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Results and Discussion



†The o-Ps lifetime obtained from PAL spectra using PALSfit program.
¥The o-Ps intensity obtained from PAL spectra using PALSfit program.

*Vh is free volume size obtained using Eq. (9) and the relation Vh = 4R3/3.

PALS results of crosslinked PVA as a function of SSA content

SSA content (wt.%) 3 (ns)† I3 (%)¥ Vh (nm3)*

0 1.166±0.011 25.012±0.173 0.0294±0.00698

5 1.170±0.011 18.235±0.193 0.0297±0.00698

10 1.151±0.010 16.113±0.187 0.0284±0.00639

15 1.216±0.010 14.825±0.187 0.0328±0.00642

20 1.285±0.010 11.523±0.195 0.0376±0.00677

25 1.330±0.010 8.231±0.190 0.0408±0.00703

30 1.337±0.011 8.410±0.201 0.0414±0.00789
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The o-Ps lifetime 3 as a function of

temperature in the crosslinked

PVA/SSA membranes. The right

axis presents the free volume hole

Vh calculated using Tao-Eldrup

model and the relation Vh = 4R3/3.

The error bars are within the

symbol size.



Samples before Tg (oC-1)* after Tg (oC-1)*

Pure PVA 5x10-3 188x10-3

PVA/SSA (5 wt.%) 7x10-3 375x10-3

PVA/SSA (20 wt.%) 24x10-3 429x10-3

Thermal expansion coefficient () of free volume obtained from PAL data below and 

above the glass transition temperature (Tg) in pristine PVA and crosslinked PVA/SSA 

contents.
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The o-Ps intensity I3 as a function of 

temperature in the crosslinked 

PVA/SSA membranes. The error bars 

are within the symbol size.
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Normalized o-Ps lifetime distribution 

for the crosslinked PVA/SSA 

membranes at different temperatures 

calculating using LT9.0 program.



IEC values at different additive of SSA wt.% in crosslinked PVA membrane

SSA (wt.%) IEC (meq/g)

5 0.863±0.016

10 1.580±0.027

15 1.820±0.025

20 1.956±0.028

25 1.991±0.020

30 2.085±0.021



Degree of 

sulfonation 

DS (%)

Tensile strength 

(MPa)

Elongation at 

break (%)

0 59.00±0.5 17.4±0.4

4.08 6.00±0.4 10.2±0.3

7.79 61.02±0.6 10.1±0.2

9.39 62.05±0.4 7.4±0.1

10.32 38.01±0.3 7.3±0.099

Mechanical properties versus degree of sulfonation DS in the 

crosslinked PVA/SSA membranes.
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Degree of Sulfonation (DS) % as function of SSA 

content wt.% for crosslinked PVA/SSA 

membranes at room temperature 25 oC. The 

error bars are within the symbol size.
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(A) Water uptake and (B) Number of water 

molecules per SO3 groups l versus DS in 

crosslinked PVA/SSA membranes measured at 

room temperature 25 oC. The error bars are 

within the symbol size.
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Contact angle results of crosslinked PVA/SSA 

membranes as function of SSA content (wt.%) 

measured at room temperature 25 oC. The error 

bars are within the symbol size.
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Proton conductivity s versus DS in 

crosslinked PVA/SSA membranes 

measured at room temperature 25 oC and 

relative humidity of about 100%. The 

error bars are within the symbol size.
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Fig. (8): (A) The volume fraction of the

hydrophilic regions and (B) the proton

concentration Cp versus ion exchange

capacity IEC in the crosslinked PVA/SSA

membranes at room temperature 25 oC

and relative humidity of about 100%.



❑ The solution casting method was used to successfully prepare crosslinked proton exchange

PVA/SSA membranes for use in fuel cell applications.

❑ The electrochemical properties had been examined by measuring many parameters. The

degree of sulfonation (SO3 content) was found to increase with increasing SSA content wt.%.

❑ Two contradiction phenomena have been observed, first water uptake was found to decrease

with increasing degrees of sulfonation.

❑ On the contrary, both IEC and proton conductivity were found to increase with rising DS.

The contradiction phenomena of water uptake, IEC, and proton conductivity was

investigated further by using Nernst Einstein equation of proton conductivity which proves to

decrease of the membrane hydrophilicity as a function of SSA content wt.%.

Conclusions



❑Besides, the contact angle measurements enhance the Nernst Einstein findings.

❑The positron annihilation lifetimes results showed that as the D.S increases, the size of

the free volume hole increases.

❑ By studying the free volume hole size as a function of temperature, one could conclude

that the glass transition temperatures of the crosslinked PVA/SSA membranes were

declined as a function of SSA content wt.% as the crystallinity of the membranes

decreased by increasing SSA content wt.%.

Conclusions (cont.) 




