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Introduction

Activated carbon has a wide range of applications as a porous material in the liquid or gas phase adsorption
process. The physical process of activated carbon production is divided into two stages thermal decomposition
and activation. In this study, only the activation stage has been studied because it is very important in the
properties of activated carbon being produced.

The production of activated carbon from horticultural waste not only leads to cheap production and supply of
many industrial and environmental necessities but also reduces the amount of the produced solid waste. Iran
produces about 94,000 tons of pistachio husk annually, which is a good raw material for the production of
activated carbon. The profitability index of activated carbon production in Iran is equal to 3.63, which in the case
of export, the profitability index will be tripled.

Studies have shown that temperature, period, and activation gas flow are the key factors affecting burn-off
and iodine number during activated carbon production. Among the various activators tested, steam was found to
be the most efficient, with the fastest activation time. For pistachio crops, the minimum iodine number required
fozr eclonomic efficiency is 600 mg g, while the highest specific surface area according to the BET test is 1062.2
m°g-.

Materials and Methods

A Mannesmann tube made of 10 mm thick steel was used to construct the rotating reactor. To minimize heat
loss during operation, the kiln body was insulated with a ceramic blanket capable of withstanding temperatures
up to 1400°C. The kiln had a length and diameter of 190 cm and 48 cm, respectively, and operated at a
temperature of 600°C, requiring approximately 25 kWh of energy for heating. CATIA V5 R21 software was
employed to design the device, while ANSYS R20 software was used for thermal and mechanical analysis. The
rotary reactor was identified as a critical component due to the high levels of thermal and mechanical stress it
experiences. To address these issues, a thermal and fluid analysis was conducted, followed by a mechanical
analysis using the results from the prior step. Subsequently, experimental tests were performed on the actual
model, and the results were analyzed using statistical methods, including the T-student test in IBM SPSS
software.

The central heating unit and its surroundings were modeled using ANSYS CFX to obtain valuable
information on fluid velocity, radiant properties, and heat transfer within the kiln and surrounding area at an
operating temperature of 650°C. The analysis revealed uniform steam flow velocity between the kiln and the
heating unit. To accommodate longitudinal expansion resulting from heat stress, taller rollers were employed to
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allow freedom of movement in that direction, while the lateral movement was unrestricted. This arrangement
allows the reactor length to increase under varying temperatures. The reactor's end was designed with grooves
and pressure plates, incorporating abrasion and compression plates made from refractory fibers to effectively
seal the device. Furthermore, telescopic movement of the parts compensates for expansion effects.

Results and Discussion

The operating temperature of the system was gradually increased to reduce thermal stresses in the reactor
shell. This led to a maximum increment in a longitudinal increase of 11.75 mm. Results from five sets of
experimental tests and five software analyses demonstrated no significant differences between the experimental
and analytical results at a significance level of 5%. Based on the thermal contour analysis, the thickness of the
insulation layer was determined to be 5 cm. To control the operating temperature of the device, two methods
were employed: adjusting the flame length of the burner and using different types of exhaust outlets. These
measures effectively reduced thermal stress on the device.

Conclusion

Thermal and mechanical analysis were useful methods for predicting heat distribution, thermal stresses, and
potential dimensional changes in the activated carbon reactor. To compensate for possible alterations in the
reactor's length and diameter, abrasive plates and friction washers were implemented. Careful control of fuel
input to the burner and regulation of exhaust gas flow helped effectively reduce thermal stresses on the device.
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Fig.3. Activator unit: (1) Feeder unit, (2) Mechanical power generation unit, (3) Insulation cover, (4) Rotary drum, (5)
Variable kiln longitudinal angle unit, (6) Dynamic scaling unit
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Table 1- Analytical and experimental results of T-temperature of outlet materials in 600°C of kiln temperature

s O] 1 2 3 4 5
Experimental test
e g e 545 570 550 547 565
Product temperature ( C)
oall S 154800 240587 368470 487549 687954
Number of elements
s g slod 568 570 565 564 564

Product temperature ('C)
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Table 2- Paired samples T-test output from SPSS software (95% Confidence Interval of the Difference)

Mean Std. Deviation Std. Error Mean Lower Upper t

Sig.
df (2-tailed)

Experimental- Analytical -.192 175

.078 -409 .0258 -2.44 4 071




VPY b 0,5 adgs 5955T ) 5199 0,95 (Suille 3 31y Sl (o802 5 5325k (6500

3 O3t 39)9 pas BLod jl acgormo (39 adgpl (piomen
Job s opl 5l (iU Gl layss s olb slacodgise
20,8 Bld (65l ol 4 drgi b g oad blod 0)8° (b
a0y g Gad (b g canlio (glaolBasS 5 S I solatwl
5905 38 055 el ) cll jgoa b 4 Slge (295
8l (Same dlal 0)lgen ol (29,5
bgsye (slrossly aS 068 51 blas 0 p3Y (gylid Clorius ol pois 4y
(A JS3) 29 dales (gylal Sloads anss JIS ol @

oo L g5 C lime a iy B slod e & a255 L
Jlosl (sl jily bawgs (B8ly Jae 3 45 098" Cuomr 4 (95
Jolae o] (oo psme sliasly )3 0)58 slal Gal33l (xS0l 093 o0
Bios L) LSen o (L1)S (A JSG5) el canday VYO mm L
9 yiecshen A Colbs yia oo YV JlaS b (63Y58 dg) (65, 395
Jsb ol Gogpdio 423 ¥Y (glod 5 yio oo YAV Jsbo
.(Grayeli, Naghipour, & Panahi, 2018) s, yie Jse T
g5l sl a5 a5 Alan Mo cosel Cowdey ol 4 a6 L
5 b ot o 9Ty sk I3l bl cap slie
95515 (o5 g ey el 5 (Sl plsl 93 655 K

095 (513 0)l925 1> g dn > Fov clod 5 5L 6yg8 Sy HglS —A JSS
Fig.8. Contour of internal kiln deformation at 600°C
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Fig.9. Thermal deformation control mechanism: (1) Kiln insulation cover, (2) Rotary drum, (3) Locking key, (4)
Labyrinth ring, (5) Sliding ring, (6) Discharge chute
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Fig. 10. Kiln insulation
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Fig.11. Central heat generator and its dual exhausts designed for different thermal conditions: (1) Burner position, (2)

Heating Pipe, (3) First exhaust for minimum heat exchange, (4) Second exhaust for maximum heat exchange, (5)
Separation Plate
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Fig.12. Reactor temperature curve using dual heat control methods
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