Porozimetria



Struktura e poreve
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Karakteristikat e strukturave johomogjene

Secili péerbéres ndryshimi
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Karakterizimi 1 strukturés sé poreve té
materialeve poroze népérmjet teknikés sé

Porozimetris€ me Shtypje t€ Mérkurit



Majtas: nje pjese e polishuar e betonit; djathtas: mikrostruktura e njé paste ¢cimentoje té
hidratuar




Shkatérrimi i betonit nga erozioni

TR
”

BN




Parimi 1 teknikés sé porozimetrisé me shtypje t€ mérkurit

Shtypja brenda poreve e njé léngu ge nuk lag

Léngu gé nuk lag, nuk hyn vetvetiu brenda poreve 0s, > 0sg

Mérkuri ne ekuiliber dhe duke hyre
Kéndi i kontaktit i ngurté/léng brenda poreve nén ushtrimin e presionit
per lengje ge lagin dhe nuk lagin

Forca mekanike

H.O
Contact Angle




Parimi 1 teknikés s€ porozimetrisé me shtypje t€ mérkurit

» Lengu qge nuk lag, kur vihet nén presion mund t€ hyjé brenda
poreve

* Puna e kryer nga léengu = rritjen e energjise sé lire
nderfazore

* (P-Pg)dV = (05 - 055) dS
P=(-0,.% cosB)*(dS/dV) , ku

dS/dV =H - kurbézimi i sipérfaqges.



Shtypja e Laplasit

léng

Nga formula pér llogaritjen e kurbézimit H pér meniskun sferik kemi:

2%0 2x0, *Cc0Ss0 4 x g, *cosO
p=——>=4 = La =[ La }sepse R = ku;
R r D cos@

Njihet si ekuacioni i Washburn-it
R —rrezja e kurbézimit

r —rrezja e kapilarit

D =2 * r—diametri i kapilarit
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Madhésité e matura dhe té llogaritura

- Nga presioni i matur i shtypjes sé mérkurit llogaritet diametri i poreve
mé té vogla ku ka hyré Hg.

- Nga véllimi i mérkurit té futur Brenda poreve, llogaritim véllimin e
poreve.



Porozimetria me meérkur

Degazojmé Mbushim Rrisim
me Hg presionin
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Rradha e mbushjes sé hapésirave
ndérgrimcore dhe poreve
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Mercury Filling

Mercury

Interparticle
Voids Filled




Pore me diametra té matshém né
Porozimetrine me Hg

* Diametra té matshém té poreve té hapura né té dy anét dhe té
poreve gorre

Pore Diameters




Karakteristika té matshme me P.Sh.M.

e Véllimi i poreve té hapura né té dy anét dhe té poreve qorre.
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Vellimi i merkurit té shtypur (futur) brenda poreve
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Karakteristika té matshme me PShM

* VEéllimi i poreve té hapura né té dy anét dhe té poreve gorre.
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Véllimi kumulativ i poreve me diametrin e poreve
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Karakteristika té matshme me PShM

Diametra te poreve té hapura ne té dy anet dhe té poreve qorre

Shembuj té poreve me trajta ku disa nga diametrat nuk jané té matshém ne P.Sh.M.



Karakteristika té matshme me PShM

 Shperndarja diferenciale e vellimit té poreve sipas madhésise (rrezes)
« fV=-(dV/ dlog D)

dv (d log p)

1 10 100 1000
pore diameter (microns)

Sipérfaqja nén kurbe ne nje interval rrezesh = Véllimin e poreve ne keté interval
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Karakteristika té matshme me PShM

 Sipérfaqgja e poreve té hapura né té dy anét dhe poreve gorre éshté:
S =(1/(o,; cosO) * [p dV

o
o

o
o
"

Cumulative surface area (m*2/g)
= -
;o

(=]

0O 01 02 03 04 05 06 07 08 09 1

Pore diametur Hnicrons)
—

Siperfagja kumulative
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Karakteristika té matshme me PShM

Sipérfaqgja nuk éshté shumeé e sakté
* Poret né formé “gryké shisheje” maten si pore me diametér sa ai i grykés.

P,

Pore né formé “gryké shisheje”
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Karakteristika té matshme me PShM

» Véllimi i zgjerimit dhe histereza
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Histereza ne ciklin ngjeshje - zgjerim
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Pérmbledhje mbi porozimeriné me mérkur.

Mund te testohet thuajse cdo lloj materiali sepse méerkuri nuk
lag materialet.

Nuk jané té matshme karakteristikat e rrjedhjes.

Perdor materiale toksike dhe presione té larta



Puna e laboratorit nr. 5.1

Tema: MATJA E ADSORBIMIT TE GAZEVE MBI
TRUPAT E NGURTE ME TEKNIKEN VELLIMETRIKE

QELLIMI I PUNES: MATJA E ADSORBIMIT TE
AZOTIT TE GAZTE NE T=77 K MBI QYMYRIN AKTIV
ME TEKNIKEN VELLIMETRIKE DHE PERCAKTIMI |
SIPERFAQES SPECIFIKE TE TIJ) DUKE PERDORUR
EKUACIONET E LANGMUIR DHE BET.



Paraqitja skematike e adsorbimit

Karakteristiké e materialeve t€ ngurta ésht€ shpérndarja e gendrave aktive me energji té
ulét. Molekulat e gazeve dhe avujve mund té lidhen apo adsorbohen né kéto gendra.

Adsorbate molecule

O

/ Unsaturated bond

a) Atbeginning of any adsorption % Saturated bond

Bulk material

b) Any physisorbed condition

c) Any chemisorbed condition

Sasia e molekulave t€ adsorbuara nga sipérfaqja e ngurté varet nga T, P, shp€mdarja e gendrave aktive né sipérfage dhe sipérfaqja specifike



Natyra e sorbimit t€ gazit mbi j€ sipérfaqe

* Kur b.v. midis njé sipérfageje dhe nj€ adsorbate €shté relativisht 1 dobét, ndodh veté adsorbimi fizik.

* Sidoqofté, atomet né€ sipérfage zoté€rojné shpesh elektrone ose cifte elektroniké g€ jané t€ disponueshém pér té
krijuar lidhje kimike.

* Adsorbimi i1 pakthyeshém, ose kimisorbimi, karakterizohet nga potenciale t€¢ médha bashkéveprimi g€ ¢ojné
né nxehtési t€ médha adsorbimi. Sic Eshté e vérteté edhe pér reaksionet kimike, kimisorbimi éshté 1 lidhur me
njé energji aktivizimi, g€ nénkupton molekulat e adsorbatit té€ t€rhequr mbi nj€ sipérfage, duhet t€ kalojné njé
barrieré energjetike, para se t€ lidhen fort me sipérfagen.

-
-
®
-

-
-
-
-
.

distance of molecule from surface

physisorbed state

potential energy

chemisorbed
non-disso ciatve state

chemisorbed
dissociatve state



Adsorbim/Desorbim

Adsorbimi éshté “nggﬁ;j a” e molekulave t€ gazit mbi sipérfagen e nj€ trupi t€ ngurté... ¢do sipérfaqge té
disponueshme, pérfshiré edhe sipérfaget brenda poreve té€ hapura.

Rritja e presionit t€ gazit mbi trupin e ngurté shkakton adsorbim né rritje.

Eshté i varur nga temperatura. . _ . . .
Desorbimi €shté lar%lml 1 molekulave t€ gazit nga sipérfaqja e ngurté... ¢do sipérfaqe t€ disponueshme,
pérfshiré€ edhe sipérfaget brenda poreve t€ hapura.

Ulja e presionit t€ gazit mbi sipé€rfagen e ngurté sjell desorbim né rritje.
Kryhet né t€ nj€jtén temperature me adsorbimin.

!

Volume of gas

adsorbed

N’hemisorpﬁon

Physisorption

Temperature R






Adsorbimi i gazit inert

— Cilat madhési matim me teknikén e adsorbimit té gazit inert?
 Sipérfaqe specifike
* Shpérndarja e véllimit té poreve sipas madhésisé
* Nxehtési té adsorbimit

— Ciliti interesojné kéto rezultate? Personelit laboratorik/kérkimor té cilit i

intereson ndikimi i struktures sé poreve né performancén e materialeve.
» Sipérfaqgja specifike
— Ndikon shpejtésiné e tretjes sé tr. ngurté.
— Ndikon densitetin e rrymés elektronike/jonike né sip. ndérmjet elektrodave dhe tretésirés jonike.

— Ndikon kapacitetin adsorptive té adsorbentéve.

— Tregon energjiné sipérfaqgsoree té disponueshme né rastin e tabletimit apo sinterizimit.
- Shpérndarja e véllimit té poreve sipas madhésisé

-Ndikon shpejtésiné e tretjes.

-Ndikon vetité e materialit pé pérdorim si “sité molekulare”.

- Ndikon sip. Specifike pér njési té véllimit.



Hipoteza té Lengmyrit (Langmuir-it)

»Molekulat e gazit sillen si ato t€ njé€ gazi ideal
»Formohet vetém njé monoshtresé
» Sipérfagja e adsorbentit €shté ekuipotenciale (t€ gjitha gendrat aktive

né sipérfage jané té njéjta)
»Nuk ka bv. adsorbat-adsorbat
»Molekula e adsorbatit éshté e palévizshme




[zoterma e Langmuir

Pérshkrimi 1 1izotermés sé tipit I

Hipotezime
* Adsorbimi monoshtresor

» Sipérfage energjetikisht uniforme

 Mungojné€ b.v. ndérmjet molekulave té
adsorbuara (nxehtésia e adsorbimit e

pavarur nga shkalla e mbulimit)
Shprehja kinetike e ekuilibrit adsorptive
Vads =Vdes

dNads =dNdes

[CONTRIBUTION FROM THE RESEARCH LABORATORY OF THE GENERAL ELECIRIC CoO.]

THE ADSORPTION OF GASES ON PLANE SURFACES OF
GLASS, MICA AND PLATINUM,

By IrRVING LANGMUIR.
Received June 25, 1918,

In his studies of the continuous change from the liquid to the vapor
state, at temperatures above the critical, van der Waals developed the
theory that at the boundary between a liquid and its vapor there is not
an abrupt change from one state to the other, but rather that a transi-
tion layer exists in which the density and other properties vary grad-
ually from those of the liquid to those of the vapor.

This idea of the continuous transition between phases of matter has
been applied very generally in the development of theories of surface
phenomena, such as surface tension, adsorption, etc.

Eucken,! for example, in dealing with the theory of adsorption of gases,
considers that the transition layer is a sort of miniature atmosphere,
the molecules being attracted to the surface by some kind of “action ata

' Eucken, Verh. deut. physik. Ges., 16, 345 (1914).

*I. Langmuir, J. Am. Chem. Soc. 40 (1918) 1361.
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Izoterma e Langmuir
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Adsorbimi i azotit mbi gymyrin aktiv né temperatura té ndryshme
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Langmuir isotherm

Ayx, *K *p  EKUACIONI I LINEARIZUAR
1+K=x*p

p/Torm—e

100
[

200
®

Ll x* %
S _Aco Nav w/Madsorbent

1
-1/ Torr-cm-3 -

Abb. 6.47

Linearisierte Langmuirsche Adsorptions-
isotherme fiir die Adsorption von
Wasserstoff an Kupferpulver bei 25°C

e o 1 )
10 20 30
p/kPa —=

Modern Methods in Heterogeneous Catalysis Research; 01 Nov 2013; Surface Area and Pore Size Determination; A. Trunschke



Teoria BET Hyrje

» Adsorbim 1 gazeve ose 1 azotit

» Stephen Brunauer, Paul Hugh Emmett, dhe Edward Teller

» Mat drejtpérdrejt sipérfagen specifike dhe shpérndarjen e véllimit
té poreve sipas madhésisé

» Teoria BET zhvendoset nga analizat ideale te ato aktuale



Feb., 1938

ADSORPTION OF (GASES IN MULTIMOLECULAR LAYERS

[zoterma BET (Brunauer, Emmett, Teller)*

309

[CONTRIBUTION FROM THE BUREAU OF CHEMISTRY AND SOILS AND GEORGE WASHINGTON UNIVERSITY]

Adsorption of Gases in Multimolecular Layers

By STEPHEN BRUNAUER, P. H. EMMETT AND EDWARD TELLER

Introduction

The adsorption isotherms of gases at tempera-
tures not far removed from their condensation
points show two regions for most adsorbents:
at low pressures the isotherms are concave, at
higher pressures convex toward the pressure axis.
The higher pressure convex portion has been
variously interpreted. By some it has been
attributed to condensation in the capillaries of
the adsorbent on the assumption that in capil-
laries of molecular dimensions condensation can
oceur at pressures far below the vapor pressure of
the liquid. By others such isotherms are believed
to indicate the formation of multimolecular ad-
sorbed layers. DeBoer and Zwicker! explained
the adsorption of non-polar molecules on ionic
adsorbents by assuting that the uppermost layer
of the adsorbent induces dipoles in the first layer

- - RN, S

Modern Methods in Heterogeneous Catalysis

I. The Polarization Theory of DeBoer
and Zwicker

According t-b DeBoer and Zwicker, the induced
dipole in the ith layer polarizes the ¢ + 1st
layer, thus giving rise {o induced dipole moments
and binding energies thatl decrease exponentially
with the number of layers. If we call the dipole
moment of a molecule in the ¢-th layer p;, it
follows that

ui = 6C* eY)
where ¢; and C are appropriate constants, C actu-
ally being equal® to u;/u; ;. The corresponding
binding energy is proportional to the square of the
dipole moment
bi = C¥ )
where ¢; is another constant. The equilibrium
pressure of the nth layer (top layer), p,, according
to Boltzmann’s law varies exponentially with the

- S. Brunauer, P.H. Emmett, E. Teller, J. Am. Chem. Soc. 60 (1938) 309.

Research; 01 Nov 2013; Surface Area and Pore Size Determination; A. Trunschke



Bazat

| Aktuale|

[Ideale] ]- PV =nRT

Asnjé molekulé e gazté

—_—

Molekula azoti té gazté
= » Shtresa Monomolekulare: molekulat e

» Nuk nisemi nga situata e mungeses se cdo
molekule gazi

QAds

gazit “ngjiten” bashkeée

» Shumeéshtresat molekulare: molekulat e

) / gazit “ngjiten” bashke
<
° > Disa pore nuk mbushen




BET eshte nje zgjerim i modelit te Langmuir

> Sjellja kinetike e procesit té ndajthithjes

»Ne ekuiliber shpejtesia e adsorbimit eshte e njejte me ate te

desorbimit

»Nxehtesia e adsorbimit konsiderohet konstante dhe e

pandryshueshme me shkalleén e mbulimit, ©




Basic Principle Cont.

Teoria BET

» Siperfage homogjene
» Nuk ka b.v. anesore ndermjet molekulave te adsorbatit
» Shtresa me e siperme ndodhet ne ekuiliber me fazen e gazte

» Shtresa e pare dhe me te larta: adsorbim me clirim te
nxehtesise

» Te gjitha gendrat aktive kane te njejten energji te adsorbimit per
adsorbatin.

» Adsorbimi mbi adsorbent ndodh me infinit shtresa

» Teoria mund te zbatohet per secilen shtrese



Klasifikimi 1 poreve

l l I I

Micro- | Meso- Macropore

pore  pore

0.1 1 10 100 1 10 100 1000
nm '—{—* um

Pore size



Mekanizmi 1 Adsorbimit

Nje shtresor Shumé shtresor

Kondensimi kapilar



Adsorbimi i azotit N, mbi silicé né 77 K
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Izoterma BET (Brunauer, Emmett, Teller)*

.. ° ® o Pérshkruan té gjitha llojet e 1zotermave
® [
@ v s
.. o @ o Kushtézimet:
0 ® .
o © ® e Adsorbim shuméshtresor
® 3y L :
e « Shtresa e par€: Adsorbim sipas Langmuir
adsorbenti | * Shtresa e dyté dhe ato mé sipér: kondesimi 1 gazit né€ 1€ng
) o>+, >3, °* Nxehtésia e adsorbimit:
1 - Shtresa e par€ > shtresa e dyté = ...=...= nxehtésia e kondensimit

A C-(p/ po)

=i “ (= p/po)i-p/ po+C(p/ po)]

Do ---presioni 1 avullit t€ azotit t€ 1€ngét N,

* S. Brunauer, P.H. Emmett, E. Teller, J. Am. Chem. Soc. 60 (1938) 3009.



Grafiku i linearizuar BET
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Grafiku BET me njé piké

Hipoteza:

Presione relative ku formohet monoshtresé komplete

0.05 < p/py<

0.3

Pér vlera té larta t€ C, ordinata né origjin€ mund t€ konsiderohet zero

Ao=A (1 —p/py)

Ny Wy

p
s=401 -5
poM

adsorbent

} | !
i T i
0l o2 - 03
P/Py

A ... numri 1 moleve t€ N, té adsorbuar
A_, ... Numri 1 moleve t€ N, t€ nevojshém peér té

(00]

krijuar monoshtresén (kapaciteti 1 monoshtresés)
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Figure 5.3 Isotherm shapes as a function of BET C values.



Zbatimet e teorisé BET

Kufizimet

 Teoria BET nuk merr parasysh moshomogjenitetet e sipérfages dhe bashkéveprimet ndérmjet
molekulave té adsorbuara te adsorbatit

Qendrat e adsorbimit me energji té larté do té adsorbojné molekula né presione relative mé té ulta. Arsye pér
jolinearitet ne grafikun e linearizuar BET né p/p, <0.05

* Forcate ﬁolarizimit do te induktojne nje nxehtesi te adsorbimit me te larté ne shtresen e dyte sesa ne te
treten e késhtu me rradhe

Arsye pér pasaktésiné e ekuacionit BET né p/py >0.3
« Ekuacioni BET éshté i zbatueshém pér analizén e sipérfages sé materialeve nanoporoze

Ka véshtirési pér dallimin e adsorbimit mono-shuméshtresor nga mbushja e poreve

]\gbushja e mikroporeve kryhet deri né p/p, <0.1, sidoqofté, grafikét e linearizuar BET zbatohen edhe né presione relative mé té
ulta.

— sipérfaget e matura nuk japin sipérfagen e brendshme reale, por njé sipérfaqe “karakterisitike” BET.

Pér materiale mezoporoze qé shfaqin diametra té poreve ndérmjet 2 dhe 4 nm, mbushja e poreve ndodh né presione prané
formimit té mono/shuméshtresave

— mbivlerésim té kapacitetit t¢ monoshtresés



Sipérfaqja e njé molecule té adsorbuar té adsorbatit

Table 5.4 Cross-sectional areas of some frequently used adsorptives.

Adsorptive Cross-sectional area ) Customary Value Kryptonl perdoret per percaktlmln
Temperature (A5 (A9 e sipérfageve specifike té vogla
Nitrogen 77.35 K 13.0 - 20.0 16.2 _ 2 A A
Argon  77.35K 10.0 - 19.0 13.8 (05 005 m ) . per Shkak te
Argon  87.27K 9.7-18.5 14.2 presionit te ulet te avujve te
Krypton 7735 K 17.6 -22.8 20.2 g
Xenon  77.35K 6.5 -29.9 16. ngopur te tij ne 77K
Carbon Dioxide 14 -22.0
195 K 19.5
273 K 21.0
Oxygen 77.35K 13-20 14.1
Water  298.15K 6-19 125
n-Butane 273.15K 36 - 54 44 .4
Benzene 293.15K 73 - 49 43.0

Azoti si adsorbat standard

Per shumicén e adsorbenteve konstantja C ndodhet née intervalin nga 50 né 300 (nuk ka prani te
bashkéveprimeve té dobta van der Waals-iane, as kimisorbim).

Momenti i tij qudrupol i pérhershém éshté péergjegjés per formimin e shtresave monomolekulare té
pércaktuara garté né shumicén e sipérfageve.

Mbivleresim i sipérfageve specifike te silicave t€ hidroksiluara prej 20% pér shkak t€ bashkeveprimeve
specifike me grupet polare né sipérfage (pérdoret w = 13.5 A2)



Teknika véllimetrike e matjes sé adsorbimit
te gazeve
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Llogaritja

Per llogaritjen e sasise adsorbuar te materialit, aparatura ndahet ne tre pjese volumetrike;
rezervuari 1 gazit, zona e rubinetave te gelqit midis rubinetave 1 dhe 2 si dhe ena e proves. Para se
te hapet rubineti 1 proves R rezervuari 1 gazit eshte ndare nga dy zona te tjera.pasi hapen te tre
zonat lidhen me njera tjetren, per secilen prej ketyre tre zonave per cdo hap te adsorbimit behet nje

bilanc 1 mases duke perdorur ligjin egazeve 1deale.



Llogaritja

Ne rezervuarin e gazit me vellim Vgrc kemi temperaturen e mjedisit (e cila mund te matet
drejtperdrejt ne mjedis) Trg. Perpara hapit te adsorbimit a1 ndodhet nen presionin Porg dhe pas

adsorbimit presioni Pirg. Keshtu per ndryshimin e sasise se materialit ne rezervuarin e gazit kemi:

(Pi1rc-PorG) VRrG
ANRG = ~—nmmmmeemmmmmmeee (1)



Llogaritja

Ne zonen midis rubinetave te gelqit ndermjet rubinetave Ri dhe R, me vellim Vrg mbizoteron
gjithashtu temperatura e mjedisit. Bilanci imases per kete zone jepet nga presioni para dhe pas

adsorbimit..

(P1rg-Porq) VR0
I T T 2)



Llogaritja

Ne enen e mostres me vellim Vem mbizoteron temperatura e banjes se termostatizimit Tm (M per
moster). Ne enen € mostres ne pjesen ge gendron jashte banjes se termostatizimit deri ne rubinetin
R kemi nje gradient temperature ge niset nga temperatura e mjedisit dhe perfundon. Ne rastin e
azotit te lenget temperatura e enes se mostres nuk matet direkt, por gjendet nepermjet presionit
atmosferik te dites. Me presionet € matura ne enen e mostres para dhe pas hapit te adsorbimit si
dhe me vellimet e njohura te enes se mostres Vem dhe te mostres Vm kemi sasine e materialit te

adsortivit ne fazen e gazte.

(P1iem-Poem)(VEM-VM)
ANEM=-----=mmm oo (3)



Llogaritja
Sasia e materialit te adsorbuar gjate nje hapi adsorbimi Ana.gs del si diference e bilancit te

pergjithshem te sasive te materialit. Sigurisht qe sa gaz ka hyre ne zonen e mostres, po aq ka dale

nga rezervuari 1 gazit. Keshtu nga barazimet (1) dhe (3).

AnrGc=AnrQ+Angm+Anads



Basic Construction

Pressure transducer(s)

Analysis gas to vacuum
— @ X

I __: ~ cabinet
\XR
" level sensor
| -_|\‘“‘-— sample cell
90 hr dewar
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Ctaré matim népérmjet teknikés véllimetrike?

* Matim drejtpérdrejt sip specifike dhe madhésin€ e poreve?

* JO!!Regjistron presione t€ ndryshme t€ gazit n€ aparaturén e
gelqit gjaté€ adsorbimit / desorbimit.

Prej presioneve para dhe pas ekuilibrit llogarisim numrin e
moleve té adsorbuara té azotit mbi gymyrin aktiv. Sipérfaqgja
specifike pércaktohet pasi rezultatet e izotermés pérdoren pér
pércaktimin e koordinatave té linearizuara sipas Langmuir
dhe BET dhe nga grafiket e linearizuara pércaktohet
kapaciteti i monoshtresés Ainf

* Matja e presionit €shté kritike pér saktésin€ e rezultateve!



Amount adsorbed

A

What Is The Result?

The values on the y-axis are calculated
from pressure measurements (and
temperature values)

Relative pressure



Amount adsorbed

What To Analyze?

If just a total (BET) surface area is needed:

-

Relative pressure



Te dhenat e punes se laboratorit nr. 5 “Matja e adsorbim / desorbimit te azotit N, te gazte
mbi alumina standarde me tekniken vellimetrike

A Numri i moleve té P ekuiliber

adsorbuara (mol/kg) (mbar) Masa e mostres (g) = 1.9236

26
71
110
141
168
194
214
238
262
286
330
375

35



A sasia e adsorbuar e moleve (mol/kg)

2,5

—_
[6)]

—_

o
)

Izoterma e adsorbimit te argjiles P_10_6_A

200

400 600

presioni (mbar)

800

1000

36



V (cm3/kg)

80

70

60

50

40

30

20

10

Shperndarja integrale e poreve sipas madhesise per argjilen P_10_6_A

5 10 15 20

Diametri i poreve (nm)

25

30

37



Shperndarja diferenciale e poreve sipas madhesise per argjilen P_10_6_A

30
25 F\
20
H
3’ [
£15
5
3
10
5 \/
——_—
0
0 2 4 6 8 10

Diametri i poreve (nm)

12

38



Te dhenat e kurbes se desorbimit te azotit N, ne T
= /7 K nga argjila e Prrenjasit

p pas desorbimit Numri i moleve té
(mbar) adsorbuara (mol/kg)
995.1157748 Masa e mostrés (g) = 1.6873 gram 2.16428956
980.1140294 2.120647949
936.1089097 2.028175453
869.1011138 1.946453628
776.0902927 1.86543775
676.078657 1.804864296
570.0663232 Temperatura € dhomes = Tro(°C) = 23.5 1.750529462
421.0489861 1.398639813
314.036536 Temperatura e mostres (K) =90 1.319016678
193.0224568 1.221040232
107.0124502 Presioni atmosferik (mbar) = 988 1.126163947
66.00767953 Vellimi 1 rezervuarit te gazit (ml) =270.8 1.06348223

Vellimi RQ (ml) = 4.0
Vellimi i EM (ml) =12.35



Puné laboratori Nr. 6.1

Tema: Matja e tensionit sipérfaqsor pér disa
perzjerje té ndryshme ujé-etanol me teknikén e
pikés pezull.



Mjetet € punés:

Tensiometér DSA-100 - Kruess, tretésira ujore té€ etanolit me pérgéndrime 0.125 M, 0.25 M, 05M, 1 M, 2 M, 4
M,



Teknika e pikés pezull (Pendant Drop Method)

Kur léngu shtyhet pérmes njé maje t€ njé€ kapilari né drejtimin vertikal, pika géndron e varur
n€ majén e kapilarit. Kjo quhet pika pezull. Megenése sasia e 1€éngut né pikén pezull varet nga
dendésia e léngut, tensioni sipérfaqé€sor dhe sipérfaqja e pikés, tensioni sipérfagésor dhe
sipé€rfagja mund té pércaktohet duke analizuar formén e késaj pike. Metoda e pikés pezull
éshté e pérshtatshme edhe pér 1éngje shumé viskozé g€ nuk lagin pllaka lehtésisht, polimere
té shkriré dhe pér matjen e tensionit ndérfagor midis dy I€ngjeve.

Wo <<1 ~ ApgVy Wo ~ 1
Inaccurate vy -~ myD, Accurate y




Paraqitja skematike e Tensiometrit Kruess D-10

pendant drop chamber

cep |EE iﬂ[ light source syringe

PC

test-bed




Prezantim me video 1 procedures se matjes se
tensionit sip€rfagsor t€ léngjeve me teknikén e
pikés pezull

https://youtu.be/MgNJcsOVMu4



https://youtu.be/MqNJcs0VMu4

Pérshkrimi 1 eksperimentit:

1. Pregatiten 6 tretésira t€ etanolit n€ ujé€ me pérgéndrimet 0.125 M, 0.25 M, 0.5 M,
1 M, 2M.

2. Mbushet shiringa me tretésirén pérkaté€se dhe pércaktohet tensioni sipérfaqgsor 1
tret€sirés me teknikén e pikés pezull (Pendant drop) né tensiometrin DSA-100 té
prodhuesit Kruess GmbH.

3. Pércaktohet népérmjet teknikés “fitting” vlera e faktorit t€ formés 3 q€ pérshkruan
mé miré profilin e pikés pezull pér ujin, etanolin dhe pérzjerjet e tyre.

4. Pércaktohet diametri maksimal de dhe ds nga imazhi 1 profilit t€ pikés pezull pér
ujin, etanolin dhe pérzjerjet e tyre.



Paraqitja e matjeve dhe rezultateve

. Paraqitni vlerat e matjeve t€ S = ds/de sipas metodes 1 né€ njé tabel€, gjeni nga

tabelat vlerén e parametrit t€ formés H, llogarisni vlerén e tensionit sipérfagsor pér
ujin, etanolin dhe cdo pérzjerje.

. Paraqitni vlerat e matjeve té [3 sipas metodés 2 “fitting” n€ njé tabelé dhe llogarisni
vlerén e tensionit sipérfagsor pér ujin, etanolin dhe cdo pérzjerje.

. Ndértoni n€ nj€ grafik varé€siné e tensionit sipé€rfaqsor t€ pérzjerjeve ujé-etanol nga
pérgéndimi né véllim 1 etanolit.

. Jepmi konkluzionet tuaja duke krahasuar sakt€siné e pércaktimit t€ tensionit
sipé€rfagsor me secilén metodeg.



Literatura:

*Physical Chemistry of Surfaces, 6th Edition, Arthur W. Adamson, Alice P. Gast,
ISBN: 978-0-471-14873-9, September 1997. fage 26 — 30.



http://eu.wiley.com/WileyCDA/Section/id-302479.html?query=Arthur+W.+Adamson
http://eu.wiley.com/WileyCDA/Section/id-302479.html?query=Alice+P.+Gast

Aplikimi 1 ekuacionit t€ Young — Laplace-it pér
pércaktimin e tensionit sipérfagsor t€ léngjeve népérmjet
teknikés sé€ pikes pezull ose “pendant drop™.

Analiza e formés s€ pikés pezull bazohet né€ ekuacionin e Young - Laplace. Ky ekuacion pérshkruan
diferencén e presionit (presioni shtes€ 1 Laplace-it) ndérmjet zonave brenda dhe jashté nj€ sipérfageje
1€ngu t€ kurbézuar me rreze t€ kurbézimit R,

1 1
AP = (Pt — Pexs) :J(Rl—l_ﬁ’g)
Forcat g€ pércaktojné formén e pikes pezull jan€ né€ vecanti tensioni sipérfagésor dhe
térheqja gravitacionale. Tensioni sipérfaqé€sor kérkon t€ minimizoj€ sipérfagen dhe ti japé
pikés njé formé sferike. Nga ana tjetér gravitacioni e “t€rheq” pikén nga kjo formé sferike
dhe rezulton forma tipike e ngjashme me dardhén.



Aplikimi 1 ekuacionit t€ Young — Laplace-it pér
pércaktimin e tensionit sipértagsor té léngjeve
népérmjet teknikés s€ pendant drop.

Gravitacioni shkakton nj€ ndryshim té presionit né drejtimin e
boshtit z sipas ligjit t€ Pascal-it (presioni hidrostatik). Prandaj
presioni 1 Laplace AP (z) n€ njé distancé€ z nga nj€ plan referimi
arbitrar me presion shtesé t€ Laplace-it 4P, Eshté:

AP (z) = APy £+ Apgz




Pér njé piké pezull rrezet kryesore t€ kurbézimit né kulm
(pika mé e ulét e pikés) jané: R, = R, = R. Prandaj éshté e
pérshtatshme t€ vendoset plani 1 referencés né kété pike.
Pér ¢do piké mbi két€ plan vlen R, = x/sin @ (shih
figurén).

Ekuacionet e sip€rpérmendura ¢ojné né:

1 sind 2 | Apgz

R1 X R o




PERKUFIZIMI I FAKTORIT TE FORMES SE PIKES PEZULIL DH

(1]

FORMULA PER PERCAKTIMIN E TENSIONIT SIPERFAQSOR

Pérdorimi 1 parametrave si gjatésia e harkut S t€ formés s€ pikes rezulton né tre ekuacionet

diferenciale t€ rendit t€ par€ kétu mé poshté me tre vlera kufitare, g€ mund té€ zgjidhen
népérmjet procedurave numerike iterative:

dd B sin &
ds x
dz

D H
1 COS

d

d—z = sin @

0=2x2(s=0)=2(s

2 Apgz 1
+ o+ = =
R

R

ose
o

FAKTORI I FORMES ——

TENSIONI SIPERFAQSOR ——| @

46 _ . .
ds bz
[ A\
—g *Ap
B =
o
. J
N
_—Ap+*g
b
- y

sin 6

X



METODAT PER PERCAKTIMIN E FAKTORIT TE FORMES /3

METODA 1 METODA 2
Népérmjet matjes s€ diametrave ds dhe de Neépérmjet teknikés s€ pérputhjes s€ profilit
té pikés pezull me profilin e llogaritur pér
vlera t€ ndryshme g€ 1 japim /5, ose “fitting”

| f
\
| 3
| n \ 1 3
f § ¥
\ d i
] A\ P :
J




Metoda 1 ds/de.

Kjo metodé llogarit tensionin sipérfaqgésor
duke matur diametrin ds t& njé pike pezull
né njé pozicion me distancé sa de nga
pika mé e ulét e pikés (apex-1).

de éshté diametri maksimal i pikes pezull
var€s (diametr1 1 planit ekuatorial).

ds

S:%




------

ooooooo

METODA 2 “fitting” i

Konturet e pikés pezull té I
pérshkruara si funksion 1 3

=t (N




Pérpunimi 1 imazhit t€ pikés pezull népérmjet softwerit
Zmadhimi 1 1mazhit Pércaktimi 1 kufirit

{
\ I'. {
') ! : §
N "~.,l ,""
‘

Pércaktimi 1 de dhe ds pasi njohim
diametrin e shiringés s€ tensiometrit

C———

Needle diameter: 0.9 mm



Metoda 1 ds/de. (vazhdim)

— - ¢ = g — PY
H fx*d; de H

Ku H éshté variabli 1 pércaktimit t€ formés. Lidhja ndérmjet formés sé pikés pezull
H dhe formés s€ matur eksperimentalisht t€ profilit t€ pikés pezull pércaktohet né
ményré empirike. Njé€ ser1 e kompletuar e sakté 1/H kundrejt vlerave t€ S merret
népér tabela. Vlera e S do t€ njehsohet pasi matet d, dhe d, prej formés s€ pikés
pezull, mé pas 1/H pércaktohet prej tabelave mé poshté.



‘Tahle 1

PARAMETERS FOR CALCULATING SURFACE TENSION

{lfH as a Function of S at Intervals of 0. 001)

L. 93532

S 1] i 2 3 4 b 6 7 B 9
0.20 19.35325 19.15633 18.96089 18.76692 18.57443 18.38343 18.19390 18.00584 17.81927 17.63418
0.21 17.45056 17.26842 17.08776 16.90858 16.73087 16.55465 16.37990 16.20663 16.03484 1i5. B6452
0.22 15.69569 15.52833 15.36245 15.198056 15.03513 14.87369 14.71372 14.55524 14.39823 14. 24270
0.23 14.08864 13.93607 13.78407 13.63535 13.48721 13.34055 13.19537 13.05167 12.90944 12 76869
0.24 -12,62942 12.49163 12, 35531 12,22048 12.08712 11,95524 11,82484 11.69592 11.56848 1{1.44251
0.25 11.31802 11.19501 11.07348 10.95343 10.83485 10.71776 10.60214 10.48800 10.37534 10. 26415
'0.26 10, 15445 10.04622 9. 93947 8. 83420 9. 73041 9.62809 9. 52726 9. 42790 9. 33002 9. 23362
0.27 9, 13870 9.04525 8. 95328 B. 86280 8.77379 B.68625 8. 60020 8.51562 8.43253 8. 35091
0. 28 8. 27077 8. 192114 B.11492 8. 03921 7.96499 7.80224 B. 05228 7.98182 7.91201 7.84283
0.29 7.77429  7.70640 7.63914 7.3T252 7.50655 7.44121 7.37651 7.31245 7.24903 7. 18625
0. 30 7.12411 7.06261 7. 00175 6. 94153 6. 88195 6. 82301 6. 76471 6. 70704 6. 65002 6. 59364
0.314 6. 53790 6.48279 6.42833 6. 37450 6.32132 6. 26878 - 6. 21687 6. 16560 6. 11498 6. 06499
0.32° 6.01565 5. 96694 5. 91887 5.87144 5.82466. 5.77851 5. 73300 5.68813 5.64390 2. 64907
0.33 5. 60579 5.56287 5.52033 5.47815 5.43635 5. 39491 5. 35385 5.31316 5.27284 5. 23289
0.34 5, 19331 5. 15410 3. 11526 3. 07679 5. 03869 5. 00096 4. 96361 4.92662 4, 89000 4. 85376
0.35 4. 81788 4.78238 4. 74725 4, 71248 4. 67809 4. 64407 4. 61042 4.57714 4. 54423 4.51169
0. 36 4. 47952 4.44772 4.41620 4. 38523 4.37119 4. 34076 4. 31058 4. 28065 4, 25096 4. 22152
0. 37 4. 19232 4. 16337 4, 13466 4, 10620 4.07798 4. 05001 4. 02229 3.99481 3. 96758 3. 84059
0. 38 3. 91385 3. 88735 4. 86110 3. 83509 3. 80933 3.78382  3.75855 3. 73353 3. T0875 3. 68422
0. 39 3. 65993 3. 63589 3.61210 3.58855  3.56524 3.54941 3.52652 3.50381 3.48127 3. 45891
0.40  3.43672 3.41471 3. 39288 3.37123 3. 34975 3.32844 3.30732 3.28636 3, 26559 3. 24499
0.41 3. 22457 3. 20432 3. 18425 d.16436 3. 14464 3. 12510 3. 10573 3. 08654 3. 06753 3. 04870
0. 42 3. 03003 3.01155 2. 99691 2, 97875 2, 96073 2.94284 2, 92508 2.90745 2. 88996 2. 87261
0.43 2, 85538 2. 83829 2, 82133 2. 80451 2.78782 2.77126 2. 75484 2.73855 2,72239 2. 70636
0.44 2.6904T7 - 2.674714 2.65909 2. 64360 2.62824 2.61301 2, 59792 5. 58502 2.57018 2,55545
0.45 2, 54081 2.52629 2.51187 2.49755 2.48334 2.46923 2.45523.  2.44133 2.42754 2.41385
0. 46 2, 40026 2, 38678 2.37341 2. 36014 2, 34697 2.33301 2. 32096 2.30811 2. 29536 2, 28272
0.47 | 2.27018 2. 25899 2. 24664 2. 23437 2.22218 2.21008 2. 19806 2. 18613 2. 17428 2, 16252
0.48 2. 15084 2.13924 2, 12773 2.11631 2. 10497 2.09371 2. 08254 2.07145 2. 06045 2, 04953
0.49 2, 03870 2.02795  2.01809 2. 00750 1. 99698 1. 98653 1.97614 1. 96583 1. 95559 1. 94542
0. 50 1.92529 1.91532 1. 90543 1. 89561 1. 88586 1. B7617 1. 86656 1. 85702 1. B4755



(1/ H as a Function of S at Intervals of 0. 001)

Table I {Continued)
PARAMETERS FOR CALCULATING SURFACE TENSION

4

S d 1 - 2 3 5 B 7 8 9
0.51 1, 83814 1. 82881 1. 81955 1. 81089 1. 80175 1. 79267 1. 78365 1.77468 1.76578 1. 75693
0.52  1.74815 1. 73942 1.73075 1.72214 1.71358 1. 70509 1. 65666 1.68B828 1. 67996 1.67170
0,53 1.66351 1. 65536 1,64766 1.63963 1.63164 1. 62371 1. 61583 1. 60799 1. 60021 1.59248
0.54 1.58479 1.57716 1. 56958 1.56204 1. 55456 1.54713  1.53975 1.53241 1.52513 1.5179¢C
0.55 1.51099 1. 50386 1. 49676 1. 48971 1.48270 . 1.47574 1.46882 1.46194 1.45510 1.44831
0.56 1.44156 1. 43486 1. 42820 1.42158 1.41500 1.40847 1.40198 1.39554 1. 38934 1. 38297
0.57 1.37665 1. 37036 1. 36410 1. 35789 1.35171 1. 34557 1. 33947 1.33341 1. 32738 1.32139
0.58 1.31544 1. 30953 1. 30365 1.29781 1.29201 1. 28641 1. 28087 1.27498 1.26931 1.26368
0.59 1. 25808 1.25252 1. 24699 1.24149 i.23602 1. 23059 1.22519 1.21983 1.21449 . 1.20920
'0.60.  1.20393 1. 19882 1. 19361 1. 18844 1.18329 1. 17818 1. 17309 1. 16803 1. 16301 1. 15801
0.61 1.15304 i. 14810 1, 14319 1, 13831 1. 13346 1. 12864 1. 12385 i. 11918 1. 11444 1. 10973
0.62 1.10505 i. 10039 1. 09576 1.09115 1. 08657 1. 08202 1.07749 1. 07299 1. 06851 - 1. 06407
0.63 -1,05964 1. 06525 1. 05085 1. 04661 1, 04228 1. 03798 1. 033711 1. 02946 1. 02523 1. 02102,
0.64 .1.01684 1.01268 1. 00855 1. 00444 1. 00035 0. 99629 0. 99225 0. 98829 0.98430 0. 98032
0.65 0.897637 0.97244 0. 96853 0. 96464 0. 96077 0. 95692 .- 0.95310 0. 94929 0. 94551 0.94175
0.66 0.93801 0.93434 0. 93064 0.92696 0. 92330 0. 91965 0.91603 0.91243 0. 90884 0. 90528
0.67 0.50173 0.89821 . 0.89470 0.89121 0. 88774 0. BB434 0. 88091 0. 87749 0. 87410 0. 87072
0.68 0.86736 0. 86401 0.86069 . 0.85738  0.85409 0. 85081 0. 84756 0. 84432 0. 84110 0. 83793
0.69 0.83474 0. 83157 0. 82842 0. 82528 0.82216 0. 81805 0.81596 0.81288 0. 80982 0. 80678
0.70 0.80375 0. 80074 0. 79775 0. 79480 0.79183 0. 78888 0. 78595 0. 78303 0. 78012 0. 77723
0.71 0.77435 0.77149 0. 76864 0. 76581 0.76299 0.76019 0.75743 0. 75465 0. 75189 0.74914
0.72 0.74641 0. 74369 0, 74098 0. 73828 0. 73560 0. 73293 0.73028 0.72764 0. 72501 0.72242
0.73 0.71982 0.71723 0. 71466 0.71209 0.70954  0.70700 0. 70447 0. 70196 0.69946  0.69697
0.74 0.69449 0.69203 0.68959 ° 0.68715 0.68472 0.68231 0.67990 0. 67750 0.67512 0. 67275
0.75 0.67039 0. 66804 0. 66570 0. 66338 0.66108 0. 65877 0. 65648 0. 65420 0. 65193 0. 64966
0.76 - 0.64741 0.64517 0. 64294 0. 64073 0.63852 0.63632 0.63413 0.63197 0. 62980 0. 62765
0.77 0.62550 0. 62336 0.62124 0.61912 0.61701 0. 61491 0.61283 0. 61075 0. 60868 0. 60663
0.78 0.60459 0. 60255 0. 60051 0.59849 0.59648 0. 594458 0.59248 0. 59050 0. 58852 0. 58656
0.79 0.58460 0. 58266 0. 58072 0.57879 0. 57687 0. 57495 0.57305 0.57115 0. 56926 0.56738
0.80 0.56551 0. 56365 0. 56179 0.55995  0.55812 0.55629 0.55446 0.55265 0. 55084 0. 54904
0.81 (.54725 0. 54547 0. 54370 0.54193 0. 54017 0. 53843 0.53669 0. 53495 0.53322 0.53150



Table I (Continued)

- PARAMETERS FOR CALCULATING SURFACE TENSION

(1/H as a Function of S.at Intervals of 0. 001)
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8 2 1 2 3 4 6 7 8 )
0.82 0.52979 0. 52808 0. 52638 0. 52469 0. 52300 0.52133 0. 51966 0. 51800 0.51635 0.51470
0.83 0.51306 0.51142 0.50879 0. 50817 0. 50656 0. 50495 0.50335 0.50176 0.50017 0. 49860
0.84 0.49703 0. 49546 0. 49380 0.495234 0. 49080 0. 48926 0. 48772 0. 48619 0. 484867 0.48315
0.85 0.48165 0. 48015 0. 47865 0.47716 0. 47568 0.47420 0.47272 0.47126 0. 46980 0. 46834
0.86 0.46689 0. 46545 0. 46402 0. 46259 0.46116 0.45974 0. 45833 0. 45692 0.45551 0.45412
0.87 0.45272 0.45134 0. 44995 0. 44858 0.44722 0. 44585 0. 44449 0.44314 0.44179 0. 44044
0.88  0.43910. 0.43777 0. 43644 0.43512 0. 43380 0.43249 0.43118 0.42988 0.42858 0. 42729
0.89 0.42600 0.42472 0.42344 0.42216 0.42089  0.41963 0. 41837 0. 41712 0. 41587 0.41482
0.90 0.41338 0.41214 0,41091 0. 40968 0. 40846 0. 40724 0. 40602 0. 40481 0.40361 0.40241
0.91 0.40121 0. 40002 0. 39883 0. 39764 0. 39646 0. 39529 0. 39411 0. 39294 0.39178 0. 39062
0.92 . 0.38947 0. 38831 0. 38716 0. 38602 0. 38488 0. 38374 0. 38261 0. 38147 0. 38035 0. 37922
0.93 0.37811 0. 37700 0. 37588 0. 37477 0. 37367 0. 37257 0. 37147 0.37037 0. 36928 0. 36819
0.94 0.36711 0. 36602 0. 36495 0. 36388 0. 36280 0.36174 0.36067 0.35960 0. 35854 0.35749
0.95 0.35643 0. 35538 0. 35433 0. 35328 0. 35225 0.35121 0. 35017 0.34913 0.34810 0. 34707
0.96 0.34604 0. 34501 0. 34399 0. 34296 0.34195 0. 34094 0. 33992 0. 33881 0. 33790 0. 33689
0.97 0.33588 0, 33487 0.33387 0. 33286 0.33186 0. 33086 0. 32088 0.32888 0. 32788 0. 32689
0.98 0. 32587 0.32489 0. 32391 0. 32293 0.32194 0. 32095 0. 31996 0, 31897 0. 31797 0. 31697
0.99 0.31597 0. 31487 0. 31397 0.31296 0.31195  0.31094 0. 30992 0. 30891 0. 30854 0. 30747
1.00 0.30636 0. 30519 0. 30398 0. 30273 0. 30142 0. 30007 0. 20867 0. 29722 0, 29573 0.29419
1.01 0.29260 0. 28096 0.28581 0. 28415 0. 28254 0.28097  0.27945 0. 27796 0.27652 0. 27513
1.02 0.27377 0.27246 0.27119 0. 26996 0.26878  0.26764 0. 26654 0. 26548 0. 26447 0. 26350
1.03 0.26403 0. 26309 0.26216 0.26123 0. 26031 0. 25939 0. 25848 0. 25757 0. 25667 0. 25577
1.04 0. 25487 0.25398 0.25309 0. 25221 0. 25133 0. 25046 0. 24959 0. 24874 0.24788 0. 24703
1.05 0.24617 0. 24533 0. 24448 0. 24364 0. 24281 0, 24197 0. 24115 0. 24032 0. 23950 0. 23869
1.06 0.23788 0. 23707 0. 23626 0. 23546 0. 23467 0. 23389 0.23311 0.23232 0.23154 0. 23076
1.07 0.22999 0. 22922 0, 22846 0.22769 0.22694 0.22618 0.22543 0. 22468 0.2239%4 0.22320
1.08 0. 22246 0.22173 0.22101 0. 22029 0. 21957 0, 21885 0.21813 0.21742 0.21671 0. 21601
1.09 0.21530 0. 21460 0.21391 0.21322 0.21253 0,21184 0.21116 0.21048 0.20981 0.20913
i1.10  0.20846 0. 20780 0.20714 0. 20648 0. 20582 0.20517 0. 20452 0. 20387 0.20323 0. 20259



METODA 2 “fitting” deri né pércaktimin e faktorit té
formés gé jep profilin mé pran€ imazhit té pikes pezull

B=0.05:0.01:0.5



METODA 2 “fitting” deri né pércaktimin e faktorit té formeés
qé jep profilin mé pran€ imazhit té pikes pezull
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Matjet

TABELA E MATJEVE TE KRYERA ME TENSIOMETRIN KRUESS DSA-100 NE PERZJERJET UJE - ETANOL ME TEKNIKEN E PIKES PEZULL

Nr. Permbajtja Etanol | Densiteti | B Faktoriiformés | Tensioni Siperfagsor de S=ds/de 1/H Tensioni Siperfagsor
ne vellim % (kg/m?3) i pércaktuar me o (mN/m) mm o (mN/m)
Metodén 2 "fitting"| Metodén 2 "fitting" raport
1 100 764 0.3401 2.273 0.4145
2 90 820.67 0.3221 2.273 0.4164
3 80 850.89 0.3115 2.273 0.4168
4 70 877.56 0.3057 2.273 0.4178
5 60 904.67 0.2993 2.273 0.4185
6 50 925.56 0.2949 2.273 0.4161
7 40 951.33 0.2764 2.273 0.414
8 30 962 0.2579 2.273 0.4125
9 20 964 0.2237 2.273 0.409
10 10 972.67 0.1850 2.273 0.4105
11 0 1013.78 0.1362 2.273 0.4109




Puné laboratori Nr. 6.2

Tema: Vlerésimi 1 energjisé sipérfaqsore dhe
komponentéve polare dhe dispersive t¢ PMMA
népérmjet matjes sé kéndit té kontaktit sipas
teknikés sé pikés ngjitur. (Sessile drop)



Mjetet € punés:

Tensiometér DSA-100 - Kruess, tretésira ujore té€ etanolit me pérgéndrime 0.125 M, 0.25 M, 05M, 1 M, 2 M, 4
M, Sipérfage prej Tefloni (PTFE), Sipérfage prej PoliMetilMetAkrilati (PMMA)



Njohuri teorike mbi kéndin e kontaktit dhe
tensionin ndérfazor

https://www.youtube.com/watch?v=jiEKUi42r1l



https://www.youtube.com/watch?v=jiEKUi42r1I

Ekuacioni i Jang (Young)

Kur nj€ Iéng bie né kontakt me nj€ trup t€ ngurté rrethuar nga nj€ fazé e gazté, sipas
ekuacionit t€ Young, ekziston lidhja e méposhtme midis kéndit t€ kontaktit 0, tensionit

sipérfag€sor t€ 1€ngut o, tensionit ndérfaqor osl midis 1€ngut dhe t€ ngurtés dhe
sipérfaqes energji t€ lir€ o, t€ 1€ndes s€ ngurte
tension sipérfagsor

©
©

energji e liré \

. o © Gue
g =0 +0g - COSQ sipérfagsore N 0 {kéndiikontaktit
sg sl lg AN .

Ekuacioni €sht€ 1 vlefshém pér sistemet trefazore né ekuilibér termodinamik ndérmjet
njé sipérfaqeje t€ ngurté ideale (t€ l1€muara dhe homogjene kimikisht) dhe léngjeve té
pastra. A1 €shté baza e t€ gjitha modeleve pér pércaktimin e energjis€ s€ liré€ té
sipé€rfageve t€ ngurta me ané€ t€ matjeve t€ kéndit t€ kontaktit.



Pika ngjitur (Sessile drop)

Pika ngjitur éshté konfigurimi standard pér matjen optike té kéndit té kontaktit duke pérdorur analizén
e formés sé pikés.

N€ rastin e kéndit statik té kontaktit, pika e depozituar géndron pal€vizur mbi sipérfagen e trupit té
ngurte.

N€ rastin e kéndit dinamik té kontaktit, pérmasa e pikés fillimisht rritet (kéndi i térheqjes) dhe mé
pas zvgélohet (kéndi i rrjedhjes) gjaté matjeve, népérmjet njé€ shiringe t€ zhytur tek pika, ose duke
l1€vizur pikén me ndihmén e nj€ tavolinéze 1€vizése.

0

\ A
advancing angle receding angle
Pika ngjitur dhe reflektimi i saj mbi njé sipérfage Pika ngjitur dhe kéndet dinamike te
té ngurté me té cilén formon kéndin statik té kontaktit t€ rrjedhjes (majtas) dhe

kontaktit térheqjes (djathtas)


https://www.kruss-scientific.com/en/know-how/glossary/static-contact-angle
https://www.kruss-scientific.com/en/know-how/glossary/static-contact-angle
https://www.kruss-scientific.com/en/know-how/glossary/static-contact-angle
https://www.kruss-scientific.com/en/know-how/glossary/static-contact-angle
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https://www.kruss-scientific.com/en/know-how/glossary/static-contact-angle
https://www.kruss-scientific.com/en/know-how/glossary/dynamic-contact-angle
https://www.kruss-scientific.com/en/know-how/glossary/dynamic-contact-angle
https://www.kruss-scientific.com/en/know-how/glossary/dynamic-contact-angle
https://www.kruss-scientific.com/en/know-how/glossary/dynamic-contact-angle
https://www.kruss-scientific.com/en/know-how/glossary/dynamic-contact-angle
https://www.kruss-scientific.com/en/know-how/glossary/dynamic-contact-angle
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https://www.kruss-scientific.com/en/know-how/glossary/advancing-angle
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https://www.kruss-scientific.com/en/know-how/glossary/advancing-angle
https://www.kruss-scientific.com/en/know-how/glossary/advancing-angle
https://www.kruss-scientific.com/en/know-how/glossary/receding-angle
https://www.kruss-scientific.com/en/know-how/glossary/receding-angle
https://www.kruss-scientific.com/en/know-how/glossary/receding-angle
https://www.kruss-scientific.com/en/know-how/glossary/receding-angle
https://www.kruss-scientific.com/en/know-how/glossary/receding-angle

Paraqitja skematike e Tensiometrit Kruess D-10

pendant drop chamber

cep |EE iﬂ[ light source syringe

PC

test-bed




Prezantim me video 1 procedurés s€ matjes s€
kéndit t€ kontaktit t€ I€ngjeve me nj€ sipérfage té
ngurté me teknikén e pikés pezull.

OCA 15 Tutorial - Part I: Instrument Preparation
https://www.youtube.com/watch?v=801NADT6ce8

OCA15 Tutorial - Part |l Sessile drop experiment
https://www.youtube.com/watch?v=b3f6faw5GBA

OCA 15 Tutorial - Part lll Surface Energy Calculation
https://www.youtube.com/watch?v=XVEoUMeY9Go

https://www.youtube.com/watch?v=4uJRGeXoYQw


https://www.youtube.com/watch?v=8o1NADT6ce8
https://www.youtube.com/watch?v=b3f6faw5GBA
https://www.youtube.com/watch?v=XVEoUMeY9Go

Pérshkrimi 1 eksperimentit:

1. Pregatiten 6 tretésira t€ etanolit n€ ujé€ me pérgéndrimet 0.125 M, 0.25 M, 0.5 M,
1 M, 2M.

2. Mbushet shiringa me tretésirén pérkaté€se dhe pércaktohet tensioni sipérfaqgsor 1
tret€sirés me teknikén e pikés pezull (Pendant drop) né tensiometrin DSA-100 té
prodhuesit Kruess GmbH.

3. Pércaktohet népérmjet teknikés “fitting” vlera e faktorit t€ formés 3 q€ pérshkruan
mé miré profilin e pikés pezull pér ujin, etanolin dhe pérzjerjet e tyre.

4. Pércaktohet diametri maksimal de dhe ds nga imazhi 1 profilit t€ pikés pezull pér
ujin, etanolin dhe pérzjerjet e tyre.



Paraqitja e matjeve dhe rezultateve

. Paraqitni vlerat e matjeve t€ S = ds/de sipas metodes 1 né€ njé tabel€, gjeni nga

tabelat vlerén e parametrit t€ formés H, llogarisni vlerén e tensionit sipérfagsor pér
ujin, etanolin dhe cdo pérzjerje.

. Paraqitni vlerat e matjeve té [3 sipas metodés 2 “fitting” n€ njé tabelé dhe llogarisni
vlerén e tensionit sipérfagsor pér ujin, etanolin dhe cdo pérzjerje.

. Ndértoni n€ nj€ grafik varé€siné e tensionit sipé€rfaqsor t€ pérzjerjeve ujé-etanol nga
pérgéndimi né véllim 1 etanolit.

. Jepmi konkluzionet tuaja duke krahasuar sakt€siné e pércaktimit t€ tensionit
sipé€rfagsor me secilén metodeg.



Imazhe me SEM nga sipérfagja e Teflonit PTFE

Fig.1
(a) SEM image of large-area sprayed PTFE coating; (b) high magnified image of single papilla;
(c) sectional SEM image of superhydrophobic PTFE coating; (d) SEM image of flat PTFE coating; #: contact angle



Matjet e kéndit t€ kontaktit mbi sipérfaget e PTFE dhe PMMA,
duke pérdorur tretésira Ujé - -Etanol né pérqgéndrime t€ ndryshme

Permbajtja
Etanol
Tensioni Sipérfagsor 6 Kendi 1 kontaktit mbi Kendi 1 kontaktit mbi
Nr. ne vellim % (mIN/m) PTFE PMMA

1 100 21.9 37
2 90 24.1 43
3 80 254 50
4 70 27.6 57 25
5 50 31.4 64 30
6 20 42.1 85 78
7 10 50.3 95 84
8 0 72.7 105 97



Literatura:

*Physical Chemistry of Surfaces, 6th Edition, Arthur W. Adamson, Alice P. Gast,
ISBN: 978-0-471-14873-9, September 1997. fage 26 — 30.



http://eu.wiley.com/WileyCDA/Section/id-302479.html?query=Arthur+W.+Adamson
http://eu.wiley.com/WileyCDA/Section/id-302479.html?query=Alice+P.+Gast

Puna Nr. 7

Tema: Matja e tensionit sipérfagsor pér disa perzjerje té ndryshme ujé-etanol
me teknikén e ngjitjes kapilare dhe teknikén e presionit maksimal té flluskés.

Mjetet e punés:

Tretésira ujore té etanolit me pérgéndrime 0.125 M, 0.25 M, 0.5 M, 1 M, 2 M, 4 M, kapilar gelqi,
aparat i Rebinderit.

1. Teknika e ngjitjes kapilare

Kjo &shté teknika mé e vjetér e pércaktimit t€ tensionit sipérfagsor. Njé rrjedhojé e shfagjes sé
tensionit sipérfagsor né sipérfagen ndarése 1€ng/gaz €shté 1€vizja pér lart e 1€ngut brenda njé tubi
té holl€, pra njé kapilar, 1 cili zakonisht &shté prej gelqi. Ky fenomen &shté aplikuar pér t€
pércaktuar tensionin sipérfaqsor té léngjeve.

Pér kété géllim, njé kapilar rrethor zhytet né léngun g€ do té testohet. Nése forcat e
bashkéveprimit t€ léngut me muret e kapilarit (forcat e adezionit) jané mé t€ forta se ato t&
bashkéveprimit t€ molekulave t€ 1éngut me njéra-tjetrén (forcat e kohezionit), 1€ngu 1 lag muret
dhe ngjitet né€ kapilar deri né€ njé nivel t€ caktuar dhe menisku €shté konkav gjysmésferik. Nése
ndodh e kundérta pérsa i pérket situates s€ forcave, atéheré shkatojné zbritjen e nivelit t€ léngut
né kapilar mé t€ ulét se niveli i1 léngut né vaské dhe menisku &shté gjysmésferik konveks. Té dy

rastet jané€ ilustruar né Fig. 1.

Fig. 1. Paraqitje skematike e teknikés sé& ngjitjes kapilare.



Nése sipérfaqja e prerjes térthore t€ kapilarit €shté rrethore, dhe rrezja e tij éshté mjaftueshém e
vogél, atéheré menisku &shté né formé gjysémsferé. Pérgjaté perimetrit t€ meniskut ushtrohet
njé force pér shkak t€ pranisé sé tensionit sipérfagsor.

fi=27mr o cosd (1)

ku: r —rrezja e kapilarit, o— tensioni sipérfagsor i léngut, 6 — kéndi i kontaktit t& lagies.

Forca f; in Ek. (1) &shté e ekuilibruar nga masa e Iéngut t€ ngjitur n€ kapilar deri né lartésiné
h, qé &éshté forca e réndesés f,. N&é rastin e njé léngu g€ nuk lag — niveli zbret deri né
lartésingé —h.
fr=nrhdg 2)
ku: d — densiteti i léngut (g/cm’) (né fakt diferenca e densiteteve t& léngut dhe gazit), g — nxitimi
i rénies s€ liré. N& ekuilibér (1€éngu nuk 1€viz brenda kapilarit) f; = f;, dhe késhtu;
2nrccos,6=7tr2hdg 3)
ose rhdg=2occosd (@Y)
Nése léngu i lag plotésisht muret e kapilarit, atéheré kéndi i kontaktit éshté 6 = 0°, and cos6 = 1.
N& kété rast tensioni sipérfagsor mund t€ pércaktohet nga ekuacioni (5).
c=rhdg/2 5
Nése léngu nuk i1 lag muret e kapilarit (p.sh. mérkuri n€ njé kapilar gelqi), at€éheré mund té
supozojmé se 0= 180°, dhe cosf = -1. Ndérkaq menisku zbret me lartésiné -k, ek. (5) jep njé
rezultat t& sakté.
Ek (5) mund t€ fitohet edhe nga ekuacioni 1 Young-Laplace-it AP = - 2 6/ r, nga 1 cili rezulton
ekzistenca e njé diference presioni pérmes njé sipérfageje t€ kurbézuar, e cila quhet presion
kapilar dhe ilustrohet né figurén 12.2.
Né anén konkave t&€ meniskut presioni €shté P;. Ekuilibri mekanik arrihet kur vlerat e presionit
jané t€ njéjta né kapilar dhe mbi sipérfagen e rrafshét.
NE rastin e njé léngu g€ lag, presioni né kapilar €shté mé i ulét se jashté tij, (P, < P;). Pér kété
arsye menisku shtyhet né€ njé lartési h kur diferenca e presionit AP = P, — P balancohet nga

presioni hidrostatik i shkaktuar nga 1éngu qé &shté ngjitur n€ kapilar.



AP:P1—P2:Adgh (6)

Fig. 12.2. Presioni i ekuilibruar né t€ dy anét e meniskut.
2c/r=Adgh (7
c=rhdg/2 (8)
Konsiderata té ngjashme mund t€ b&€hen pér rastin e meniskut konveks (Fig. 12.2)

TEKNIKA ME PRESIONIN MAKSIMAL TE FLLUSKES
Kjo tekniké njihet gjithashtu teknika e presionit t€ flluskés. Né kété tekniké flluska ajri fryhen

me shpejtési konstante pérmes njé kapilari g€ gjendet 1 zhytur né léngun t€ cilit do ti matet

tensioni sipérfaqsor. Skema e aparatit t€ propozuar nga Rebinderi tregohet né figurén 3.
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Fig. 3: Scheme of the apparatus for surface tension measurements by the bubble pressure

method.



Presioni brenda flluskés s€ ajrit vjen duke u rritur. Foma e saj €shté qé né fillim sferike por rrezja
vjen duke u zvogéluar. Kjo shkakton rritjen e presionit brenda saj dhe presioni béhet maksimal
kur flluska ka njé formé gjysém sferike. Né kété gjendje rrezja e flluskés barazohet me rrezen e
kapilarit, rrezen e brendshme nése 1éngu e lag majén e kapilarit, dhe rrezen e jashtme nése 1éngu

nuk e lag majén e kapilarit.
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Fig. 4: Hapat e njépasnjéshém t& formimit t& flluskés dhe ndryshimit t&€ presionit brenda flluskés
(http://en.wikipedia.org/wiki/Bubble_pressure_method).

Figura 4 tregon ndryshimin e rrezes sé flluskés né cdo hap t€ formimit t€ flluskés. Diferenca
maksimale e presionit APy,,x pérshkruhet nga ekuacioni i Laplasit.

Nése maja e kapilarit zhytet né 1€ng né€ njé larté€si h nga sipérfaqja e léngut, at€heré duhet t€
pérdoret edhe korrigjimi i zvogélimit t€ APy . Korrigjimi béhet pér shkak t€ presionit
hidrostatik shtesé qé shkaktohet nga shtresa e 1€éngut me trashési h. Presioni g€ duhet té tejkalojé

flluska qé shképutet &shté Pyax — Ph.
Pér pércaktim shumé t€ sakté t& tensionit sipérfagsor, jané t€ nevojshme edhe korrigjime t€ tjera.
Ato mund t€ gjenden né tabela t€ vecanta. Pérpikméria e késaj teknike &shté disa 0.X % dhe

aplikohet pér matjen e tensionit sipérfagsor dhe atij ndérfazor.

Pérshkrimi i eksperimentit:

1- Pregatiten 6 tretésira t€ etanolit né ujé me pérgéndrimet 0.125 M, 0.25 M, 0.5 M, 1 M, 2
M.



2- Mbushet hinka e aparatit t&€ Rebinderit me tretésirén pérkatése dhe zhytet maja e kapilarit
té gelqit fare pak nén sipérfagen e l€ngut. Rritet presioni gradualisht mbi ajrin né kapilar
dhe matet ndryshimi i rrugés qé pérshkruan Iéngu né manometér. Kjo proceduré kryhet
fillimisht pér ujin e bidistiluar dhe mé pas pér t& gjitha tretésirat ujé-etanol t&€ paktén 6
heré€ pér secilén tretésiré.

3- Pér ujin e bidistiluar dhe pér secilén tretésiré etanol — ujé pércaktohet lartésia e ngjitjes sé
léngut né kapilar té paktén 6 heré pér secilén tretésire.

4- Llogarisni tensionin sipérfaqsor pér secilén tretésiré etanol — ujé népérmjet teknikés sé
presionit maksimal t€ flluskés, dhe paraqitini sé bashku me vlerat e matjeve dhe gabimin
né njé tabel&.

5- Llogarisni tensionin sipérfaqsor pér secilén tretésiré etanol — ujé népérmjet teknikés sé
ngjitjes kapilare dhe paraqitini s€ bashku me vlerat e matjeve dhe gabimin né njé€ tabelé.

6- Diskutoni ndryshimet eventuale midis rezultateve t€ llogaritura me t€ dy teknikat.

Literatura:
1. Kimia e Dukurive Sipérfagsore dhe Koloidale, Véllimi 1, fage ???
2. Physical Chemistry of Surfaces, 6th Edition, Arthur W. Adamson, Alice P. Gast,

ISBN: 978-0-471-14873-9, September 1997.


http://eu.wiley.com/WileyCDA/Section/id-302479.html?query=Arthur+W.+Adamson
http://eu.wiley.com/WileyCDA/Section/id-302479.html?query=Alice+P.+Gast

Puné laboratori Nr. 8

Tema: Pércaktimi i kéndit té kontaktit né kufirin léng/i ngurté tek
pluhurat me teknikén e ngjitjes né shtreseé té hollé (Wicking)



Baza teorike

Llogaritja e pérgjithshme e shtypjes sé Laplasit dhe pér njé |éng i cili penetron népér pore me rreze R dhe gé shfaq
kéndin e kontaktit 6, presioni i Laplasit éshté:

1 1
AP=G(—+— AP=2>I<O'>l<cose
R1 R2 R
Duke e kombinuar me ekuacionin e Poiseuille pér rrjedhjen pérmes njé tubi cilindrik njé Iéng i cili penetron népér
pore me rreze R dhe gé shfaq kéndin e kontaktit 6, presioni i Laplasit éshté:

Washburn pérshkruan shkallén (shpejtésiné e ngjitjes) V t€ léngjeve né kapilaret e substancé€s s€ ngurté duke i
konsideruar grimcat né trajtén e njé cilindri:

2

V= R“ AP (1)

8nl
Sipas ekuacionit t€¢ Washburn, v €shté kinetika e ngjitjes / rrjedhjes, R nénkupton rrezen hidrodinamike t€ kapilarit,
n viskozitetin e léngut, 1 lartésia e ngjitjes né kapilar dhe AP diferenca e presioneve. AP mund t€ shprehet dhe si
presioni kapilar. Ky ekuacion mund te rishkruhet né€ njé formé me t€ thjeshte:

R o cosO
h? = GZ;OS t




Eksperiment i thjeshte Wicking

* https://www.youtube.com/watch?v=yO7ABXxj5sLg



https://www.youtube.com/watch?v=yO7ABxj5sLg

Struktura e argjilés sé Prrenjasit

STRUCTURE OF
MONTMORILLONITE




Ndryshimet né nivel molekular gjaté trajtimit
me acid té argjilave bentonite

Acid activation
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Difraktomagramat me rreze X t€ argjilave t€ Prrenjasit pas trajtimit me
acid sulfurik né€ pérgéndrime t€ ndryshme
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Figure 2. XRD diagrams of untreated Prrenjas clay mineral (top) and P/0.143, P/0.371, P/0.734, P/0.927
and P/1.456 M respectively in the top-down order. The letter M is for identifying the montomillonite peaks,
the peak at 260-26° belongs to quartz impurities.



Spektrat IR t€ argjilave t€ Prrenjasit pas trajtimit me acid sulfurik
né pérgéndrime t€ ndryshme
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Figure 3. FT-IR spectra of the untreated (down) and H:SO, treated Prrenjas clay mineral P/0.143, P/0.371,
P/0.734, P/0.927, P/1.456 M respectively in the down-top order.



X190, 000 I M 2 g SE 1 10k0 X180, 800 1 Men

‘P ) % . SE N ¢ IR KU LR, 008 1 Nt 19 3@ Sg!
625 < 475 -



Aplikime t€ substancave hidrofobike/hidrofilike
né tekstile

* https://www.youtube.com/watch?v=QBlo6zblxhw

e https://www.youtube.com/watch?app=desktop&v=y6y0sGvhfég



https://www.youtube.com/watch?v=QBlo6zbIxhw
https://www.youtube.com/watch?app=desktop&v=y6y0sGvhf6g

Paragitja skematike e aparaturés gé pérdoret

llllllllllll







Ngjitja né pllakén e veshur me argjilé Prrenjasi

l l l |
0.5 min 18 min 64 min



R o cosO
h? = t
2n

Né ekuacionin e mésipérm ku /i €shté lart€sia e ngjitjes s€ léngut né kohén ¢, ka njé problem té
réndesishém q€ paraqitet nga prania e dy parametrave t€ panjohur né kété ekuacion (R dhe cos 0).
Véshtirési e cila €shté ménjanuar duke pérdorur njé 1éng, 1 cili gjat€ ngjitjes n€ materialin e ngurté
pritet g€ t€ formojé kéndin e kontaktit cos 0 = 1, pér kété éshté pérdorur metanoli, i cili ka aftésiné qé
t€ lagé plotésisht sipérfagen e materialit, pa formuar nj€ kénd kontakti. Rrjedhimisht, vlera e Ry
pérftohet nga disa zé€vendésime né formulé dhe mund t€ pérdoret tashmé si konstante dhe pér
pércaktimin e kéndit t€ kontaktit cos 6 gé 1€ngjet e tjera do t€ formojné me materialet e ngurta.

R o cos0O
2nm

. . C oy - T . . Ro . . .
- koeficienti kendor né varésiné lineare té h ndaj t ose 2 per rastin e metanolit



Pércaktimi i1 koeficientit kéndor né varésiné h? ndaj t

14 + x S102

@ Prrenjas Unactivated

12 } <activated Prrenjas 184 %
Aactivated Prrenjas 491 %

= 10 } Dactivated Prrenjas 1113 — AR2
g M tea = Ah2/At
= 8
Ah?
6
L
4 =
2
0 & M
0 200 At 400 600

t (sec)
Pér rastin e Wicking t€ metanolit kemi _ 2 _Ro . - .
& tga por = Ah?/At = 2 Pre ku percaktojmé R

R o cos0O
2nm

Pér rastin ¢ Wicking t€ ujit kemi tg0l 1y = Ah2/At = prej ku percaktojmé 6



REZULTATE

REZULTATET E MATJEVE TE NGJITJES SE METANOLIT DHE UJIT NE SHTRESEN E HOLLE TE ARGIJILES

SE PRRENJASIT NATYRALE DHE TE AKTIVIZUAR ME ACID SULFURIK 100%

METANOL
Argj Perrenjasi natyrale h2 5.00 9.0/ 13.3 18.0 23.7
t 148.3| 248 352| 482.8 651.7
2
Argj Perrenjasi e aktivizuar me ac sulfurik 100% U cod 60 =l 2 L5/ 227
t 89.66| 121 183| 258.6| 303.4| 431.03
UJE
2
Argj.e Perrenjasit natyrale h %{cm) 2l 4o AT
t ( sek) 128/ 250 377.3| 599
Argj Perrenjasi e aktivizuar me ac | h 2(cm) 1.0 1.6 2.00 2.6 3.2 3.5
sulfurik 100% t ( sek) 119| 179 246.8| 298] 357 417




	σ = r h d g / 2   (5)

