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Vyvoj membranovych separacnich procesu ve svété

Membranovy Zemé Rok instalace Aplikace
proces
mikrofiltrace Némecko 1920 laboratorni
odtranovani
bakterii
ultrafiltrace Némecko 1930 laboratorni
filtrace
hemodializa Nizozemi 1950 umela ledvina
elektrodializa USA 1955 odsolovani
reverzni osmoza USA 1960 odsolovani
morské vody
ultrafiltrace USA 1960 zakoncentrovani
makromolekul
separace plynu USA 1979 ziskavani vodiku
membranova Némecko 1981 zakoncentrovani
destilace kapalnych smési
pervaporace Némecko 1982 dehydratace
organickych

kapalin




Zakladni rovnice a ,,jista analogie*

Tok hmoty J, = -D dc/dx (Fick)
Objemovy tok J, =- L, dP/dx (Darcy)
Tok tepla J, = - [ AdT/dx (Fourier)
Tok hybnosti  J, = - /_[dv/dx

(Newton)

Elektricky tok  J; =-1/R dE/dx (Ohm)
D — difuzni koeficient

L, — koeficient permeability
A — koeficient prestupu tepla
v— kinematicka viskozity

1/R — elektricka vodivost



Ruzné druhy separacnich polymernich membran
symetricke
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porézni cylindricke porézni neporézni - homogenni
asymetricke
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porézni porézni s intergrovanou
selektivni vrstvou na povrchu

= - Selektivni neporézni vrstva

porézni membrana

kompozitni membrany



Membranovy modul




Struktura membran
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» ploché listy (tabularni moduly)
> trubice (tubularni moduly)

» spiralové vinuté

» duta vlakna

> kapalné membrany

9 188¢n WDLB




Aplikace membranovych separacnich procesu

Blood is pumped from the arteriovenous fistula into a dialyzer The dialyzer removes

waste products from
the blood

Arteriovenous
fistula

cisteni vody, odpadni, odsolovani
potravinarsky prumysi

farmaceuticky pramysl




Kompozitni materialy — vyssi toky

e reverzne osmoticka membrana

e thin film composite
charakterizace: polyamid
selektivni vrstva -

holysulfon a polyester Bsns.

horézni vrtstva ‘
podporujici polyamid

ey




Aplikace membran v hybridnich procesech

—»CO,

bubble free
aeration

o,—/

o —>
substrate

product removal

- electrodialysis
- pervaporation
- perstraction
- diafiltration

retention of catalyst
- microfiltration

- ultrafiltration product
- nanofiltration I—» )
® o,
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/o @ e o
solvent

concentration, desalination
- nanofiltration
- reverse osmosis
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Membranova separace plynu

 Membrana = semi-permeabilni bariéra

N, CO,+H,S+N,

 Rozpustnostné — difuzni model
« Hnaci sily = rozdil chemickych potencialu




Rozpustnostné - difuzni model
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Idealni selekt

CO,/CH,

Robesonuv diagram

100
P(CO,) Barrer



Robesonuv diagram a zavislost mnozstvi IL v
polymeru na selektivité a permeabilité
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CO, Permeability (Barrer)

J. Jensen, K. Friess, G. Clarizia, J. Schauer, P. Izak: High ionic liquid content
polymeric gel membranes: preparation and performance, Macromolecules



Kondenzujici vodni membrana — na
kompozitni RO membrané
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Aplikace membranovych separacCnich
procesu v praxi 6 Nm?/h




Membranové smési - lontove kapaliny

Chemické latky podobné solim, bod tani pod
100° C

Siroké spektrum chemickych a fyzikalnich
vlastnosti — velky vyber

VySSi rozpustnost CO,, nez CH,

Nemeritelna tenze par pri pokojove teplote



Pervaporace a hybridni procesy

Retentat

Termostat ‘ "|'*

Nastiik

Reaktor

Vakuova

pumpa

Vymrazova

[bmim] [BF,] o

+ CH,COOH > H,0 +
p-TsOH 0
o 60°C

A B W E

i(-)-Borneol (-}-Bormnyl acetate



Porovnani esterifikacni reakce s a bez
pPpervaporace

Concentration in the reactor (mol/L)

Water O Water - PV m Acetic acid
+ Acetic acid - PV X (-)-Bornyl acetate - PV A (-)-Bornyl acetate
0.4
O
0.3 d ©c O 4
O O o
-+ +  +
01 1 x X x X
o M——ﬂ
0 2 4 6 8 10
Time (h)




Iontové kapaliny jako separa¢ni medium

liquid emulsion porous
film dro lets suppoﬂ

i~

Jaka je stabilita iontovych kapalin v porech membrany? (v h.)

ceramic module IL
pore size (nm) C1HuN'BF, |C,mim'PFy [CgHy6N, 'B(CN),  |CorHssFsN,0,S,
200 0.1
60 0.5 - -
5 - 1.3 1.9 -
0.9 1.2 2.4 3.5 0.15




200

6 <_¥§
5 - %ii iﬁ + 150

A 0.9 nm nanofiltration 100

2 - O 0.9 nm nanofiltration with
ionic liquid inside the pores | °0

M 0.9 nm nanofiltration with

. +—i ionic liquid and silicon layers .

0 1 2 3 4

Separation factor of 1,3 propanediol
w

Feed concentration of 1,3-propanediol (wt%o)

Permeation flux of 1,3 propanediol

through the membrane (g/mzlh)

60
A 0.9 nm nanofiltration
50 b - - -
; O 0.9 nm nanofiltration with
40 - ionic liquid inside the pores
l; M 0.9 nm nanofiltration with
20 ionic liquid and silicon layers
20 - @@
; 0
10 + i i
: o i
0 1 2 3 4

Feed concentration of 1,3-propanediol (wt%o)

Odstranovani 1,3-propanediolu z fermentacniho substratu: NF (A); NF keramicky modul
s 0.9 nm péry vypnénymi IL (O); NF keramicky modul s 0.9 nm péry vypnénymi IL, pokryty z

obou stran tenkou vrstvou PDMS ().

Publikovano: 1. P. I1zak, U. Kragl, M. Kdckerling; University of Rostock, Germany, 2006.
“Multiphase membrane”; DE 10 2006 024 397 B3, prodano MERCK a.s.

2. P. 1zak, M. Kockerling, U. Kragl; Stability and selectivity of a
multiphase membrane, consisting of a dimethylpolysiloxane on
lonic liquid, used in the separation of solutes from aqueous
mixtures by pervaporation, Green Chem., 8 (2006) 947-948.




Pervaporace binarniho systému voda a butan-1-ol
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Celkovy permeacni tok
1 selektivita roste s

rostoucim obsahem IL
v PDMS membrineé.

Publikovano: M.
Kohoutova, A. Sikora, S.
Hovorka, A. Randova, J.
Schauer, M. TiSma, K.
SetniCkova, S. Guernik, N.
Greenspoon, P. Izak:
Influence of ionic liquid
content on properties of
dense polymer
membranes, European
Polymer Journal, 45
(2009) 813-8109.
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Schema kontinualni fermentace spojene s pervaporaci:
1. Odpadni tank; 2. Tank se substratem; 3. Reaktor; 4. Pervaporation
cela; 5. Vymrazovac; 6. Vakuova pumpa



Koncentracni polarizace — snizeni
efektivity membranové separace

e vytvofit na povrchu membrany mikroturbuletni
proudéni

boundary boundary
layer | | layer
feed l membrane l permeate
phase 1 i ' phase 2
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Struktura modifikovane polymerni membranyPU/PBDO

UV radiace (A = 254 nm) for 24 h.

Aplikace stfihového napéti:
(F=85Nm?)

Solvent

=< —

(Toluene)

(PBDO) (PU)

where

NCO
CH;

0]
| 1
CH ~{0-CH,—CH-0-
| “Hs _CHp—{0~CH,—CH—-0 c:NH—<i>—CH3 (~a7 A
PU: HsC NHC—O0[-CH-CH,0 CQ
0] X (:Hz{o-CHZ—(:IH};o—%:NH—Qj%—CH3

CHj
NCO

PBDO: HO{CH2-CH=CH—CH2>OH - (~2634)

y




Stabilita povrchové modifikace




3D AFM PU/PBDO-UV
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VlIiv povrchové modifikace membrany na
separacni vlastnosti separacniho procesu
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Membranova destilace — vyhoda vuéi klasickym
metodam —velky povrch vici objemu — duta
vlakna a kapilarni moduly

air/vapour

permeate
H 2O

hydrophobic
porous membrane
T1 > T
2



MEMBRANOVE
PROCESY

Jdenék Palaty
a kolektiv
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