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Abstract ‘

The densities and viscositics ol solutions of poly (vinyl alcobol}(PVA) mo-
leculur weight (14ikg.mol™ in water up to 0.035% mol.kg™ at 298.15, 308.15,318.15
and 328.15K have been measured. On the basis of Lyring's theory of rate processes,
the molar Gibbs free encergy ol activation for viscous low ol solutionAG, ».have been
determined. Additionally. the viscosity coellicient B in Jones-Dole equation is cal-
culuted. The infulence of the temperature on the above pararncter is discussed.

Introduction

The importance of solutions of (minority  component)  lrom  liguid
polymers may not be readily apparent mixtures.More i
to the plastics engincer who is chiefly cently,polymerelectrolytes  suchas
concerned  with injection motding or aqueous PV A solutions attract atten-
extrusion ,bul it is of primary concern tion in physicat and biophysical chem-
to the paint formulator. However .all istry[6-F1].
polymers sooner or laler are used in
solutton in one  way or another Experimental
[1.2].Poly (vinyt alcohol) (PVA: -(Cl» (a) Materials

—~CHOIT)-)1s  a polymer which 1s solu-
ble mn waler to a large degree but con-
siderably less so in most organic sol-
vents. Many of its applications are de-
termined by its  hydrophilicity  (re-
scarches  have Jfor example worried
aboutl the waler content of PV A [1lms
as carly as 1946 [3]. Among them are
the use as hydrogel former and as ma-
terial  for separation membranes where
research s still very active [4.0]. [t is
olten used 1 pervaporation systems for
the removat ol water

Dcionized  and doubly distilled
water was used . s speeific condue-
tivity was<1-10-6 S.am-1. poly{vinyl
alcohoDis available product of Aldrich
Chemical  Company (U.S.A) whose
number  average olecular  eight
(Ihkgmol-1. PVA used in this study
15 sold (powder) muaterial and com-
pletely soluble in waler,
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(b)Density Measurements.

The density of the investigated
solutions was measured at the tempera-
ture range studied with an Anton Paar
digital densimeter (DMAG0O/601) with
a thermostatted bath controlled to
:0.001K. The  densimeter  was  cali-
brated with water dehumidized air and
several aqueous solutions of potassium
chloride. The density determination is
based on the variation of  the natural
[requency of a tube oscillator filled
with sample liquid. v casuring e
period of  oscillation (o} of the vibrat-
ng
U=shaped  sample tube | filled with the
sample  {air. water). and determining
the densimeter constant { Ko ) by using

the standard values of the densities of

water and air . and using the following
cquation :

Pl Pan

S (D

Lt =i

Then the density ol unknown liquid is
defecrmined from the measured oscil-
lator period (&) at fixed temperature
and applying the lollowing relation:
. -
p(g.n'.'n )-:: Kyr

......... )
The precision
measured

it the density values
using  (his  densimeter  is
estimated to be better than 2 10-6p.em™.

(¢) Viscosity Measurements

The viscosity of the investigated
solutions  was delermined using an
Ubblohde  viscometer.  The capillary
fength of this viscometer  of about

(8cm), the  diameter  aboul(0.36-
0.63mm) a  {low volume of about
(3em™and the viscometer
constani{0.0302)  "the  Ubblohode

viscometer prelferred to be used in this
study among the other commerical
ones  such  as Cannon  Master
viscometer.Cannon Feaske viscometer
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viscomeler because it
minimize pressure  corrections and
surface tension effects. A constant
temperature  water bath (Schott-Genate
CT 1150) with a baric contro] unit was
used. The 1emperature of the water
bath was measured by a llewlett-
2ackard A Quarlz thermometer. The
temperature {luctuation was limited (o
£ 0.01K.The absolule viscosity 77,

and QOstwald

was caculated rom
M2 = 47 . (kinematic viscosity)

........................ (3)

Results and Discussion
The  experimental
density 243 (kg.m'J) ard_absolute

vatues  of

viscosity 7742 (kg.m™.s™), which are
given in Table (1)and (2), respectively.
The theory of rate processes to viscous
flow is applicd [12]. Thercby, the
molar Gibbs free encrgy of activation

for viscous low of a solution, /—\G[‘g

(J.molYis caleulated from

V. ..,
2Gi2= RT In—212

N
where (R) s the gas constant (T) is the
absolute  temperature, (h) is planck's
C(mslmll,(N,,\)is /\vogadm's constant
and Vi, (m'.mol”! )is the volume of
one mole of solution .

10000 mAf,
(s ———) .......... (5)

/—71,2(”1 +n
where m(mol.kg™) is the molality of
solution ,n; is the number moles of
solvent ny=1000/M M| and (M, dare
the molecular weights of solvent and
solule  _respectively Table (3)
represent  the  calculated values of
molar Gibbs free encrgy of activation
for viscous flow of solution at
298.15,308.15318.15and  328.15K . As
can be scen from Table(3),the AGy,
values of the investigated solutions are
positive and  show an incrcase with
temperatures By contrast, the viscosity
of aqueous solutions of clectrolytes has
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been  studied in details. Three mjor Jones -Dole cquation takes the form
reviews ol the subject are available o [19]:

the literature [13-15] Jones and Dole 0

[16] have reported @ semi-empirical M2 /I]l =1+ ch
formula  to describ the concentration L +A9)

dependence of aqueous solutions of
clectrolyles at constant lemperatare, | where m s the molality and Be is the
corrected 13 coefticient.

2 \/ The validity of Jones --Dole equation
g 5072 B L+ AN C + Be o) {equation(9)} was fested.
7 |

I] '}]U
1,2

/0 Salues were plotied versus
m at low different Utilizing  the
method ol [ east=Squares curve {itting
temperatures  giving @ stright line at

- . . . -
where 7' is the shsolute viscosity of
pure solvent, Arand B are empirieal
coeflicients and C is  the molar

concentration  of  solution  The i
e : . S 3 . ow molalitv o< m< 2410-3 and
cocllicient A is the ion- ion interaciion i 1_]( o 'm R i &
parameter which can be caleulued curvation line at high molality 2<10-
from Debye-Huckel theory [17] i the J=m<  3.5-i0-3with  positive  Be
dicleetric constants and  viscositics ol coelficient 32, 899, 832 and 777at
solvents  and e limiting  lonie 29815, 308 15.318.15, and 328.15K
coductivities arc. known.  The respectively in figures (1-4) Generally,
coctiicient A s always positive while the Be  wvalues were found deercase
the B coctiicient can cither be positive - with increases the absolute temperature
or negative depending on the natuwre of cas given  iu figure (5) suggesling a
mteraction  between  the  solvent lincar relationship  having a form
molecules  and  solute ions. These (Be=atbty  where a and b are
interactions  persist at inlinite dilution | constants.
this tends o be obscured by the lact
lllf.ll ds ';uhlc[l)ncnaitica of PYA in Aqueous Solution i the Molality and
“ re . % Temperature Ranpe Studied.
' —pL2. The importance of the B I N
Wi G . ; p.,xm’{:.g.m‘)
coctlicient can  be illustrated by re- L s
. . 5 - ~ 19815 00 Ak Sk LES K
writing cquation{6in the form : L T o B
o Y R oz T Taweras T i'9ains nenfy VoRswg T
L N O R B e e R
led ! i KT T X Pl PP STME ot it
7) S T R T TR I e
STRTRS D N CE A T e £ LT
l;m-u .Toniﬁz [ T T T R
; : £ o e o s VBT T (ST e | mi
Plotting the left part of equation (7) I tesme | s v
\/—- _ EY Trr TS V8T [ G o T
versus v should produce a straight B B B £ T
Iine of slope B (positive or nefative). [ P97 ioos ™ 1560 ™ [ageis ~Timan
, o . i 2 BRI 1056 100238 vewTy  loeady T
cquation (6) 15 modificd by ignoring N e N
\/”‘ . EE TR E T R R
the term AVC  and  replacing the Lot cbrguesnsadina s o | L —

molarity by the molality at low
concentration (up to 0.05%) [ i8)

ey (Sufuie } 13O0
oo thodality s R 8)

Ve solite ) nrederiysolvenio
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Iable[2}Abvotule Viscosdties of PVA In Aqueous Salution in the Melndity
amd Temperature Range Studicd,

.mxin’ I’ " *xj0’ (Lg.m "a ') oo T
Dimat ng 'y {7
o SR P 1 LT N 31 01, S
ey 6719 04971 05042
§113éaf"_' To% Ry T et T e T
09835 oRes e
10497 0 RELE 7612
WRIRT ¥ o T TR T TlaEee T
Dead T FTIHSTTTT U RN T TS e
THNHT TR 1 4600 1 1967 1 0mi2 B
T 36 T 6005 HESE T
NS 3177 18210 ESI 11163
S0va7 2 764 21006 T [TRsD 15451 i
31%e3 RIS 73625 FERET B E A E
ERTST T 6600 363410 Taoas 21 T T
LECT TaT 1749 EEFL T P ETYTT
R TR A E S R T S R T P s € Srirmr i
Piase Hamies s as i T Ti ke

Table (3) Molar Gibby Free Fncegies of Activation for Viscous Flow of

FYA in Aqueous Solution in the Malality snd

Temperature Ranpe Stedied,
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Figure (1). Concentration dependence of relative viscosity of
PYA in agucous solution at 298.15, 308.15, 318.15 and
Y8k,

Figure (2) the refation between viscosity cocificient B, and
absolute temperature T.
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