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Separace kapalnych smesi

s Zpusoby

e Usazovani a dekantace
= Gravitacni sila

e Filtrace
= Prepazka - délici, filtracni

e Odstredovani
= Odstrediva sila
= Kombinace s filtraci — vlastni princip separace



Usazovani a dekantace

s Rychlost sedimentace
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o Vy&3i T - nizsi I W x konvekce,
rozpousteni apod.

s Hrubé suspense

s Provoz kontinualni a kombinovany

e Kontinualni tok, periodické odstranovani
sedimentu



Sedimentace — zarizeni

s Usazovaci nalevka




Sedimentace — zarizeni

s Kontinualni usazovaci nadrz
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Sedimentace — zarizeni







Sedimentace — zarizeni

s Kontinualni usazovaci nadrz
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Sedimentace — zarizeni

Prepazkovy usazovak
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Sedimentace — aplikace

s Kontinualni dekantace s
protiproudovym promyvanim




Filtrace

s Charakteristika
oddélovani jemnych suspensi
obtizné sedimentujicich

dosahuje se tuhé faze s malym
zbytkem kapaliny

separace pomoci porezni prepazky
(vC. vrstvy filtracniho kolace)



Filtrace

s Rychlost filtrace
dv/dt=s.P /[l Kk, + k)

S = plocha, P = tlak, [ viskosita e koef. odporu
prepazky, k = tloustka prepazky, k., = tloustka
kolace ekvivalentni svym odporem prislusné
tloustce prepazky

Vliv viskosity — zvySeni T - omezeno moznosti
rozpousteni srazeniny, destrukce a denaturace,
koroze materialu apod., energetické naroky



Filtrace

= Hydraulicky odpor prepazky

dan kvalitou = porositou prepazky, vhodny vybeér
roste s usazovanim kolace

. zlepsuje se filtrace jemnych castecek (opakovana
filtrace, usazeni jemne vrstvy — kfremelina)

prekonani postupnym zvysovanim tlaku
periodické nebo kontinualni odstranovani kolace
s event. promytim



Filtrace

s Vv tlaku

. nestlacitelny kolac (krystalky aj.
nedeformovatelné Castice)

rychlost roste umérne tlaku

. stlacitelny (amorfni) rychlost neroste Umeérnée
tlaku, mnohdy klesa (deformace cCastic,
\"4 1 4 1 4 V4 0
zmensovani kanalku)

. nerovnomerny tlak (razy pistoveho cerpadla) -
nebezpeci pronikani jemnych castic



Filtrace — délici hlediska

o
= 1. zpusob provozu
e periodicky
e kontinualni

n 2. tlak

e hydrostaticky (sloupec kapaliny)

o tlakové (Cerpadla)

o vakuové (vyvevy)

e centrifugacni (princip separace x konstrukce - centrifugy)

= 3. druh prepazky
e zrnita napln (volné ulozena)
e tkanivové
e tuha nepohybliva
e polopropustna - membrany



Filtrace — prepazky

= Zrnita napln
piskove (i hlina) — pro vodné smeési, vapenec -
mramor, drevené uhli

hrubsi vrstva dole, perforované dno nebo sbérac
(trubka)

hydrostaticke (otevrené) nebo tlakové (uzavrene)
kapilarni sily — elevace 0,4 - 2 m (hlina)

maly obsah tuhé faze, bezcenna

promyti sousmernég, cCisténi protismeérne (voda,
vzduch)

periodicky — polokontinualni provoz



Zrnite naplne

s Piskové filtry
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Figure 11.9. Deep bed sand filters for removal of small contents of solids from large quantities of liquids. Accumulations from the
top and within the bad are removed by intermittent backwashing. Charcoal may be used instead of sand for clarifying orgame
liquids. (a) Gravity operation. (b} Pressure operation.




Filtrace — prepazky

Tkanivové - i netkané vrstvy

vetsi obsah tuhé faze dale zpracovavané
minimalni ztraty kapaliny

material dle chemické odolnosti (laborator — papir)
e zivocCisna vlakna (vina) - kyselé pH do 40-50 °C
e bavlna - slabé kyselé - slabé zasadité

e mineralni vlakna - silné kyseliny, horkeé roztoky
e kovova - sitky, slinuté porezni (ocel, nikl) - zasady
e plastové tkaniny, lisovane prepazky

mala mechanicka pevnost - suport — drevéne Ci
kovoveé mrizky

periodicky a kontinualni provoz



Tkanivove prepazky

s Periodicke
e polokontinualni

M NUé

e takuova
e tlakova

Tkanivo vypodlozeno - mrizka, sito apod.
Prepazka téz tuha - sintr, keramika
Hydraulicky tlak, pretlak (uzavrena nadoba)
Ovladani manualni, motorem



Tkanivove prepazky

s Rukavcove a listove filtry
e Tlakové
e Vakuoveée
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Tkanivove prepazky

n Listove filtry K
e Tlakovée |
e Vakuové
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Tkanivove prepazky
= Svickove filtry 2 Eant
o Tkanivo, plSt 4 - podéIna ¥ebra

e Papir apod.
e Plastoveée
e Kovove
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Tkanivove prepazky

= Kalolis
e Deskovy
e Ramovy




Tkanivove prepazky

= Kalolis
e Deskovy
e Ramovy
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Tkanivové prepazky

s Kalolis - plachetky




Tkanivove prepazky

s Kalolis
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Tkanivove prepazky

s Kalolis — provoz




Filtrace — prepazky

= Tuha nepohybliva prepazka
e keramicke poresni materialy, sintr
e odolné mechanicky, chemicky i tepelné
e ruzné velké pory
e kompaktni, dokonalé odkalovani a promyvani
e pomerne drahe, periodicky provoz
s Zarizeni
e Svickové - podobné rukavovym
e Nuc



Tkanivoveé filtry — kontinualni provoz

= Bubnové vakuove filtry

vV =7/

e vné&jsi filtracni povrch

Rotary Drum Vacuum Filter

=g

Water sprays For
cloth cleaning ..gs5ss

Click the Back butfon to retum




Tkanivoveé filtry — kontinualni provoz

s Bubnove
vakuove filtry
e vnitrni filtracni
povrch
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T filtrat

e | S
B promyvaci
kapalina



Tkanivoveé filtry — kontinualni provoz

SOLID-LICUID

= Bubnove =
vakuove filtry
e vnitrni filtracni e
oJo)Vigelp

Cake saturated ]
with Bilrate

continwoas vacaum filtration with a rotary drum filker. The salids

beln -nhc;m( tMcf.al»wm‘.‘an Unit Operations of Chemical Engineering, MoGraw-Hill, New

) Cross section of & dip-type rotary dram filter showing the sequence of cake formation, washing, dewstering and

upits also are made with top feed (Olfver United Filkers), (c) s section of a rotary drum Glter with internal

. suited particularly 1o free senling slurries Uinited d) Ratary flier with a filtering belt that is

he sisnilarly Functioning string discharge filters, the fltering cloth remains on the

drum but the string assembly follows the pu1l| shown here for the beli. (e) Double drum filier, mﬂ:wllrhl suited to rapidly

seriling shurries, and may be adapted to cake washing which is not shown in this u stem Gerloch, Nordhousen, E.
Germany). (f) Vacuum disk filter | the main kind in ue when cake washing is not required (Daorr-Oliver [




Tkanivoveé filtry — kontinualni provoz

s Diskoveé
s T€Z pevna
prepazka

.

Scraper and blow back area =
for sokds discharge

Figure 11.12—{consinued)




Tkanivoveé filtry — kontinualni provoz

s Pasove
— vakuovy
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Filtrace — prepazky
Membrany

membrany s mikroskopickymi péry, rizné rozméry,
uniformita
pro koloidni roztoky, velmi jemné cCastice
tlakové & vakuové, malé prutoky,

Y s (o) Vé - v 7 V7 . 0
zanasenl, ruzne konstrukce filtracnich pristroju
mala mechanicka a chemicka odolnost, nutnost suportu
specialni ucely, zahustovani, sterilizace



Membranova filtrace

= Princip

Pressure

-permeable
membrane

O  Microsolute

() Macrosolute

Figure 2 The principle of ultrafiltration




Membranova filtrace

= Velikost pdru a retence
e \VyluCovaci limit

——— S ———— ——————

Reverse osmosis
fr

DIFFUSE
CUTOFF

Witrafiltration
4

SHARP
CUTOFF

Rejection coetficient, o

Microfiltration

0.0001 0.001 [ole]] .l

Pore size (um) 1000 10 000

Molecular welght
Figure I Membrane filtration size spectrum

Figure 11 Rejection coelficient as a function of molecular weight



Membranova filtrace

Ov V4
s Prurez membranou

ANISOTROPIC MEMBRANE MICROPOROUS FILTER [EESE




Membranova filtrace

Figure 2 A side view scanning electron microscope photograph of a microporous membrane of pore size 1,22 g ol
the uniform structure throughout

e

Table 2 Chemical Compatibilities of Cleaning Solutions with Different Membranes

"
Filier pH
materiol range NadH NaOCT Ethanol
i iehe wie i sleg i . MR il wn wltrafiltetion membrane: note the ssymmetric Cellulosics a5 None 10 p.p.m. (L5 h) 20,
Fiare 1 A sl view scanning clectron microscope phatograph of an ul N 3 " Palysulfone -4 IM(30°C)  0.1% 0%,

structure from top 1o bottom Polyvinvlidene Muoride derivative ~ 2-13 0.1 M 0.1% (0.5 h) 100%




Membranova filtrace

s Gradienty na membrané - problémy

Water flux J
: Water flux J

Membrane Membrane
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layer Fluid
boundary layar  layer
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~ ~ . . . = g BT o & oo ation o 1o TR e als '.._ "n‘
Figure 3 Concentration gradient during ultrafiltration Figure 5 Concentration gradient during gel polarization




Membranova filtrace

s Gradienty na membrané - problémy
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Figure 4 Filtration flux as a function of solute concentration




Membranova filtrace

s Gradienty na membrané - problémy

1% PROTEIN

5% PROTEIN
10% PROTEIN

20% PROTEIN

15
APTM

Figure 9 Filtration flux as a function of transmembrane pressure, varying solute concentrations




Membranova filtrace

s Zarizeni
= Podle rezimu
e Periodicka
e Kontinualni
= Podle toku
e Kolmy
e Tangencialni



Membranova filtrace

HDEE FLOW FILTFIATIDH DHH"ENTIDHAL FILTHATIGH &

Figure 7 Comparison of cross-flow and conventional filtration

= Srovnani tangencionalni a konvencni filtrace



Membranova filtrace

CLOGGING IN SUPPORT SCREEN |

FLOW THROUGH HOLLOW FIBERS

Figure 2 Comparison of flow through hollow fibers and membrane support screen

= Srovnani tangencionalni a konvencni filtrace



Membranova filtrace

= Tangencialni filtrace



Membranova filtrace

SOLVENTS &
MICROSOLUTES

',EE}REIMNED MACROSOLUTES

HOLLOW FIBER CARTRIDGE
.~ MEMBRANE

, RETAINED
= MACROEOLUTES

™ SEPARATOR
- SCREEN
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Figure 12 Examples af different membrane configurations




Membranova filtrace

= Typy
zarizeni

Figure 3 (4 - i 5 re wound around ace
the Mltrate aree surli : i atively all valume

which fits into a plate and frame holding de




Membranova filtrace

Ultrafiltration ec n Backflushing

Figure 23 Operational modes (or hollow fiber cartridge

» Zpusoby provozu - dutd vldkna



Membranova filtrace

= Poloprovozni
zarizeni — duta vlakna

Figure 8 Pilot scale hollow fiber system (reproduced by permission from Amicon Corp.)




Membranova filtrace

Retentate




Membranova filtrace

Figure 15 Flow schematic for concentration process




Membranova filtrace

Figure 16 Flow schematic for diafiltration process




Membranova filtrace

Figure 17 Flow schematic for purification process




Membranova filtrace

PROCESS
TANK

PUMP FILTRATE




Membranova filtrace

STAGE 1 STAGE 2 STAGE 3

l 7

T =t
P Recipc FILTRATE RECIRC. FILTRATE RECIRC, FILTRATE
PUMP PUMP PUMP

Figure 22 Multistage continuous system




Membranova filtrace




Membranova filtrace

Table 10 Comparison of UF and Other Processes For Concentration of Foot
and Mouth Virus®

Initial Concentration
Method volume (1) factors Recovery (%)

UF:, 100 24 % 92-100
Centrifugation 6 25X 24-T7
PEG precipitation 4 20 63-85
Sulfate precipitation 4 20X 80

3 Morrow ef al. (1974).

Table 9 Comparison of UF and Other Processes for Concentration/Purification
of Albumin

”

: Energy Labor Capital
Method Dimer (%)* costs (man-h)® cost ($)"

VF Trace Low 20 60 000
Lyophilization 3.3-4.7 High 180 300 000
Vacuum distillation 1.2-1.5 High 100 180 000
Wiped film evaporation 1.8-2.0 High N.A. 200 000
-Solvent drying 4.6-5.2 Medium N.A. 150 000

“ Mercer (1977). Figures for preparation of 1000 1 of 25% albumin: N.A. = not available,




= Srovnan
separaci
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Table 3 Comparison of Hollow Fiber Filtration and Centriguation for
Bacteria H
— e e e mmetws M
i Cenirifugation”
Annual § per
10001

Depreciation ( () 0.75
Maintenance

1200 (0.(Wy
1050 — —
27200 ]
150000
MM
(1) Sy i " {water removal rate)
L 16hd T plus 2 hd ™! cleanup

of capital cost annually
1

Table 4  Comparison of Hollow Fiber Filt
Harvesting
B
Hollow fiber | ion trifugation”
Annual 8 per Annual ¥ per
(5 10001 (%) [000 1

Depreciation " 0.19 5000 0.12

Maintenance 0.07 2000 0.05
Labor (.19 019
Power 2400) (.06 ( 0.07
Water, chemicals 23 0.06 0.04
08 0.43 —
wrating costs 40100 1.0 900 0.47
il cost 75000 )
Assumptions
(1) System output: 10 0001 h™' (water removal rate)
(2) Operation250d y™', 16 hd™" plus 2 h d ™' cleanup
Depreciation: 10y §
pital cost annually
hd™")

Membrane life of 1y
Membrane av H
+ 8 cerevisiae ium, 4 ced, 180 g 17! product




Dekuji za pozornost



