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Rezumat:

Lucrarea prezinta cele mai importante proprietati
fizico-mecanice ale brichetelor fabricate din biomasa
obtinutad din stuf tocat in aschii de 5-30mm lungime si
0,2-0,6mm grosime. Atat studiul asupra densitatii
brichetelor — ca proprietate fizica — cat si studiul asupra
rezistentei la compresiune perpendiculard - ca
proprietate mecanicd — se impun datoritd faptului ca
cele doua caracteristici indicad gradul de comprimare al
aschiilor si in acelasi timp starea lor de compactare.

Determinarea experimentald a puterii calorice gi
rezultatele obtinute sunt de asemenea prezentate in
acest articol si sunt comparate cu valorile obtinute
pentru brichetele din biomasd lemnoasa cele mai
utilizate azi (fag si pin). Cercetarea experimentald s-a
realizat in conditii de laborator in cadrul Facultétii de
Ingineria Lemnului. Noutatea cercetérii consta in faptul
ca stuful, ca biomasd din Delta Dundrii, este
neexploatatd in prezent, fiind o resursa regenerabila
importanta pe care Roméania o are si ar putea-o utiliza
ca si combustibil pentru incdlzire. Concluzia acestui
articol se bazeazd pe rezultatul bun obtinut pentru
brichetele din stuf cu o densitate foarte apropiatd de
cea brichetelor din fag. Se poate spune de asemenea
ca s-au obtinut rezultate bune si pentru puterea
calorica a brichetelor din stuf comparativ cu cele din
fag si pin. Stuful este o resursa regenerabild importanta
din Delta Dunarii neexploatatd inca, este biomasa ce
poate fi utilizata in scop energetic intr-un nou sector de
industrializare.

Cuvinte cheie: stuf; fag si pin; brichete de lemn;
energie.
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Abstract:

The paper presents the most important physical -
mechanical properties of the briquettes made of reed
biomass after chopping it into chips of 5-30mm length
and 0.2-0.6 mm thickness. Both study on the density of
the briquettes — as a physical property — and study on
their perpendicular compression strength — as a
mechanical characteristic — are imposed by the fact
that these two characteristics show the compressing
grade of the chips and in the same time their
compaction status.

The experimental determination of the calorific
power and the obtained results are also presented in
the paper and compared with values obtained for the
most used species of wood waste for briquettes so far
(beech and pine wood). The experimental work is done
at the laboratory level in the infrastructure of Wood
Engineering Faculty. The novelty of the research is that
reed biomass from Danube Delta is not exploited
nowadays, being an important renewable resource
Romania has and could use for heating purpose. The
conclusion of the paper is the good result obtained for
reed briquettes that have a value of the density very
close to that of beech wood. It can be said also that
good results were obtained for calorific power of the
reed briquettes compared with those made of wood
species as beech and pine wood. Reed is an important
renewable resource in Danube Delta, unexploited so
far, a possible biomass for energy purpose, which can
bring a new sector of industrialization.

Key words: reed;, beech and pine wood; wood
briquettes; energy.
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INTRODUCERE

Studiile asupra proprietatilor chimice ale stufului
au aratat Tn ceea ce priveste continutul de lignina ca
acesta se apropie de cel al foioaselor tari (Budau s.a
2011). Acesta ar fi primul motiv pentru a Tncerca
utilizarea stufului ca si combustibil, in brichete. Unele
articole prezinta acest tip de Incercare. De exemplu, Tn
2007-2008, in Polonia - Narew National Park un
fermier a exploatat 20ha de stuf si I-a transformat Tn
brichete, vanzandu-le consumatorilor locali (Biemans
s.a. 2008).

Investigatii asupra resurselor de stuf din Estonia
au aratat ca pe terenurile umede din Estonia cresc
aproximativ 1-1.5kg de substantd uscata pe 1m?
(www.eby.ee/roog.pdf). Puterea calorica a stufului a
fost determinata Ilunar pentru aceastd regiune fin
perioada 2002-2003. Datele obtinute au aratat ca
umiditatea stufului scade din noiembrie pana in aprilie,
atunci cand s-a finregistrat cea mai buna putere
calorica: 16,26MJ/kg. Pentru regiunea nordica a
Europei s-a determinat de asemenea influenta
continutului de azot al solului asupra productiei de stuf
(Kukk s.a. 2011), pentru a creste potentialul de utilizare
a biomasei de stuf. Un raport asupra energiei obtinuta
din stuf in Finlanda (Komulainen s.a. 2008) a indicat
zona de aproximativ 30000ha acoperita de stuf de pe
coasta de sud a Finlandei ca fiind o importanta sursa
pentru energie termica si biogaz. In ceea ce priveste
continutul sdu energetic, stuful pare sa egaleze aschiile
de lemn, avadnd o putere calorica de 18-19MJ/kg
masurata cu bomba calorimetrica.

Datorita faptului ca stuful din Romania are un
continut de cenusa de 10 ori mai mare decét a lemnului
de fag si de 18 ori mai mare decét a lemnului de molid,
arderea in centrale termice creaza probleme fin
evacuarea cenusei din boiler. S-au realizat studii
asupra acestui subiect, atat pentru stuf (Rolea s.a.
2010), cat si pentru alte specii lemnoase (Ozolincius
s.a. 2007). Brichete de stuf de 7cm diametru si 15cm
lungime au fost arse intr-o centralad termica proiectata
pentru Tncalzirea locuintei, avand o putere de 40kW, in
conditiile Tn care stuful avea un continut de cenusa de
4,2%. Comportamentul brichetelor de stuf a fost similar
cu cel al bustenilor si al brichetelor din lemn
recomandate de producatorul centralei. Astfel, exista
sanse de utilizare a brichetelor din stuf in Romania, dar
sunt necesare cercetari viitoare pentru tehnologia de

brichetare a stufului, pentru diferite conditii de
exploatare, marimi ale aschiilor si linii de brichetare.
Informatile din acest articol se refera la

determinarile initiale asupra proprietatilor brichetelor
din stuf produse in conditii de laborator (Cosereanu
s.a. 2011), in cadrul Universitatii Transilvania din
Brasov — Facultatea de Ingineria Lemnului. Materia
priméa pentru brichete a constituit-o stuful din Delta
Dunarii regiunea Tulcea. Incercarile din acest
domeniu vin Tn completarea cercetarilor privind
utilizarea resurselor de biomasa din Romania (Ispas
s.a. 2009).
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INTRODUCTION

Studies made upon the chemical properties of
reed have shown that the lignin content is close to that
of hardwoods (Budau et al. 2011). This is the first
reason for attempting to use reed as fuel, for
briquettes. Some scientific papers present this kind of
attempts. For example in 2007-2008 in Poland - Narew
National Park a farmer harvested 20ha of reed and
transformed it into briquettes and sold them to local
consumers (Biemans et al. 2008).

Investigations on Estonian reed resources have
shown that approximately 1-1.5kg of dry substance per
1m? s growing in the wetlands of Estonia
(www.eby.ee/roog.pdf). The calorific power of reed was
determined monthly for this region, in 2002-2003. The
records show that the moisture content of reed
decreases starting with November and ending with
April, when the best value of calorific power was
obtained: 16.26MJ/kg. It has been also determined the
influence of soil nitrogen (N) content upon the common
reed production of the Northern part of the Europe
(Kukk et al. 2011) in order to increase the biomass
potential of reed use. A report on reed energy in
Finland (Komulainen et al. 2008) placed the reed beds
on the Southern Coast of Finland of approximately
30000ha to be an important source of heating and
biogas fuel. With regard to its energy content, the
Common Reed seems to be almost equal to wood
chips, having a calorific power measured by bomb
calorimeter of 18-19MJ/kg.

Due to the fact that reed in Romania has an ash
content 10 times more than beech wood, and 18 times
more than spruce wood, the ignition into furnaces
brings some problems in removing the ash from the
boiler. Studies on this matter have already been made
for reed briquettes (Rolea et al. 2010) and other
species of wood (Ozolin€ius et al. 2007). Reed
briquettes of 7cm diameter and 15cm length were
burned into a down-draught boiler with a power of
40kW for domestic heating, in the conditions when the
ash content of the reed was 4.2%. The behavior of the
briquettes made of reed was similar to that of the wood
logs and sawdust briquettes recommended by the
boiler manufacturer. So, there are great chances of
using reed briquettes in Romania, so far. But future
researches on reed briquetting technology are
required, for different harvesting conditions of reed, for
different sizes of chips and various briquetting lines or
equipment.

The information in the present paper brings the
first determinations on the properties of reed briquettes,
produced in laboratory conditions (Cosereanu et al.
2011), in the frame of Transylvania University of
Brasov — Wood Engineering Faculty. The raw material
for these briquettes was the reed harvested from
Danube Delta — Tulcea region. The attempts in this
area come to complete the research work on the use of
biomass resource in Romania (Ispas et al. 2009).
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OBIECTIVE

S-au determinat densitatea brichetelor, puterea
calorica si rezistenta la compresiune si s-au comparat
rezultatele cu cele ale brichetelor din lemn de pin si
fag.

METODA, MATERIALE S| APARATURA

Diametrul brichetelor obtinute este de @=40mm,
iar lungimea lor variaza in intervalul 30 +60mm. Au fost
produse trei tipuri de brichete Tn aceleasi conditii,
pentru a compara rezultatele determinarilor, acestea
fiind: brichete din stuf, brichete din fag si din pin, asa
cum se poate observa in Fig. 1.

PRO LIGNO

www.proligno.ro

Vol.8 N°1 2012
pp. 44-51

OBJECTIVES

The briquettes were investigated from the
density point of view, calorific power and compression
strength and compared with values of pine and beech
briquettes.

METHOD, MATERIALS AND EQUIPMENT

The diameter of the obtained briquettes is J=
40mm and the length is variable in the range of 30
+60mm. Three types of briquettes were produced in the
same conditions, in order to compare the results of
determinations and they are: reed briquettes, beech
dust briquettes and pine dust ones as seen in Fig. 1.

— Reed/ Stuf
Beech/ Fag

— Pine/ Pin

Fig. 1.

Brichete din stuf, fag si pin/ Briquetts made of reed, beech and pine dust.

Densitatea si umiditatea brichetelor din stuf s-au
determinat pentru cate doua seturi de cinci brichete
fiecare, obtinute n conditi si perioade diferite, cu
lungime variabila (aprox. 25 si 33mm). Pentru
brichetele din fag si pin s-a analizat cate un set de cinci
brichete cu lungime de aproximativ 25mm. In acest
sScop s-au masurat si cantarit, utilizand echipamentelel
prezentate in Fig. 2: balanta electronica TP KERN EW
1500-24 cu precizie de 0,01g si subler electronic.

The density and moisture content of the reed
briquettes were determined for two sets of five reed
briquettes each, obtained in different conditions and
periods of time, varying the length (approx. 25 and
33mm). For pine and beech dust briquettes, one set of
five briquettes each were analyzed, having the length
of approx. 25mm. For this purpose, they have been
measured and weighed, using the equipment shown in
Fig. 2: electronic weiging balance TP KERN EW 1500-
24 with an accuracy of 0.01 and electronic caliper.

b

Fig. 2.
Echipament utilizat la determinarea caracteristicilor brichetelor: a — balanta electronica; b —subler
electronic/ Equipment used to determine the reed briquettes characteristics: a — electronic weighing
balance; b —electronic caliper.

Incercarea de compresiune s-a realizat pe
masina universala de incercari pentru determinarea
fortei maxime de compresiune péna la finceperea
dezintegrarii brichetelor. Metoda de determinare a
rezistentei la compresiune a brichetelor din lemn
(Lunguleasa s.a. 2010) este static — distructiva.
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The compression test was performed on the
universal testing machine in order to determine the
maximum compression force until the beginning of
disintegration the briquette. The method of obtaining
the compression strength of the wooden briquettes
(Lunguleasa et al. 2010) is a static - destructive one.
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Desfasurarea testului si starea brichetelor dupa
incercarea de compresiune sunt prezentate in Fig. 3.
Rezistenta la compresiune a brichetelor s-a calculat ca
raport intre forta maxima si suprafata de comprimare,
in N/mm?.
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The testing performance and the briquettes state after
compression test are shown in Fig. 3. The compression
strength of the briquettes was calculated by the ratio
between the maximum force and the compressing area
in N/mm?.

Fig. 3.
Desfasurarea testului (a) si starea brichetelor dupa testul de compresiune (b) / The testing performance
(a) and the briquettes state after compression test (b).

Puterea calorica reprezinta cantitatea de caldura
rezultatd la arderea unei unitdti de masa de
combustibil. Combustibilul este initial adus la o
temperatura de 20°C. Se fac doua determinari ale
puterii calorice pentru combustibili solizi: puterea
calorica superioara (cand vaporii de apa condenseaza,
degajand caldura de evaporare) si puterea calorica
inferioara (cand apa este in stare de vapori; in acest
caz, o parte din caldura este degajatd pentru
evaporarea apei). Puterea calorica superioara se
considera a fi cantitatea totala de caldura rezultata din
combustia perfecta a 1kg de combustibil. Puterea
calorica inferioara este diferenta Tntre puterea calorica
superioara si cantitatea de caldura degajata pentru
evaporarea apei din gazele de ardere.

Echipamentul utilizat pentru determinarea
puterii calorice a brichetelor este bomba calorimetrica
XRY 1C din dotarea Facultatii de Ingineria Lemnului
(Fig. 4). Principiul si metoda de lucru pentru acest
echipament sunt urmatoarele: puterea calorica a
lemnului se determina prin masurarea diferentei de
temperatura pentru o anumita cantitate de apa care
raceste bomba calorimetrica. Astfel, se poate
determina cantitatea de caldura degajata de unitatea
de masa a combustibilului solid analizat; aceasta
valoare, n final, reprezinta puterea calorica a
combustibilului. Determinarea puterii calorice
presupune parcurgerea a trei faze (Fig. 5).

The calorific power represents the quantity of
heat resulted when burning the fuel’s mass unit. The
fuel is first brought to a temperature of 20°C. There are
determinations of two types of calorific power of these
solid fuels: superior calorific power (when the water
steams have condensed, releasing the evaporation
heat) and the inferior calorific power (when the water is
in a water steam state; in this case, some of the heat
released is consumed to vaporize the water). The
superior calorific power is considered to be the total
heat quantity resulted from a perfect combustion of 1kg
of fuel. The inferior calorific power is the difference
between the superior calorific power and the quantity of
heat used to vaporize water from burning gases.

The equipment used to determine the calorific
power of the briquettes is a calorimetric bomb XRY 1C
type from the endowment of the Wood Engineering
Faculty laboratories (Fig. 4). The principle and the work
method for the calorimetric bomb is as follows: the
calorific power of wood is determined by measuring the
difference of temperature of a certain quantity of water
that cools the calorimetric bomb. This way, it is
possible to determine the quantity of heat released by a
mass unit of the solid fuel that has been analyzed;
finally, this value represents the fuel’s calorific power.
The determination of calorific power has three stages
(Fig. 5).

02/18/2011

Fig. 4.
Bomba calorimetrica din dotarea Facultatii de Ingineria Lemnului / The calorimetric bomb in the
endowment of Wood Engineering Faculty.

47



ONLINE ISSN 2069-7430
ISSN-L 1841-4737

[EXRY-1C Oxygen bomb calorimeter
ReportR)  System setp(S)  Help(H)

XRY-1C Oxygen Bomb Calorimeter

Formula
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[EIXRY-1C Oxygen bomb calorimeter:

ReportR)  System setp(S)  Help(H)

XRY-1C Oxygen Bomb Calorimeter

Formula

e G Mass of Benzoic Acid (q) Temperature o SCrpErEEmD Mass of Benzoic Acid (9) Temperature
pa 00000 g 23148 e 00000 g 22888
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[EIXRY-1C Oxygen bomb calorimeter

Report(R)  System setp(®)  Help(H)

XRY-1C Oxygen Bomb Calorimeter

Formula

¢ e e Mess of Benzoic Acid (g) Temperature
- o000 g 23.009
lbrichete stuf =
Celorifc value (Q): Time (<) Status bar
Function
@ Mess of sample @[ 01654 g 26463 Jig 22'39
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Heatcapaciywy: | 16728 JIK
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c.
Fig. 5.

Cele trei faze ale determinarii: a — faza initiald; b — faza principala; ¢ — faza finala / The three stages
of the determination: a — initial stage; b —main stage; c - final stage.

- faza initiala, care reprezintda determinarea
variatiei de temperatura a apei Tn interiorul
containerului  calorimetric, datorita schimbului de
caldura cu exteriorul inaintea arderii. La sfarsitul fazei
initiale incepe arderea mostrei de combustibil.
faza principala presupune  cresterea
temperaturii apei Tn interiorul containerului calorimetric,
cauzata de arderea particulelor de combustibil. Pentru
determinarea temperaturii finale, se citesc valorile
inregistrate in fiecare minut. Temperatura finala este
datd de valoarea maxima a acesteia, deoarece
scaderea temperaturii indica faptul cd nu se mai
primeste deloc caldura din bomba calorimetrica.

- in faza finald se calculeaza variatia medie a
temperaturii apei Tn interiorul containerului calorimetric,
datorita schimbului de caldura cu exteriorul, dupa ce
arderea a avut loc. Temperatura inregistrata de un
termometru se citeste din minut in minut.

Puterea calorica superioara se determina in final
cu formula:

- the initial stage, which is the determination of
the variation of water temperature inside the
calorimetric container, due to heat exchange with
exterior before burning. At the end of the initial stage,
the ignition of the fuel sample starts.

- the main stage determines the increasing of
water temperature inside the calorimetric container,
caused by the burning of the fuel particles. To
determine the final temperature, the values recorded
are being read every minute. The final temperature is
given by its maximum value just because after the
temperature start to drop it means that it doesn’t
receive any more heat from the calorific bomb.

- the final stage is the average variation of the
water temperature inside the calorimetric container,
because of the heat exchange with the exterior, after
the burning took place. The temperature recorded by a
thermometer is read from one minute to another.

The superior calorific power is finally determined
using the following equation:
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Qx _ k (tf I +tc) qs [kcal/kg]
m

in care: k este factorul calorimetric,

tr— valoarea finala a temperaturii, in °C;

ti— valoarea initiala a temperaturii, in °C;

gs — caldura consumata pentru arderea firului
incandescent pentru initierea arderii;

m — masa mostrei de combustibil.

Puterea calorica inferioara se poate calcula
utilizand urmatoarea relatie:

0, =0,-6-(U+9-h) [kcalkg]

in care: U este umiditatea mostrei, in %;
h— continutul de hidrogen al mostrei, in %.

M

()

REZULTATE Sl DISCUTII

Valorile medii ale densitatilor determinate pentru
cele trei variante: doua seturi a céte cinci brichete de
stuf (notate 1R, 2R si valoarea lor medie Rm), un set
de brichete de fag (notate 1B) si un set de brichete de
pin (notate 1P) sunt prezentate in graficul din Fig. 6a.
Comparatia intre valorile medii ale umiditatii pentru
fiecare set de brichete in parte (cu aceleasi notatii) sunt
prezentate in graficul din Fig. 6b. Se poate observa
faptul ca exista o diferentd mica intre densitatile celor
trei tipuri de brichete, cele de stuf incadrandu-se ca
valoare intre celelalte doua. Umiditatea brichetelor din
stuf este cea mai scazuta, cea a brichetelor de pin fiind
aproximativ de doua ori mai mare.
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ke(tp =1+t ) =g
x m
where: k is the calorimetric factor;
tr — final temperature value, t is the initial
temperature value;
gs — the heat consumed to burn the ignition
initiation wire;
m — the mass of the wood sample;
The inferior caloric power can be calculated using
the following equation:
0;=0,-6-(U+9-h) [kcal/kg]
where: U is the sample’s moisture content, in %;
h —the sample’s hydrogen content, in %.

[keal/kg] (1)

(2)

RESULTS AND DISCUSSIONS

The average values of the densities determined for
the three variants: two sets of five reed briquettes each
(symbolized with 1R, 2R and their average value Rm),
a set of beech briquettes (symbolized 1B) and a set of
pine briquettes (symbolized 1P), are presented in the
diagram of Fig. 6a. The comparison between the
average values of the moisture content of the each set
of briquettes (having the same symbols) is presented
in the diagram of Fig. 6b. The diagrams show small
differences between the values of the densities, the
reed one’s being comprised between the two others.
The moisture content of the reed briquettes is the
lowest one, whilst the pine’s one is two times higher.

0.922 —
0.940
14 12.89
c 0.920+ 0.946
; 0.900 0.880 0 12+ /
3 1 2 10
fo 000 0.837 " 0.836 b 5.74 6.015 /
a § 0.8601 . 2 8 6.29 . . 704
£ 2 0.8401 . 22 6 \ /
= u o] /
] 0.8201 5° 4
D m £
Q 0.800+7 5 5]
-
0.780 : : : : ' 0
1R 2R Rm 1B 1P 1R 2R Rm 1B 1P
Tipul brichetei/ Briquette type Tipul brichetei/ Briquette type
a b
Fig. 6.

Graficele valorilor medii ale: a — densitatilor; b — umiditatii / The diagrams of the average values of: a —
densities; b -moisture content.

In ceea ce priveste rezistentele la compresiune,
valorile maxime s-au Tnregistrat pentru brichetele de
fag, iar cele minime pentru cele de stuf, dar nu cu
diferente mari fata de brichetele de pin, asa cum se
poate observa din Tabelul 1.

Pentru determinarea puterii calorice au fost
testate cate trei brichete din stuf si fag si doua din pin.
Valorile medii inregistrate pentru mostrele testate sunt
prezentate in Tabelul 2. Comparatia intre valorile medii
ale puterii calorice superioare si inferioare pentru cele
trei tipuri de brichete: stuf, fag si pin sunt reprezentate
in graficul din Fig. 7.

As regard the compression strengths, the
maximum values were recorded for beech briquettes
and the minimum ones for reed briquettes, but with
values not so far from the ones of pine briquettes,
according to Table 1.

For the calorific power determination purpose,
three briquettes were tested for both reed and beech
type and two of pine type. The average values
recorded are presented in Table 2. The comparison
between the average values of inferior and superior
calorific powers for the three types of briquettes: reed,
beech and pine are represented in Fig. 7.
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Tabelul 1/ Table 1

Valorile rezistentei la compresiune / Compression strength values

Forta maxima / Latimea de Lungimea Rezistenta la
Maximum compresiune / brichetelor / compresiune /
force, Compression Briquette length, Compression
[N] width, [mm] strength,
[mm] [N/mm?]
Brichete stuf / Reed 1380 23 35 1,71
briquettes 1500 27 33 1,68
1520 26 33 1,77
Brichete pin / Pine 3150 30 50 2,10
briquettes 2740 26 48 2,19
2940 20 45 3.26
Brichete fag / Beech 4600 24 55 3,48
briquettes 4010 20 43 4,66
3740 21 56 3,18

Asa cum se poate observa, valorile maxime au
fost obtinute pentru brichetele din pin, iar pentru cele
din stuf s-au obtinut valori apropiate de cele ale
brichetelor de fag, net superioare celor gasite Tn
literatura de specialitate pentru brichete de stuf
obtinute cu materie prima din alte regiuni si anume 18-
19MJ/kg (vezi introducerea la acest articol).

As can be seen, the maximum values were
recorded for the pine briquettes, the reed ones being
close to those of beech ones, being higher than the
values of the calorific power found in the literature for
reed briquettes made of raw material from other
regions, namely 18-19MJ/kg (See the Introduction of
the present paper).

}24192}
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Fig. 7.
Valorile puterii calorice inferioare si superioare determinate pentru cele trei tipuri de brichete / The values
of inferior and superior calorific powers for the three types of briquettes.

CONCLUzII

Densitatile brichetelor de stuf sunt apropiate cu
cele ale brichetelor de fag, ceea ce inseamna ca
densificarea aschiilor de stuf 1in brichete este
asemanatoare.

Puterea calorica a brichetelor de stuf se afla pe
ultimul loc, asa cum ne asteptam, dar diferentele intre
brichetele de fag si cele de stuf sunt destul de mici.

Testul de compresiune plaseaza brichetele de
stuf din nou pe locul trei, fapt explicat de
macrostructura tulpinii de stuf care are o suprafata
lucioasa, aschiile avand o tendinta de alunecare intre
ele in timpul acestui test.

Rezultatele obtinute pana in prezent sunt de
interes daca tinem cont de faptul ca brichetele de stuf
constituie o resursa regenerabila de viitor pentru
sistemul energetic, deci continuarea cercetarii in acest
domeniu este obiectivul urmator pentru echipa
implicata in studiu.

CONCLUSIONS

The densities of reed briquettes are similar to the
beech ones, which means the densification of reed
chips into the briquettes are appropriate.

The calorific power of reed briquettes is on the
last place, as expected, but the difference between
beech briquettes and reed briquettes is quite small.

The compression test placed the reed briquettes
again on the third place, fact that is explained by the
macrostructure of reed rod that has a smooth
appearance and the tendency of reed chips surfaces
during the compression test is to slip one to another.

The results obtained so far are of interest for
considering the reed briquettes a future renewable
resource for heating power, so continuing the research
work in this field for the team involved in this study is
the next target.
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