Chemicka technika

07 — Fazoveé separace
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Fazove separace

s Prechod slozky mezi fazemi

= Moznost chemickych zmén (reakce)
e Pevnou a kapalnou
= Extrakce
= Adsorpce aj.
e Nemisitelnymi kapalinami
= Extrakce
e Kapalnou a plynnou
= Absorpce a exsorbce
e Pevnou a plynnou



Extrakce

B SeparaCni metoda zaloZena na kontaktu dvou
makroskopicky zretelné oddélenych nemisitelnych
fazi

B SlouZi nejen k separaci, ale 1 k zakoncentrovani
analytu

B Extrakce maji veliky vyznam pro praktickou
analyzu 1 pro preparativni ucely

B Zpusob podle uc¢elu — ziskani extraktu x vyciSténi
extrahovaného materialu




Extrakce

Solid — liquid

m dm/dt=((K.A.(c,—c¢))/1

s de/dt=((K.A.(c,—c))/(.V)
s c=c, (1 —e®AVlV)

s Extraktory — Soxhlet




Extrakce

Liquid — liquid
m Extrakce primarniho zdroje (fermentacni kapaliny) nebo
extrahovan¢ho roztoku

s Vicenasobne¢ extrakce — vybér extrakénich smési

m Ziedéné roztoky - rozdélovaci koeficienty
o Ky =c/c;
m Zahusténé roztoky - graficke vyhodnoceni binarnich ev.

ternarnich smeési



Extrakce

e \/sadkova, kontinualni
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Extrakce

s Kontinualni miseni a separace - sloupec
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Extrakce

s Kontinualni miseni a separace - rotor
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Extrakce

s Kontinualni miseni a separace - rotor
e VVicestupnova




Extrakce

s Kontaktor




Extrakce

s Kontaktor




Extrakce

s Kontinualni miseni a separace - rotor
e VVicestupnova
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Extrakce

s Kontaktory v serii
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Figure 6 Centrifugal contactors in series (Todd and Davies, 1973)




Extrakce

= V isolaci penicilinu




Extrakce

= V isolaci penicilinu
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Extrakce

s [zolace antibiotik
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Figure 5 A multiple solvent extraction process for antibiotics recovery (Courtesy of Baker=Perkins)




Extrakce

s Extrakce enzymu

Figure 6 Flow diagram of a continuous enzyme extraction process




Extrakce

s J4 s
s Dvoufazove systemy
’r v

¢ Tez p ro Table I Sclected List of Two-phase Systems Formed by

’ | Incompatibility of Neutral Polymers in Water
heterogenni

polyethylene glycol

rea kce - polyvinyl alcohol

polyvinylpyrrolidone
hydroxypropyldextran
dextran

Polypropylene glycol methoxypolvethylene glycol

Polycthylence glycol ~ polyvinyl alcohol
polyvinylpyrrolidone
dextran
Ficoll

Polyvinyl alcohol methylcellulose
hydroxypropyldextran
- dextran

Polyvinylpyrrolidone methylcellulose
hydroxypropyldextran
dextran

Mecthylcellulose ~ hydroxypropyldextran
dextran

Ethylhydroxyethylcellulose dextran
Hydroxypropyldextran dextran

Ficoll dextran




Extrakce

» Dvoufazové systemy

Pable 3 Selected Lt of Published Phose Diagrams and Binodoles of Agueous Two-phase Sysiems
q I !

M1 M2l R T ) TE) Referemnees

——— ———— R

PEC 20NN Crude dextran - 200 Wennersten ol 1953
PEG 24uMn) Dextran-1T 3K 20 Schilech et af., 1981
PEG &0 Dextran D 68 (MW 2.2 % 11r) 200 Albertsson, 1971
PELC Gl Dextrun D 68 (MW 2.2 = 1) - I Alberisson, 1971
PEC  6dIHE Dyextram- T 5000 20 Allerisson, 1971
PEL  idilX} Drextran-T 3000 4  Albertsson; 1971
PEG il Dexiran-1 300 b Adbernisson, 1970
PEG ik Crude dexiran 20 Kromer el . 1982
PEG 4000 Dextran-T 500 200 Albernisson, 197
PEC  AdiKi Drexnra1" 504} ' i) Alberissan, 1971
PECE MM Poskipsaiuimm |:-|||:-'.||||.|[-,_- 20 Adberisaein, 197
PEG  oiKH) . Potissium phosphaic 200 Alberisson, 1971
PECG  tdiN) Postassium prhasphate 0 Alberissain: 1971
PEC 41N . Potassium phosphalte 200 Adberisson, 1971
PEL 40N} _— Pastassivim jrhosphate 0 Adberissen, 1971
PEG 1340 Aommoaiium sullnte 2 Adberisson, 1971
PEC  JiKK) Ammonium sulfate 200 Aldberisson, 1971
PECG K Muagncsiam sullate 200 Alberisson, 1971




Extrakce

s Dvoufazoveé systemy - priklady

; Purification
Enzyme : Organism Two-phase system Jactor Yield (%)
R s ol e T TOR g e T PR e s e

Catalase ' Candida boidinii PEG dextran
Formaldchyde dehydrogenase PEG dextran
Formate dehydrogenase PEG salt
Isopropanol dehydrogenase PEG salt

DO —
o

a-Glucosidase Saccharomyces cerevisiae PEG salt
Glucose-6-phosphate dehydrogenase PEG salt
Hexokinase PEG salt

DY = = D
wthh O\ 0N

Glucose isomerase ‘ Streptomyces species PEG salt

Leucine dehydrogenase Bacillus species PEG salt
Alanine dehydrogenasc PEG salt
Glucose dehydrogenase PEG salt

2P —
|5 eI

el
N =

B-Glucosidase Lactobacillus species PEG salt

p-Lactate dehydrogenase PEG salt
1.-Hydroxy isocaproate dehydrogenase PEG salt

[

Glucose-6-phosphate dehydrogenase Leuconostoc mesenteroides PEG salt

Fumarase Brevibacterium species PEG salt
Phenylalanine dehydrogenase PEG salt

—  ntn

Aspartate-f3-decarboxylase Pseudomonas dacunhae PEG salt

Fumarase ] Escherichia coli PEG salt
Aspartase PEG salt
Penicillinacylase PEG salt
p-Galactosidase - - PEG salt

Pullulanase Klebsiella pneumoniae PEG dcextran
1,4-a-Glucanphosphorylase PEG dextran

ittt et St e
* With the exception of f-galactosidasc (Veide et al., 1983) all data from the Department of Enzyme Technology, GBF (H. Hustedt, K. H.
Kroner, U. Menge. H. Schiitte, published and unpublished results).
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Extrakce

s Extrakce proteinu

Broken cells
+ PEG
+ Salt or Dextran (Crude)

PEG- Salt or PEG - Dextran system

Separation

Bottom phase: Top phase:
Cell debris Product

Proteins :
( Nucleic acids ) + Salt

Polysaccharides
PEG - Salt system

Separation

Bottom phase: Top phase:
Product PEG, proteins

Figure 3 General scheme for the extraction of intracellular proteins




Superkriticka fluidni extrakce - SFE

s Extrakce superkritickou kapalinou (kapalinou
v nadkritickém stavu)

= Ma-li plyn teplotu vyssi nez je jeho kriticka
teplota, nemuze byt zkapalnén zadnym tlakem

s Pri vysokéem tlaku (desitky MPa) vsak tento plyn
prechazi do stavu nadkritické kapaliny

= Nadkriticka kapalina ma nékteré vlastnosti
typicke pro plyny (mala viskozita), ale jine spise
pro kapaliny (vyssi hustota)

s Diky nizké viskozité superkriticka kapalina
snadno pronika vzorkem tuhé latky



Superkriticka fluidni extrakce - SFE

= Nejcasteji se pro SFE pouziva CO, v nadkritickem stavu

s CO, je vhodny k extrahovani nepolarnich latek

= Po skonceni extrakce lze superkrltlcky CO, oddéelit od smesi
odparenim
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Superkriticka fluidni extrakce - SFE

:i

Supercritical fluid

s Vlastnosti tekutin




Superkriticka fluidni extrakce - SFE

Supercritical Fluid Extraction

Table I Possible Supercritical Solvents for Biochemical Products

e e
Critical Critical
Compound temperature (°C) pressure (atm)

Carbon dioxide 3.1 73
Ethane 32.3 48
Ethylene 9.9 49
Nitrous oxide 36.5 70

Trifluoromethane 25.9 46
i e G SRR LT S i

= SF vhodné pro biotechnologicke aplikace



Superkriticka fluidni extrakce - SFE

C02+ Solute

Pressure
reduction

Extracted
Material

€05 High
Pressure

Pressure

Solvent Recycling

= Schematické znazornéni pro izolaci, uziva se i pro
analyzu (chromatografie)



Superkriticka fluidni extrakce - SFE
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= Prumyslové zafizeni



Absorpce

s Pohlcovani (do druhé faze) - opak
extrakce

s Typicky plyny do kapaliny

» Exotermni pochod, muze zahrnovat
chemickou reakci — chemisorpce

» Odstranéni kontaminujicich primesi
z plynu - odsirovani

s Zachyceni cennych komponent (pak
desorpce)



Absorpce

n Zarizeni
e Povrchové absorbéry - celarie

= Snadno rozpustné plyny, reaguji s kapalinou
apod.

= Chlazeni

e Absorbéry s mechanickym rozstrikovanim
kapaliny
= Bez vyplné
= S vyplni
e Neprerusena kolona
e Patrova kolona



Absorpce

s Povrchové absorbéry - celarie




Absorpce

» Absorbéry s mechanickym rozstrikovanim kapaliny
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Absorpce

s Desorpce
e Dodani tepla - endotermni pochod

e Ochuzovaci kolony - inertni plyn
(vzduch, para)

e Destilace, rektifikace



Adsorpce a desorpce

s Separace a cisteni

e isolace produktu nebo odstranéni
balastu

s Adsorbenty - C, hlinky, SiO,

md = dyay - b.p/ (1+bp)
e p = tlak (plyn) ev. koncentrace

n C, =k (V (G - Cp))
e C,6 = f(C,) - izotermy



Adsorpce a desorpce




lontomeénice

= Vazba a disociace iontd - vyména
e Chemicka interakce
e Ustaveni a porusovani rovnovah

« K, = (A/B), . (B/A).

s Distribucni izotermy strmé - saturace



lontomeénice

high X-selectivity

0.8

06 |

0.4 t

X, : fraction of cation in zeolite

0.2

low X-selectivity

0 0.2 0.4 0.6 0.8 1
X, : fraction of cation in solution

Distribuéni izotermy — ruzné konstanty

selektivity



lontomeénice

t CHoNH3CI®

= CHC H g

CH CH, CH CH,———

™

S CHyNHC, Hg NHC,HyNH,

s Anex — aminometyl-PS-DVB



lontomeénice

s Katex na bazi sulfonovaného PS-DVB
a PMA-DVB



lontomeénice

CH,N*(CH,) M~

— CHCH ,CHCH, = —— CHCH ,CHCH, =%

~— CHCH,CHCH, = —— CHCH,CHCH , =

@ so,M"* CH,NT(CH ) M ™

Cation exchange Anion exchange

Figure 2 Schematic representation of ion-exchange resins

s Schema katexu a anexu



sDekuji za pozornost



