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MR. NATTARAT CHUTWIBOONKUN : THE IMP
PROPERTIES BY TORREFACTION ROTARY KILN THES
THARAWADEE

This research studies the effect of torrefaction proc
kiln on torrefied biomass properties. Corn crop and rice
research. In this research the effect of torrefaction temperat
therotarylkion properties of torrefied biomass are investiga
rotary kiln ( 6 meters length and 0.3 meters diameter ) is u
Liquid petroleum gas is used for the heat source. The inte
counter emtrflow with the biomass and the Hea¢ iatiorogypdrer
inclination of kiln is around 2 degrees. The temperature
250+5 and 2P0+5The rotation speed is at 1, 2 and 3 rp
distribution, moisture partielat,distribution, Higher heating v
and energy yield were studied. In conclusion, the bibe
torrefaction process was better than raw material when
increased, the moisture content amdeedasseysdide highest
yield and energy yield was found at 3 rpm with 230 degree «
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2.4.2.3 Short Dry Kilns
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2.4.2.4 Cooler and Dryer Kilns
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2.4.2.5 Indirect fired Kiln
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2.7 Rotary Kiln torrefaction
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Particle size (millimeter)
K@ ERNKBKN&N] T Al el Eel RT0E LnNjoNZEKkEd! G
ENENENKT hKEFEENINT LKD) cech©l nNI |
eNNENKEKNEéEN] 6mil &8 EKINN® H T f iKW OlIrE
EKNYT I TENKO1I Nr JLOE&nRI OBNLNE|] k &
EFEFTnijNeéel NhOKRESI Nr JINE&NRIT «
EKNT I TENKTFKAORIEQHE NA BNKAL 1©N0]6 16Kk IC
ijN] &l gnil JI kKkhKkEOLNE|] K & ©&81T Nh T
L OEOENKLKN]TAl 8FElFITnijNeeNj Nr EL
el NJOKRI KIT @&IEINKTInnrTI-6] TN @&l r 6kT hiNkoE T
61 K NT NT INE] Nr E&EnRI O SNE 661 k NT



6!

47 Kk eh ®3 GNEJI Kk Ok Nj Kk ech ©6 §NEI K AEEI
A7TOEKT

O 04RO @O 6 § N

KHEBOT T nl T NTAO

HREDIChET NE] K ech©3gNEJIT Kk OKON| Kk o

— A

KFT T nt 230]260QT00E LI M\joHG kijoOG@IN . O6 hj € NE

El EKNT I TENKITFKaOWéegnriT T ART 61 Nr -

6hj] T nr OE 230 TEI KN oSIXKOAR i1 rL ey iRl ije @I NG |
T fr 256 WILGKBIGHG L1 A RBD.ABN J K NGiRD @i
F ELNOG Gk 6Gnj L1 2v.B8|é NIGhoeGRN j T kdpehoa 3

~

EKNY I TENKOr NrJ&dnRTI LnNEj Kk & ©6 ENh |
I EOEK 230 EK N®IGK a0 j i ij & & ¢ RN

~

8

250 EL NG Gk 6 Gnj L 3508 nINK & ach RIDIGHBLEND K K
é . [
|

EJI Kk Ok Nj Kk ch ©06 §

5GkoOGN] LOJNn®E6es N| K@b OB H NEOE R IEERING
Ol NDrF EJNENE] kKeh©O®0gNEJI K1 nr KhKkKE(
I SNEI ol T nijNedlEgnal Il kT AarjnNI EKI
KOlFT éFHEOEKT T I KNeJKAEBRRITONBKR'
LNEj KE ©enNeli NJKorT eRBOAT J1 kT Ik

100.00 mass yield at 230 degree celsius 100.00

90.00 mass yield at 250 degree celsius 90.00

80.00 + mass yield at 270 degree celsius 80.00

70.00 + energy yield at 230 degree celsius 70.00 =
3 60.00 x energy yield at 250 degree celsius 60.00 ;-5
f; 50.00 ) x energy yield at 270 degree celsius 50.00 E
2. 40.00 : ] 000
Z 30.00 Py 30.00 5
= 20.00 X 20.00

10.00 10.00

0.00 0.00

220 230 240 250 260 270 280
Temperature (degree celsius)
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100.00 mass yield at 230 degree celsius 100.00

90.00 mass ;/ield at 250 degree celsius 90.00

80.00 + mass yield at 270 degree celsius 80.00

70.00 + energy vield at 230 degree celsius 70.00 =
§ 60.00 . x energy yield at 250 degree celsius 60.00 E
E 50.00 x energy yield at 270 degree celsius 50.00 “-i
% 40.00 X . 40.00 %
2 3000 2 30.00 5

20.00 20.00

10.00 10.00

0.00 0.00
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100.00 mass yield at 230 degree celsius 100.00

90.00 mass ;’ield at 250 degree celsius 90.00

80.00 + mass yield at 270 degree celsius ~ 80.00

70.00 +energy yield at 230 degree celsius -~ 70.00 2
=\? 60.00 + x energy yield at 250 degree celsius -~ (.00 §
‘!f 50.00 . x energy yield at 270 degree celsius 50.00 E_
£ 40.00 X ¥ w000
é 30.00 3000 5

20.00 20.00

10.00 10.00
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100. 100.

00.00 mass yield at 1 rpm mass yield at 2 rpm ¢ mass yield at 3 rpm 00.00

2000 ield at 1 ield at 2 ield at 3 2000

+ energy yield at 1 rpm X energy yield at 2 rpm x energy yield at 3 rpm

80.00 &y P By Y P By P 80.00
_ 70.00 70.00 ;\E
= 60.00 - % 60.00 =
9 _ * =
< 50.00 . 50.00 =
= * %
w 40.00 40.00 £
g 2
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20.00 20.00

10.00 10.00

0.00 0.00
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100.00 100.00

90.00 mass yield at 1 rpm mass yield at 2 rpm + mass yield at 3 rpm 90.00

80.00 +energy yield at 1 rpm x energy yield at 2 rpm x energy yield at 3 rpm 80.00
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100.00 mass vield at 230 degree celsius mass vield at 250 degree celsius 100.00

90.00 — : — : 90.00

50.00 + mass yield at 270 degree celsius +energy yield at 230 degree celsius 80.00
3 70.00 Xenergy yield at 250 degree celsius Xenergy yield at 270 degree celsius 70.00 G\E
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100.00 . , . , 100.00
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100.00 mass yield at 230 degree celsius mass yield at 250 degree celsius 100.00
90.00 + mass ;'ield at 270 degree celsius + energ;' yield at 230 degree celsius 90.00
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100.00 100.00
mass yield at 1 rpm mass yield at 2 rpm + mass yield at 3 rpm

90.00 90.00
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100.00 100.00
mass yield at 1 rpm mass yield at 2 rpm + mass yield at 3 rpm

90.00 90.00
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| T NKNEOLhEénNel NJgnRi el EO
K SNI TAl FJnNE| el NJ el NJg
1 10
2 gl Ji kA NT 9.2 986
3 10.4
4 1 34
5 230 2 34
6 3 34
7 5 1 34
8 o 250 2 3.6
9 c 3 4
10 1 4.6
11 270 2 6
12 3 5.8
13 1 3
14 230 2 3
15 3 2
16 § 1 3.8
7 250 2 3.4 3.98
18 c 3 4.4
19 1 34
20 270 2 5
21 3 8
22 1 3
23 230 2 2.4
24 3 2.6
25 £ 1 4.2
26 @ 250 2 4.8
27 = 3 4.4
28 1 4.2
29 270 2 4.4
30 3 4
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I T NKNEOL ol éEmRMNNIT bk &R0 RINEIEK N
TAl ] nNE el NJ el NJgn

11.¢
gl Ji kN 11.4

12./ 11.93
230 1 2.8
230 2 3.2
230 3 3
§ 25 1 34
o 250 2 3.4
c 25 3 3
277 1 3.8
270 2 3.8
27 3 34
230 1 4.4
230 2 4.4
- 23 3 3.2
g 250 1 3

~ 250 2 34 3.83
c 25 3 3.8
270 1 4.2
27 2 3.6
27 3 4
230 1 4.2
230 2 3.2
23 3 4.4
£ 250 1 5
X 250 2 4.2
c 25 3 4.8
27 1 4.8
27 2 4.8
270 3 4
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I BKT Rfhh hiNNé OE

ENKEKN&N] T Al &
_ 230 250 270 | raw mather
> (%) ) | %) | ()
3.35 < 0.07 0.03 | 0.10 0.30
1.7#3.35 2.71 1.28 1.06 37.80
0.851.7 18.03 11.21| 6.77 54.66
0.60.85 34.51 26.49| 14.62 3.77
0.429.6 28.54 31.12| 22.23 0.89
0.30.425 9.53 18.78| 26.07 0.69
0.210.3 3.03 6.45 15.81 0.50
0.150.212 1.25 2.35 7.96 0.30
0.106).15 0.46 0.53 1.93 0.20
0.078.106 0.33 0.30 0.76 0.30
0.053).075 0.46 0.36 0.73 0.20
<0.053 1.08 1.09 | 1.96 0.40
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size 230 250 270 raw mat
(%) (%0) (%) (%)

3.35< 0.00 0.00 0.20 0.30
1./3.35 9.38 1.61 2.58 37.80
0.851.7 34.15 13.02 13.17 54.66
0.60.85 33.26 30.32 26.94 3.77
0.428).6 16.77 26.63 31.55 0.89
0.30.425 3.71 17.34 16.97 0.69
0.21:0.3 1.09 6.64 4.74 0.50
0.150.212 0.50 2.60 1.57 0.30
0.108.15 0.05 0.50 0.39 0.20
0.078.106 0.05 0.20 0.33 0.30
0.053.075 0.70 0.30 0.49 0.20
<0.053 0.35 0.85 1.08 0.40
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size 230.00| 250.00| 270.00] raw matel
(%) (%) (%) (%)
3.35< 0.07 0.10 0.13 0.30
1.£3.35 7.34 3.57 2.96 37.80
0.851.7 36.80 18.72 17.69 54.66
0.60.85 30.67 36.63 36.50 3.77
0.4285).6 15.01 27.93 27.25 0.89
0.30.425 5.46 8.28 8.92 0.69
0.2120.3 2.23 2.42 3.03 0.50
0.150.212 0.98 0.89 1.37 0.30
0.108.15 0.33 0.26 0.49 0.20
0.079.106 0.23 0.20 0.36 0.30
0.053).075 0.30 0.30 0.42 0.20
<0.053 0.59 0.69 0.88 0.40
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ENKEKN T nH e ReBERiEOLINND Gk piiGig A E
_ 1 2 3 raw mathe
size
(%) (%) (%) (%)
3.35< 0.07 0.00 0.07 0.30
1.73.35 2.71 9.38 7.34 37.80
0.851.7 18.03 34.15| 36.80 54.66
0.60.85 34.51 33.26| 30.67 3.77
0.428).6 28.54 16.77| 15.01 0.89
0.30.425 9.53 3.71 5.46 0.69
0.21:0.3 3.03 1.09 2.23 0.50
0.150.212 1.25 0.50 0.98 0.30
0.1040.15 0.46 0.05 0.33 0.20
0.078.106 0.33 0.05 0.23 0.30
0.053.075 0.46 0.70 0.30 0.20
<0.053 1.08 0.35 0.59 0.40
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Ol

temperature 1 2 3 raw mathe
size (%) (%) (%) (%)
3.35< 0.03 0.00 0.10 0.30
1.73.35 1.28 1.61 3.57 37.80
0.851.7 11.21 13.02| 18.72 54.66
0.60.85 26.49 30.32| 36.63 3.77
0.428).6 31.12 26.63| 27.93 0.89
0.30.425 18.78 17.34| 8.28 0.69
0.21:0.3 6.45 6.64 2.42 0.50
0.150.212 2.35 2.60 0.89 0.30
0.104.15 0.53 0.50 0.26 0.20
0.078.106 0.30 0.20 0.20 0.30
0.053.075 0.36 0.30 0.30 0.20
<0.053 1.09 0.85 0.69 0.40
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ENKEKN T nH e RermsigoLINgD -Gk piicig A E
_ 1 2 3 raw mathe
size
(%) (%) (%) (%)
3.35< 0.10 0.20 0.13 0.30
1.73.35 1.06 2.58 2.96 37.80
0.851.7 6.77 13.17| 17.69 54.66
0.60.85 14.62 26.94| 36.50 3.77
0.428).6 22.23 31.55| 27.25 0.89
0.30.425 26.07 16.97| 8.92 0.69
0.210.3 15.81 4.74 3.03 0.50
0.150.212 7.96 1.57 1.37 0.30
0.108.15 1.93 0.39 0.49 0.20
0.078.106 0.76 0.33 0.36 0.30
0.053.075 0.73 0.49 0.42 0.20
<0.053 1.96 1.08 0.88 0.40




size 230 250 270 | Raw matd
(%) (%) (%) (%)
3.35< 68.86] 49.16 44.36 86.00
1.73.35 28.27| 45.42 44.70 6.61
0.851.7 1.21 3.49 6.48 1.58
0.60.85 0.30 0.46 1.16 1.28
0.429).6 0.25 0.05 0.96 1.38
0.30.425 0.15 0.10 0.51 0.79
0.210.3 0.15 0.15 0.30 0.49
0.150.212 0.10 0.10 0.25 0.39
0.108.15 0.10 0.20 0.10 0.30
0.078.106 0.10 0.10 0.15 0.30
0.053.075 0.20 0.20 0.30 0.49
<0.053 0.30 0.56 0.71 0.39
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BN K E K NGANG & N held: 1 Efy ij kel 17 Al rnék 11
size 230 250 270 raw materiz

(%) (%) (%) (%)

3.35< 47.90 48.69 42.49 86.00
1.73.35 44.86 43.62 46.53 6.61
0.851.7 4.71 5.16 6.86 1.58
0.60.85 0.71 0.76 1.27 1.28
0.428).6 0.46 0.30 0.74 1.38
0.30.425 0.25 0.10 0.44 0.79
0.2120.3 0.25 0.10 0.34 0.49
0.150.212 0.15 0.15 0.23 0.39
0.106.15 0.10 0.10 0.13 0.30
0.078.106 0.10 0.10 0.13 0.30
0.053.075 0.20 0.30 0.23 0.49
<0.053 0.30 0.61 0.60 0.39
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size 230 250 270 raw materiz
(%) (%) (%) (%)
3.35< 59.78 | 47.83 | 45.30 86.00
1.73.35 34.74 | 41.06 | 45.90 6.61
0.851.7 1.57 5.79 5.97 1.58
0.60.85 0.29 1.31 0.81 1.28
0.429.6 2.25 0.94 0.30 1.38
0.30.425 0.10 0.50 0.10 0.79
0.21:0.3 0.20 0.40 0.20 0.49
0.150.212 0.20 0.37 0.10 0.39
0.108.15 0.10 0.30 0.10 0.30
0.078.106 0.20 0.30 0.10 0.30
0.053.075 0.29 0.44 0.40 0.49
<0.053 0.29 0.74 0.71 0.39
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ENKEKN&a NEgPBRNh Bh WBHNBI NG Gk 6 Gi |

size 1 2 3 raw mather
(%) (%) (%) (%)
3.35< 68.86 47.90| 59.78 86.00
1.73.35 28.27 44.86| 34.74 6.61
0.851.7 1.21 4.71 1.57 1.58
0.60.85 0.30 0.71 0.29 1.28
0.428).6 0.25 0.46 2.25 1.38
0.30.425 0.15 0.25 0.10 0.79
0.21:0.3 0.15 0.25 0.20 0.49
0.150.212 0.10 0.15 0.20 0.39
0.1080.15 0.10 0.10 0.10 0.30
0.078.106 0.10 0.10 0.20 0.30
0.053.075 0.20 0.20 0.29 0.49
<0.053 0.30 0.30 0.29 0.39
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ENKEKN&a RPN Bh Wp0BI NG Gk 6 Gi |

size 1 2 3 raw mather
(%) (%) (%) (%)
3.35< 49.16 48.69| 47.83 86.00
1.73.35 45.42 43.62| 41.06 6.61
0.851.7 3.49 5.16 5.79 1.58
0.60.85 0.46 0.76 1.31 1.28
0.429.6 0.05 0.30 0.94 1.38
0.30.425 0.10 0.10 0.50 0.79
0.21:0.3 0.15 0.10 0.40 0.49
0.150.212 0.10 0.15 0.37 0.39
0.1080.15 0.20 0.10 0.30 0.30
0.078.106 0.10 0.10 0.30 0.30
0.053.075 0.20 0.30 0.44 0.49
<0.053 0.56 0.61 0.74 0.39
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ENKEKN&a NEgDBRNh Bh ByQNBI NG Gk 6 Gi |

_ 1 2 3 raw mather
size
(%) (%) | (%) (%)
3.35< 44.36 42.49| 45.30 86.00
1.73.35 44.70 46.53| 45.90 6.61
0.851.7 6.48 6.86 5.97 1.58
0.60.85 1.16 1.27 0.81 1.28
0.428).6 0.96 0.74 0.30 1.38
0.30.425 0.51 0.44 0.10 0.79
0.21:0.3 0.30 0.34 0.20 0.49
0.150.212 0.25 0.23 0.10 0.39
0.1080.15 0.10 0.13 0.10 0.30
0.079.106 0.15 0.13 0.10 0.30
0.053.075 0.30 0.23 0.40 0.49
<0.053 0.71 0.60 0.71 0.39
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Yea O- YyEOEaeeAxeiY®ea O- YEOGER&®O0EEO6 U
I n H mass yi{ energy yi energy yielday sd | error

rpm N
230 44 .56
230 | 46.40 45.47 44.96 0.46| 0.68
230 44.86
250 36.21

1 250 | 35.10 35.44 35.78 0.39| 0.63
250 35.70
270 19.66
270 | 27.58 19.66 19.66 0.00| 0.00
270 19.66
230 58.01
230 | 50.30 58.67 58.23 0.38| 0.61
230 58.01
250 37.27

2 250 | 39.00 39.06 38.29 0.92| 0.96
250 38.55
270 34.21
270 | 41.00 33.27 33.66 0.49| 0.70
270 33.50
230 58.67
230 | 47.03 58.67 58.67 0.00| 0.00
230 58.67
250 43.97

3 250 | 50.67 41.98 43.02 1.00| 1.00
250 43.12
270 42.54
270 | 35.43 41.46 42.90 1.64| 1.28
270 44.69
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i Keh©6gNEJI Kk OKkNj Kk eh ®3 §NE | K
rpm I H mass yi¢ energy yij energy yield av] sd error
230 63.56
230 | 42.20 65.86 63.90 1.8181 1.3483
230 62.27
250 56.05
1| 250| 36.48 57.37 57.37 1.3291 1.1528
250 58.70
270 47.01
270 | 30.60 49.62 47.76 1.6200| 1.2728
270 46.64
230 67.83
230 | 43.63 65.98 66.91 1.3115{ 2.2904
230 66.91
250 58.34
2 | 250| 36.67 58.34 58.34 0 0
250 58.34
270 57.98
270 33.50 57.17 57.98 1.1508} 1.0727
270 58.79
230 71.64
230 | 46.08 71.36 71.27 0.4274] 0.6538
230 70.80
250 59.49
3| 250| 36.69 64.39 60.75 3.2004{ 1.7889
250 58.38
270 59.16
270 | 34.18 58.33 58.75 0.5871} 0.7662
270 58.75
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