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Performance Comparison of a Vertical Kiln and Feasibility Study of Using Cassava Rhizome

Charcoal for Smith Forging Process
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Abstract

The present research aimed to compare the efficiency and feasibility of using a vertical kiln with cassava
rhizome charcoal in the blacksmithing process; cassava rhizome charcoal was tested as fuel in the process of
burning steel for forging, substituting the use of vegetal charcoal. The results are as follows. Average heating values
of cassava rhizome charcoal obtained from all 3 charcoal drum kilns viz. 1) 200 L vertical drum kiln (DEDE) 2) 200
L pyrolysis vertical drum kiln 3) 200 L open top lid drum kiln were between 6,269.38-6,431.42 cal g’; all the values
were not significantly different. Open-top lid drum kiln exhibited highest production rate of charcoal, percentage
charcoal yield and kiln efficiency. When cassava rhizome charcoal was used to replace charcoal in the blacksmithing
process, it was found that cassava rhizome charcoal could burn steel for forging at a maximum temperature of

961.44 °C, burning rate of 11.14 kg h™ and burning ability of 0.63 kg(ion kg (coat. The cost of producing cassava
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rhizome charcoal was 2.80 Baht kg™ It can be concluded that the cassava rhizome charcoal under the study was

unable to yield the optimum temperature for burning steel for forging. However, the overall study results reveal

the cassava rhizome charcoal production methods and cost of cassava rhizome charcoal production. The cassava

rhizome charcoal still exhibits potential to be used as cooking charcoal in households. It can also be produced

into pelleted fuel or can be used in the form of biochar to improve soils with low fertility.

Keywords: Smith forging process, Cassava rhizome, Cassava rhizome coal, 200 | drum kiln
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Table 1 Comparison of physical properties, proximate analysis values and calorific values between cassava rhizome

charcoal and wood charcoal.

Property Wood charcoal’

. 2
cassava rhizome charcoal

. 3
cassava rhizome charcoal

Bulk density; g cm” -

Moisture; % w.b. 0.76
Fixed carbon; % 61.23
Ash; % 1.15
Volatile; % 36.86
HHV; cal ¢ 7,069

0.162 -
7.23 -
32.90 23.13
13.48 4.95
46.39 71.92
5,269 4,309

1Sayakoummane and Ussawarujikulchai, 2009; “Sen et al,, 2016; *Nakason et al., 2019
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2.1.1

Figure 1 A 200 thre vertlcal drum kiln (DEDE).
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Figure 2 A 200 litre pyrolysis vertical drum kiln.
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Figure 3 A 200 litre open top lid drum kiln.
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Figure 4 The knife handle forging.
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Figure 5 The iron furnace for forging.
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Table 2 Properties of charcoal obtained from different types of charcoal kilns.

200 litre
200 litre vertical drum pyrolysis 200 litre open top lid drum
Property . ) .
kiln.(DEDE) vertical drum kiln
kiln
Volume capacity (m®) 0.150 0.199 0.212
Volume capacity (L) 150.35 198.75 211.75

Fuel type Wood twig fragments Used lube oil Wood twig fragments
(small quantity)

Weight of raw cassava rhizomes in 31.33+4.04 41.50+3.28 42.06+2.09

kiln (Mreedstock); (kg)

Process time (Prime); (h) 6.0+2.1 3.9+0.5 3.4+1.4

Yield production charcoal (Mcpan); (kg) 3+£1.56 6+0.56 11.67+5.13

Yield charcoal rate (Pehar); (g min™) 9.30+6.87 25.92+6.25 56.23+3.68

Charcoal Yield (Yehar); (9) 9.27+4.26 14.48+1.23 27.39+11.05

Efficiency (nchar); (%) 10.08+3.17 15.31+0.39 27.67+11.39

Table 3 Comparison of calorific values of cassava rhizome charcoal and blacksmith charcoal.

Type of Charcoal Kiln

High Heating Value (cal ¢™)

200 litre vertical drum kiln. (DEDE)
200 litre pyrolysis vertical drum kiln
200 litre open top lid drum kiln

blacksmith charcoal

6,388.45"+131.42
6,431.02°+126.20
6,269.38"°+154.66
6,693.58°+25.49

*® Mean values with different letters for each row are significantly difference (DMRT) at P < 0.05.
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3.3 wansanwInslva s Uz vaaaunia il
NTLUIUNITANEN
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Han13nTIvTanazTuiingaumgfivesnisltdaiufivan
Yagtudssuimisuivauminduderamawnuaiuldly
MsAman Jenaitldiauansly table 4 annan15nTI9Tn

Y o o

wungungiiiadevesarumindudvsnaslugriliddn
91n1A1 625.67°C wagligaumgiigeanaiigluyraniinisidn
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=]
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Table 4 Performance comparison results between cassava rhizome charcoal and blacksmith charcoal.

Performance

Blacksmith Charcoal Cassava Rhizome Charcoal

The lowest temperature on the steel furnace rail;
without blowing air (°C)

The highest temperature on the steel furnace rails; air
blowing range (°C)

Burning rate (kg h™)

Coal Capacity (Kgron kg coat )

860.33+56.58 625.67+107.87

1,078.20+49.89 961.33+28.20

9.91+0.33
1.66+0.07

11.14+1.60
0.63+0.06
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AT NG N LA 91ULRE 8 0.63 Kelrom Keicony 4318
Wisuiisuiuaussousveaulilifmanlutlagdu nui
grumnitudlendadiaussauzaininauliiae 629% e
tarldlunswmdnifiedtugzy Sadunauaingamngilu
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Table 5 Cost analysis of the use of cassava rhizome charcoal in blacksmithing process.

Cost (Baht kg™

Cost ratio (%)

Cost item Analysis list ]
(raw material)
Cassava rhizome There is no buying-selling of 0 0
cassava rhizomes in the area (only
labor costs are collected and
removed from the area).
Labor costs for collecting cassava (350 Baht day ' x 4 man)/2,700 kg. 0.51 18.2
rhizomes from the crop area
Transportation costs from the crop 4-wheel pickup trucks, load 0.59 21.1
area to the charcoal kiln plant (at a capacity 3.25 m’ ; 400 Baht trip” x
distance of 50 km; The average cassava 670 kg trip”
rhizome density was 206.14 kg m™).
Conversion cost of cassava rhizomes to 1) Kiln cost 600 Baht kiln™ x 5 kiln 1.70 60.7
cassava rhizome charcoal (Charcoal = 3,000 Baht, estimated service
production rate per day = 11.67 kg life 365 Times, costing 8.22 Baht
charcoal kiln™ x 5 kiln day’1 = 58.35 day’l.
KS(charcoal) day’1 ; Calculating the quantity  2) Labor cost 350 Baht day’1
of raw materials of cassava rhizomes**  3) no fuel charge
58.35 kg(charcoal day’1 x 3.6 = 210.06 kg Total expenses 358.22 Baht day’1
(cassava rhizomes) day”"
Total cost of cassava rhizome charcoal production 2.80 100

“No charge for the cost of cassava rhizomes, because the farmers already wish to remove the rhizomes from the

the crop area. Usually have to hire workers to collect out, collect the incineration pile or plow, but be careful not

to become weeds in the new round of planting.

“Calculated from the ratio of the conversion rate from cassava rhizomes to cassava rhizome charcoal at 3.6:1.

Conversion cost of
cassava rhizomes to
cassava rhizome
charcoal 60.7%

\

Labor costs for

collecting cassava

rhizomes from the

crop area 18.2%

21.1%

Figure 6 The production cost of cassava rhizome charcoal.

WU AMTsuAvTIUTIIuitdudUyudsesnain
flufl 051 Baht kg Amifiu 18.2% ANYUEIINLUASEA LN
81U 0.59 Baht kg Amdu 21.1% Audasanimniidu
drugnduduaruninludUsnds 1.70 Baht kg™ Antdu
60.7% FaAuNUNMINERaUmIEud1Usnas 2.80 Baht kg
' (dduddends) arAndiasgsuualdingludiunes

Transportation costs
from the crop area to
the charcoal kiln plant

ATLTINULAUTIUTINLAY AR nLUas 1WinFu 1,100
Baht tons™ (14111 USIUTINATENS 99107 L UW2sTY
duzwdeananulasluneuninduuds) luvaeiisiandu
ovoefUsznaunisndnd emdsindananinmiadiy
dlunasnuay 670-970 Baht (551, 2556) way 615 Baht
(8N, 2565) ﬁﬂﬁmwmmmmmgﬂaﬁ%Lﬁmamm
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