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3® Vatorization of olive oil waste streams by the development

of thin film composite membranes for selective removal of
polyphenolsa; BGU, Dr. C. Linder
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Development Objectives

A Cost effective Extraction of commercially valuable
polyphenolsform OMWW using d&Membrane Aromatic
Recovery System (MARS)

A Develop membrane contactors for MARS with the stability,
permeability and selectivity for extractingpolyphenolsfrom
the other components of the OMWW

A The first goal is the recovery dyrosol and hydroxytyrosol
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_______ Schematic of Membrane based extraction plienolic ,

compounds from OMWW
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The pH difference on the feed ( pA)-and permeate (pH13) side is used to establis
a gradient topolyphenolby the formation ofpolyphenoxideon the permeate side
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To achieve high flux we investigated stable composite Membranes for MARS pref
by coating of a selective polymer filni o 5 microns) on a porous support

Example of thin selective top layer of Fluorinatgalysiloxane
on a UF support
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Supports and Polymers used in membranes preparation

Supports; PES UF membranes®kDa,100kDa, 15kDa, and30kDaPolymers:
1) Poly @limethylsiloxane) X

yn .
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2) Poly flimethylsiloxaneg) = KeéRNREéf (M8 NDBOOY (PODMSH.S éH n 3S
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3) Polytrifluoropropylmethylsiloxane silanolterminated. (PTFS). |

CH.CH.CF, "
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4) Poly @-vinylphenol), average Mw 25,000

e OH
/\O SIO ~
5) Tetraethylorthosilicate <

PDMS was used as a control for state of art MARS membranes to compargh
the more stable and selective membranes from PTFS aué P
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Required Membrane Characteristics

A Stability: The membrane must be stable to pH extremes of acid (pH 2) on the
feed side and base pH 1123 on the permeate side.

A Selectivity: As asigoal: A high permeability to the polyphenols hydroxytyrosol
and tyrosol and a low permeability to the other components including acids,
base, carboxylate polyphenols and raromatic carbon chains (oleuropein
degradation products).

A Low permeability to the acids and bases generating the pH gradient.
A Permeability rates of polyphenols sufficiently high for cost effectiveness.

A Fabrication by readily available methods, materials and upscalable
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- Composite membranes where formed by coating a porous support with a thir
dense layer of polymer. This allowed independent tailoring and optimization of th
support membrane and the polymer coating film.

- The work carried out was on a laboratory scale MARS based on flow througf
membrane contactors that were developed for characterization of different flat
composite membranes with the goal of

a) To improve membrane permeability and selectivity by incorporating addit
with selective uptake of phenols into the selective films matrix, to enhance their
selective permeability for extracting poly phenols from OMWW,

b) Membranes stability in strong base and acid conditions used in the feed .
permeate compartments.

-The affect of different feeds on Membrane performance in both the MARS flov
cells and in the dialysis cell. We studied how the feeds from different sources of
OMWW affect membrane Mass flux (MF) and Overall Mass Transfer Coefficients
(OMTC) of the organic solutes in the feed stream through the membrane.

The mass transfer flux of phenol through a membrdnan be described as foJ\ows
J=K,, (G-Cs), (mg/m2/sec g
K,,~--overall mass transfer coefficient, m/sec i AL
G---phenol concentration in feed,

Cs- phenol concentration in stripping soluti@n =
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For pH stability

. Fluorinated polysiloxane was studied as a

substitute for polydimethylsiloxane (PDMS) which are not
stable in strong acids and bases: Stable+oly
trifluoropropylmethylsiloxan€PTFS) was investigated and
formed into selective films with , tetraethyl orthosilicate as
crosslinker, dibutyltin dilaurate as catalyst and
Tetrahydrofuran as solvent.

Improving selectivity: For increased phenol permeability
membranes were prepared using different combinations of
poly @-vinylphenol) (BVP) with PTFS.

Supports for coating the thin selective films: Porous
polyethersulfone ultrafiltration support purchased from
0 KS Y2 Nbp |

bl RANX 2
Investigated.
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Laboratory MARS
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Dialysis cell with heat exchanger
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Supports Permeability was checked without the selective

Results of supports permeability testing with use of OMWW in dialysis cell

Sample Polymer Thickness,um Mass Permeabhility,
flux, mg/m?2 .sec
m/sec

Ultrafiltration membrane | Polysulphone 210-250 2.1*10 1.4*10¢
S0 kDa

Ultrafiltration membrane | Polyethersulphone | 210-250 3.7+10 4.1*107
130 kDa

Ultrafiltration membrane | Polyethersulphone | 210-250 42+107 8.0+10°¢
300kDa

PP nonwoven Polypropylene 120-150 1.2*101 6.7+10°¢

ResultsThe thinner and more open PP nonwoven support had a lower permea
then the thicker and tightei300K UF membranes. This may be attributed to foulir
throughout the entire thickness of the PP and hydrophobic effects.
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Effect of UF support on PTFS composite membrane permeablllty
phenol (Selective PTFS layer thickness was estimat&e8&@sm)

5 ——
\
4
—o—Mass flux,mg/n*sec,10-3
—-—
3

-B-OMTC,m/secl10-6

Celll03(30kDa) | Celll09(150kDa) | Celll10(100kDa) | Celll11(50kDa) |
Membrane support MWCO, kDer

e GERNT

Results: The composite membranes on the more open UF supports had
higher mass flux and OMTC than the tighter UF membranes
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Effect of UF support on composite membrane (PTBSM8:2) phenol
permeability (Selective PTFSIPP layer thickness was estimated &3k Y U

7

——Mass flux,mg/me*sec,10-1 -\ \

3
~8-OMTC,m/sec10-6 N

Celll04(30kDa) Celll07(15kDa) Celll13(10kDa) Celll06(50kDa)

Membrane support MWCO, kr‘:"’"-
= \)

The composite membranes on the more open UF supports had higher
flux and OMTC than the tighter UF membranes
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The different membranes checked for stability at {3

#71--PDMSask ¥ (KA O]l O2lFGAy3a 2y |
#72PDMS S5k Y (UKA Ol O2lFGAy3 2y |
#73-PDMS+PTEX Y UKA Ol O2lFGAy3 2y
#74--PDMS+PTFS®Y U KA O]l O2lF GAy3d 2y

PDMS polydimethylsiloxane
PTFS polytetrafluorosiloxane




PDMS and PDMS/PTFS membrane stability characterized by
changes in Phenol mass flux in an aqueous solution of I81=z....

12 7

10 -

™
S
X g
(&)
(]
: \
g N e e -7 1#
5 W -.- 724
3 — 734
@ 4 —>T44
T
=

2

0 : : :

0 1 2 3

Immersiontime, weeks

Results: membranes made from only PDMS (71 and 72) have a much larger initial drop in mass
flux than membranes with PTFS ( 73 and 74). The difference of coating thickness of 5 vs. >5
microns does not seem to have a large affect possibly because of surface polymers entering the PP

non woven support.
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Membrane Stability improvements under basic pH by the use of
polytrifluoropropylmethylsiloxane (PTFS) and pdhvinylphenol on nonwoven PP
support. Phenol mass flux vs. time

#751s PTFS 9
#76 (8/2PDMS/RIVP) XX s —— ———
#17(6/ 4 PDMS/RPIVP) %+ f— —
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Dana's result 238
for siliconetubing with

The results show for membranes 75,76 and 77 better long term stability and 75 and 76
higher phenol mass flux than membranes 71-74 (previous slide) . In all cases they have
significantly higher mass flux then silicone tubing which is not expect to be stable under
these basic conditions



-The affect of selective membranerosslinkerconcentration on
composite Membranes $0K UF support): Phenol flux and Salt
rejection (1000ppm NaC) (dialysis cell experiment)

Selective layer Cross-linker Mass OMTC, Na
polymer TEOS,0.1% | flux,mg/m2. m/sec, x10° rejection,%o
composition in n- sec,x10”
hexane,ml
#12 FPDMS-2 0.2 9.6 1.05 61.4
#43 PDMS-2 0.4 86 0.94 66.1
#44 PDMS-1 + 0.3 9.8 1.08 575
PTFS=1:10
#45 PDNMS-2 0.6 6.1 0.65 80.3
#4147 PDMS-1 + 04 6.4 0.68 74.4
PTFS=2:8
#48 PDNMS-2 0.8 58 0.62 938
#50 PDMS-1 + 0.7 7.6 082 91.8
PTFS=4:6
Dana's data Not available 2.38 0.26 Not available
Livingston data Not available Not 0.31 Not available
available

The results show that increasing the concentratiorcodsslinkelTEOS, increasé&Clrejection
without significantly hurting phenol permeability. The high salt rejections are needed for
keeping the pH gradient. The results from Dana and Livingston were carried out with silicc
tubing and have significantly lower3 o 4 times) OMTC
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The affect of polyvinyl phenol @/P) concentration in the selective layer on phenc
(9gr/L) flux (SupportbOkDa UF)

Under the concentration ratios studied there appears to be a small increase in I
flux and OMTC at an optimum ratio of PTFS:P\&20f



