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This work reports the possibility of using fungal mycelium to form the highly porous
surfaces of biocompatible substances by the example of calcium acetate. The main aim of the
work was the search of conditions for forming of porous structures from the volatile
molecules of calcium acetate on microscopic filaments of fungal mycelium and the study of
the surfaces formed from calcium acetate. Highly porous surfaces were formed by the
condensation of volatile calcium acetate molecules on the fungal mycelium during vegetative
development under condition close to room temperature. Various conditions allow the mean
pore size of the surface of calcium acetate to range from 25+50 um. Experiment shows that
the using of the natural structure of fungal mycelium as the filamentous substratum for
condensation of the solid highly porous formations of calcium acetate can change the
porousness of our samples and vary the use of these biocompatible materials in different
spheres.
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Introduction

Compounds based on biocompatible substances are promising materials for implants,
absorbers and microscopic materials in medicine. The highly porous formations of calcium
acetate are structures with good prospects for manufacture of bioceramics [1, 2]. Calcium
phosphate is one of the bioceramic materials which are used in treatment of bone tissues [3,
4]. Ca3(POy), arises by heating of the calcium acetate samples by the vapor of phosphorus
oxide and keeps the capillary porous structure of the initial sample [5, 6]. Therefore, a search
of methods to change porosity is a very important task.

The fungal mycelium is an example of the natural micro- and nanostructure [7].
Hence, the employment of vegetative mycelium as microstructural substrate for synthesis of
highly dispersed systems is a very perspective proposition.

We report in this work the possible employment of fungal mycelium for highly porous
surface formations of biocompatible substances such as calcium acetate. The purpose of this
work was to investigate the surface formation of calcium acetate.

Experimental

The highly porous surface formations were created by condensation of the volatile
molecules of calcium acetate from atmosphere over its aqueous solution on mycelium of the
fungus Aspergillus in the process of vegetative development under near room temperature
conditions. Then the porous surfaces of calcium acetate were observed by optical microscope.
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The aqueous solution of calcium acetate was created by interaction between calcium
carbonate and acetic acid according to following chemical equation:

CaCO; + 2CH;COOH = (CH3CO0),Ca + H,0 + CO,

Obtained aqueous solution of calcium acetate represent a fait sour taste with hydrogen ion
exponent pH=6. Due to the rest of calcium carbonate in aqueous solution there are plenty of
Ca®" ions and the hydrogen ion exponent increases in range of 6<pH<8.

The aqueous solution of calcium acetate was placed in a glass vessel to one-fourth of
the volume. Glass plates with micelles of the fungus Aspergillus were placed in empty three-
fourths of the vessel above aqueous solution where air circulated freely. Air with the volatile
molecules of calcium acetate could circulate in the system. For the creation of temperature
conditions the vessel with solution was placed in a thermostat. There were conditions for
forming porous structures from the volatile molecules of calcium acetate on microscopic
filaments of fungal mycelium.

Obtained solid surfaces of calcium acetate have the dendritic capillary porous
structure. By changing the conditions of condensation of volatile molecules it is possible to
change the porosity of surfaces of calcium acetate. The capillary porous structure of the
samples permits the carrying out of absorption of anions of phosphorus acids by heating them
in the penetrative vapors of phosphorus oxide for manufacture of the porous surface
formations of bioceramics:

(CH;COO0),Ca + 2P0, = 6CH3CO0 + CasO(PO,)s.

Result and discussion

In this paper, we report the result of the first researches of the highly porous surface
formations of calcium acetate on fungal mycelium. The porosity of surfaces of calcium
acetate was determined from its micrography (Fig. 1). From the observation it is follows that
the pores in the surfaces of calcium acetate were different sizes in the ranging from 1 to 100
um (Fig. 2). Different temperature conditions open the possibility of changing of porousness
(Table). The mean size of the pores changes due to different temperature of condensation. In
particular, by the increasing of temperature from 296 to 300 K the mean size of the pores
increases from 42 to 50 um. Since the rate of circulation of air does not significantly change
the growth of the average pore size associated with the acceleration of biological processes of
vegetative development of the fungal mycelium.

Surplus of ions of Ca®" in aqueous solution was determined by the pH exponent. It
appears, that in default of surplus of ions of Ca®" at pH=6, the mean size of the pores of
calcium acetate is permanent at all condensations times. At growth of the hydrogen ion
exponent to pH=S8 there is the gradual diminishing of mean size of the pores on the surfaces
during time of condensation (Fig. 3). This change can be explained by the halt of vegetative
development of fungal mycelium, which conforms to information [7] in obedience to which
intensity of development of most fungi is maximal in a poorly sour environment at
pH=5.3+6.8. This behavior opens the possibility of changing of the mean size of the pores in
the surface of calcium acetate in range 25+50 um and depend on time of condensation from
50 to 300 hours (Fig. 3).
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Fig. 1. Image of the porous surface of calcium acetate at 7=298 K (a) and the projection of
centres of the pores on the y-axis with means of the characteristic size of the pores in
the x-axis direction.

Table. Temperature dependence of the mean size of the pores
in the surfaces of calcium acetate

Temperature, K | 296 | 297 | 298 | 399 | 300
The mean size
of the pores,

pm 42 143 |45 |48 |50
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Fig. 2. Distribution of the size of the pores in the surface of calcium acetate at 7=298 K.

Conclusions

Experiment shows that the using of the natural structure of fungal mycelium as the
filamentous substratum for condensation of the solid highly porous formations of calcium
acetate can change the porousness of our samples and vary the use of these biocompatible
materials in different spheres. Obtained solid surfaces of calcium acetate have the dendritic
capillary porous structure. By changing the conditions of condensation of volatile molecules it
is possible to change the porosity of surfaces of calcium acetate. The mean size of the pores
changes due to different temperature of condensation. The capillary porous structure of the
samples permits the carrying out of absorption of anions of phosphorus acids by heating them
in the penetrative vapors of phosphorus oxide for manufacture of the porous surface
formations of bioceramics.
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3. The mean size of the pores in the surfaces of calcium acetate as dependent on
condensation time at 7=298 K and different pH exponent in aqueous solution of
calcium acetate: 1 — pH=6; 2 — pH=7; 3 — pH=8.
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HOoA0 MOK/INBOCTI BUKOPUCTAHHA HUTYACTHUX
I'PUBIB Y TEXHOJIOT'TI CTBOPEHHSA
BUCOKOIIOPUCTHUX TIOBEPXOHb HA BIOCYMICHHX
PEYOBHUHAX
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Kageopa gizuxu nanienposionuxie i HaHocmpykmyp,
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YV oaniii pobomi nogioomnsemoca npo MONCIUBICMb SUKOPUCMAHHA Miyenito 2pubie
07151 (hOpMYBAHHS BUCOKONOPUCIUX NOBEPXOHL OIOCYMICHUX peuosuH HA NPpUKIadi ayemamy
kanvyito. I'onoenoro memoro pobomu 6y8 NOULYK YMO8 (POPMYBAHHS NOPUCTIUX CIPYKMYD 3
JIEMKUX MOJeKyl ayemamy Kaivyilo Ha MIKPOCKONIYHUX HUMKAX 2PUOH020 Miyenito ma
00CI0JICEeHHs NOBEPXOHb, YMEOPEeHUX 3 ayemamy Kaavyito. Bucoxonopucmi nosepxmi
Gopmysanucs KoHoeHcayicto 1emKux MoaeKyll ayemamy Kauibyito Ha miyenii epubis y npoyeci
8€2eMAMUBHO20 PO3BUMKY NPU OIUZLKUX 00 KIMHAMHOI memnepamypu ymoeax. Pizni ymoesu
00380110Mb  3MIHIO8AMU CEPEOHIll PO3MIp NOp NOBEPXHI ayemam) Kaibyilo 6 O0iana3oHi
25+50 mxm. Excnepumenm nokasyro, wo GUKOPUCMAHHA NPUPOOHOI CIPYKMYypu 2pubHo20
Miyenito SIK BOJOKHUCMOI OCHOB8U OJisl KOHOeHcayii meepoux 6UCOKONOPUCMUX YMBOPEHDb
ayemamy Kalbyito MOodce 3MIHI06AmMU NOPUCICMb HAWUX 3PA3KI6 Ma YPI3HOMAHIMHUMU
BUKOPUCMAHHSA OIOCYMICHUX Mamepianie y pisHux cgepax.

Kuro4oBi cioBa: diocymicHi peuosunu, 6ucoKonopucmi nogepxti

O BOSMOKHOCTHU UCITOJIB3OBAHUA HUTYATBIX
I'PUBOB B TEXHOJIOI'YTU ®OPMUPOBAHUA
BBICOKOIIOPUCTBIX MIOBEPXHOCTEH HA
BUOCOBMECTHUMBbIX BEIIIECTBAX

M.O. Bopoben, B.B. CtpedexeB

Kageopa gpuszuxu nonynposoonuxos u HanocmpyKkmyp,
Yeprosuykuil HayuoHanbHulll yrusepcumem umenu FOpus @edvkosuuya,
ya. Koyrobuncroeo, 2, Yepnosywvt 58012, Yrpauna, maxver@i.ua

B oaunnoii pabome coobwaemcss 0 803MONCHOCMU UCNONb30SAHUS Muyeaus epubos OJis
Popmuposanst BbICOKONOPUCMBIX NOBEPXHOCHEN OUOCOBMECUMBIX 8eujecma Ha npumepe ayemama
kanoyus. Inaenou yenvlo pabomvl Obll NOUCK YCAOGUL QOPMUPOSAHUS NOPUCMBIX CIPYKIMYD U3
Jemyuux MOJNeKYl ayemama Kambyus HAd MUKPOCKONUYECKUX HUMKAX 2PUOH020 Muyenus U
uccnedosanue nosepxHocmell, 06paA306aAHHLIX U3 ayemama Kaavyus. Bvicoxonopucmouie nosepxnocmu
Gopmuposanucsy KonoeHcayuetl J1emyyux MoaeKyl ayemama Kaibyus Ha Muyeiuu 2pubog é npoyecce
Be2emamuBHO20 pazeumusi npu OIU3KUX K KOMHAMHOU memnepamype yciosusx. Pasnvle ycnogus
NO360IAIOM USMEHAMb CPeOHUll pasmMep Nop NOBEPXHOCMU ayemama Kaibyus @ ouanazone 25+50
MKM. DKCnepumeHm noxa3vlédem, Ymo UCHONb308AHUE NPUPOOHOU CIPYKMYPbL SPUOHO20 MUYeUs]
KaK BONOKHUCMOU OCHOBbL Ol KOHOEHCayuu meepobixX 6biCOKONOPUCIBIX 00paA308aHull ayemamd
KATbYUsi  MOJCEm UBMEHAMb NOPUCTNOCMb  HAWUX 00paA3y08 U  8aApbUposamsv UCHOIL30BAHUE
OUOCOBMECTIUMBIX MAMEPUATO8 8 PA3HBIX Chepax.

Knwoueswie cnosa: 6uocoemecmumole geujecnieda, 6blCOKONopucmsle n06EPXHOCMu
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