Textilni nanomateria

Podminky ovlivnujici elektrické zvlaknovani

Y

Materialové podminky



Opakovani

* Proces tvorby vlaken ucinkem elektrického pole

* Popisovano jako pretahovani mezi elektrickymi a
kapilarnimi silami

e Stejnosmeérny zdroj vysokého napéti
* V Case nemeni svoji polaritu ... rorage
- -
* Kladny / zaporny

Time

¢ Z rOZtOkLoj nebo tavenin - Direct Current - Alternating Current



Opakovani

Jehlové zvlaknovani Bezjehlové zvlaknovani
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Elektroda — nabita / uzemnéna
Kolektor — nabity / uzemnény



Podminky ovliviujici elektrické zvlaknovani

Procesni podminky x materialové podminky



Procesni podminky

* Usporadani spinneru

* Elektrické napéti

 \Vzdalenost kolektoru od elektrody
e Davkovani roztoku

* Podkladovy material

* Teplota

* VIhkost



Materialové podminky

* Typ polymeru

7]

* Molekulova hmotnost a jeji distribuce 0\/
e

* Koncentrace

e Rozpoustedlovy systém
* Viskozita

* Elektricka vodivost &
* Povrchové napeéti
e Aditiva



Typ polymeru

* Prirodni polymery
* Z jakého zdroje?

* Syntetické polymery
* Kopolymery
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Poly(D,L-lactide-co-glycolide)

7 Product Results | Match Criteria: Product Name

gt 01
S L0 "L Lnear Formula: [C3H402]x[C2H202]y

[ ] P1941 lactide:glycolide (75:23), mol wt 66,000-107.000
[]P2191 lactide:glycolide (30:30), mol wi 30,000-60.000

[ ] P2086 lactide glycolide 65:35, My 40,000-75,000



Typ polymeru

Poly(vinyl alcohol)

16 Product Results | Match Criteria: Product Name

OH

[ ] 341584

[ ]P8136

[] 360627

[] 363170

[] 363065

[] 363146

[] 363138

[] 363081

Linear Formula: [-CH2CHOH-]n CAS Number: 9002-89-5

n

My 89.000-98,000, 99+% hydrolyzed

87-90% hydrolyzed, average mol wt 30,000-70,000

My, 9.000-10,000, 80% hydrolyzed

My 13.000-23 000, 87-89% hydrolyzed

My 146,000-186,000, 99+% hydrolyzed

My 85,000-124,000, 99+% hydrolyzed

My 31,000-50,000, 98-99% hydrolyzed

average My, 85,000-124,000, 87-89% hydrolyzed

[$4]

o

o
T

400

300

200

Averaged diameter, nm

L - A A ' e

86 88 90 92 94 96 98 100
Degree of hydrolysis , %

100

SEM images of electrospun PVA fibers with DH of

(a) 88%, (b) 92%, (c) 96% and (d) 99.9% (top), and

fiber diameters of the corresponding electrospun

PVA fibers (bottom). The concentration of the PVA
solution was 8.0wt%.



Molekulova hmotnhost

* Hmotnost latkového mnozstvi dané latky

M [g/mol]

* Hmotnostne stredni molekulova hmotnost

y _ZmiMi_ZniMiz_EW_M_
YoYmy o Y M o

 Ciselné stredni molekulova hmotnost

y _Zmi_zniMi_Zx_M_
ToEn o Xny o




Molekulova hmotnhost

* Smeés vzorku s molekulovou hmotnosti:

10 000; 10 000; 10 000; 100 000

* M, 32 500; M,, 79 230

e Distribuce molekulové hmotnosti

* Index polydisperzity

Weight fraction, W,

=

Malecular weight, M,



Molekulova hmotnost
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PVA (A) 9000-10,000 g/mol; (B) 13,000-23,000 g/mol; and (C) 31,000-50,000 g/mol
(solution concentration: 25 wt.%).
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e Ovliviuje pruméry vlaken
* Nutné upravit koncentraci roztoku



Koncentrace

* Dulezita vlastnost, ktera ovliviuje proces
zvlaknovani

* OQvlivnuje viskozitu, povrchové napéti a elektrickou
vodivost

* Nizkou koncentraci muzeme vytvorit perlicky

* Elektrospraying




Koncentrace

superhydrophobic/superoleophilic mat

Schematic mechanism of superhydrophobic Overview of a PCL scaffold coated with electrosprayed

surface in PCL/MSO-PCL composite membrane PLGA particles after 1 h of electrospraying (80 mg
PLGA). (a) mCT, (b)-(d) SEM, at different
magnifications.



Mean nanofibre diameter dia (nm)
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Koncentrace

* Zménou koncentrace dochdzi ke zméné priméru

viaken

PEO in distilled water
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Dependence of mean nanofiber
diameter on concentration (c) and
molecular weight (Mw).
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Photographs showing the effect of solution concentration on the structure
in the electrospun polymer. Molecular weight=13,000-23,000 g/mol; (a)
21 wt.%; (b) 27 wt.%; and (c) 31 wt.%. Molecular weight=50,000-89,000
g/mol; (d) 9 wt.%; (e) 13 wt.%; (f) 17 wt.%.



Koncentrace

Molecular weight (M,)

10,200

Polymer concentration (wt%)

, Beuad-like

Effects of molecular weight and polymer concentration on the PNIPAAm fiber formation and

17,100 231,000

538,800

morphologies (scale bar 10 um).




Rozpoustedlovy systém

* Parametry rozpustnosti polymeru a rozpoustédla
* Hansenovy parametry rozpustnosti
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Chlormethan
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Tetrahydrofuran Q
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Rozpoustedlovy systém

e Ovlivnuje elektrickou vodivost, viskozitu i
povrchové napéti

* Ovlivnuje tedy proces elektrostatického zvlaknovani
a morfologii vlakenné vrstvy

* Odparovani rozpoustedl|a
e Zvoleni s ohledem na naslednou aplikaci

ORCRCRUR %
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SEM images of PHBV/PEO electrospun fibers with

SEM images of PVB nanofibers

fiber diameter distribution obtained from 10% (w/Vv)

PHBV/PEO solution prepared by using different

solvents: (A) Chloroform (B) Dichlormethane (C)

Dichlormethane/etanol.



Rozpoustedlovy systém

Smooth NF

* Ovlivnéni morfologie
povrchu

* Moznost vytvoreni
poréznich nanovlaken

Velmi rychlé vyparovani
rozpoustedla

PLA nanofibers. The co-solvent mixture DCM/DMF

¢ Ch IO rOfO rm; d Ceto n; cee yielded smooth structures (Fig. 3a, b) while
DCM/acetone solvent mixture led to the formation
of heterogeneous porous nano-features on
nanofibers (Fig. 3c, d).



Viskozita

* Charakterizuje vnitrni treni kapaliny  n[Pa.s]

i~kA vi : dv

* Dynamicka viskozita T = ,7@
* Kinematicka viskozita y=1
P

* Ovlivnuje ji:
* Molekulova hmotnost
* Koncentrace
e Rozpoustédlovy systém



Viskozita
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Viskozita
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Relationship between polymer concentration, solution viscosity
and diameter of electrospun polyacrylonitrile (PAN) fibres.



Viskozita
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Increasing viscosity




Elektricka vodivost

* Schopnost latky vést elektricky proud

e Ovlivhuje ji:

* Rozpoustedlovy systém
* Koncentrace
e Aditiva

Relative Specific Surface | Density

permittivity | conductivity | tension

[-] [S/m] [mN/m] | [g/em’]
Methanol 32.7 1.5,10” 22.12 0.7899
Ethanol 24.5 1.35.107 21.9 0.785
Isopropanol [ 19.9 58.107 21.38 0.7813
Butanol 17.5 9.12.107 24.5 0.806
PVB 3.60 1.10° 1.09

Solution conductivity (uS/mm)
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Fiber diameter (nm)

Elektricka vodivost
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Solution conductivity effects on the diameter of SEM images of PAA nanofibers with different NaCl

electrospun P(LLA-CL) (70/30 wt%) fibers concentrations



Povrchové napeéti

e DUsledek interakce sil molekul nebo atomd, z nichz
se sklada povrchova vrstva

e Kapalina se snazi zaujmout co nejmensi plochu

_AF
Y
* Ovlivnéno:
* Rozpoustédlovym systémem I

, o
* Koncentraci .
e Aditivy \ i

a b



Povrchové napeéti

Surface tension (mN/m)
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Solution viscosity (cPs)

Mass ratio of ethanol and DMF (ethanol/DMF)

Surface tension and viscosity as functions of mass ratio of ethanol/DMF.



Povrchové napeéeti
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Effect of surface tension on the surface morphology of nanofibers



Aditiva

e Ovlivnuji povrchové napéti, viskozitu, elektrickou
vodivost polymerniho roztoku

 \/Sechny latky, které jsou pridany do roztoku

A

Viscosity of the solutions with HA Conductivity of the solutions with HA
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Parameters of the prepared PCL solutions with HA: (A) viscosity and (B) conductivity of
the solutions.



Aditiva
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SEM images of PDLA membranes fabricated by electrospinning of a 30 wt% solution at voltage
of 20 kV, feeding rate of 20 pl/min and with 1 wt% of (A) KH,PO,; (B) NaH,PO, and (C) NaCl.



Shrnuti

* Vlastnosti roztoku ovliviuji proces zvlaknovani

* Pro optimalni zvlaknovani je nutné:
* Najit soulad mezi molekulovou hmotnosti a koncentraci
polymeru v roztoku
e Zvolit vhodny rozpoustédlovy systém
e Zajistit optimalni vodivost a povrchové napéti pro dany
polymer a rozpoustédlovy systém



Dékuji za pozornost!
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TEST

* Jaké materialové podminky ovliviuji proces
zvlaknovani?

 Jak molekulova hmotnost ovliviuje koncentraci
polymerniho roztoku?

* Jak koncentrace polymerniho roztoku ovliviuje priumér
viaken?

e Jaky vliv ma koncentrace na viskozitu polymerniho
roztoku?



