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Such biologically active compounds as polyphenols are widely used in pharmaceutical, food and cosmetic 

industry, since they possess high antimicrobial and antioxidant activity. These substances are recovered from plant 
extracts. For their concentrating, baromembrane separation is desirable, since it provides no degradation of target 
products. In this work, ultrafiltration membrane produced from polylactic acid (PLA) using 3D printing (fused 
deposition modelling technique) was applied to the recovery of polyphenols from orange peel extract. Main 
advantage of 3D printing is a possibility to manufacture membranes of any shape and size, which are needed for 
customers.  The particles with a size of several hundred nanometers and larger have been preliminarily removed 
from the extract to accelerate filtration. The effect of polyphenol concentration and pressure on the filtration process 
has been studied. As found, the rejection of polyphenols from the extract, which contains no large particles, reaches 
 90 %, it is independent on pressure within the interval of 0.5–2.0 bar. The flux increases with pressure and reaches 
1.73.2 L m–2h–1 for the most concentrated solution. In the case of pristine extract, rejection decreases with pressure. 
Different behavior of membrane towards extracts is explained from the point of view of concentration polarization, 
which results in a formation of dynamic layers, where large or small particles dominate. The transport properties of 
the membrane are restored after regeneration with ethanol. 
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INTRODUCTION 

3D printing method was invented in 1981 by 
Dr. H. Kodama, who developed a device for 
layer-by-layer formation of rigid products from 
photopolymer resins using UV illumination 
[1, 2]. Further this technique was used to 
manufacture various products, particularly for 
adsorption [3–5] and membrane separation  
[3, 6–9]. Sufficient advantage of 3D printing is 
the possibility to produce materials of any 
geometry, which іs needed for consumers. 
Moreover, it is related to green techniques, since 
it requires no reagents and produces no wastes. 
Printing is accompanied by the minimal 
evolution of toxic substances [10]. 3D printing is 
also profitable from the economic point of view, 
since the prices for printers, consumables and 
software always decrease. 

Regarding membrane separation, 3D printing 
is applied mainly to the production of various 
details for membrane modules, particularly 
spacers [11, 12]. Less amount of papers is 
devoted to the membrane production [13–16], 
several advantages of 3D printed membranes 
over conventional polymer separators are noted: 
cheaper source and target materials, lower 
performance cost and no environment impact 
[13]. Moreover, the membranes for any module 
can be obtained directly by customers without 
participation of producing companies, who 
occupy the membrane production. 3D printed 
membranes can be applied mainly to oil-water 
separation [17–19] and water desalination     
[20–22]. A possibility to use the 3D printed 
membrane in food industry (for concentrating 
biologically active substances from plant extract) 
has been shown [23]. Separating materials of this 
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origin are applied to such membrane processes 
as baromembrane separation [17–23], membrane 
distillation [24, 25], gas separation [26, 27] and 
electrodialysis [28–30]. 

Among 3D printing methods, a special 
position is occupied by fused deposition 
modeling (FDM)  this technique allows us to 
obtain products of complex shape [31, 32]. 
Products are manufactured as follows: the model 
is transferred to the 3D printer software, the 
program automatically calculates the amount of 
source material and the time for forming the 
product. Before starting printing, the model 
automatically divides the product into horizontal 
layers and calculates the paths of movement of 
the print head (extruder with a nozzle at the end). 
The polymer ribbon is fed to the heated extruder, 
the extruder lays the molten polymer layer by 
layer on the platform in a certain sequence 
according to the 3D model. The molten material 
cools and hardens. When a layer is printed, a 
new one is fused on the top of it. These 
procedures are carried out until the product is 
completely printed. 

Sufficient disadvantages of FDM are the 
defects of surface. These defects are grooves in 
the contacts of the polymer stripes. However, in 
the case of filtration membranes, transport pores 
can be located directly in these grooves [23]. It 
means, pores are formed directly during the 
manufacture of the membrane under elevated 
temperature. Similarly, temperature condition is 
an important factor for the formation of porous 
structure of anodic oxidized aluminum [33, 34] 
or ceramic membranes [35–39] that are obtained 
by modifying with inorganic ion-exchangers 
[35, 36] or by carbonization of organic high-
molecular compounds preliminarily inserted into 
the pores of membranes [37–39]. In the last 
cases, the temperature was kept from 150 oC or 
even 25 °C [36] (ion exchange membranes) to 
750 °C (membranes for pressure-driven 
separation) [39]. For electrodeionization, no 
thermal treatment of as-prepared ion exchange 
materials is required [40]. Thus, the disadvantage 
of 3D printed products, namely surface 
heterogeneities, is transformed to advantage for 
membranes. 

Recently the membrane with ultrafiltration 
properties has been obtained via one stage using 
FDM technique, sucrose was used as a pore-
forming agent [23]. Polylactic acid was used as a 
source material due to low cost of the polymer. 

Moreover, lactic acid is obtained by the 
fermentation of natural feedstock [41]. Thus, 
both monomer and membrane are produced with 
“green methods”, i.e. without environmental 
impact. 

3D printed PLA membrane was applied to 
removal polyphenols from orange peel extract 
[23]. Since these compounds possess antioxidant 
and antimicrobial activity [42, 43], they are used 
in food, pharmaceutical and cosmetic industry. 
Especially valuable products can be obtained 
from citrus peels: they contain such polyphenols 
as gallic acid, naringin, naringenin, narirutin, 
hesperidin, tangeretin, eriocitrin [44, 45]. For 
instance, naringin possesses anti-diabetic, heart-
protective, hepato-protective and even anti-
cancer properties [46], eriocitrin is related to 
anti-diabetic and anti-allergic agents [47]. 
However, polyphenols lose their valuable 
properties under the influence of enzymes, 
oxygen, thermal treatment and other factors [48]. 
That is why the methods of polyphenol recovery 
from natural feedstock determine consumer 
properties of products. Among known techniques 
(solvent extraction, Soxhlet extraction and so on 
[49]), membrane separation causes no 
degradation of target product, it requires simple 
equipment and no chemical reagents except 
rinsing membrane system [50]. Due to these 
advantages, membrane separation is used for 
polyphenol concentrating [51–53]. 

Earlier polyphenolic compounds were 
recovered from low concentrated orange peel 
extract (0.33 g L–1) using 3D printed PLA 
membrane [23]. As found, it is possible to 
concentrate the feeding solution in 4 times. It 
means, the final number of polyphenols is 
1.32 g L–1. The aim of this work is to develop a 
method for obtaining polyphenol solution of 
higher concentration. 

EXPERIMENTAL 

Materials. Membrane was produced from 
the PLA powder (Zhejiang Flashforge 3D 
Technology Co. Ltda, (People’s Republic of 
China) and sucrose (Merck Group). Such 
reagents as gallic acid, Coomassie Brilliant Blue 
G-250, Folin-Ciocalteu reagent, phosphate-
buffered saline and Na2CO3 were also purchased 
from the Merck Group. Extract was prepared 
from orange peels (Prats Company, Brazil). 
Microfiltration planar membrane was purchased 
from the UNIFIL company, Brazil. 
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Membrane preparation and its 
characteristics. The method for membrane 
printing was described earlier [23]. Briefly: a 
blend of the PLA powder with sucrose, a mass 
ratio of which was 5:1, was dissolved in a mixture 
of chloroform and acetone (a volume ratio was 
2:1). The solution was heated at 65 °C, the residue 
was grinded and extruded to obtain filaments. 

The membrane has been printed at 210 °C 
using the FDM method. The filament was passed 
through the extruder, the polymer melt left it 
through the nozzle, a diameter of which was 
0.4 mm. Further the melt was solidified on the 
print bed at 60 °C, the rate of printing was 
30 mm s–1. Membrane formation started from the 

printing outer contour, inside of which straight 
stripes were printed. The distance between them 
was set as zero. The membrane consisted of 
3 layers. Besides outer contour, mechanical 
durability of the membrane was provided by the 
stripe orientation: an angle between the stripes of 
2 neighboring layers was 90o. 

After preparation, the membrane was washed 
with ethanol and distilled water. The effluent was 
analyzed with a spectrophotometric method at 
260 nm (sucrose peak), the caramelization products 
give peaks at larger wavelength. Clean water 
indicated complete leakage of pore-forming agent. 

Characteristics of the membrane are given in 
Table 1 (based on the data [23]). 

 

Table 1. Properties of 3D printed PLA membrane [23] 

Parameter Value 
Thickness, mm 0.4 
Diameter, mm 46 

Working surface area, cm2 9.08 
Roughness of the face side, nm 63.95 ± 8.14 

Porosity 0.48 
Wetting angle, degree 69 
Cut off (BSA), kDa 69 

Water permeability, L m–2h–1bar–1 64 
 
 

Orange peel extracts. Preliminarily orange 
peels were drained in an oven at 50 °C under air 
circulation. Dried peels were grinded, a fraction 
of 0.4–0.6 mm was taken, distilled water was 
added. As opposite to [23], a mass ratio of solid 
and liquid was 1:10 (extract I) similarly to [54]. 
This ratio allowed us to reach as high extraction 
degree as possible. The mixture was centrifuged 
at 8000 rpm and filtered. Then the liquid was 
diluted in 4 (extract II) and 10 (extract III) times. 
This is different from [23], where the amount of 
extracted polyphenols was controlled by 
different ratios of residues and water. The 
extracts were stored in a frozen form. 

Extract I was also filtered through 
microfiltration membrane using vacuum filtering 
device to remove turbidity. The permeate was 
marked as extract IV, it was diluted in 4 
(extract V) and 10 times (extract VI). Total 
amount of polyphenols was determined with a 
spectrophotometric technique [55]. Briefly: a 
sample (0.5 mL) was diluted with water 
(2.4 mL). Then the sample was alkalized with 
2 mL of a 2 % Na2CO3 solution. At last, 0.1 mL 
of Folin–Ciocalteau reagent was added. The 

mixture was incubated during 1 h at room 
temperature, further the measurements were 
carried out at 750 nm. Gallic acid was used as a 
standard. 

Filtration tests. The tests were performed 
using a dead-end membrane module [23]. 
Preliminarily distilled water was filtered at 
0.5 bar under ambient conditions (stage I), 
cumulative volume of permeate (V) was 
determined over time (t). A flux through the 
membrane (J1) was calculated for the steady state 
[50]:  

1

1dV
J

dt A
 ,               (1) 

where A is the working area of the membrane. 
Further an extract s passed through the 
membrane at 0.5, 1, 1.5 and 2 bar (stage II), the 
flux J2 was estimated. Retention (R) was 
calculated as [50]:  

0

0

100%
С С

R
С


  ,             (2) 
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where Co and C are the concentrations of 
polyphenols in feeding solution and permeate 
respectively. Then distilled water was passed at 
0.5 bar (stage III), the flux J3 was determined. 
The membrane system was rinsed with 0.1 M 
HCl and ethanol. At last, water was passed again 
at 0.5 bar (stage IV), the flux J4 was calculated. 

To estimate membrane fouling, such 
parameters as flux recovery ratio, FRR, flux 
decline ratio, FDR, reversible fouling, Rr, and 
irreversible fouling, Rir, were determined 
similarly to [56, 57]. The FRR parameters were 
calculated as: 

%3
1

1

J
FRR 100

J
  ;             (3) 

%4
2

1

J
FRR 100

J
   .             (4) 

The FDR characteristic was estimated 
according to the expression: 

%2

1

J
FDR 1 100

J

    
 

.            (5) 

Finally, reversible and irreversible fouling 
can be defined as: 

( % )rR FRR 100 FDR   ;            (6) 

%irR 100 FRR  .             (7) 

Short-time experiments were done for each 
extract, the duration of each stage was 1 h, the 
initial volume of feeding solution was 200 mL. 
The process was carried out until the permeate 
volume of 40 ml, this corresponded to 
concentrating polyphenols in  5 times. In the 

case of the long-time filtration of extract VI, the 
initial volume of feeding solution was 50 ml, 
pressure was 1.5 bar. In all cases, stages I, III and 
IV were performed under ambient conditions, 
stage II was carried out at 11 oC. As found earlier, 
it is possible to decrease the fouling effect namely 
under reduced temperature [23]. 

RESULTS AND DISCUSSION 

Common regularities of filtration. As a rule, 
filtration membranes prepared from flexible 
polymers, for instance, from polyacrylonitrile, 
show long compaction period, when distilled 
water is passed through them [58]. Fig. 1 shows 
cumulative volume of water at the module outlet 
as a function of time (filtration was carried out at 
0.5 bar). In the case of stage I, the curve shows 
2 regions: the first one corresponds to fast 
filtration, and the second one is attributed to the 
constant filtration rate (steady state). The 
duration of the compaction period is  10 min 
indicating stability of the membrane against 
deformation similarly to [59]. This is very 
important, especially for tubular and spiral-
wound modules: 3D printing can be used to 
prepare membranes for the devices of these 
types. 

The fluxes increase within the order 
J2<J3<J4≤J1. This order indicates fouling of the 
membrane on the one hand and its complete 
regeneration on the other hand. The J1 value was 
estimated as 8 L m–2 h–1 at 0.5 bar, this agrees 
with data [23]. As shown in mentioned work, 
J1 = 45 L m–2 h–1 at 1 bar. This is comparable 
with the data for flexible poly(amide-imide) 
membranes [60]. 
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Fig. 1. Permeate cumulative volume over time of filtration at 0.5 bar. Liquids: distilled water and extract III 
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Filtration of pristine extracts. Let us 
consider the filtration of the liquids of biological 
origin more details. First, polyphenols were 
recovered from the extracts I-III, i.e. before the 
treatment with microfiltration. This extract 
contained 3.3 g L–1 of polyphenols. Diluted 
extracts comprised corresponding amounts of 
these valuable components. As found in [23], the 
pristine extracts contain mainly particles, a size 
of which is several hundred nanometers and 
several microns (Fig. 2 a). They contained also 
nanosized particles (26 nm), but their 
contribution to the total volume of particles is 
inconsiderable (about 1 %). Namely these 
particles, which are attributed to proteins, 
lipides, pectin and partially polyphenols, provide 
turbidity of the extracts. 

After the passage through microfiltration 
membrane, large particles are removed from the 
extract. In this case, the maximum of the particle 
size distribution corresponds to 47 nm indicating 
aggregated nanosized particles during filtration 
(Fig. 2 b). 

Fig. 3 a illustrates the dependence of flux on 
pressure. The curves show minimums, which are 
more (extracts II and III) and less expressed 
(extract I). Their positions are shifted to the side 
of high pressure for more concentrated extract 
(they are at 1.5 bar) comparing with extract III 
(1 bar). In the case of extract III, no considerable 
effect of pressure of the filtration rate is 
observed. 
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Fig. 2. Particle size distribution for extract I (a) and IV (b) 

 
The minima are evidently due to a 

competition of fouling on the one hand (decrease 
of flux) and effect of pressure (increase of flux). 
It should be noted that increasing concentration 
depresses filtration rates. Similar feature is 
observed for the rejection of polyphenols 
(Fig. 3 b). Here the R  P curve shows gradual 
(extracts III and I, a decrease of the rejection is 
25–27 %) and rapid reduction (extract II, a 
decrease of the R value is 68 %). 

Increasing concentration enhances fouling: 
the FRR1 parameter decreases, simultaneously 
the FDR characteristic shows a growth (Fig. 3 c). 
Moreover, the contribution of reversible fouling 
to the FDR parameter diminishes, irreversible 
fouling increases. At the same time, the FRR2 
value reaches about 100 % in all cases indicating 
complete regeneration of the PLA membrane. 

Short-time filtration of preliminarily treated 
extracts. The initial concentration of polyphenols 

in undiluted extract, which was preliminarily 
passed through microfiltration membrane, was 
2.4 g L–1. It means partial removal of 
polyphenols, since their solubility in water is 
rather low except gallic acid. Besides 
polyphenols, such components of orange peel 
extract as proteins, pectin and lipids were 
removed providing transparency of the liquids. 

In the case of extracts, which are free from 
turbidity, the dependences of flux on applied 
pressure demonstrate a growth within the whole 
P interval (Fig. 4 a). The J2  P curve is 
approximated by linear polynomial for the 
extract VI. Regarding other extracts, the fluxes 
increase within the interval of 0.51.5 bar, then 
they tend to formation of plateau under higher 
pressure. No sufficient effect of pressure on the 
membrane selectivity is observed: R = 81–83 % 
(extract VI), 83–84 % (extract V), 88–90 % 
(extract IV) (Fig. 4 b). As opposite to pristine 
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extract, the increase of polyphenol concentration 
improves selectivity. However, similarly to the 
data of Fig. 3 c, the PLA membrane shows lower 
FRR1 and higher FDR parameters for more 

concentrated solution (Fig. 4 c). Also, the 
contribution of reversible fouling to the FDR 
characteristic decreases, the enhancement of 
irreversible fouling is observed. 
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Fig. 3. Filtration of pristine extracts: permeate flux (a) and rejection of polyphenols (b) as functions of applied 
pressure, fouling parameters (c) 
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Fig. 4. Filtration of extracts, which are free from large particles: permeate flux (a) and rejection of polyphenols (b) 
as functions of applied pressure, fouling parameters (c), energy consumptions vs pressure (d). Extracts were 
purified from turbidity with microfiltration (a–d), the data for pristine extract I are also given (d) 

 



Pini Pereira P., Pacola Gonçalves I., Arnaut Braz L.V. et al. 
______________________________________________________________________________________________ 

206                           ISSN 2079-1704. CPTS 2026. V. 17. N 2 

Let us compare the energy consumptions for 
the extract concentrating, which are determined 
via [50]: 

V
W

W
Qt

 ,              (8) 

where WV is the power for concentrating volume 
unit (the dimension is Wh L–1), W is the energy 
consumed by compressor (or pump in the case of 
tangential membrane module), Q is the filtration 
rate. In order to estimate the energy 
consumptions per mass unit for target product, 
following expression was used: 

% v
m

o

100 W
W

nC 
 .             (9) 

Here n is a concentrating factor for feeding 
solution. The forecast data of Fig. 4 d are given 
for the membrane working area of 1 m2, 
compressor power of 1 kWh h–1 and 
concentrating factor of 5. Despite smaller 
polyphenol concentration in extract IV, the 
energy consumptions for its concentrating are 
significantly lower as compared with extract I. 
Moreover, as opposite to extract I, these 
parameter decreases with pressure. Optimal 
conditions are realized at P = 1.5 bar. Further 
increasing pressure results in no improvement of 
the energetic characteristics of polyphenol 

concentrating. Since world average price for 
electrical energy is  0.5  USD per 1 kWh, the 
operating cost of membrane separation is 
10 USD per 1 kg of polyphenols. 

Long-time filtration of preliminarily treated 
extract. In this series of experiments, the 
extracts, which are free from large particles, 
were filtrated. The separation was performed 
until the achievement of concentrating factor of 
5. The pressure was 1.5 bar, where minimal 
energy consumptions per mass unit of target 
product are needed. Fig. 5 a illustrates 
cumulative volume of the permeate as a function 
of time. First the filtration rate shows a growth, 
then a steady state is reached. The rejection of 
polyphenols increases over time indicating the 
formation of a dynamic layer on the membrane 
surface, which performs a function of additional 
barrier (Fig. 5 b). The data allows us to estimate 
a type of membrane fouling. For this purpose, 
the Vt data were analyzed. 

According to the fouling modeling, the 
linearity of J2t plot is attributed to pore 
blockage, linear t/V  t plot shows pore 
constriction, linear /V  V dependence is related 
to the cake formation [61].  The data are given in 
Fig. 5 a–d, the determination coefficients are 
shown in Table 2. 

 

Table 2. Modeling of membrane fouling 

Model Extract Concentrating factor r2 
Pore blockage VI 1.40 0.99 

 IV 1.35 0.99 
 VI 5 0.97 
 IV 5 0.97 

Pore constriction VI 1.40 0.99 
 IV 1.35 0.16 
 VI 5 0.93 
 IV 5 0.91 

Cake formation VI 1.40 0.52 
 IV 1.35  
 VI 5 0.98 
 IV 5 0.99 

 
 

In the case of lower concentrated extract, the 
first stage of the filtration is evidently pore 
blockage and pore constriction. Further the stage 
of cake deposition on the membrane surface is 
realized indicating the validity of the 

consumption about the formation of dynamic 
layer. Regarding the most concentrated extract, 
the model of pore blockage is valid for the 
beginning of filtration. Then the cake model can 
be applied. 
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Mechanism of polyphenol rejection. As 
follows from Figs. 3 c and 4 c, filtration of the 
extracts is accompanied by both reversible and 
irreversible fouling. This is confirmed by the 
data of Figs. 5 c–e and Table 2. Moreover, the 
transformation of porous structure of the 
membrane and cake formation provide the 

rejection of polyphenols, which are in a soluble 
form. Indeed, fouling is realized during the 
whole separation process. Comparing the data of 
Fig. 5 b on the one hand and Figs. 5 c–e on the 
other hand, it is possible to conclude that high 
rejection (80–90 %) is realized mainly due to the 
cake formation on the membrane surface. 
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Fig. 5. Long time filtration of extracts IV and VI: cumulative volume of permeate (a) and polyphenol rejection (b) as a 
function of time, fouling modeling: pore blockage (c), pore constriction (d) and cake formation (e) 

 
As seen from Fig. 3 b, the R values decrease 

with concentration, when the solutions contain large 
particles (extracts IIII). It can be explained from the 
point of view of concentration polarization, which 
causes an increase of the concentration of 
polyphenols in the solution layer at the membrane 
surface [50]. Besides particles, the deposition of 
dissolved polyphenols on the membrane surface 

(reversible fouling) and inside pores (irreversible 
fouling) is also possible (see Fig. 3 c). Accumulation 
of polyphenols at the membrane surface results in 
their diffusion to the permeate due to concentration 
gradient (Fig. 6). This depresses the rejection of 
polyphenols. Moreover, increasing pressure 
enhances concentration polarization. As a result, the 
R value reduces. 
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Fig. 6. Scheme of membrane fouling for high or low concentrated extract 

 
As opposite to extracts I–III, the rejection of 

polyphenols increases with a growth of 
concentration, when the solution is free from 
large particles (extracts IV–VI) (see Fig. 4 b). 
Moreover, the effect of pressure is insufficient. 
First, the rejection is caused by the lower 
concentration of polyphenols in the bulk solution 
compared with extracts I–III. In the case of 
higher concentrated extract, the volume of 
polarization layer is partially occupied with large 
particles. It means, higher concentration of the 
solution in polarization layer is realized than that 
in the case of the absence of large particles. 
Large particles form pores of more considerable 
size than small particles (see Fig. 6). Thus, the 
rejection function of dynamic layer cannot 
perform effectively barrier function. In the case 
of lower concentrated extracts, which are free 
from large particles, the dynamic layer is formed 
by small particles. They are a barrier against 
soluble polyphenols. First, these compounds can 
be adsorbed on them. Moreover, steric effect is 
possible due to nanosized pores between small 
particles. Additionally, the deposition of 
polyphenols in the membrane pores (irreversible 
fouling) also provides rejection. Here deposited 
polyphenols and other components of orange 
peel extract perform a function of intraporous 
modifier similarly to inorganic ion-exchangers 
[36, 62–64] incorporated to pores of ceramic 

[36, 62, 63] or polymer membranes [63, 64] for 
needs of food industry [62, 63]. 

Since the molecules of polyphenol, which 
are contained in orange peel extract, are 
uncharged in neutral media except gallic acid 
(pK 4.4), mainly sieving effect should be 
considered as the most probable mechanism of 
the rejection of these substances as opposite to 
[65], where slightly charged PLA surface 
provides the rejection of anionic dyes. 

CONCLUSIONS 

The main advantage of 3D printing above 
known methods for membrane preparation is the 
possibility to obtain products of any shape and 
size, which are required by customers. The first 
(monomer production) and third (3D printing) 
steps for the preparation of PLA membranes can 
be related to “green” technologies. The 
membrane obtained via one stage of printing was 
applied to concentrating polyphenols from 
orange peel extract. 

Microfiltration allows us to purify the extract 
from the particles, the size of which is from 
several hundred nanometers to several microns. 
Despite lower concentration of polyphenols, 
their recovery is economically advantageous 
namely from this solution as opposite to the 
extract containing large particles. Moreover, the 
polyphenol rejection is practically independent 
on the pressure within the interval of 0.5–2 bar. 



Recovery of polyphenols from orange peel extract involving 3D printed PLA ultrafiltration membrane 
______________________________________________________________________________________________ 

ISSN 2079-1704. CPTS 2026. V. 17. N 2                             209 

Taking into consideration the permeate flux, 
rejection of target products and economical 
feasibility, the optimal conditions for 
baromembrane separation are 1.5 bar. Different 
behavior of the membrane towards the extracts 

with and without large particles can be explained 
from the point of view of concentration 
polarization. In both cases, the membrane 
functional properties are restored after rinsing 
with ethanol. 

 
 
 
 

Вилучення поліфенолів з екстракту апельсинових шкірок зі застосуванням ПЛА 
ультрафільтраційної мембрани, отриманої методом 3D друку 
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Біологічно активні сполуки  поліфеноли   широко використовуються у фармацевтичній, харчовій та 

косметичній промисловості, оскільки їм притаманна висока антимікробна та антиоксидантна активність. 
Ці речовини отримують із рослинних екстрактів. Для їхнього концентрування доцільним є баромембранне 
розділення, оскільки при цьому не відбувається деградації цільових продуктів. У даній роботі для отримання 
поліфенолів з екстракту апельсинових шкірок було застосовано ультрафільтраційну мембрану, виготовлену 
з полімолочної кислоти (ПЛА) з використанням 3D-друку (методом моделювання пошарового наплавлення). 
Способом 3D-друку можна виготовити мембрану будь-якої форми та розміру, які необхідні споживачу. Для 
прискорення фільтрації, з екстракту попередньо видаляли частинки, розмір яких становить кілька сотень 
нанометрів та більше. Досліджено вплив концентрації поліфенолів і тиску на перебіг  фільтрації. Виявлено, 
що затримка поліфенолів з екстракту, який не містить великі частинки, досягає ≈ 90 % та не залежить від 
тиску в діапазоні 0.5–2 бар. Потік збільшується з тиском і досягає 1.7–3.2 л м–2год–¹ для найбільш 
концентрованого екстракту. У випадку екстракту, що містить великі частинки, затримка зменшується з 
тиском. Поведінка мембрани щодо екстрактів різного складу пояснюється з точки зору концентраційної 
поляризації, яка призводить до утворення динамічних шарів, де домінують великі або дрібні частинки. 
Транспортні властивості мембрани відновлюються після регенерації етанолом. 

Kлючові слова: екстракт з апельсинових шкірок, поліфеноли, 3D-друк мембран, полімолочна кислота, 
ультрафільтрація 
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