CHAPTER 7

GENERAL DISCUSSION AND CONCLUSION

7.1 lotroduction Vq

In this chapter, the main findings with regard to the rew questions are

summarized and general conclusions based on the findings < tuWemed in

.

this thesis are described. The strengths and limitations owesis e als (Piqg;ed"
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7.2 The Used of Cocoa Nibs Waste as PrQQEJ tivajyed €
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1,350 ton cocoa nibs waste per year.
colate manufacturing had generated large

quanlilics of

waste (¢ od, cocoa husk and cocoa shell) to the soil environments. The
decomposition of these wastes could lead to generating various chemicals and

microorganisms that can contaminate the environment in an uncontrolled manner.



Therefore it is necessary 10 find a use for this waste in order to avoid

environmental problems, with sustainable solution. The proposed solution was to use

the nibs as precursor in preparing a highly microporous activaied carbon using chemical

activation. Successfully, the precursor was converted into activated carbon \Yp
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gained 1.313 m?/g of surfacc arca where 77 % (1,019 m~/g) of the surfag

microporous in nature. The result indicated the effectiveness of the agtivatitg agent

used (K,CO3) and the temperature applied during the process. In fact4gge gf¥plication of

id in acid treatment had improved the surf: aza (including the

hydrochloric acic
i ) whic 1,932 m*g of surface |

micropore) which resulted in 32 m°/g of surfacc are ith easg n
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It was proven that the carbonization at higher t?mcuu é; ) cancrease

the development of microporous structure. %val 3‘1 )Crﬂ@eased the
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hydrochloric acid during washm<
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managed to leach out (de-ash) n%l and&y ¥ ?‘l&?lom the carbon structure to
the ash content zmd@ mOrl: porgs. (be
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Carbon in Adsorption

7.3 mlu,mo%k Prepute

Awwlwate the p hance of the prepared activated carbon in

In UIK
adsorptigs ,%Mmhbrium sludies were carried out using three different adsorbates:

d salicylic acid. The focus of the study was on the effects of

methy e, phcnol an

initial adsorbate concentration, contact time and solution pH on the adsorption uptake.
It was und jerstood from the study that the adsorption capacity of the adsorbates

increased from lower concentration (25 mg/L)

was increased when initial concentration 1t
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to higher concentration (300 mg/L). Initial concentration offered the driving force to
overcome resistance during mass transfer between the liquid and solid phase. Therefore,
once the driving force increased, the mass iransfer increased.

The second parameter was the solution pH, which generally effect NY;
surface chemistry of the adsorbent. When the point of zero charge plh@) was
determined. the pHy,c for the prepared activated carbon was found to ber 7.

Since opposite attracts the opposite, the positively chysgeg? solution was

attracted to the negatively charged sites on the activated nur '“ales fQ initiate

adsorption. At low pH value, the adsorbent offered a gall numper

charged sites but more positively charged surface sit ble.g X~
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positively charge
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molecules. When the pH of the adsor% vas b€ he i&the activated carbon,

N
cizrg lf w qﬁ@j to the negatively charge
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\\f s Int \ced to the adsorbate which its

[pti(@stopn
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: ’v ueg&.fne surface of activated carbon was

positivddchfrgegWhich gave a large static repulsion force.
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decrease ten the pH increased from pH 2 to pH 9, where the most adsorption
happened at the lowest pH (pH 2).

The different pattern was observed in salicylic acid was due to the fact that it is

acid in nature. Therefore, when the pH value increased, the acidity will decrease which
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simultancously changed the nature of the solution that can be captured by the decreased
in adsorption

Another parameter was the contact time between the activated carbon and the
adsorbates. The quantity of adsorbate adsorbed at time, ¢, was increased szc
contact time increased. This was due to a large number of surface sites av hor the

adsorbates molecules at the initial stage of adsorption to cause a rapid adybrption in the

first 30 minutes of interaction. However, after some time, the ¥e of repulsion

between the solute molecules of the solid and bulk phases ¢

remainmg surface sites to be filled, and the adsorplion$wm0 , | \Y'
N
7.4 Eificiency of the Prepared Activated Cs ' @:\ etamol

The prepared activaied carbon was > % n removal of
related to medical and health pmductx is bongfighal t c&@ w the efficiency of the

In further analysis,

mnve \llﬁdh the pertorm: m\&

percentage removi 1 (Q D % ¢
acid adsorption. 1 %

-‘
l \u{ udx PStion study was performed to

S

an(?fmincralizcd activated carbon. The
\Q.mevcly similar to the result of salicylic
icetamol was found to decrease when the

ywal \H

\“‘Nd This showed ﬁh the prepared activated carbon was efficient

phl v alue was

to adsor stamol in stomach environment which usually at high acidic value.
dition, the adsorption of Paracetamol onto the surface of the activated

carbon was due mainly to dispersive forces causing the hydrophobic interaction

between adsorbate and adsorbent. The hydrophobic element of the adsorbate was likely
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to associate with the non-polar s

group (carboxy

7.5

Below are the conclusio

Conclusion

urface of the activated carbon with the hydrophilic

lic group) directed toward the aqueous phase.

ns of this study based on the overall Cchr’Ata? vestili

obtained as presented and discussed: Y'

i)

i)

Cocoa nibs were successfully used as agricultural waggleh precurso f
r for
production of activated carbon using chemical acl I e'hod soiisti
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lemperature Were important factol

dye, phenol and salicylic \ S lutigg‘—]"he optimum condition

h¥activatdd
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ihe activated carbons produc

sd the precursor were 3:1 and

P 5
l@ respectively.

obtained for producgfie t

800 °C for IR a1 .Arboniz

\ ¢ | ('§J
Activat i pr du7 was (ngsoporous i R _
ctiv m% :p \() porous in nature with relatively high
Heschpragirface ar (460.3 .l;z/, with average A
muA 4 c}’ g) erage pore diameiers larger than
\n, Activated carbdns produced from cocoa nibs demonstrated

Gimgcncous {ype pore structurcs. FTIR analyses indicated the presence of

)
functional groups such as hydroxyl, nitrile and amine on the surfaces of the

activated carbon.
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iv) An increased in methylene blue, phenol and salicylic acid initial
concentrations and contact time increased the adsorption uptakes of the
activated carbon tested. The activated carbon removal efficiency for

methylene blue and phenol was at pH 7 and at pH 2 for salicylic acit\

v)  The acid treatment was found to significantly increase the Msorption of

methylene blue. The activated carbon was charactopged’ by nitrogen

adsorption isotherm to determine its BET surface a@w@?ce area,
, 2 ’76(_)@7&

716.93 mz/g, 1.41 cm:’/g,, and 4.36 nm, res pvely gHbwgher, acid
\ N
J ncti(@:groups in

“d l,l1®c<‘vclopmenl of
more pores afier the treatment % A\ T \&
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_oponent Ana s.s@) showed that activated
: , R
carbon experienced W] <' \Q ent
commercial akili\/&d&d[’b( atin&at, these experimental activated
¢
(') : ’ :
carbons are h@ simiar pyo cn.@s in the commercial activated carbon.
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vii) The a%t n of methylcne}v\!ue on the treated activated carbon was best

the produced activated carbon. The

/

vi)  The results of Principa

(W

> clustered together with the

rasgnicd with pseudo-second-order kinetic and Boyd models, while the

ption isotherm was well explained by Langmuir and Temkin isotherm
models. The adsorption process was governed by the film-diffusion-

mechanism,
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viii) The adsorption of paracetamol on the activated carbon produced was best at

7.0

significance and importance related to the present research a

i)

i)

1)

pH 3.2. The pseudo-second-order kinetic model was suitable to represent

adsorption process while the isotherm models were best explained with

aview of their

Langmuir and Freundlich models.

Recommendation

Several recommendations for future work are suggeste
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ted n may be

interfered by various factors compam,n usin :

\D 1 1ulat® gastric fluids
(SGF) in conirolled laboratory en %CIRAT $
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To use physicochemical activa roce e C{ggas or steam is applied
~
to produce the aCii\’mcd%z in order t? atl@highest surface area and
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To further evaluate the adsorption performanc the agtiva d’ ca%gr'ls

ol

prepared in this study in removing paracetamog h

as the adsorption performance and mech th

J‘;
=
=
@]
7]
e
=
o
o
(@)
oo
<.
(oW
—~
an
w
-
@)
-
N
0
7]
5
[¢]

activating age

to tre w produced activar.e} carbon to remove cations and remaining
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