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Abstract

Introduction: Agricultural residues and wastes are the main source of biomass for use in
bioenergy production and animal and poultry feed production industries. These biomasses in their
original form have a large volume and low energy (per unit volume) and require a lot of space and
extensive movement. Therefore, one of the methods of optimal use of these biomasses is to
transform them into pellets, which have more mass and energy per unit volume and enable their
easier use and transportation. Currently, biomass has the fourth place in energy supply after oil,
natural gas and coal and provides approximately 14% of the world's energy needs. The use of
biomass, especially in European Union countries, as an attractive source for replacing fossil fuels is
developing and expanding. The use of biomass as fuel has significantly reduced the amount of
environmental pollutants, so that the amount of CO, absorbed from the atmosphere during biomass
growth is similar to the amount produced during combustion, followed by a net cycle of
production.

Materials and Methods: The raw materials for making pellets were prepared from spruce wood
sawdust (collected from a sawmill in Sari) as well as corn stalk and soybean residues in the fields
of Dasht Naz in Sari. The desired materials were transferred to the laboratory in the necessary
amount and kept at ambient temperature until the experiments. The samples were first crushed into
20 mm sizes and then powdered using a grain mill (Mehr Tehiz company, Iran) and passed through
18 mesh sieves in the range of 1 mm to make pellets. A palletization mechanism was used to
compress the pellet. This system was designed and built in biosystem mechanics of Sari University
of Agricultural Sciences and Natural Resources. The material was placed inside a steel mold with a
cylinder inner diameter of 8.05 mm and a height of 150 mm with a blocked end. A piston with a
diameter of 8 mm connected to the driving arm of the tension-compression test machine was used
to compress the material. Loading by a piston with a quasi-static speed of 5 mm per minute is
compressed to a pressure of 1300 N.

Results and Discussion: In this research, the mechanical and thermal properties of pellets made
from the combination of spruce sawdust and corn and soybean residues were evaluated. In the
present study, the effect of four combinations of agricultural and forest materials at two moisture
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levels (12% and 18% based on fresh weight) on the indices of density, compressibility, Hausner
ratio, strength and calorific value of the produced pellets were investigated and evaluated. it placed.
The results showed that the pellet density at 18% humidity was lower than the density at 12%
humidity. The highest density related to the combination of 60% spruce wood sawdust-40% corn
stalks was obtained with a value of about 149 kg/m3 and the lowest value related to 100% soybean
stalks was about 110 kg/m3. Also, the ratio of Hanser and CI in the combined pellets that have a
higher percentage of sawdust and also in the combination of sawdust with corn stalks are within the
permissible range. The highest pellet strength was 23.8 N/cm corresponding to 100% sawdust at
18% humidity and the lowest was 15.4 N/cm corresponding to 100% soybean stalk at 12%
humidity. The calorific value of the pellets is in the range of 14.37 to 18.52 MJ/kg, which is the
minimum value for the pellet made from 100% soybean stalk at 18% humidity and the maximum
value for the pellet made from 100% fir wood sawdust and It was obtained at a humidity of 12%.
Therefore, the use of agricultural wastes and their proper combination is a good option for the
production of biofuels due to their density and strength.

Conclusion: The type of biological waste and moisture percentage affect the physical and
mechanical properties of the produced pellets. In general, the combination of spruce wood sawdust
with corn stalks and soybean improved the mechanical and thermal properties of the pellet.
Hanser's ratio and compressibility in the combined pellets that have a higher percentage of sawdust
and also in the combination of sawdust with corn stalks are within the standard range. Also, in the
compositions that have a higher proportion of spruce wood sawdust and lower moisture, the density
and strength factors of the pellet increase. The highest and lowest calorific values were obtained in
a higher ratio of sawdust and a higher ratio of corn, respectively. Therefore, it is possible to make
pellets from the waste of garden and agricultural products that have good density and strength and
high calorific value.

Keywords: Biomass, pellet, thermal value, density, durability
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Table(1)composition ratio for producing pellet

Q)Séb}aﬂdfl:‘-b;l&u \.L}.»ébjeﬂsb.]a}bu
Sawdust-corn stalk Sawdust-soybean stalk
) GJ‘ S () C))J sl ) a)‘ S (@3] LL}»‘ sl
Sawdust (%) | Corn stalk (%) Sawdust (%) Soybean stalk
(%)
0 100 0 100
40 60 40 60
60 40 60 40
100 0 100 0

ol dislu Slacdy 4 4 ol Cawd 9 Cagby polie (Y) Jou.
Table(2) Moisture content and ratio of length/diameter of pellets

0333 1 dn oy (1) S by B a b s sy S 5
(/)T  Dry Moisture (%) (L/D) Combination
Wet Moisture (%)
18+0.1 12+0.4 3.12 VAR
100% corn stalk
18+1.4 1241.1 3.24 Sy F eyl oSl F
40% sawdust-60% corn stalk
18+0.8 12+0.9 3.18 KIPY VA SR g RAyL D
60% sawdust- 40% corn stalk
18+1.2 1240.7 3.22 by 7Y e
100% soybean stalk
18+1 12+1.4 3.14 b g 1800, ST /e
40% sawdust- 60% soybean
stalk
18+0.9 12+0.6 3.21 L g /¥ mo,l &S /80
60% sawdust- 40% soybean
stalk
18+1.1 1241.3 3.19 oyl ¢Sl LN s

100% sawdust
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i« - & s JEs
s el S - J%) S : 5 5 ool Lo
’ Sys Moist Density Taped . ‘
Spruce sawdust c ure (%) (Kg.m™)  density (Kg.m?) s Sl
(%) orn Cl (%) Rh
stalks (%)
12 140.1+£3.2 187.1£2.5
100 0 17.7 1.26
12 149.6x2.4 188.4+1.7
60 40 14.9 1.21
12 139.3£2.2 175.7£1.9
40 60 19.7 1.28
12 143.5£3.1 169.2+2.3
0 100 20.4 1.32
18 118.2+1.6 158.1+2.9
100 0 19.5 141
18 121.8+2.5 155.3+2.3
60 40 21.7 1.31
18 123.4+2.3 162.1+2.0
40 60 22.5 1.31
18 115.1+2.6 137.4+£3.1
0 100 26.6 1.21
b g Sl
Soybean
stalk (%)
12 120.8+2.7 156.2+2.4
100 0 18.7 1.27
12 133.6+£2.2 173.8+1.8
60 40 15.9 1.25
12 140.3x1.5 181.3+1.6
40 60 21.7 1.28
12 139.8+1.8 186.2+2.1
0 100 224 1.32
18 115.2+1.7 157.8+3.7
100 0 175 1.26
18 122.4+2.5 155.1+2.3
60 40 14.7 1.21
18 125.4+1.6 160.4+£2.0
40 60 155 1.34
18 110.0+£2.3 157.4+3.1
0 100 19.6 1.39
5 oo 53 cage 5586 (Hlad ol plp s oy plon!

Aglie @ 55 ol e b L gl 0357 5 o8
SR S 5 sl S Sl ¥ S s b SO

boslge 51 eSS a5 Ll 5,1l (gyls gre oslis /8

ol 3050 5 (S (5 oy pSonal ks
03 eolul BB 5 ABb e o CliS e s
L&r&wl.:):&ydhc%dﬂ%ﬁiﬁb



YAY

\Fe Y J:'.‘.L.', d‘a)L«..iY;f’ -U.>- (6})}\.&5‘5‘4& 4.1>=A) ‘_,;9‘))' tS“'"""G"

s 5 paE IS L 2 oyl ST b gl
I R
-U_}:.; osle Cymui;«:)w J{uﬁ)) G‘:’j 49}15«
(A syls SKdes & Ol)3 j..\..mg- Oljee 5 odins
Sy S ok wtle lad ool (I ¢l p
@:.19 LgLAa-\.'Jh: .Uj.:_a: J‘ Q\jdd L.’.lili 9 w}:.;ﬂf‘
w5y g}é}) K] u._{b:.w‘ [_)l::'-)é CM’ )‘ odw] T

() 55 eslal elsl

(ol slin o (8 la e Ve TN S
D)‘SB-v\«ﬁ))ﬁ‘ﬁ‘l{&b‘ﬁou‘vj@w.}‘)‘ﬁbﬁ-)
4 ool e GBSl fSol s Cr
GLEs )3 D3 o i pSomte iy Sl s
ol I3l gl il o b i s J
Ol oo 603188 5 S 310 jlodkd sl sy
Ls ole 30 5 e oslizul ab Glaodias Ly

Seks atle ok SSK <.t§,a.~| 5 oedias

[
w

P
=]

15

(N/cm)

10

Pellet strength
(%2}

{yrasiil p isd) cdy Al

BI2%MC  ®18%NMC

0
100% sawdust 60% sawdust-40%  60% corn stalk-60% 100% com stalk
com stalk sawdust
Material combination (%)
Slge a5 duo s
_ 25
3 m12% MC m18% MC
E 20
9
Zz
d =15
= &b
i 5
2 510
: 3
3% 0
i
100% sawdust 60%sawdust-40%  40%sawdust-60%  100% sovbean stalk
sovbean stalk sovbean stalk

Material combination (%)
31 e 5 >

Cagb ) aw 99 10 bgw 9 DB b poe De o)l I L o cdy el (V)
Figure(3) Pellet strength in combination of sawdust with soybean and corn stalks at two MC



YAF

). ol alw ‘5'29-}.«/ 6&&"_,.13‘ d‘i)J‘ Qb\g&h 0% 4:“‘.'\..9

LS 5 (ot 5 g0 o2 4 T3 gy (Sl oo
GHS Sl 53 5 g Jske 5 8 Ol Lot 5 5 3
€ L35 0k Slis b Oliis il 5 g0 Mg 0 Dy3
S sk s d B e Sl e 5 Ul
L&f;ﬁﬂ))) 'Y j‘vw&fﬁeu\hw;abﬁ u:"..l‘l
S L Ol (19) K3 gy 03 S a1 5 5l
S Cd okt sl (Y S 5 (5 b Ao i S
ol Sghs 5 S OT S5dse sadiaps 5 pS
Aoy Ar 5 (Y0) oS jlislus 3 o p3 94 59 (6 b LS 5

i g Jalz 10N 59) LB 5

e XCLEL)
S odks atle slack (glbb ol Sile P S
Cp s 3 oy paS A3 o QU ) Cusby 95 53 es §C
4 203 5 )l 0hd sl (clacdy (gl o Sole 3lie
Plawdle/Vr CS Sa by s dop¥AL s
— s Bl 5 S 5 4 by e doys WY STNY Susb,
S o] s I Cssboy 33 g O 0 &Sl 6
b slee S 550 oyl ST b awle p3 pd le i
O 4 1y ol sl 25 5o Slady (gyll oy ol
g3y Hswdls (o gl o) o 2 3500 (5 S8
)e..\.iiba)rf\jjl.ié;l).:SML:QJSQL»):»\;M.\Q‘,%

99 @12%MC m18%MC
EE
/;i - —
33
100% sawdust 60% sawdust-40% 40% sawdust-60% 100% com stalk
com stalk corn stalk
Material combination (%)
o o sy
9 Z12%MC  m18%MC
98
97
Eeh
3%
3 =
o = 95
=
jEw
- Q
93
92
91
100% sawdust 60% sawdust-40%  40% sawdust-60%  100% sovbean stalk
sovbean stalk sovhesn stalk
Material combination (%)
g ot 3 oy

Cagb) rhaw 98 5 bgw 9 D33 b paie ez ol I L § 00 oy Solwl (§)USh
Figure(4) Pellet durability in combination of sawdust with soybean and corn stalks at two MC



YAD

\f'f}igcraju‘:?&(éj)jwd&dm) U.G‘))' t_s‘“'""'é"

O35 Y s S5l 250 SV pslie ol (g
23 S Ol s ABl o o 5 8 5 0 S s
St ol sl edins [ glaes Fle el
RO PR P WG A RN S PR
56T S Sl BB L bk Gl 2
Lyl S lgome b ol 50 5 A o Sl
rod 8 el iy oyl Sl K (ol e 313 s
- b ol G0 0o W Y5 51 S s e A
Lokl oy s il o)l ST 5V O b sl

Syls Calas (YY 5VF) slginygsy

S il
a3 g Oy oy () - 5510 S5 sla sl
Sl o 613 sme oD o7 313 Ol s Kol 4y lie
ool palie s g Cogby i b s N g e
g Jo3Ee WOY JIVERY asgioe s ok Sl
St astle oy (ol Bl e o 550 15 p 8k
R g KRN AV NRCI T IV IATE:
TAY Cusby 33 5 psmo oyl SN e el antle
Sl JSMm Sis 4 3l g0 Sy sby Gl pl sl e Sy
Aoys Sl L S Il js el 5 calie gl Oy
L I g B S N g N P

ald je CaS Al Gt ol ol b

_ 20 212%MC m18%MC
- 18
> 516
= é 14
5 312
3 <10
= 8
™ =
526
% 2 4
g £ 2
$EO _ _ —— —
< 100% sawdust 60% sawdust-40%  40% sawdust-60% 100% corn stalk
=~ com stalk com stalk
Material combination (%o)
g s o 30
- 20 m12%MC = 18%MC
o 18
;f 16
- E 14
ER=RV
3 20
HhE B
2F 6
£ 4
3{55 2
LN 0
= 100% sawdust 60% sawdust40%  40% sawdust-60%  100% soybean stalk
sovbean stalk sovbean stalk
Material combination (%)
Slae S ¥ ds 3

Cagh )y edaw 93 58 bgw 9 DB b pghe Dax o) ST S 50 Sy (Jole il (0) UK
Figure(5) Pellet thermal value in combination of sawdust with soybean and corn stalks at two MC



YA?

il edd sl g g gl oo 0SKes 5 s dide

9 AR Ll e RIB ) Caslie 5 JBs
A G 53 i 4 SOl A0 Ol oS
s T s 4 D3 YL G 5 oyl STl
d\!b L;J‘J" uﬁ:jﬂ 9 wl;a r&n‘;«:\ 9 J&g— L;‘)b
el (Gais cpl 3 Sl pdy OSG) dzes
I¥ = g oyl S TP Chy Sl Gl S S

S5 domi

Slo ez 5 Casb)y de)d 5 (fe) Loy ¢ 5

32,8 o b et Wy glacdy SO 5 (K5
Cod Bl b e S o)l ST S5 (IS Sl
ol s (SO Sls o 55 o bse
S oS5l 5 G d 0515 5 peils Lo S
CS 503 s s Gk o)) ST s syl
w3 8 515 3 lhkal a3 gdoee 53 o3 wilu Loyl ST
ol Sl s lyls oS SLS 5 05 oo U

Gl sSh s 28 Cugby s mie gy O



287
Agricultural Engineering (Scientific Journal of Agriculture), 46 (3), Fall, 2023

References

1. Azargohar, R., Nanda, S., Kang, K., Bond, T., Karunakaran, C., Dalai, A.K., and Kozinski, J.A. 2019.
Effects of bio-additives on the physicochemical properties and mechanical behavior of canola hull fuel
pellets. Renewable Energy, 132: 296-307.

2. Carone, M.T., Pantaleo, A., and Pellerano, A. 2011. Influence of process parameters and biomass
characteristics on the durability of pellets from the pruning residues of Olea europaea L. Biomass and
Bioenergy, 35(1): 402-410.

3. Demirbas, A. 2004. Combustion characteristics of different biomass fuels. Progress in Energy and
Combustion Science, 30(2): 219-230.

4. Farsi, M., and Janpour, J. 2013. Cultivation and improvement of oyster mushrooms. Mashhad Jihade-
daneshgahi publications, Mashhad, Iran (in Persian).

5. Fernandez, R.G., Garcia, C.P., Lavin, A.G., and de las Heras, J.L.B. 2012. Study of main combustion
characteristics for biomass fuels used in boilers. Fuel Processing Technology, 103: 16-26.

6. Garsia, R., Gil, M.V., Rubiera, F., and Perida, C. 2019. Palletization of wood and alternative biomass
blends for producing industrial quality pellets. Fuel, 251: 739-753.

7. Garcia-Maraver, A., Rodriguez, M.L., Serrano-Bernardo, F., Diaz, L.F., and Zamorano, M. 2015. Factors
affecting the quality of pellets made from residual biomass of olive trees. Fuel Processing
Technology, 129: 1-7.

8. Harun, N.Y. and Afzal, M.T. 2016. Effect of particle size on mechanical properties of pellets made from
biomass blends. Procedia Engineering, 148: 93-99.

9. Jamradloedluk, J. and Lertsatitthanakorn, C. 2017. Influences of mixing ratios and binder types on
properties of biomass pellets. Energy Procedia, 138: 1147-1152.

10. Kaliyan, N., and Morey, R.V. 2010. Natural binders and solid bridge type binding mechanisms in
briquettes and pellets made from corn stover and switchgrass. Bioresource Technology, 101(3): 1082-
1090.

11.Liu, Zh., Quek, A., and Balasubramanian, R. 2014. Preparation and characterization of fuel pellets from
woody biomass, agro-residue and their corresponding hydro chars. Applied Energy, 113: 1315-1322.

12. Mishra, R.K. and Mohanty, K. 2018. Pyrolysis kinetics and thermal behavior of waste sawdust biomass
using thermos-gravimetric analysis. Bioresource Technology, 251: 63-74.

13. Misljenovi¢, N., Mosbye, J., Schiiller, R.B., Lekang, O.1., and Salas-Bringas, C. 2015. Physical quality
and surface hydration properties of wood based pellets blended with waste vegetable oil. Fuel Processing
Technology, 134: 214-222.

14.Niedziolka, I., Szpryngiel, M., Kachel-Jakubowska, M., Kraszkiewicz, A., Zawislak, K., Sobczak, P., and
Nadulski, R. 2015. Assessment of the energetic and mechanical properties of pellets produced from
agricultural biomass. Renewable Energy, 76: 312-317.

15. Nielsen, N.P.K., Gardner, D.J., Poulsen, T., and Felby, C. 2009. Importance of temperature, moisture
content, and species for the conversion process of wood residues into fuel pellets. Wood and Fiber
Science, 41(4): 414-425.

16.Pound, B., Done, F., and Preston, T.R. 1981. Biogas production from mixtures of cattle slurry and pressed
sugar cane stalk, with and without urea. Tropical Animal Production. 6:1-8.



288
Agricultural Engineering (Scientific Journal of Agriculture), 46 (3), Fall, 2023

17.Pradhan, P., Arora, A., and Mahajani, S. M. 2018. Pilot scale evaluation of fuel pellets production from
garden waste biomass. Energy for Sustainable Development, 43: 1-14.

18.Rezende, C.A., de Lima, M.A., Maziero, P., deAzevedo, E.R., Garcia, W., Polikarpov, I. 2011. Chemical
and morphological characterization of sugarcane bagasse submitted to a delignification process for
enhanced enzymatic digestibility. Biotechnology Biofuels, 4: 54-62.

19. Said, N., Abdel-daiem, M.M., Garcia-Maraver, A., and Zamorano, M. 2015. Influence of densification
parameters on quality properties for rice straw pellets. Fuel Processing Technology, 138: 56-65.

20.Shen, D.K,, Gu, S., Luo, K.H., Bridgwater, A.V., and Fang, M.X. 2009. Kinetic study on thermal
decomposition of woods in oxidative environment. Fuel, 88(6): 1024-1030.

21.Singh, A., Singh, N., and Bishnoi, N.R. 2010. Enzymatic hydrolysis of chemically pretreated rice straw
by two indigenous fungal strains: a comparative study. Journal of Scientific and Industrial Research, 69:
232-237.

22. Stasiak, M., Molenda, M., Banda, M., Wigcek, J., Parafiniuk, P., and Gondek, E. 2017. Mechanical and
combustion properties of sawdust-straw pellets blended in different proportions. Fuel Processing
Technology, 156: 366-375.

23. Stelte, W., Holm, J. K., Sanadi, A.R., Barsberg, S., Ahrenfeldt, J., and Henriksen, U.B. 2011. Fuel pellets
from biomass: The importance of the pelletizing pressure and its dependency on the processing
conditions. Fuel, 90(11): 3285-3290.

24. Tabatabaekoloor, R., Motevali, A., Hadipour, R., and Mavadati, S. 2020. Effect of temperature,
compression force and mixing ratio of materials on the mechanical properties of pellets made from rice
bran and sugarcane molasses. Iranian Biosystem Engineering, 51(3): 551-561. (in Persian with English
abstract)

25. Taherzadeh, M.J., and Karimi, K. 2008. Pretreatment of lignocellulose waste to improve ethanol and
biogas production: A Review. International Journal of Molecular Sciences, 8: 234-244.

26. Temmerman, M., Rabier, F., Jensen, P.D., Hartmann, H., and Bohm, T. 2006. Comparative study of
durability test methods for pellets and briquettes. Biomass and Bioenergy, 30: 964-972.

27.Tsuchiya, Y., and Yoshida, T. 2017. Pelletization of brown coal and rice bran in Indonesia. Fuel
Processing Technology, 156: 68-71.



