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Figure 1- Powder obtained from rose damascena waste
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Table 1- The method of naming Adsorbent samples
Sample Activation Cu Activation

Name Precourser ratio Impregnation = temperature ( °C) Sample
ACR-0.5 Rose damascena waste 0.5 = 800 1
ACR-1 Rose damascena waste 1 - 800 2
ACR-2 Rose damascena waste 2 = 800 3
ACR-2-Cu Rose damascena waste 2 4 800 4
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2. Fourier Transform Infrared Spectroscopy
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1. Field Emission Scanning Electron Microscopy
2. Scanning Electron Microscope
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1. Pseudo-first order
2. Pseudo-second order
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Figure 2- FTIR analysis results of activated carbon samples
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Pore Mean Vineso
Diameter (nm) (cm3/g)
1.845 0.04
1.868 0.032
1.889 0.040

Table 2-Textural properties of the prepared samples

Vinicr v, SBET
(cméla) (cm:;/g) (m2/g) Sample
0.574 0.614 1330.6 ACR-1
0.920 0.953 2041.3 ACR-2
0.976 1.017 2155.3 ACR-2-Cu
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SEM MAG: 5.00 kx 5]

WD: 4.84 mm BI: 7.00 10 pm
View Neld: 41.5ym |Date{miary): 01/26/20

Det: inBeam

SEM MAG: 10.0 kx Det:
WD: 4.84 mm Bl
View field: 20.8 ym  Date(midly): 01/2620
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SEMMAG: 5.00 kKX
WD: 4.87 mm
View Tield: 41.5pm _ Date{mai

SEM WMAG: 5.00 kx Det:
WD: 5,02 mm Bl
View fieid: 41.5 ym _ Date{micy): 01726120

SEMMAG: 10.
WD: 5.02 m
View ield: 208 pm  Date
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SEM MAG: 50.0 kx Dat: InBeam
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Table 3- Langmuir and Friendlich isotherms' constants for ACR samples

Ferundlich Isotherm Langmuer Isotherm
3 3 Sample
KF n R R RL KL Amax
5.93 1.94 0.996 0.99 0.04-0.1 0.12 34.97 ACR-0.5
9.19 2.58 0.986 0.98 0.017-0.030 0.34 | 2854 ACR-1
11.94 2.74 0.967 0.995 0.01-0.022 0.58 | 29.57 ACR-2
14.41 2.73 0.999 0.967 0.005-0.011 | 1.11 | 28.40 | ACR-2-Cu
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Table 4- Kinetic parameters for the adsorption process of differnet samples

Quasi second order Quasi first order
K
| delcal) & g | de(cal) Ki | de(exp?) | sample
-1
(mg$/8) | (g min (mgS/g) | (min™) | (mgS/g)
0.99 10.69 0.19 0.99 10.58 0.34 10.75 ACR-0.5
0.99 11.04 0.19 0.99 10.94 0.31 10.99 ACR-1
0.99 11.02 0.31 0.99 11.02 0.47 111 ACR-2
0.99 11.19 0.44 0.99 11.115 0.41 11.17 ACR-2-Cu
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Table 5- Adsorption Capasity mgS/g with an initial concentration of 500 ppm at different times

Time(min
180 120 60 40 20 10 Sample
10.68 10.75 10.61 10.48 10.36 10.27 ACR-0.5
10.95 10.99 10.93 10.96 10.89 10.48 ACR-1
10.93 10.89 11.1 11.17 11.03 10.93 ACR-2
11.21 11.14 11.17 11.16 11.08 10.98 ACR-2-Cu
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Adsorption Kinetics and Equilibrium of Model Fuel Desulfurization by
Activated Carbon Synthesized from Rose Damascena Waste

Elham Moosavi*, Davod Hajian?, Ramin Karimzadeh®"
1- Imam Khomeini International University, Buein Zahra Higher Education Center of Engineering and Technology, Chemical and Materials
Engineering Department, Qazvin, Iran, e.moosavi@bzte.c.ir
2- Department of Chemical Engineering, Tarbiat Modares University, Tehran, Iran, d.hajian4779@gmail.com
3- Department of Chemical Engineering, Tarbiat Modares University, Tehran, Iran, ramin@modares.ac.ir
*Corresponding author
(Received: 2021.07.29, Received in revised form: 2021.09.25, Accepted: 2022.03.01)

Samples of low-cost activated carbons were synthesized from rose damascena waste by chemical activation using KOH as an
activator with different KOH to rose damascena waste ratios (0.5, 1 and 2) as named ACR-0.5, ACR-1, ACR-2. One sample
was loaded with copper nanoparticles (ACR-2-Cu). The synthesized activated carbons have been characterized using FESEM
(Field Emission Scanning electron microscopy), FTIR (Fourier transform infrared spectroscopy) and BET surface area
analyzer. All activated carbon samples were used in desulfurization of a model diesel fuel composed of n-Heptane 4,6-
dimethyldibenzothiophene (4,6-DMDBT) as sulfur containing compound. Results showed that ACRs with BET surface areas
up to 1330-2155 m? /gr were obtained. The BET surface areas and pore volumes increased with KOH to rose damascena waste
ratio and Cu functionalization. More than 95% of 4,6-DMDBT adsorption capacity was reached in the first 10 min of adsorption
experiment. The efficiency of sulfur removal by ACR was increased by enhancement the KOH to rose damascena waste ratio
and by Cu functionalization. The 4,6-DMDBT adsorption capacity follows the order: ACR-2-Cu> ACR-2> ACR-1> ACR-0.5.
The maximum adsorption capacity of ACR-2-Cu sample to 4,6-DMDBT was 24 mg S/gr adsorbent and the adsorption capacity
was related to the volume of narrow micropores and Cu nanoparticles. The kinetic data was well described by pseudo-second
and first-order kinetic models and the equilibrium adsorption data was well fitted to the Langmuir and Freundlich models to
estimate the adsorption parameters.

Keywords: Rose Damascena waste, Activated Carbon, Desulfurization, 4,6-DimethylDibenzothiophene, Adsorption
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