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LapiSova, K. — Melzoch, K.: Chemické ¢iSténi keramickych membran po separaci vypalki. Kvasny Prum. 55, €. 5, s. 119-121.

Cilem této prace bylo nalézt vhodné regeneraéni podminky pro naslednou regeneraci keramickych membran, které byly pouzity pro se-
paraci lihovarskych vypalkU. Latky, které se nejvice podilely na vlastnim zanéd$eni membran, Ize zafadit pfedev§im mezi polysacharidy, pro-
teiny, nizkomolekularni slouc¢eniny a soli.

Pro obnovu plvodniho toku membranou byly pouzity rGzné Gistici strategie, teplota, délka regenera¢niho procesu, kombinace chemikalii
a jejich koncentraci (NaOH, H,O,, EDTA, HNO3). Byla ovéfovana moznost vyuziti regenerace membran pfimo v membranovém modulu re-
cyklaci regeneraéni 1dzné nebo po jejich vyjmuti mimo membranovy modul. Jako nejvyhodnéjsi se ukazal 4% roztok hydroxidu sodného pfi
vySSi teploté 80 °C.

LapiSova, K. — Melzoch, K.: Chemical cleaning of ceramic membranes used for stillage filtration. Kvasny Prum. 55, No. 5, p. 119-121.

The main concern of this work was to find the effective membrane regeneration scheme to obtain the initial water flux of the ceramic mem-
branes that were fouled by distillery stillage. The foulants include mainly polysaccharides, proteins, low molecular compounds and salts. The
use of different cleaning strategies, temperatures, regeneration time and chemical agents with different concentrations (NaOH, H,O,, EDTA,
HNO;), was realized with the aim of getting the biggest possible flux recovery.

Two different cleaning strategies were experimented: inside the module by recirculation of cleaning solution or outside the module sub-
mersing the membranes in a solution of cleaning agent at initial high temperature. The effective cleaning agent was 4% sodium hydroxide
solution at high temperature of 80 °C.

Lapisova, K. — Melzoch, K.: Chemische Reinigung der Keramikmembranen nach einer Brandzeichenseparation. Kvasny Prum. 55,
Nr. 5, S. 119-121.

Die Verfasser haben sich bestrebt, eine geeignete Regenerationsbedingung fir eine nach einer Brennereischlempeseparation Keramik-
membranenregeneration zu finden. Unter Stoffen, die am meisten die Membranenporen verstopfen, gehéren Polysacharide, Proteine, Nie-
dermolekularverbindungen und Salze. Fir die Membranenporenreinigung wurden verschiedene Verfahren (Temperatur, Zeit der Reinigung,
Reinigungsmittel, Kombination von Chemikalien und ihrer Konzentration (NaOH, H,O,, EDTA, HNO;) angewandt. Weiterhin wurde die Még-
lichkeit einer Membranenregeneration direkt im Membranenmodul mittels Regenerationsbadrezyklation oder nach Membranenherausne-

hmen aus dem Bad auszunutzen. Als das beste Reinigungsverfahren wies 4% NaOH bei 80°C aus.

Kli€ova slova: keramické membrany, membranova regenerace,
zandseni membran, lihovarské vypalky

1 UvoD

Membranové technologie nachazeji vyznamné uplatnéni pfi zpra-
covani odpadl, mezi které Ize zaradit také lihovarské vypalky. Liho-
varské vypalky predstavuji problematicky odpad, zejména vzhledem
k jejich vysoké hodnoté CHSK, velkému objemu, nizkému pH a obtizné
manipulaci s nimi. S nartdstem produkce bioethanolu souvisi také vétsi
tvorba tohoto vedlej$iho produktu, kterd vyZaduje jeho optimalni zpra-
covani a vyuziti [1]. Membranové separacni technologie by umoznily
vypalky rozdélit na permeat a koncentrat (retentat). Permeét by mohl
byt Easte¢né vracen zpét do fermentaéniho provozu jako technologicka
voda vyuzitelna pfi pfipravé nové zapary a zakoncentrovana ¢ast vy-
palkll by mohla byt ususena a v této stabilizované formé vyuzita jako
krmivo [2, 3].

Vyuziti keramickych membran se jevi vyhodné v mnoha primyslo-
vych aplikacich, a to zejména pro jejich mechanickou a chemickou odol-
nost a také energetickou nenaro€nost separacniho procesu v porov-
nani s klasickymi technologiemi jako jsou odpafovani, zahustovani
a suseni [4]. Jako ve vSech technologiich, tak i zde existuji jistd ome-
zeni. Limitujicimi faktory jsou v tomto pfipadé zanaseni membran a na-
sledna regenerace za Ucelem jejich znovupouZziti [5, 6].

Pro regeneraci a nasledné obnoveni toku membran Ize pouzit rizné
chemické a fyzikalni metody. Chemické zpUsoby zahrnuji optimalni pou-
ziti chemikalii, které musi byt stabilni, bezpe¢né, cenové dostupné, roz-
pustné ve vodé a kompatibilni s materialem membran [7,8].

2 EXPERIMENTALNiI METODY

Vstupni material

Pro separaéni experimenty byly pouzity bramborové vypalky z liho-
varu LIHO-Blanice spol. s r.0., Blanice u Mladé Vozice, okres Tabor.
Pro vlastni separaci byla pouZita pouze kapalna ¢ast vypalkd, tj. ka-
palna frakce po dekantaci fidkych vypalkU. Zpracovani vypalki mélo
vsadkové usporadani, protoze membranova stanice disponovala pouze
jednim membranovym modulem. Vzhledem k tomu se parametry vy-
palk( lisily dle jednotlivych varek. Primérné sloZeni bramborovych vy-
palkll shrnuje tab. 1.
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distillery stillage

1 INTRODUCTION

Membrane technology has become of great interest for treatment
of different waste water, including the treatment of stillage. It is known
that the stillage has got a high pollutant concentration which could
cause a significant negative environmental impact. With enlarging of
bio ethanol (fuel ethanol) production, the increasing amount of se-
condary products, esp. distillery stillage, becomes a hardly solvable
problem which requires effective stillage management [1].

By introducing a membrane separation process, stillage could be
split in retentate (concentrated part) and permeate which could be re-
cycled to the fermentation step and used as technological water. The
retentate could be used as a feedstock after being dried or blended
with solid compounds to become more stable and less susceptible to
contamination [2, 3].

Ceramic crossflow filtration has emerged as a useful method for so-
lid/liquid and liquid/liquid separation in number of industrial applicati-
ons since they are highly selective, resistant to high temperatures and
solvents and very stable, having a long life span [4]. However, their
main limitation is fouling, the blockage of the membrane pores in filt-
ration process [5, 6].

Several chemical and physical methods can be used to remove fou-
ling materials from the membrane and to restore the membrane flux.
The chemical methods involve seeking of the best agent or sequence
of agents. These agents should be stable, safe, cheap, and washable
with water and naturally, cannot destroy the membrane. Sodium hyd-
roxide is commonly used for membrane regeneration [7, 8].

2 EXPERIMENTAL METHODS

Feed Material

The potato stillage from the distillery Liho Blanice (CZ) was used for
all the separation experiments. Only the liquid phase of thin stillage, wit-
hout coarse particles that were decanted, was used to perform the se-
paration trials. The stillage was treated in batch regime, since the unit
has only one membrane module, so the parameters vary batch to batch.
The average compositions of the feed stream are given in table 1.
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Tab. 1 Slozeni bramborovych vypalkl/ Composition of feed stream

pH Susina/ | CHSK/COD| Dusik/ |Red.latky/
Dry matter Nitrogen | Sugars
(hm.%) (g/L) (hm.%) (hm.%)
Vypalky/ | 29-34(198-6,65| 51-292 (0,05-2,69| 0,1-1,6
Stillage

Tab. 3. Podminky regenerace membran série | — IV / Operating con-
ditions for membrane cleaning in serie | — IV

Tab. 2. Pfehled pouzitych chemikalii pro regeneraci membran/ Chemi-
cals used in membrane cleaning procedures

Chemikalie/ Koncentrace/ Teplota*/

Cleaning agent Concentration Cleaning temperature
(hm.%) (°C)

NaOH 2,0, 4,0, 6,0, 10,0 25, 50, 80

HNO, 1.0 50

EDTA 1.0 25

H,0, 1,0, 10,0 25

* pocatecni teplota / initial temperature

Tab. 4 Podminky regenerace membran série V a VI / Operating
conditions for membrane cleaning in serie V and VI

Série/ | Membrana/| Chemikalie/ t T FRP
Series | Membrane| Cleaning agent | (min) (°Cc)2 %
1 0,2 um 4% NaOH 1440 80 100
300 kDa 4% NaOH 1440 80 60
1% HNO5° 30 50 40
2% NaOHe® 30 50 40
4% NaOH 2880 80 100
Il 0,2 um 2% NaOH 1440 80 100
150 kDa 2% NaOH 1440 80 100
]| 0,2 um 4% NaOH 960 80 100
50 kDa 4% NaOH 960 80 100
v 0,2 um 4% NaOH 1440 80 40
4% NaOH 1440 80 100
15 kDa 4% NaOH 1440 80 70
4% NaOH 1440 80 90
4% NaOH 5760 80 100
2 ystupni teplota, ® navratnost toku — vzhledem k ptivodnimu vodnimu toku
za standardnich podminek, ¢ proplach membrany
a initial temperature, ® Flux Recovery — comparing to initial water flux un-
der standard conditions, ° rinsing membrane with the chemicals

Série/ | Membrana/ | Chemikalie/ t T FRP
Series | Membrane | Cleaning agent | (min) (°C)2 %
' 300 kDa 4% NaOH 1260 80 50
1% EDTA 60 25 75
4% NaOH 1080 80 45
4% NaOH 1140 80 40
4% NaOH 960 80 60
4% NaOH 1020 80 100
50 kDa 1% EDTA 90 25 125
4% NaOH 1140 80 120
VI 300 kDa 6% NaOH 1440 80 70
6% NaOH 1440 80 100
15 kDa 6% NaOH 1440 80 100
a ystupni teplota, ® navratnost toku — vzhledem k ptivodnimu vodnimu toku
za standardnich podminek
a initial temperature, ® Flux Recovery — comparing to initial water flux un-
der standard conditions

Experimentalni usporadani

Separacni experimenty byly realizovany na poloprovozni stanici
ARNO 600 — BIO (Mikropur Ltd., Hradec Kralové, CZ2).\VSechny expe-
rimenty byly vedeny v kfizovém usporadani toku membranou. Byly pou-
zity tubularnitfikanalové keramické membrany vyrobené metodou ,sint-
rovani“, tj. spékanim anorganického materialu ze smési Al,O3, TiO,,
ZrO, (TAMI, D).

Velikost péra jednotlivych membran byla z oblasti mikrofiltrace, ult-
rafiltrace a nanofiltrace (0,2 um-5 kDa). K dispozici jsme méli pouze
jednu sadu keramickych membran a membrany tak byly pouzivany opa-
kované. Hrozilo tak nebezpedi, ze mohly byt nedostate¢né zregenero-
vany po jejich pfedchozim pouziti.

Délka membranového modulu byla 550 mm s primérem 10 mm a filt-
racni plochou 0,021 m?. Mechanicka odolnost téchto membran vigci
tlaku dosahuje hodnoty 9 MPa. Chemicka stabilita membran je v ce-
Iém rozsahu pH a maximalni doporucena teplota vyrobcem je 350 °C.

Cistici reagencie

Pro regeneraci membran byly pouzity tyfi typy a koncentrace che-
mikalii (tab. 2).

Pro pfipravu roztok( dané koncentrace byla vyhradné pouzivana de-
stilovana voda a roztok byl poté ohfat na pozadovanou teplotu. Mezi jed-
notlivymi regenera¢nimi stupni byl zafazen proplach destilovanou vodou.

Separacni jednotka nebyla vybavena ohfevem média, a proto jsme
mohli dosédhnout pouze vysoké vstupni teploty kolem 80 °C. Regene-
race byla provadéna pfimo v cirkulaénim okruhu s membranou nebo
jako lazef mimo membranovy modul.V nékterych pfipadech byla mem-
brana ponechana v lazni do druhého dne.

Podminky procesu

Do membranového modulu separaéni jednotky byla viozena pfi-
slusnd membrana a vypalky byly odvazeny do zasobniku média. Kon-
tinualné byl odebiran permeat do sbérné nadrze, zatimco retentat cir-
kuloval do zasobniku média, kde dochazelo k jeho postupnému
zakoncentrovani. Ziskany permeat byl nasledné pouzit v dalsim sepa-
raénim stupni. Proces byl ukonéen, kdyz objem retentatu v nadrzi klesl
tak, ze by uz hrozilo nebezpedéi zavzdusnéni Cerpadla. Retentat by mél
predstavovat asi 10 % celkového objemu separovanych vypalku. Se-
paraéni proces probihal pfi konstantni teploté 30 °C.

Nakonec byl proveden proplach systému destilovanou vodou (10
min) a byl zméfen vodni vykon membrany. Nasledné byla membrana
podstoupena jednomu z regeneraénich rezimu za Uc¢elem dosazeni je-
jiho ptivodniho toku membranou.

Experimental Setup

The lab-scale filtration unit Arno 600 — BIO (Mikropur Ltd. Hradec
Kralové, C2) was used in this work. Experiments were carried out in
the crossflow mode using a three — channel ceramic membranes pre-
pared by sintering the mixture of Al,Os, TiO, and ZrO, (TAMI, D). The
membrane pore sizes were from the area of microfiltration, ultrafiltra-
tion and nanofiltration (0.2 um — 5 kDa). We disposed only with one
set of membranes which were used repeatedly so there was a risk of
unsuccessful regeneration and bad membrane condition.

The three channel membrane module length was 550 mm with the
diameter of 10 mm. Filtration area was 0.021 m2. The mechanical re-
sistance reaches the value of 9 MPa. The chemical stability belongs
to all values of pH. The maximal advised temperature is 350 °C.

Cleaning Chemical Reagents

Cleaning power of four type of chemical agents listed in table 2 was
evaluated in different cleaning procedures. Chemical cleaning agents
were diluted with distilled water to appropriate concentration and the
solutions were preheated to a requisite cleaning temperature. Water
rinse was carried out in between the stages.

According to our laboratory conditions we could reach the tempe-
rature of 80 °C just in the beginning of the cleaning procedure. The
chemicals were applied to the membrane as a bath or rinsing solu-
tion. In some cases, the membranes were allowed to soak with one
of the solutions overnight.

Operating Conditions

Appropriate membrane was fitted into the membrane modul and the
stillage amount into the barrel.The retentate was recirculate back to
the feed barrel and permeate was collected to a separate barrel and
consequently used for other separation step. The separation process
was stopped when retentate volume dropped to approximately 10 %
of inlet stillage mass. The process temperature was maintained at con-
stant value of 30 °C.

At the end of each separation, the membranes were rinsed with di-
stilled water (10 min) and the water flux was measured. After that,
each membrane was subjected to one or more of the cleaning regi-
mes in order to recover the initial water flux.

3 RESULTS

A total of eleven test runs were executed in two step membrane set-
ting. The water flux after the separation reflected the membrane fou-
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3 VYSLEDKY

Tab. 5 Podminky regenerace membran série VIl — IX / Operating
conditions for membrane cleaning in serie VIl — IX

ling and the water rinse (5
— 10 min) was used as

Celkové bylo realizovano jedenact

a first cleaning step. The

separaénich experimentd v dvoustup- | S€rie/ | Membrana/| Chemikalie/ t DT X FoRb maximum flux recovery
Hovém usporadani, kde bylyvramcis¢- | Series | Membrane | Cleaning agent | (min) () % with water was approxima-
rie postupné zafazeny dvé membrany Vi 150 kDa 4% NaOH 1440 80 100 tely 20 %. The bath with
s klesaj[civelikostf jeji_ch péri).yoldnl'tok 50 kDa 4% NaOH 1440 80 100 NaOH (_2 — 4 %) was used
membrapoudngvkcl)nct:l se;v)a‘\ra.l%nlho ex- Vil 150 kDa 4% NaOH 4320 80 65 p;edomlgantly.(l)nzthe catlﬁe
perimentu oI rize zupeg ]% o.zar;)e-I 4% NaOH 1560 80 70 of mem tr.ane 2 uliln OI?I
seni a prqpkac vodou (5- vrn,lrlz) ky 4% NaOH 1320 80 70 regeneraﬂmnffwnf 'ath
po'l\JA2|v§nljla,o(prvtn| r@igt;e‘?eracmb rok. 4% NaOH 1440 80 75 }/.vaf ntms y he ectlr:/e in the
timiozpisobem dosahovalay primméru 20 ANEOHRH PO BRBORINEORE] | ' ed into ot
%. Nejéastéji byla pouzivana lazen s roz- 15 kDa Z'Z" “38: ‘1‘228 gg gg NaOH (80 °C) overnight,
tokem NaOH (2 — 4 %), viz. tab. 3. o INE table 3. Other membranes
V pfipadé membrény 0,2 um byla re- IX 150 kDa 6% NaOH 1440 80 75 from the series -1V, except
generace pomoci NaOH Uspésna jiz 10% H,0,° 30 25 120 the membrane 300 kDa in
v Qrvnl’m stupni regenerace této mem- 5 kDa 10% NaOH 1440 80 100 series |, were cleaned with
Sr?gghik%%bgligigbéiga Fs)on??rgigﬁ a ystupni teplota, ® navratnost toku — vzhledem k ptvodnimu vodnimu toku N&:Sch e case of mem-
membrany 300 KDa v sérii | byly |22 Standardnich podminek, ¢ proplach membrany brane 300 kDa the clea-
véechny ostatni membrany séri IV re a initial temperature, ® Flux Recovery — comparing to initial water flux un- ning with HNOj rinse follo
—| - e @ Ay . . 3 -
generovany pouze pomoci NaOH. der standard conditions, © rinsing membrane with the chemicals wing the NaOH rinse was

V pfipadé regenerace membrany
300 kDa byla testovana moznost pou-
ziti kyseliny dusi¢né s naslednym pro-

Tab. 6 Podminky regenerace membran série X a Xl| / Operating
conditions for membrane cleaning in serie X and X|

tested but with the nega-
tive flux recovery. There-
fore the membrane clea-

plachem roztokem NaOH. Tato se-

ning was finished with the

kvence v&ak byla neti&inna s negativni | Série/ | Membréana/ | Chemikalie/ t T FR® NaOH bath.
névratnosti toku membranou. Regene- | Series | Membrane | Cleaning agent | (min) (W% % Next two experiments
race této membrany byla dokoncena X 50 kDa 4% NaOH 60 25 100 (series V and VI) were ar-
pomoci proplachu a lazné s NaOH. 8 kDa 4% NaOH 960 o5 95 ranged with the membrane
V sériich V a VI byla jako prvni stu- S 300 kDa as a first separa-
pen zafazena membrana s velikosti X 15 kDa 4% NaOH 24480 25 85 tion step, see table 4. Also
péri 300 kDa (tab. 4). | v téchto sériich 5 kDa 1% H,0, 90 25 40 in these trials the NaOH
byl pouzit roztok NaOH, tentokrat véak 4% NaOH 1440 80 120 was applied but at higher
0 VysSi koncentraci, az 6 %, protoZze | =ystupni teplota,  navratnost toku — vzhledem k ptivodnimu vodnimu toku concentration, up to 6 %,
vzhledem k velikostem p6rt membran za standardnich podminek since severe fouling was
bylo ofekavano jejich vétsi zaneseni. a initial temperature, ® Flux Recovery — comparing to initial water flux un-|  €xpected.
EDTA bylo poprvé pouzito v sérii V, der standard conditions The solution of EDTA

kde byly v kaskadé zafazeny mem-
brany 300 kDa a 50 kDa. Regenerace
prvni membrany v sérii byla pomérné Uspésna (75 %), a to zejména
vzhledem k tomu, Ze byla tato slou¢enina aplikovana v nizké koncent-
raci a pfi pokojové teploté. V pfipadé regenerace membrany 50 kDa
byla dosazena dokonce ucinnost 125 %, avSak vodni tok membranou
byl nestabilni. V obou pfipadech byla regenerace dokon&ena lazni
s NaOH.

Membrana s velikosti périi 150 kDa byla pouZita ve tfech separac-
nich sériich jako prvni membrana. Regeneraéni proces téchto sérii shr-
nuje tab. 5.VSechny membrany, s vyjimkou membrany o velikosti pért
150 kDa v sérii IX, byly €istény pouze s NaOH pfi maximalni koncent-
raci 10 %. Membrana 150 kDa byla zregenerovédna pomoci lazné
s NaOH (6 %) s naslednym 30minutovym proplachem 10% H,O,.

Byly testovany dvé série, kde byla pouzita nanofiltracni membrana
jako konec¢ny stuper separace.Ucinnost regeneracnilazné byla vtomto
pfipadé prekvapiva v sérii X, kde regenerace probihala velmi kratkou
dobu pfi pokojové teploté (fab. 6). U membrany 15 kDa nebyl zazna-
menan zadny pokrok v Uspésnosti regenerace, ktera zlstavala na 85 %
jako v predchozi sérii VIII.

Roztok H,O, byl pouZit pro regeneraci membrany 5 kDa. PFi pouZzité
nizké koncentraci a teploté byla navratnost toku membranou pouze 40 %.
AZ nasledna lazer s NaOH vedla ke zdarné regeneraci této membrany.
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