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Conversion of Water Hyacinth into Biofucl Intermediate: Combination
Suberitical Water and Zeolite Bused Catalyst Processes
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ABSTRACT

The production of smace-vofzraloctore, o bofieel peermediary. from water Typctail [y
repiartod i thie artiele. Gomma-vidernlacione o an affraaiive platiorm Gt Hhat o
be further comvertédings & variery 6f vhemiced dervatrves for vide wse i ndasiriol
applicertioms. di plile by, e eonplervad o camhingiton nf solid goid ealuliced el
sberitieud water progesies W comwrt fomipellvioss and cellilase dermed from waler
fensioeh i fevieinde anid. and subyseguenti folloved by caralyvic pwvopewarion o
levulinic aofd e - pamia valeralactane, Prior o the eataiytc comvesion o wettar
Someiirh o devdinie aofid and gontng wileradutione. the ligain gonfenf in thig wpter
Byt wiay resmeid By alfalt pretveaimest using sodbue invdroxide colution. The
maimgim yietd of levdinic aeidl was F734 mgigran aried warer fvacinth pbiainad o 47
e, SULE, vemcrion time of T2 min, amd i M presence gf acid wotivater Zeniife
catalyst, The Indrogeaaiion reections of levnlinic seid inio Lemmu=rlerpladipne were
somdictied g 160t I i the presence of vitxed coilysts (PUTICL and il wctivared
eniife). The experimensal resilts indlicaled that the wived ecld auied geplite amd
BT catalvety cove gond performemce g the comversion of levidine croded dnte genim-
varterodaetone fmore thaly B3 caimveryii)

Key words: water hyacinch, zeoli, subuticz] waler,

1. INTRODUCTION

The studles of hig-fuels production from varicus Kinds of onls and other renewable
piaitcri s heve become importanl and increasing in the termsof guancity or quality. To the
present, there ace more than ten thousands discussed shoun the varicns aspects abont
hioluels preswiration and some of them kave hem gammarized i mary ncochl Teview
Sapers [Schaley ol al, 2016 Thangeve'u etal., 2016: Ghadirvanluc ot al, 2016; Karmer,
0161, Mast of these smdies deal wiil the prepuration of siediesel apd Mostizne! using
varigus kmds of Jeedstocks prd processes, Some studies emplvyed lood tesonmces-as the
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Feadstociks, while sther used wnsonventiomal misterials ns the raw materials for te Mofuels
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Figure 1. Binfuels classification (adapied from Prageoe etal, 2010}

Primary pachway covoring [uels that vesd from mmrtcessed Liomss, while the
secomdary salweay covertng biofuels from pmccsscd momess (Tike bisethane! and
biodiesel) that con be used for vehicles mod varivus industeinl processes. The Lt
genernion ¢ biotel 1% azsociated with sienifican ceunomic and envisonmental izsoe.
where compertion belween eropfand wsed Tor fed pradietion and hiecfiiel can begome
mtcnse especially m develuping counndes with Toad sirtiae smblem, Turthermane, the
mensive wde of land with luzh Sertflizer and pesticide applications. can eanse severs
problems snvironmentally, As or third geresation of biofuel whick ie Frome: microaliae
with shiort harvesting eveic and can graducs mome vicld thap tradiions] cetips on aren basis
is thought as a pew alernmative i hiofisl meoduction history, However sealing s
production of bioluel from micnalgss can f5ce uosustainabie demands on enerpy, witer
(1L, Bigluel 3650 [ watcr), antd nulrtems (ologen, phasphoss. and C04) req':;-i"i;ar‘. for
sultivating this particuiar feedstaek. [hus, (his optian % ot currently fensible. Wheresas a
sooond generstion ef biofuels 35 considercd the most vishile coe corsidering (hat
Nignnéallniosic biomess &5 the main seures of this kot is shundarzly available i Asion
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couniries and pot competing witk food production. Tepically, resnorees of this biomass
0y come (rom switch-grass, aprienlrmal, fares?, aml wood proceasing wastes (1e 0Avos,
straw o7 wiod ohips), as wed as the nonedible parts of oo and sugarcane,

Water hyocinth {(Efchifiordu cravsipes’, Waich orgmadly (rom the Amazon hasin, is
known ashighly problematic invasive slant, With iis fast growing, high cellulace and
henmmieeitnluse content, this invasive plant is suitablz as the proaursor [or many applicndors
such s Carbon fibre production (Scvenjava 2t al. 2014y siper-capacior  clectods
[Kumnipwnz el sl 2015), e In this sixdy, we wilized water Bvacinth ac el
imrermeditte. A combingiion of suberitical water process and entalviie hvdrogenation
provess was emploved fo pooduee guona-velorolucwne from warer hyscnth,

2. MATERIAL AND VIETHDDS
2.1 Material

Water hyaciut was eullected Trom swamp and rivers 2 the outskin of Suribaye ¢y,
Indonesia. Prior @ use. the water bveclnth was repentediy washed with sap waler in
reamove muad, dirt, ete. Subseguently, the clean water Mvasinth wes ot ot saller siee
wnd dried in the oven st 110°C for 24 K The dried wetcr hvacinth was oulverirsd boa
powder (S8R0 meshi vsing a JUNKE & EUNKEL hammer mill, The proximate and
slameital snalvses of the warar hyecinth were eonducred using ASTMV ERT0 and UHNSO
snvalyzer madal 2400 rom Terkin-Kimer, respectively,

The natasal zzvlite fram Ponerogn was chesen as the crinlist and catalyvst support in
this studdy, snd the chamical =omposition of the zealite is g5 Follows: Si0; (60, 14%), ALD:
L1 2:32%), Cal) (251 30), FezOh (2,49%4), NasO (2.44%), K0 (L28%0, Ma0 (0.49%), H:0
AL end loss on dgnition (3.73%), Al of the chemical used in this sudv were
aifaihed es anelytical gradz fom Sipma Aldrich and dirsctlv nsed withous any fasther
purification

1.2 Methods

Prier o vse, the powder patueal seofite wes treated with 2 N Lyvdrochlerie acid
solurions T increse 10s aeld property. The seid prefreaiment was eondicted i round
bultem flagk equippe:d wilh reitux condenser, The pretreatment was carried out al 70™C for
24 b wner constant stirring, The neid pretecated seolite was then repestedly was with lap
wiiter and caleined at 3U0°C S 6 B,

[n oeder to expase the cellulose snd hemicellulose conter in (he wiser hyacinth, the
defignificalion process was Simder cul usioy 20% NaOIl soloticn The delipnifieation
pracsss- wis voddueled at 30°C for 34 h under constan: stiming (300 ). Adter fhe
provess completed, the pretreatod water hvacinth was washed with tay water until the pH
ot watcr did oot changs, and subseguentiy driod in the oven at 110°C for 24 b
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The subositical hedralvsis of the water vacinth and fhe conversion of the esuliing
cupaps fntg Jevubinie acid woee condweted at soveral tomperatuese (164 © 220707 in e
prasence of geid arerreates zealite ag the cafalvst. The toinl pressure of -he system was
maintained at £0 bar by insertion of nittogen gas. A brel description of suberitical
bvdroly=sis andd levalinle acd prepszation 15 a8 follows: 20 erams of pretrested wates
hyacmih powder were mined with 100 mT, of reverse osmosiv wides, and 0.6 gram of acid
pretrealed senlile was added W the mixture. Them the nfactor was tghtly closés;
pressirized. and heated 1o the desie remperanee; After the desined  temipenthere was
reached, the temoperature of the sysiem was mainmined ot constant w@mperzivee for 120
mih. Subssquentiv, the reactor was capidly conled to roon wiupetature (30°0), . The sulid
than senavated from the ligaid by certrifuigndion at 3000 pm, and the concentiations of
levulivie aeil, monomer sugares, ergamie wids, nd hydrexyl methy! furan (T, anc
farfural were determined by Righ performance Tiguid ehrematogranhy (HELCY analvsis.
The productions of gansmp-valeralactone fiom levalinie acid wers carried pist szoording
the procedure of Patie et al {2015)

te shnmactaraations of emtalegrs were carrled o using SEM spalysis, XED
diffraction, and niropen sorption anglysis, Details of the characterization procedures cen
be referrexl inoour previous paper (Putro ot al, 2615) Lhe lgnin hemicellulose, and
eelflizingn comtent in watar hyncinth and prefremted water hyeeinth wore determuned besed
ot The TOA el

3. RESULTS AND DISCUSSION

The chemicnl composition, proximale, and olifmate analviis ol the raw water hvacinth
and the prereated o are given m Table | Hiph eelluloss convert is an mdicsiion thst
watzr hvacinth 15 suitable 25 the precursar for Bofusl imermadiate {gamme-valernlacions)
prodocticn. In gencral. the lipnin, collulesc. and Boemicchulose consents 5f watet hvacinh
gty sumifar to other Diooss peodect (DPotee 2l all 20I5) The prelecatmenl ol waisr
hyacinth weing 2% sodinm hydroxide. solitions effectively removed some of e lenin
content i the. réw moaterial as Indicatet tn Table 1, The temoval of Henin is necessary
singe lignin acts as the physical barrier, encapsalating, and gonioing eellulose and
henrigalllge, Thiz complme thres dimensonal srocwrie talvmer strechioe e highly
secaleitvant ward biological oo shemical processes (Pule of &), 2013), therefore in order
foehies o the elvviiveness ol the vdrothermel hyvdrolvsls proeess, the memoval ol figmin
befare the main process 15 nhdessary.

m order o inerease the surface acldity of the zeplite, the aeld merearment of the
roolite using hydrochlorie solutisn was &lso eondnerod The noe of zoolite uscc inthis
study was merdenite. The acid pretreatment removed sctie of the exchangeable eatinns
(Ca™, B’ and AU om the famowork of secdie aml nepleced by W, and
destlumination ¢f the strupiore wos also pocnrrad. and ns the comsgquence the neid strongth
of the #eulitd incress=d lror 0461 mp butylammine/s to 5.743 mg huviamntine'g. Tighre
2 depicts the surface topograply of zeolite and acld activated zeclite. 110s fipure clesrly
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shows that the surface topugraply of zoolite after oretrenlment using hvdrochioric aoid 1=

stirdiar wath the naroal sendite.

Fuble 1. Chemical composition, proximate, and ulimale soalysis of the raw water hyacinth
asidl The prefreatad water hyacith

Componeni

Lignin, wi %

Water Hyacinth  D'retreasted water hyvacinth

Celiafose, wt %

{lomnigsilulosy, witis

2384 3.2 P
s 1.8 533 = 2.1 -
et oy 1o

Ultimaie analysis, wi %% (ilry hasis)

E!HI Lazznn 4.4 5.7

Hwelroger 6.5 C.4

Nifropen o7 0.5 -
Sulpdur 1 KRN

(hevpen (hy differercs) 8.3 - 3;.'-L:| _
Proximale nonnakysis, wi % (dry hasis)

Fined cal Ixs;, wi M Wi LT  J s e J

Volstlle matter, wt % 81025 ' 54,1 =76 '
;vl_e-glmﬂ u-cnmem_ wt % 3 _'1.3. 1T =0 S
Al wi b - G.6=03 7502

TFizure 2. SEM imazes of (s} reoliie, wnd (b} weid activated zeolite

&1 subcritent condmion, thewater dissacinies inio a0 amd OH fons, end the prasence
af these excesr ions indicaies thut wi subermical condition the water can sel as an acid o
bise cutalvsl, 1lhe suberitical hedralysis of the water Trvacinth g the gonversicn: of the
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esuliing suoars o lesallnde acld were condueted cither with or without agld sethvated
sepdite addition and the results are sumumarizad in Fable 2

The prescice of oxeess MO0 gnd O in suberiticsd condifion jnaxe the waler morg
acidic and reactive, therefore at siberibical eondition the water hag the ability o convart
ecllittose and hemicciluiose into mensmeric sugsts, Withoo addition of scid activated
replite, the yvisld of modshmreric: sugas mcreased il e moergnsed of readtion
Vernpiratare (Table 20 By moressing temperaiure, the, dickesioe consiant of waler wall
dicriise, und I meressing the jenizetion of water Into H:07 and O, The hydmoxoniu
(500 which act a5 the proten In the solutizsn subsequently attacks fA-1,4-plyveosidic honds
g (b linking bends ol sevéral monomerie D-glovsse uniis i the lokg chain pobaner of
celluiose. and wesuling € supars &s the produc, while for the hemicellulose & will
rroduce Cs sugars. With the presence of acid sctivaisd zeolite in the mixiore, the system
belmmie aore seidiy, mone proten were svaliable in the syatem [Trom bydroxoriomand H'
fram the surince of catalys?), and the hreskdown of Iinking bonds of koth cellulbss and
hermicellulose slso inereased and leading Lo the inerase ol vield of Csoand C sugers,

Levulinie geld 5 g Cs-chemical withy o ketore and 2 carboxslic group i it siraciore,
This intermicdiate alee knowm as d-oxopantanete zod o wkefovaletic aonl Thurig the
process, the Ce sugurs were eotverted e furfinal and the later was further degended inmo
formnie acid wnd other insoloble products (vt et al, 20 3), while the Cs sugars viere
firsl delvdrated (o TIME (hvdroxi-nethy] firan) ard then converied o Jevaimic acid: Tha
cunversiens ol Csand Ce sussrs nio furfural, levelinic weid 2nd wiher by producis are
srdnthermic procesees, 50 the inerease of resction temperaire also inereases: the e af
repition and J2ading 1 rhe incsease of the vield of products as indicsrad in Table 20 The
comversion of TIMF inte levalinic acid bas lower aetivation coergy than the Selvwidration
reRction of By supars e HMF. thactore 25 soon as the HVEE fommed o instasmaneoas.y
eovvarted o TA, As arvesult, the vield of HMF in the reaction mixmre was alwayvs low o3
indicaied in Table 2. AT high temperatire (above 200°C), most of the producis were
furthier dietrvdrated into humin, as indicated by much lowes vield ofall the products whin
the renction temperature was incraased 1o 2000C,

The Hydropenaiions of levidinie agid inte gamms-valerslacions conducted [0 o
220°C in e presence ol -mixiiee o caalyst POy angd goid setivaied weehiie The
pressure-of the system kept constant at hycinegsen pressiee of 507 bars, and resction time of
i ho The convarsion of l=vulinie acid into pamma-valerolactone vssalhy pecurs inln
sieps of reaction gathweays: the first patioeay lshe dobeediation of levubinie geid Bnl
angelica lactone and followed by the reduction of angelica lactome into pamma-
viterolgetone, The secomid pathway 13 the reduction of kevolmic seid mio 4-hydroxy
pertenoic goid snod subscquont Jchydtation info pamma-valirolacmne {Alznso & al.
AW,

The rentlron lempralure hets sirong clfuenie ba the catalenic mpiy itizs tf the catibys
peinlane (PUTIOy dowl il adiivined esalite) as seee 0 Falide 30 The vieh] of ganus-
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valeroiastone increased fom 77.2 i 1568 mg/p dried water hyvacimth when the
tempertore mesad Fremn T80 1o 22070 as indicated i Tahle 3 The resetion of Loyl
acid into gamma-valerolactone is-an endothommic process, by IReTeasmEe temperating; the
wvaiiabie enerpy oveded B the meaciion 2lso ingrease gnd promets fasler weaciion rate,
leading i |nerépse The corversion of favalinie seid intd gommi-valerolactons
formation of MIHF {methviterrabvdrofurany,  Td-pertanadiol and other unidentified
compounds was alse observed o the GU spectra witich indicated that (e rediction ef
gammn=-vaieriactone mto §d-panianediol and snbsequently debvdimted inty MAIHE was
sluer peowred during the progess,

Tuble 3. Wydropenation of levulinie weid inge gamma-vilerolicione in the presence of
P THO sl sacdad aerivateml senlite

Temperature,'C Conversion o YWield of gammasvalerolactone,
levalinic zeid % mgdpmom dried watar hyaomil;

10 86 5 172
T g2 R

AiH) TR 133.4

2 0 4 1586 N

4, CONCLUSION

The subcriticsl hydroligis of the wator hvacinth énd the sonversion ol e resoiting
spgars infe evalinic acid in the presence of 2cid activated zeolita coralyst were studied:
The maxmum amyunt o levaiinie acld was obfned at 200°C, The levulinie scid
obined iz the suberitical wator bvdrolisis was osed 28 the miaterial for pantrmas
valerpiaclone preparationn. and P/1i0s andacid activated zenlite ware nsed a5 catalysms:
Reowclion lempemture bas sireng inlluenes oo the conversion of levulinie seid @
pammg-valerniacione,
Acknowledpements: The lirss movher wonld Tike o express her sincere gratinde 0 TWAS
{Lhe Weeld Acadeny ol Sciences) for the Tnancial suppert of this study
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