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Abstract

Physic nut residue is one of bio-wastes which contains enough carbon can be processed further into other
products with higher usage and economical value. One of the products is activated carbon which used
commonly in chemical industry. Information regarding the kinetics describing mechanism and characteristic
of adsorption using physic nut residue-based activated carbon can be obtained through modeling. Model
used in this research are Pore-Surface Diffusion Model (PSDM) and Film-Pore Diffusion Model (FPDM)
derived based on shrinking core model. This research begins with estimating the value of ki, Ds and D,
parameters which later will be validated and simulated using various correlations and the model. Variations
are done towards three variables: initial aqueous phase concentration (Cp), pH value, and adsorbent types.
The result shows PSDM is more accurate in representing the mass transfer characteristics of methylene blue
adsorption using activated carbon synthesized from physic nut residue because the model prediction fit the
experimental data better than the FPDM. The value of Ds ranged from 3, 99E-14 to 7, 66 E-14 while the
value of D, ranged from 9, 98E-13 to 2, 82E-12 . It is also found that value of Ds and D, are affected by
variables mentioned before.
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Introduction

Adsorption is a separation process which plays y rkde in modern industries, especially in the diadf
environmental engineering. Adsorption processes kaiag employed for large scale chemical recovenyd a
purification applications. Adsorption operationg amainly concerned with the ability of adsorbentselectively
concentrate substances from solution onto thefases, such as the moisture removal of gasolinegldezation of
petroleum products, and the removal of pollutarisfeffluents. (Seadeg.al.,2010)

The design stage of adsorption system requiresnvg#ton regarding the kinetics of the adsorptioncpss,
usually obtained through experiments. Model impletagon to adsorption process is done to understhrd
equilibrium, kinetics, and capacity of the adsoti®sed on equation that will be constituted aretius

Models that will be used in this study are two-stmice diffusion model based on shrinking core rhode
Shrinking core model itself assumes the saturatiger (pores that were already occupied by fluidemales)
willmove towards the center of the adsorbent plartior a certain amount of time, leaving an infyt small,
shrinking unreacted core. The first model assurhesate determining steps are pore and surfacesifi; hence
the model is calle@ore-Surface Diffusion Model (PSDM). The other model assumes film and poreusiifin are the
rate determining steps; hence the model is cdiéu+-Pore Diffusion Model (FPDM). The study is conducted in
order to acquire the best model which is capableepfesenting the batch adsorption of methylene hising
activated carbon synthesized from physic nut residu

Methodology
Adsorption is a process which a fluid is bound ke tsurface of a solid (adsorbent). The mass-transfe
mechanisms on a typical adsorption process aregmaplpon four steps:
a) Convective transport of fluid to interphase bougdayer (film).;
b) External mass transport of fluid from film to theter surface of adsorbent;
¢) Internal transport of fluid from the outer surfamfadsorbent to the inner surface of adsorbentutitiqpores.
This process consists of two sub-steps:
a. Pore diffusion, in which the fluid diffuses toward& interior of the adsorbent’s pores;
b. Surface diffusion, in which the fluid diffuses tondla the inner surface of the adsorbent througiptines.
d) Adsorption of the fluids on the adsorbent’s surfag@/orch, 2012)

Pore Surface Diffusion Model (PSDM)
The basic assumptions in establishing this massfea-based model are: (Chetral, 2001)
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a. The mass-transport resistance in the particle eat&oundary layer is negligible.
b. Pore and surface diffusion are the two rate-coliigohmechanisms in this model.
c. The adsorption process itself is done rapidly anabit involved in the rate-controlling mass-trangiecess.
The equations used in the PSDM based on shrirdonggmodel are represented:
1. Fluid mass balance at time
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Film-Pore Diffusion Model (FPDM)

The basic assumptions in establishing this massfeabased model are: (Cheuysgal, 2002)

a. Film and pore diffusion are the two rate-contrajlimechanisms in this model.

b. The adsorption process itself is done rapidly amabi involved in the rate-controlling mass-trangiecess.
The equations used in the FPDM based on shrintong model are represented:

1. Fluid mass balance at time
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2. Molecular diffusion rate in terms of shrinking casalius
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Kinetics and isotherms parameter data used irsthidy are obtained from experiment conducted bynkuwan
and Ismadji, 2011. Adsorbent that will be used @aeent activated carbon which is not thermally loerically
activated (coded as JAC-1) and the other one whidmically activated using nitric acid (coded asCJA).
Kinetics experiment is done at®Dusing adsorbent dosage of 0,6 gram and condémtetihours in stirred batch
vessel agitated at 500 rpm. Variations are donardsvthree initial agueous phase concentratioresa(0,2; 0,5;
0,8 kg/nf) and three pH values (3, 7, and 11) using botbrgsts.

This study is consisted of three main steps: Bpaters estimation which will be used in the 2jation
step,then the validated parameters will be use8) isimulation step. Parameters that will be studies surface
diffusivity (Ds) and pore diffusivity [D,) for PSDM and film diffusion coefficientk) and pore diffusivity D) for
PFDM.

The parameter estimation is done on both adsastsntoncentration value of 0,2 and 0,8 Kgamd all pH
value. Validation step is done on both adsorbertoatcentration value of 0,5 kglrand pH value of 7 and 11.
Lastly, the simulation is done on all estimated aalkilated data.

The equations in this study are integrated numiyida obtain the value of aqueous phase conceotrat
predicted by model. The parameters are obtainest a&taluation through numbers of iteration perfainie
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minimize the error (sum of squares of differencesMeen the value of aqueous phase concentratiaticprd by
model and the value of aqueous phase concentifationthe data).
Result and Discussion
Parameter Estimation Using PSDM

Parameters for JAC-1 and JAC-2 are estimated WB8IgM for initial aqueous phase concentration va(gp
of 0,2 and 0,8 kg/mand pH values of 3,7, and 11.

Table 1.Parameters Estimation Using PSDM

JAC-1 JAC-2
Ds (m%s) D, (m?/s) Error R?2 Ds(m?¥s) | D, (m?s) Error R?2

pH3

0.2 5,23E-14 1,98E-12 1,10E-03 0,9677 5,56E-14 B-7a 1,07E-03 0,9988

0.8 6,76E-14 2,12E-12 9,33E-04 0,977 7,02E-14 202 1,13E-03 0,9976
pH7

0.2 6,01E-14 1,99E-12 1,21E-04 0,9999 3,99E-14 B8 1,14E-03 0,9787

0.8 7,22E-14 2,21E-12 1,14E-04 0,9998 5,79E-[14 282 8,91E-04 0,9979
pH 11

0.2 9,46E-15 2,15E-12 2,91E-04 0,9697 6,53E-14 B-22 1,02E-03 0,9980

0.8 5,25E-14 2,71E-12 1,92E-04 0,9997 7,66E-14 B2 1,01E-03 0,9967
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Figure 1. Estimation curve using PSDM for JAC-1 at0,2 kg/ni and pH 7.

Figure 1. shows that the model prediction fits the experirakuiata. This result implies that PSDM can
represent the adsorption mechanism of methylene inluactivated carbon synthesized frdairopha curcas L.
According to the condition used in the model, tiféudion in this adsorption system is controlled the pore and
surface diffusion step. (Chetral., 2001)
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Figure 2 Residual plot of PSDM for JAC-1 a€D,2 kg/nt and pH-7.
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E 4

In order to analyze the model’'s accuracy furthempreanalysis is done by using residual plot. Isi®wn in
Figure 2. that the error produced by model can be classd®dandom error. Random error implies that theehod
is sufficient in describing the characteristicadborption system’s mechanism. (Chapra, 2002)

Parameter Validation Using PSDM

Estimated parameters are then validated usingehefslata at 0,5 kg/nf for pH value of 7 and 11 for both
type of adsorbents.
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Figure 3. Validation curve using PSDM for JAC-1 a§<D,5 kg/n and pH 7.

Figure 3. shows that the parameter values estimated by tBvP&e valid for the three (Walues because the
aqueous phase concentration value predicted bmtiuie| fits the data. Estimated parameters valuth (dgandDy)
at initial aqueous phase concentration value of&h@ 0,8 kg/m are correlated using the following equation:
(Dannyet. al, 2002)
legn_ = lagn_, +nlog, (9)
to acquire the parameter value at initial aquedwse concentration value of 0,5 kd/m

Adsorption Simulation Using PSDM
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Figure 4. Solid phase concentration vs radius for variougsimt G=0,2 kg/ni& pH 7 for JAC-1 for early time.
(a) shorter time, (b) longer time

Figure 4(a). shows that the diffusion is slow at the beginrifighe adsorption and gradually increasing its rate
and becoming faster as the time went by. It is &smd that that the solid phase concentrationashre larger in
the outer parts (surface) of the adsorbent, indital the bigger value of radius (r). This indicatigat plenty solute
molecules are held at the surface than the adsisheterior at the beginning stage of the adsomptiThis justifies
surface diffusion as the rate-controlling in thisarption system’s mass-transfer mechanism. (Seetdsr, 2010)
Figure 4(b). is same agigure 4(a). but for a longer period of time, assumed reachiregequilibrium. It is shown
that there is no difference in the solid phase eatration at equilibrium for different values ofdiia This result
indicates the equilibrium is reached when the dusdris saturated, filled completely with fluid reolles in every
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possible adsorption sites. It is also shown thatdiwve’s gradient value will get larger over tiared will become
smaller again until the gradient’s value reacha®s,zinplying the system has reached equilibrium andmore
solute diffusing from aqueous phase (solutionhtgolid phase (adsorbent). (Seatal., 2010)

Parameter Estimation using FPDM
The same data sets estimated using PSDM are dis@atxd using FPDM. The result is showrFajure?.
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Figure 5 Estimation Curve using FPDM for JAC-2 a$=0,2 kg/ni and pH 7.

It is shownFigure 5. that the G values predicted by FPDM don't sufficiently fitethexperimental data.
Deviations (errors) are observed at the curve'sitbgr point and also the equilibrium tail. Assumptiased in
FPDM is the rate-controlling steps are employediloy diffusion and pore diffusion. The inaccuradyosved by
FPDM prediction can be contributed by the mismatghassumption. In the real experiment conditiore th
adsorption mixture in the vessel is agitated at 500 for 7 hours. Agitation will cause the massisfer resistance
caused by interphase film layer between methyldéne $olution and JAC adsorbent become minimal ¢éodibgree
its magnitude is negligible, allowing the fluid raolles diffuse quickly through the film towards thdsorbent’s
surface and interior (Kurniawan, Ismadji, 2011).
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Figure 6.Residual plot ofFPDM for JAC-1 at,€0,2 kg/nt and pH-7.

Further analysis using residual plot is also domeatds aqueous phase concentration values predigted
FPDM. As shown irFigure 7., the errors follow a certain pattern. The errdestsas negative error followed by
positive error. It is also observed that the errfoase an increasing trend in its value. This stedakrror is
categorized as systematic or formulation error.sTkind of error indicates there is a lacking or mmsching
assumption or mechanism in constituting or formotathe model. The lacking mechanism is assumegetthe
surface diffusion step. The accuracy of FPDM carninlggroved by incorporating the surface diffusiontpa the
FPDM equations. (Chemrt.al., 2001)

Effect of Cy and pH onDs and D,

Results shown ifmable lindicates certain tendencies between the diffuswiparameters with Cand pH
values. It is shown that the value Bf and D, are proportional to the value of,CThis result agrees with the
experiment conducted by Danny, et.al. (whose catiogl is used in this study), as shown by equa®n

It is also found that the value &f andD, are also proportional to the value of pH. At higlaiue of pH,
methylene blue (which are basic in nature) is edsibe bound in activated carbon’s adsorptionwliech is acidic
in nature. The acidic nature of activated carbospéeially chemically activated JAC-2 using nitricid) is
contributed by its surface chemistry which rickcarboxylic functional group. The acidic JAC is eadb bind the
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basic methylene blue molecules thanks to the aduditielectrostatic interaction due to differencethe pH of both
phases. The higher the value of the pH, the grefiterelectrostatic interaction generated. Kinelycathis
phenomenon is shown in the increasing valueandD,. (Kurniawan, Ismadji, 2011)

Conclusion

1. Pore and surface diffusion is the rate-controllstgps in mass-transfer of methylene blue adsorpigng
activated carbon synthesized frdatropha curcasL.

2. The value oD andD, are proportional to £and pH value.

3. The value oD andD,, are also affected by the type of the adsorbent.

Nomenclature

a Langmuir constant fkg)
Co initial aqueous phase concentration (Ry/m
Cen equilibrium agueous phase concentration at time t (kg/nT)
Cy aqueous phase concentration at t (Rg/m
D« effective diffusivity (rfis)

D, pore diffusivity (fis)

Ds  surface diffusivity (ffs)

Dso surface diffusivity at g=0 (rf/s)

ks film diffusivity (m/s)

K. Langmuir constant fkg)
Oy  solid phase concentration at t (ka/kg)
R adsorbent radius (m)

R,  fraction of unreacted core radius (m)

Io unsaturated adsorbent radius at t (m)

t time (s)

V  solution volume (n

w adsorbent mass (kg)
Greek letter

ps  adsorbent density (kghm
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Lembar Tanya Jawab
Moderator : Didi Dwi Anggoro (Universitas Diponegoro Semarang)
Notulen  : Susanti Rina Nugraheni (UPN “Veteran” Yayakarta)

1. Penanya : Didi Dwi Anggoro (Teknik Kimia Univées Diponegoro Semarang)

Pertanyaan .+ Cara mengukur methylene blue?

e Model grafik untukshrinking core yang seharusny ditampilkanadalah di
padatan.

« R danr apa bedanya?

Jawaban . o Dari penelitian sebelumnya di dalam reaktor batchjam, diambil
menggunakan pipet kemudian dicek menggunakan refeiameter.

« Diagram yang digunakan pada cairan.

R : radius

r : posisi pada saat t, saat t=0 R=r.
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