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Annotation. The influence of the bark content in pine pellets on their
mechanical strength is studied. It is shown that wood pellets made from bark and
branches have static bending strength compared with standard samples made of
sawdust.
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Currently, coal, oil and gas that are exhaustible energy sources provide about
80% of the energy demands of mankind. However, the availability of those resources
is reduced. It’s use make the negative impact on the environment such as acid rain,
carbon dioxide emission and so on. Economic and political problems with energy
supplies in Ukraine stimulates the search of alternative sources of energy such as
solar, wind, use of biomass for energy [1,2,3].

Biomass energy accounts for less than 1 percent of U.S. electricity generation
and 2 percent in Europe, where much of the available biomass is waste from
lumbering operations in Finland and Germany [3]. Sharp rise in prices and changing
conditions of gas supply in recent years have led to the introduction in Ukraine the
heating technologies using wood pellets and briquettes. These technologies are used
in the EU. Traditionally wood pellets are made from sawdust. In modern
manufacturing sawdust is used to product chipboards. That makes sawdust a valuable
resource. Therefore, its use for making wood pellets can be economically impractical.
The perspective raw material for making wood pellets is bark. Volume content of

bark in the wood of pine is 10-11% of the total volume of wood [4]. This amount of
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material that is not used in the processing industry, prompted us to research the
efficiency of bark use as fuel [4,5,6,7].

Dajneko and colleagues [8] investigated the chemical composition of the bark,
and found that the percentage of elements that determine the caloric value such as C,
H, O, N, P is almost according to the stem wood. It means that calorific values of
bark were similar to stem wood. The main obstacle to the use of bark as raw material
for wood pellets is their low mechanical strength [4, 6] that leads to their destruction
during storage. The literature has emphasized the importance of such research. But
Tsyvin [4] to create pellets used old-fashioned technology, products moisture content
reached 20%. This indicator does not meet modern requirements. Rynkevych [6]
carried out research exclusively for one type samples (bark content 10%), which
would be insufficient to determine the dependence.

The aim of this essay is to explore the relationship between content of the bark
in wood pellets composed of pine and its mechanical properties.

Materials and methods. Samples of bark and sawdust from the tree trunk
were obtained from pine industrial wood. Samples were selected in 2014 year during
the procurement of timber. Sawdust was obtained by crosscutting of a pine trunk
during procurement of timber, previously the bark was cut from a place with an ax.
The samples were dried in the open air in the hangar without direct sunlight at a
temperature of 20 &+ 8 ° C during 4 months. Samples were stored on a flat surface, the
thickness was 2 cm. Intermittently they were mixed up to prevent decay. Wood
pellets were manufactured from samples in October 2014. Their diameter was 8 mm.
Wood pellets were produced in accordance with DIN 51731 on industrial equipment.
The length of the pellets was 35-40 mm. The following examples were produced:

C — sample made only from sawdust (standard sample);

CK10 — sample (90% - sawdust, 10% - bark). This proportion is specific to
pine needle;

CK30 — sample (70%- sawdust, 30% - bark);

K - sample made only from bark (waste is obtained during primary processing
of sticks).
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Percentage of components of samples contained in the composition sawdust
and bark was defined on their mass. The components were previously fragmented, so
as to ensure maximum fraction of 5 mm. Humidity and quantity of minerals in the
composition of bark and sawdust was significantly different [4]. Total moisture of
samples and percentage weight that accounts for ash matter was determined.

Tests were conducted according to the method created on the basis of
"National State Standard 16483.3-84 Wood. The method of determining the ultimate
strength in static bending™ The methodology of National State Standard stated that
the samples should have a moisture content of 12%. If more humidity value results
should be recounted. Therefore, we decided to carry out comparative characterization
of samples where 100% strength accepted sample C (only sawdust).

In studies samples were placed on a stand of two monolithic copper wires.
Wire diameter was 3 mm. They were placed parallel to each other. The distance
between them was 30 mm. The load on the prototype was carried out using a lever
kit. Lever kit was made of copper wire, it’s diameter was 3 mm, it was placed in the
middle between the supports. At the end of the lever kit we suspended the load. Thus
changed the capacity. At this time, the other end of the lever kit was fixed on the link.
Before the test samples were visually checked for absence of cracks and chips. The
strength of the pellets was determined in triplicate.

Results. During the production of wood pellets, that contained bark, we
observed large amounts of dust. It indicated a loss of material, air pollution and
reasonability of using a closed system. Accordingly, changing the composition of
pellets involves to select the appropriate mode of technological equipment. Humidity
of sample C, CK30 and K was 6.9, 9.0 and 9.5 percent respectively, while the ash
content was 0.38, 2.5 and 3.5% respectively. From this data, we can see that wood
pellets, made of bark, had the highest ash content.

The benefit of biofuel for electricity generation is that wood pallets do not
create an ash waste-disposal problem since ash can be spread in the forests or fields
to recycle nutrients and not be directed to landfills as is ash from burning coal. [3]. In

nowadays usage of ecological soil applications also is of the most immediate interest.
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Good strength properties of the pellets are essential for the handling at the
production plant due to the risk of dust explosions. Fine particles are more
hygroscopic and have a larger relative surface area, which permits more microbial
growth than the unbroken pellets. This means a higher risk for temperature
development in the pile, especially if the pellets are not properly cooled and dried
before being transported to the storage pile. In small-scale handling, the dust is
problematic, especially due to health risks. The durability of the pellets is dependent
on the chemical and physical properties of the raw material as well as on the process
variables during drying, milling, pelleting and cooling [9]. The relationship between
raw materials and process variables is still poorly understood [10].

Figure presents the results for the average value of cross-breaking strength

and its measurement error.
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Dependence of the cross-breaking strength on the pellets composition
What is interesting in this data is that there were no significant differences in
strength value of samples C and K. From this data, we can see that the partial

introduction of the bark in wood pellets reduces their strength. This result may be

explained by the fact that sample K had the least amount of fines that were lost
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during the milling (grinding) of raw materials. In fact fine content in pellets led to

their destruction under mechanical efforts.

Conclusions
The current study found that bark is perspective raw material for making wood
pellets, while introducing additional components is not necessary. Another important
finding was that there were no significant differences in mechanical strength value of
pellets made of pine bark and pellets made of pine sawdust.
Further research should be undertaken to investigate the certain processing

modes, namely the feed rate of raw materials, steam temperature during extrusion etc.

References
1. [llenimanoBa O.B. ExcriepuMeHTaIbHUN CTEHJ M1 JOCTIIKCHHS KIHETUKH
CyIIHHS rpaHyisoBaHoro wmarepianry / O.B. IllemimanoBa, A.O. T'yp'eBa //
Enepreruka i aBromaruka. — 2012. — Ne2. — C.79-82.
2. lllenimanoBa O.B. Ekomoriuni Oap’epw BHKOPHUCTAaHHS OioMacu s
Bupobienns temmotu /|  O.B. IllemimanoBa, B.A. Komienko // HaykoBuii BicHHK
HVYBill Ykpaiau. — 2014. — Bum. 194, 4. 3. — C. 242- 249.

3. Energy for the 21% centyry: a comprehensive guide to conventional and

alternative sources / Roy L. Nersesian. — 2015. — 401 p.

4. IpiBuH M.M. Hcnonbs3oBanue apeBecHoi kopel / LlpiBun M.M. — M.: JlecHas
MPOMBINIIICHHOCTH, 1973. — 96 c.

5. lNauzymmun A.X. bynymee — 3a OuoromnuBom. [lomyuenue mnemieTHOTo
TOTUIMBA M3 OTXOJIOB JpeBeCHHBI, KOpbl U JUCTheB /| A.X. [asusymun, A.C. [lypses

/] Jleca, necuoit cextop u 3koyorus Pecnyomuku Tarapcrtan. — 2006. — Bein 2. — C.

14-77.

6. PeiakeBry M. Ousndeckne 1 MEXAaHUYECKHUE CBOMCTBA MEJJIET U3 COCHOBBIX
omwiok u kopel / M. PwmakeBuu // Bectauk Bceepoccuiickoro Hay4yHO-

HCCIIEIOBATENIbCKOTO MHCTUTYTA MEXaHU3aIMK KUBOTHOBOACTBA. — 2013. — Ne 3. — C.

181-187.

80


http://www.irbis-nbuv.gov.ua/cgi-bin/irbis_nbuv/cgiirbis_64.exe?Z21ID=&I21DBN=UJRN&P21DBN=UJRN&S21STN=1&S21REF=10&S21FMT=JUU_all&C21COM=S&S21CNR=20&S21P01=0&S21P02=0&S21P03=IJ=&S21COLORTERMS=1&S21STR=%D0%9669836:%D0%A2%D0%B5%D1%85%D0%BD.
http://www.irbis-nbuv.gov.ua/cgi-bin/irbis_nbuv/cgiirbis_64.exe?Z21ID=&I21DBN=UJRN&P21DBN=UJRN&S21STN=1&S21REF=10&S21FMT=JUU_all&C21COM=S&S21CNR=20&S21P01=0&S21P02=0&S21P03=IJ=&S21COLORTERMS=1&S21STR=%D0%9669836:%D0%A2%D0%B5%D1%85%D0%BD.
http://www.cnshb.ru/jour/j_as.asp?id=81692

"Enepzemuka i agmomamuxa', N1, 2016 p.

7. Malatak J., Jevic P., Karansky J., Prikryl M., Galik R. Emission
Characteristics of Biomass-Based Briquets // Acta technol.agr. — 2005. — Vol.8, Ne 2.
—P. 48-52.

8. [etinexo W.II. UccnenoBanme XuMmu4uecKoro cocraBa Kopbl cocHbl / W.II
Hetinexo, U.B. Jletinexo, JI.IT. benor // Xumus pactutenbHoro ceipbs. — 2007. — Nel,
—C. 19-24.

9. Thomas M. van Zuilichem DJ, van der Poel AFB. Physical quality of pelleted
animal feed. 2. Contribution of processes and its conditions // Animal Feed Science
Technology. — 1997. — V.64:173. — 192 p.

10. Storage effects on pelletised sawdust, logging residues and bark / Paivi
Lehtikangas// Biomass and Bioenergy . — 2000. — V.19 (287). — 293 p.

BUKOPUCTAHHSA KOPH SIK EHEPTETUYHOI'O PECYPCY B
CKUIAAI ITIVIET 13 COCHHU
0.0. Onpuwixo, H.A. Ilaciunuk, H.O. Onpuwixo, 1.C. 3yoxoe
AHoTaUisA. Pozensinymo numanus 6nauey HA MEXauiuHy MIYyHICMb NATUGHUX
2pamyn i3 cocHu 3a émicmy 6 Hux kopu. lIloxazano, wo nanueni cpanyiu, 6u2omoeeHi
3 Kopu ma 2L, MAawomb MIYHICMb HPU CMAMUYHOMY BUSUHI 3NI6CMABHY 31
CMAHOAPMHUMU 3PAZKAMU 3 MUPCU.

Kurouosi ciioBa: nanueni epanynu, kopa, mupca

HNCIHHOJBb30BAHUE KOPbI KAK SJHEPTETUYECKOI'O PECYPCA B
COCTABE ITWIET U3 COCHBbI
A. A. Onporuko, H. A. Ilacuunvix, H. A. Onpvuuxo, U. C. 3yoxoe
AHHOTauus. Paccmompensl 60npocyl 6IUAHUSL HA MEXAHUYECKYI0 NPOYHOCHIb
MONIUBHBIX SPAHY U3 COCHbL NPU HAAUYUU 8 HUX Kopbl. [loxazano, ymo moniugHvie
2PAHYIIbl, U320MOBIEHHbIE UX KOPbL U 8EMMOK, UMEIOM NPOYHOCMb NPU CIMAMUYECKOM
uzeube cpasHUMyIO co CMmaHOapmMHuIMU 00pa3yamu U3 ONUIOK.

KiroueBble CJ10Ba: mon/iueHvle ZPpaHyjibl, Kopa, OnujiKu
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