October 2007

Trade Science Ine.

Physical CH

Volume 2 Issue 3

CMISTRY
A Judian Joaraal

—= Pyl Paper

PCATIJ, 2(3), 2007 [217-219]

Compar ative Sudies Of Diffusion And Permeability Of Synthetic
Membranes For Electrolyte lons In Solution

E.N.Ejike?, 1.A.Okoro*?, N.Ocho?

Department of Chemistry, Michad OkparaUniversity of Agriculture, AbiaSate, (NIGERIA)
2Department of Chemistry, Federal Univer sity of Technology, Owerri, Imo Sate, (NIGERIA)
E-mail : Okor cia @yahoo.com.

Received: 10" April, 2007 ; Accepted: 15" April, 2007

ABSTRACT

Thediffusion rate and permeability of electrolyteionsthrough some com-
mercial available synthetic membranes were investigated. The Electro-
Iytes of interest were sodium chloride, calcium chloride, Aluminum chlo-
ride, sulphamic acid and butyric acid. The effect of concentration varia-
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tion was a so monitored for each of the electrolytes. The results obtained
showed that the rate of diffusion of metal ions derived from these three
electrolytes determinesfor concentration and membranesthickness (break-
through timetb). Decrease in metal ion concentrationsincrease the diffu-
sion rate while increasing membrane thickness causes an increase the
rate of electrolyte in diffusion. The trend in the rate of diffusion is thus

Na>Ca>AlIF*>NH4>H*.

INTRODUCTION

Synthetic membrane processeshave emerged into
inversatileareaof technology and play anincreasingly
important rolein many economic sections. Industry, Ag-
riculture, medicing biologica system, scientificresearch,
environmenta pollution management to mention but a
few!l. Electro membrane processes both natural (bio
membrane) and synthetic membranethat useion- ex-
changemembraneand an dectrica potential difference
asthedrivingforcefor ionic specieshavefound numer-
ousapplicationsand are strongly gai ning wide accep-
tance asefficient and economic alternativesto conven-
tional methodsof separationand purification, lot of which
aredirectly related to environmental pollution control.

Thereincluderecovery and reuse of valuablemin-
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erds, ions, macromol eculesposionwastesaswdll asthe
removal of harmful chemica sfromindudtrias, biologica
system, mining effluents, domestic wastes and waste
water recovery'23, Membranesare generally described
asnaura (bio membranes) or synthetic membranesthat
cons st of spongy-complex network of materidswhich
are permeableto someionsdepending on sizeswhile
beenimpermeableto largesizeionsor moleculeslike
protein carbohydrates, enzymes called macromol-
eculeg*d,

Synthetic membranes have been used by researches
toremove hazardousionssuch Pb?*, As**, Cd*, inin-
dustria effluentsunder concentration gradientsin ab-
senceof applied € ectric potential 49,

Inthisstudy we shall usethe conductivity values
obtained at each concentration level of theeectrolytes
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investigated using two different commercial available
membranes. nylon and high density polyethyleneto
evauatethediffusion rate and permeability of each of
these synthetic membraneto electrolyteionsin solu-
tionsInorder to determinethediffusionrate, theficks
law model was adopted and adapted. Therate of dif-
fusion of theed ectrolyteionsshall beobtainsthus:67

_Dde )
= dx )

where Jisthediffusion rate(Flux density) of electrolyteionin
horizontal bed area of the membrane(mols! M%), dc/dx the
change in the concentration of the electrolyteionsin mole per
unit volume of membrane column at timet(mole/L) and D isthe
electrolyte binary diffusion coefficients(M2S1).

Thepermeability of theeectrolyteionsshal bede-
termined using the expression®

o 233 Co
=a V%90 @

Where Pt isthe permeability of electrolyteion at timet for each
of the synthetic membrane system investigated, e is the
remembrane. Thicknesse=0.06 cmfor Nylon and e=0.01 cmfor
High density polyethylene. VV=the volume of permeability bicell
apparatus used, that is the volume of the solution used in the
bicell compartment A is the area of the membrane exposed to
electrolyteion called permeant, t=the contact timeinterval for
diffusion and permeationto take place, Coistheinitial electro-
Iyteion concentration and Ct isthe electrolyteion permeant at

timet(the unit of permeability in cm?Min').

Thebreakthroughtimetb for each synthetic mem-
brane (Nylon and High density polyethylene) thickness
shall becal culated using the expressionl®”

tb 075612
B  ¢2D
where |=membranethickness l=aconstant(22/7) and D isthe

diffusion coefficient.
Theareaof membrane exposed isexposed thus
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whereD isthediameter of each membranewhichistakenas1.8cm

22/x (1.8cm)?
2.55cm?
Inthiswork, wereport thediffusionrate, and per-
meability of two synthetic membrane: nylonand high
density polyethyleneto €l ectrolyteionsin solution.

ThereforeA =

MATERIALSAND METHODS

Samplecollection
Phqsica] CHEMISTRY  commm—

Two commercidly available synthetic membranes
moreprocured at ihieegwamarket owerri North L.GA..,
Imo state Nigeriaand wereidentified and authenticated
by apolymer chemist asnylon and high density poly-
ethylenemembranematerids.

All chemicdsused areandytica gradereagentsfrom
may and baker chemicds, London. Preparation of syn-
thetic membranefor studies.

Each of the synthetic membranes

Nylon and HDPE was cut out with respect to the
areaof theouter radius of the bicell apparatus. Each of
the piecesspecifical ly cut wasactivated by soaking them
in ethanol solvent for twenty minutesintervals, theneach
washed copioudy with doubledistilled deionised wa-
ter. Then each of the cuts soaked in double distilled
deionised water for 48hr for membraneswelling. The
swellingistoalow theresident of water moleculesin
the membrane pores and enhanced the easily passage
(diffusion) of dectrolyteions. Electrolyte sol ution prepa:
ration: 0.1M and 0.01M solutions of each of NaCl,
CaCl,-AlCl;, NH,; SO,OH(Sulphamic acid) and
CH,(CH,), COOH

Solutionswereprepared. Theinitia conductivity of
each of thesed ectrol yte sol utionsand that of thedouble
ditilled deionised water were measured using conduc-
tivity meter (Beckmanmodd).

Diffusion and per meation studies

Thirty milliliter of each of thefived ectrolyte solu-
tionsprepared(0.1M and 0. 01M) respectively was mee-
sured out into the salt arm of thebi cell apparatus. The
two sol ution were separated by the aready swelled cut
of eech of the synthetic membranessequentidly. Thisex-
perimental set upwasmonitored at ambient timeof 25°C
at 30 minutestimeintervals, for total of 180minutesex-
perimentd durationtime, with continuousstirring of the
two solutionsusi ng battery powered magnetic firrer.

Attheend of eachthirty minutesinterva, 10 millili-
tersof thedoubledistilled deionised inthebi cell ap-
paratus arm was drawn out and the conductivity mea-
sured using the conductivity meter(Beckman mode!).
Thewhole procedures described above was exactly
repeated using each electrolyte solutionsof 0.1M and
0. 01M concentrationsrespectively.

A Scheméticdiagram of thebicell isshowed below:
Electrolyte soluticyglnthetic membrayDouble distilled

30mLs swelled deonised water
C1 C2
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RESULTSAND DISCUSSION

Theresultsfrom the diffusion and permesability of
synthetic membranes. Nylon and high density poly eth-
ylenematerid susingequations 1,2,3 and 4 respectively
arepresentedinTABLES(1 and 2). From TABLE 1, it
was observed that thediffusion rate of Ca?* ion perme-
ateisgreater thanthe other eectrolyteions: Na* Al 3
NH4*and H* inthe nylon synthetic membrane. This
trendisreversein the high density polyethylene mem-
braneinwhich Na' ion hasthegreatest diffusonrate of
4.00x107 unite per second(TABLE 2). The perme-
ability of thetwo synthetic membranes. nylonand high
dengty polyethyleneisinfluenced by the concentrations
of dectrolytesolutions. Thedecreasein the concentra-
tion of theeectrolyte solution yielded higher valuesfor
permeability and diffusion rate. Thismay beexplained
intermsof hydration factor. Intheless concentrated
electrolyte solution, and so theionsare morefreeto
moveand crossthemembranesfredy®101112 Thetime
required for any of thefivee ectrolyteions; Na', Ca?*,
Al* NH4* and H* to permeate the membrane thi ck-
ness measured by thefactor; the breakthroughtimetb
isobserved to begreater inthe nylon membranethanin
thehigh dengity polyethylene membrane(TABLE | and
2). Thismay be explained intermsof swelling effects

TABLE 1: Determined mean diffusion rate(Dr) mean per me-
ability (P,) and break through time(tb) of electrolyteions
through nylon membraneat 25°C

0O./M Concentration 0.01/M Concentration

Electrolyte

Solution Drx10® Px107 tb Dr.x10® Px107cm® Tb
umol/sec cm®*min? sec umol/ssc  min®  sec

NaCl 3.57 8.22 7.75 3.84 1.79 7.20
CaCl, 3.85 5,25 7.18 3.84 7.49 7.20
AlCl; 3.57 5.44 7.75 3.33 7.28 8.29
NH3; SO,OH

Suphamicacq) 143 356 194 137 417 2.05
CHj3(CH2),.COOH  0.82 4.52 2.24 1.56 4.63 1.77
(Butyric® acid)

Data are means of four determinations

TABLE 2: Determined mean diffusionrate(Dr) mean per me-
ability (P,) and break through time(tb) of electrolyteions
through high density polyethylenemembr ane

0.1M concentration 0. O1M concentration

Electrolyte

X Drx10®  Px107 Dr.x10® Px107 tb
solution
umol/Sec cm’min™* th Sec umol /sec cm®min Sec
NaCl 4.00 1.68 1.92 3.57 1.87 2.15
CaCl, 2.50 6.79 3.0,7 3.45 8.34 222
AICl; 2.50 6. 49 3.07 2.56 8.27 2.99
NH; SO, OH
(Sulphamic-acid) 1.20 0.68 6. 39 1.57 0.79 b5.67
CH3(CH,),COOH
(Butyric2 acid) 1.24 0.82 6. 89 1.49 0.45 4.48

Data are means of four determinations
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and morewater moleculesresidency inthe high density
polyethylene membrane when compared to the Nylon
membrane. Thismay bethereason for the easewith
which thee ectrolyteionscrossthe high density poly-
ethylene membraneto the other section of the experi-
mental set upin ceasing the conductivity of thedouble
distilled deionised water withtime. Thisobservation,
impliesthat thehigh density polyethylenemembraneis
more susceptibleto ion permesbility andion diffusion
that the nylon membrane(TABLE 1and 2).

Fromthisstudy the preferentid useof high density
polyethylene membraneisrecommended in place of
bio membranesfor separation processes; water dialy-
s, dectrodiayss, and other filtration usesinvolving
catanionsespedalytoxicmetd ionsarisngfromwagte
watersand industrid effluents.
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