Exercise 1:

a. What are the main stabilisation mechanisms for colloidal dispersions?

b. What is bridging flocculation?

c. Explain how non-ionic polymers that form a “brushlike” layer on particles can
stabilise dispersions.

d. Colloidal particles in wastewater, left for several days, do not flocculate when
the water contains 0,1 mole/l calcium chloride. What is the likely stabilisation
mechanism for the particles?

a) The main stabilization mechanisme are electrostatic and steric etabilization, if both of the mechanieme are present in a digpersion, it is called electrostatic
ctabilization. We aleo have-particle tabilization

b) Bridging floceulation is when a polymer is adsorbed on two particles (at different parts of the chain), creating a bridge between the particles.

¢) Thig ie a form of eteric etabilization. The lyophobic part of the polymer attacheg to the particle surface, at high enough concentrationg of polyrmerg, thie cauges the
formation of a brughlike layer. Thig layer prevents the particles from coagulating by steric hindrance, which-stabilizes the digpersion.

d) The extengion of the electrical double layer decreages with increaging ionic etrength. In this eystem, the ionic gtrength is 0.6 M. Which ie quite large. Thie meane that
the electrical double layer doeg not extend much. Thie meang that the electrogtatic repulsion does not take effect until the particles are close, at which point the
attractive forces will be large. Most likely cauging floceulation or coagulation. Ag the solution does not flocculate for several dayg, in this cage, the stabilization
mechaniam ie mogt likely eteric stabilization.

Exercise 2:

A particular product is an o/w emulsion and is based on equal amounts (weight 0

percent) of two surfactants, which are both hydrophilic. The first surfactant has a HU} .= 05 .” + 0,5 . 1'5 s |2
HLB = 13 and the other has a HLB = 11. X

The company where you are currently working wishes, for various reasons, to
change the formulation of the surfactants used for the stabilisation of this o/w
emulsion product. Of course, the product must have the same o/w emulsion

characteristics. A= Cl}. Ew : C'H3 (CHL)]] [O(/HLCHL)M O

This time the company suggests using a mixture of hydrophobic and hydrophilic

surfactants, both of which are non-ionic and belong to the family of poly(oxyethylene

alcohols)s, known as poly(ethylene oxide)s. The research director suggests using the HLB A
surfactants C12E30 and C16Es (see Table below). The formulation is, thus, based on

7 + 16047+ 11(0,475) 300,33+ |9

both hydrophilic and hydrophobic surfactants. How much (weight) percentage of the = | ?) ‘
new hydrophilic surfactant is needed for this specific o/lw emulsion? ]
Category Name B B Structure B . C"E‘ . CH'_& ((/Hz:)|5 (O(,'_L (-l“,)‘ OH
Anionic Sodium stearate CH3(CH3)1sCOO™Na™
Sodium oleate CH;4(CH,);CH=CH(CH,),COO Na*
Sodium dodecyl sulfate (SDS) CH3(CH;),S04 Na*
Sodium dodecyl benzene sulfonate CH,3(CH,); 1CgHLSO; Na* - + 1-1- .- .
Cationic Dnd:«\l‘,lrr:m’;‘ hy rir[r‘:‘hr;nr:;r‘ " CH;3(CH,)y {NH;Cl ‘ HLBB ? 1 (' O'q 75) ! ls [' o,l“?g) * L 0’}3 ¥ ]’q
Hexadecyl(trimethyl)ammonium bromide (CTAB)  CH4(CH,),sN(CH;);"Br
Non-ionic  Polyethylene oxides (C.E, or C,EO,) CH;3(CH;),1(OCH,CH,), OH = 3,25
Nonylphenv| ethoxylates (Xgo is the number CH3(CH;)g-CeHa(OCH,CH3)xe0,0OH
of ethylene oxide groups)
Table 11.5 HLB numbers of molecular groups HLBM;A = Wa HLBA + {_I‘WA) HLBB
i i HLB
Chemical group HLB [ Chemical group = Wa (HLBA - HLBB) + | LBB
-SO4Na 38.7 -O- 13
-COOK 21.1 | -OH (sorbitan) 0.5 S W LBy LBy 12-32%  gg4y
E «(CH,-CH,-O)- = A= T =
COONa 19.1 (CH,-CH-O) 0.33 HLBA _ HLBs l?;,l =324 —
-SOs;Na 11.0 -(CH,CH,CH,0)- -0.15
-N (tertiary amin) 9.4 -CH,- -0.475
Ester (sorbitan ring) 6.8 -CH; -0.475
Phenol residue, -C¢Hy-O- ~6.5 =CH,- -0.475
Free ester group 24 -CF,- -0.87
-COOH 2.1 -CF; -0.87
-OH 1.9




Exercise 3:
An optimal HLB for an emulsion product is reported to be 10.3.

a. What type of emulsion do we have? a) Ae HLB>8, we have an o/w emulgion

Suddenly, one of the hydrophilic surfactants you are using in your company for this
specific formulation is no longer available in the marked. The hydrophobic surfactant

(with HLB = 2.1) is still available and it is very cheap (irrespective of the amount LB L

employed). Researchers from the research department of your company suggest b) H = + o . l( ( ) s

three possibilities: i) a secret “in-house” (possibly anionic) surfactant X which has an X 7 / ?)6 N oM ,L]’ ?I
oil-water partition coefficient equal to 2 x 10° (they do not reveal the structure); ii) W %V\L

NPE1s and NPE3o (NPE = nonyl phenyl ethoxylates where the subscript is the

number of ethylene oxide groups). The management department informs you that the A e NPE|5 - CH} (Cu7_>7 - C‘ Hq - (DC HzCHa)E OH

cost of these three surfactants is almost the same.

b. Which one of the three surfactants (X, NPE1s or NPE30) would you recommend

to your manager for this specific product as a substitute for the surfactant that HLBA = 7 + q (- 0,q75) + () (_ OI(_DS) + 5. 0,23+ | n
) ]

is no longer on the market?

(75
Category Name Structure
Anionic Sodium stearate CH3(CH3)1,COO™Na”*
Sodium oleate CH4(CH,);CH=CH(CH,),COO Na*
Sodium dodecyl sulfate (SDS) CH4(CH,);,S0, Na* = NPE 0 = \l C > - C‘H h ( ,;)
Sodium dodecyl benzene sulfonate CH3(CH,), 1C¢HLSO;"Na* % b Cl } ( Ll)_ 7 4 DCHLCH 30 Ol\l
Cationic Dodecylamine hydrochloride CH;3(CH,)y {NH;*Cl
Hexadecyl(trimethylammonium bromide (CTAB)  CH4(CH,),sNICH;)s " Br
Non-ionic  Polyethylene oxides (C,E, or C,EO,) CH3(CHy)y1(OCH,CH,), OH = ? + ‘1 (-OC}75) 4 (. (_ ) + .
Nonylpheny! ethoxylates (Xgo is the number CH(l(H_vI,,—‘C(,I 14-(OCH,CH;)xe0)OH H LEE’ ! () O'q?g ?JO OI ?)3 * ]|0l
of ethylene oxide groups) I\ L?E
=. Ih
NPE},O 15 ‘H\b L)oe‘L éulo.s“*wl-b
Exercise 4:
A surfactant foam has a liquid/air surface tension of 25 mN/m. Bubbles in the foam ) 2
can be assumed to be spherical and monodisperse with a diameter of 20 um. The Jom . _n?
Hamaker constant fir the air/liquid/air interface can be taken to 6 x 1020 J, N P

Calculate the critical film rupture thickness.

n 0207 Am Re )/7 007 (((,.|o';:3r3;_(lo‘lo'!-m)1 )1/7 247 - 12
¢ U YaL . AP 25 o - 5000 P

la \L = ‘3 . . —\ = 5 P&
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Exercise 5:

A newly formed foam with a liquid/air surface tension of 40 mN/m and bubble
diameter of 2 mm is exposed to draining by gravity. It can be assumed that the
draining corresponds to that of a vertical water film of uniform thickness. Density and
viscosity of the liquid phase can be taken to 1000 kg/m? and 10 kg/ms, respectively.

a. What is the average rate of vertical draining when the film is 100 and 10 nm
thick, respectively?
b. How can the rate of draining by gravity be reduced?

The foam is also exposed to horizontal draining.
c. What is the rate of horizontal draining for a film of thick ness 110 nm and a

radius, Ry, equal to 0.1 mm?
d. How can the rate of draining by capillary forces be reduced?

y Vi =+ fﬁf)

7 AL
[0D nm - \/IU/ ) hel o ‘lszolfg;ngwlo M) = 122 nw

7 Lio 10 *
1D nw - \/m/ . 4.4l Vl/'ﬂ [?’]OOE/Q(;&SO 10 M) = 01226 nm



l)) Choose a liquid phage with a lower dengity, and a higher vigcosity.

=-3 10 /s

C) A_é . 263AP .. 2-(llo 0w g0 %
db 3'11, Rfl 3107 kps - (010"

AP ‘ZYAL quwz:gm =M

Ro I

(1) We can reduce the rate of draining by choosing a different liquid phage with a lower vigcosity and/or a higher interfacial tension with air.

Exercise 6:

The following data are available for a foam made by use of the flotation frother
(surfactant) methyl isobutyl carbinol: ¢ = 20 mol/m3, T, =5 x 10 mol/m?,

KL = .23 m¥mol, § = 20 nm. The temperature is 20°C.

The Langmuir-Szyszkowski equation is valid for adsorption of the surfactant:

Y =Yo— RigTTpIn (1 + K, ¢)

a. Calculate the surface elasticity of the foam.
b. Calculate the equilibrium adsorption density of the surfactant.

Hint: Use the equation to find y and use the obtained value to find [(assuming linearity). Use the surface tension of pure water as
72mN/m

L
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7+l o) +2 Mo

E ] 4-$p14 3/%'}('2'013}(' (5.13-5 M/ML)", (O.?Jb. m'l'/yo’l)lg?.o M/)M - 53 N
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Exercise 7:

One way to measure emulsion stability is through microfluidic methods. Here, .
monodisperse droplets, ca. 60 um in diameter, are continuously generated at a rate 0{_) M " ) <{, LL ‘é JQ 1 )
of ca. 550 drops/s. During flow, some drops collide and undergo coalescence. High- l L5 0 C g m L !
speed recordings are taken at different points of a long channel (i.e. at increasing

residence times) to determine the number of remaining initial-sized drops. The L
distance between each segment is 33 mm. The total flow rate is equal to 85 pl/min, \/ - / m “ ; . ;
= — > = [, 6 mn K Oé 5

while the droplets flow at a velocity of 40 mm/s.
1
V 45/‘L4Wt

Remaining number of initial-sized drops [1/s]
Segment . N \ .
System A System B Mml'bmflﬂ M@ W\“VL ‘H«L&’/ V[(,Umszs ;l\&j ‘UK’/ gt
1 (t=0) 550 drop/s 550 drop/s
of dra P> /m L
2 521 drop/s 401 drop/s
3 502 drop/s 366 drop/s
4 486 drop/s 329 drop/s ~TIWL1/ LCAIW)(M ‘COC(A 54‘?”%‘&
5 471 drop/s 292 drop/s (f 'L L
istevel  _ 3
6 457 dropls 246 dropls { = Ve = 325
E P J')PJ qo 7'*”{5 O s
a) Calculate the number of drops in 1 ml of generated emulsion and plot the le-6
values for both systems as 1/N vs time, where N is the number of drops in 1 ~—- Regression line system A
ml. 5.5 4 Regression line system B
b) Calculate the second-rate constant (kexp) for both systems. ® SystemA
c) Which system is more likely to be stabilized by a surfactant and why? gl System B
d) Typical rapid coagulation constant should be in the order of 10-'2 cm?/s.
Suggest reasons for the difference between the calculated rate constants and |
this reference value. - 3
E
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1.239728157840829%e-07

7.032669304299234e-07

[388235. 367765. 354353. 343059. 332471. 322588.]

[388235. 283059. 258353. 232235. 206118. 173647.]

ml/s= lo™> 04m3/$ > (m/s

C) Most likely system A, the coalescence ie slower than in system B. Thig suggests that there are repulsive forces in system A, which ig probably due
to surfactante embedded in the droplets.

(ﬂ ) Usually, we are looking at particles when we are analyzing coagulation, not droplete that are undergoing coalescence. The coalescence between
droplete happeng «eagier> than particles, ag droplete merge into larger droplete, which reduces the total surface area. Ag particles only stick together,
the reduction ie smaller, meaning the the driving force of the coagulation ie lower than that of coalescence.

We are looking at systems in flow. Which meang that there are more collisions between droplets than there would have been in a digpersion «at regt»
The droplete are larger than the particles we have looked at earlier (Radiug of 310™-5 ve. 10™-7). According fo the Mark texthook, the rate of

coagulation of large particles can be 104 timeg larger than for emaller particles, <0 we can aseure that the rate of coagulation/coalescence
increageg with increaging particle/drop size. (At leagt while uging the coagulation model)



