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gnu-m: Eutrophicatin is an mevitable phensmencn, and it has receitly become an unabated
thresat, A% g pesitive, the thaving misrealgal biomass incutrophic wateris conventionally pereebved
o e Josded woith myrlad valuable biochemeesl compounds, Therelore, @ sugarcams-bagrsse -based
nd!m‘h:l'll:wmpm-pnm:l in this study to harvulﬂicrrﬁnmlgalhiﬂnanh:pmdu:irgbln&kzclﬂy
actvating the sugananc-tagasse-bosed adsorbent with 1.5 M of Ha505 a highest adsorption
capacity of 1089 £ 0.3 mgfg was attained. This was fundamentally dus to the surface potential of
thee 1.5 b HS00 aeld-meodifeed sugarcano-Pagasso-based adsorkent possessing the lowest surlao
poativity value as caloulated from #h point of fero dhange: The sdserption capacity was thén
evprecesd b 929 £ 1001 mg'p by stepwise optimizing the adsorbent size 1o 6780 mm, adsomption
meckiviog pH e 2, and adsorbent dosage bo (kd g per 10 mboof adsorption mediam. This nesulied
in ¥1.5% muergalgae rerwal efficiency. Excclient-quality bicdicsel was also abtained as refiected
by the fatty acid methyl ester (FAME} profile, showing te dominant species of Cl6-C18
encpmpassng F1% of the overall FAMEs. The sustainability of harvesting microalgal bomass wia
an sdsarption-enhanced Aoocilation procmsss was alss svidenced by the potentiality bo reuse the

Keywonds: eutrephication; sugancane bagasse; adsorption; harvest: biediesel: reusabilicy
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1. Imtreduction

"r.'.l.rn':php:atlnn 1= thie enrichment af water with nutrient salis that caoses stracharal ch.:.n;_;:'m (B
ther ecosystem, mamely, the increase in production of microalgae ard pguatic plants, dopleteon ofgish
q:-u:ics, fpeneral detetioratson of water qua.'lir_!.' anct cther effects that reduce ard F!r-uc'ludr: e, 1
i o of i defindtioms g ot cutrep hic process by the Oegantzation for Eeonomie Cooperation
and Pevelopment [1,2]. Eutrophication is a sericus environmental threat since it gives tise to
dleterioration of water quality, and 8 &5 alse o of the mager mpedimends in schieving the guakity
objectives cstabli bry the Wates Framewark Directive m the EU as woell as those in other countries
[3] Indrinsically, all swater resounces ar sulbjected fooa nabural and slow cutrephication process
However, morecent vears, the sutrophecation threat has undergone very rapid progression due to the
prosence of various humam achvitics, p.arhmlari‘!.l thi !.:.rrnrn;[: af cash CTOpH i .:grh:ull\tn:. When the
uul!n:!phi.q.‘.ﬂumll‘uual: becoimes inberse, undesirable effects and envirormmental imbalaness arise. The
b st acu e Flhnrmmena to stem From cutrnphh:.ﬂ:mn are hﬂ}m;u in the -|'.||;‘¢'F pars of lakes {or
Lack of coypen) and microalgal blooms that may produce harmhil toxens. Both ocowmences can
plausibly bring severe devastabion bo the aquatic bife living m the afflicted water bodies [4-8].

Bdadivysin and Indonesia are growing eoumres swith steadily improving eooncmibes duse b b
contribubions from many agricultural sectors such as palm adl, rice and 'F-m:ldir::i_. SUFATCATE, amed othes
plambed cash crops, Although ofl palm is & major cash erop that can promaste the gross demestic
product (GO, arether rising cash crop in Malayssa and Indencsia is sugarcane, with total
pEodickions of 28,1 and 280 mEllon metrie bons, pespectively, 0 vears 200607 [9-12) This gives mee
ter gaganitee levels of agricubiural waste from the juice crushing process, e, sugarcane bagasse whech
= uma'll_l.l left b dn:a}' on the ficlds. The accurnulated SEEArCane h.gasse waste withsoant Proper
management will potertially lead to the spreading of diseases that adversely affect humans, animals,
and the envvirormient. OF late, a fraction of this 'I:-.:g.m:u hias been used as fuels m ST factories, and
sofe paw materials have been explotbed in pulp and paper making. Sugarcane bagasse is a type of
|_1E|‘d.1¢l!l.|l,.||i.‘l£|l; Fomass that gcncfnl'l:r' consists of cellulose (5005, hemicellulose [(25%), and 'Ilgrlm
(23% ) [123], The hemieelubeses are made up of OF and Oa sugar, svhile lgnin comprises aboud one-
foarth of the lignocellulose biomass. These balogecal polymers have hydrosy] andfor phenols
functicaal groups that can o chembcally activated o produce materials with new properties.
Accordmgly, the carboxylec and hydroxyl groups can improve the capacity of adsorphion via ion
exchange and complexation processes. Chving bo ks low asiErontend (apgroximately L4%), sugancans
bagasse can offer many adv hen compared with crop Tesiducs such as nce straw and
wheat straw, which have about 10.5% and 11.0% ash contents, respedively [14) In addition,
suparcate bagasse is a porous material with s relatively high fised carbon content. Censidering these
.'I|'|'I.'ﬂ'lllg|'.‘i_, SUEATCa: h.'l[l;nﬂe hias been TG e pwfc'rrcd: waste materials chosen bo be used as
an adsorbent by many researchers previously to resobve issues pssociabed with water pollution via
ndmrptmn processes [5.649,15 14].

Meverthededs, the application of adsorprion processss to conoemtrabe plankione mieroalgal cells
and subseguently floooulate and separate them froms a leguid mednm has been documented litte of
babe. Acoondingly, the potential use of & fabricated sugarcanc-bagasse-based adsorbent to mitigate the
cutrophicaton phenomenan served as the prime objective of this comprehensive study, The
adsorprive gperaling condiblons were inrially optionized e ospar the removal of microalgal emass
wia adsclrptm—mharh:nd flocculativan prrocesses from I:hr:culmphi: water. |n tand=m with this study,
the Fumdamental rationale describing the attachient of microalgal aells emo the susfaoe of e
fabrscated sugarcane-bagsse-based rhent was alse unveiled. Since microalgal icnmass s
a'uwentmn:lll}' lauded for contaning m].frl.ac] waluahle biochomical v;umpu:lund,s. the harvosied
sugarcang-bagasse-based adsosbent koaded with micrealial semminss was subsequently explosted for
biodicsed production. The plavsible seusabality of the spent sugarcane-bagasse-hased adsorbent was
Lastly assessed tio comdirm the sustainability of the Ebricated sugarcane-bagasse-based adsorbent in
mlrigatln,l_r, T L"I.ltl.'l_'lphl.l:ﬂlm threat

2 Materials and Methods
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21, Pbeleationn of Achi-Mosified Snparcame-Bagasce-Based Adsirbunds

The ressdual ELIZATCAT b;gm EE'T'd."'r.'IIEd after price i;run:'hmg wils ussd as a precursor in
fnbrewcaling varsns ackd-modiled sugarcane-bagasse-based adsorbents. Bessdual sugarcane bagasse
wis mitially amassed from the local market and cut inko preces of about 3-4 om o ecach. The pieces of
bgzinsse weens then bodled and washed thoroughly to reaeve the entoap @l sugae Tha wet sugar-fres
bagasse was later air-dried fo partially remoeve the water content before doying b constant sweight at
LER2—1005 % iy am oooier, Thee dricd supareane bagasse was pulvedzed using a 008 mm blads grsder
and ﬂ.ll:mnqu:-rﬂl:.' achivated using varicms =S acid concemrabions 08 005, 1.00 1.5, 2.00 and 2.5 M.
This swas achssved by indivedually introducerg 15 g of pulvenized sugarcane bagasse ke 1 Loof cady
o thie HrS06 acid comoemtrations. Lach mixture was fmally stirred for 240 b and seashed waitleglistilled
water uritil a noutral pII was attammed m discarded w.uhing water prier to once again drying to
constant weight ab 102-105 °C in an gsten, At fabrcated acid-modified sugarcane-bagasse-baded
adsorbents were separately kept in a destocator ready fior use.

2.2 Dheterminntion of Adsorbent Point of Zero Charge

Poings of more charge {phHeac) wepe dnsally measured from cach of the Eabricatud acid-mod ifed
suparcane-bagasse-based adsorbents. The phlra s determined as the adsorption medium pH that
canises the surface fhar-ae d-l.'l'lﬁll::.‘ of the adsorbent ta becomaie 2era, The FI|-||-.1. vahlues af all the acsd-
el ibied sugrareane-bagsse-based adsorbents wen measuned following the selid adelition method
as deseribed by Cfomaja and Maidoo [17] with modificabiors, Broefty, o series of 1000 ml,
Erlenmeyer Hasks, 45 ml of KRNCy solution with a coneentration of GO0 M owas added to every lask
Thi '|:-|-I m cach flask was then ind |1.r||.'lu.1|||:|.| adjusted from p'l-[ 2 1o 9 amd Filled Up ha Shml. ur.:ing a
sinilar KMOh solution. The indtial pH values of all Hasks were aceurately necorded, and (01 g oof
specific acid-modified sugarcane-bagasse-based adsorbent swas administered into each flask. All
flasks wione socurely capped and agatabed manually and sporadically foe the nest 2days, allowing the
charges to equalibrate before recording the final pll values from cach flas bsequently, the
differences bepween the initial and final pH values (ApH) of cach Mask wire p against (he
n:-.'l-pecti'ru mtial ]:!l-l values, The |_:|! iz of the ad=orbent was I"in:|l|:|.l deterrined from the Fll:Ii.l'I.l‘ of
intersection of the resalting curve at ApH =1 Later, these procedunss wene sepeated using other acid-
modified suganane-bagasse-tased adsobents o determine their respective pHeec values,

2.3, Claraeterkativa of Eintroplle Wialee

A waber sample was collected from a eutrophic body at a site whi.:hr.;::m:ldm:l'l.a.lgu:i skreams
Fromn e acquaculiurad sctivities i the sieindiy (Figune 10 Tha in sito measerements indieated a pH of
16 2 (3, temiperatere of 31.6 = 1.7 ®C, and dissolved oy pen cancentmbion of L] & 001 mﬁ"[. The
sample wis bstantly teanspersted o the laboratory, and ex site determination of the mscnealgal
bicmiass coneentration was imeediately executed via gravometree analysis, The eulrophic water was
feamnd b0 be loaded weith (W86 + (52 E_ﬂ of rrt||:rc||:|!gal Wiomass. Tha FETITINE snmple wis snred in
the eold neom upon reaching the laboratory at 20 + 1.5 °C (o minimize Bologieal vl chemical
chimges after isolating the sample from the cutraphee body. A predetermined wolume of cutmophie
weaker was later sighened foom thee homogenized steck samgde inthe cold reom and albaved to reach
arnbienit temperahure prior o uss in thi: CxpErments ogiilined hereafter,
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in the vicinity

24 Setups for Pubraphic Water Treafbmend

Six 15 ml, Exleroneyer flasks were cach inisally filled with TOO sl of the catmophse water
sample. The sample was hoenogenazed via vigorous shakmg before the predetermined volume was
transbersed inte cach Exlenmascr flaske & quantity of 0.5 g of acid-medifed sugarcane-bagasse-based
adsorbent with mspm:l:iw.' FLS08 comecendrations of (L1, 0L, 1.0, 1.5, 20, and 2.5 M was mdividually
admimestered into each of the Frlrnmq.rcr flasks contaming a nprrqﬂ'm; wiker ‘F-:I-THFIIH. Al the
imistuizes were mmmediately adjusted to pH 3, and sufficient agetation was provided for sach fask o
prevent the sottlerment of adsarbents to the bases of all flasks. F.qn.'.pllnﬁ of n11»;rna|g.1|| Fiormasses
present in the sutrogrhic water over time fromm each ilask was execubed bo determiine the residual
m1n;rn.'||sn| biomass concendrations as well as for the time course shadses Fn-pmplmﬂ': werne also
perfommed (o deterrmine the adaoqpen cificiencics {Eguation (130 and capacitics (Eguation (2] of
each acid-madified suparcanebagasse-based adsorbent |oaded mito each flask ab equilibria as
confirmed from the time courso studies,

|Féiaad miprnalpa! bamess| - | Rrosdpel Sinmess af any o i
|dmitiad mivranigol iy 1 e

£

The best actd-modified sugarcane-Tagasse-asind ad=orbent was then selectod amd sfovesd into
torr different sooes, I'I.'II.'I'H.'|_'!.'. 4.0 mmmy, 55607 mom, &.7-8.0 mm, ard =80 mm. A quanﬁr!.'afﬂ.S-g 1f
each sz of adserbent was individually adsainestered inte the Erdkemameyer flasks containing the
cuttophic water sample. Similar procedures bo those described above were later erecuted in selecting
the best siee of acskd -mindifeed SgATCATE -h;gamrubﬂ.ed: adsorbent, Affcrward, stepwise |'rptimla11m1.
of the phl of the adsomption misdia and the ad=orbent dosage wese alse performed o enhance the
.1|:|mrpt|1.l:= removal nfmpe:nulg.:l bemmiass from the mumphbc water, e studicd ranges aff the 'F-I- | aof
adsorption media and adserbent dosage were friam pl 2 10 W and 00 80007 g o 1M ml. of sdsorption
medisim, respectively.

A seainon ofcimoy =

Weighi uf pdsurbed micrealgal blsmoss
Weight of mdsurbeni

Aibsorption capacity =

2.5 Microalpal Ligid Extraction and Vrosseiferfication b Pathy Aoid Methn! Esdes (8AMEE of Biinfed

|.IPi|.‘| extraction from the adsorbed mn;mqlgal beomass was n:-.;:mphd‘lﬂ.‘l Fnllnwlng; tha
pracedunes bt By Bligh and Diyer [18] with medifications. [nitially, the micrealgal bissnass
adsorbed anto acid-madified rugarcane-bggasse-based adsarbent was harvested from the adrorption
mecliv wsing o sieving net and deied bo constant wiight at 100-105 20 in an oven The dried
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imdcrealgal beomass, tegethes svith the adsorbent, was doused with water mised mlh:ﬂh!::-mﬁ:m.
methanal (1:2 wiv) at a ratio of 164 v, The maxin as unrrrndmhnl}' somicated for 20 mun at 40
kHz and 40 % For further separating the free lpeds mle the chlondform byer after sonsation, an
:|F!|:|:|'l:t:||:irr||:r|:-uI].I 1 chlomborm : water {121 viv) solutson I:].' wolumee with respect to thez total volume
of the seadcaled snmplﬂuu added and mixed well manually, Cendrifugation foe 20 min af S0
was ten emploved to s=parate the sample selution inko three layers, namely, o tipid and chlorodorm
Nt [hntt-l:rm@'m. remdual micraalgal beomass adserhed onto the spent sugarcane-bagasse-
based adserbent (middbe laver), ard o methanel ‘abir miatune {1op layer), The bokbom layer was
then colbected by suction, and #% chloradorm by volume with reggect to the total valume of the
st e was addied bo the remaining mistuine, m wizll nanwally, and centrifuged again bo reooves
the residual lipide The amassed volume of the lipid and chloroform mikture from both consecutive
separation processes was lasthy dried under compressed aic blow o constant weight prior ks the |zpid
yiedd determination {Equation {3)).

= Weight of erricted Spid fiom misarbed mbrvelynd Bemess
Lipkd ekl = Welgie o ad carked mib moas'of Blemtges e gl ol — Wi o milien astoo e L 108% ‘3:'

The exteacted lipids from the adsorbed microalgal biomass wore sulbsequontly transesterified

FAMEs of bodiese] followimg the procedures as descnbed by Mo and Lam [19]. Briefy,
a ok mkxer ot 2000 rpo was initially empleyed 1o hoomogendze about T8 g of extracted lipid,
1 mil. of chborodorm, and 2 mi. af KOH in methanol {15 mgfml.). The sample was then copped well
and transesterified for 3 hoat a temperabune of 60 %0 The temporanine was madntained by placing the
sample in a waber Bath until the trnsesterfication procms:s was e ed, The FAMES mixture of
the biediesel produced was later punfied by repeatedly washing with § ml. of distilbed water
pollowved by separation using a separating hemmel until o neatral pH was measured from bhe aquecus
phase. Mext, the chksrodiorm laper kaded with FAMEs was dried under compressed air blow to
constant weight, The FARE: mixture was finally injected inbe a gas chromatogtaph te-analy ze e
ind reidual FAME mmpﬂsitlnn fnrrn.lnp; the bigdsescl. The FAME prnl"ilr' pbiained dotermimes
dquality af the biodkee] dedved from e harvested micnoalgal biomass from eutrophic ggater. The
details of the operating conditions of the emiployed Shimadeu brand gas chromatograph ( LGE-
A0 plus) equipped with o lanse ooleation detector (CA-FIE) can be acquired o Mobad-Sahib
and Lirn [149]. Ultimmatety, the mdivedual FAME compasition was caloulated as folkows:

A & Cira X Vign
Aisri m

Coempasition of specific FAME species = 1 b
whaore Ay = Peak area of spocific FAME spectes;

Ayyrn = Peak area of inbermal standard;

Courp = Concentraton of infemal stardasd;

Fexrn = Yolume of infemal standard;

e = M:lsl:ql'xa,mph:.

2.6 Asseszment of the Reusability of Spent Sugarcame-Ragasse-llasod Adserbent

Upon Hpsd cxiractien, the - spent -;ugnﬂatwbngass{--bmed adsorbent o ligad-exhausted
sujrarcane-bagasse-based adsorbent was dried io corstant wasght at 102-105 °C in an sven. The dry
adsorbemt was then admindsteed into 100 ml of [resh arophic water sample, and the optinam
operational corditions to semove microalpal beomass from the adscrption mediom were employed
acearding o th first cyehe ternved Cyele-1. Cyele-2 was allowed to comtinue until the egquilibram
was attained as confirmed from the time course measurement of the residual microalgal bicaaass
concentratson. To that end, the :||:]::-.1-1'|:|t|n'r'| cffxll:nl:g.r.ru:icnpxlrg.r wiore recorded fnllnwmg Equntlnns
(1) and {2}, respectively, The harvested miceoalizal beamass sdsarbed onbe spent sugarcane-bagassi-
based adsarbent was :uhﬂquuntl}' sulbjected m I|pi4:.| catraction again, folkwed I:jr d.'rjrlng af thel ||:|||.'I:-
exhausted sugarcane-bagasse-based adsorbent to constant wetght at 102-105 = The dry adsorbent
wis later moused o remove m||:|'m'l[_l;:|| hammass from frosh i:rl.il.'rr.-'phh: walor ump!-r.'i in l::.-'c]l:-ﬂ [44]
Lycle-8,
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3. Results and Discussion

A.1. Frelancessent q,l'.'l.-:llzhuﬂ_gnf Eiivmiass .'1.rfn:h.r|||r1||rr_lﬁ1a-p.| Fn'rn|||.|hr'.r Pater

The potentinl of various acid-modified suparcane-bapasse-based. adsorbents for emeving
mm‘llg.:.'l'bmmnﬂ Vi .a.dmrphem-:nh:l,nn:d flocoulatkon |-.:'|'.-r~|:'-.:-|:'r|rm:| in Tabde 1. In essence. the fresh
megatively charged microalzal cobls are hypothesized b be electmostatscal iy attracted to the positively
c'h:.rgcd SUPpArting miaterials The acid-amodifed treatment mode was ﬂmph'.-}'u:-d in thes sl'ud:,-' in
order to economecally indonsify the pesifive surlace potential of the sugarcane-bagasse-based
adsurbemts. Increasing the [0 acid concentration during the treatment of sugarcanc-bagasse-
binscd adsorbents progressively inepoased the separateon of the micmoalgal Pmass from the Higuadd
medicm, resching the highest adsorptaon efficenoy of 8%.6% while using 1.5 M af FIS0k 1o acid-
eadlify the sugascane-bagasse-based adsorbent, The adsorpbion efficlency and capacity werns
observed to gradually decrease thereafter when concentrations of FIS060 higher than 1.5 M owere
conployed to treat the sugarcare-bagasse-based adsorberds, Many stedies hive associated the
reduction af adsorption with incpeasing acid concmibration emgrloyed for treating adsorbents b the
destruction af adsorhemt structures [20.21] Instead of AgTeEing with this rﬂ:tn.'rll raticinake, the surface
potentials of 2l fabricated scid-medified sugarcsne-bagasse-based adsorbents were measured and
:-:-.p'l-pll;-ud b clucidate the a.n.‘!mrphnn phmnmma aoheerved in this nmdi‘l.r 'I'I'n:]:-mslqmry vahie of cach
adsorbent caleulabed by subtracting the pH of the sdsorption medom from their pbliec s
dermenstrated in Flgll.'r{' 2. A mirror i'm.:l.ge- frerid .aq;ainsl pither the .:u:tr-nrprm t'ff:n-nnn::rn'r capasity
(Tabbe 1} was ebtaissd for the pesttivity values of increasingly M50 acid-modified sugarcame-
bagasse-based adsorbents. In this regard, the 1.5 M FESOL acid-micdified sugarcane-bagpsse-based
adsorbent presemed th lowest positiviey value, attracting mese negatively charged microalgal cells
tex adsorh onte the adsocbent surfaces. On the fll.p:l.-:bq. the hl.;g_l'mr p-:lul!rnr.il.'g,r values of the surfsoe
poteniials of othar actd-mechified sugarcane-bagasse-based adsorbents would atteact more counkes
wns friam the adsorption medium, formimg a layer of negatively charped counter jors. This layver
wionld dhield the microalgal cells from interacting with the acid-modified sugarcane-bagasse-baeed
adsor , imedirectly preventing the adsorption-enharnced  focculation proosses. In twe cise of
putting thie 1.5 b HS0s acid-madified sugarcane -bagassebased adsorbent to use, the fermation of
this eourtter joms layer was inconsgricoomes, Hwreby permitting the adscrption of grester microalgal
biomass than the ather fabricated adsorbents

Tabde 1. The pwl‘nwnmgw}m.uadd-umdlfhd sugancanebagasse-besed adsorbents i removing
mijcroakgal biornass from eutraphic water

Comcemralion of HaSu

Ueand For Adsorbend na 05 LR 1.5 L 5
Mnslfication (4}
Aderplion eHickney (%) Al s 05 HHA = 13 L o R Hh& oz k] ERF 00

Adsarption copacity fmypled 160kl 14203 1085203 19203 1050«03 WHI+04
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Figmre X The paing of zero charge (phleo) valees of vanous acid-modifed sugarcane-tagasse-based
ad=arbents. The vahaes in parentheses ndicabe the postivity of pHes subtracted by pl 13, 12, the pll
of ther adsarpiicn medivm.

Toexamiine adsarbent sizes, the 1.5 8 H2S0w acid-modificd su“nrc.mc-hnf:.::-;m-hnsud adsorbent
was sved into four ditferent sizes, maanedy, <slAr mon, 50667 mmn, -k :rrn ard =80 oo, Thae
resichnl heormenss comenirabions of r|.1|;rml|.g.1t- alomgg wath the .:r]n.'lrphr.n trmic and the mnmpmnnl
adsorption capacities From Hee use of each adsorbent sige are shown i Figare 3.0 Although the
admrptmn capacitics attamned I:|:|.' the adsorbont szes of 6.7<50 ared 8.0 mm wene |'\'.1I1'||.'|AI'.'I|J|E_ ihe
vst ol BF-H0 min sieed adsorbent epuld achdeste o faster adsorption-enhanced  fecculation
equilibrium than the =B.0 mm sized adsorbent — specifically, $L0576 and 00522 g1 h, respectively. As
thee bargetec] sdsorbate in this shedy was & suspended microalgal Biomass having a size range of 2=
0 pum rather than the dissolved adsorbabe, a larlqr: adsorbent size offered miore MACTOHOres for
acearnmod stimg, microalgal colis, For comparisen with dissalved adsorbabe, the poswdered foem of
adsorbents & generally preferred due b the presencs of more micopores and messepores capabde of
capturing Hh urgd:tﬂd dissnlved adsorbate [22,23]. However, combinumes increase of adsorbent siee,
expecially beyond 80 mm, svoubd culminate i the reduction of estermal sudface areq, impovenshing
thee I"rqql.n:nr:r' of contact between the adsorbent and mn.'n'mlg.:l celle Therefore, acid-rmodificd
sugrarcane-bagasse-based adsorbent with a skee range of 6.7-80mm was regarded as the best stee for
.1c|mr|:|t|nn-|:nh.'|nnrﬂ flacouladssn of m}u;rn:llga.l ormass; its aq.tr.nrptlnn capacity increased to 136 =
1.7 mngia, as compaeed with omly W8S £ 03 mafpg using the unskoved adsorbont [Table T Besides
this, the fHocoulated ml.nmllqul bermass adsorbed onto this siee ranpe of adsorbent could also be
eastly harvesbod feonn thi Bguid medivion via a semple sieving net,
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The adsorption capacibies were mainkained noa oange of 1430-1400 mgfs when the adsorption-
erihanced Hocoulagson PIACERSES WiEn: pcrfmmﬁ:l in ad::m'pl o media with |:|l-| values bebween 2 and
A Imcrensingg tha pH ol the adsorpiion mediom to 6 cansed o deerease in th adsoppisen capacity o
LEF + 4.2 s, The adsorpion capacities were noticod b plummet to merely 1199+ 05 and 143 =
1.3 mgf when the gl was shifted 1o basi i the adsorption media, nomely, at pH values of & and
10, respectivedy. As L5 8 M5S0 acid-maodified sugarcane-bagrasse-based adsorbent possessed a
pHre value of £50 (Figure 23 mereasing pH o valoe of the absereption medivm above 450 wieald
gradually increase the sdsorbent surface potential negativity. Since macraalgal cells are negatively
:"harg:-d_ n:|.1|.|l=.u-::-;|1, between the adsorbent and adsarbate aTising fromm qi'l.arr[:c t.in'l.1|.4'r|1].' wepald
debilitate the sdsorpticnrenhanced flocoulatson processes of the microalgal beomass [n acidie
.1|:|mrpl:|nn medivms, ndsnrphl,:-n effciencices of mare than S0% could I'x-o;-ral}' attameed at |:|I-| values
betwoen 2 and 4 Indesd, the pll value of the eutrophie waber of 38 « 003 also fell within ihis pH
FATGE, therefore snfcl}l ciroumeenting the necessity ta pretreat Fhee q-u'rmpl'l.k waber rhmuﬂh plf
acdpustment prios o adsorption-enhanced focoulation processes,

Increased ameunts of adserbent in berms of grams pee 100 mlL of adserption medium meressed
thee adsorption capacity, as revealed in Figuee 4. At an adsecbent dosage of 000 @000 ml, all the
macTopore actnie sites were swiftly oooipied by microalgal cells, as demonstrated by the rapid
attatareent of adsorption-enhaneed Socculatton equilibriem dwring the carly e eowrse study, The
insuificient active sites were Later off oot h:r the sing, adsorbent d.:-:-a.gu. reaching a maximiam
adsorption copacity of 19209 £ (L1 mpdyy when 004 g of adsoelemt wis ntroduced jnks 100 ml of
acdsorption medium, equivalent o an-adsoption efsciency of ¥1.5%,. Further inenement gigd sorbent
dosages beyond 004 gAKE ml gave nise (o the prescroe giyinereasing numbers of free active sibes,
therety reducing the adsarption capacities. Incnsasing the adsorbent desage from 04 [ 07 g1 mlL
r.I|gh|:I'_|.' Frnmprcd e mmrnnlga.'l Finmass o adsorh onte the adsarbent, m.'ldll}' incTeasing, e
adsorption cficiency from 91.5% to W%, respectively. This negligible rise in adsogption effsdiency
wis due to the presence of excessive free active sites avarlable to capbune mone microalgal cells from
ther dilubed adsorption medium. s thgmpenoeniape poiml increase was anby alout 1% {fnom 955% ke
94.9%) but required a F5% increase in dasage (from 0.4 fo 07 g 100 ml), the 04 g 100 mLL
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adsorbemt desage was considesed deal tor executing adsorption-enhanced Aocoslation processes fog
thet reemdaaticn of eutrophsc water.
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Figmre 4. The time courses of resbdual bomass concertrations of microalgas adsorkesd onlo varous
dosapges of acidemodilicd. sugascanc-bagaseebased sdaorbent and Ble consequenl adseaption
capacities from the use of each sdsarbent dossge

I surmmary, 15 8 HS00acid-raodifod sugqrcnnn.hbaﬁamwbnmd alearbent with a size A
of 67— mm was employved b spur the separtion of microalpal bissmass from cutrophic waher via
.1|:|mrpt||.1n-er\h:|nm'] focculation processes. The .1|:||:|:rr|:ll:||.1n capacitees achisoved Froom nuxpmmal
studies were 108.% £ 02 and 13,6 2 1.7 mgly. respectively. Subsequently, the adsorphion capacity was
mairtammed in the Tnn};cmf‘.l-ill'.l—ﬂﬁ[l mg."g whem admrpl:inn-cmhamﬁ:l. ool N PROCERESS Wors
carried out in adserption media with pH values gEbseen 2 and 4, Finally, the adsorption capacity
wias further mproved o 1929 2000 mgts when an rhent desage of 04 § was introduced mio 100
el af adsamption mediun, A high adserption effichency of mreroalgae of 91.8% and low residoal
biomass concentration of microalgae of BG4 g/ n the adsonption medium were attammed.

3.2, Bivbened | erfvend from Hlirsested Moo yol Biommss

The microalgal lomass harvested from the eutraphic water was then sequentially subjected to
extradtion b obtan the lipid biocompounds and perform transesterification into a FPAMES mistune
of bindiesel The |||:-||:| j-'||:Id acqulrm:l froem the extraction was 303 + (00wt %, which was VeTy close
tex e Diped vteld of tha control micecalgal Blomass of 31002 0.2 we %, The contrel micronlgal bicamass
was harvested via the centrifugation of fresh cutrophic water, With a standard deviation value of
roreby A5, the msignificant differonce Betweon the two lipid yiokds showed that the adsorption-
enhanced flocculation processes employved o remove the mecroalgal biomass from the Liguod
mehivim did net havae an obviods deleterioes impaet on the miceoadgal lpsd content. Finally, fhe
FAMIE profile obtained from the transesterification of extracted lipids i presented m Table 1. The
FAMES are mportant components of Bodiesc]; thus, the quality of biediesel can be concluded from
the FAME prafile study, Theee wene 21 species of FAMEs identified in the biodiesel derived from
mp:n'.-al.ga] biomass adsorbed onta the m:g:arcnnn:w-bnﬁnmbnm! adsorbent, .-'l.innng the FAMEs, Clié
bir 18 were the domminant species, making up approsimately 71% of the overall FAMEs mistune
Thiese Spocics are also n.:|.|1.|r:||'|:|-' fomimet many nll-b-:urlng IO, [l m:l.'l:rnan. sunfiower seed,
eottorsed, and patm oil, which are suitable for use as bodigml 124 According ko Sorg ancd Pei [25)
feedstack susted for the produsction of biodsessl must comtain palmites (1600, stearte (1800, oleic (18:1),
Hinlihe {18220, ameh Hreslenie (053] ackds, which were all fourd o s FAME profile of the micrsalgal
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biomass adsorbed ono the sugarcane-bagasse-based adsorbent. The saturation degrees of the FAMEs
mixture were calculated afterward and showed the mistune to contaan $4.87% of saburated fatty acid
(SF AL 3255% of momounsaturabod fatty acid (MUFAYL and 2258% of pobyumsatusated fatty acid
(MU A Biodiesel with higher levels of SEA wall genemlly have a2 high cetane nugber and oxidative
stabaliiy bt pocr low-lemperatune progerties. The presenos of BUE A spechos nfpahmhi;ﬂl&lh
clede (CT81), eictsemoate (C20:1), and enucabe (C22:1) ackds alse essentaally give Hse to | wiith
muitabbe coddative stability, & amcliorating cold flow [26) The presence of high kevels of FLIFA,
om thpmot ber hand, will offer excellent cold flosw. Howeves, this biodicsel bype is easily oxidized [27].
The low degree of PLIFA {<30%) and high degree of MUFA and S8A [265%) as reported by Mohd-
Lahib and Lim [19%] were also attained in biodiesel decived from microalzal bicenass adsarbed onto
thee sugarcane-bagasse-based adsorbent, According to Moehd-Sahik aned Lim [19], this type of FAMES
misture has great podential for the production of high-quality biodsesel with acceptable oxidative
stabality and cobd flow properties.

Tabkle 2, The st acd metbiyl ester (FAME) profile of bicdiese] frion micmoalgal bromess han'ested
via adsorphon-ernhanced flooculation processes,

Carteon Mumber — FAME Species Composilion in Biodiesel (%)
CTET — ML mvrisboleate (78
C150 = M. pentadecennate gy
L1571 — M. cls— l0—pentadecononte 1.28
Cl6i — M. palmitate 1576
C1ET — B palmdtoleate 149
L1711 = M cis— 10 = heptadecanaate ZHE
8 — b stenrate 208
C18] — cus ML odeake 714
C 181 = [F) = M. 9=octadecanoate 7.74
C1EZ2 — b limodeate B3
ClR2 = M, linolelaidate Tl
C1ES — M y—linslenate 07
2Rl = M. cscasenoats 704
22 — M. cis— 11, —escosadenoate 395
C2kE = M. cas— 1114, 17 —ecroasatrienoaie 1
CEL — M, henesosanoals 1#
C22:40 — M. arachidate .35
CEEL — M. erwcate 423
226 — M. cis—4, 7, 10,123, 16,19 = docesahexaer LR
L2 = M. tmcosanioate S5.00
LA — M, lHgmocernabe 047

A3 Prtereiba Femability of Spest Swgareane-Bugasse-Rused Adserbend

From the point of view of sustanabilgm, the potential b reuse spent stgancane-bagasse-based
adsorbenit after the first cvele of remaving micraalgal Bomass vin adsorption-enhanced fecoulation
processes was evaluated, The performance results of spent sugarcane-bagasse-based adsorbent for
frve comsecutive cycles of rewse are presemted in Table 3. Cyeles] represents the fAirst use of vipgin
sappareane-bagasse-based adsorbent upon fabrication to carey ol adsorption-enhaneed focculation
processes. After ﬂ:l:r.;-:tmgrh:' |!'PI|:|£ fromn thie m|n.'rn:|l;g'a.| biomiass adsorbed onte wgmanc-l;ugﬂnc-
based adsorbent, the lpsd-exhausted supgarcane-bagasse-based adsorbent was then used ko carey out
adsorption-emhanced Aooculation processes again m Cyele-2, and these procoedures were retterabivedy
pogreated wndil Cyele-5 The adsorption efficsency diminshed aboaut 10% 0 Cyelo-2 when compaped
tix Cyele-1, though the adsorption capactty was still maintasned above 100 mgds. This could be
undoulded ly ratbomalized by the prosence of vacant and unexploited active sites Beft unocoupled aftes
I::r'c'h:-l. When the same adsorbent vwas cmplm.'r:d for the third tims, parts of the lnose oelluloss
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materials were noticed e mevitably  detach from the sugarcane-bagasse-based  adsorbent
Aocordmgly, the total weight of the lipid-exhavsted sugarcane-bagasse-based adsorbent plunged
abraid 0% o mercly 00383 g meOwcle-2, This counld be du o contimuos eechanical abrasion among
the adsorbent solids, stemming from the agetation provided duting the adsorpriom-enhanced
flocenlabion and Npekd extraction processes, As a resul, the sdsorption efficiency and cagacity alse
dropped o lowest vabioes of 3E2% and 598 mp's, respectively, mthis cpcle. As the material structune
of the FeTnENINg |1p||:|:-|:~1:|'|.1|.|sl;||}d wg.:rr;lnn-h;g;mz-bauﬂ adsorbont was meore Firm and stable after
Cyehe-3, the adsorption efficiency was observed to improve e about 48% in Cyele-d, later plateaning
in Cyele5. As the total weight of the Iipid-exhausted sugarcans-bagasse-based adsorbent did not
differ much in Cyele-d and COyele5 the adsorption capacities were measured in the range of
apprasimately =80 mpig m these oo oycles

Table 5 Pedormonos of spent segarcane-bagasse-based adsorbent for resterattve removal of
mitcraadgal bornass via adsorptioreenhanced flecoulabon prooesses

Reusalility (Cyclel Cycle-1 Cycle-2 Cyele-3 Cyele-4 Cycle-5
Adsorption etheiency {3} 5211 FrE=213 BI2il5 HE2H3 47 230
.I'I.dFI.'I'Phl'ITI capacity (Mg'eh 1528+ (1,1 12w+ 4.0 FOH+ 22 E2.5 011 JILS £ 0.0
Lipid-exhousted acddsorbent {1 0422 000 04 =080 B33 003 032 =000 0.23920001

4. Conclusions

Acid-modibied sugorcane-bagassi-based adsorbent was suocesstully emploved 0 remiove
m}cn'.-.ulg.ﬂ bicmass  Froam eutrap water wia .:dr.nrpq ion-enhanced  focculation prosesses I-!_l.r
activating the adsorbent with only T.5 b of HESDy, o ogieroalizal biomass adstrption capacity of 1085
2 0Emglgwas achicved ab equilibraom. This e duebo 158 PRS00 acid-modified sugarcane-bagnsse:
buasced alserbend having the lotwest suelace positivity value among the sdeorbents ested, manmlmizing
negative counter on formation whilst maximizing the negatively charged macroalgal cell inferaction.
I enhaneing microalgal Bomass separation frem cutrsphic water, the employviment of a 6780 0um
adsorbent mze resulbed moan werease of the adsorption capacity be 14%6 ¢ LT mgig. Further
optimizang the adsorbent dmaﬁu Pen'nirh:d tha admrpl:mn capaity 1o reach 1529 201 Mg with a
dosage of 0 gof acid-modified adsorbnt i 10 mL of sdsorption mediam This was equivalent b
a 9.5 mu:rn.tlg:m reariovral ofﬁmr-t"!.' fmrm:'ul:mphm water. The harvesied rm.,'r-::-.ilg.'ll omass also
produced exeallemt-quality biodicsel, as manthested by the high legsls of C16~018 components (719}
in the FAME profile. The bsodicsel quality was aleo proven by the lew degres of PUFA (2258%] and
high digres of BAUEA (32.55% b aind SFA (M7 From the sustadnabiliby viewpoing, the spent actd-
modefied adsorbent also could be reused mmediately atter liped extracoon from the adsorbed
rdcrealgal blomass withoat the nocessity fo megeeeats,

Aosthor Comlenlic s l'..,:lll‘n:'\l_'rltll.ﬂ'i‘:a:uthu'l_ WLEL L. aned | ||‘.|l|;"l|:||:d.‘l|:-'|-c'|“!',\.l'|lI WNEW.E and HLER validatiog,
CBC, WO and W.MLT. fommal anadysis, M55, and WAL W.E.: resources, KK and EA B data curation,
LLIY; wribing—omnginal draft preparation,. W.HEFWH, wiging=neoew and ediiog, 1712% and WL
visnsbization, V.Y, :pl,lplrn.'lh-i m, W Flh,liuﬂt admyingsiratian, LWL, sndd MLkT .\,:1|,||||.1||1;|.; -.'lluimll:i'l,_l.w l.
Fanding: #mldhg Erom Minsstry of Fdwcaton Malaysa troagh [ICSE awarded o the Centre for Biofoel and
Biochemical Besearch, Universiti Teknologl FETRORMAS.
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