ISSN: 1119563

%%, NSE TECHNICAL
/2 TRANSACTION
JOURNAL (NSE TT-J)

https://www.nse.org.ng/publication-journals/books-publications

Of The Nigerian Society of Engineers

SEPTEMBER - DECEMBER 2021 VOL52,NO1



https://v3.camscanner.com/user/download

| —

NSE TECHNICAL TRANSACTION JOURNAL (NSE TT-J)

https://www.nse.org.ng/publication-journals/books-publications

VOL 52, NO 1
SEPTEMBER - DECEMBER 2021

PUBLISHED QUARTERLY BY THE

NIGERIAN SOCIETY OF ENGINEERS
AS A TECHNICAL JOURNAL

National Headquarters
National Engineering Cenre, Off Labour House-National Mosque Road,
Central Business District, Abuja, Nigeria
hllps://w\\f\\-’.nscm'g.ngpublicution—journal» books-publications
Tel: 08023119779
ISSN: 1119563

(%3 CamScanner


https://v3.camscanner.com/user/download

\.!'/, Journal of Nigerian Society of Engineers Technical Transaction, Volume 52 No. 1, Sept. - Dec., 202
e -

— —

Copyright © Nigerian Society of Engineers, Nigeria

All rights reserved.

No part of this publication may be reproduced, stored or transmitted in any material form or
by any m(including electronics, mechanical, photocopying, recording or otherwise) without
the prior permission of the publisher.

ISSN: 1119563

Published

by

The Nigerian Society of Engineers
National Engineering Cenre,

Off Labour House-National Mosque Road,
Central Business District, Abuja, Nigeria
https://www.nse.org.ng/

Email: tsc@nse.org.ng
Tel:

(%81 CamScanner


https://v3.camscanner.com/user/download

L,

77

(]

(O]

wn

i DBC

& v

Sl Y

2]

¥

Journal of Nigerian Society of Engineers Technical Transaction, Volume 52 No. 1, Sept. - Dec., 2021

2021 EXECUTIVE COMMITTEE

Engr. Babagana Mohammed, FNSE
Engr. T.S.G Wudil, FNSE

Engr. Aishatu  A. Umar, FNSE,

Engr. Yakubu Ali Garba, FNSE
Engr. (Hon) Adeniran Ibitoye, FNSE
Engr. Atume Felix, FNSE
EngrNwankwo Flex Obiora , FNSE
Engr. Ohwodo Goodluck T.A, FNSE
Engr. Adebaya Joseph Sunday, MNSE

Engr. Babalola Abdulrashed, FNSE

Engr. Okodugah Aliya Dauda, FNSE
Engr. Madaki Rose, FNSE

Engr. Dr.Mrs Christiana Ijagbemi, FNSE
Engr. C.1. Okolie, FNSE

Engr. Battah Ndirpaya Battah, FNSE
Engr. Adekunle Mokuolu, FNSE

Engr. Dr. Okopi Alex Momoh, FNSE

Engr. Prof. Abdulrahim Abdulbaqi Toyin, FNSE -

Engr. Eziokwu Nkemnasom Silas Ezimmade, MNSE -

President

Deputy President

Vice President North East
Vice President North West
Vice President South West
Vice President North Central
Vice President South East
Vice President South South
EXCO Member North Central
EXCO Member North East
EXCO Member North West
EXCO Member South East
EXCO Member South South
EXCO Member South West
Coopted Member

Coopted Member

Coopted Member

Immediate Past President

Executive Secretary

(% CamScanner


https://v3.camscanner.com/user/download

\%? Journal of Nigerian Society of Engineers Technical Transaction, Volume 52 No. 1, Sept Dec., 207,

——

EDITORIAL BOARD MEMBERS

Editor-In-Chief
Professor Sadiq Zubair Abubakar, FNSE
Capital City University, Kano

Professor James Gbenga Aribisala, FNSE
Ekiti State University, Ekiti

Editorial Team

Engr. Prof. David Esezobor, MNSE

Engr. Joshua Aboyeji Adeoye, FNSE

Engr. Prof. Lateef Olorunfemi Onundi, MNSE
Engr. Prof. Anyansi Francis, FNSE

Engr. Arifa Haq, MNSE

Engr. Prof. Akindele Folarin Alonge, FNSE
Engr. Uche Chinweoke Ogbuefi, MNSE
Engr. Ya'u Shuaibu Haruna, MNSE

Engr. Kundili Mustapha, MNSE

Engr. Dr. Kolawole Adisa Olonade, FNSE
Engr. Dr. Robinson Ejilah, MNSE

Engr. Prof. Joshua O. Olaoye

Engr. Prof. O.A.U. Uche, FNSE

Engr. Dr. Eyitayo Afolabi . MNSE

Engr. Prof. Baba El-Yakubu , MNSE

Ajayi Olubunmi

University of Lagos, Lagos, Nigeria

ETD - NNPC, Abuja

University of Maiduguri, Maiduguri
Ambrose Alli University, Ekpoma

Federal University of Technology, Minna
University of Uyo. Uyo

University of Nigeria, Nsukka

Abubakar Tafawa Balewa University, Bauchi
University of Maiduguri, Maiduguri

Federal University of Agriculture, Abeokuta
Abubakar Tafawa Balewa University, Bauchi
University of Ilorin, [lorin

Bayero University Kano

Federal University of Technology, Minna
Ahmadu Bello University, Zaria

NSE, Abuja

(% CamScanner


https://v3.camscanner.com/user/download

:;_{G>"L - | eee—— ) ——
. Engineers Technical Transaction, Volume 52 No, 1, Sept. .

%Ej’ Journal of Nigerian Society of recu .
Nigerian Society of Engineers Technicy
Transactions Journal
%%L%‘“:ﬁsjn https://www.nse.org.ng/publication-j0urnals/books-publrcatmns
%';ro;g"uo\“ Print ISSN: 1119563; September - December, 2021
Editorial Preface

| am writing this brief editorial preface to introduce the most recent special issue of the Nigerian Society of
Eneineer Technical Transactions Journal (NSE TT-J). In early | 99Q the qumal was birthed with the g,
o0al 1o serve as the mouthpiece for the Society and outlet for thq dxssemma-non of technical informatigy
research output on various disciplines of engineering, highlighting industrial challenges, breakthroughs
and innovations as well as ensure practice of engineering based on codes and standards in Nigeria
Reflecting on the recent past, NSE TT-J was the choice of rcscarchcrs_, academics, industrialists
practitioners, etc. It was seen as one of the main professional outlets anq highly rated. The output ang
frequency of the publication of the once highly revered technical transacllons'bccm?lc irregular. Enough
about the whimsical and capricious past of the transactions was the resolution of the NSE Execuiive
Committee and the Editorial Board. The Board therefore was poised to reverse the situation.

This rebranding edition is to re-launch the technical transactions for consistent and u'nngning‘
publications and dissemination to the teeming audience. This edition is announcing the repositioning of
the transactions for a consistent, reliable, and hitherto periodic publications. Against this miniscule
historical review is the rationale for this rebranding and appearance of this special issue. Fortunately, _thls
new edition goes a long way to fill that gap, and does it exceptionally well. The improy cq technical
template of guide to authors and projected website domain for feasible online presence of [l)CJG}llﬂﬂl are
intended to ensure global acceptance of the new and rebranded journal. Efforts on indexing of the new
rebranded journal is ongoing. The current edition features six articles with varied focus on general
engineering research, policies, process, and cross cutting issues.

The technical transactions journal would subsequently adopt the policy of responsiveness (0 t!le d)’f““T“I';
nature of engineering training, research, practice, etc focusing on sectoral and thematic issues. b]l
Editorial Board of the Transaction is resolute to ensure due diligence and adherence 10 best globa
practices fromall.

On behalf of the entire Technical Committee and Editorial Board that works hard to keep UP “Ic‘:]
developments and publish quality articles, I want to extend thanks to the Executive Comnp'ttec. %Ou#oﬁ
and the Executive Secretary of the Nigerian Society of Engineers for the time, determination, and'le:m Y
they put into this project. I wish also to thank the authors of the articles published and use 1hl$ me ; . are
call for papers from all engineers, scientists, industrialists, etc. Their dedication and contributio®®
highly appreciated.

Thank you,
Yours truly,

\ .

1‘) I~
Prof Sadiq Z. Abubakar
The Editor-in-Chief

Nigerian Society of Engineers Technical Transactions - Journal
E-mail: szabubakar@ccu.edu.ng
Telephone: +2348035066982 ol
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hydroxyl and x-l‘r \ hn;lp‘hl about by oil spillage. especially with regards the remy,
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]‘:l‘l‘:‘::"L technologies for bioremediation. Activated carbon as an adsorbent 15 R
‘ among researehers. especlqll)- when being US%'d for water treatmeny ¢ -7
‘-““'d”‘*' expensive. and this increases with the increase in quality of (hL o
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Other factors that are use teraction between biomass and the pyrolysis eny ironmen

are the gas flow rate, and retention time (Oghenejoboh: 2018). Watermelon rind (WR) has components.y
phcnol.:. cellulose, citrulline, proteins, and carotenoids. The polymers discovered in watermelon \J‘;‘
copious in functional groups like hydrqul (cellulose) and carboxylic (pectin) and can easily bind mer
and treat the compounds for oil pollution (Queker al., 2007). For a precursor to have good adso ;\.,
results, the adsorbent should have high content levels of oxygen and carbon. Some of the needed pth\ Itm'
characteristics for a good precursor are small pores. which ultimately leads to more surface 1&1‘:

adsorption, thermal stability. and high abrasion resistance (Sabir, 2015).

In order to develop these physical characteristics, it is important to focus on how certain experimental
parameters (temperature and time) affect elements like pore volume, surface area, and pore diameter
during the production of activated carbon (Gin e7 al..2014). Oghenejoboh(2018) carred out a research
evelop activated carbon. which was then used to adsorb nickel (11) 1on from
synthetic wastewater. This was done using response surface methodology (RSM) optimizaton
approach. The aim of this research is to investigate the influence of temperature and time on biochar v
pyrolysis. to investigate the influence of using this biochar to produce activated carbon by using an
activating agent, while varying impregnation ratio and to test the removal efficiency of the activated

carbon on benzene in oil-spilled wastewater.

using watermelon rinds to d

L. METHODOLOGY
2.1  Material and Chemical Reagent

Watermelon rinds (WR) were collected from a fruit market in Federal university of technology. Mt
Niger Sate, Nigeria. The chemical precursor for the production of activated carbon from WK **
sulphuric acid (HSO,). Benzene (C,H, MW: 78.11 gmol-1) was the pollutant used totest thefittEt
of l_hc WR activated carbon. The chemical reagent was analytical grade (AR) as suppliﬂ’d and 11+
utihzed without any additional purification.

2.2 Development of Biochar and Activated Carbon

N 59 3N
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o oram (30g) of the precursor was weighed and putinp
Fifty l— reactor to create inert condition. Experimental co
into I:;qn".c (400 - 600°C) were varied using res
;:::—‘Jl:nclcfﬁ temperature anfi time were studied b}'i using the response surface
jesign). The flow rate of nitrogen gas and. the heatmg_rate were held at 150 em'/min and 10 ¢
espectively. The dry char was kep_t In an airtight container awaiting further use after the carh, nizati
PrOCESS. The preliminary calculations for the Tresponse surface for biochar production are as seen
Table I:

vrolysis Cquipment. Nitroger
nditions of approximately
ponse surface methodology

2as was p
time (2-4hryy

Ihe influence

methodology (¢

)

Tablel. Preliminary Calculation for CCD for a Response Surface

Parameters - Lower(-1) Midpoint(0) Upper limit(+1) *ui
Temperature (°C) 4165 450 500 0

wn

wn
n
o0
Co
v

Time(hr.) 2.165 25 3

(9]
N
sd
o0
b
S

The biochar was activated via chemical activation method using sulphuric acid which was poured into
beakers containing the activated carbon and st

irred until a paste was formed. The impregnation ratio (IR)
used forthiswas 0.5/1,1/1,2/1,3/1 and 4/1 and can be calculated by Eq. (1):

w

IR " (1)
Where, W1 is the dry weight in (g)of the activating agent (sulphuric acid) and W2 is the dry weight in (g)
of the char

The char was mixed with sulphuric acid, placed in an oven, and activated at 700° C for about 15 mins. The
samples was allowed to cool to room temperature, washed with distilled water, and soaked in 1% NaOH

solution to remove any remaining acid. The sample was dried in an air oven at 105 "C for 2 hrs according
to Kobya ez al. (2005) and Madhumitha et al. (2016).

The char yield after the carbon has been activated was determined using Eq. (2):

%yield — % * 100 (2)

Where, W1 is the samples” weight after pyrolysis and W2 is the samples’ weight beforepyrolysis.

2.3 Raw Material Analysis

The physical properties of WR, bio char and activated carbon were determined via proximate analysis
according to Ginetal. (2014).

2.3.1 Moisture Content

Three grams (3 g) of the carbonized precursor was put in a clean, dry pet}'i—dish and dried in an oven at
105"C for 90 mins. The precursor was cooled in a desiccator for 30 mins. The samples'ﬂwexghl was
determined before and after heating. The percentage moisture content was calculated using Eq. (3):

_ - (W1-W2) x 100 (3)
Moisture conten e

Where, W1 = samples’ weight before drying, g and W2 = samples’ weight after drying, ¢

‘.. - 60 ‘ o
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, preliminary Calculation for CCD for a Response Surf

e ace
Name Units  Minimum Maximum Fo:lcdi(:u Coded H]gh
o £ 19.89 B 162500 1353000
e min 94.77 14523 -1~ 105.00 1 & 135.00
Adsorbent dosage ¢ 0.3636 1.4 -1050 410 0.90

1. RESULTS AND DISCUSSION

3.1  Influence of Temperature and Time on Psychochemical Properties of Carbon Yield.

Temperature and time were the parameters used to produce biochar from activated carbon. The
temperature and time were determined from response surface methodology (RSM) (central composite
design). This section focuses on how these process parameters affect certain elements like carbon yield.
ANOVA for the model is discussed in this section. The biochar yield reduced as temperature and time
increased. For example, at 450°C and 2.5hrs, the carbon yield was 37.46% but dropped to 31.56% at 550°C
and 2.5 hrs. It was discovered that temperature affected the carbon yield more than time. as there was a
massive drop in carbon yield 30.22% at the highest temperature 583.5°C and time of 3 hrs. It was observed,
that while the biochar yield was dropping, the volatile matter was affected in a directly proportional
matter, while the fixed carbon was affected In an 1

decomposition of biomass during the pyrolysis proce

nversely proportional manner; this is due to the
ss and the release of volatile matter. These results
correspond to Junna er al.(2016). Response surface methodology analysis for

CCD gave the Eq. (8):
Yield=+36.03-215A-0.3677B+0.6675AB-1 70A°+0.2426B2 (8)

Design—Expert® Software 3D Surface

Yield (%)

B: Time (mins)
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Figurel: A plot of temperature and time vs. Yield for WRBC
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. A o - model 1s signifieant at Model F-value ol 30,85 (as see
From the ANOVA ¢ qults, the mode ’l e could oceur due | cenin Figyre |
is only a 0.01% chance (hat an F-value ths arge ¢ ) e 1o noise. This model | ) Thes
because ithas I’ values lL‘.\.\Ih;lll('.(ﬁ“”- In this case A, A7 is significantmodelterms Vilye * MR gy,
0 " wms Are g seant. The model has a Lac Ereaten|
1000 indicate the model terms are not signihicant I I _ v Lack of Fit Fovalue of 5 4 Mhan
ack of'bt isnulsigmhc:mlcnmp:n';mw (o the pure error. Thereisa 21 240, 6 Whyl
: oChance 1
i

means that the |
| ack of Fit F-value this large cou
pave apredicted R of0.7784 andan ad
difference of the R? values is less than 0.2.

| oceur due 1o noise. Non-significant lack of fit i5 g |
Od. Th

justed R 0f0.9257. These two values agree with cach o Todel
: ACh Othey

a8 the

acteristic of Activated Carbon

arbon was developed via chemical activation using an activating agent (sulphuric
on rind as the precursor. The impregnation ratio was varied and the |

wee area, and pore diameter and on the ;lCH\;llCdll.],n_ucnu‘u!
studied. Tt was discovered that the impregnation ratio that produced activated carbon \\‘nI:"l'hnn Was
surface arcas and pore volumes for the reagent sulphuric acid was atan IR of 2/1. As impreg ["k‘ largeg
increased from 0.5/1 10 /1. the surface arca of watermelon rind activated carbon (WAC) il;ﬁ!‘»‘l-l.mn e
increasing impregnation ratio from 2/1 to 4/1 led to decrease the surface area of WAC, The :K.'ll{\“l‘ but
for the activated carbon reached a maximum of 900 m’/g when the impregnation 2/] iwlllll ‘T“\‘ arca
drastically to 447 m/gat3/1; {his shows thatas the impregnation ratio increased the surface ar l .'cd““'d
arca might be as a result of degradation of the lignocellulose \'m‘\ 5‘.‘-'}'\‘uccd.
surface area, meanwhile, ~AIIPICS matni,

3.2 Pore Development and Char
Activated ¢
biochar from watermel
impregnation ratio on pore volume, surl

acidy and

This increase in surface
which gives rise (o more
as aresult of shrinking of'e

a reduction in surface area as the i ’
ca as the impregnation r

arbon in the activated carbon (Zakariaetal 2021 alio

increases could be

Wios, pore formation is dominating mechanism and pore widening becom
b CS

At low impregnation r
atio. Therefore, pore volume values become higher until it
o ¢

important withan increase in impregnation
Then. the pore volume values become lower at the impregnation ratio of 3/
Blie atio ot 3/,

: volume of WRAC developed withanimpregnation ratio of 2/1is0.§
em/g. The pore volume drastically reduced at 0.382¢m/gb when llwimprcmmﬂon ratio was ince B
.%A"I."l‘hc reduction in pore volume as the IR increases shows that mcsopofcs open ;\ hen ‘ltlnu?um i
ulillch in conjunction with the IR for activation. The entities of the activating ag :“ l“jl‘PL‘lLllurc )
voluminous, ucgcnluuling further the hydrolysis and thus the swelling of the T:c‘lib\k-n' 1luo’mc. .
appears lhl‘ll at higher acid concentrations the generation of meso-pores and nncn‘v- 0 ‘Illg‘ ‘m‘d‘lcrml, !
expense of micro-pores. Thisisinline withAngin (2014). acro-pores occurredal the

impregnation ratio of 2/1.
The maximal value of the total pore

Table 3 shows the influence of varying impregnation rati

di'“"e‘t.'ﬁ‘rsll‘u .w.s !hu influence of varying impregnation ratios on the surface area pore volume and pore

Oh‘gc :v;d l(ﬂl};lhll%lkd cat hqn pmducicd with sulphuric acid. In the column for the pore diameter, it can be
s at there was an increased until the impregnation ratio of '

Ay pregnation ratio of 1/1 at 3.000 nm but was reduced to

Table 3. In i i :
_ f!”f_”cé on impregnation ratios on surface area, pore volume and pore diameter

IR 7 - ;. ares 2 . - » V .
R Surface area (m/g) Pore volume (¢cm/g) Pore diameter (nm)
s s T
0.5/1 475.120 0.423 2.960
171 4
. 530.422 0.468 3.000
</ 900.361 0.843 2,940
¥ 477203 0.382 2.760
1 - .
M 574.505 0.407 ) 140
———— : g
N 63 W
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cary sison Watermelon Rind. Bioe
Jfiminary Analys nd, Biochar and A o1
preliminar Activated Carp,,
1. m
4 shows the propertics ol reuv_u:u_lcnnclnn rnd (WR), biochar (i )and a ‘
i : ) has - S ali s 4nd activated
[ab " atent (AC) hasa big rusponslblhly'on the quality of activated carbon, Fyea. . s 200N (WAC)
\sh ¢ « in the activated carbon, reducing the surface arca of the actj !,_ *S$ ash usually block
s POIe: ) . - 1e . datlivatec carbon and . .
Jf:;’\“lms: the adsorption efficiency of the activated carbon. The Proximate analys;s g}, e
e alldlysis shows t

ent for BC at 31.9% was higher than WR at 29,
conte

0 1 3
as lower than BC_at 31.9%. The hlgher contentin BC than WA ¢ and WR could be a5 a re ¢
\1.“ formation dul'mg_ the pyrolysis process (Ultrasonik. 2017). High ash content e sresall o ineral
" ocessing because it represents amount of inor b oo 1S undesired in WAC
p\ - -

ganic material from the
1 : 4 C precursor activa ] :
numcmustrt‘atmem“eededmtakeplace'ThlSlS consistent with L'ltrasonik(’ﬂlﬂ S

L ) . y (hat 'fy:_- a ‘;
but the ash content for activated carbon at 11 f<e
ai ) 2 1 3.08

The results show that volatile matter was reduced from 60.079, for WR. to0 27 3% for BC to 20,702 £
WAR. Volatile matter (VM) for WR got lower during pyrolysis due to the de;ofn osilri [“Ob'_ )
reduced even lower for actwafted carbon because the addition of activators caui:s mooc?i?t lom?ss re
properties and structure of activated carbon. H,SO, as an activator causes degraéation ofcl;i;lr?m .
which weakens the surface structure of activated carbon. In addition, this actE\‘ator also rel o mlan'er
substances and develops an active carbon micro-pore structure. The activator is able iase? B
improve the pore surface of AC by releasing non-carbon elem drogen. and

por ENts, especially oxygen, hydrogen. and
nirogen whichisknown as tar and gases. These results are in accordance to (Maulina, 201 8).

Table 4. Proximate analysis of watermelon rind (WR), biochar and activated carbon

(WAC)
S/N Property WR, (% wt) Biochar, (% wt) WAC, (% wt)
I Moisture Content 15.38 1.4 5.8
2 Volatile Matter 60.07 273 20.70
3 Ash Content 4.00 31.9 13.5
4 Fixed Carbon 20.55 39.4 60
Fixed carbon (FC) is the solid flammable matter that is around when biomass is heated. Volatile matter is

sually removed during the process of combustion. Fixed carbon content is influenced by lignin and
,Cellulose content in biomass as these elements can be transformed to carbon. Temperature anq time
;‘_Ezzts ﬁ)ged carbon_leve]s during pyrolysis while activator concentratiqn and Een}pera:L:re; l:;n c't: ;rﬂ\e\":fl{ L::
04 fcar on for activated carbon. The fixed carbon saw a trem'endous mcreaie tro‘m _[B.)_ I.O: o
wrﬁ orBCang 60% for activated carbon. The increase in activated carbon is due to the

“land ash content. These results correspond to Junna ez al.(2016).

“AEffect ofAdsorbent Dosage on Adsorption Removal Efficiency

The adsorben
HApacity of 1,
mﬂucnu: of ad

as it provided the adsorption
dsorbate. To determine theu

w* () ) 3 g
osages in the range of (U.3-1¢

dosage is an important factor during adsorption sl\lldle
¢ adsorbent for a known starting concentration ntllhu.l .lt

v o Herent sorbent d
sorbent dosage on removal efficiency. different adsorbentc

WEre nend - . . ysage increased as 1s seen in
ig:“-u:Ld Ahe removg) percentage of benzene increascd as Ui ““l’“'rgl)‘wllt‘k removal efficiency was
fln.w\ut‘d u|“(: could be !)ccall!sc of the rise i adsorpiion =i it dosage was insignificant DecaEse
Matineq o v 27 £, and after this peak, any alterat
Faulibrium at the peak
. pea E—
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Figure 2: A plot of adsorbent dosage Vs removal efficiency.
The reason for this could be that the active sites on th; activated carbon are saturated with the pollutant
the peak adsorption dosage, such that an increase in adsorbent does not make any difference 1o e
removal efficiency (Nourmoradi ef al.,2013).

3.5 Effect of Temperature on Adsorption Removal Efficiency

erature on removal efficiency was studied for the removal of benzene in oil spil
wastewater. Temperature ranging from about 25°C to 45°C was used to determine the removal efficiency
of these soluble hydrocarbons. As seen in Figure 3, it was discovered thatat lower temperatures, removal
efficiency was higher thanat higher temperatures with the peak removal efficiency at 51% for benzene.

The effect of temp

60 1 Benzene

50

1

1

40

30 A

20 l —4— Benzene

Removal efficiency (%)

20 25 325 40 45

Fi :
gure 3: A plot of temperature vs removal efficiency.
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‘ val efficiency was drastically reduced after the peak was achi
L emovd " . as achieved, T :
Th‘mnomdu'! al. (2013) his result g ip line
No

With
pffect of Time on Adsorption Removal Efficiency
30

Jdsorption efficiency of benzene using adsorbent from vt

The . . . Vatermelon rinds showed (k.
apid increase as gonta'ct time was mc;reased. Thls Increase might have somethino tozd thgt there was 5
a\uilable adsorption sites were available during the beginning of the experimgnt(NO with ho»y many
»013).The co_ntact time for the adsorbent on benzene was from 90-200 minutcs a Orum‘mmdl et al
moval efficiency increases sl9wly up to about 120 minutes and afier that, the rem p? 10x'm?t°|y - The
Jowed down, this is shown in Figure 4. : oval efficiency was
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Figure 4: A plot of time vs removal efficiency.

4. CONCLUSION

The activated carbon prepared by chemical activation with H,SO, attained a maximum value of 900 mg
ata carbonization temperature of 700 "C with activation duration of 15 mins and at an unpregnatnop ratio
of 2/1. Tt was discovered that as impregnation ratio increased. pore volume and surface area 1r}¢r€,a°‘e‘? t?,r
the activating agent, until it reached equilibrium at impregnation ratio of 2/1, ﬂﬁerlwh_lCl:‘l tt{xe_;suvr f;‘-ft_if;j
and volume reduced. The increase in the temperature and time decreasefi yield while !!’ltff"?“:jt‘.;‘en:\ od
¢arbon content for the biochar. The use of chemical activation method for the watermelon rind imp

ed carbon content for the watermelon rind, while reducing the ash content

5 > pperating
The results of the adsorption showed that benzene removal lm_‘gfl)’ 4“‘7“.'?5'“",‘3 I; .l: Lo;x:i;:.nl L
Parameter as the highest removal efficiency for benzene was g lfﬁ“ifm: 1}1i< work. conclude
| Perature, time, and adsorbent dosage parameters. The results “bl,"”m:« . dh\\\‘s promise
"l using watermelon rind as activated carbon for the adsorprion e pensenes

A v Y
(KNOWLEDGEMENT
This e gt
‘c‘(’]if’twarch was made possible through the facilitics fro
w”hm Umversily of Technology, Minna, Nigcl‘m. and suj
Erant number- TETFUND/FUTMINNA/2010 ’ o
. — 66 W

(% CamScanner


https://v3.camscanner.com/user/download

——— S ———..
neers T Anike! Tronsadtion, Volume $2 No

Rowrna! of Nsgerian Socwety of Enge L Sene

Angin, D, (2014) Moduction and characterization of activated carbop from o
¢ . . N ’
stones by zine chloride. Fuel, 115, S04 811 Sery,

Rarcon, C.(2014). Benzéne, Encyclopedia of Toxicology (Thied Edition), \cademse
{ ondon. United Kingdom, 418418, Paa,

Costa. \. 8. Rom#&e, L. P.C.. Araujo, B. R.. Lucas, 8. C.OL Maciel, S ToA Ly -
and Alevandre, M. DL R, (2012, Environmental strategies to remove volatile grop
(BTEN) from petrolenm industry wastewater using biomass. Bioresource Techn ology

Nlewski j,
atic fr.‘-,»‘ \
R H‘S,}LJQ '

Dorea. H. 8., Bispo. J. R., Aragio, K. A, Cunha, B. B.. Navickiene, 8., Alves, . P..
C. A. (2007). Analysis of BTEX, PAHs and metals in the oilfield produced water iy
Sergipe, Brazil. Microchemical Journal, 85(2), 234-238,

And Gargj,

the S‘}lh‘ of

De. S.. Acharya, 8., Sahoo. 8., and Naysk, G. C. (2020). Present status of bign
carbon-based camposites tor siper capacitor application. In Nanostructured, Fun
Flexible Materials for Erergy Conversion and Storage Systems {(pp. 373-415),

m§$-d(‘~i\ o
ctloval, voq

Ghannam. M. T.. & Chaalal, O. (2003). Oil spill cleanup using vacuum techniquidyg
82(7). TRO-797. ‘ el,

Gin. W. A.. Jimoh, A.. Abdulkareem, A. S., and Giwa, A. (2014).Production of aetlvateg
carbon from watermelon peel. International Journal of Science and Resources, 5, 66-71.

Junna, Sun & He, Fuhong and Pan, Yinghua and Zhang. Zhenhua (2016). Effects of
pyrolysis temperature and‘residence time on physicochemical properties of different hi.-'pmm_
Acta Agriculturae Scandinavica, Section B - Soil & Plant Science, 67. 1-11. ’

Kohya, M., Dersirbas, E.. Senturk, E., and Ince, M. (2005). Adsorption of heavy metal ions
from aqueous solutions by activated carbon prepared from apricot stone. Bioresource technelogy,
96(13), 1518-1521.

Lakshmipathy, R., and Sarada, N. C. (2013).Application of watermelon rind as sorbentfor
removal of nickel and cobalt from aqueous solution. International Journal of Mineral
Processing,122,63-65.

Madhumitha, S., Vanitha, B., and Balaganesh, P. (2016).Preparation of Activated Carb
from Watermelon peel (CITRUS LANATUS) and preliminary studies on its chm
T

International Journal of Advanced Engineering Technology and Innovative Science tNA
2"’ &
2(3),51-53.

- . . 2 0N - m
?Iaulma. S.. and Iriansyah, M. (2018). Characteristics of activated carbon n‘suil“‘fj“::‘
pyrolysis of the oil palm fronds powder. In IOP Conference Series: Materials Scienct
Engineering, 309(1)012-072.

. : - Sdcorption ol
Nourmoradi, H., Khiadani, M., and Nikaeen, M. (2013). Multi-component adsorpt¥

—
B o7 mm

el

CamScanner


https://v3.camscanner.com/user/download

o TT——

. —
W,

) . i \
P \':3 % Journal of Nigerian Society of Engineers Technical Tronsaction Volume 5,
AT )

\
£ Mo, 1, Sept, . Dec,, 2021
/\;. |

\.,

toluene, ethyl benzene, and xylene from,
L‘“‘:-

en’ cradecyl trimethyl ammonium bromide. Jou
«h (0 v
with

Aqueous solutiops by montmorilloni
rnnlofChemistry. 2(!(]3),354-589,

yehenejoboh, K. M. (2018). Biosorption of nicke
(_ﬁm rind activated carbon using response syr
‘h Nigerian Journal of Technology, 37(3), 647-655,

I (1) ion from

Synthetic Wastewater on
face methodolo

aterm EY (RSM) optimization

apprﬂﬂc
Quek,S. Y., Chok,N. K., and Swedlund. p.
.od watermelon powders. Chemical Engineerin
drie
386-392.

(2007).The physicochemi

cal properties of spray-
g and Processing: Proce

S lntensification.46(5).

Sabir, S. (2015).Approach of Cost-Effective Ad

sorbents for Qil Removyal from Oily Water.
Critical Reviews in Environmental Science and Techno
ri

logy,45(17), 1916-1945,

Ultrasonik, G. (2017). Characterization of activated

carbon using chemical activation via
icrowave ultrasonic system. Malaysian journal of analytical
mi *

sciences, 21(1), 159-165.

$ i B.,and Wang, Z.
., Brown, C. E., Hollebone, B., Yang, Z., Lambert, P., Fieldhouse, and Wan
é}?\l;g’te(r:r ’41-;(l;hemical Fingerprints of Crude Oils and Petroleum Products. Oil Spill Science
(20dl 'z‘)e'chno‘l‘ogv (2nd Edition).Gulf Professional Publishing, Boston, 209-304.
an \

karia, R., Jamalluddin, N.A., and Bakar, M. Z. A. (2021). Effect ofimprveglt:ati(:]n;:ttil:aatzg
i ti?): t:‘el;n[;er‘;ture on the yield and adsorption performance of mangrove base
:::'ll‘),:n for methylene blue removal. Results in Materials, 10, 100183.

(% CamScanner


https://v3.camscanner.com/user/download

