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 The subject of the work is the possibility of applying microfiltration through a 
ceramic tubular membrane with 100 nm pore sizes to the steepwater obtained in the 
production process of corn starch. The dry matter content should be reduced in the 
steepwater permeate. Thus the consumption of the process water would be reduced, the 
nutrients from the steepwater could be exploited as feed and the wastewater problem 
would consequently be solved. The objective of the work was to examine the influence of 
the operating parameters on the permeate flux during steepwater microfiltration. The 
parameters that vary in the course of microfiltration, were the transmembrane pressur 
and flow rate, while the permeate flux and dry matter content of the permeate and reten-
tate were the dependent parameters, constantly monitored during the process. Another 
objective of this study was to investigate the influence of static turbulence promoter on 
the permeate flux during steepwater microfiltration. Static mixers enhance permeate flux, 
thus the microfiltration can be performed longer. As a result of the statistical analysis, 
the optimal conditions for steepwater microfiltration were determined. The maximum 
value of the permeate flux without mixer (25 lm-2h-1) was achieved at a pressure of 2 bars 
and a flow rate around 100 lh-1. With the use of static mixer the flux is 2,5 times higher 
compared to the one obtained without the mixer. The dry matter content of the permeat 
after 2.5 hours of mucrofiltration was lowered by 40%. 
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matter content 
 

INTRODUCTION 
 
 Governments of the developed countries have tried to increase the pressure on the 
largest waste producers in order to reduce the undesired environmental pollution. For 
example, the Commission of the European Communities introduced the Integral Pollution 
and Prevention Control Directive. The purpose of the directive is to achieve integrated 
prevention and the control of pollution arising from the particular activities listed in its 
Annex I. Among others, the directive defines the Best Available Techniques (BAT) as 
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the most effective and advanced stage in the development of activities and their operation 
methods which indicate the practical suitability of particular techniques for providing in 
principle the basis for emission limit values designed to prevent and, where that is not 
practicable, generally to reduce emissions and the impact on the environment (1, 2). One 
of them is membrane technique. 
 Membrane separation is a filtration technique in which a feed stream is fractionized 
with a porous membrane. Some of the dissolved solids are held back because their mo-
lecular size is too large to allow them to pass through. The size range depends upon the 
pore sizes of the used membrane. Fractionation of the feed stream occurs, with some mo-
lecules being concentrated on the upstream side of the membrane, which is known as the 
concentrate or retentate. The smaller molecules pass through the membrane into the per-
meate stream. There are few membrane processes where they can be characterized by dri-
ving forces that cause mass transfer of solutes (e.g. difference in concentration – dialy-
sis), difference in electric potential - electro-dialysis), difference in pressure – microfiltra-
tion, ultrafiltration, nanofiltration, reverse osmosis) (3, 4, 5).  
 The main problem in the performance of microfiltration is concentration polarization 
and fouling of the membrane. Concentration polarization causes deposition of retained 
compounds on the membrane surface. A number of reviews have described the process in 
detail (5, 6). The pure water flux of micro- and ultrafiltration membranes is usually high, 
but when separation starts through the membrane, the permetae flux falls very quickly, 
which is caused by the gel formation on the membrane surface. This gel layer forms a 
secondary barrier to the flow through the membrane (5, 7). There is no possibility for 
avoiding membrane fouling but it can be limited by applying a number of different tech-
niques which enhance membrane flux. These techniques might be pre-treatment of feed 
stream, backflushing, fluidized bed, fluid instability, application of electric, magnetic and 
ultrasonic fields (5). Fluid instability can be more useful in overcoming concentration 
polarization and membrane fouling, various possibilities have been tested: turbulence 
promoters, pulsation and rotating membrane filter (Taylor vortex flow). Turbulence pro-
moters as static mixers were applied for permeate flux enhancement during the separation 
of non-sucrose compounds from sugar beet syrup (8). There are several papers dealing 
with the application of membrane filtration for purification of wastewater from starch 
processing industry or for filtration of the starch suspensions (9, 10). Membrane filtration 
is used in order to achieve an increase in the quality of the finished sweetening and syrup 
products. It has also found its application in the process of water elimination, i.e. dehy-
dration in the course of the production. It is used to isolate proteins from diluted process 
flows (11).  
 The aim of this work was to look into the possibility for steepwater microfiltration in 
order to examine the influence of the oprating parameters on the permeate flux during 
steepwater microfiltration. Another objective was to investigate the influence of static 
turbulence promoter on permeate flux during steep water microfiltration, in order to 
enhance permeate flux. Generally, the results and the optimization can serve for the de-
termination of the suitable operating conditions for the steepwater concentration. The dry 
matter content could be reduced in the steepwater permeate and the process water in the 
starch industry could be reused. Thus, the consumption of the process water would be 
reduced and the nutrients from the steepwater could be exploited as a feed .  
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EXPERIMENTAL 
 
 Microfiltration experiments were conducted on the samples of steepwater, which were 
obtained from the corn starch wet milling plant „Jabuka“, Pančevo (Serbia). The procedu-
re of microfiltration on a single-channel ceramic membrane with 100 nm pore sizes on 
the laboratory apparatus for microfiltration has already been published (12).  
 The central part of the apparatus is the module with the membrane inside. In this stu-
dy, use was made of the ceramic membrane of GEA manufacturer (Germany). The mem-
brane is single-channel, 250 mm lenght, with the inner diameter of 6.8 mm and outer dia-
meter of 10 mm. The membrane is made of -Al2O3 with TiO2 layer. The active mem-
brane surface equals 0.005 m2. The pore sizes of the membrane are 100 nm. This pore 
size is twice smaller than that usually used for starch wastewater, e.g. ny Cancino-Mada-
riaga and Aguirre (13). These authors used a 0.2 μm PVDF membrane of 7.5 m2. Their 
experiment was carried out in a real production plant on wastewater solutions with and 
without a prior sedimentation step. Šaranović et al. (12) investigated microfiltration of 
wheat starch wastewater on ceramic membrane with 200 nm pore sizes, and achieved a 
dry matter decrease of about 50–60%. For this investigation of steepwater microfiltration, 
the membrane with 100 nm pore sizes could be used because it contains smaller particles 
and no starch. Dry matter content was 6.5%, out of which proteins were 50%, lactic acid 
26%, carbohydrates (as dextrose) 2.5%, and total ash 21.5%. 
 The static turbulence promoter used during experiments was the stainless steel Kenics 
static mixer. The static turbulence promoter was inserted inside the whole membrane tube 
and was fixed properly to avoid any movement due to the fluid flow (12). 
 The microfiltration experiments were planned based on a full 23 factorial designed 
experiment (14). In this experiment, the factors, i.e. the independent parameters were the 
transmembrane pressure (p) and flow rate (Q). Table 1 shows the values for the indepen-
dent parameters which varied during the course of filtration.  

 
Table 1. Varied values of independent variables 

 
Independent variables Q [L/h] P [bar] 

Varied values 50 / 150/ 200 1 / 2/ 3 
 Q - flow rate [L/h] 
 P - transmembrane pressure [bar] 

 
 The dependent parameters monitored during the process of microfiltration, permeate 
flux and dry matter content of permeate and retentate were determined at the beginning, 
during and at the end of microfiltration (4). 
 The determination of dry matter content in steepwater and of permeate and retentate 
was based on  the following: defined volume of steepwater, permeate or retentate weight 
in the laboratory glass, with a known mass of the glass. The glass with the content of the 
sample was put in the water bath. When the water evaporated, the glass with the content 
was dried at 105oC to a constant weight. 
 The experimental data were processed with computer programmes Statistica for Win-
dows 8.0 and Origin 6.1. 
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 The membrane was cleaned before each experiment with 0.5% solution of Ultrasil 11. 
The effectiveness in membrane cleaning was assessed by examining the water flux reco-
very. The cleaning procedure was repeated until the 95% of original water flux was resto-
red. 
 The influences of transmembrane pressure and flow rate on the permeate flux with the 
time were analyzed by means of a statistical multifactorial analysis of the experimental 
data (12). 
 Responses fitted with the polynomial model [1] of the second degree were: permeate 
flux without static mixer - JNSM, and permeate flux with static mixer - JSM: 
 

z = b0+b1·x+b2·y+b11·x·x+b22·y·y+b12·x·y   [1] 
 
where z - JNSM or JSM [l/m2h], x - P [bar], y - Q [l/h] and b0, b1, b2, b11, b22, b12 - coef-
ficients. 
 

RESULTS AND DISCUSSION 
 

 Fig. 1 compares the dependence of the fluxes of distilled water and steepwater on the 
transmembrane pressure for the microfiltration on the ceramic membrane with pore sizes 
of 100 nm at flow rate of 200 L/h, and at room temperature. It shows how many times are 
the permeate flux smaller compared to the water flux. The water flux is the basic parame-
ter for flux comparison with the permete steepwater flux. It is evident that the permeate 
flux of steepwater is 5-10 times reduced at transmembrane pressures of 1-3 bars com-
pared to the water flux. Fig. 1 shows just the preliminary experiments at the first few mi-
nutes of the microfiltration.  
 After this experiment, the main experiments were started based on a full 23 factorial 
design. At each combination of pressure and flow rate, the microfiltration were stopped 
after cca. 3 hours. Figures 2, 3, and 4 show the results of these experiments. 
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Figure 1. Dependence of the fluxes of distilled water and steepwater permeate on the 

transmembrane pressure in the microfiltration on the ceramic membrane with pore sizes 
of 100 nm at flow rate of 200 L/h, at room temperature with (SM) and without (NSM) the 

static mixer 
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 The results of fitting the experimental values of the permeate flux after 2.5 hours of 
microfiltration of the second-order polynomial are shown in Table 2.  
 The second-order polynomials (flux as a function of the pressure and flow rate) [2] 
and [3] stand for the case without and with the use of the static mixer, respectively: 
 

JNSM= 18.74-23.1617·P+0.3838·Q+2.725·P2+0.0264·P·Q-0.0015·Q2          [2] 
 

JSM= 199.0367-69.175·P-1.2737·Q+11.596·P2+0.0264·P·Q+0.0044·Q2            [3] 
 

 They approximate well the experimental results for the system without (R2 =0.85) and 
with static mixer (R2 =0.98). The relatively high values of R2 obtained for all responses 
indicate good fit of the experimental data to equation (12). The closer the value of R2 to 
the unity, the better the empirical model fits the actual data (16). The significance of each 
coefficient was determined through the t-values. The larger the magnitude of the t-value 
the more significant is the corresponding coefficient. The polynomial model tested for the 
selected responses were significant at the 95% confidence level (p-value; 0.05, Table 2).  

 
Table 2. Results of fitting the experiemntal values of the permeate flux,  

after 2.5 hours of microfiltration 
 

Factor 
Without static mixer With static mixer 

value t-value value t-value 
b0 18.7400 0.33969 199.0367 4.72421 
b1 -23.1617 -0.93401 -69.1750 -3.68837 
b2 0.3838 0.57054 -1.2737 -2.50324 
b11 2.7250 0.50156 11.5960 2.77319 
b22 -0.0015 -0.68931 0.0044 2.70383 
b12 0.0264 0.34360 0.0264 0.45431 
R2 0.85 0.98 

 
 In order to facilitate comparisons of the significance of individual coefficients, they 
were expressed as a fraction of the largest t-values of the observed correlation (17). The 
significance of individual coefficients of average permeate flux correlation with or with-
out static mixers are shown in Fig. 2. The most important linear factor influencing perme-
ate flux during the 2.5 hours microfiltration without turbulence promoter is the pressure, 
as well as in the system with the turbulence promoter. Among the quadratic coefficients 
the greatest impact on the microfiltration process in the system without turbulence pro-
moter has the suspension flow rate, while the most significant is quadratic effect of trans-
membrane pressure in the system with static mixer. The interaction between mentioned 
parameters is more important in the system without static mixer.  
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Figure 2. Significance of the individual coefficient of the average permeate flux 

correlation with and without static mixer 
 
 Based on the obtained experimental values and using the program Statistica 8.0 a 
regression equation was obtained, which best describes the dependence of the flux on the 
transmembrane pressure and flow rate, and the graphs depicting two dependent variables 
are shown in Fig. 3. In the case without static mixer, the most important linear factor 
influencing the permeate flux without turbulence promoter is the pressure and the figure 
shows that the highest flux values without static mixer caan be achieved (over 25 L/ m2h) 
when the flow rate is held around 150 L/h and the transmembrane pressure under 2 bars.  

 
Figure 3. Dependence of the steepwater permeate flux on the transmembrane pressure 

and flow rate for the microfiltration without static mixer 
 

 It could be expected that the permeate flux would increase with the transmembrane 
pressure. However, there is a negative effect of a higher transmembrane pressure: the 
cake layer may become more compact as the transmembrane pressure increases, leading 
to a greater flux reduction (16). At higher steepwater flow rates, with increasing trans-
membrane pressure, the permeate flux initially increases, eventually reaching a stationary 
value (18). A higher steepwater flow rate results in a higher tangential shear stress and 
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the particles on the membrane surface are more unstable (19). Consequently, less cake 
mass can be formed under a higher flow rate, which leads to an increase in the average 
permeate flux. It can be noticed that with increasing flow rate at all transmembrane 
pressures, the average permeate flux in the system without static mixer increases. 
 

 
Figure 4. Dependence of the steepwater permeate flux on the transmembrane pressure 

and flow rate in the microfiltration with static mixer 
 
 The effects of the transmembrane pressure and flow rate on the permeate flux in the 
system with static mixer are presented in Fig. 4. Evidently, the increases in the trans-
membrane pressure results in a decreased permeate flux at all flow rates. In the system 
with the presence of static mixer a steady state value of the permeate flux is not achieved 
with increasing transmembrane pressure, as it is the case in the system without static 
mixers. The main reason is that the turbulence promoter allows the creation of the 
secondary flow to improve mass transfer and mixing of fluids near the surface membrane, 
which also reduces the deposition (7). On comparing the values of permeate flux in the 
system with and without static mixers it can be seen that the increase in the permeate 
flux, achieved by increasing the transmembrane pressure at low flow rates and pressures 
is around 300%. The static mixer as turbulence promoter provides a high-speed flow and 
better mixing, and allows slower deposition of particles on the membrane surface and 
reduces the thickness of the cake (20). With the increase of steepwater flow rate, the 
permeate flux increases at all transmembrane pressures, but the flux increase is more 
evident increase at lower transmembrane pressures. At higher pressures, it may happen 
that some particles from steepwater penetrate into the membrane pores, decreasing thus 
the mixing effects.  
 Fig. 5 clearly illustrates the flux decline during the time of microfiltration with and 
without the use of a static mixer under the same operating conditions. The flux decline 
without static mixer is very fast, and can be described by the following equation [4]:  
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 84.0-81.47905.32 t
NSM eJ          [4] 

where the R2 is 0.98. From the picture, it can be seen that after just 5 minutes the flux 
declines from 352 to 50 l/m2h. After that, until 225 minute the declination is slower, but it 
ends with 20 l/m2h. The use of a static mixer during the ultrafiltration is much better. The 
flux decline is slower (at 129 minute the flux reaches 55 l/m2h). The flux decline with the 
use of static mixer can be described by equation [5], where the R2 is 0,99: 
 

 49.44-75.37106.28 t
SM eJ          [5] 
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Figure 5. Time dependence of the steepwater permeate flux with (SM) and without 

(NSM) the use of the static mixer under the same operating conditions 
 

 The dry matter content of the retentate increased in average by 10%, and the dry mat-
ter content of the permeate decreased by about 20–40%, depending on the microfiltration 
mode (NSM or SM). This means that during the steepwater microfiltration permeate con-
tains 40% less particles, and thus it can be considered for the use as recicled water in the 
corn starch production.  

 
 

CONCLUSIONS 
 

 On the basis of the study of the effects of the steepwater microfiltration conditions, 
the following conclusions can be drawn:  
 

 The permeate flux of steepwater is lower by 5-10 times compared to the water flux. 
Such an effect can be ascribed to the increased adsorption and adhesion of particles and 
solutes on the membrane, which leads to an effective decrease in the diameter of the 
pores and a decline in the permeate flux. Such a change, i.e. flux decline, is explained 
by the concentration polarization and the formation of a layer containing wastewater 
compounds on the membrane surface. 
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 After 2,5 hours of microfiltration without static mixer, the maximum value of the 
permeate flux (25 lm-2h-1) was achieved at the pressure under 2 bars and the flow rate 
around 150 lh-1.  

 By using static mixer, the maximal flux is around 90 lm-2h-1, which is almost 4 times 
higher than the flux value reached in the system without a static mixer. 

 The dry matter content of the retentate increases in average by 10%, and the dry matter 
content of the permeate is lowered by about 20–40%, depending on the microfiltration 
mode (NSM or SM) 
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УТИЦАЈ РАДНИХ ПАРАМЕТАРА НА ФЛУКС ПЕРМЕАТА ТОКОМ 
МИКРОФИЛТРАЦИЈЕ ВОДЕ ОД МОЧЕЊА У ИНДУСТРИЈИ 

СКРОБА  
 

Зита И. Шереш a, Љубица П. Докић a, Биљана С. Пајин a, Драгана М. Шороња 
Симовић a, Драго Шубарић б, Јурислав Бабић б и Александар З. Фиштеш a 
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 Универзитет у Новом Саду, Технолошки факултет, Булевар цара Лазара 1, 21000 Нови Сад, Србија 

б
 Свеучилиште Јосипа Јурја Штросмајера, Факултет Прехрамбене технологије, Фрање Кухача 18, 31000 

Осијек, Хрватска 

 
 У овом раду се испитује микорфилтрација воде од мочења при добијању куку-
рузног скроба. На овај начин би се смањила потрошња свеже воде током техно-
лошког процеса, а нутријенти из воде од мочења би се могли користити као сточна 
храна. За регенерацију нутријената из воде од мочења се користила керамичка мем-
брана са отворима пора од 100 nm. Током експеримената се пратио утицај транс-
мембранског притиска и протока на зависне параметре, који су флукс пермеата и 
сува материја пермеата и ретентата. Други циљ рада је да се прати утицај статичког 
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мешача на флукс пермеата током микрофилтрације воде од мочења. Статистичком 
анализом експерименталних података су се утврдили оптимални услови микрофил-
трације воде од мочења. Максимална вредност флукса пермеата која се добија без 
употребе статичког мешача износи 25 l/m2h, и постиже се при трансмембранском 
притиску од 2 бара и при протоку од 100 l/h. Уз употребу статичког мешача пости-
же се флукс пермеата за 2,5 пута већи од вредности флукса постигнутом без меша-
ча. Након 2,5 сата микрофилтрације пермеат садржи за 40% мање суве материје у 
односу на полазну сировину, воду од мочења. 
 
Кључне речи: вода од мочења, микрофилтрација, керамичка мембрана 
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