ISSN : 0974 - 7494 Volume 8 | ssue 2

Nano Science and Nano Technology

A Tndéian Journal

—== FYl] Pgper

NSNTAIJ, 8(2), 2013 [58-67]

The morphology study of polyacrylamide prepared by inverse
emulsion polymerization

A.B.Mustafa*, M.E.Shaaban
Polymer and Pigment Department, National Resear ch Center, Dokki, Giza, (EGY PT)
E-mail : abakr 25@yahoo.com

ABSTRACT

A comprehensive experimental investigation of the inverse-emulsion
polymerization of acrylamidewas carried out using awater solubleinitiator
and a sorbitan monooleate as emulsifier. It was found that the increasing
redox initiator (potassium persulfate/sodium bisulfite) and monomer
concentration increases the volume average diameter (D) and decreases
the number of polymer particles per unit volumeof oil (N,) of the prepared
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polyacrylamide latex particles, while it is obvious that increasing the
emulsifier concentration, stirring rate and oil content inwater-oil mixture

decreases the'/p, and increases N, of the prepared polyacrylamide latex

particles.

INTRODUCTION

Polyacrylamideand acrylamide based copolymers
areimportant synthetic water soluble polymerswhich
are used as coagul ants and floccul antsin waste water
and potablewater trestment gpplications. They aredso
employed aspushing fluidsin enhanced oil recovery, as
drag reduction agentsand drilling fluids, asadditivesin
paper making, and asthickening agents'2. Thehigh
entha py of polymerization for acrylamide (AH ,=195
kCa/mal) aong with extreme solution viscositiesgen-
erated by the high molecular weightsleadsto problems
inlarge scalereactor operation including non-uniform
mixing and heat transfer limitations. Thesedifficulties
are generally overcome by polymerizing the acrylic
monomer(s) in heterophasewater-in-oil (w/o) polymer-
ization process such asinverse-emul sion polymeriza:
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tion®. In this process, an aqueous solution of the
monomer(s) isemulsified under agitation inacontinu-
ousaliphaticoil phase. Steric stabilizersareemployed
andthepolymerizationisinitiated using, ingenerd, oil
solubleinitiators at temperaturesin therange of 35-
50°C. This process allows for polymerizations at high
solid concentrations, low viscostiesand with good tem-
peraturecontrol.

Ye, et. d. sudied theinverseemulsion polymeriza-
tion prepared by using poly(N-vinylpyrrolidone) asa
seric stabilizer and 2,2°-azobisisobutyronitrile asini-
tiator and by radiation®. They found that thesize of the
resulting polyacrylamide particlesincreaseswithincress-
inginitiator concentration aswell aswithincreasingir-
radiation dose rate, monomer concentration, and poly-
merization temperature and decreaseswith increasing
stabilizer concentration. In addition, thestability of the


mailto:abakr25@yahoo.com

NSNTAIJ, 8(2) 2013

A.B.Mustafa and M.E.Shaaban 59

find emulsonsispoor.
MATERIALSAND METHODS

Acrylamide monomer was purchased from Fluka
Chemiepackedin Switzerland and used without fur-
ther purification. Potassium persulfate (PPS) and so-
diumbisulfite(SBS) wereobtaned from S.d. fine-chem.
Itd. Sorbitan M onooleate asnonionic emulsifier (Span
80, Aldrich Chemical Company, Inc) wasused asre-
ceived. Minerd oil was purchased fromMasr Co. for
petroleum, and was used asreceived.

Preparation of polyacrylamide

Homopolymerization of acrylamide by
semicontinuoustechnique

Themineral oil (60 ml) and the emulsifier were
dtirred for fiveminutesa 2000 rpm by using anemulsi-
fication mixer machine, acrylamide and potassium
persulfatewasdissolvedinthewater (40 ml) and then
added to the dispersed media. Theinverseemulsion
wasemulsified for 30 minutesat 2000 rpm by emul sifi-
cation mixer machine.

Thisemulsonandthesodiumbisulfitewhichisdis
solved in alittleamount of water both are then added
dropwiseto 10 ml of theemulsified minera oil ina500
ml threenecked flask. All theexperimentswerecarried
out at room temperature 25°C for 180 minute.

I nstrumental measur ements
Polymer staining

Dilutesolutionsof the prepared | aticeswere coated
onagrateof transmission electron microscope and |l ft
to dry. Then 1% of lauryl acetate was added to the
grate of polyacrylamidelatices.

M or phological measur ements

Transmisson dectron microscope(TEM) of Zes's
modd EM 10, Germany, was used to measurethe av-
eragediameter (Lp,) for different polymer latex particles.
It worksat 60 KV, magnification ranges between 2500
and 5x10° and resolution until 0.5 nm.

Imageanalyzer

Theimageanayzer (Bild analyze, IBAS1and 2)
was used to measure the average diameter p, for the
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different polymer particlesand thevolumeaveragedi-
ameter of thepolymer particles(p,).

Thepolydisper sity and themor phological charac-
teristics

Thevolumeaverage diameter of the polymer latex
particles(p,), thenumber of polymer particlesper unit
volumeof oil (N,) andtheother morphological charac-
teristicsof the prepared polymer particleswere deter-
mined from the graphs of the prepared polymer par-
ticles, whichwere obtained by theaid of TEM.

Thevolumeaverage diameter of the polymer par-
tides(L/p,) wasdeterminedfromthefollowing equation:
D,~[EN,D°/N]*
Also thevolume of thelatex particles per cm? (v) is
cd culated fromthefollowing equation:
v == /6(p,/107°
Oncethevolumeof thelatex particlesisknown, the
number of particles per unit volumeof oil (N,) can be
cd culated fromthefoll owing equation:

= (m/w) (% conversion)/ 100(v) d_

Where (m/w) istheweight of monomer tooil and d IS
thedengty of polymer (g/cm?®). Thenumber and wel ght
average diameterswerecal culated fromthefollowing
equation:
Number-average particlediameter:
(D,)=EN.D,/=N,
Weght-average particlediameter:
(D,)=[EN,D/ENDJ **

RESULTS

Themorphological studiesof theprepared lattices

Theeffect of different redox initiator concentra-
tionson theparticlesizeof theprepar ed polyacry-
lamidelatex particles

TABLE landfigurelillustratesthemorphologica
dataof prepared polyacrylamidelatex particlesusing
different concentrationsof the potassium persulfate/so-
dium bisulfite redox system. Furthermore, Figure 2
showsthe relationship between the volume average
diameters 1D, of theprepared polyacrylamidelatex par-
ticlesversustheredox initiator system concentration.
Fromfigures(2,3) and TABLE 1, itisobviousthat in-
creasing redox initiator system concentrationincreases
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Figurel: TheTEM of polyacrylamidelatex particles prepared by using span 80 (0.163 gmol/l) asemulsifier in presence of
different PPS/ SBSredox initiator concentrations: 1- 1=[0.37/0.74] x10?gmol/l (x=25000), 2- 1=[0.55/1.05] gmaol/I (x=25000),
3-1=[0.9/1.73] x102gmol/l (x=31500), 4- 1=[1.1/2.2] x10-%)gmol/l (x=40000), water /il ratio (40/60), acrylamide concentr a-

tion (3.52 gmol/l)
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Figure2: Therelationship between thep, of the prepared
polyacrylamidelatex particlesvs. theinitiator concentration

the 15, and decreases N, of the prepared polyacryla-
midelatex particles.

Thisisinconformity with dispersion polymerization
experiments®”. where, Tseng et a.[ aswell as Shen
et a . believed that agrester initiator concentration leads
to agreater rate of generation of unstable oligomeric
radical sor dead polymer molecules, inturnleadingtoa
greater rate of coagul ation and resulting in larger but
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Figure3: Thereationship between theN, (10™) of the pre-
pared polyacrylamidelatex particlesvs. theinitiator concen-
tration

fewer particles. When the generation rate of the oligo-
mericradicasismuchfaster than theadsorption rate of
the stabilizer, the oligomerswould tend to aggregate
and formlarger particlenucle of varioussizesbefore
enough stabilizersadsorbtion to stabilizethem. Inthe
sameway, our result on the effect of theinitiator con-
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centration on the particle sizeisconsidered to support
theview of Tsenget al.

TABLE 1: Theeffect of different concentrationsof redox
syssemonp,,D,, D, ahdD,/D, for inverse emulsion poly-
merization of acrylamide (3.521 gmol/l) at room temper a-
turein presence of span 80 (0.163 gmol/l) asnonionic emul-
sifier

[PPS/ SBS]

concentration
(x 10 gmol/l)

- - N
D/ Dn  (X10
14)

Sample D, D, D
number (nm) (nm) (nm)

0.37/0.74 1 261 2527 280 1108 1.79
0.55/1.105 2 286.9 2815 336.2 1.19 1.47
0.92/1.84 3 323.9 319.8 399.2 124 0.85
111/2.22 4 474.8 4266 5723 134 0.30
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Theeffect of different emulsifier concentrations
on theparticlesizeof theprepared polyacrylamide
latex particles

Theinverseemuls on polymerization of acrylamide
(3.521 gmol/l.) wascarried out at room temperaturein
presence of different span 80 concentrationsasanon-
ionic emulsifier, using potassium persul fate/sodium
bisulfite (0.37/0.74) x10 gmol/l redox system and
water/oil ratio 40/60ml.

TABLE 2andfigure4illustratesthemorphologica
dataof the prepared polyacrylamide latex particlesus-
ing different concentrations of theemulsifier. Figure5
showsthe relationship between the volume average

Figure4: TheTEM of polyacrylamidelatex particlesprepared by using PPS/SBS(0.37/0.74) x102gmol/l asredox initiator
in presenceof different emulsifier (pan 80) concentrations: 5- E=0.069 gmol/I (x=40000), 6- E=0.093 gmol/l (x=20000),
7- E=0.139 gmol/l (x=25000), 1- E= 0.163 gmol/l (x=25000), water /ail r atio (40/60) and acr ylamide concentration (3.521

gmol/l)

diametersp, of the prepared polyacrylamidelatex par-

(5,6) and TABLE 2, itisobviousthat increasing the

ticlesversustheemulsifier concentration. Fromfigures - emulsifier concentretion decreasesthe /5, and increases
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TABLE 2: Theeffect of different concentrationsof theemul-
sfieronp,,D,,D, andD,/ D, for theinverseemulsion poly-
merization of acrylamide (3.521 gmol/l) at room temper a-
tureusing potassium per sulfate/sodium bisulfite (0.01/0.019
gmol/l) redox system

[Emulsifier] Sample D, D, D, 5D N,
gmol/l number  (nm) (hm)  (nm) W (X210
0.069 5 363 345 390 1.13 0.66
0.093 6 280.6 270 3029 112 1.18
0.139 7 270.5 263.7 2932 111 161
0.163 1 261 2527 280 1.108 1.79
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Figure5: Therelationship betweenthe p, of the prepared
polyacrylamidelatex particlesvs. theemulsifier concentra-
tion
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Figure6: therelationship between the N, (10*) of thepre-
par ed polyacrylamidelatex particlesvs. theemulsifier con-
centration
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Figure7: Thedoublelogarithmicrelationshipsbetween the
N, of thepr epar ed polyacrylamidelatex particlesand L og (E)

N, of the prepared polyacrylamidelatex particles.
The decrease of particle size with an increase of
stabilizer concentrationisa ong theexpected lines. With
thefixed amountsof monomer and initiator, therate of
nucleationisgiven constant. Then, under the samerate
of nucleation, particles of polyacrylamide will be
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adsorbed fast to the stabilizer and agreater number of
particlesof smaller sizewill bestabilized .

Figure7 isthedoublelogarithmic relationshipsbe-
tweentheN, of the prepared polyacrylamidelatex par-
ticlesandtheemulsifier concentration.

TherelationshipsbetweentheN, of polyacrylamide
latex particlesand theemulsifier concentration can be
writtenasfollows: N, o [Emulsifier]*

Wherethevaueof x wasca culated from thed ope
of thestraight line of figure 7. Thispower with respect
totheemulsifier concentrationsis1.11.

The effect of different monomer concentrations
on theparticlesizeof theprepared polyacrylamide
latex particles

Theinverseemulsion polymerization of acrylamide
was carried out at room temperature 25°C, using po-
tassium persulfate/sodium bisulfite (0.37/0.74) x102
gmol/l asredox systemin presence of span 80 (0.163
gmol/l) asemulsfier and water/oil ratiois40/60ml.

TABLE 3andfigure8illustratethe morphologica
data of the prepared polyacrylamidelatex particlesus-
ing different concentrationsof acrylamidemonomer. Fur-
thermore, Figure 9 showstherel ationship between the
volumeaveragediameters |5, of theprepared polyacry-
lamidelatex particlesversusthe monomer concentra-
tion. Fromfigures(9,10) and TABLE 3, itisobvious
that increasing monomer concentrationincressesthe 1,
and decreases N, of the prepared polyacrylamide latex
particles.

TABLE 3 : The effect of different concentrations of
acrylamide monomer onp,,D,.D,,andD,/D, for inverse
emulsion polymerization of acrylamideat room temperature
in presenceof span 80 (0.163 gmol/l) asnonionic emulsifier

using potassium persulfate/sodium bisulfite (0.01/0.019
gmol/l) asredox system

[monomer] Sample D, D D,

Bul Doyt
gmol/l number  (nm) _ (nm)  (nm) (X10™)
3.521 1 261 2527 280 1.108 179
3.873 8 304.2 297.7 3335 112 1.13
4.225 9 4899 4621 5877 127 0.48
4577 10 544 4941 664.5 134 0.19

Theeffect of different water/oil ratioson the par-
ticle size of the prepared polyacrylamide latex
particles

Thevariation of theratio of aqueousand organic
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Figure8: TheTEM of polyacrylamidelatex particlesprepared by using PPS/SBS (0.37/0.74) x102gmol/l asredox initiator
and span 80 (0.163 gmol/l) asemulsfier, in presenceof different acrylamideconcentrations: 1- M=3.521 gmol/l (x=25000),
8- M =3.873 gmol/l (x=10000), 9- M =4.225 gmol/l (x=10000), 10- M = 4.577 gmol/l (x=25000)
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Figure9: Therelationship between the p of the prepared
polyacrylamidelatex particlesvs. the monomer concentra-
tion

phases a so affectsthe polymerization reaction. Asthe
toluene content in water-tol uene mixtureincreases, the
rate of polymerization, and themolecular weight of poly-
mer decreases. Thisoccursdueto anincreasein the
degree of dispersion of an aqueous phasein the disper-
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Figure 10 : Therelationship between the N, (10™) of the
prepar ed polyacrylamidelatex particlesvs. themonomer con-
centration

sonmediumwhichresultsinreduction of theemulsion
particlesizeandinanincrease of thetotd saturation of
theemulsifier adsorption layerswherethe elementary
polymerization events occur. For example, theinver-
sonof latex obtained ininverseemulsionsiseadly ob-
tained by adding excesswater tofacilitate solubility of
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Figure 11 : The TEM of polyacrylamide latex particles prepared by using PPS/SBS (0.37/0.74) x102 gmol/l asredox
initiator and span 80 (0.163 gmol/l) asemulsifier in presenceof different water/oil ratios: 11- W/O =[30/70] ml (x=40000),
1- [40/60] ml (x=25000), 12- [50/50] ml (x=25000), 13- [60/40] ml (x=10000)

the polymer particlesswellinginthewater™,

Theinverseemuls on polymerization of acrylamide
(3.521 gmol/l.) was carried out at room temperature
25°C, using potassium persulfate/sodium bisulfite (0.37/
0.74) x10 gmol/l asredox systemin presence of span
80(0.163gmol/l) asemulgfier.

TABLE 4: Theeffect of different water/oil ratioonp,,D,, D,,
andp,/D, for inverseemulsion polymerization of acrylamide
(3.521 gmol/I.) at room temper atur ein presence of span 80
(0.163 gmol/l) as nonionic emulsifier using potassium
per sulfate/sodium bisulfite (0.01/0.019 gmol/l) asredox sys-
tem

oil ratia i SamPlenumber (nIanv) (nlrjr'f) (nl?nw) Du/ Dy (xi\l&“)
30170 11 2027 2004 2304 11 247
40/60 1 261 2527 280 1108 179
50150 12 3113 2069 360 121 127
60140 13 4926 459 560 122 053
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TABLE 4 andfigure11illustratesthemorphol ogi-
ca dataof the prepared polyacrylamidelatex particles
using different water/oil ratios. Furthermore, Figure 12
showsthe relationship between the volume average
diametersp, of the prepared polyacrylamidelatex par-
ticlesversusthewater\oil ratio. Fromfigures (12, 13)
and TABLE4, itisobviousthat increasing oil contentin
water-oil mixturethe |5, decrease of the prepared poly-
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400

Dy
(nm) 300

200 4

100 T T T T T T T J

25 30 35 40 45 50 55 60 65
water %o

Figure12: Therelationship between thep, of the prepared

polyacrylamidelatex particlesvs. thewater/oil ratio
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acrylamidelatex particlesoccur.
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’ 25 30 335 40 45 50 55 60 65
water %
Figure 13 : Therelationship between the N, (10™) of the
prepar ed polyacrylamidelatex particlesvs. thewater /il ra-
tio
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Theeffect of thestirringrateon the particlesize
of theprepared polyacrylamidelatex particles

Theinverseemuls on polymerization of acrylamide
(3.521 gmol/l.) was carried out at room temperature
25°C, using potassium persulfate/sodium bisulfite (0.37/
0.74) x10 gmol/l asredox systemin presence of span
80 (0.163 gmol/l) asemulsifier and water/oil ratiois
40/60m.

Thestirring rate has been found to have acritical
influence on the dispersion of the agqueous droplets

Figurel4: The TEM of polyacrylamidelatex particlesprepared by using PPS/SBS (0.37/0.74) x102 gmol/l redox system
initiator and span 80 (0.163 gmol/l) asemulsifier in presence of different stirring rates: 14- S.R=[200] r pm (x=25000), 15-
[350] rpm (x=40000), 1- [500] rpm (x=25000), 16- [ 700] r pm (x=40000)

which areusualy believed to bethemainreaction loci
ininverseemulson polymerization. Asshowninthedata
of TABLED5, partia coagul ation takes placewhen the
polymerizationiscarried out under agitation of 900 rpm.
However ahigh stirring rateisnecessary at the begin-

ning of the polymerizationin order to haveagood dis-
persion of themonomer emulsion. Thus, apreemul sifi-
cation step at 2,000 rpm for 30 minutes has been car-
ried out and then the stirring ratewas reduced and fixed
at therequired rpm during the polymerization step.

flano Science and flano Technology

A udian Journal



66 The morphology study of polyacrylamide prepared by inverse emulsion polymerization

NSNTAIJ, 8(2) 2013

Full Paper =

TABLES: Theeffect of firringrateonp ,D,,D,,andD,/D,
for inver se emulsion polymerization of acrylamide (3.521
gmol/l.) at room temper aturein presence of span 80 (0.163
gmol/l) asnonionicemulsifier using potassium per sulfate/
sodium bisulfite (0.01/0.019 gmol/l) asredox system

Stlrnsr.llgrate Sample number (na;/) (n%") (n%”“) D./ Dn (Xi\lot'l“)
200 14 3139 2994 3443 1.15 1.03
350 15 301.7 296.2 3338 1.12 1.16
500 1 261 252.7 280 1.108 1.79
700 16 188.6 191.7 2045 1.06 2.65
900 coagul ated

TABLE5andfigure 14 illustrate the morphol ogi-
cal dataof prepared polyacrylamidelatex particles
using different stirring rates. Furthermore, Figure 15
showsthe rel ationship between the volume average
diametersp, of the prepared polyacrylamidelatex par-
ticlesversusthestirring rate. Fromfigure (15,16) and
TABLEDS5, itisobviousthat increasingthestirring rate
decreases thep, and increases N, of the prepared
polyacrylamidelatex particles. Whileat therate of tir-
ring 900 rpm coagulation of particlestook place. It
wasrecogni zed that theincreased coa escence of poly-
mer particles dueto the higher stirring speed, dueto
de-sorption of the stabilizer molecule from the par-
ticles surface and the particles become unstable and
the coagul ation occursg¥.

100 200 300 400 500 600 700
stitring rate (rpm)

Figure15: Thereationship between thep, of the prepared
polyacrylamidelatex particlesvs.thegtirringrate

T T T
100 200 300 400 500 600 700 800

stirring rate (rpm)

Figure 16 : Therelationship between the N, (10™) of the
prepar ed polyacrylamidelatex particlesvs. thegtirringrate
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CONCLUSIONS

It wasfound that theincreasing redox initiation sys-
tem and monomer concentration increasesthe 'p, and
decreases N, of the prepared polyacrylamidelatex par-
ticles, whileit isobviousthat increasing theemul sifier
concentration, stirring rate and oil content in water-oil
mixture decreasesthe 15, and increases N, of the pre-
pared polyacrylamidelatex particles
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