CHAPTER-5
RESULTSAND DISCUSSIONS

This chapter contains the results and their ineggpion of
(1) Adsorption-desorption studies for recovery of ngirnfrom following three
variations of kinnow peels
a) Fresh peels
b) Preharvest dropped peels
c) Dry peels
on two different resins Indion PA-500 and Indion-B@0
(2) Adsorption-desorption studies for recovery of nginnfrom fresh peels on
regenerated resins PA-500 and PA-800
(3) Pectin extraction studies from fresh dropped, arydkohnow peel boiled water
remainig after adsorption of naringin in column
Therefore in all, the following eight systems h&een encountered, for which the studies are

carried out for adsorption-desorption followed [®cpn extraction.

System 1 : Fresh peels with resin PA-500

System 2 : Fresh peels with resin PA-800

System 3 : Dropped peels with resin PA-500

System 4 : Dropped peels with resin PA-800

System 5 : Dry peels with resin PA-500

System 6 : Dry peels with resin PA-800

System 7 : Fresh peels with regenerated resin RA-50
System 8 : Fresh peels with regenerated resin RA-80
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5.1. Adsorption-Desorption studies of naringin with fresh peels on Resin PA-500
(System 1)

The naringin content of fresh kinnow peel boiledavdextracts) from the three years (2012,
2013, and 2014) samples was determined and wasl foupe 0.810, 0.780, and 0.750 kg/m

respectively.

5.1.1. Adsorption equilibrium studies (System 1)

The adsorption equilibrium studies with kinnow pbeiled water were carried out as per the
procedure described in the section 3.5.1. The atmfumaringin picked up by the adsorbent
was calculated by material balance. The data haga presented in Table B1.

The adsorption equilibrium experimental data wemredated by using Langmuir,
Freundlich, Redlich—Peterson, Dubinin—Radushkevieimd Toth isotherms and their
parameters were evaluated and presented in TableThe isotherms for adsorption of
naringin from fresh KPBW on resin PA-500 for theay@012 are shown in Figure 5.1. The
charctersticts and significance of the mentionezbdation isotherms are discussed in section
4.2.1. The mean free energy of adsorption was agtunusing the Dubinin—Radushkevich
isotherm constants. It was in the range of 2-4nfkd") signifying the occurrence of physical
adsorption, which is true in our case because ematal reaction is involved in the naringin
adsorption on the non-ionic adsorbent.

Among the above mentioned isotherms the Langmugyrkdlich and Dubinin—Radushkevich
isotherms fit better than the other isotherms &dhserved data as evidenced frohv&ues.
The Freundlich isotherm has validity in the limitednge of concentrations, Dubinin—
Radushkevich is the three parameter model and resqunore calculations. Langmuir
adsorption isotherm is simple two parameter moddltes highest Rvalues amongst these.
Therefore Langmuir isotherms have been used foelaing the adsorption equilibrium data

of all the systems studied.
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The Langmuir isotherms for naringin adsorption frilesh KPBW on resin PA-500 for the
data of the three years are presented in FigurdtSaas found, the maximum naringin that
can be picked up by resin PA-500 from fresh KPBWAqualated from Langmuir adsorption
isotherm constants) was 0.145, 0.179, and 0.13Bekdg of dry resin respectively for the
years 2012, 2013 and 2014. The amount of naringiked up by the resin does not much

depend on the concentration of naringin in pededoater.

Table 5.1: Different isotherm parameters for adsorption ofingan from fresh KPBW on

resin PA-500
Langmuir Year a b R2
2012 0.220 1.574 0.963
2013 0.256 1.432 0.911
2014 0.211 1.528 0.941
Freundlich K, 1/n R?
2012 0.092 0.601 0.938
2013 0.107 0.586 0.881
2014 0.089 0.584 0.904
Redlich-Peterson K ag B R2
2012 2.087 21.77 0.436 0.91¢
2013 1.705 13.94 0.412 0.862
2014 0.972 10.15 0.505 0.872
Dubinin-Radushkevich /R B, E R?
2012 0.095 0.055 3.015 0.937
2013 0.117 0.057 2.941 0.876
2014 0.092 0.056 2.979 0.924
Toth A B D R?
2012 0.666 1.079 0.365 0.911
2013 4.176 1.372 0.239 0.861
2014 2.010 1.073 0.231 0.873

However, to know the thermodynamic parametersethalibrium studies were carried out at
three different temperatures 303, 313 and B23he results are shown in Figure 5.3 and

Table B2.
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From Figure 5.3, it is evident that the adsorptidmaringin on resin PA-500 decreases with
the rise in temperature, due to exothermic natéitbesorption process and greater mobility

of the molecules at elevated temperature.

The spontaneity of a process can be identified HBrniodynamic parameters such as
enthalpy changeAH), free energy changé\G) and entropy change&$). The Van't Hoff
plots of In(Kyq versus 1/T (Figure 5.4) are found to be linead AH and AS values are
calculated from the intercept and slope of the .pltdie values of the thermodynamic

parameters for the three operating temperaturesrasented in Table 5.2.

1.2 4

0.8 -

In(Kyo)

0.4 -

0.2 -

O T T T T T 1

0.00305 0.0031 0.00315 0.0032 0.00325 0.0033 0.00335
1T (K

Figure5.4: The Van't Hoff plot of In(Kyg) versus 1/T for the resin PA-500 (system 1)

Table5.2: Thermodynamic parameters for adsorption of namigi resin PA-500
from fresh KPBW

S.No| Temp AS AH AG R? of linear plot betweer
(K) | (kIImolK) | (k3/mol) | (k3/mol) IN(K.,.)vs 1T
1 303 -2.575
2 313 -4.580 -16.453 -2.117 0.943
3 323 -1.652

69



The negative values dfH confirmed the exothermic nature of adsorptiorcpss. SincaH
and AS both are negative and temperatures involved @re therefore the process of
adsorption of naringin on the resin PA 500 is spoabus.

The change in free energy for physical adsorpsaypically in the range of -20 to 0 kJ rifol
(Jaycock, 1981). The changes in free energy ofratiea for the resin PA-500 was estimated
to be less than 0 kJ/mol, indicating an occurrepicéhe physical adsorption process. The
lower values of the free energy also indicate #esibility of the adsorption process. The
values obtained in our case are in the same rasgeparted for Ginsenoside adsorption on
XAD-16 (Barkakatiet al. 2010).

5.1.2. Adsorption kinetic studies (System 1)

The adsorption kinetic studies were carried oupesthe procedure described in the section
3.5.2.

Reproducibility test:
A set of two kinetic runs (1a, 1b) under almostikinconditions was carried out to establish

reproducibility. The kinetic data for reproducibylitest are given in Table B3 and shown in
Figure 5.5. From the Figure 5.5, It is evident tlada are reproducible within experimental
limitations.

In adsorption kinetic studies four to five runs eearried out every year by varying the mass
of the resin. The concentration of naringin in g#wution (KPBW) as a function of time
during adsorption for various amounts of resinnsspnted in Figures 5.6-5.8 for the years
2012, 2013, and 2014. The data obtained in thgseriexents are given in Tables B4 (a-c). It
may be observed that the rate of change in corate@rirof a solution is more when the mass
of the resin used is more. It is as expected;ishikie to increase of surface area of adsorbent
per unit volume of KPBW solution. AlImost more th80% adsorption takes place in first 6 h

in all runs. Adsorption of naringin increased watimtact time.
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Modelling of kinetic data:

The adsorption kinetics was analysed using a sefigate equations like first-order rate
equation (Lagergren, 1898), second-order rate sgquéto and McKay, 1998), Bangham’s
model (Aharoniet al. 1979), Elovich kinetic equation (Roginsky and Zmidh, 1934),
Weber’s kinetic diffusion model or the intra-pakidiffusion kinetic equation (Weber and
Morris, 1963), Boyd’s Diffusivity model (Boyét al. 1947) and Modified adsorption shell
model (Singlet al. 2008) as per the procedure described in the sedtihl.

Lagergren plot is drawn betwedm(q, —q,) vs time () for adsorption data of the resin PA-
500 with fresh peels (system 1) of the year 201® slrown in Figure 5.9. The values of the
first order rate constakf, naringin picked up by resin at equilibriurg,} calculated from
intercept are tabulated in Table 5.3. The calcdlagand experimentad|,values are widely

different, so the adsorption of naringin on PA-388in does not fit this equation.

t x1C (s)

5 10 15 20 25 30 35 40

ORun 1
= ARun 2
8@ ORun 3
c -5
= ORun 4

Figureb5.9: Lagergren plotln(qe - qt) vstime(t) for adsorption of naringin from fresh

KPBW on resin PA-500 (year 2012) (system 1)
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Table5.3: Pseudo first and Pseudo second order kinetic pesmof adsorption of naringin

on resin PA-500 from fresh peels for the year 2012

S. | Run 0, (kg/kg) Pseudo-first order Pseudo-second order

No (experimental)|  Ki % Qe (ka/kg) R? k;x10 | q,(kg/kg) | R?
10%(s™) | (calculated) (kgkg's?) | (calculated)

1 1 0.062 0.098 0.037 0.940 0.650 0.064 0.999

2 2 0.055 0.103 0.031 0.944 0.841 0.057 0.999

3 3 0.052 0.107 0.026 0.924 1.091 0.053 0.999

4 | 4 0.051 0.113 0.028 0.951 1.092 0.052 0.999

The values of the second order rate conskarand the calculated values of the amount of
naringin adsorbed per kg/ kg of dry resin at efQuilim (q,) estimated using linear plots of
t/gagainst time () are shown in Figure 5.10 Table 5.3 (for the y2@t2) along with

experimentalqg, values for all runs.

180 -
160
140
120
2 100
X
g 80 ORun 1
ARun 2
60
ORun 3
40 ORun 4
20
0 9 .
100

Figure 5.10: Pseudo second order plot t/q vs time (t) for adsampf naringin from fresh

KPBW on resin PA-500 (year 2012)
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The values of the amount of naringin adsorbed byrésins calculated and experimental are

very close to each other for the pseudo second &rdetic model, buk, values are varying

widely, which should be same for all runs. Hencaringin adsorption on resin does not
follow the pseudo-second-order kinetic model.

The adsorption kinetic data (for the year 2012)ensanalysed using the Bangham'’s equation.
The non-linear plot (Figure 5.11) shows that tHeudion of the naringin into the pores of the
adsorbents is not the only rate controlling stepe Walues of the Bangham equation
parameters and k, and the correlation coefficients are given in[€ah4. The correlation
coefficients given by the Bangham’s equation vedfithat the model did not fit the

experimental data.

2 T T |09(q)| T T 1
(L 1 2 3 4 5 6
2.5 -
~ 3. —&=-Runl
g —A—Run 2
Qlj -3.5 ——Run 3
8 ——Run 4
> 4
o
—
S 45 -
_5 4
55 -

Figure5.11: Bangham'’s plot for adsorption of naringin from frd§PBW
on resin PA-500 (year 2012)

Experimental data (for the year 2012) of naringisaption were analysed with the Elovich

equation. Model parameters were determined uslimgear plot drawn betwee@, vs In (t ),

shown in Figure 5.12 and are given Table 5.4. Alttovalues ofR* are quite high and the
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Elovich equation applies to chemisorptions cage$pes not represent the physical situation.

Therefore the equation is not suitable to our syste

0.08 -
0.07 -
0.06 -
0.05 -
cFO.04 .

0.03 -

0.02 -

0.01 -

0 T T T 1

8 10 12
In(t)

Figure 5.12: Elovich model plot for adsorption of naringin frdnesh KPBW
on resin PA-500 (year 2012)

Table 5.4: Bangham and Elovich model parameters for adsarmifanaringin on resin PA-

500 from fresh peels for the year 2012

S.No| Run Bangham model Elovich model
c k, (mkg™) R? ® o x 10° R?
1 1 0.310 0.005 0.857 93.74 9.56 0.941
2 2 0.290 0.005 0.868 107.0 9.91 O.93|5
3 3 0.259 0.005 0.859 119.9 13.2 0.906
4 4 0.220 0.007 0.885 137.8 21.5 0.952

The adsorption kinetic data were analysed by Wsbkirietic diffusion model (the intra-
particle diffusion kinetic equation). If a biporow®lid is considered to a homogeneous

sphere, then for mass transfer micropore resistavitebe negligible and Intra-particle
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diffusion mechanism will be dominating. The ptqgtvst_”zis presented in Figure 5.13 for

adsorption of naringin on the resin. It is obsertret the lines do not pass through the origin,
and multi-linear plots are depicting the influerafdwo or more rate controlling steps in the
adsorption process. The positive value of intereemdicative of some degree of boundary
layer control. The first linear portion is for mapore or inter-particle diffusion and the
second portion representing the micropore or ipadicle diffusion. The values of the intra-

particle diffusionk, and thickness of the boundary layer (l) were dated and tabulated in

Table 5.5. The values of’Rire very small; therefore Weber kinetic diffusinodel does not

describe our system.

0.07 -
m]
0.06 - m]
A
0.05 - m g g 8 o 8
BB o ©
0.04 - o @o %
& iy
0.03 - o8 ORun 1
4 ARun 2
i § 0
0.02 oRuN 3
gA
0.01 - ORun 4
0 T T T T T T 1
0 50 100 150 200 250 300 350
tl/2

Figure 5.13: Weber’s kinetic diffusion model plot for adsorptiohnaringin from fresh
KPBW on resin PA-500 (year 2012)
The kinetic data were also analysed by using Boaiffusivity model which is based on
diffusion through the boundary liquid film, consithgy adsorption kinetics as a chemical
phenomenon. The macropores may put negligibleteggis to the solute diffusion in the
pores and therefore micropore resistance will baroing and hence the Boyds diffusivity
model will be applicable to such cases, since sfzihe micropores is very small (1-10n
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diameter each). A linear plot ¢f/1-u?) vs time (t) is drawn and shown in Figure 5.14,

whereu, =g, /q.. The pore diffusivities were calculated and in thege of 1.33-1.59x16

m?/ s and tabulated in Table 5.5. This model tak&s ¢onsideration only one pore diffusion.
However, in macroporous bead, it is likely that mpore and macropore both diffusional
resistances are present. Therefore this model matagseful in our case although it gives the

almost same value d,

4.5 -

In[L/(1-u2)]

0 5 10 15 20 25 30 35 40

t x1C (s)

Figure 5.14: Boyd'’s Diffusivity model plot for adsorption of niagin from fresh KPBW on
resin PA-500 (year 2012)
Table 5.5: Intra-particle diffusion and Boyd'’s diffusivity ndel parameters for adsorption of

naringin on PA 500 with fresh peels for the yeat20

S.No| Run Intra-particle diffusion model Boyd’s diffusivity model
| (ka/kg) | k, x 10° (kg/kg s¥9) | R? | D, x 10% (m’s™) R?
1 1 0.024 0.177 0.681 1.33 0.948
2 2 0.023 0.154 0.66} 1.44 0.951
3 3 0.024 0.135 0.630 1.56 0.916
4 4 0.025 0.121 0.696 1.59 0.943
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Modified adsor ption shell moddl:

As mentioned in the theory chapter in the sectidhl4 the experimental kinetic data was
analysed by modified adsorption shell model by Bieigal. (2008) and Singlet al. (2015).

For this model correlating the equation is

1 2K D, £C
~__q| = 2KDeéGy, 4.26
[(1— u)’ } 5(1-£)q.R? (420

where the left-handed side is termedrgét)

When both micropore and macropore resistancesoanparable then the above equation will

be applicable. The fractional saturation valuesaioletd from Figures 5.6 to 5.8 were
employed to calculat&, (t), and these were plotted against time (Figure 511%)as found

that the data were lying on the straight line instraf the cases. Straight line passing through

KD, €C,

the origin should be obtained, and the slope wbsl
5(L- )R’

The slope for runl (in the year 2012) was founde®.51x1d s.
Singh et al. (2008) estimated the diffusivity of naringin inuspus solution using group

contribution method (Perry and Green, 1984) andniimerical value was found to be
3.09x10" m?/ s. The diffusivity of naringin in macropores bgtresin D, ), was taken to be
one-third of the above value to consider the taityoof macropores in the resin using
Wheeler equation (Helfferich, 1962). The same diffity value (D, =1.032x107°m?/s)
has been used for diffusivity of naringin in KPBYIthough, it is likely to be lesser.

R, the radius of the particle (bead) was taken framawerage diameter of a number of

particles. It was found to 0.375x10n (for PA-500). The overall porosityhas been taken

equal to 0.39, as mentioned by the manufacturer.
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Substituting for the slopeD, =1.032x10°m?/s, € = 0.39,C,= 0.810kg/m®, q, = 62.81
kg/m®, and R,= 0.375x10° m; the value of parametét was determined and found to be
equal to 103.84.
From this value oK , the value of8 was obtained using the expression

log,, K =1.357exp (0.207 log,, ) (4.25)
The value of8 was found to be 81.8. The sample calculationgyamen in Appendix-I. It is

notable that

_3(-£)q.D,/r’

B - 4.27
£ Gy DP/RP ( :
=y Y

by (4.28)

wherey/ =w (4.29)

e DJ/R
From the above value g, the value ofy was calculated by substituting the value<gf
and g, in equation 4.28.

The value ofyy is 1.055. The value db_/r?calculated from this value @ is 1.65x107s.

The detailed calculations are given in Appendix .
Similar analysis and calculations were done forwatls, and the values of various parameters
are tabulated in Table 5.6.

The value ofy can be used to generate the kinetic data. Theesalty are different in all
runs althoughy should be same as it is characteristic of the rles-adsorbate system. The

difference observed in thg values may be attributed for following reasons.
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The initial experimental conditions are different &ll the runs. During adsorption, solution
concentration decreases and the kinetics of adsorpit the later period is likely to be
different from the earlier period.

Table5.6: Modified adsorption shell model parameters for exysil

D, =1.032x107"°m? /s, £ = 039, R,= 0.375x1G m

Year | Run © e Slopelx 10 K B v f_c; x 10°
kg/m® | kg/m® (s (sh
1 0.810 62.81 251 103.8 81.88 1.05 1.6%
2012 2 0.810 55.87 2.69 98.94 72.88 1.05 1.6%
3 0.810 52.46 3.16 109.1 9220 1.42 2.22
4 0.810 51.57 3.59 121.8 1192 1.87 2.92
1 0.780 67.13 2.19 100.5 75.75 0.88 1.37
2 0.780 58.47 2.09 83.54 48.01 0.p4 1.00
2013 3 0.780 47.76 2.44 79.59 42.47  0.69 1.08
4 0.780 46.27 3.40 107.% 89.09 1.0 2.34
1 0.750 63.67 291 133.3 1466 1.70 2.66
2 0.750 53.25 3.22 123.4 1230 1.70 2.67
2014 3 0.750 45.34 3.32 108.4 90.72 1.48 2.31
4 0.750 39.76 2.32 66.42 26.57 0.49 0.77

As mentioned earlier that the functidf considers three well-defined zones. In practical
situations zones develops only after particularetiwhen the resin loading is higher, the
microspheres of outer layers of the bead are exbtis¢he solution of initial composition,
and there is a sharper drop in concentration. Alds likely the g, values will be somewhat
different for different layers.

It is also notable that the assumptions of infirstdution volume and rectangle boundary

condition do not exactly hold, for which the eqoat(4.26) was developed.
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The functionF, (t)is calculated fromn, which is itself calculated frong, andq,, furthur
these are calculated from solution concentratidre Jensitivity ofF, (t)is high to the values
of u,, for the value ofu > 0.75, function F,(t) becomes highly sensitive to even small
changes in value ai,. The wide variation oD_/r?and¢ otherwise these should be same

for a particular system, may be due to the abowbagile reasons. HoweveE, vst was

generated in the following manner. Although theegation of kinetic data is discussed in the
section 4.3.1. It is reproduced again here.
Generation of kinetic data

The experimental change in concentration for amymay be generated with following steps:

1. From the value ofy, the value ofg is calculated@ = % the experimental values
0

of C, and q, of that run need to be used.
2. From value off3, the value ofK is calculated by relation

log,, K =1.357exp (0.207log,, ) (4.25)

3. The value ofK obtained in step (i) is used to calculate theigalf u by relation

1
u =1- (4.30)
KD £C. (32

5(1-¢) q.R>

4. Fromu, C, was calculated by formula

C,=C!-u/(C.-C,) (4.31)

The concentration of naringin at the start of thalestinct zone<C! (i.e. Modified adsorption

shell model) is given by, =C, —queW (4.34)

whereV is the volume of solution (KPBW).

The volume fraction of the shell ls= 0.064 for PA-500 as mentioned in the section14.3.
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The generate®, (with a representative value gf= 1.578), as well as experimental data for

run 1 are given in Table 5.7. The data were teBiedignificance of the mean difference,
paired observation by t -test at a 5% level of ificgnce, and it was found that the
experimental and predicted data of the run do rfardignificantly.

For all the runs of the system 1 the generated Gafavith a representative value of =

1.578) are shown by smooth curves, and experimafaa are given for comparison in
Figures 5.16 to 5.18.

It was observed that when predicted (generatedxperimental values were drawn on the
graph, straight lines were passing through thermhgving slope near to 1.00. The data were
tested for significance of the mean differencergehiobservation by t -test at a 5% level of
significance, and it was found that the experimieswta predicted data for almost all the runs

do not differ significantly. The summary of thetsgcs analysis values is given in Table 5.8.

Table5.7: Adsorption kinetic dataC, generated vsC, experimental (system 1), Run 1

t(sec) | C, experimental C, generated
0 0.81 0.81

7.5 0.77 0.768
15 0.74 0.744
30 0.73 0.710
45 0.695 0.689
60 0.675 0.674
90 0.665 0.655
120 0.64 0.644
180 0.64 0.632
240 0.635 0.625
360 0.61 0.619
600 0.605 0.614
1440 0.6 0.611
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Table5.8: Statistical analysis for predicted and experimeratues ofC, (system 1)

Year | Run SlopeC,, VS. Cyeyp R’ t-Cri t-Cal Inference
passing through origin
1 0.997 0.968 2.2009 0.4314 NSD
2 1.003 0.968 2.2009 -0.8768 NSD
2012 3 1.014 0.963 2.2009 -2.0260 NSD
4 1.013 0.952 2.2009 -0.857F NSD
1 0.999 0.923 2.2009 0.1316 NSD
2 0.991 0.852 2.2009 0.878% NSD
2013| 3 0.982 0.899 2.2009 1.815% NSD
4 0.984 0.948 2.2009 1.7523 NSD
1 1.000 0.93 2.2009 -0.163p NSD
2 0.994 0.926 2.2009 0.9528 NSD
2014| 3 0.976 0.918 2.2009 0.9528 NSD
4 1.000 0.951 2.2009  -4.816) SD

*NSD- No Significance difference, SD- Significandiéference

From the above, it is evident that observed kindtta of all runs for system 1 could be
correlated well by modified adsorption shell modehe same approach that is modified
adsorption shell model has been used to corrdiat&ihetic data of all other systems studied
because it represents more realistic picture thamther approaches mentioned earlier.
Comparison of adsor ption kinetic studies:

The kinetics of adsorption of naringin from kinnpeel boiled water for different years with
the almost same weight of resin have been compared,it is shown in Figure 5.19.
Although initial concentrations of naringin arefdient in all three years also KPBW is a
multi-component system and composition of peelesawith time of harvest, the storage time
of fruit, place and other climate conditions anddethe composition of KPBW also vary;

therefore comparison has limited validity.
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From Figure 5.9, it is observed in 2013 and 2014 ddnen initial concentrations are similar
the data are almost same. So the year of collecfigeels has little effect on the kinetics of

adsorption of naringin from KPBW.

5.1.3. Fixed bed column adsor ption studies (System 1)

The adsorption column studies were carried outeaghe procedure described in the section
3.5.3. Column studies are performed to make a bmeakgh curve and helpful in scale up
because these give realistic situation.

Breakthrough curves can explain the efficiency leé tolumn. A breakthrough curve is

obtained by plotting column effluent concentrati@mnsus time of treatment.

I nfluence of operating parameterson adsor ption

The effect of parameters adsorbent bed height &hdemet flow rate were investigated to

evaluate adsorption capacitiy, ,z;and MTZ of the column.

(a) Effect of adsorbate solution flow rate

Flow rate significantly affects the performancelo column in a continuous mode of study,
and this is an important parameter for evaluathgdfficiency of adsorbent in a continuous
treatment process in the pilot or industrial scélee effect of the flow rate of the adsorption
of naringin on resin PA-500 was investigated byyway the outlet flow rate 2, 4, and 6
ml/min (3.3x10%, 6.6 x1(°, and 10x1§ m®/s) with a constant bed height of 1.20 m and inlet
naringin concentration of 0.810 kg/nThe column study data are shown in Figure 5.2D an
Table B5 (a).

From the Figure 5.20, initially the adsorption wasry rapid for all the three flow rates
(3.3x10°%, 6.6 x1(F, and 10x1§ ms) because of the availability of adsorption sitEise
breakthrough curves became steeper when the floev was increased, with which the

breakpoint time and amount of naringin adsorbededsed. The reason behind this is that
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when the residence time of KPBW in the column was long enough for adsorption
equilibrium to be reached at that flow rate, thenfrof the adsorption zone quickly come to
the bottom of the column, which saturated the colwarly. When at a low rate, KPBW had
more time to contact the resin PA-500, resulting higher amount of naringin adsorbed in
the column and it was found that the maximum amadintaringin was achieved at a flow
rate of 3.3x1% m%s. The parameters of the three breakthrough clanepresented in Table

5.9.
(b) Effect of adsorbent bed height

The accumulation of adsorbate in a fixed-bed coluswrdependent on the quantity of
adsorbent inside the column and is a function af beight. To find out the effect of bed
height on the breakthrough curves, KPBW concewina®i.810 kg/m at an effluent flow rate
3.3x10® m*s was passed through the column by varying thehagght (0.90 and 1.20 m).
The column study data are shown in Figure 5.21Taide B5 (b).

The results revealed that the breakthrough timeeased with increasing the bed height from
0.90 to 1.20 m. The bed capacity also increasdd imwitreasing bed height. As the bed height
increased, the residence time of KPBW solutiond@gihe column increased, allowing the
naringin molecules to diffuse deeper into the r&500 and resulting in the higher amount
of naringin adsorbed in a column. The parameteth@®ftwo breakthrough curves are given

in Table 5.9.
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from fresh KPBW in a fixed-bed column at differgmbcess conditions

Z (m) Qx310‘8 tb x 103 tt x 103 Oota s HUNB MTZ
(m7s) | (s (s) g | kgkg | (m | M
3.3 66.6 157.6 4.25 0.077 0.692 0.711
1.20 6.6 25.2 73.15 3.91 0.074 0.786 0.812
10 18.0 46.80 3.73 0.069 0.738 0.775
1.20 3.3 66.6 157.6 4.26 0.077 0.692 0.711
0.90 36.0 119.5 3.28 0.067 0.629 0.635

Table 5.9: Parameters of breakthrough curves for adsorptfonadngin on resin PA-500

Column studies were carried out with resin bed titelg20 m and flow rate 3.3xEan%s in
different years (2012, 2013 and 2014) samples @d\WRvhich had concentrations of 0.810,
0.780 and 0.750 kg/frespectively. The data obtained is shown in Figu2e.

From the Figure 5.22, it was observed that the TiBO0 sec the concentration of naringin in
outgoing solution was almost zero. The adsorptmomn data are given in Tables B6 (a-c).

The parameters of breakthrough curves are preséntéue three years in Table 5.10.

Table 5.10: Parameters of breakthrough curves for adsorptfomadngin on resin PA-500
from fresh KPBW in a fixed-bed column for differepgars

Bed height = 1.20 m, Flow rate = 3.3%1®°/s

SNo| Year| C, t,x10 | t x10 Ot a. Hoys | MTZ
(kg/m®) | (s) () g kgkg | (m) | (™
1 2012 0.800 66.6 157.6 4.25 0.077 0.692 0.111
2 2013 0.780 64.0 161.8 4.20 0.07p 0.125 0.134
3 2014 0.750 63.3 151.3 3.53 0.070 0.697 0.117
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5.1.4. Desor ption equilibrium studies (System 1)

The desorption equilibrium studies with ethanolnfroaringin saturated resin were carried
out as per the procedure described in the sectth.3

The data have been presented in Table B7 and 28. $he desorption equilibrium curves
Figure 5.23 shows a trend as expected and desorigtitavourable (as it data shows the
unfavourable adsorption equilibrium) with ethanalt Wloes not approach completion. It
indicates that at an equilibrium below the conaaian 0.025 kg/m of ethanol naringin

solution, the change in the value @f; is very less and the curve almost flatten. Hence,

approximately 0.025 to 0.03 kg of naringin/kg resitl be retained on resin even for a small
concentration of the naringin-ethanol solution. haligh, it is expected that naringin
desorption equilibrium curves should be same fdéryahrs. The reason for observing
different desorption curves is that resin had dasdrsome other constituents like limonin,
essentials oils and other big molecules. These culde compete for desorption also when
they block sites, does not allow the naringin moles to come out. The desorption
equilibrium experimental data could be correlateithwFreundlich adsorption isotherm

equation (4.42), and its parameters were evaluatddare presented in Table 5.11.

Table 5.11: Freundlich isotherm constants for desorption ofngan from naringin saturated

resin PA-500 (fresh peels)

Freundlich constants
S.No Year K N, R2
1 2012 0.088 1.58 0.945
2 2013 0.099 1.42 0.970
3 2014 0.110 1.43 0.911
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5.1.5. Desor ption kinetic studies (System 1)

The Desorption kinetic studies with ethanol fromimgin saturated resin were carried out as
per the procedure described in the section 3.6d2aa@ data presented in Table B8 (a-c) and
Figures 5.24 to 5.26. From Figures 5.24 to 5.26 iotable that initially concentration of
naringin in ethanol rises sharply then slowly, tate of concentration change decline which
IS as per expectation because the driving forcaaesiwith time. Almost 90% desorption of
naringin (from saturated resin obtained after pas$PBW through resin) is completed in
first 11000 s.

Modelling of desorption kinetic data

The desorption kinetics was analysed using Boydfsisivity model (Boydet al. 1947)
equation, as per the procedure described in se&idn The value of Boyd's effective
diffusivity constanD,_,, was estimated using linear pIotsInf(l/l—uj(t)) against time(t)
which are shown in Figure 5.27 and Table 5.12. d¥erage value of Boyd’s diffusivity rate

constantD,, was found to be 9.75x¥®m?s™. The values of correlation coefficient Bf
plot betweenin (1/1—u§(t)) vs time (t )are quite high; therefore Boyd’s diffusivity model

equation could be used to represent the observad da

Table5.12: Boyd’s diffusivity model parameters for desorptaimaringin from naringin
saturated resin PA-500 (system 1)

S.No| Run Year
2012 2013 2014
D, x107% R? D, x107% R? D, x107™% R?
(m’s™) (m’s™) (m’s™)
1 1 9.60 0.973 10.9 0.948 9.41 0.988
2 11.2 0.985 8.89 0.995 8.83 0.990
3 3 10.9 0.968 8.93 0.979 9.05 0.986
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Generation of desorption kinetic data

0] The concentration of naringin desorbed in ethahalng timeC,, for any run can be
generated by the Boyd's diffusivity model equatiasing average value of
Dy (m?s™) .

(i) From the value dD_,, the value ofu, (t) is calculated by relation (4.43).

(i)  From value ofi, (t), the value ofC,, is calculated by relation (4.44).

The generateC (with the representative value &, = 9.75x10° m?s™), as well as

experimental data for run 1, are given in Table85The data were tested for significance of
the mean difference, paired observation by t -&¢sd 5% level of significance, and it was

found that the experimental and predicted dataadaliffer significantly.

Table 5.13: Desorption kinetic dataC,; generated an@€,, experimental: Run 1

t(s) C,, experimental| C,, generated
0 0 0

450 0.01 0.017
900 0.025 0.024
1800 0.030 0.033
2700 0.045 0.041
3600 0.050 0.047
5400 0.050 0.057
7200 0.075 0.065
10800 0.080 0.079
14400 0.095 0.089
21600 0.100 0.106

For all runs, the generategl, (with a representative value &, = 9.75x10°m’s") are

shown by the smooth curve, and experimental d&ayiaen for comparison in Figures 5.24

to 5.26.
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The summary of the statistics analysis of the ptedi values from the model and
experimental values is given in Table 5.14. The detre tested for significance of the mean
difference, paired observation by t -test at a 8%l of significance, and it was found that

the experimental and predicted data for almoghalruns do not differ significantly.

Table5.14: Statistical analysis for predicted and experimeratues ofC , (System 1)

Year | Run Slope R t-Crit t-Cal Inference
Ctrep VS. Ciexp
1 0.988 0.962 2.262 -0.069 NSD
2012 2 0.918 0.955 2.262 1.707 NSD
3 0.940 0.966 2.262 1.097 NSD
1 0.930 0.926 2.262 0.792 NSD
2013| 2 1.044 0.984 2.262 -3.000 SD
3 1.027 0.973 2.262 -1.512 NSD
1 1.022 0.946 2.262 -1.843 NSD
2014| 2 1.079 0.949 2.262 -6.248 SD
3 1.055 0.964 2.262 -3.524 SD

*NSD- No Significance difference, SD- Significandéference

From the above it is evident that observed kingdita studied, could be correlated reasonably
using Boyd’s diffusivity model equation. The sanppm@ach has been used to correlate the
desorption kinetic data of all the other systems.

Comparison of desor ption kinetics:

The kinetics of desorption of naringin from resiatwated with naringin to ethanol for
different years with the same weight of resin hagen compared, and it is shown in Figure
5.28. The rate of desorption of naringin into etilasolution was almost same in all three

years.
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5.1.6. Desor ption fixed bed column studies (System 1)

The desorption column studies were carried out lasg column as per the procedure
described in the section 3.6.3 and presented r€i§.29. From the Figure 5.29, it is evident
that the amount of naringin desorbed in ethanahfresin saturated with naringin (obtained
from adsorption column studies) decreases with.tifhe rate of desorption is different in all

three years due to KPBW is a multi-component systenoontains components like limonin,

pectin, essential oils etc. The data of columnisgifor naringin desorption with ethanol to
recover naringin are given in Table B9.

From these desorption study, it can be concludatighout 2100 ml of ethanol is sufficient
for almost all the possible recoverable desorptibnaringin from the resin PA-500 in a glass
column of 14 mm ID filled up to the height 0.95 mb¢ut 120 g naringin saturated resin
(wet)).

The amount of naringin desorbed into ethanol inablemn was found to be 2.88, 2.58 and

2.49 g for the years 2012, 2013, and 2014 respygtiv

5.1.7. Purity and recovery of Naringin and Pectin (System 1)

(A) Recovery of naringin

Recovery and purity of naringin were calculateghasthe procedure described in section 3.9
and are tabulated in Table 5.15 for the years 22023, 2014 respectively. The photograph

of obtained naringin sample is shown in Figure 5.30

Table5.15: Recovery of naringin from fresh peels with resi$00

S.No| Year| Naringin Conc. in Naringin Purity Recovery
KPBW (kg/nT) obtained (Q) (%) (%)
1 2012 0.810 3.1 91.2 49.4
2 2013 0.780 2.6 94.4 48.2
3 2014 0.750 2.5 93.0 48.1
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Figure 5.30: Photograph of Naringin sample

(B) Recovery of pectin characterization

The obtained pectin is a light brown powder soliag ahe photograph of pectin sample
shown in Figure 5.31. The recovery of pectin wdsutated as per the procedure descri
in section 3.9. The obtained pectin was charaeeyiche values of different paramete

determined are tabulated in Table 5

Table5.15: Recovery of naringiffrom fresh peels with resin PA-500

S.No| Year| Naringin Conc. ir Naringin Purity Recovery
KPBW (kg/n®) obtained (Q) (%) (%)
1 2012 0.81( 3.1 91.2 49.4
2 2013 0.7¢0 2.6 94.4 48.2
3 2014 0.75(C 2.5 93.0 48.1
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Figure5.31: Photograph of Pectin sample

Table 5.16: Recovery of pectin from fresh peels with resin $¥0

S.No| Year | Recovey Moisture | Ash | Equivalent | Methoxyl | Anhdrouronic| DE
(%) (%) (%) weigh content acid (%)
(mg/ml) (%) (%)
1 | 2012, 62.0 8.5 6.9 601.1 6.74 69.5 55.1
2 | 2013] 59.0 7.0 7.5 641.0 5.95 66.9 50.4
3 2014| 67.2 8.7 6.8 631.2 5.82 72.2 45.7
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5.2. Adsorption-Desorption studies of naringin with fresh peels on Resin PA-800
(system 2)

5.2.1. Adsorption equilibrium studies (System 2)

Adsorption equilibrium studies were carried oupas the procedure described in the section

3.5.1. The experimental data are shown in Tablar@LFigure 5.32.

The adsorption equilibrium experimental data coblkl correlated by using Langmuir
adsorption isotherm and its parameters were ewluand are presented in Table 5.17. It
may be noted that the naringin concentration iutemh (KPBW) was 0.810, 0.780, and
0.750 kg/ri, respectively in the years 2012, 2013 and 2014 faximum amount of
naringin that can be picked up by resin PA-800 ffoesh KPBW (calculated from Langmuir
adsorption isotherm constants) was found to be8).0455, and 0.131 kg per kg of dry resin
respectively for the years 2012, 2013 and 201he @mount of naringin adsorption is
different in all three years because kinnow peeleowater contains several compounds.
During adsorption, all compounds reach the surfalcere they are competing to the active

site.

Table5.17: Langmuir isotherm parameters for adsorption ofngan on
resin PA-800 from fresh KPBW

S.No| Year Langmuir constants
a b R
1 2012 0.260 1.548 0.942
2 2013 0.409 2.639 0.937
3 2014 0.411 3.135 0.904

However, to know the thermodynamic parametersethalibrium studies were carried out at
three different temperatures 303, 313 andK2Bhe results are shown in the Figure 5.33 in

Table C2.
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It is evident that the adsorption of naringin orsimePA-800 decreases with the rise in
temperature. Observations are similar to as inctse of system 1. The Van't Hoff plots of
In(Kaqg) versus 1/T (Figure 5.34) are found to be linead AH andAS values are calculated
from the intercept and slope of the plot. The ested values of the thermodynamic

parameters for the three operating temperaturegrasented in Table 5.18.

14 -

1.2 -
L /

IN(kao)
o o
(o)} o

0.2 -

0 T T T T T 1

0.00305 0.0031 0.00315 0.0032 0.00325 0.0033 0.00335
1T (K

Figure5.34: The Van't Hoff plot of In(Kyq) versus 1/T for the resin PA-800 (system 2)

Table5.18: Thermodynamic parameters for adsorption of nanirogi resiPA-800 from
fresh KPBW

S.No | Temp AS AH AG R?
(K) (kJ/mol K) | (kJ/mol) | (kJ/mol) | of linear plot between
In(K,,4)vs LT

1 303 -3.562
> 313 -4.875 -19.653 -2.984 0.987
3 323 -2.571
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The negativeAG value indicates the feasibility of the adsorptidnnaringin onto PA-800
surface. The negative values Afl confirmed the exothermic nature of adsorptioncpss.
SinceAH andAS both are negative and temperatures involvedoavetherefore the process

of adsorption of naringin on the resin PA-800 isrgpneous.

5.2.2. Adsorption Kkinetic studies (System 2)

The adsorption kinetic studies were carried oupesthe procedure described in the section
3.5.2

The concentration of naringin in the solution (KPB#¢ a function of time during adsorption
for various amounts of oven dried resin is preskemte-igures 5.35-5.37 for the years 2012,
2013 and 2014. The data obtained in these expetsnmagr given in Tables C3 (a-c). It is
evident that the change in concentration is fast#h the larger amount of adsorbent.

Modelling of kinetic data:

The above data have been analysed with the sameaapas done for system 1, i.e., using
modified adsorption shell model. It may be notabiat average radius of the particle (bead)
for resin PA-800 was 0.48xEn. Also, as mentioned earlier in the section 4.B& mass or

volume fraction of adsorbent bead occupied by dxdderinitially (k) is 0.50 for resin PA-

800. TheC, values read from the curve were used to calcufatealues. The values of

different parameters viz. slopeslgft) vs t plots, K,p andy are tabulated in Table 5.19 for

all the runs of all three years.
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Table5.19: Modified adsorption shell model parameters foteys2
D, =1.032x107°m’ /s, £ = 039, R, =0.48x10°m

Co % | Slope x 1d % x 10*
Year | Run 1 K B v Te
kg/m® | kg/m® (s9) (sh

1 0.810 85.09 2.04 187.( 3087 2.93 2.81

2 0.810 71.79 1.58 122.5 120)9 1.36 1.30
2012 3 0.810 51.10 4.37 240.9 522)5 8.28 7.91

4 0.810 40.44 3.62 157.8 213)9 4.28 4.09

5 0.810 38.46 441 183.0 2947 6.20 5.92

1 0.780 81.88 1.58 1448 176,8 1.68 1.60

2 0.780 59.72 2.71 181.7 2888 3.7 3.60
2013 3 0.780 51.19 2.23 127.5 13216 2.02 1.93

4 0.780 46.77 3.92 204.9 374)5 6.24 5.96

1 0.750 73.94 1.83 159.8 219)9 2.20 2.10
2014 2 0.750 48.84 2.17 125.0 1267 1.92 1.83

3 0.750 41.67 1.67 81.97 45.75 0.81 0.7%

The generated (with a representative value of 3.447) for all the runs are shown by
smooth curves, and experimental data are giveodimparison in Figures 5.35 to 5.37.

The data were tested for significance of the metiardnce, paired observation by t -test at a
5% level of significance, and it was found that &x@erimental and predicted data for almost
all the runs does not differ significantly. The suary of the statistical analysis values is

given in Table 5.20.
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Table5.20: Statistical analysis for predicted and experimeralues ofC, (system 2)

Year | Run Slope CyeVS. Cieyp R® t-Cri t-Cal Inference
passing through origin
1 1.000 0.977 2.200 -0.157 NSD
2 0.991 0.972 2.200 1.753 NSD
2012| 3 1.071 0.966 2.200 -2.364 NSD
4 1.001 0.974 2.200 -0.131 NSD
5 1.011 0.987 2.200 -1.826 NSD
6 0.982 0.941 2.200 0.501 NSD
7 0.998 0.966 2.200 0.101 NSD
2013| 8 1.014 0.949 2.200 -1.959 NSD
9 1.017 0.939 2.200 -1.338 NSD
10 1.001 0.931 2.200 -0.428 NSD
11 1.002 0.968 2.200 -0.701 NSD
2014| 12 1.009 0.946 2.200 -1.47¢ NSD

*NSD- No Significance difference, SD- Significandéference

From the above, it is evident that observed kingééita could be correlated reasonably using

modified adsorption shell model.

The kinetics of adsorption of naringin from kinn@eel boiled water for different years with
the same weight of resin have been compared, asdliown in Figure 5.38. The kinetics of

adsorption of naringin from KPBW is almost samalirthe years.

5.2.3. Fixed bed column adsor ption studies (System 2)

The adsorption column studies were carried outeashe procedure described in the section
3.5.3.

The column studies of the three years samples &WPRre shown in Figure 5.39. From the
Figure 5.39, it was observed that the first 108@0Besconcentration of naringin in outgoing

solution was almost zero for the year 2012.
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The adsorption column data are given in Tablesdd)( The various breakthrough curves

parameters are presented for the three years ie Batil.

Table 5.21: Parameters of breakthrough curves for adsorptfamadngin on resin PA-800

from fresh KPBW in a fixed-bed column for differgrears

Bed height = 1.20 m, Flow rate = 3.3%1®°/s

5.2.4. Desor ption equilibrium studies (System 2)

SNo | Year| C, tx10 | t x10 Cotar G Hoe | MTZ
| © | O g | kgkg | M) | (m)
1 2012 0.800 82.8 176.0 4.75 0.087 0.635 0.657
2 2013 0.780 79.2 163.9 4.26 0.106  0.620 0.642
3 2014 | 0.750 72.0 157.5 3.93 0.088 0.651 0.676

The equilibrium studies of desorption of naringmoi ethanol from naringin saturated resin

were carried out as per the procedure describetiensection 3.6.1. The data have been
presented in Table C5 and Figure 5.40. Figure SHki@ws a trend that the desorption is
favourable with ethanol but does not approach cetigpi.

The desorption equilibrium experimental data cdagddcorrelated with Freundlich adsorption

isotherm and its parameters were evaluated anpresented in Table 5.22.

Table 5.22: Freundlich isotherm constants for desorption ofingan from naringin saturated

resin PA-800 (fresh peels)

Freundlich constants
S.No Year K n, R2
1 2012 0.092 1.755 0.919
2013 0.117 1.360 0.958
3 2014 0.130 1.219 0.955
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5.2.5. Desor ption kinetic studies (System 2)

The kinetic studies of desorption of naringin ietthanol from naringin saturated resin were
carried out as per the procedure described indgbton 3.6.2 and data are given in Table C6
(a-c) and Figures 5.41 to 5.43.

Modelling of desorption kinetic data

The above data have been analysed with the sanreaappas done for System 1 (i.e.,

Boyd'’s diffusivity model equation). The values dfeetive diffusivityD,, were estimated
using linear plots ofn (1/1—u§(t)) vs time (t) and presented in Table 5.23. The average

value of effective diffusivityD,, was found to be 9.99 x1&(nms™).

Table5.23: Boyd'’s diffusivity model parameters for desorpta@imaringin from naringin

saturated resin PA-800 (system 2)

S.No| Run Year
2012 2013 2014
D,x10%| R® | p_x10® | R | p x10% | R
(m’s™) (mPs™) (nPs™)
1| 1 113 | 0.972 11.2 0.958 113 0.963
2 | 2 9.99 | 0.972 10.6 0.991 9.03 0.975
3 | 3 9.44 | 0977 784 0.97( 9.07 0.968

The generate® , (with a representative value &, = 9.99 ><1013m28_1) for all the runs

are shown by smooth curves as well as experimdatalare given for comparison in Figures

5.41t0 5.43.
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The data were tested for significance of the metiardnce, paired observation by t -test at a
5% level of significance, and it was found that éxperimental and predicted data does not
differ significantly for almost all the runs. The&mmary of the statistical analysis of the

predicted values from the model and experimentaiegis given in Table 5.24.

Table5.24: Statistical analysis for predicted and experimeraues ofC  (system 2)

Year | Run Slope R t-Cri t-Cal Inference
Ct,epvs. Ctexp
1 0.936 0.915 2.262 0.282 NSD
2012 2 0.982 0.955 2.262 -0.154 NSD
3 1.029 0.967 2.262 6.137 SD
1 0.917 0.895 2.262 0.900 NSD
2013 2 0.961 0.977 2.262 1.966 NSD
3 1.051 0.961 2.262 -0.947 NSD
1 0.911 0.944 2.262 1.981 NSD
2014 2 1.045 0.942 2.262 -2.688§ SD
3 1.01 0.963 2.262 -0.502 NSD

*NSD- No Significance difference, SD- Significandéference

From the above, it is evident that observed kingdita could be correlated reasonably using
Boyd’s diffusivity model equation.

Comparison of desor ption kinetics:

The naringin desorption kinetics into ethanol froaringin saturated resin for different years
with the same mass of resin have been comparedt enshown in Figure 5.44. The change
in concentration of naringin in ethanol is mordhe year 2014 when compared to 2012 and
2013. This is due to the composition of peel vafiesn season to season as well as with

place.
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5.2.6. Desor ption fixed bed column studies (System 2)

The desorption column studies were carried out lasg column as per the procedure
described in the section 3.6.3 and presented r€i§.45. From the Figure 5.45, it is evident
that the amount of naringin desorbed from resiuraééd with naringin, obtained from

adsorption column studies, in ethanol solution €ases with time. The data of column
studies for naringin desorption with ethanol toonesr naringin are given in Table C7.

From these desorption study, it can be concludatighout 2100 ml of ethanol is sufficient
for almost all the possible recoverable desorptibnaringin from the resin PA-800 in a glass
column of 14 mm ID filled up to the height 0.95 mb¢ut 120 g naringin saturated resin
(wet)).

The amount of naringin desorbed in the column wasd to be 3.24, 2.95 and 2.73 g

respectively for the years 2012, 2013 and 2014.

5.2.7. Purity and recovery of obtained Naringin and Pectin (System 2)

(A) Naringin recovery

Recovery and purity of naringin were calculateghasthe procedure described in section 3.9
and are tabulated in Table 5.25 for the years 2BQ23 and 2014 respectively.

Table5.25: Recovery of naringin from fresh peels with resik-&00

S.No| Year| Naringin Conc. in Naringin Purity Recovery
KPBW (kg/nT) obtained (g) (%) (%)
1 2012 0.810 3.5 92.3 51.9
2 2013 0.780 3.2 90.9 51.3
3 2014 0.750 3.0 88.6 49.2
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(B) Recovery of pectin and characterization
The recovery of pectin was calculated as per tloeguture described in section 3.9. The
obtained pectin was characterised, the valuesfigrent parameters determined are tabulated

in Table 5.26.

Table5.26: Recovery of pectin from fresh peels with resin 8#0

S.No| Year | Recovey Moisture | Ash | Equivalent| Methoxyl | Anhdrouronic| DE
(%) (%) (%) weigh content acid (%) (%)
(mg/ml) (%)
1 | 2012, 60.2 7.6 8.1 658.4 5.94 56.4 59|7
2 |2013] 61.0 8.4 7.5 626.2 6.55 68.7 54/1
3 |2014| 60.9 7.9 8.2 634.5 6.42 62.5 582
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5.3. Adsorption-Desorption studies of naringin with dropped peels on Resin PA-500
(System 3)

The naringin content of dropped kinnow peel boiledter (extracts) from the two years
(2012 and 2013) samples was determined and wad faurbe 0.890 and 0.935 kgim

respectively.

5.3.1. Adsorption equilibrium studies (System 3)

The adsorption equilibrium studies with kinnow pbeiled water were carried out as per the
procedure described in the section 3.5.1. The Hate been presented in Table D1 and
Figure 5.46. The adsorption equilibrium experimemtata could be correlated by using
Langmuir adsorption isotherm and its parameter&wgaluated and are given in Table 5.27.
It was found that the maximum naringin that canpieked up by resin PA-500 from the

dropped KPBW (calculated from Langmuir adsorptieatiherm constants) was 0.180 and

0.149 kg per kg of dry resin respectively for tleags 2012 and 2013.

Table5.27: Langmuir isotherm parameters for adsorption ofngan on resin PA-500 from

dropped KPBW

Langmuir constants
S.No Year a b R
1 2012 0.232 1.287 0.954
2 2013 0.392 2.630 0.969
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5.3.2. Adsorption kinetic studies (System 3)

The adsorption kinetic studies were carried oupesthe procedure described in the section

3.5.2. The concentration of naringin in the solnti&PBW) as a function of time during

adsorption for various amounts of resin is preseinteFigures 5.47 and 5.48 for the years

2012 and 2013 respectively. The data obtainedeselexperiments are given in Tables D2

(a-b). It may be observed that the rate of changmncentration of a solution is more when

the weight of the resin used is more. The obseEmsatare similar to as in the case of system

1.

Modelling of adsor ption kinetic data

The above data have been analysed with the sam®aabp (modified adsorption shell

model) as discussed in the earlier for system &.viddues of different parameters viz. slopes

of E(t) vs. t plotsk, 8 andy are tabulated below (Table 5.28) for all the roh®oth the

years.

Table 5.28: Modified adsorption shell model parameters for eys8

D, =1.032x107°m? /s, = 039, R, = 0.375x10 m

G a Slope x 1¢ D x 10"
Year | Run 1 K B e
kg/m® | kg/m? (s9) (sh

1 0.890 110.5 2.80 184.9 3015 2.42 3.80

2 0.890 69.23 2.81 116.6 1079 1.38 2.17
2012 3 0.890 56.43 3.72 125.6 1282 2.02 3.16

4 0.890 40.45 3.26 78.94 41.61 0.91 1.43

1 0.935 100.4 2.65 151.6 1958 1.82 2.85

2 0.935 69.41 3.06 120.9 117)3 1.58 2.47
2013 3 0.935 54.15 3.77 116.1 106,8 1.84 2.89

4 0.935 49.05 4.00 111.8 97.79 1.86 2.92
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The generate®, (with a representative value af = 1.733) for all the runs are shown by

smooth curves as well as experimental data arendgwe comparison in Figures 5.47 and

5.48.

The data were tested for significance of the metiardnce, paired observation by t -test at a
5% level of significance, and it was found that &x@erimental and predicted data for almost
all the runs does not differ significantly. The suary of the statistical analysis values is

given in Table 5.29.

Table5.29: Statistical analysis for predicted and experimerdfues ofC, (system 3)

Year | Run s|opectrepvs_ Ctexp R? t-Cri t-Cal Inference
passing through origin
1 0.997 0.987 2.200 0.749 NSD
2 0.981 0.919 2.200 2.281 SD
2012, 3 0.992 0.937 2.200 0.851 NSD
4 0.990 0.965 2.200 1.634 NSD
1 0.992 0.929 2.200 1.282 NSD
2 0.984 0.925 2.200 1.920 NSD
2013| 3 0.988 0.945 2.200 1.510 NSD
4 1.005 0.974 2.200 -0.884 NSD

*NSD- No Significance difference, SD- Significandéference

From the above, it is evident that observed kingé#ita could be correlated reasonably using

modified adsorption shell model.

Comparison of adsor ption kinetics:
The kinetics of adsorption of naringin from kinn@eel boiled water for different years with
the same weight of resin have been compared, asdstiown in Figure 5.49. The rate of

change in concentration of naringin in solutioali®ost same in 2012 and 2013.
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5.3.3. Fixed bed column adsor ption studies (System 3)

The adsorption column studies were carried outeash® procedure described in the section
3.5.3. The column studies of the different yeaaisgles of KPBW is shown in Figure 5.50,
and it was found that the first 14400 (s) the cotregion of naringin in outgoing solution

was almost zero for both years.

The adsorption column data are given in Tables Bd)( The various parameters of

breakthrough curves are presented for the two yearable 5.30.

Table 5.30: Parameters of breakthrough curves for adsorptfomadngin on resin PA-500

from dropped KPBW in a fixed-bed column for two sea

Bed height = 1.20 m, Flow rate = 3.3%1®°/s

S.No| Year| C, t,x160 | b x16 | O a Howe MTZ
(kg/m®) | (s) (s) g | kgkg | (m) | (M

1 2012 | 0.890 81.0 166.7 497 0.094 0.61Y 0.648

2 2013 | 0.935 93.6 185.5 5.78 0.104 0.594 0.61P
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5.3.4. Desor ption equilibrium studies (System 3)

The desorption equilibrium studies with ethanolnfroaringin saturated resin were carried
out as per the procedure described in the sectth.3

The data have been presented in Table D4 and Figbie The data show that the desorption
is favourable with ethanol but does not approacmpietion. The desorption equilibrium
experimental data could be correlated with Frewhdiidsorption isotherm, and its constants

are presented in Table 5.31.

Table 5.31: Freundlich isotherm constants for desorption ofingan from naringin saturated

resin PA-500 (dropped peels)

Freundlich constants

S.No | Year K N, R?2
1 2012 0.108 1.632 0.943
2 2013 0.155 1.139 0.981
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5.3.5. Desor ption kinetic studies (System 3)

The Desorption kinetic studies with ethanol fromimgin saturated resin were carried out as
per the procedure described in the section 3.6d2data are presented in Tables D5 (a-b) in

Figures 5.52 and 5.53
Modelling of desorption kinetic data

The above data have been analysed with the sameaappas done for System 1 (i.e.,
Boyd'’s diffusivity model equation).

The values of effective diffusivitl,, were estimated using linear plots Iof(1/1— uj(t))

vs time (t) and presented in Table 5.32. The average valudfeftee diffusivity D, is

found to be 11.4 xI8 (m°s™).

Table5.32: Boyd'’s diffusivity model parameters for desorptaimaringin from naringin
saturated resin PA-500 (system 3)

S.No| Run Year
2012 2013
Dy X107 R? D, x10% R?
(mZS—l) (mZS—l)
1 1 13.6 0.955 13.0 0.967
2 11.1 0.983 12.0 0.970
3 3 9.22 0.974 9.67 0.950

The generate€,, (with a representative value &f, = 11.4 x10°m’s™) for all the runs

are shown by smooth curves, and experimental datgigen for comparison in Figures 5.52

and 5.53.
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The data were tested for significance of the metiardnce, paired observation by t -test at a
5% level of significance, and it was found that &x@erimental and predicted data for almost
all the runs does not differ significantly.

The summary of the statistical analysis of the jted values from the model and

experimental values is given in Table 5.33.

Table 5.33: Statistical analysis for predicted and experimleraues ofC,, (System 3)

Run | Year Slope R t-Cri t-Cal Inference
Ctrep VS. Ctexp

1 0.888 0.956 2.262 3.708 SD
2 2012 | 1.012 0.938 2.262 -1.274 NSD
3 1.044 0.956 2.262 -0.669 NSD
1 0.938 0.923 2.262 0.530 NSD
2 2013 | 0.947 0.937 2.262 1.028 NSD
3 1.007 0.946 2.262 0.191 NSD

*NSD- No Significance difference. SD- Significandéference

From the abovelt is evident that observed kinetic data could beedated reasonably using
Boyd'’s diffusivity model equation.

Comparison of desor ption kinetics:

The kinetics of naringin desorption from resin sated with naringin to ethanol for the two
different years with the same mass of resin has loeenpared, and it is shown in Figure

5.54. The rate of desorption of naringin in ethaswution is almost same in both years.
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5.3.6. Desor ption fixed bed column studies (System 3)

The desorption column studies were carried out lasg column as per the procedure
described in the section 3.6.3 and presented r€i§.55. From the Figure 5.55, it is evident
that the amount of naringin desorbed from resiuraééd with naringin, obtained from

adsorption column studies, in ethanol solution eases with time. The data of column
studies for naringin desorption with ethanol tooresr naringin are given in Table D6.

From these desorption studies it can be concludadatbout 1700 ml of ethanol is sufficient
for almost all the possible recoverable desorptibnaringin from the resin PA-500 in a glass
column of 14 mm ID filled up to the height 0.95 mb¢ut 120 g naringin saturated resin
(wet)). The amount of naringin desorbed in the goluwas found to be 3.40 and 3.69 g

respectively for the years 2012 and 2013.

5.3.7. Purity and recovery of obtained Naringin and Pectin (System 3)
(A) Naringin recovery
Recovery and purity of naringin were calculateghasthe procedure described in section 3.9

and are tabulated in Table 5.34 for the years 2022013 respectively.

Table 5.34: Recovery of naringin from dropped peels with rd3A500

S.No| Year| Naringin Conc. in Naringin Purity Recovery
KPBW (kg/nT) obtained (g) (%) (%)

1 2012 0.890 3.7 88.2 52.2

2 2013 0.935 3.9 91.3 51.1
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(B) Recovery of pectin and characterization

The recovery of pectin was calculated as per tloequure described in section 3.10. The

obtained pectin was characterised, the valuesfigrent parameters determined are tabulated

in Table 5.35.

Table 5.35: Recovery of pectin from dropped peels with resd320

S. | Year | Recovey Moisture | Ash | Equivalent | Methoxyl | Anhdrouronic| DE (%)
No (%) (%) (%) weigh content acid (%)

(mg/ml) (%)
1 | 2012 534 8.95 9.6 551.0 6.97 69.5 56.9
2 | 2013| 50.3 9.49 8.4 468.2 6.01 66.9 51.

OJ
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5.4. Adsorption-Desor ption studies for naringin with Dropped peels on Resin PA-800
(System 4)

5.4.1. Adsorption equilibrium studies (System 4)

The adsorption equilibrium studies with kinnow pbeiled water were carried out as per the
procedure described in the section 3.5.1. The Hate been presented in Table E1 and
Figure 5.56. The adsorption equilibrium experimemtata could be correlated by using
Langmuir adsorption isotherm and its parameterewegaluated and are listed in Table 5.36.
It may be noted that the naringin concentratiorsafution (KPBW) was 0.890 and 0.935
kg/m® respectively in the years 2012 and 2013. The maxiramount of naringin that can be
picked up by resin PA-800 (calculated from Langmadsorption isotherm constants) was

found to be 0.175 and 0.170 kg per kg of dry resspectively in the years 2012 and 2013.

Table 5.36: Langmuir isotherm parameters for adsorption ofrrgan on resin PA-800 from
dropped KPBW

Langmuir constants
S.No Year a b R
1 2012 0.384 2.194 0.938
2 2013 0.584 3.423 0.947

5.4.2. Adsorption Kinetic studies (System 4)

The adsorption kinetic studies were carried oupexsthe procedure described in the section
3.5.2. The concentration of naringin in the solutas a function of time during adsorption for

various amounts of resin is presented in Figurgs &nd 5.58 for the years 2012 and 2013.
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The data obtained in these experiments are giv@alaes E2 (a-b). It may be observed from

the data that the rate of change in concentratica solution is more when the mass of the

resin used is more.

Modelling of adsor ption kinetic data

The above data have been analyzed with the samm®aagbp (modified adsorption shell

model) as discussed in the earlier for system %k Qlvalues were used to calculafg

values. The values of different parameters vizpetoofF(t) vs t plotsK, S andy are

tabulated below (Table 5.37) for all the runs offbthe years.

Table5.37: Modified adsorption shell model parameters foteys4

D, =1.032x107"°m?/s,£ = 039, R, = 0.48x10° m

Co % | Slope x 1d % x 10*
Year| Run | Year 4 K B
kg/m® | kg/m® (s9)

1 2012 | 0.890| 105.2 3.13 32217 931]0 7.87 7.51

2 0.890| 88.79 3.73 325]2 9445 9.46 9.04
2012 3 0.890 | 69.10 3.03 2052 375.p 4.83 4.62

4 0.890 | 63.27 4.81 2983 799.1 11,2 10.7

1 2013 | 0.935 124.0 2.86 3314 979(8 7.38 7.05
2013 2 0.935| 91.72 4.17 3570 11287 11}5 11.0

3 0.935| 82.51 4.07 3137 8813 9.98 9.53

The generate®, (with a representative value qf = 8.899) for all the runs are shown by

smooth curves, and experimental data are givercdamparison in Figures 5.57 and 5.58.
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The data were tested for significance of the meHerence, paired observation by t -test at a
5% level of significance, and it was found that thgerimental, as well as predicted data,
does not differ significantly of almost all the sunThe summary of the statistical analysis

values is given in Table 5.38,

Table 5.38: Statistical analysis for predicted and experimerdlues ofC, (system 4)

Year | Run Slopectrepvs' Ctexp R? t-Cri t-Cal Inference
passing through origin
1 0.998 0.941 2.200 -0.036 NSD
2 0.983 0.949 2.200 1.810 NSD
2012, 3 0.991 0.948 2.200 0.832 NSD
4 0.979 0.956 2.200 1.266 NSD
1 0.988 0.924 2.200 1.715 NSD
2 0.989 0.964 2.200 1.239 NSD
2013| 3 0.983 0.954 2.200 1.113 NSD

*NSD- No Significance difference, SD- Significandéference

From the above, it is evident that observed kinééita could be correlated reasonably using

modified adsorption shell model.

Comparison of adsor ption kinetics:

The kinetics of adsorption of naringin from kinn@esel boiled water for two years with the
same mass of resin have been compared, and ibwnsim Figure 5.59. Keeping in mind

initial naringin concentration in KPBW of the twons is different, the data is almost similar.
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5.4.3. Fixed bed column adsor ption studies (System 4)

The adsorption column studies were carried outeashe procedure described in the earlier

section 3.5.3. The column studies of the diffesggar's samples of KPBW is shown in Figure

5.60. From the Figure 5.60, it was observed thatfitst 21600 (s) the concentration of

naringin in outgoing solution was almost zero. Tddsorption column data are given in

Tables E3 (a-b). The various parameters of thalktheough curve are presented for the two

years in Table 5.39.

Table 5.39: Parameters of breakthrough curves for adsorptioramngin on resin PA-800

from dropped KPBW in a fixed-bed column for two yea

Bed height = 1.20 m, Flow rate = 3.3%1®°/s

S.No | Year C, t,x100 | 1 x10 Ol a Hune MTZ
(kg/m?) | () (s) g | kakg | (m) | (M

1 2012 0.895 111.6 204 .5 6.10 0.10 0.545 0.5

2 2013 0.935 118.8 215.1 6.7C 0.17 0.587 0.5
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5.4.4. Desor ption equilibrium studies (System 4)

The desorption equilibrium studies with ethanolnfroaringin saturated resin were carried
out as per the procedure described in the sect®®.3

The data have been presented in Table E4 and Flgéde From the Figure 5.61, it is

observed that the desorption is favourable witrambh but does not approach completion.
The desorption equilibrium experimental data cdagddcorrelated with Freundlich adsorption
isotherm and its parameters were evaluated angrasented in Table 5.40.

Table 5.40 Freundlich isotherm constants for desorption einggn from naringin saturated

resin PA-800 (dropped peels)

Freundlich constants
S.No Year K n, R2
1 2012 0.155 1.139 0.981
2 2013 0.124 1.536 0.893

5.4.5. Desor ption kinetic studies (System 4)

The desorption kinetic studies with ethanol fromimgin saturated resin were carried out as
per the procedure described in the section 3.6@ data are presented in Tables E5 (a-b) in

Figures 5.62 and 5.63.
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Modelling of desorption kinetic data
The above data have been analysed with the sameaappas done for System 1 (i.e.,
Boyd'’s diffusivity model equation).

The values of effective diffusivitl,, were estimated using linear plots Iof(1/1— uj(t))

vs time (t) and presented in Table 5.41. The average valuéfedtioe diffusivity D, was

found to be 10.66x18 (m’s™).

Table5.41: Boyd’s diffusivity model parameters for desorptmimaringin from naringin

saturated resin PA-800 (system 4)

S.No | Run Year
2012 2013

D, x107™ (m?s™) R’ D, x10™ (m?’s™) R?

1 1 10.6 0.951 13.6 0.939
2 2 8.86 0.972 13.0 0.969
3 3 8.46 0.974 9.54 0.981

The generate€,, (with a representative value &, = 10.66x13°m’s™) for all the runs

are shown by smooth curves as well as experimdatalare given for comparison in Figures
5.62 and 5.63. The data were tested for signifieant the mean difference, paired
observation by t -test at a 5% level of significanand it was found that the experimental and
predicted data does not differ significantly of abkh all the runs. The summary of the
statistical analysis of the predicted values frbm tnodel and experimental values is given in

Table 5.42.
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Table5.42: Statistical analysis for predicted and experimleraies ofC , (System 4)

Run | Year Slope R t-Cri t-Cal Inference
Cie VS Cionp

1 0.96 0.936 2.262 0.514 NSD
2 2012 | 1.076 0.947 2.262 -3.443 SD
3 1.052 0.952 2.262 -1.327 NSD
1 0.867 0.920 2.262 2.127 NSD
2 2013 | 0.908 0.965 2.262 2.362 SD
3 1.007 0.974 2.262 0.150 NSD

*NSD- No Significance difference, SD- Significandéference

From the above, it is evident that observed king#ita studied could be correlated reasonably
using Boyd'’s diffusivity model equation.

Comparison of desorption kinetic studies:

The kinetics of naringin desorption from resin sated with naringin to ethanol for the two
different years with the same mass of resin has loeenpared, and it is shown in Figure

5.64. The rate of desorption of naringin in ethawution is almost same in both years.

5.4.6. Desor ption fixed bed column studies (System 4)

The desorption column studies were carried out lasg column as per the procedure
described in the section 3.6.3 and presented r€i§.65. From the Figure 5.65, it is evident
that the amount of naringin desorbed from resiuraééd with naringin, obtained from
adsorption column studies, in ethanol solution €ases with time. The data of column

studies for naringin desorption with ethanol tooner naringin are given in Table E6.
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From these desorption studies, it can be concltitktdabout 2200 ml of ethanol is sufficient
for almost all the possible recoverable desorptibnaringin from the resin PA-800 in a glass
column of 14 mm ID filled up to the height 0.95 mb¢ut 120 g naringin saturated resin
(wet)). The amount of naringin desorbed in the goluwas found to be 3.92 and 4.05 g

respectively for the years 2012 and 2013.

5.4.7. Purity and recovery of obtained Naringin and Pectin (System 4)

(A)Naringin recovery

Recovery and purity of naringin were calculateghasthe procedure described in section 3.9

and are tabulated in Table 5.43 for the years 20t22013.

Table 5.43: Recovery of naringin from dropped peels with réaf800

S.No| Year| Naringin Conc. in Naringin Purity Recovery
KPBW (kg/nT) obtained (Q) (%) (%)

1 2012 0.890 3.9 93.2 52.8

2 2013 0.935 4.3 92.5 53.7

(B) Pectin recovery and characterization

The recovery of pectin was calculated as per tlequture described in section 3.10. The
obtained pectin was characterised, the valuesfigrent parameters determined are tabulated
in Table 5.44.

Table5.44: Recovery of pectin from dropped peels with reha&®0

S. | Year | Recovey Moisture | Ash | Equivalent | Methoxyl | Anhdrouronic| DE

No (%) (%) (%) weigh content acid (%) (%)
(mg/ml) (%)

1 | 2012 575 9.6 7.5 655.5 5.9 70.5 535

2 | 2013| 58.0 10.1 8.1 660.1 6.1 72.5 51)2
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5.5. Adsorption-Desorption studies of naringin with Dry peels on Resin PA-500

(system 5)

The naringin content of dry kinnow peel boiled wggxtracts) from the two years (2012 and
2013) samples was determined and was found to79® @nd 0.650 kg/Prespectively.

5.5.1. Adsorption equilibrium studies (System 5)

The adsorption equilibrium studies with kinnow pbeiled water were carried out as per the
procedure described in the section 3.5.1. The Hate been presented in Table F1 and
Figure 5.66. The adsorption equilibrium experimemtata could be correlated by using
Langmuir adsorption isotherm and its parameterewealuated and are given in Table 5.45.
The maximum amount of naringin that can be pickpdwy resin PA-500 from dry KPBW
(calculated from Langmuir adsorption isotherm cantt) was found to be 0.101 and 0.092
kg per kg of dry resin respectively for the yead42 and 2013.

Table 5.45: Langmuir isotherm parameters for adsorption ofrrgan on resin PA-500 from

dry KPBW
Langmuir constants
S.No Year a b =4
1 2012 0.213 2.136 0.964
2 2013 0.294 3.193 0.934

5.5.2. Adsorption Kkinetic studies (System 5)

The adsorption kinetic studies were carried oupesthe procedure described in the section
3.5.2.
The concentration of naringin in the solution agtuaction of time during adsorption for

various amounts of resin is presented in Figurég &nd 5.68 for the years 2012 and 2013.
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The data obtained in these experiments are givete3 &2 (a-b). It is observed that the rate
of change in concentration of a solution is moremwthe mass of the resin used is more.
Modelling of adsor ption kinetic data

The kinetic data have been analysed with the sgompeoach (modified adsorption shell
model) as discussed in the earlier for system &.viddues of different parameters viz. slopes

of F (t) vst plots,K, andy are tabulated below (Table 5.46) for all the roh&oth the

years.

Table 5.46: Modified adsorption shell model parameters foteys5

D, =1.032x10°m? /s, £ = 039, R, = 0.375x10' m

Year| Run © * Slopelx 10 K B v f_gx 10°
kg/m® | kg/m? (s (sh
1 0.700 65.65 1.73 86.52 52.41 0/55 0.87
2 0.700 59.60 2.61 118.2 1112 130 2.04
2012 3 0.700 47.05 3.30 118.0 110.8 1/64 2.58
4 0.700 44.36 2.90 98.06 71.31 1/,12 1.76
1 0.650 62.49 4.36 223.2 446.8 4164 7.27
2013 2 0.650 53.76 3.74 164.9 2357 284 4.46
3 0.650 49.82 3.17 129.4 137.2 1479 2.80
4 0.650 38.87 6.56 208.9 389.f 6J51 10.2

The generate®, (with a representative value af = 2.555) for all the runs are shown by

smooth curves as well as experimental data arendgwe comparison in Figures 5.67 and

5.68.
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The data were tested for significance of the metiardnce, paired observation by t -test at a
5% level of significance, and it was found that &x@erimental and predicted data for almost
all the runs does not differ significantly. The suary of the statistical analysis values is

given in Table 5.47.

Table 5.47: Statistical analysis for predicted and experimerdfues ofC, (system 5)

Year | Run SlopeCyqVs. Cgy, R® t-Cri t-Cal Inference
passing through origin
1 0.999 0.948 2.200 0.152 NSD
2 1.001 0.964 2.200 -0.452 NSD
2012 3 0.991 0.927 2.200 0.941 NSD
4 0.999 0.96 2.200 -0.013 NSD
1 1.000 0.939 2.200 -0.372 NSD
2 0.979 0.900 2.200 2.705 SD
2013| 3 0.991 0.918 2.200 0.707 NSD
4 0.995 0.913 2.200 0.363 NSD

*NSD- No Significance difference, SD- Significandéference

From the above, it is evident that observed kingé#éita could be correlated reasonably using

modified adsorption shell model.

Comparison of adsor ption kinetics:

The kinetics of adsorption of naringin from dry kow peel boiled water for two years with

the same mass of resin have been compared, anghbwn in Figure 5.69. By considering

different initial concentrations, it is observedthhe adsorption kinetics is almost same in

both years.
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5.5.3. Fixed bed column adsor ption studies (System 5)

The adsorption column studies were carried outeashe procedure described in the earlier

section 3.5.3. The column studies of the diffesggar's samples of KPBW is shown in Figure

5.70.

From the Figure 5.70, it was observed that theé 690 (s) the concentration of naringin in

outgoing solution was almost zero for both the ge@he adsorption column data are given

in Tables F3 (a-b). The various parameters ofkiheaugh curves are provided for the two

years in Table 5.48.

Table 5.48: Parameters of breakthrough curves for adsorptioraongin on resin PA-500

Bed height = 1.20 m, Flow rate = 3.3%1®°/s

from dry KPBW in a fixed-bed column for two years

S.No| Year| C, tox10 | tx10 | O a Howe MTZ
(kg/m) | (s) ) g | kgkg | (m) | (M
1 2012 0.700 50.4 136.1 3.17 0.058 0.755 0.7
2 2013 0.650 49.6 127.9 2.77 0.060 0.734 0.7

179

95

74



(g weisAs) Apnis uwnjod paq paxi :MIMER Wol) 005-Vd luaglospe uo uibuleu jo uondiospy :0L°Gainbi4

S X
0S¢ 00¢ 0ST Avmb._” } 00T 0S

0590 €10Cc V
0040 c1oe ¢
WyBx) -ouod ulbuueu femu]  JeaA

S/W@T x €€ = 9lel MO|H
w 0z'T = WbIay pag

T0

[y

€0

°2/0

180



5.5.4. Desor ption equilibrium studies (System 5)

The desorption equilibrium studies with ethanolnfroaringin saturated resin were carried
out as per the procedure described in the sect®®.3

The data have been presented in Table F4 and Fegudite It is found that the desorption is
favourable with ethanol but does not approach cetigpl. The desorption equilibrium
experimental data could be correlated with Frewhdiidsorption isotherm and its parameters
were evaluated and are given in Table 5.49.

Table5.49: Freundlich isotherm constants for desorption oinggn from naringin saturated

resin PA-500 (dry peels)

Freundlich constants
S.No Year K n, R2
1 2012 0.102 1.048 0.931
2 2013 0.072 1.526 0.908

5.5.5. Desor ption kinetic studies (System 5)

The desorption kinetic studies with ethanol fromimgin saturated resin were carried out as
per the procedure described in the section 3.8@data are presented in Tables F5 (a-b) and

Figures 5.72 and 5.73.
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Modelling of desorption kinetic data

The above data have been analysed with the santeaappas done for System 1 (i.e.,
Boyd'’s diffusivity model equation).

The values of effective diffusivitlp,,, were estimated using linear plots Iof(l/l— uj(t)) VS
time (t) and presented in Table 5.50. The average valeffedtive diffusivity D, is found
to be 10.12x1%° (m?s™).

Table 5.50: Boyd’s diffusivity model parameters for desorptmimaringin from naringin

saturated resin PA-500 (system 5)

S.No| Run Year
2012 2013
D, x10% | R D, 1073 R®
(m’s™) (m’s™)
1 1 10.1 0.986 115 0.977
9.23 0.983 12.2 0.985
3 3 7.67 0.975 9.91 0.962

The generate®€,, (with a representative value &f, = 10.12x10°*m?s™) for all the runs
are shown by smooth curves, and experimental datgigen for comparison in Figures 5.72
and 5.73.

The data were tested for significance of the metiardnce, paired observation by t -test at a
5% level of significance, and it was found that &x@erimental and predicted data for almost

all the runs does not differ significantly.
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The summary of the statistical analysis of the jpted values from the model and
experimental values is given in Table 5.51.

Table5.51: Statistical analysis for predicted and experimleraues ofC,, (System 5)

Year | Run Slope R t-Cri t-Cal Inference
CirepVS: Cioxp

1 1.001 0.916 2.262| -1.374 NSD
2012 2 1.002 0.956 2.262| -0.255 NSD

3 1.098 0.961 2.262| -1.990 NSD

1 0.911 0.948 2.262| 2.648 SD
2013 2 0.89 0.975 2.262| 5.651 SD

3 0.943 0.916 2.262| 2.031 NSD

*NSD- No Significance difference, SD- Significandéference

From the above, it is evident that observed kinggita studied could be correlated reasonably
using Boyd'’s diffusivity model equation.

Comparison desor ption kinetic data

The kinetics of naringin desorption from resin sated with naringin to ethanol for the two
different years with the same mass of resin has beepared, and it was shown in Figure

5.74. The rate of desorption of naringin in ethawution is almost same in both the years.

5.5.6. Desor ption fixed bed column studies (System 5)

The desorption column studies were carried out lasgg column as per the procedure
described in the section 3.6.3 and presented r€i§.75. From the Figure 5.75, it is evident
that the amount of naringin desorbed from resiuraééd with naringin, obtained from
adsorption column studies, in ethanol solution eases with time. The data of column

studies for naringin desorption with ethanol toonear naringin are given in Table F6.
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From these desorption studies, it can be concltitktdabout 1300 ml of ethanol is sufficient

for almost all the possible recoverable desorptibnaringin from the resin PA-500 in a glass

column of 14 mm ID filled up to the height 0.95 mb¢ut 120 g naringin saturated resin
(wet)). The amount of naringin desorbed in the swluwas found to be 1.93 and 1.71 g

respectively for the years 2012 and 2013.

5.5.7. Purity and recovery of obtained Naringin and Pectin (System 5)

(A) Naringin recovery

Recovery and purity of naringin were calculateghasthe procedure described in section 3.9
and are given in Table 5.52 for the years 2012201i8.

Table5.52: Recovery of naringin from dry peels with resin B8O

S.No| Year| Naringin Conc. in Naringin Purity Recovery
KPBW (kg/nT) obtained (Q) (%) (%)

1 2012 0.700 2.1 89.3 49.6

2 2013 0.650 1.9 88.6 49.0

(B) Pectin recovery and characterization

The recovery of pectin was calculated as per tloequture described in section 3.10. The
obtained pectin was characterised, the valuesftgfreint parameters determined are given in
Table 5.53.

Table 5.53: Recovery of pectin from dry peels with resin PA350

S. | Year | Recovey Moisture | Ash | Equivalent| Methoxyl | Anhdrouronic| DE

No (%) (%) (%) weigh content acid (%) (%)
(mg/ml) (%)

1 | 2012 54.8 6.5 55 578.2 6.1 55.4 62,5

2 | 2013| 58.7 55 6.1 613.5 4.9 50.1 55/5
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5.6. Adsorption-Desorption studies for naringin with Dry peels on Resin PA-800
(system 6)

5.6.1. Adsorption equilibrium studies (System 6)

The adsorption equilibrium studies with kinnow pbeiled water were carried out as per the
procedure described in the section 3.5.1. The Hate been presented in Table G1 and
Figure 5.76. The adsorption equilibrium experimemtata could be correlated by using
Langmuir adsorption isotherm and its parameterevexaluated and are shown in Table
5.54. It may be noted that the naringin concemratn solution (KPBW) was 0.700 and
0.650 kg/ni respectively in the years 2012 and 2013. The maxiramount of naringin that
can be picked up by resin PA-800 from dry KPBW ¢akdted from Langmuir adsorption
isotherm constants) was found to be 0.110 and Ck@y42er kg of dry resin respectively for
the years 2012 and 2013.

Table 5.54: Langmuir isotherm parameters for adsorption ofrrgan on resin PA-800 from

dry KPBW
Langmuir constants
S.No Year A b R
1 2012 0.320 2.898 0.956
2 2013 0.207 1.442 0.869

5.6.2. Adsor ption Kinetic studies (System 6)

The adsorption kinetic studies were carried oupesthe procedure described in the section
3.5.2.
The concentration of naringin in the solution agtuaction of time during adsorption for

various amounts of resin is presented in Figurég &nd 5.78 for the years 2012 and 2013.
The data obtained in these experiments are giv@malnes G2 (a-b). It may be observed that
the rate of change in concentration of a solut®more when the mass of the resin used is

maore.
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Modelling of adsor ption kinetic data

The kinetic data have been analysed with the sgmpeoach (modified adsorption shell

model) as discussed in the earlier for system &.viddues of different parameters viz. slopes

of F(t) vs t plots,K,S andy are tabulated below (Table 5.55) for all the rofidoth

the years.

Table 5.55: Modified adsorption shell model parameters foteys6

D, =1.032x107"°m? /s, £ = 039, R, = 0.48x10° m

G, . Slope x 1¢ 2 x 10"
Year | Run 1 K B Te
kg/m* | kg/m? (s9) (sh

1 0.700 75.64 2.51 236.6 503.7 4.66 4.4%

2 0.700 67.67 3.08 260.0 609.0 6.29 6.0]
2012 3 0.700 55.02 3.36 230.Y 478.2 6.08 5.8]

4 0.700 51.26 1.74 111.2 96.4pP 1.31 1.26

1 0.665 68.49 2.49 229.5 473.1 4.49 4.2

2 0.650 54.55 3.88 284.1 726.4 8.6b 8.26
2013 3 0.650 51.42 4.30 296.8 791.8 10.0 9.5%

4 0.650 47.76 3.72 238.8 511.1 6.95 6.64

The generate®, (with a representative value af = 6.058) for all the runs are shown by

smooth curves, and experimental data are giveodimparison in Figures 5.77 and 5.78.

The data were tested for significance of the me#Herence, paired observation by t -test at a
5% level of significance, and it was found that é&x@erimental and predicted data for almost

all the runs does not differ significantly. The suary of the statistical analysis values is

given in Table 5.56.
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Table 5.56: Statistical analysis for predicted and experimlerdfues ofC, (system 6)

Year | Run SlopeCygVs. Cey, R® t-Cri t-Cal Inference
passing through origin
1 1.009 0.981 2.200 -3.455 SD
2 1.006 0.987 2.200 -1.576 NSD
2012 3 0.992 0.96 2.200 0.723 NSD
4 0.994 0.935 2.200 0.210 NSD
1 1.023 0.91 2.200 -5.167 SD
2 0.974 0.907 2.200 2.244 SD
2013| 3 1.013 0.968 2.200 -1.744 NSD
4 0.984 0.959 2.200 0.802 NSD

*NSD- No Significance difference, SD- Significandéference

From the above, it is evident that observed kinééita could be correlated reasonably using

modified adsorption shell model.

Comparison of adsor ption kinetics:

The kinetics of adsorption of naringin from dry kow peel boiled water for two years with
the same mass of resin have been compared, andhbwn in Figure 5.79, and the rate of

adsorption is almost similar.

5.6.3. Fixed bed column adsor ption studies (System 6)

The adsorption column studies were carried outeasghe procedure described in the earlier
section 3.5.3. The column studies of the diffesazar's samples of KPBW is shown in Figure
5.80. From the Figure 5.80, it was observed that fitst 7200 (s) the concentration of

naringin in outgoing solution was almost zero fottbthe years. The adsorption column data
are given in Table G3 (a-b). The various paramsetébreakthrough curves are listed for the

two years in Table 5.57.
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Table 5.57: Parameters of breakthrough curves for adsorptioraongin on resin PA-800

Bed height = 1.20 m, Flow rate = 3.3%1®°/s

from dry KPBW in a fixed-bed column for two years

S.No| Year| C, tox10 | tx10 | O a Howe MTZ
(kg | (s) (s) g | kakg | (m) | (M

1 2012 0.700 57.6 136.] 3.68 0.071 0.692 0.724

2 2013 0.650 50.4 124.8 3.15 0.074 0.715 0.758

5.6.4. Desor ption equilibrium studies (System 6)

The equilibrium studies of desorption of naringmoi ethanol from naringin saturated resin

were carried out as per the procedure describdteisection 3.6.1.

The data have been presented in Table G4 and Fig8te It is found that the desorption is

favourable with ethanol but does not approach cetigpl. The desorption equilibrium

experimental data could be correlated with Frewhdiidsorption isotherm and its parameters

were evaluated and are presented in Table 5.58.

Table5.58: Freundlich isotherm constants for desorption ofirgan from naringin saturated

resin PA-800 (dry peels)

Freundlich constants
S.No | Year K. n, R?
2012 0.102 1.048 0.931
2013 0.072 1.526 0.908
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5.6.5. Desor ption kinetic studies (System 6)

The kinetic studies of desorption of naringin ietthanol from naringin saturated resin were
carried out as per the procedure described indbios 3.6.2 and, data are presented in Table
G5 (a-b) and Figures 5.82 and 5.83.

Modelling of desorption kinetic data

The above data have been analysed with the sameasppas done for System 1 (i.e.,
Boyd'’s diffusivity model equation).

The values of effective diffusivity,, were estimated using linear pIotslm(lll— uj(t)) VS

time (t) and given in Table 5.59. The average value of #@ffediffusivity D, is found to

be 12.52x18° (m?s™).

Table 5.59: Boyd’s diffusivity model parameters for desorptaimaringin from naringin

saturated resin PA-800 (system 6)

S.No| Run Year
2012 2013

D, x10%(m*s?) | R | D x10®(ms?) | R

1 1 13.3 0.950 13.7 0.964
2 2 13.0 0.990 12.0 0.983
3 3 11.3 0.980 11.6 0.979

The generate®€,, (with a representative value &f, = 12.52x10*m?s™) for all the runs
are shown by smooth curves, and experimental datgigen for comparison in Figures 5.82
and 5.83.

The data were tested for significance of the metiardnce, paired observation by t -test at a
5% level of significance, and it was found that éx@erimental, as well as predicted data of

almost all the runs, does not differ significantly.

200



(zTOZ 1edh ‘9 waishs) 1sA o

empawiiadxa Jo UoIe|a1I09 (jouRylS Ul 008-Vd Usaeinles uibulieu yum saipnis onaun uondiosaq :2g'sa.nbi

(S)OT x 1
ve ¢ 81 ST 1 6 9 c 0
o]
& \/
< \/
o o® |
20 © oV
O > % o ] i
Y,
\Y 25 I
0
\V/
< -
o (@)
o)
o) L
lV6'¢ gunydo . . .
008-Vd :Ulsay ¢T0O¢ Jea A
: un
Oe8T cundv wgbx O = [ouryl Ul *oU0d uIbuLeU [eniu| |
6v6'0 T Uunyo . .
. cWQT x 0GP0 = |oueyla JO "|OA
B 0Tx 4'A'0

S0°0

T0

ST0

201

(ew/Bx) Po

SC0

€0

S€0

¥'0




(sT0Z 1edh ‘9 wasAs) 1sA Mo

empawiIadxa Jo UoIe|a1I09 (jouBylS Ul 008-Vd Usaeinles uibulieu yum saipnis onaun uondiosaq :£8°'Ga.nbi-

(S)0T x 1
vz 1z 8T ST 4} 6 9 €
L 1 1 1 1 1 1 1 AV AV b o d O
>\
OV
v YL so0
oV
O
5 o © Y .
@ Y 10
_ o)
’ o
v o ST'0
v v © £
o z0 EW
2
ST0
Q)
o €0
¢TO0'E gunydo . . .
008-Yd :Uisey E€T0OCZ JesA
: un
958l ¢ Unyv Wby 0 = joueyla ul *ouod uibulreu fenu| ce0
6’0 T Unyo ) )
. eWQT x 050 = [OUBYID JO "JOA
B 0Tx 4'A’0

¥'0

202



The summary of the statistical analysis of the jpted values from the model and

experimental values is given in Table 5.60.

Table5.60: Statistical analysis for predicted and experimleraies ofC,, (System 6)

Run | Year Slope R t-Cri t-Cal Inference
CirepVS: Cioxp
1 0.929 0.911 2.262 | 0.750 NSD
2 2012 | 0.969 0.99 2.262| 1.669 NSD
3 1.016 0.973 2.262| -0.659 NSD
1 0.923 0.893 2.262 | 0.587 NSD
2 2013 | 1.028 0.949 2.262| -2.544 SD
3 1.057 0.97 2.262 | -3.862 SD

*NSD- No Significance difference, SD- Significandéference

From the above, it is evident that observed king#ita studied could be correlated reasonably
using Boyd'’s diffusivity model equation.

Comparison of desor ption kinetics:

The kinetics of naringin desorption from resin sated with naringin to ethanol for the two
different years with the same mass of resin has loeenpared, and it is shown in Figure
5.84. The kinetics of desorption of naringin intbanol solution is almost same in both the
years.

5.6.6. Desor ption fixed bed column studies (System 6)

The desorption column studies were carried out lasg column as per the procedure
described in the section 3.6.3 and presented r€i§.85. From the Figure 5.85, it is evident
that the amount of naringin desorbed from resiuraééd with naringin, obtained from

adsorption column studies, in ethanol solution eases with time. The data of naringin

desorption column studies with ethanol to recoxsmgin are given in Table G6.
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From these desorption studies, it can be concltitktdabout 1500 ml of ethanol is sufficient
for almost all the possible recoverable desorptibnaringin from the resin PA-800 in a glass
column of 14 mm ID filled up to the height 0.95 mb¢ut 120 g naringin saturated resin
(wet)). The amount of naringin desorbed in the goluwas found to be 2.32 and 2.06 g

respectively for the years 2012 and 2013.

5.6.7. Purity and recovery of obtained Naringin and Pectin (System 6)
(A) Naringin recovery
Recovery and purity of naringin were calculateghasthe procedure described in section 3.9

and are tabulated in Table 5.61 for the years 20t22013.

Table5.61: Recovery of naringin from dry peels with resin B80

S.No| Year| Naringin Conc. in Naringin Purity Recovery
KPBW (kg/nT) obtained (Q) (%) (%)

1 2012 0.700 2.4 87.5 50.0

2 2013 0.650 2.2 90.1 51.8

(B) Pectin recovery and characterization

The recovery of pectin was calculated as per tloequiure described in section 3.10. The
obtained pectin was characterised, the valuesftgfreint parameters determined are given in
Table 5.62.

Table5.62: Recovery of pectin from dry peels with resin PA380

S. | Year | Recovey| Moisture | Ash | Equivalent| Methoxyl | Andhrouronic| DE

No (%) (%) (%) weigh content acid (%) (%)
(mg/ml) (%)

1 (2012 57.1 6.2 5.8 550.6 5.3 48.3 62.2

2 | 2013| 58.3 5.9 6.9 601.2 55 57.8 54.0
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5.7. Adsorption-Desorption studies of naringin with fresh peels on regenerated resin
PA-500 (system 7)

5.7.1. Adsorption equilibrium studies (System 7)

The procedure to regenerate the used resin afsarpleon studies are described in section
3.8.

The adsorption equilibrium studies with kinnow pbeiled water were carried out as per the
procedure mentioned in the section 3.5.1. The kdave@ been presented in Table H1 (a) and
Figure 5.86. The adsorption equilibrium experimemtata could be correlated by using
Langmuir adsorption isotherm and its constants é arare found to be 0.171 and 1.603
respectively. It was found that the naringin coriion in solution (KPBW) was 0.800
kg/m®. The maximum amount of naringin that can be piakedy regenerated resin PA-500
(calculated from Langmuir adsorption isotherm cantg) was found to be 0.106 kg per kg of

dry resin.

o

o

N
J

Initial naringin conc. (kg/¥) =
0.800

o o o o o

o o =) o o

o w s a &
1 1 1 1

0. (kg of naringin adsorbed/kg of dry resin)
o
o

0 T T T T T T T T 1
0 0.1 0.2 0.3 0.6 0.7 0.8 0.9

0.4 0.5
C, (kg/n¥)

Figure 5.86: Adsorption equilibrium studies with fresh KPBW agenerated resin PA-500
(system 7)
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5.7.2. Adsorption kinetic studies (System 7)

The adsorption kinetic studies were carried oupexsthe procedure described in the section
3.5.2.

The concentration of naringin in the solution agtuaction of time during adsorption for
various amounts of oven dried resin is presente@igare 5.87. The data obtained in these
experiments are given in Table H2 (a). It may beseoked that the rate of change in
concentration of a solution is more when the méslseoresin used is more.

Modelling of adsor ption kinetic data

The kinetic data have been analysed with the sampeoach (modified adsorption shell

model) as discussed in the earlier for system &.viddues of different parameters viz. slopes

of E(t) vst plot,K, B andy are tabulated below (Table 5.63) for all the thiees.
Table 5.63: Modified adsorption shell model parameters foteys7

D, =1.032x10"°m’/s,£ = 039, R, =0.375x10 m

(O 9e Slope x 1¢ D x 10*
Run 1 K B v Te
kg/m® | kg/m’ (s9) (sh
1 0.800 53.15 1.64 58.12 18.5¢ 0.2 0.43
2 0.800 39.37 2.05 53.79 14.9¢ 0.30 0.47
3 0.800 37.75 4.19 105.2 84.54 1.7 2.80

The generate@, (with a representative value ap = 0.791) for all the runs are shown by

smooth curves, as well as experimental data arengier comparison in Figure 5.87. The
data were tested for significance of the mean iffee, paired observation by t -test at a 5%

level of significance.
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It was found that the experimental and predictetd dlar almost all the runs does not differ
significantly. The summary of the statistical asgyvalues is given in Table 5.64.

Table5.64: Statistical analysis for predicted and experimlerdfues ofC, (system 7)

Run | SiopeC,,,Vs. Cye R® t-Cri t-Cal Inference
passing through origin
1 1.000 0.944 2.200 -0.470 NSD
2 1.001 0.949| 2.200 -0.463 NSD
3 1.015 0.975| 2.200 -4.626 SD

* NSD- No Significance difference, SD- Significandéference
From the above, it is evident that observed kingé#éita could be correlated reasonably using

modified adsorption shell model.

5.7.3. Fixed bed column adsor ption studies (System 7)

The adsorption column study was carried out asthpemprocedure described in the section
3.5.3. The column study with the fresh peels oemnegated resin PA-500 is shown in Figure
5.88. From the Figure 5.88, it was observed thathe first 3600 (s) the concentration of
naringin in outgoing solution was almost zero. @dsorption column data are given in Table
H3 (a). The various parameters of the breakthraugte are given in Table 5.65.

Table 5.65: Parameters of breakthrough curves for adsorptfonaongin on regenerated
resin PA-500 from KPBW in a fixed-bed column

Bed height = 1.20 m, Flow rate = 3.3%1®°/s

Co tb x 103 tt x 103 Giota ds HUNB MTZ
0.800 43.2 1299 | 3.46 0.058 0.801 0.848
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0.9 -

Bed height =1.20 m

Flow rate = 3.3 x 18 md/s

0.8 -

0.6 -

04 Initial naringin conc. (kg/i§) = 0.800

0.2 -

0.1 -

O‘N T T T T 1

0 50 100t x 10%(s) 150 200 250

Figure 5.88: Adsorption of naringin on regenerated resin PA-8066h fresh KPBW: fixed

bed column study (system 7)

5.7.4. Desor ption equilibrium studies (System 7)

The equilibrium studies of desorption of naringimoi ethanol from naringin saturated
regenerated resin was carried out as per the puoeel@scribed in the section 3.6.1.
The data have been presented in Table H4 (a) anadd-b5.89. The desorption is favourable

with ethanol but does not approach completion. désorption equilibrium experimental data

could be correlated with Freundlich adsorption hsoin and its constant§;, andn, are

found to be 0.115 and 0.922 respectively.
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Figure 5.89: Desoption equilibrium studies from naringin sataedatesin (regenerated) PA-

500 to ethanol solution (system 7)

5.7.5. Desor ption kinetic studies (System 7)

The kinetic studies of desorption of naringin ietthanol from naringin saturated resin was
carried out as per the procedure described indbtosm 3.6.2 and, data is presented in Table

H5 (a) and Figure 5.90.

Modelling of desorption kinetic data
The above data have been analysed with the sanmreaappas done for System 1 (i.e.,
Boyd'’s diffusivity model equation).

The values of effective diffusivitlp,, were estimated using linear plots Iof(l/l— uj(t)) VS

time (t) and presented in Table 5.66. The average valudfeftee diffusivity D, was

found to be 13.71x18 (m’s™).
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The generate€,, (with a representative value &, = 13.71x13°*m’s™) for all the runs

are shown by smooth curves, and experimental datgiwen for comparison in Figure 5.90.

Table5.66: Boyd'’s diffusivity model parameters for desorptmimaringin from naringin

saturated resin (regenerated) PA-500 (system 7)

S.No| Run D, x10™¥(mPs™) R?
1 1 14.9 0.968
2 2 13.0 0.984
3 3 13.0 0.925

The data were tested for significance of the me#Herence, paired observation by t -test at a
5% level of significance, and it was found that éx@erimental and predicted data does not
differ significantly of almost all the runs. Themsmary of the statistical analysis of the

predicted values from the model and experimentaiegis given in Table 5.67.

Table 5.67: Statistical analysis for predicted and experimlerdlues ofC  (system 7)

Run Slope R t-Cri t-Cal Inference
Ctrep vs. C, exp

1 0.931 0.926 2.262 0.758 NSD

2 1.003 0.953 2.262 -1.063 NSD

3 0.981 0.952 2.262 0.244 NSD

*NSD- No Significance difference, SD- Significandéference

From the above, it is evident that observed kiné#éita could be correlated reasonably using

Boyd'’s diffusivity model equation.
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5.7.6. Desor ption fixed bed column studies (System 7)

The desorption column study was carried out in asglcolumn as per the procedure
described in the section 3.6.3 and, presented gur€&i5.91. From the Figure 5.91, it is
evident that the amount of naringin desorbed fr@sinr saturated with naringin, obtained
from adsorption column studies, in ethanol solutieareases with time.

The data of column studies for naringin desorpwath ethanol to recover naringin are given
in Table H6 (a). From this desorption study, it da concluded that about 1300 ml of
ethanol is sufficient for almost all the possibéeaverable desorption of naringin from the
resin PA-500 in a glass column of 14 mm ID filled 1o the height 0.95 m (about 120 g
naringin saturated resin (wet)). The amount ofrgan desorbed in the column was found to

be 2.04 g.

5.7.7. Purity and recovery of obtained Naringin and Pectin (System 7)

(A)Naringin recovery
Recovery and purity of naringin were calculategasthe procedure described in section 3.9,

and found to be 46.9 and 90.1%. The naringin obthimas 2.0 g.

(B) Pectin recovery and characterization

The recovery of pectin was calculated as per tloequiure described in section 3.10. The
obtained pectin was characterised, the values tiérent parameters determined are
presented in Table 5.68.

Table 5.68: Recovery of pectin from fresh peels with regereztaesin PA-500

Recovey| Moisture | Ash Equivalent Methoxyl | Anhdrouronic| DE
(%) (%) (%) | weigh (mg/ml) | content (%)| acid (%) (%)
52.6 7.5 6.5 567.3 5.7 57.2 56.

Ul
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5.8. Adsorption-Desorption studies of naringin with fresh peels on regenerated resin
PA-800 (system 8)

5.8.1. Adsorption equilibrium studies (System 8)

The adsorption equilibrium studies with kinnow pbelled water were carried out as per the
procedure described in the section 3.5.1. The lla¥a been presented in Table H1 (b) and
Figure 5.92. The adsorption equilibrium experimemtata could be correlated by using

Langmuir adsorption isotherm and its constants é arare found to be 0.188 and 1.452
respectively. It was found that the naringin coriion in solution (KPBW) was 0.800

kg/m®. The maximum amount of naringin that can be piakedy regenerated resin PA-800
(calculated from Langmuir adsorption isotherm cantg) was found to be 0.129 kg per kg of

dry resin.

0.08 +
0.07 A
0.06 -
0.05 -

0.04 -

0.03 - Initial naringin conc. (kg/if) = 0.800

0. (kg of naringin adsorbed/kg of dry resin)

O T T T T T T T T 1

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
C, (kg/m?)

Figure 5.92: Adsorption equilibrium studies with fresh KPBW agenerated resin PA-800

(system 8)

217



5.8.2. Adsorption kinetic studies (System 8)

The adsorption kinetic studies were carried oupersthe procedure described in the section
3.5.2.

The concentration of naringin in the solution agtuaction of time during adsorption for
various amounts of oven dried resin is presentdéigare 5.93. The data obtained in these
experiments are given in Table H2 (b). It may beesbed that the rate of change in

concentration of a solution is more when the més$iseresin used is more.
Modelling of adsor ption kinetic data

The kinetic data have been analyzed with the sappeoach (modified adsorption shell

model) as discussed in the earlier for system &.Vidiues of different parameters viz. slopes

of E(t) vst plot,K, B andy are tabulated below (Table 5.69) for all the founs.

Table 5.69: Modified adsorption shell model parameters foteys8

D, =1.032x10"°m’ /s, = 039, R, = 0.48x10’ m

C 9 | Slope x 1¢ D x 10*
Run 1 K B v Te
kg/m® | kg/m? (s9) (s
1 0.800 76.99 2.344 196.6 343.3 3.56 3.41
2 0.800 60.20 1.69 111.2 96.55 1.28 1.22
3 0.800 55.06 1.83 109.9 93.82 1.36 1.30
4 0.800 54.13 2.88 169.9 251.4 3.71 3.55

The generate@, (with a representative value ap = 2.482) for all the runs are shown by

smooth curves, and experimental data are giveodimparison in Figure 5.93.
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The data were tested for significance of the metiardnce, paired observation by t -test at a
5% level of significance, and it was found that éxperimental and predicted data of three
out of the four runs do not differ significantlyhd@ summary of the statistics analysis values
is given in Table 5.7.

Table5.70: Statistical analysis for predicted and experimerdfues ofC, (system 8)

Run | siopeC,,vs. Cyq R® t-Cri t-Cal Inference
passing through origin

1 1.004 0.957 2.200 -1.461 NSD

2 1.001 0.937 2.200 -0.497 NSD

3 1.009 0.962 2.200 -1.195 NSD

4 1.016 0.983 2.200 -2.233 SD

*NSD- No Significance difference, SD- Significandéference

From the table 5.70, it is evident that observade#ic data studied could be correlated

reasonably using modified adsorption shell model.

5.8.3. Fixed bed column adsor ption studies (System 8)

The adsorption column study was carried out astlpemprocedure described in the section
3.5.3. The column study with the fresh peels oemnegated resin PA-800 is shown in Figure
5.94 and Table H3 (b). From the Figure 5.94, it whserved that for the first 7000 (s) the
concentration of naringin in outgoing solution vedsost zero. The various parameters of the
breakthrough curve are presented in Table 5.71.

Table 5.71: Parameters of breakthrough curves for adsorptionaongin on regenerated
resin PA-800 from KPBW in a fixed-bed column

Bed height = 1.20 m, Flow rate = 3.3%1®°/s

C, (kg/M) | t,x16°(S) | t x16(S) | G (@) | O(kg/kg) | Hygg(m) | MTZ (m)

0.800 50.4 140.2 | 3.74 0.065 0.768 0.808
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0.9 -

0.8 - Bed height =1.20 m
Flow rate = 3.3 x 16 md/s

Initial naringin conc. (kg/i§) = 0.800

0.3
0.2
0.1
0 4 T T T 1
0 50 100 150 200 250 300
tx 10%(s)

Figure 5.94: Adsorption of naringin on regenerated resin PA-806th fresh KPBW: fixed

bed column study (system 8)

5.8.4. Desor ption equilibrium studies (System 8)

The equilibrium studies of desorption of naringmoi ethanol from naringin saturated
regenerated resin PA-800 was carried out as pgrrtdoeedure described in the section 3.6.1.
The data have been presented in Table H4 (b) ajudd-b.95. The desorption is favourable
with ethanol but does not approach completion.

The desorption equilibrium experimental data cdaédcorrelated with Freundlich adsorption

isotherm and its constant§,; andn, are found to be 0.101 and 1.164 respectively.
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0.05 -
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Figure 5.95: Desoption equilibrium studies from naringin sataedatesin (regenerated) PA-

800 to ethanol solution (system 8)

5.8.5. Desor ption kinetic studies (System 8)

The kinetic studies of desorption of naringin iretthanol from naringin saturated resin was
carried out as per the procedure described indbtosm 3.6.2, and data is presented in Table
H5 (b) and Figure 5.96.

Modelling of desorption kinetic data

The above data have been analysed with the sameaappas done for System 1 (i.e.,
Boyd'’s diffusivity model equation).

The values of effective diffusivitlp,, were estimated using linear plots Iof(l/l— uj(t)) VS

time (t) and presented in Table 5.72. The average valuffeftiwe diffusivity D, is found

to be 12.32x1%° (m’s™).
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Table5.72: Boyd'’s diffusivity model parameters for desorptmimaringin from naringin

saturated resin (regenerated) PA-800 (system 8)

S.No| Run D, x10%(m?s™) R?
1 1 13.5 0.924
2 2 12.3 0.947
3 3 111 0.955

The generate,, (with a representative value &, = 12.32x13°*m’s™) for all the runs

are shown by smooth curves as well as experimdatal are given for comparison in Figure
5.96. The data were tested for significance ofrtlean difference, paired observation by t -
test at a 5% level of significance, and it was fibtimat the experimental and predicted data of
two of the three runs do not differ significantijhe summary of the statistical analysis of the

predicted values from the model and experimentaiegis given in Table 5.73.

Table 5.73: Statistical analysis for predicted and experimlerdlues ofC  (system 8)

Run Slope | R? (CuepVS- Crenp) t-Cri t-Cal Inference
1 0.888 0.918 2.262 2.793 SD
2 0.941 0.952 2.262 2.242 NSD
3 0.981 0.961 2.262 1.41( NSD

*NSD- No Significance difference, SD- Significandéference

From the above, it is evident that observed kingééita could be correlated reasonably using

Boyd’s diffusivity model equation.
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5.8.6. Desor ption fixed bed column studies (System 8)

The desorption column studies were carried out iglass column as per the procedure
described in the section 3.6.3 and presented r€i§.97. From the Figure 5.97, it is evident
that the amount of naringin desorbed from regeedregsin PA-800 saturated with naringin,
obtained from adsorption column studies, in ethaohition decreases with time. The data of
naringin desorption column studies with ethanotdoover naringin are given in Table H6
(b). From this desorption study, it can be concdudleat about 1200 ml of ethanol is
sufficient for almost all the possible recoverab&sorption of naringin from the resin PA-
800 in a glass column of 14 mm ID filled up to theight 0.95 m (about 120 g naringin

saturated resin (wet)). The amount of naringin deswm in the column was found to be 2.29

g.

5.8.7. Purity and Recovery of obtained Naringin and Pectin(System 8)
(A) Naringin recovery
Recovery and purity of naringin were calculategasthe procedure described in section 3.9,

and found to be 50.5 and 88.9%. The naringin obthimas 2.4 g.

(B) Pectin recovery and characterization

The recovery of pectin was calculated as per tloequture described in section 3.9. The
obtained pectin was characterised, the valuesfi@reint parameters determined are listed in
Table 5.74.

Table5.74: Recovery of pectin from fresh peels with regereztaesin PA-800

Recovey| Moisture | Ash Equivalent Methoxyl | Anhdrouronic| DE
(%) (%) (%) | weigh (mg/ml) | content (%)| acid (%) (%)
57.8 7.8 7.7 524.3 6.4 60.4 60.1

225



(8 wa1sAs) 1A foueyls owil 008-vd (paresauabal)ymsgeinies uibulieu woly salpnis uondiosap uwnjo) :/6'gainbi4

1%

(S)NT %1
oY Q€ (0}3) T4 0¢ qT 0T q 0
L 1 1 1 1 1 1 1 1 O
- S0
’
- ST
- C
mO
B
32
- €
- Q'€
S/W QT x £'€ = 9Yel Mo|q
-
w G6°0 = Wwbiay pag
& sy

226



5.9. Comparative studies
In six systems (system 1 to 6) data has been obdeir 2 or 3 years. However, for
comparison of systems, representative data hastaken and the years are not mentioned in

the figures.

1. Adsorption equilibrium studies

(a) Comparison of fresh and regenerated resinswith fresh peels

The adsorption equilibrium data of system 1 withnd system 2 with 8 have been compared
in Figures 5.98 and 5.99 respectively. It is obsdnthat adsorption of naringin on
regenerated resins PA-500 (system 7) and PA-8GQgisy8) is lower than the adsorption on

corresponding fresh resins (systems 1 and 2).

(b) Comparison of different peelswith resin PA-500 and PA-800

The adsorption equilibrium data of systems 1, 3@dith different peels and resin PA-500)
have been compared in Figure 5.100. It is found tima naringin adsorption from dropped

peels is more in comparison to fresh and dry peels.

The adsorption of naringin from different peelsresin PA-500 is in the order given below.

Dropped peels (system 3) > Fresh peels (systenDity peels (system 5)

The adsorption equilibrium data of systems 2, 4 @uichve been compared in Figure 5.101.
The naringin adsorption with dropped peels is tlaimum among the three (fresh, dropped,

and dry) peels. The adsorption of naringin witHetdiént peels on resin PA-800 is in the order

Dropped peels (system 4) > Fresh peels (systenD2y peels (system 6)
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The observation is similar with the both resin P@3&nd PA-800. It seems that the dropped
peels contain the higher amount of naringin anddesgjuantities of essential oils, where as
fresh peels contain higher quantities of essentidds The essential oils are adsorbed on the
resin and therefore decrease the adsorption afgiar{(Kimball, 1991). Although it is likely

most of the essential oils are vaporized durindjopi but some still remains.

During the drying process of peels and its stordmge composition of the peel may have
changed, this has affected the adsorption. Furtheright have been harder to essential oll
come out from dry peel during boiling in water amitl content may be the maximum in
KPBW; although not confirmed by experimentally. &I&KPBW, in this case, might contain
tiny particulate of dry peel which reduced the apson sites and the total adsorption. Also,
during storage, any other compound, which competk maringin adsorption might have
developed (although not confirmed) and thereby cedadsorption. It is found that naringin

adsorption is highest on both the resins with deappeels among the three peels studied.
(c) Comparison of resins PA-500 and PA-800 with fresh, dropped and dry peels

The adsorption equilibrium data of system 1 witl{frdsh peels with PA-500 and 800),
system 3 with 4 (dropped peels with PA-500 and 886Y system 5 with 6 (dry peels with
PA-500 and PA-800) have been compared in Figuré825to 5.104 respectively. It was
observed that the amount of naringin adsorbed em f@A-800 is more in comparison to

resin PA-500 in all three cases of peels.

It is attributed to the fact that the resin PA-8s higher specific surface area. It may be

noted that surface area of PA-500 and PA-800 isaB@0800 g respectively.
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Summary of comparison of adsorption of all the systems:

The adsorption of naringin on resins PA-500 and8@A-with different peels and also on
regenerated resins PA-500 and PA-800 from freskspee., in all the eight systems in the

order

Dropped peels with PA-800 (system 4) > Droppedgesh PA-500 (system 3) > Fresh
peels with PA-800 (system 2) > Dry peels with PA88ystem 6) > Fresh peels with PA 500
(system 1) > Dry peels with PA-500 (system 5) >shrpeels with regenerated resin PA-800

(system 8) > Fresh peels with regenerated resibBRAsystem 7)
2. Adsorption kinetic studies

(&) Comparison of fresh and regenerated resinswith fresh peels

The adsorption kinetic data of system 1 with 7 apstem 2 with 8 have been compared in
Figures 5.105 and 5.106 respectively. It was oleskthat the rate of adsorption of naringin
on regenerated resins PA-500 (system 7) and PA{896tem 8) is lower than the

corresponding fresh resins i.e. systems 1 and 2.

(b) Comparison of different peelswith resin PA-500 and PA-800

The adsorption kinetic data of systems 1, 3 andv& ibeen compared in Figure 5.107. Also,
the adsorption kinetic data of systems 2, 4 andagehbeen compared in Figure 5.108.
Amongst the three peels the adsorption rate fopmid peels is highest and for dry peels is

lowest for both the resins.

The observations are explained by the fact thatrretl essential oils are least in dropped peel
boiled water and hence maximum adsorption. Alse, dbmposition changes in dry peel

during storage of peels may have caused minimurorptisn rate among the three peels.
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(c) Comparison of resins PA-500 and PA-800 with fresh, dropped, dry peels

The adsorption kinetic data of system 1 with 24ffirpeels with PA-500 and 800), system 3
with 4 (dropped peels with PA-500 and 800), andesys with 6 (dry peels withPA-500 and
PA-800) have been compared in Figures 5.109 tol5xddpectively. It was observed that the
rate of adsorption of naringin on resin PA-800 isrenin comparison to resin PA-500 in all
three cases of peels, it is because the resin PAs8Baving the higher specific surface area

(800 nf/g).
3. Fixed bed adsor ption column studies
(a) Comparison of different peelswith resin PA-500 and PA-800

The breakthrough curves obtained from column studigh resin PA-500 using fresh,
dropped, and dry peels have been compared in Figur#2. It is observed that the
breakthrough curves showed a typical “S” shapeilpraind the breakthrough curves were

found to shift from left to right with dry, freshnd dropped peels respectively.

The values ot, and q,,, decreased in the order dry, fresh, and dropped pespectively. It

was found that the unused bed height was minimuti eiopped peels and maximum with
dry peels. The reason for such observations seeies the presence of essential oils in fresh
peels and storage of dry peels, which may havectaffethe adsorption sites. The mass

transfer zone is biggest for dry peels and smaitedtopped peels among the three peels.

The breakthrough curves of fresh, dropped, and pdrgls have also been compared for
studies with resin PA-800 and presented in Figuté® The observations with PA-800 were

similar to the resin PA-500 as described in prewggaragraph.
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(b) Comparison of resins PA-500 and PA-800 with fresh, dropped, dry peels

The breakthrough curves for system 1 with 2 (frpskls with PA-500 and 800) have been
compared in Figure 5.114. It is observed that dreakigh and exhaustion time for resin PA-
500 occurs earlier with fresh peels. The column feasd to perform better with resin PA-

800, which resulted in a longer breakthrough arfthastion time.

The adsorption column data for system 3 with 4 ggesl peels with PA-500 and 800) and
system 5 with 6 (dry peels with PA-500 and PA-808ye been compared in Figures 5.115
and 5.116 respectively. The observations with dedpgnd dry peels were found similar to as
found with fresh peels.

4. Desor ption equilibrium studies

(a) Comparison of different peelswith resin PA-500 and PA-800

The equilibrium desorption curves of fresh, dropped dry peels for resin PA-500 (systems
1, 3 and, 5) have been compared in Figure 5.11lthoAgh the initial content of naringin in
the resin PA-500 was different in three peels &&®BW is a multi-component system;
therefore comparison has limited validity. From tigure 5.117, it was observed that the
naringin desorption into ethanol from resin PA-50Mighest with dropped peels among the

three peels.

The desorption of naringin into ethanol from reBik-500 saturated with adsorbed naringin
from KPBW with different peels is in the order

Dropped peels (system 3) > Fresh peels (systenDty peels (system 5)
The equilibrium desorption curves of fresh (syst2mdropped (system 4), and dry peels
(system 6) with resin PA-800 have been comparedrigure 5.118. The desorption of
naringin from resin PA-800 into ethanol with diéet peels is in the order given below.

Dropped peels (system 4) > Fresh peels (systenR2Y peels (system 6)
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(b) Comparison of resins PA-500 and PA-800 with fresh, dropped, dry peels

The equilibrium desorption curves of system 1 witlffresh peels with PA-500 and 800),
system 3 with 4 (dropped peels with PA-500 and 8@@d system 5 with 6 (dry peels
withPA-500 and PA-800) have compared in Figuresl®.1o 5.121 respectively. 1t is
observed that the naringin desorption into ethdraoh resin PA-800 is higher than from
resin PA-500 with all the three peels. The reas@y ime the higher amount of adsorbed

naringin on PA-800 and higher specific surface .area
Summary of comparison of desor ption equilibrium studiesfor all systems

The desorption of naringin from resins PA-500 aWd8@0 into ethanol with different peels

and also from regenerated resins PA-500 and PAxas®Ofresh peels is in the order

Dropped peels with PA-800 (system 4) > Droppedgegh PA-500 (system 3) > Fresh
peels with PA-800 (system 2) > Fresh peels with388-(system 1) > Dry peels with PA 500
(system 5) > Dry peels with PA-800 (system 6) >shrpeels with regenerated resin PA-800

(system 8) > Fresh peels with regenerated resibBA(system 7)

5. Desor ption kinetic studies
(a) Comparison of different peelswith resin PA-500 and PA-800
The desorption kinetic data of systems 1, 3 andagehbeen compared in Figure 5.122.
Desorption rate for dropped peels is fastest;ithiis the order

Dropped peels > Fresh peels > Dry peels.
Although the initial content of naringin in the re$A-500 samples are different since these
have been obtained from adsorption column from KPBWhree peels; also KPBW is a

multi-component system. Therefore comparison magdd validity.

The desorption kinetic data of systems 2, 4 and&tbeen compared in Figure 5.123. The

observations with PA-800 were similar to as founthwA-500.

253



e1ep wmbaijo uostredwod e :joueyld 01 008-Yd Pue 00S-Wepl pareinyes uibulieu wouy uibulreu jo uondiosaq :BTT'S84nBIH

Z YIM T walsAs Jo (s|9ad ysaly)

90

S0 v'0

(sw/Bx) *°D
€0

1

[4Y)

T0

008vdV

00S Vd <&

100

00

€00

00

SO0

900

L0°0

800

600

u(sai Aip Jo B/ uiBurreu Jo 63) %

254



¥ yum € walsAs Jo (sjaad paddoup)
erep wmbajo uosiuredwod e :joueyla 01 008-Vd pue 00G-Wepll pareinies uibuueu woly uilbuleu jo uondiosaq :0gT'g91nb14

(ew/Bx) *°D
80 L0 90 $°0 v'0 €0 z0 10 0
L 1 1 1 1 1 1 1 o
- 200
o

- %00
008 Vd V =
o
o0 =
900 &
o
005 Vd O o,
=}
QD
=.
- 800 S
Q
>
~
=
«
- T0  ©
o
<
% =
5
-ao £

- v1°0

255




ejep wmbaijo uostredwod e joueyld 01 008-Yd Pue 00S-Wepl pareinyes uibulieu wouy uibulreu jo uondiosaq :TZT'S84nBi4

9 YIMm G walsAs Jo (s|aad Aip)

90

S0 v'0

(sw/Bx) *°D
€0

1

[4Y)

T0

008vdV

00S Vd <&

100

00

€00

00

S0°0

900

L0°0

u(sai Aip Jo B/ uiBurreu Jo 63) %

256



G pue ‘g ‘T swasAs Jo 1sA Po(sjead

Alp pue paddoup ‘ysapgp dnaunpy Jo uosiedwod e joueyla 01Ul 00G-wepll palelnies uibulieu wol) uibuleu Jo uondiosaq :gg1'ga4nbi4

(S)PT x1
74 14 8T ST 4 6 9 € 0
L 1 1 1 1 1 1 1 bo § o
Y
X/
¢/ 200
Y/
0 \V/
- ¥0°0
&~ O
¢}
© \Y
o) - 900
O
O X/
S o - 800
o} o O
& 10X
\V/ >4
3
v v - 210
\Y
- P10
G860 sjead Aigo
v 886'0 S|oad paddoigv - 9ro
W/By 0 = "ou0d ulbulreu |eniu|
¥86°0 sjead ysai4 o - 810
- eWQT x 0G1°0 = [oueyls JO |OA
B3 0Tx ¥'A’0
- 70

257



9 pue ‘¢ ‘z swasAs Jo 1sA Po(sjead

Alp pue paddolip ‘Ysagp dnaupy Jo uosiiredwod e :joueyla 01 008-Yepl pareinies uibuueu woll uibulreu jo uondiosaq :£2T°Go1nbi4

(S)OT x 1
74 44 8T ST 4 6 9 3 0
L 1 1 1 1 1 1 1 3 o
(OX¢)
/)
Q
@,
O X/ \/
O
& - S0°0
0
O <
O v
Q & <&
o © v v - 10
£
e o M
v \Y wa
- ST0
v Vv
v 676°0 spad Aigo
¥86'0 s|ead paddoiqv r¢o
W/By 0 = "ou0d ulbulreu |eniu|
1860 sjead ysai4 o
¢WQT x 0G0 = [oueyls JO ‘|OA
B3 OTx ¥'A'0
T4l

258



(b) Comparison of resins PA-500 and PA-800 with fresh, dropped, dry peels

The desorption kinetics data of system 1 with 8ffr peels with PA-500 and 800), system 3
with 4 (dropped peels with PA-500 and 800), andesys with 6 (dry peels withPA-500 and

PA-800) have been compared in Figures 5.124 to65d@pectively. It was observed that the
rate of desorption of naringin from resin PA-80@aster when compared to resin PA-500 for
all the three (fresh, dropped, and dry) peels. dhservations may be due to the higher
specific surface area for adsorption and availghaf more amount of naringin per unit mass

in PA-800.
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6. Desor ption fixed bed column studies
(&) Comparison of different peeswith resin PA-500 and PA-800

The column desorption curves of systems 1, 3 a(résn PA-500 with fresh, dropped, and
dry peels) have been compared in Figure 5.127hofigh the initial content of naringin in
the resin PA-500 is different in the three cashsrdfore comparison has limited validity.
From the Figure 5.127, it was observed that thengar desorption into ethanol from resin

PA-500 is fastest with dropped peels followed lglfrand dry peels.

The column desorption curves of PA-800 with fredmppped, and dry peels have been
compared in Figure 5.128. The observations arelain as finding with resin PA-500

mentioned in preceding paragraph.
(b) Comparison of resins PA-500 and PA-800 with fresh, dropped, dry peels

The column desorption curves of system 1 with 8sfirpeels with PA-500 and 800), system
3 with 4 (dropped peels with PA-500 and 800), aystesn 5 with 6 (dry peels with PA-500

and PA-800) have been compared in Figures 5.129.181 respectively. In all the three

cases of peels, it is observed that the naringsomghion into ethanol from resin PA-800 is
higher than with PA-500. The naringin adsorption tbe resin PA-800 was more when
compared to PA-500, i.e., more naringin concemnatn solid phase also PA-800 has the
higher specific surface area, these are possibkors that desorption of naringin from PA-

800 is more.
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7. Recovery of naringin:

Recovery and purity of naringin are tabulated alovith the values reported in the
literature for recovery and purity of naringin fradifferent citrus fruit peels and different
methods in Table 5.75. Though the recovery is tegsmn that obtained by using more
sophisticated processes such as Ultrasonic or SCeRtbaction, however, due to high
purity of the product obtained, the simple adsorptilesorption method studied in the
present work may be preferred due to lesser indgsts involved than that in these
processes. High-quality naringin was achieved is pinocess which can be used as raw
material for preparation of the sweetener (whenngar was treated with potassium
hydroxide, it became a dihydrochalcone which waghty 300-1800 times sweeter than
sugar at threshold concentrations). The preserdrlaest an Indigenous Resin is cheap

relative to XAD-16, and it may be feasible to use process even at small scale.

The FTIR was carried out to understand the impagith pure naringin and presented in
Fig. 5.132. Naringin has formula 13,04 with different groups (side chain (GHCH,),

In ring (C, CH, CH, Phenol) Non ring (-O, Ring -O- Ring, Ring >C=@H alcohol).

FTIR spectra of naringin sample have characteristiaks at 3385, 2913, 1631, 1373,
1204, 1061, 820.6 and 633.6 ¢ncorresponding to (O—H stretch, H-bonded), C—H
stretch, N-H bend, C-H rock, C-O stretch, C-N stre€—Cl stretch, and =C-H: C-

H bend respectively. The presence of N-H bend spmeds to amines showing presence
of protein. The presence of C-CI stretch O-H stretorresponds to hydrochloric acids
and alcohols, phenols. The C-O stretch corresptma$cohols, carboxylic acids, esters,
and ethers. This indicated the presence of impgsrguch as limonin, pigments, proteins,

citric acid, ethanol, etc. in naringin.
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Figure 132: FTIR analysis of Naringin
8. Recovery of pectin:
The obtained pectin is a light brown powder sdlide yield of the pectin in the present study
was 0.7 to 1.2 g/kg of wet peels. Recovery of pebased on available in KPBW was 51-
63%. The obtained pectin contained 60-72.5% anhydroc acid. Anhydrouronic acid
content is reported 79.2% with Citrus depressa &mdakiet al. (2008), 26.6% with citrus
unshiu (Kara Mandarin) by Kurit&t al. (2008), 74.2-88.5%, with Guanxi honey pomelo peel
by Xiao-fenget al. (2011).
The methoxyl content was found to be 6-8%. Theeefpectin is a higher ester pectin
(Kimball, 1991). The ash content in pectin was fbun the range of 6-9%, and moisture
content was 7-10%.
The degree of esterification (DE) was found to 5e608%, whereas it was 54.23% when
pectin was extracted from kinnow peels with HCldaeitraction by Singh and Dhillon
(2007). \
As per the specifications of commercial pectin, ¥h&ies of Anhydrouronic acid content

70%, DE for higher ester pectin 50%, total ash conternt 10%, loss on dryingc 12%
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(Kimball, 1991). The values in pectin obtained amnparable with standard commercial

pectin.

Table5.75: Recovery and purity of Naringin in different medisowith different fruits

reported in literature

y

[

[

S.No Name of the peel Method of | Recovery| Purity Reference
extraction
1 Kinnow (Citrus | Fresh Adsorption 48-50% | 92% | Present stug
reticulata Dropped | followed by 51-54%| 92%
Blanco) peels Dry desorption 44-46% 93%
2 Grapefruit Citrus paradisi SC-CQ 0.2 mg/g - Yu et al.
Macf.) seeds extraction (2007)
3 Citrus junos peels SC-CQ 50-60% -- Suetsugu e
extraction al. (2013)
4 Citrus paradise peel SC-CQ 14.2 % -- Giannuzzo €
extraction al. (2003)
5 Bergamot peel Solvent 1.66 - 95% | Tripodo et al
extraction 3.80 % (2007)
6 Pomelo Citrus grandis) Solvent 2-3% 98% Sudto et al.
peel extraction (2009)
7 Citrus grandis Tomentosa Ultrasonic 82% - Kong et al.
peels extraction (2013)
8 Pomelo peel Ultrasonic -- 78% Tang et al
extraction (2011)
9 Bergamot peels Adsorption 93% Calvarano e
followed by al (1996)
desorption
10 Shaddock peels Adsorption - -- Jiang et al.
followed by (2006)
desorption
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Discussion of naringin adsor ption from KPBW and desor ption into ethanol:
Adsor ption equilibrium studies

The equilibrium behavior of adsorption of naringin the resins PA-500 and PA-800 from
KPBW obtained from all the three type of peels asoregenerated reins PA-500 and PA-
800 from fresh peels i.e., all the systems (1 t@@)ld be described satisfactorily by the
Langmuir adsorption isotherm. The mean free enefggdsorption was estimated using the
Dubinin—Radushkevich isotherm constants and wakerrange of 2-4 (kJ md) signifying

the occurrence of physical adsorption (Barkakat@l. 2010), which is true in our case as

adsorption is on the neutral resin.

The equilibrium data for naringin adsorbed on re$t\-500 and PA-800 are compared. It is
observed that the amount of naringin adsorbed emdsin PA-800 is more compared to PA-
500; it is attributed to the resin PA-800 havingreneurface area compared to PA-500. The
equilibrium data of PA-500 and PA-800 for differgmtars are compared. It is observed that
the equilibrium data are very close to each othenariation is due to composition changes.
It appears that adsorption equilibrium is not digantly affected by the concentration of
naringin in KPBW.

Naringin adsorbed by the unit mass of adsorbefixed equilibrium concentration in KPBW

in below Table 5.76.

Table5.76: Values ofg, at fixed C_for all systems (1 to 8)

System, 1 2 3 4 5 6 7 8
Cckg/m®
0.200 0.0324| 0.0506 0.0514  0.06¢ 0.0359 0.0408258 | 0.0292
0.300 0.0435] 0.0636 0.0658  0.086 0.0451 0.0504€345| 0.0394
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For a given concentration of naringin in KPBW (smn)C,, the amounts of naringin in

adsorbent, for different systems are in the order

Dropped peels with PA-800 (system 4) > Droppedgeih PA-500 (system 3) > Fresh
peels with PA-800 (system 2) > Dry peels with PA88ystem 6) > Fresh peels with PA 500
(system 1) > Dry peels with PA-500 (system 5) >skhrpeels with regenerated resin PA-800

(system 8) > Fresh peels with regenerated resibBAsystem 7)
The representative correlating equations for eguilm are summarized in below in Table
5.77.

Table 5.77: Representative correlating equations for Adsormpéquilibrium for all systems

(1to 8)
S.No | System No Name of the system Correlating émuat

1 1 Fresh peels with resin PA-500 _ 0.211C,
e =11 1528C,

2 2 Fresh peels with resin PA-800 _ 0.411C,
Qe = 113135¢,

3 3 Dropped peels with resin PA-500 _0.392C,
1e =11 2.630C,

4 4 Dropped peels with resin PA-800 _0.584C,
e = 11 3423C,

5 5 Dry peels with resin PA-500 _0.294C,
e = 143193C,

6 6 Dry peels with resin PA-800 _0.320C,
e =11 2.898C,

7 7 Fresh peels with regenerated resin _ 0.170C,
e = 11 1.603C,

PA-500

8 8 Fresh peels with regenerated resin _ 0.118C,

Qe = 11 1.452¢,
PA-800
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Adsorption Kinetic studies:

The kinetic data for adsorption of naringin for #le systems studied could be correlated
satisfactorily in terms of modified adsorption shabdel; however, during the early period,
the model predicts slightly lower take up of nanmgs compared to the experimental values.
From the correlating procedure one can predict @otnation history of naringin change with
time from initial conditions viz the concentratiaf solution, the ratio of the amount of
adsorbent to the volume of solution and adsorpéquilibrium correlation, without further
experimentation. This is useful to determine oplitirae of contact required for adsorption
design calculations in a batch or column. The regm&ative values of modified adsorption

shell model parametegg andD,/r’ for all systems (1 to 8) are summarized below aibl&

5.78.

Table 5.78: Representative modified adsorption shell modeampatersy andD,/r’ for all

systems (1 to 8)

System No..of Representative value ~ De/ e
experiment of ¢ (x10% s*
! 12 1.57 2.46
2 12 3.44 3.32
3 8 1.73 2.71
4 7 8.89 8.50
° | 2.55 3.99
° 8 6.05 5.78
! 3 0.79 1.24
° : 2.48 2.37
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Fixed bed adsor ption column studies

Variations of parameters were investigated as aesdrbed height and feed flow rate to
evaluate adsorption capacityydd and MTZ of the column. It was found that the maim
amount of naringin was achieved at a flow rate.8k30° m*s and bed height 1.20 m

The representative values of the parameter atlibeeaflow rate and height are summarized

in below in Table 5.79.

Table 5.79: Representative values of fixed bed column paramébe all systems (1 to 8)

System| t,.15°(s) | t, x10(S) Chota SN Hune MTZ
g kg/kg (m) (m)

1 64.0 161.8 4.20 0.076 0.72 0.73

2 72.0 157.5 3.93 0.088 0.65 0.67

3 93.6 1855 5.78 0.104 0.59 0.61

4 118.8 215.1 6.70 0.124 0.53 0.54

5 49.6 127.9 2.77 0.060 0.73 0.77

6 57.6 136.1 3.68 0.071 0.69 0.72

7 43.2 129.9 3.46 0.058 0.80 0.84

8 50.4 140.2 3.74 0.065 0.76 0.80

Desor ption of naringin in ethanol:

Equilibrium studies: Naringin retained at equilim in adsorbent],, and concentrations in

ethanolC_, are compared at fix value &, are given below in Table 5.80.

275




Table5.80: Value of g, at fixed C, for all systems (1 to 8)

System 1 2 3 4 5 6 7 8
Ceakg/m®

0.200 0.0319 | 0.03480.0405| 0.0378| 0.0317| 0.0219| 0.0202 | 0.019
0.300 0.0425 | 0.04860.0519| 0.0539| 0.0383| 0.0323| 0.0314 | 0.03Z

It may be noted that lesser value@f for sameC_,, corresponds to more desorption.

The values ofg,, found in the following order

Dropped peels with PA-800 (system 4) > Droppedge@h PA-500 (system 3) > Fresh
peels with PA-800 (system 2) > Fresh peels with388-(system 1) > Dry peels with PA 500

(system 5) > Dry peels with PA-800 (system 6) >shrpeels with regenerated resin PA-800

(system 8) > Fresh peels with regenerated resibBAsystem 7)

Kinetic studies: The kinetic data were correlatgdBoyd's diffusivity model (Boycet al.

1947) equation. The values of the parameter (Bogflective diffusivity) for all systems are

summarized in Table 5.81 given below.

Table 5.81: Representative values of Boyd’s effective diffitsivor all systems (1 to 8)

System

No. of experim

ents Representative value & %10 (m?*s™)

9

9.75

9.99

114

10.6

10.1

12.5

13.7

00| N O O &~ W N

W| W O O O] O ©

12.3
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Conclusions:

The aim of the present study was to recover narigid pectin from fresh, dropped, dry
kinnow peels for their valorization and value amfit In the present, study naringin could be
recovered with sufficient purity from peels. Thecipe was also recovered with sufficient
purity by precipitating it from outgoing solutionf saringin adsorption column as a

by-product.

Naringin adsorption from KPBW equilibrium, kinetend column studies data has been
obtained and correlated. Naringin elution in ethafom naringin saturated resin
equilibrium, kinetic and column studied data hasrbeollected and correlated. Thus, the
useful data required for scale-up of the processdoovery of naringin followed by pectin

has been collated.

Summary of products obtained from 1 kg peel:

The naringin and pectin obtained from 1 kg of kwwnueels (wet basis) are

S.No | Type of peel g Naringin/kg of peel g Pectingtgeel
PA-500 PA-800 PA-500 PA-800
1 Fresh 3.0 3.1 11 1.10
2 Dropped 3.7 3.9 0.6 0.66
3 Dry 1.8 2.0 0.7 0.91

The present study is the first of its kind for reexry of both naringin and pectin from kinnow
peels. By the recovery of naringin and pectin fr&@nmnow peels, it may solve the
environmental waste problems as well as add valugtitus fruit waste and benefit kinnow

growers and the country as well. The process desttiin the thesis can be used for scaling
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up of the process to a pilot scale or commerciatli¢hereby making the process more cost
effective.

Possible sources of errorsin handling of data of adsor ption of naringin

Equilibrium studies

The q,is calculated fronC,.The calculated), will be higher with lower value o€, and
will be lower for the higher value o, , thus deviating from real value. The percentagerer
will be depending on the value &, and C,. The maximum error in the tern§C, —C,)

may occur is 20 ppm.

Kinetic studies

The value ofq calculated will be affected in a similar fashiog discussed in equilibrium

studies. The reason i¢C, —C,) term, in which an error of 20 ppm may occur and may

affect adversely results especially with a lowétiahconcentration of naringin.
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