 - cosd
m® -7 p = density of the liquid
cos g = t 5
) P -0 -*C

o = surface tension of the liquid

(¢}
"

© = contact angle between powder and liquid

¢ = material constant, ¢c-constant or c-factor

r = capillary radius

. = number of capillaries

ol d AstA] WHez 2 Y& e A9 FUEAUES

AlikshEw ol gt
EHAUAE ZH719F YHole dertx FAo] gk},

THETHEL TARE HAD £ Pt Fuo met ddsiA Aewo.

DETERMINATION OF SURFACE FREE ENERGY

»  Calculation of surface free energy and its disperse and
polar components according to OWENS, WENDT,

= Determination of critical surface tension accordin
0 ZISMAN 9 RABEL and KAELBLE:
Determination of the surface energy
Determination of surface jension according to according to OWENS-WENDT-RABEL
’ ' Solid: PVC
1 J— _— e
0,9 R jon i &=
. 08 K “ sarasiontine g © Regression lina Iquid 4
2 07 ~ @Liquid 3 = 60
< 06 QLiqui 222
g 0'5 Extrapoiation’ by cos Theta =1 P S E 40
& oa ’“‘:’ﬁ.’: the ZZE 2
by D:J critisal s @ tension iquid 4 28 2
g 02 ‘}’\ ;z ol
°'; Y 0 05 1 15 2
6 10 20 30 40 5 60 70 80 9 100 SQRT(GammaLPIGImmaLD)
Surface Tension of Test Liquids {mN/m]
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Calculation of surface free energy and its disperse and
non disperse components according to FOWKES:

Determination of surface free energy
according to FOWKES; Step 1: disperse
component; Solid: PVC

GammaSD=43mN/m|

E; 05 @Liquid 1
< 9 QF=88%
s 0
8 Regression line
2 05 always through the
e origin (0:-1)
15
0 0,05 0,1 0,15 0,2
SQRT(GammalD)/Gammal
Determination of surface free energy
according to FOWKES;
Step 2: non-disperse component;
Solid: PVC
20 Regression line iquid 4
o 199K % ammasp=1,6mNim
1 10 QF=83%
{72
0 5 10

SQRT(GammalP)

= Calculation of surface free energy and its disperse and

polar components of a solid immersed in a liquid
according to SCHULTZ:

Determination of the surface energy according to
SCHULTZ (1);
Solid: PVC

quid 4
iquid 3

110

108

100
GammasD = 123 mN/m
95 QF=95%
GammaSP=43 mN/m
90 +
-1 0,5 [} 0,5 1

=  Calculation of surface free energy and its disperse and
polar components according to WU.

Moreover there is the possibility to figure the contact angle as
a function of the time:

6

— 160 —



