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QUALITY PROPERTIES FOR COITON STALKS AND 
RICE STRAW BRIQUETTES. 
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ABSTRACT 
The agricultural crop residuals are considered one of the most important 
problems, which face the environmental life and farmers in Egypt. The 
mechanical treatment by cutting, crushing or chopping and briquetting 
processes are the primary step and the suitable solution for solving this 
problem and recycling these residuals to be transformed into useful 
products. So the aim of the present work to get a high quality for cotton 
stalks and rice straw briquettes. Chopped cotton stalks and rice straw 
having moisture content (8, 10 and 12%) and (8, 10 and 12.8% w.b.) 
were densified into briquettes without binder and with binder (Urea­
Formaldhyde) using a screw press machine. Quality properties for 
briquettes were durability, compression ratio hardness, bulk density, 
compression ratio, resiliency, water resistance and gases emission. The 
optimum quality properties found for briquettes at 8 % moisture content 
and without binder. Where the highest compression stress and durability 
were 8.95, 10.39 MPa and 97.06 %, 93.64 %for cotton stalks and rice 
straw briquettes, respectively. The CO and C02 emissions for cotton 
stalks and rice straw briquettes were less than these for loose residuals. 

INTRODUCTION 

Disposal of farm residues are one of the main problems facing 
Egyptian farmers which estimates about 30-35 million ton/year 
(Shaban and Sawan, 2010). Cotton stalk is considered as the 

one of the main environmental problems in Egypt. It is estimated to be 
around 0.8 million ton dry every year. Egypt is the largest rice producer 
in the Near East region, where rice cultivation area occupies over 
1,093,303 feddan with an. average farm yield of3.66 tons/feddan and an 
approximate straw production of2.3 million tons/year (MALR, 2010). 
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Biomass is considered one of the main renewable energy resources of the 
future due to its large potential, economic viability and various social and 
environmental benefits. It was estimated that by 2050 biomass could 
provide nearly 38% of the world's direct fuel use and 17% of the world's 
electricity (Demirbas, 2000). The briquetting technology improves the 
characteristics of agro-residues for transportation, storage, feeding into 
furnaces, and combustion (Werther, et al 2000). The 

1
mechanical 

strength of the briquettes can be improved by adding some biomass 
samples. For example, the presence of paper mill waste increased the 
shatter index of the briquettes obtained. Similarly, sawdust and paper 
mill waSte increased compressive strength of the briquettes. Water 
resistance of the briquettes can be augmented by adding olive refuse, 
cotton refuse, and pine cone or paper mill waste (Yamnan, et a/2001) . 
To produce high quality pellets, the feedstock has to be dried to a 
moisture content of about 10% (raw weight). Since it is not possible to 
reach such low moisture contents by natural drying, the material has to be 
artificially dried. However, a wide range of temperatures and retention 
times can be used in the drying process (Stahl, et a12004).To improve 
the quality of the briquettes and to have an economically competitive 
product at the same time, the esparto was partially pyrolyzed at 
temperatures between 160°C and 400°C, and the pre~sure of 
densification has been examined. The combustion profile of the samples 
has been studied by applying the derivative thermogravimetry technique 
and the mechanical properties of the briquettes were tested to evaluate 
the impact resistance and water resistance (Debdoubi, et al 2005). To 
make the biomass materials available for a variety of applications, the 
challenges with the use of biomass materials in ·their original form must 
be resolved. Because of high moisture content, irregular shape and sizes, 
and low bulk density, biomass is very difficult to handle, ~sport, store, 
and utilize in its original form. One solution to these problems is 
densification of biomass materials into pellets,. briquettes, or cubes. 
Densification increases the bulk density of biomass from an initial bulk 
density (including baled density) of 4Q-200 kgm-3 to a final bulk density 
of 60o-800 kg/m3 (Me Mullen, et al 2005). The burning of agricul~l 
waStes causes' air pollution, soil erosion, and a decrease in biological 
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activity, which eventually leads to lower yields. However, burning yields 
smoke and other pollutants which adversely affect air quality, visibility, 
and human and environmental health. The low sulphur content of crop 
residues as compared to fossil fuels and their use as fuel does not add to 
the C~ content of the atmosphere (Dubey, et al 2007). Densification 
process to create strong and durable bonding in densified products such 
as pellets, briquettes, and cubes can be determined by quality testes 
which include testing the strength (compressive resistance, impact 
resistance and water resistance) and durability (abrasion resistance) of 
the densified products These tests can indicate the maximum 
force/stress that the densified products can withstand, and the amount of 
fines produced during handling, transportation and storage (Nalladurai 
and Morey 2009). The durability ofbriquettes is a measure of the ability 
of the briquettes to withstand the destructive forces such as compression, 
impact and shear ·during handling and transportation. In addition, the 
durability values represent the relative strength of the particle-particle 
bonding in the briquettes/pellets (Nalladurai and Morey 2010). Pellet 
biomass fuels are compressed, homogenized and dried biomass fuels that 
possess several advantages during handling, storage and combustion 
when compared to unprocessed biomass fuels. Environmentally, pellet 
biomass fuels provide advantages ofless ash, smoke and otller compound 
emissions, including carbon particles, CO, NOx and SOx. Because the use 
of biomass pellets produces much fewer greenhouse gases when the 
biomass is sustainably harvested, there has been a recent push to replace 
fossil fuels with biomass fuels (Panwar, et a/2011). 

MATERIALS AND METHODS 
Materials 
The chopped materials were pressed in a screw press machine at the 
Shimada Company (Type SPMM-850 KS) as shown Fig. (1) at (8, 10, 
and 12 %) and (8, 10, and 12.8 %) moisture content for cotton stalks and. 
rice straw with and without binder, respectively. The production capacity 
of the machine was 400 kg/h. The press machine is powered by 30 kW 
Electric Motor. It has 2 Electrical Ceramic heater bands each requiring 3 

· kW for operation and has an integrated "T" Stirrer with a 1.5 kW Motor. 
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The chopped materials feeded from the container in to the machine by a 

belt which its velocity was 0.38 m/s. 

Fig. (2). the Screw press machine. 

Cotton stalks 
Cotton stalks (Gossypium Barbadense) used at three different moisture 
content (8%, 10% and 12%). The stem length of cotton stalks ranged 
from 98 to 182 em, stem diameter ranged from 7.3 to 15 mm, weight of 
one stalk ranged from 35 to 200 g and-number of branches ranged from 

6 to 27. 

Rice straw .~ 
Rice straw (Oryza Sativa, Giza 101) used at three different moisture 
content (8%, 10 % and 12.8%). The stem average length was 80cm 
(from 70 to 90 em), stem diameter ranged from 3 to 4.5 mm and number 

ofbranches ranged from 5 to 12. 

The binder (urea-formaldehyde) 
Urea-formaldehyde (thermal glue) Characterized by the following: 

Color Milky white 
Focus : 55 to 66% solids 
Density : 1.25 g I em 3 
Viscosity: fro~ 200 - 1000 em Boaz 

PH : 7-8 
Percentage of free formaldehyde: not more than 1% 

Urea-formaldehyde is added by a rate 10% of the total weight ofresiciues 

to be pressed. 
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Measurements 
1. Briquettes durability 
The durability (Du) of the briquettes was determined according to ASAE 
Standard S269.4, (2003). A 500 g sample ofbriquettes was tumbled at SO 
rpm for 10 min, in a dust tight enclosure. A No. S US Sieve with an 
aperture size of 4.0 mm was used to retain crumbled briquettes after 
tumbling. Durability is expressed by the percent ratio of mass of 
briquettes retained on the sieve after tumbling (mpa) to mass of 
briquettes tumbling (mpb) according to with the following equation (1). 
(Fasina 2008). 

Du == mpa *100 ················•· (1) 
mpb 

2. Compression test 
The compression· stress for each briquette was measured using a 
universal testing machine (UH-SOOKN, Shimadzu) as shown Fig. (2). 
The flat surface of the briquette sample was placed on the horizontal 
metal plate of the machine. A motorized screw slowly reduced the 
distance between this metal plate and a second one parallel to it. An 
increased load was applied at a constant rate until the test S]Pllple failed 
by cracking or breaking. The load at the fracture point and the maximum 
load were converted to compression stress using the following equation 
(2). (Gibiiz, et a/1996). 

C . Load at fracture •..•• (2) ompress1on stress 
Cross sectional area of plane of fracture 

The testing machine has the following data: 
Type :Universal testing machine. 
Capacity :500,250,100,50,25,1 O(kN). 
Model :UH-SOOKNA. 
Working condition : 1- Voltage : ± 10% 

2- Warm-Up :15 min. 
3- Temperature : 5- 40° C 
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durability, compression stress, hardness, bulk density, compression ratio, 
resiliency, water resistance and gases emission. 

- Quality of briquettes 
1. Bulk density (pb) 
Bulk density is an indicator of savings in storage, transportation space 
and cost of blocks. The bulk density of the briquettes was calculated by 
Eq. (3) using with the sample weight and the measured volume. The 
volume was determined by the cross sectional area and variable thickness 
of the blocks. The thickness of blocks, which varies during post­
compression recovery. (Jha et al2008) 

w 
Pb = L x B xT · · · · · · · ·· · · · · · · · · ·· ···· · · (3) 

fJb = bulk qensity of cotton stalk briquette, kgm •3 

W = weight of cotton stalk briquette, kg 
B = width of cotton stalk briquette, mm 
L = length of cotton stalk briquette, mm 

T = thickness of cotton stalk briquette, mm 
2. Compression ratio (CR) 
The compression· ratio indicates volume reduction during compression. It 
was obtained from the ratio of bulk density of compact block to the initial 
density of the material being compressed. According to Eq. (4). (Jha et 
al2008) 

C R = ....f!..J?__ •••••••••••••••••••••••••••• 4) 
Praw 

CR = compression ratio 
fJb =bulk density of cotton stalk briquettes, kgm·3 

Praw = bulk density ofloose cotton stalk, kgm·3 

3. Resiliency (R) . . 
Resiliency was determined as the ratio of the increase in thickness to the 
initial thickness of the briquette according to Eq. (5). (Jha et al2008) 

T-T 
R = ~xlOO ..••.....••••.•••.•.• (5) 

T, 
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R = resiliency, % 
T = thickness of stabilised cotton stalk briquette, mm 
Ti= initial thickness of cotton stalk briquette, mm 
4.Hardness 
HiU-dness reflects the degree of binding. It was measured as the 
maximum force recorded while a briquette was broken br a probe 
incorporated in a Texture Analyser (Jha et a/2008). 
5. Water resistance 
The water resistance of the briquettes was tested by immersing them in a 
glass container filled with cold tap water and measuring the time required 
for onset ofthe dispersion in water (Yamnan, et al2001 and Debdoubi, 
etal2004). 

RESULTS AND DISCUSSION 
Moisture content for cotton stalks and rice straw briquettes 
Fig (3) shows that, after the pressing of the chopped cotton stalks and 
rice straw to briquettes, the moisture content decreased compared with 
before the pressing. Moisture content of cotton stalks briquettes were 
pressed at 8, 10 and 12 % decreased to 7.4, 8.57 and 10.35 %, 
respectively. While moisture content of rice straw briquettes were 
pressed at 8, 10 and 12.8 % decreased to 7.13, 9.21 and 10.98 %, 
respectively. The decrement percentages of moisture content were (7 .5, 
7.9 and 13.75 %) and (10. 87, 12.5 and 8.5 %) for cotton stalks and rice 
straw briquettes, respectively. 

r-~==================~~ 
-+-Rice straw -cotton stalks 

.. ~--~--~--------~--~--~--~ 
II 7 II t 10 11 12 13 14 

M.C before pressing "'o 

Fig. (3) The effect of pressing on the moisture content of cotton stalks and riee 

straw briquettes. 

The 19*. Annual Conference of the Misr Soc. of Ag. Eng., 14-15 November, 2012 - 310-

··------======::==============::::-

.. 



llf 

, 
{ , 
l 

I 
i 

BIOLOGICAL ENGINEERING 

Effect of moisture content on compression stress and durability for 
eotton stalks and rice straw briquettes 
The relation between compression stress and durability with moisture 
content for cotton stalks and rice straw briquettes are shown in Fig. ( 4a 
and 4b ). It can be noticed that, increase of moisture content decreased the 
compression stress and durability. And show that, the values of the 
moisture content and compression stress for briquettes presented as 
contour (line dark) red on the horizontal plane. It shows the highest 
values for the durability (0 90 %), (> 80 %) and(> 94 %), (> 94 %) for 
cotton stalks and rice straw briquettes, without binder and with binder, 
respectively. 

Durability% • -192.6402+44.1899"x+31.6109"y-

1.8471"x"x-2.4109~.7676*y"y 

(7 AS X 2:10.35 %, 4.44 S y il: 8.95 MPa) 

Durability % • -378.5166+55.5382"X+101.6147"y-

1.6143"x"x-7 .2083"x"y-3.9764yY 

(7.4Sxil:10.35 %, 3.96S yil: 7.75 MPa) 

120 

100 

10 

~-..... -
Without binder With binder . . 

Fig. (4a) Effect of moisture eontent on compression stress and durability 
for eotton stalks briquettes 
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Durability% • 678+5.2009"x+0.3272"Y-0·1333"x"X· 

o.s945"x"y+0.4481VY 

(7 .13 ~X 1:10.98 %, 5.58 ~ y i: 8.92 MPa) 

With binder 

Without binder 
Fig. (4b) Effed of--re c:ontent of--stress and durablnty for 

rice straw 

Effect of PlOistu<'> content on co111presslon stress and hardness for 

cotton stalkS and rice straw briquettes 
The relation between CODlptession streSS and baJdnOSS with PlOistUIC 
content for cotton stalks and rice straw briq_.. as shown in Fig. (Sa 

and Sb). It oan be noticed tbal, increase of moisture content~ the 
compression saess and baJdness. ADd show tbal, the values of the 

ro:oisture content and compression streSS for briquettes presented as 
contour (line dark) red on tbe horizontal plane. It showS the highest 

values for the hardness (>24 J(N), (>I~ KNl and (>20 J(N), (>20 KNl 
for cotton stalks and rice straW briq_.. without binder and with binder, 

respectively. 
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Hardness (KN) • ·91.2014+17.5205*x+10.0661*y-
0.9261*x*x-G.4067*x*y-0.3869*y"y 

(7 .4 ~X ~10.35 %, 3.96 ~ y 2: 7.75 MPa) 

ComprUIIOIIIIN•(IIPa) 1.!~ 

With binder 

Fig.(Sa) Effect of moisture content on compression stress and hardness for cotton stalks briquettes 

Hardness (KN) • -189.2292+13.5203*x+47.0895*y-
0.0386*x*x-2.3861*x*y-1.9266*y*y 

-~20 
11111<20 
11111<15 
111<10 
1!1!!1•5 
111!1<0 
IIIII•.& 

(7.13 ~X 2:10.98 %, 5.58 ~ y 2: 8.92 MPa) 

:--=-?; ;c: ltJr' ::'i,, '· 
1 .... 

o-' .,....;-
oO­

.... o­
o-'-

~..: 
o.O 

~-0"' 5.0;J ..: IIC% 

Without binder With binder 
Fig.(Sb) Effect of moisture content of compression stress and hardness for rice straw 

The 19111
• Annual Conference of the Misr Soc. of Ag. Eng., 14-15 November, 2012 - 313 -

11111•20 .. ,. 
11111•4 
1!1!!1•-t 
11111<-16 
11111•-21 



IIIII' 

BIOlOGICAL ENGINEERING 

Effeet of moisture content on compression stress and bulk density for 

cotton stalks and rice straw briquettes 

The measured density of the chopped cotton stalks and rice straw were 

0.15 g/cm3 and 0.035 g/cm3
, respectively. In the other hand, the bulk 

density of the briquette at moisture content 10.35% and 10.98% were 

1.18 and 0.95 g/cm3
• The increment ofthe density was more than 7 times 

and 25times, respectively. That means one Ton of the loose material will 

occupy a storage place of about 6.75 and 25m3
, On the other hand one 

Ton of the briquette of 10.35 and 10.98% moisture content will occupy a 

storage place of about 0.87 and 1.05m3
· The spare in the storage place of 

briquettes than the loose materials was about 87 and 95% for cotton 

stalks and rice straw briquettes, respectively. The relation between 

compression stress and bulk density with moisture content for cotton 

stalks and rice straw briquettes are shown in Fig. (6a and 6b). It can be 

noticed that, increase of moisture content decreased the compression 

stress and bulk density increased. And show that, the values of the 

moisture content and compression stress for briquettes presmted as 

contour (line dark) red on the horizontal plane. It shows the highest 

values for the bulk density, (>1 g.cm"3
), (> 0.8 g.cm-3

) and(> 0.8 g.cm"3
), 

(> 0.8 g.cm"3) for cotton stalks and rice straw briquettes, without binder 

with binder, respectively. 

Effect of moisture content on compression stress and compression 

ratio for cotton stalks and rice straw briquettes 

Tg.e relation between compression stress and compression ratio with 

moisture content for cotton stalks and rice straw briquettes are shown in 

Fig. (7 a and 7b ). It can be noticed that, increase of moisture content 

decreased the compression stress and compression ratio increased. And 
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show that, the values of the moisture content and compression stress for 

briquettes presented as contour (line dark) red on the horizontal plane. It 

shows the highest values for the compression ratio, (>7), (>6) and (>23), 

(>22) for cotton stalks and rice straw briquettes without binder and with 

binder, respectively. 

Effect of moisture content on compression stress and resiliency for 

cotton stalks and rice straw briquettes 

The relation between compression stress and resiliency with moisture 

content for cotton stalks and rice straw briquettes are shown in Fig. (Sa 

and 8b ). It can be noticed that, increase of moisture content decreased the 

compression stress and resiliency increased. And show that, the values of 

the moisture content and compression stress for briquettes presented as 

contour (line dark) red on the horizontal plane. It shows the highest 

values for the resiliency (>10), (>12) and(> 19), (>14) for cotton stalks 

and rice straw briquettes witllout binder and with binder, respectively. 

Briquettes water resistance 

The relation between water resistance and moisture content for cotton 

stalks briquettes and rice straw briquettes are shown in Fig. (9a and 9b ). 

It can be noticed that, increase moisture content decreased water 

resistance. The increment percentage of water resistance for cotton stalks 

briquettes was 16.17% and 73.53% during decreasing of moisture content 

from 8.57% to 7.4% and from10.35% to 7.4%, respectively, at without 

binder. While the increment percentage of water resistance for rice straw 

briquettes 26.19% and 65.47% during decreasing of moisture content 

from 9.21% to 7.13% and from10.98% to 7.13%, respectively, at without 

binder. 
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Bulk density (g.cm., • 
3.1059+0.3306*x+1.1893*y+0.0002*x"x.O.on6"x*y­

o.osaa*y*y 
{7 .4$ X i:10.35 %, 3.96$ y i: 7.75 MPa) 

Without binder With binder 
Fig.(6a) Effect of moisture content on compression stress and bulk density 

for cotton stalks briquettes 

Bulk density (g.cm4
} • -e.3688+1.1638*x+0.2299*y-

0.0385*x"x.0.0377"x*y+0.0096*y*y • 
(7.13 $X i:10.98 %, 6.97$ y i: 10.39 MPa) _ __,....,_/···· 

~· f#··(' 

1.0 

I >G.8 
<0.7 
<05 
<G.3 

.<G.1 

Bulk density (g.cm4
) • -

13.6873+1.7566*x+1.9376*y.().0464*x"x.0.1331*x*y-
0.0606*y*y 

(7 .13 $ x i:10.98 %, 5.58 $ y i: 8.92 MPa) 

_.......,...,. 

Without binder With binder 
Flg.(6b) Effect of moisture content on compression stress and bulk density for rice straw briquettes 
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Compi'8S$Ion ratio • ·100.631+14.917*x+19.6151*y-
0.4235*x"x-1.7128*x*y-0.6096"y"y 

(7.4Sx~0.35 %, 3.96Syi!: 7.75 MPa) 

s 
eom,..~~~aa llml(lll'a) 4::; 

••• ••• 
l eo ... ... 
••·12 

Without binder With binder 
Flg.(7a) Effect of moisture content on compression stress and compression ratio Cor cotton stalks briquettes. 

Comprasslon ratio • -21.349+7.1761"x+1.6143"y- Compi'&S$1on ratio • 74.770~.5309"x-
0.2583"x"x.0.2007"x"y+y.0163"y"y 4.4741*y+0.4299"x"x+x.3531"x*y++.0549"y"y 

(7.13Sxi!:10.98 %, 6.97 Syi!: 10.39 MPa) (7.13Sxi!:10.98%, 5.58 S yi!: 8.92 MPa) 

-~ -~ -~- -~-.o- ·•-.,..o- -o-·•-. ---.:2.. o:J.: 

""'- ...... -..: 1S -..: 
6.0:!"" MC% Compqlon-.(MI'a) 10:1"" Me% 

Without binder With binder 
Fig. (7b) Effect or moisture content on compression stress and compression ratio 

ror rice straw briquettes. 
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Compreulon ratio • -100.631+14.817"x+18.6151*y­
O.A235"x"x-1.7128"x*y-0.6086YY 

{7.4:!ix~0.35 %, 3.86:!iyil: 7.75 MPa) 

s 
eom,..u~oa llmiPIP•I 4 ~ 

·~· ••4 
1<0 

<-4 ... 
••·12 

Without binder With binder 
Flg.(7a) Effect or moisture content on compression stress and compression ratio for cotton ltaJks briquettes. 

Compression ratio • ..Z1.348+7.1761"x+1.6143*y- Compreulon ratio • 74.7705-8.5308"x· 
0.2583"'x"x~.2007"x*y++.0163*y*y 4.4741*y+0.4289"x"x+0.3531"x*y++.0548*y*y 

(7.13:!ixil:10.88 %, 6.87 :!iyil: 10.39 MPal {7.13:!iixil:10.88%, 5.58 :!iyil: 6.82 MPa) 

-~ -~ ~~- -~-.o- ·•-
~~~~ -~~-

-~ -~ -- ---- ---..: s.s 0...: 
eom,..llloalhlljiiPa) "::l"'" KC% Complllllonllrea(IIPa) s.o:"'" Me% 

Without binder With binder _ 
Fig. (7b) Effect of moisture content on compression stress and compression ratio 

for rice straw briquettes. 
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261.7825+39.5444"x+34.4434"y-1.2361*x"x-

2.9141*x"y-0.6675yY 
(7 .4 :li X il:10.35 %, 4.44 :li Y il: 8.95 MPa} 

wllenca% /.---~· J> 1 . 
/ --1 ' '•.j' 
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Resiliency% • .:n .5969+7 .2333*x+3.8013*y-
0.2189"x"x.0.4643"x"y-0.051*y* 

(7 .4 :li X il:10.35 %, 3.96 :li y il: 7.75 MPa} 

Colaplullan ..... (MI'a) 4 :: 

Without binder With binder 
Fl&-(8a)Effect of moisture coateat oa compressloa stress aad resllieDC)' ror cottoa stalks briquettes 

Resiliency% •- Resiliency% • 33.9821· 
155.2246+23.4389*x+13.6606*y.0.7622*x"x· 6.8295*x+2.8177*y+0.3892*x*x.0.0072~-

1.0636~.0.2461yY 0.2373yY 
(7.13:1ixil:10.98 %, 6.97 :S: yil: 10.39 MPa} (7.13:1ixil:10.98 %, 5.58 :S: yil: 8.92 MPa} 
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Fig (9a) the relation between moisture content and time dispersion for 

cotton stalks briquettes 
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Fig (9b) the relation between moisture content and time diaperslon for 

rice straw briquettes. 

Effect of moisture content on gases emission of cotton stalk and rice straw 
The relation between moisture content and gases emissions (CO, C{h, 
NOx and SOl) for cotton stalks and rice straw (loose and briquettes) as 
shown in Fig. (4.8a and 4.8b). It can be noticed that, by increasing of 
moisture content the gases emissions increase. The gases emitted from 
cotton stalks and rice straw briquettes were less than stalks loose. 
Increasing of moisture content from 7.4 to 10.35 % the C{h emission 
increased from (2~ 1.1and 1.6%) to (3, 1.6, and 2%) at cotton stalks 
(loose}, cotton stalks briquettes without binder and with binder, 
respectively, the CO emission increased from (0.1197, 0.0098 
~d0.0175%) to (0.205, 0.015 and 0.0721%) at cotton stalks (loos~) and 
cotton stalks briquettes without binder and with binder, respectively. 
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Increasing of moisture content from 7.13 to 10.98% the c~ emission 
increased from (3.2, 0.9and 1.6%) to (4.7, 1.6, and 2.3%) at rroe straw 

(loose), rice straw briquettes without binder and with binder, 
respectively, and the CO emission increased from (0.324, 0.0105 and 
0.018%) to (0.5681, 0.018 and 0.032%) at rice straw (loose), rice straw 
briquettes withoutbinder and with binder, respectively; 

I -.-Co2 

stalks 

--Co · ·~,··· NOX 

wllhout binder 

MC% 

~S02 

with binder 

Fig. (4.8a). Effect of mo~ture content and binder (urea .. fonnal~..,Yde) on 
gases emission for cotton stalks (loose and briquettes)• 

I -.-Co2 -Co . ··-·""-·· NOX 4E-S021 

5r-------~----------------~------~ 

./ 

straw w lhout binder 
MC% 

wlhbilder-

Fig. (4.8b). Effect of moisture content and binder (urea .. 
forinaidhyde) on gases emission for rice straw (loose and briquettes). 
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CONCULSION 
Densification of biomass materials into briquettes could reduce costs and 
problems with handling, transportation, storage, and utilization of low 
bulk density biomass materials. And also, produce good quality (high 
strength and durability). 
Moisture content of chopped residuals have a significant impact on the 
quality of the resulting briquettes the optimum quality properties of the 
briquettes were 7.4 and 7.13% moisture content of cotton stalks and rice 
straw, without binder, respectively. the highest compression stress, 
durability and bulk density were 8.95, 10.39 MPa, 97.06 %, 93.64% and 
1.18, 0.95 g.cm"3 for cotton stalks and rice straw briquettes, respectively 
Gases emission (C<h and CO) during combustion reduced from cotton 
stalks and rice straw briquettes without binder than the briquettes with 
binder and cotton stalks and rice straw (loose) at each moisture contents. 
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