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A fundamental study of Morphology Prediction for
Nano and Microstructure of PVDF for Membrane
Fabrication and Film Formation Applications

Saeed Ashtiani, Mehdi Khoshnamvand, Anna ShaliutindoleSova

Abstract: This study examine the indispensible science of
fabricating poly (vinylidene fluoride) (PVDF) as a hydrophobic
polymer which can produced via the phase inversion method for
membranes and film formation well as a strategy to fabricate a
nano and micro size of PVDF films for further applications . A
series  of  isothermal ternary phase diagrams  of
PVDF/solvents/nonsolvent systems were prepared. The binodal
curves were gained by testing each point three times via simple
titration method. Evidence of SEM imaging and AFM topology of
membranes indicate different nano and micro structure on the
surfaces and bulk of PVYDF membrane. Based on this research
which can be used as a fundamental research for any film and
membrane applications; predicting the desire morphology
membranes and filmswith specific amount of polymer and type of
non-solvent isfeasible.

Index Terms. PVDF, Nano and Micro Structure, Film
Formation, Membrane Applications

[. INTRODUCTION

The fostering of polymeric membranes has been dpedlo

for many industrial applications. Poly (vinylidefieoride)
(PVDF) which recently got a immense attention amigue
polymer because of its outstanding properties liigh
chemical and thermal resistances is used in vast &or
different applications like medical usage [1] mesan®
technology [2-5], lithium battery [6, 7]. The attem of a
polymeric membrane shows the distinguishing of mamé
like microfiltration and ultrafiltration which aradebted for
gas separating and bio-filtering. Based on utifzithe
membrane the variety of different systems exisshallow
fibers, tubular and flat sheets. There are sewamls to

applications. According to this method, at firss@ution of
polymer with a solvent was prepared at high tentpezaand
then the solution was cast on the plate which esgbas the

air with the certain thickness by means of an appdr or
simple blade. Then, there are two ways to put #dstedl film

in the colligation bath with low temperature whigh
encompasses non-solvent for phase separating.elfirgt
method is giving a few minutes to membrane for
pre-evaporation of solvent and then put it into -sotvent
bath. The other way is to submerging the casteah fil
immediately into non-solvent bath for doing phasgssation
process. The diversity of these two methods diyeadftected

on the morphology of membrane. NIPS, as an impbrtan
method for preparing polymeric membrane, has atgrea
potential to discuss its thermodynamics and kisetleor
instance Wang and Juin [11] studied the recentrazbain
the fundamentals of NIPS for the development ofatire
figure, phase separation micro-molding and a teglmbased
on the combination of NIPS and self-assembly ofcklo
copolymers as three novel techniques for contmllin
morphology. Fabrication a microporous PVDF membsane
was studied [12] via NIPS-TIPS by lee et al. Thegvged
that the membrane morphology and the mechanical
properties, pore size distribution, and flux of thepared
membranes can be tailored by different factorsdidégation
bath temperature or solvent concentration. Initidhiere is
only one phase that consists of solvent and polyfiean
phase) which are homogenous (stable region). Blyanging
solvent and non-solvent the previous solution bexitwo
phases (unstable region). Additionally during tipilsase

prepare these membrane like thermally induced phalersion there is also a middle region called wstetale
Separation (T|PS)’ non-solvent induced phase Sﬁmra region which is located between two important baloahd
(NIPS) [8], vapor induced phase separation (VIR$apd so spinodal curves. Feijen et al. studied the furgitersical and
on. But the main and common method for attaining #eoretical research of polymeric phase inversidg].|
polymeric membrane is non solvent induced phasaraéipn. Eventually, advocating to concept of these is vita
The phase inversion technique which is known as ti¥eparing ternary phase diagram that is the igstoach to
Loeb-Sourirajan technique [10] was applied to fedeé the understand the composition changing and find themjmn

first cellulose acetate membrane for water treatmegmount of polymer, solvent and non-solvent coneiatn
and how to choosing solvent and non-solvent fopecific

polymer with other significant information that ooeuld be
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IIl. EXPERIMENTAL

A. Materials

Poly (vinynilene fluoride) (PVDF) was purchased nfro
Hylar® 460. N-Methyl-2-pyrrolidone, Dimethyl sulfale,
N, N-Dimethylformamide, Acetone and 2-Propanobadte

obtained from Ningbo Fuhao Chemical Co and distille

water was used in the experiment. Also a shakerused

Applications

was kept in the vacuum oven without stirring inertb degas
the polymer solution until no possible air bubblese found.

The solution was cast on a simple glass plate eftdnl the

coagulation bath for 24h, and then aged 24h at 8QoC
remove all the exist solvent.

Ill. RESULTSAND DISCUSSION

In this study based on our best experience, ambag t

for preparing a homogenous solution and a pipéite hogsible solvents for PVDF, which play the key rioléooth
measured volume of non-solvent. All the mentloneﬂrlase separation and membrane morphology, N, N4Bjie

chemicals used without further purifications.

B. Plotting Isothermal Ternary Phase Diagram

The binodal curve or coexistence curve illustréttesegion
of temperature and composition in ternary phasgrdia
which a transition occurs from miscibility of the
components to conditions where single-phase migtare
metastable or unstable [13].
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Figure 1. Ternary Phase Diagram of Polymer, Solvent
and Non Solvent. [13].

To clarify this statement it should note that tleeifidary of
liquid-liquid demixing gap is also called bimodaH] but for

some polymers the term “cloud pint curve” is more

convenient. In this study we measured cloud poatta dy
titration method [14] with focusing on the emerguwfgcloud
point. According to this method series of PVDF wdtfierent
weight percent and different solvent used to make
homogenous solution. The solution immersed in lidbath
with the temperature between 70- 80°C and a mecahni
stirrer run to makes PVDF solution homogenous.avigital
pipette with accuracy of 1um, the non-solvent waghie
PVDF solution dropwisely and gradually. All in alhe
droplets of non-solvent added until the solutioketopaque
or milky color that was easily to see. Then by ghkiting the
amount of non-solvent which was added with polyraed
solvent in weight percent, one point in ternarygghdiagram
has already achieved. Before the ternary diagraRobfmer-
solvent and non-solvent sketched the data should
normalized to fit based on the diagram’s scale.

C. PVDF Film Fabrication

In the different 100 ml glassy vessels the cerdamount of
PVDF was dissolved in different amount of solvenda
stirred homogenously for at least 24 h, the obtgjirsiolution

Retrieval Number: 10402043918 2

formamide was chosen and the others solvent PVSgh
diagram are reported in references [5, 6]. The éxpatal
data was obtained at temperature 70-80°C whiclalied
isothermal phase diagram. Each point in the terpéase
diagram indicates a phase which present in anygameltion
of a particular solvent, polymer and non-solvemsazration
at a specific temperature. This array of these tpoivould
help in predicting the phases, morphology and theiounts
and compositions at a certain temperature. Assh@wn in
Figure 1.a. the first diagram with the componerit®gDF,
DMF and mixture of acetone with 2-propanol (2/3 o)
which the apex of diagram inclined to the top anchéans
reaching to phase separation between the singleepbh
polymer-solvent to two phases that encompass chraad
lean phase of polymer, occurs faster than thet&ituavhich
the water is used as a non-solvent. Furthermoeegrtiount of
non-solvent decrease as the weight percent of palym
increases. According to the Table 1[7], as it red before
the solvent has a key role for phase separationuit be
compatible with the polymer and this is becausthefe are
three important solubility parameters&ss,, anddy, that
indicate the dispersion, polar and hydrogen bonding
parameters, respectively. For instance dheelates to the
hydrogen bonding that demonstrates the affinityref part to
the other one. In this case theof 2-propanol is more close to
DMF than water and this provide the situationsatigation
bath to phase separating more quickly because igp@tion
of solvent from the phase one to the pure non-sbldepends
on the affinity of polymer and solvent to exchatige solvent

with non-solvent.

Table 1 The Solubility Parameters of DMAC, Water,
PVDF, DMF, DMSO and NMP

a
1/
Cor;ponem 5yMPal? (Spll\/;Pa 5h/MPa SIMPaY2
DMACc 16.8 11.5 10.2 22.771
water 15.5 16.0 42.3 47.8
PVDF 17.1 12.6 10.6 23.2
DMF 17.4 13.7 11.3 24.86
DMSo 18.4 16.4 10.2 26.7
NMP 18 12.3 7.2 22.96
Acetone 15.5 10.4 7 19.9
be 'SOprlo'oa”O 15.8 61 164 235
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By changing the non-solvent from 2- propanol (Fig) 20
the mixed of Acetone and water (Fig.2.a) with tagor of 2/3

ISSN: 2347-6389, Volume-3 Issue-9, April 2018

10kV using a VEGA TESCAN emission instrument. Huoe t
cross-section view was taken by breaking the samheler

the second diagram obtained that the two phasdsnregliquid nitrogen and coated with Ag. Two differeriEl@ and

enlarged which is mean the possibility of phaseassmon
increases because at this temperature in eachrtcaiien of
polymer if we move from the one phase region toktbtom
of the diagram definitely we will encounter to tvphase
region. The more interesting result was happeneenwie
used two non-solvents with the ration 2/3 acetopedpanol,
Fig.2.c that the apex of the curve shifted abovepmared to
single non-solvent as shown in Figure 2.b anddibemed
shape of the previous diagrams converted to camve Which
is indicated that at the high concentration of pady in
solution, the behavior of phase separation frompirase to
two distinct phases does not change significamtty @so the
amount of non-solvent decreases and the rate ¢faeging
solvent with non-solvent increases.

(a)

oMF

Isopropanol

Figure 2. Ternary phase diagram of PVDF, DMF and &)
Acetone/water, (b) isopropanol, (c) Acetone/isopramol
with volume ratio 2/3 and water.

Figure 3. The SEM image of prepared PVDF with
different non solvent and (a) Acetone/water, (b)
isopropanal, (c) Acetone/isopropanol with volume rao
2/3 and water.

Scanning electron micrographs (SEM) were taken
secondary electron contrast at an acceleratiomag®ltof
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AFM were used to illustrate the surface and cressien
morphology and topology of fabricated films. As aimoin
Fig3. a and Fig4.a, the surface of PVDF which fadtgd via
acetone/water as non-solvent are more uniform thégtpores
size is less than 50 nm and the roughness 73nm2nitim
deviation. In contrast for the membranes which aiont
Isopropanol the surface was so brittle with rougisreround
180 nm Fig.4(c) and (d) and micro voids was foum&EM
images Fig 3(c) and (d).

(a)

Line fit 507nm

(c)

Line fit 478nm

Figure4. 3D and 2D AFM images of (a) and (b),
acetone/water (2/3 VIV %) and ¢ and d acetone/
Isopropanol (2/3 v/v %), the operation procedures
applied in contact mode. The Ra differs from180.1a 73
nm.

IV. CONCLUSIONS

Ternary phase diagram of PVDF with DMF as key sative
and different kind of non-solvents plotted. Based o
thermodynamics reasons that discussed which iredittest
more useful non-solvent for DMF can be ranked endhder
of Acetone/ water> Acetone/ 2-propanol >2-propanol.
Remembering that because of wide difference between
Hydrogen bonding parameter; some solvents are not
compatible with some non-solvent like NMP as sotweith
2-propanol those system did not. Based on the aetlidata
the morphology of PVDF film can be forecasted isecaf
nano pores to micro pores for variety of membramg fdm
formation applications. Plus, using these diagrate
limitation of using common non-solvent, water, dattand
also based on these diagram ones can decided ah whi
concentration of polymer-solvent and non-solvenildde
worked to reached the best region in two phase®mreg
definitely.
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