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Table 1. Physicochemical properties of sugarcane bagasse and its produced compost

S 5 Piod W5 USRI LS PRLIWPUP 3 e “‘L“""’“ 9 9 llins! dunnsgo
Compounds Sugarcane Sugarcane bagasse 3 lailiwl g ol !
bagasse compost (ISIRI, 10716)
&é}_s %2 )3) Sush, (slgiome 55 30 25-40
Moisture content (%wb)
pH 6.68 7.78 6.5-8.5
(e 2 oeieom®) (S0 Solan 0.8 21 <4
Electrical conductivity (ds/m)
(M)o)_JS 0595 0.44 1.14 Minimum 0.8
Total nitrogen (%)
(22,9) JS 25 55/3 30.36 Minimum 12
Total carbon (%)
(20,0) JS ,oud 0.25 0.65 Minimum 0.4
Total phosphorus (%)
(%2,3) Jf'm«alb., 12 228 Minimum 0.4
Total potassium (%)
3975 & D15 S 125.68 26.63 Minimum 30
CIN
(do,0) juuS (glgimme 2 45 Maximum 50
Ash content (%)
(2,0) pl> OHan 2.312 4.625 -
Crude protein (%)
(30,9) (27 Slgime 2.05 23.88 -
Fat content (%)
(20,0) aiwlss (glgsoms 12.24 10.27 -
Starch content (%)
(av.a)o? S Slgime 22.85 15.79 -
Lignin content (%)
. I
<M_)°) oo cor slyia 31.18 259 -
Hemicellulose content (%)
(20,9) 3ol (glynes 46.65 48.16 -

Cellulose content (%)
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Fig. 1- a) Micro-images of scanning electron microscope for raw sugarcane bagasse, b) sugarcane bagasse compost, and c)
transverse section of sugarcane bagasse compost at 700x magnification
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Fig. 2- X-ray diffraction of sugarcane bagasse and sugarcane bagasse compost samples
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Fig. 4- Fourier Transform Infrared spectroscopy of sugarcane bagasse and sugarcane bagasse compost
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Table 3. Actual and predicted values of specific energy consumption and bulk density of sugarcane bagasse compost under
different operating conditions of hammer-attrition milling

Jitano (5lo it Aly gl
Independent variables Dependent responses
(KIIKG) o5 555 b pan kg/m?) losgs J&=
Ao yd) Cugby sl Ui o3lal Syes sy : - - -
N . L ot e R e
(s (o sheo) (4833 5 )59) e e o
. . . 9 )“'\““’ X ™2l Hlhae oL
Moisture content Screen opening Rotational Actual value . Actual value .
(%wh) size (mm) speed (rpm) Predicted Predicted

value value
16 25 2000 370 360.94 147.2 146.43
12 4 2000 32 16.61 137 134.57
12 1 2000 380 389.44 197.1 196.25
8 25 1400 40 36.88 151.1 153.61
8 25 2000 44 47.11 176 173.48
16 1 2000 750 726.94 169.9 170.37
12 25 2000 105 110.94 169.7 172.97
8 4 1400 11 27.72 113.7 111.56
12 25 1400 100 94.05 162.9 159.62
8 4 2000 20 3.27 134.2 136.33
16 4 1400 49 16.88 126.7 126.41
16 4 2000 72 104.1 116.8 117.08
8 1 1400 155 141.38 210 209.62
12 1 1400 330 320.55 212 212.84
8 1 2000 190 230.61 199.2 199.57
12 4 1400 19 34.38 113.9 116.32
16 25 1400 230 239.05 159.9 160.66
16 1 1400 530 530.05 215 214.52
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Table 4. The results of the statistics of the best-fitted model proposed by the D-optimal method for the experimented responses
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ssponse type Std. verage ¢ R? oxd Lol Predicted R? precision
dev. C.V. (%) Adjusted R?
s S Srae g
Se%iig;/c e, 3522 1939 1850  0.9932  0.9710 0.8620 23.29
consumption 2Fl
Glosg Jy T
Sle g0 3.82 16.79 2.36 0.9971 0.9877 0.9415 30.54
Bulk density 2F
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Table 5. Results of analysis of variance (ANOVA) for specific energy consumption and bulk density of sugarcane bagasse
compost in hammer-attrition milling process

Specific energy consumption o34 (55! & yao

o ©lagpo & 9oz sl azye Ol Sbe F ool P b3l Sl
Source Sum of square df Mean of square F-value p-value Sig.
Jae 7.23E+05 13 55634.85 44.86 0.0011 R
Model
sk sy A 2.06E+05 2 1.03E+05 82.91 0.0006 #
A-Moisture content
e oI-B 3.95E+05 2 1.97E+05 159.17 0.0002 -
B-Screen opening size
@‘”"_“’“’ < 13833.39 1 13833.39 11.15 0.0288
C-Rotational speed
AB 91448.56 4 22862.14 18.43 0.0077 L
AC 11769.44 2 5884.72 4.74 0.0879 ns
BC 5708.44 2 2854.22 23 0.2162 ns
°‘”'L_"*"L* 4961.22 4 1240.31
Residual
s 7.28E+05 17
Total
Bulk density «slosgs  JK>
& Slarye ggome @il az s Sl yo (el Foss) Pss)l Soldsee
Source Sum of square df Mean of square F-value p-value Sig.
Jae 20163.89 13 1551.07 106.17 0.0002
Model
sk slyome oA 316.81 2 158.41 10.84 0.0243
A-Moisture content
i aelugl =
o 05 ,B . 17706.33 2 8853.17 605.98 <0.0001
B-Screen opening size
iy e C 18.20 1 18.20 1.25 0.3269 ns
C-Rotational speed
AB 73.15 4 18.29 1.25 0.4165 ns
AC 982.71 2 491.35 33.63 0.0032
BC 1066.69 2 533.34 36.51 0.0027
obe-Sl, 58.44 4 1461
Residual
S 20222.33 17
Total

Aoy S phaw 58 (5l e 5 duo )0l e )8 (5518 dixe o510 cixe pas oo Lid T Ay s g 3
ns, * and ** depict not significance, significance at 5% level, and significance at 1% level, respectively.

a5 g a3 plowl | Olewl a1 6 5 Y5k (e S ol (o)
31 a8t loslail as ool b auS O pan (6 5 (55, G yae b olaw] e olusl cosel Cawsay s bl
@) 5l e 45 Gloj diges (61 S jgee Dbl Lo S5 Spae (B SL) Clly ugSans abail o525 (535
Sy 5 (Si9 deyd A Gugby Ll o e dee ¥ 28 Sl ey BB Sl cul wluln i ok
&5 Bpan Hlade il o Lialil 4iBs 5 j90 Vo Sae b ol ofiws (e o V) 53, loine

Ve Gl oF o lads (o335 0,90 « anme pole dnlilad
'Y



o shee BIVE @ VIFA 5 LS o] olSs dmio
2 Js5okS PP Y10V 5l Clowl o5is (55,8 8o
oo o (Mani et al, 2004) cdl el 6 54LS
S5l Brae p oagiun g5 pil o Simg alllns
o5lal (gl a8 wuzdl e g 00,5 Sl 1) olew! ohg
Slr ong 3Pl Bras e dee VIV e axio
(p,55kS 2 Josoks /) Jlade o yticn ol Somgm
2 JoiskS YAV) (nyeS ©)3 IS 5 oS sl s

(Mani et al., 2004) s (5,5 5lS

el oSS JaisheS VY 4 V08 I Sl o3
b gl ol 50 odel Cawsdy bl (F Jgaz) &b
2 Wiged Gloiea o)l Cdilhe Glibze Koo (515
S3Pl Gras oS Wo S B)F olKaagh slasllhs
Cusb) lyzme ;3) @8 G 5 ol Clewl sl 0%
TN sl e o313l 4 Sz ol b (3 a0 po ) ¥
YAV 5 VI/E ATV b pds yiedee TIY oV

yobay (Miao et al., 2011) g #,55LS 5 Jg5ekS
S B3k o3lail Gl b iy el plSin o ailine

800 1 —e— Moisture content= 8%, Rotational speed=1400 rpm
> 200 —*%— Moisture content= 8%, Rotational speed=2000 rpm
2 J
i i Moisture content= 12%, Rotational speed=1400 rpm
) E’ 600 - —o— Moisture content= 12%, Rotational speed=2000 rpm
5, O
% = —{1— Moisture content= 16%, Rotational speed=1400 rpm
500 A . .
2 g —2&— Moisture content= 16%, Rotational speed=2000 rpm
' O
O & 400 A
3 8
AN DN
-5 2 300 A
gi e
: @
o 200 4
=
=8
L 100 A
n
0 T T T T T T T )
0.5 1 15 2 25 3 35 4 45
(ashes) i o3l

Screen opening size (mm)

1195 &8y g (Fagby (gl aliso byl b 53 Sl Bl CawgneS Ol 0319 (6551 B pan p o o3Il b -0 S
Fig. 5- The effect of screen opening size on specific energy consumption of milling of sugarcane bagasse compost in different
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Introduction: The stability and maturity indicators of composted biomasses are important to ensure the quality
of the final product, maintain consumer confidence, and guarantee safe applicability in agricultural uses. In
addition, due to the low energy density and bulk density, the composted biomasses face problems such as
higher storage and transportation costs as well as overall costs in logistics management. Particle size reduction
and densification of composted biomasses can partially overcome these challenges.

Material and methods: Sugarcane bagasse compost (SBC) was prepared from the South bagasse processing
development company (Biofer) for quality characterization and assessing the grinding process toward
densification. For assessing the quality of SBCs, the physicochemical characterization, as well as the analytical
techniques were investigated through differential scanning calorimetry (DSC), X-ray diffraction (XRD),
Fourier transform infrared (FT-IR), and scanning electron microscopy (SEM). In the following, a hammer-
attrition mill was used to improve the physicomechanical properties and reduce the particle size of SBCs. To
this end, an experimental design in the form of factorial design (D-optimal) was used to assess the significance
and optimization of the effects of moisture content of SCBs (8, 12, and 16 w.b.%) and screen opening size (1,
2.5, and 4 mm) and rotational speed (1400 and 2000 rpm) of hammer-attrition mill as independent variables
on specific energy consumption and bulk density as design responses.

Results and discussion: The results obtained from chemical analysis exhibited that the properties of SBCs are
in accordance with existing standards. The SEM micrographs revealed a physical change on the surfaces of
SBCs with a wrinkly and heterogeneous morphology along with longitudinal cracks with the opening of fiber
bundles in cellulose resulting from the degradation of lignin and hemicellulose. This trend was also
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demonstrated by XRD analysis, so that with increasing the crystallinity index (from 62 up to 75), the crystalline
regions of cellulose in SBCs remained unchanged, but the amorphous regions, which includes hemicellulose
and lignin, was slightly decomposed. Changes in functional groups from FT-IR spectra demonstrated that the
microbial-biological degradation of lipids and carbohydrates, as well as dissociation of lignin and polyphenols
occurred in SBCs. From the DSC thermal curves, a glass transition temperature of 89.7 °C was obtained for
SBCs, which due to the peak intensity at this point, the improved maturation and humification of SBCs are
guaranteed. For both responses of specific energy consumption and bulk density of SBCs, a two-factor
interaction (2F1) model with the highest correlation coefficient and the lowest standard deviation was proposed.
The mesh opening size had the greatest effect among the parameters on the specific energy consumption and
the bulk density.

Conclusion: The results demonstrated that the use of comprehensive analytical analyses for an accurate and
comparative study between the final composted biomasses and the raw materials in terms of stability and
maturity indicators, is practical and reliable. Optimization results from D-optimal design showed that under
optimum conditions of moisture content of 8 %w.b, 1-mm mesh opening size and rotational speed 1400 rpm
of hammer-attrition mill, a minimum amount of SEC (141.38 KJ/Kg), and the maximum amount of bulk
density (209.62 kg/m?3) were introduced as optimum responses with the desirability function of 0.88.

Keywords: Bulk density, FT-IR, Milling, Specific energy consumption, Sugarcane bagasse compost, XRD.
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