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ABSTRACT

Usilizstion of hicmass as a2 new and rencwable energy sowce i bang actively conducted by various parties.

Onc of e y for g ing hicenass as an encrgy sowrce is pyrolysis, to comvert hicmass
into 2 mare vakible product which is bio-oil. Bio-ail is 2 condensed hiquid from vapors phase of hicmass
pyvalysis such dhells and co fiee shelks. Bi - inting of e cclldase

and lignin will exidize % phenal which is the main content in bio-ail Biooil fram ffee shells comains
3% phenal, while 40.01% as for phemol comtent of cocomat shell. The coment of phenal compomnds in
corrasive biv-oils sill quite high, causes the use of this bio-oil directly will cause various difficultics in the
combustion system dus 1o high viscasity. low calarific value, cozosive, and mstable. Phenal compownds have
same benefits 2s one of the compaund for floor clemer and disinfectant which contained in bio-oil.

The ion between exper dats and shows that the UNIFAC equilibrium model can
be P liquid-liquid in the phemol ; I i
bio-ail. Whik e NRTL equilibrium mode] can be used 1o predict liquid-liquid equilibrium in the exraction
process of phenol from bio-oil pyralysis of coffee shells

Keywords: biomass, pyralysis, bia-ail, UNIFAC NRTL.

LINTRODUCTION

The roke of fossil fucls still be crucial, but fheir effects will gradually be aver taken by new and rencwable
encmy sowrces. Along with the depletion of workd ail reserves and environmental issucs, various rescarches
onrencwable enargy as being actively conducted by vasious partics. Therere, techmalagy needs be ablk to
avercame the problem. One sechnalagy that can be used is pyralysis technology where the material used
arganic wast probkms and make

comes from arganic waste (b Pyrolysis cn
the environment heakthy ako convert it %o value-added end product.

Biomass & an arganic material derived from phnts, algc, animal waste, industrial waste, forestry, and

befare comverting e wase of caffee shell it bio-il which is pyrolysis. Pyrolysis is the process of

af a sub: s done at a relatively high emperature. Pyralysis resukts in the
form of gas, liquid and solid. The solid resuk of this process is char (char). Gas and liquid products can be
used asa source of hio-oil Bio-ail can be wsed as an alternative fuel that is casier to store and distribute than
biomass i solid form. Biooil made fram cocomut shell material wsing shw pyrolysis with pyralysis
temperature 250-300 °C produces liquid which vary acidic and carrasive. The brgest omanic component in
bioil & fhe lignin derivative of phenal, akohol, organic acids and carbomy] compounds such as ketanes,
aldehydes and estess [13]. The matwre of fhe acid is caused by & of the daminant phenol

Phenal campounds in addition to cawsing the smell of smoke m hio-oil, dso showed amtioxidamt actvity

waste [1]. B beused Tiquid (Bio-ail).
products. Various kinds of biomass waste canbe used as raw materials for the manufacture of bio-oils, such
as camcos [2], sswdust and wheat bran [3]. castor [4], ask [S]. durian shell [6] and cocanut shell [7].

Indamesia is the third hrgest coffée producer in the warld afier Brazil and Victmam by contributing shout
6% of the workl's total coffee production, also workl's fourth hrgest cofee exparter with a market share of
around 11% acrass the warld. Coffiee i ane of the plamtations with high ecanamic vakie besides chocalate
and tea. Based an data fram Indonesian Ministry of Farestry and Phntation, Indanesia’s coffiee production in
2013 reached 691,160 sons with a phntation arca of 47,800 Ha [8]. Waske from coffee processing that
abundant and nat ilized aptimally s fhe coffee shell. Large waste of coffice shells derived fom phnttions
was appraximately 11.08% which poxntially cause enviranment hazard. Coffiee shells are a waste that has
high lignocel kikse canent which have potential %o be used as bio-oil. Bio-ail is a blackish liquid fuel derived
from biomass such & wood, caffee shells and other hiamass. Bio-ail cantains lignin companents (23.4%),
celhilase (34.2%) and hemicellulase (24.5%) [9].

In Indanesia, in addition %o the shell, one of the avaibble hiamass resources s coconut shell. Availdility
of cocomut shell can be scen fram the production of coconut fruit in Indanesia. Cocamut is ane of Indonesia’s
i ities with son of 3.000,000 sons / year [10]. The utilzation ofcocanut is very

diverse, but for the wilization and way of handling waste is still limited. Cocanut fruit can be used as foad in

daily life or the purpase of consumed directly. Cocomat shelks nawadays, lots of it became garbage that can
One of ing i i shdl material inthe

afbia-ail Ch ization stud shelks haveb, through ultimate, and thermo

gravimetric (TG) amlyzes. The resukis of this analysis indicate that cocanst shell has a high poxntial to

produce fuel fluid by pyralysis process [11]. Chamical fcocanut shellis celhukase (34%),

hemicellulase (21%), lignin (27%) and ash (18%) [12].

Before converted into bio-ail, coconut shell waste and coffee shell need %0 be treated first. It takes a process
3

d ive [14]. Therefore, the use of fis bio-oil will directly cause varows difficulties i fhe cambustion

system due to high viscasity, kow calarific value, carrosive and unstable [6].

Phenal noeds o be extracted fram hiooidl % reduce it camasive properties. b addition, phenal is 2
compaund hat has 2 high conomic value because of #ts expensive and widely used. Phenols have many
impartant uses such as disinfectants, resins, pesticides, explosives, and drugs. The mefhod fhat canbe wed to

from hio-cil is by iquid-liquid B using methanal solvent. This has
been done by Jazhinsek [15] an e solation of phenol compowunds fram bio-oils from pyralysis of forest
wasie and Mantilla [16] on fhe extraction of phenol campounds fram bio-aiks from pyralysis of agricultural
wasie. Dahlia [17] conducted research am liquid-liquid exwraction of phenal campound fram bio-oil of
pyvralysis resulied of pakm ail empty bunch using methanol salvent. The yield of phenal resulting from this
extraction s 40°%. In this stady. # & expected that the liquid-liquid extraction method can be wsad to separate
the phenal campounds from cocomat shell pyrolysis bio-aiks. The purpase of phenal extraction is to improve
the qulity of bio-oil and reduce fhe carrosivity, so when used as fuel, it will canse no damage % fhe engine.

Biomass pyrolysis comveried 10 biv-oil smdics have been conducted. Bio-oil produced fram the pyrolysis
process can be used as fuel for cngincs, turbines and boilers. The bio-ail which processed furfher by hiquid-
liquid extraction process will reduce the carrosive mature ofbin-ail and btained chemicaks which one ofthem
is phenol Rescarch an extraction of phenol compownds fram bio-ail is sl very fimitad. In addition,
thermadynamic modcling study n liquid-liquid cquilibrium of phenol extraction pmcess from bio-ail still
nceds o b investigated further.

To design extraction columas required varions i om sach as liquid-liquid dats (Liquid-
liquid Equilitrium). Thermodynamic madels such as Equation of State ar Activity Coefficient are used to
corxlate fhe experimental dats © obtam aptimal Optimal can be used to

predict liguid-liquid cquilbrium dats to produce an cquilbrium graph €t & wed 0 design extraction
cokumas [15]. The stndy on liquid-liquid equilibrium inchide NRTL, -NRTL, UNIQUAC. and UNIFAC.
s




Given the impartance of thamodymamic modeling in this liquid-liquid extraction process and the price and
benefits of phenal in the ndustrial world, #his rescarch becomes an important thing % do. Fram the
equilibrium data, the aptimum condition will be obtained whese the highest yickl of extract obtained in the
extraction process of phenal compound from bio-oil from cocanut pyralysis. Liquid-liquid equilibrium dats
of the companems of fhe system canbe used in the design of the equipment in sepuration process.
2.EXPERIMENTAL SECTION
2.1 Chemicals

All reagents used here are AR grade and used as received without furher purification. Methanol, acetic
acid, and chloroform were purchased fram e-Merck (Germany). The distilled water i avaibble at the
laborstary. Coffee shell and cocomt shell were abtined fram public market in Semarang.

2.2 Equilibrium Procedure

Instruments used i this study:

a) Shaker bath, product by Memment WB14, SV 1422, Scwabach, Germany .

b) Gas Chromatograghy (GC). product by GC 6820 Agilemt Technokagies, cokumn: Rastek RXi-SMS002E

) Gas Chromatography-Mass Spectroscapy (GC-MS), product by GCMS-QP2010S Shimadzu, column:
Rastck RXi-SMS.

The material systems and i 1 conditions for the L ion are ized in Table
1.

Table 1. Material Systems and Ce

The hiowail feed solution that contaming phenol was extracted using two-stage extraction. The first stage
uses aquadestas a polar solvent and chloro form as a nonpaolar salvent. Extraction was conduct with ice-bath
method at 4.5°C, 200 rpm and stirring time for 2 howrs. The extracts obtamed at this first stage are wsed as
feeds an the second stage extraction. At the second stage extraction, cach extract was extracted using a
methano] solvent under operating conditions shown in Table 1. The extraction equipment set can be scen in
Figure 1.

Figure 1. Extraction Equipment

2.3 Analysis and Characteriztion

Afier equilibrium attained (60 minutes), the mixtures were powred o a separating funnel, settled for an hour
and separated into two phases. Then the two phases were weighed. The extract phase and the raffinate phase

of cach on processes are amalyzed by GC %o obtain the feach
conditions of this analysis are shown in Tablk 2.
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Tahle 5. of Ce Data for Phenal wsing Aqueous Methanol
from Bio-il Produced from Coconut Shell.
Table 6. i Ce Data for Phenal using Aqueous Acetic Acid

from Bio-il Produced from Caffee Shell
2.3 Liquid-liquid Equilibrium for The Phenal Extraction Process using UNIFAC dan NRTL Modeks.

The UNIFAC and NRTL modeks were used %o carrelate he experimental data obtained for the systems under

stady. UNIFAC equation and NRTL eqution (Smith, 1996) were used %o cormlate experimentl phase
data The activity e madels is study as as fallows:

2) UNIFAC:[20]

UNIFAC is 2 UNIQUAC Functiomal-group Activity Cocfficients model based an the UNIQUAC equation by

using functiomal groups of amalkecu) ined in the mivture to cakulate the activity ients. This model
was develaped by Fredenslund, Jones, and Prausnitz (1975). The UNIFAC modeling is a contimuation of the
UNIQUAC modeling development. Thi aeof phase equili

cveninthe absence of experi data. Thi dy model is used o predict the estimation of non-

electralyte activity in non-ideal mixtures. The UNIFAC model cakultes the activity cosfficienss by using
functimal groups presemt i the mokecules $at form the liquid mixsure. If the value of the component activity
coefficient has 2 value close % one, fhis indicates $hat the companent is in the deal state in the system [21].
The carrelation i the UNIFAC model s used in arder %o reduce the mumber of binary mteractins measured
to predict the state of the system. The carrelation for the UNIFAC model is shown as fallows:

Iny= Inyf+ Iny/} a0y

A N
tnyS=1-J+ 1), 5.1 - T 417 @
A A
inyt= gf1-3, (05 - eun )] ®
N
1= 5 @

5)

©)

(4]
(L]

(L]

Tahle 2. Conditions of Analysis Using GC

3.RESULTS AND DISCUSSION
21 Bie-Oil Centent
Gas Clromatography-Mass Spectrametry (GC-MS) amlysis wsed o determine sotal content of phenol in

w0 -ail It shows th; hell io-oil for 40 .01%. The results of GC-

AR g

canbe scen in Figares 2and 3.
Figure 2 Analysis of GC-MS fram Cocenut shdl Biooil

Talle 3. Component of Bio-oil fram Coconut shell

Figure X Analysis of GC-MS fram Coffec Shell Bio-ol

Talle 4. Component of Bio-oil fram Coffee Shell

Figare 2and 3, Table 2 and 4 represent fhat bio-ail comtams mere than 5 mam companents. The percentage
(%) of the campasitions of the hio-oil amlysis by GC-MS was obtained from fhe pexcentage area of the peak
or the haght of the peak in fhe chramatograms. Using 2 method of GC-MS, this work presenss 2 campasition
of the hio-il senerated in e experiment. The ootal phemolic compounds contrined in hio-odl is 47.03%
(cocmt shell) and 45% (coffee shell). It was camsed by e pyrolysis processing at 300.350°C (ow
temperature carhonization) that produce mare substances comtain ester and phenalic compounds. The
compasition of hiamass such as hemicellulase, cellulase and lignin will be axidized to phenal as the main
compenent of e hio-oil.

2 ilibrium data en phenol

of bio-ail from cocenut pyralysis results

In fhis rescarch fhe varibles studied were temperatur, speed of stiming and type of solvemts (aquecms
‘methanol and aqueous acetic acid). Generaly, all extracss are rich of phenal but fhe male fraction significandy
depends » m speed of stering and type of salvents. Methanol and acetic acid
need to be mived with water because therr polarities are not strong enough % form mmiscible mixture with
biooil [19].

The mok fractions of any components in the raffimate phase and the extract phase, xi and yi, are constant
after 60 mimtes, so the system & assumed © be in equilbrum. The amount of water transfered from the
salvent into the raffinate phase was neglighle [19].

In this work, we are reporied experimental data for the phenol extraction from bio-ail produced fram
tempurung kelape and e phenal extraction fram bio-ail produced fram cangkang kopi.

Tablk Sand6 show the i Bk fsmgl
methanol solvent i fhe extract phase and raffmate phase.

data for aquenus acetane and aqueaus

.

Erae

=t an
st =X, Omten an
fas e a2
‘Where:

Iny" = Combmatorial camponent
Iny® - residual component

3 - campanemt surface area campanent (i)

L = campenent volime fraction (i)

5 = pure campenent surface arca parameter (i)
x = pure campenent mal fraction (i)

q = pure camponent volume parameter (i)

v = mamber of sub-group (k) an compament (i)

R = parameter arca for sub-group (k) (Ri = Aw/(25 x 10%), where Ay is number of sub-group van
der Walls surface arera

Q. = mumber of parameter valume subgroup (k) (Q, = V,,/15.17, where V., is mumber of Van der
Waals valume subgrowp )

B = growp of micraction parameter from groupm and k[18]

x, = liquid mal fraction of camponent (i)

UNIFAC equation can be obtamedto -

ny,=in[1-7,41n), +s..(1-:—_+|n3] +|..[ ,[pz‘ ;:z}_:::":_.:’a :ﬁ)]]
az
) NRTL:20]

Non Random Two Liguid (NRTL) is desived fram the Scot two liquid modd and # is assumed that
d i del used an the TheNRTL rando;

(a,;) making it passible %o wse i 2 wide varicty of mixtures. The NRTL model uses only binary parameters to
cakubte the phase equilibrium propertics

The NRTL (Non Randam Two-Liquid) equation was first developed by Renon and Prausnitz (1968). The
NRTL made] is derived fram the Scott two liquid model and # is assumed that fhe nonrandom pamimeter is
fhe same as the modd wsed m the Wilson Madel The NRTL equation oped based an x




with the addition of 2 non-randam parameter (a), which makes he equation applicable to different types of

Tiquid-liquid mixture and librium by choosing the a price. The parameter estimation for this
equation is dane by setting the a value at a certain valuie and subsequently optimizing the objective function
% obtain two optimal parameter The ded @ value is 0.2 047. The vakee of a is often

i dly the value of a = 0.3, Unlike the Wikon equation which comtains two

adjustable parameters, the NRTL equation comtains three parameters, so the NRTL equation can be an

akermative model if other modeks ax imadequate. This equation can also otimate the equilibrium of
without additional

The NRTL equation can represent liquid-liquid equilbsium for bath hinary and mukticomponent systems
anly with binary parameters. The equatian is simpler han the UNIQUAC equation, but it has dissdvantage

because it cantains three far cach pair of The third purameter (a) i estimated hused
an fhe state of the and L for certain the extreme number s obtined. The
NRTL equationis expressed:
iy
7= as
= G =0 a6
Gy= ap (- <z an
Xy=, as)
L itulens sy =t
In + —y - 19
T e BT o B 3
ol . o e,
Kimemp S e+ H am - B D o
Toahs o4 1t
¥, = exp S :.":"‘"(n‘-t.l:""“‘l @n
Where:
G* = malar Gibbs sergy
R - gas constant
- xmperatire
x ~ liquid phase mal fraction
ijk  =compamemtof1.2.3.....n
a ~ nan-rndom parameter for NRTL

Figure 9. Comparison of Calculated and Experimental Mole Fractions of the Phenol Extraction
using Aqueous Acetic Acid by UNIFAC Model at 23 K.

Figure 10. Comparison of Calculated and Experimental Mole Fractions of the Phenol Extraction
using Aqueous Methanal by NRTL Model at 298 K.

Figure 11. Comparison of Calculated and Experimental Mole Fractions of the Phenol Extraction
using Aqueous Methanal by NRTL Model at 313K,

Figure 12 Comparison of Calculated and Experimental Mole Fractions of the Phenol Extraction
using Aqueous Methanal by NRTL Model at 223 K.

Figure 13 Comparison of Calaulated and Experimental Mole Fractions of the Phenol Extraction
using Aqueous Acetic Acid by NRTL Model at 98 K.

Figure 11. Comparison of Calculated and Experimental Mole Fractions of the Phenol Extraction
using Aqueous Acetic Acid by NRTL Model at 313 K.

Figure 12 Comparison of Calculated and Experimental Mole Fractions of the Phenol Extraction
using Acetic Acid by NRTL Model at 323 K.

The resubt of o of liquid-liquid wumdats by using UNIFAC and NRTL modeling gives good
between experi dats md This is shown by the value of SSE (Sum of the Square
of the Error) appraaching the vake of 0. SSE valucs in UNIFAC and NRTL modeling can be seen in Table §.

Table & Sum of the Square of the Error (SSE)

Based an Table 8, it can be scen that extmction with mefanal solvent with semperature of 323 K has the
smallest SSE value camp, her with SSE vakie of 0.053 (for UNIFAC model) and 0015 (for
NRTL model). The smalker the SSE values obtained show that the carrelation between the experimental data
and the calculation data indicates a better correlatian.

Good corrdation resuks show that equilitrium modeling of UNIFAC and NRTL can be used to predict
liquid-liquid equilibrium in phenal extraction process Fom cocomut shell pyrolysis bio-oil and coffee shell
using mefunal solvent and acetic acid at 23K

4.CONCLUSION

The UNIFAC modeling provides 2 good
phenal extraction of cocanut shell pymlysis bio-oils using mefanal salvent under canditions of temperature
af 323K given by SSE of 0.053.

to liquid-liquid data for ernary systems an

8.6 = companent parameter
Y = activity coefficient
T = empincal comsmnt for NRTL

Table 7. The Activity Cocfficients were Cakulated by UNIFAC Model

Table & The Activity Cocfficients were Cakulated by NRTL Model

Tablk 7 and § shows the vakic of activity cocfficiknt an pheno] extraction wsing methanal solvent obtained
from calculasion with UNIFAC and NRTL modeling. from cocflicient value of activity an cach component
shows #t methanal and acetic acid companent i extract phuse i i deal condiion becanse the vakic of
activity cocfficknt cbtined chse 0 ane. The activity cocfficient value of phenal and water activity in the

2! 3 m less than ideal

inthe sysiem. The ideal conditions of the campanents in fhe system show that fhe campanent s domiant, so
the properties of fhe mmture are chaser to fhe daminamt component propertics cifher in fhe extract or rafmake
phase. In raffinate it is he
salvent & | ideal condtions in the system, whik the phenol and bio-all companents are . less than ideal

of activity close %o fhe onc, indicating fhat the

condifins. So nom-idcality studics are very important for those systems [21].

Figure 4 Comparison of Cakulsted and Experimental Male Fractions of the Phenal Extraction
using Aqueous Methanal by UNIFAC Model at 298 K.

Where:

Xa: male fraction of component in exwract phase

Xb:mok fraction of solvent i extract phase

Xc: male fraction of water i extract phase

Ya: male fraction of component in raffinate phase

Yb:mok fraction of solvent i raffmate phase

Yd: mok fraction of hio-oil m raffmate phase

Figure 5. Comparison of Calculated and Experimental Mol Fractions of the Phenol Extraction
using Aqueous Methanal by UNIFAC Model at 313 K.

Figure & Comparisen of Calculated and Experimental Mole Fractions of the Phenol Extraction using
Aqueous Methanol by UNIFAC Modelat 23 K.

Figure 7. Comparison of Calculsted and Experimental Mok Fractions of the Phenol Extraction
using Aquesus Acetic Acid by UNIFAC Model at 298 K.

Figure & Comparison of Calculated and Experimental Mol Fractions of the Phenol Extraction
using Aqueons Acetic Acid by UNIFAC Model at 313K

10

NRTL modeling gives 2 good to liquidliquid dita for ermary sysiem on phenal
exvaction of bin-ail fom pyralysis of mffee shell using methanal salvent at temperatare condition of 23K

given by SSE of 0015.

The activity cocfficients of methanal, acetic acid, and phenal in the cxtact phase and raffinate phase arc far
from wmity. It means that they arc far from ideal conditim. The activity cocfficients of water and kerosenc i
their plhases are close to one. It means that fhey a ncarly ideal in fhcir phases.
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Table 3. The Main Componcats of Bio-oll Produced by Pyrolysis of Coconut Shels

Peak Cempencat Procentage
1 Exhyleser T
2 Formic acd 4w
31 1-Hydroxy-2-butinone 189
4 Furfuml 548
s Fhenol 40.01
7 2-Meshaxy phenol 702
Table 4. The Main Gy o Bis-oll Pyrolysis of Co
Peak Component Procentage
1 Uraa %
2 Acet acid 26%
s Farfural 6%
6 Fhenol 34%
7 Phenol, 2 methay- 7%
£ Fhenol, 2.6-dimedhoxy 4%
Tablke 5. E thon Data for Phenol Aquesns Methanol from Bioodl
Produced from Coconut Shell
Temperature  Speed Xy Xa Xe Yo Ya Yo
150 [0 09T oo ol 0316 0524
295K 200 [ 09T o019 one 0313 0sT2
2% 0.0 0967 o 00 045% odis
150 0009 0963 o7 o0ss 0549 0368
33K 200 000 0970 o2 0088 0414 0501
250 o010 0963 o7 0082 0558 033
150 o010 0962 o.s 008 0567 0363
K 200 0om 0968 o.e 0088 0528 o410
250 0012 0959 oy 0wy 0618 03%s

Table 6 Equilibrium of Compencats Extraction Data for Phenel Extraction using Aqueous Acetic Add frem

Tabke L and Conditon: Extraction.
Quantity
fead boo-cal
feed volame 25ml
sohene ‘aqucoes medhanal
aguooes acenc acsd
mole fFactxon of witer | solvest 02
solvens- feed mass rew 1
shaking ume 40 munencs
amplisado of haking 150, 200, 250 rpen
tempIanse 298 313, 38K
Tabke 2. Conditions of Analysis Using GC
Colemn: Rasick RN SMS
Colamn:
lnmer dumess (=) 12 x104
Leag® (=) 0
Caiergas He
Sple mtio (2] 183
Flow rze femssec] 26
Sample vokame o 110%
lakcton tenpranse x) a8
Cobama wmpeanre X u3.8m
Pressum colam kPa 100
Colamn flow mLmin 0s4
Detectoe (FID) sempersum: X a3
14
Bio-ofl Preduced from Coffee Shell.
Temperature  Speed Xo Xo Xe Y Ya Yo
150 0054 0247 0,368 0281 0047 0872
295K 200 0042 037% 0204 0107 0537 0357
2% o024 0ss1 0.093 0019 0XTS o0
150 o012 0T 0,088 o8 oso7 0089
3K 200 oon 074 0047 0008 0958 o0
2% o010 e 0.6 o003 0™ oo
150 0006 os4 0.6 0004 09%0 oole
K 200 0004 o83 0,016 o0 0988 o012
2% oo oS 0012 0251 0047 0872




Table 7. The Activity Coelficients were Calculated by UNIFAC Medel

Selutien  Temperature Speed v v ¥e v Vs Yo
150 o1re 0Tes owr 2380 2083 108
29% 200 0032 0794 0004 23 208 1020
2% oo1e 0T oo 2438 2143 L0158
150 0149 T8y 0008 2143 2688 1016
Medaml 3 200 ons or9 oo 228 2700 1012
250 0112 0792 000 2191 2688 L0}
150 0049 0TS 0007 2181 2504 1007
323 200 oms 07s% 0.001 22 2515 1008
250 004 0788 0.001 219 2519 1008
150 0199 L9 0.0 s 1.9%0 Lon
9% 200 0132 1o 0.001 1150 1996 1009
250 0073 1015 0001 3198 20161 1006
150 0196 1000 oo 279 1808 1008
Acetic Acid 313 200 0152 09% 0013 2887 1524 Lo
2% 041 099 004 2536 1515 Lo
150 0085 099 0037 278 1701 1006
123 200 oms 0999 oo 2T L0 1004
2% 0042 09% 0008 2me m 099

Figure 2. Analysks Result by GC-MS for the Bio-oil Produced by Coconut Shelks Pyrolysis

Figure 3. Analysks Result by GC-MS for the Blo-oil Produced by Coffee Shells Pyrehys
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TableX The Activity Coetficients were Caleulated by NRTL Model

Selution  Temperature  Speed \4 ¥s \G Y4 s Yo
15 0077 026 03% 0268 207 0688
9% 200 0068 042 0337 o001 00 0068
2% 0083 o2s3 0357 13x10* o001 Thxt0f
1% 4,470 0942 ol L4x107 1050 004
Metanol 33 200 27Ix10% 0986 0058 15x00 1014 Lix10¢
2% LSm10° 0944 0039 490 0880 24x0¢
1% Tx10*  0.9%0 oo 36x10° 128 0028
n 200 3480+ 097 oo 4axiom 1006 41x10
2% Sadax0t o972 o4 35x10% 0937 L™
1% 0 R 021 0432 1LOKT 0878
2% 200 0039 033 0210 oos 0361 0582
2% 0036 o 0232 9.5x10% omr [ 15
1% 000 0T 0037 a0 0%s 0581
Acctic Acid s 200 oo 072 00% 0030 09% 0444
2% 0013 0749 0.0 oms 1000 0374
1% 0000 0T 0,7 oms 1139 oon
n 200 o003 T2 0.0%0 0.001 1010 0039
2% o013 0749 0.0 Lox10* 0658 96207
Table S Sumof the Square of the Errer (SSE)
SSE
Model
Methanel Acetic Ackd
295 0087 0132
UNIFAC s 0088 0083
n 0083 0.084
29% N 0.068
NRTL a3 5 e
i 0os omT
. L
s
3
! s ‘
i XXa
a4 Y -
XX
02 "Ya
oY
x “vd
o
o as
Cdeslared

04 06
Caleslated

03

of Calculated and

Mele Fractions of the Phensl Extraction wsing Aquesus

re £ Co
Methaned by UNIFAC Model 2t 313 K.

Mele Fractions of the Phenel Extraction using Aqueous
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Figure 7. Comparison of Calculated and Experimental Mele Fractions of the Phensl Extraction using Aquesus
Acetic Add by UNIFAC Medd at 298 K.
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Comments from the editors and reviewers:
-Reviewer 1

In this study, the author used the liquid-liquid extraction method to separate the phenol compounds from coconut shell
pyrolysis bio-oils. The results show that the correlation between experimental data and calculations shows that the UNIFAC
equilibrium model can be used to predict the liquid-liquid equilibrium in the phenol extraction process of the coconut shell
pyrolysis bio-oil. While the NRTL equilibrium model can be used to predict liquid-liquid equilibrium in the extraction process of
phenol from bio-oil pyrolysis of coffee shells. Generally, this study presents some important data on the development of liquid-
liquid equilibrium in the extraction process towards pyrolysis bio-oil. This paper fits into the scope of liquid-liquid equilibrium in
the extraction process. However, before that, the following minor points should be carefully responded and revised.

Specific comments:
1. Abstract
“34% phenol”

“The content of phenol compounds in corrosive bio-oils still quite high, the use of this bio-oil directly will cause various
difficulties in the combustion system due to high viscosity”

Please give the full name for “UNIFAC equilibrium™ and “"NRTL equilibrium"
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2. Introductioh
Paragraph 1 Please add the related contents and references in this paragraph

3. 2.2 Equilibrium Procedure

“For the first stage, the aqua was used as a polar solvent, and chloroform as a non-polar solvent." may be better
What is “aquadest”? Error

“was conductshould be “was conducted”

4.  Please revise the x-coordinate and y-coordinate &#xff08;Figure 7-118#xff09;, and obtain the correct format

5. You mentioned“Gas Chromatography-Mass Spectrometry (GC-MS) analysis used to determine total content of
phenol in coconut shell bio-oil."Please add the detection details.

-Reviewer 2

1. According to the meaning of context, “In Indonesia, in addition to the shell, one of the available biomass resources is
coconut shell." should be replaced by “In Indonesia, in addition to the coffee shell, one of the available biomass resources is
coconut shell." in the introduction.

2. In the section 2.2, why was the extraction conducted with ice-bath method at 4-5 °C? Is this operating temperature suitable
for industrial applications?

3. In the section 3.1, “The results of GC-MS bio-oil analysis of coconut shell pyrolysis results can be seen in Figures 2 and 3."
should be rewritten to understand better.

4. There were some mistakes in writing. Such as :

In Table 3 and Table 4, “Procentage” should be replaced by “Percentage”.

In the section 3.2, “temperatur” should be rewritten as “temperature”.

In the section 3.2, “temperatur” should be rewritten as “temperature”.

5. In the section 3.1, there were two sentences, "It shows that coconut shell bio-oil contained total phenol for 40.01%." and
“The total phenolic compounds contained in bio-oil is 47.03% (coconut shell).” . The percentages of total phenolic compounds
pointed out in these sentences should be consistent.

6. In general, the speed of stirring has no effect on liquid-liquid equilibrium. The speed of stirring has a significant effect on the
composition of liquid-liquid equilibrium from the Table 5 and Table 6. Why?

7. The data were too few to describe the liquid-liquid equilibrium well. Enough datas are required.

8. In the section 3.3, “This is shown by the value of SSE (Sum of the Square of the Error) approaching the value of 0." This
expression is inappropriate because the errors between calculated values and experimental data are not small from Fig.3 to
Fig.15.

9. In the conclusion, the author pointed out that the UNIFAC modeling provides a good correlation to liquid-liquid equilibrium
data under conditions of temperature of 323 K. Then, can the UNIFAC model be used to describe the liquid-liquid equilibrium
under other temperatures? There is the same problem for the NRTL equation.

Have questions or need assistance?

For further assistance, please visit our Customer Support site. Here you can search for solutions on a range of topics, find
answers to frequently asked questions, and learn more about EVISE® via interactive tutorials. You can also talk 24/5 to our
customer support team by phone and 24/7 by live chat and email.

Copyright © 2018 Elsevier B.V. | Privacy Policy

Elsevier B.V., Radarweg 29, 1043 NX Amsterdam, The Netherlands, Reg. No. 33156677.
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Reviewer 1

In this study, the author used the liquid-liquid extraction method to separate the phenol compounds from coconut shell pyrolysis bio-oils. The
results show that the ion between i data and i shows that the UNIFAC equilibrium model can be used to predict
the liquid-liquid equilibrium in the phenol extraction process of the coconut shell pyrolysis bio-oil. While the NRTL equilibrium model can be used
to predict liquid-liquid equilibrium in the extraction process of phenol from bio-oil pyrolysis of coffee shells. Generally, this study presents some
important data on the development of liquid-liquid equilibrium in the extraction process towards pyrolysis bio-oil. This paper fits into the scope of
liquid-liquid equilibrium in the extraction process. However, before that, the following minor points should be carefully responded and revised.

Specific comments:
1. Abstract
“34% phenol”

“The content of phenol compounds in corrosive bio-oils still quite high, the use of this bio-oil directly will cause various difficulties in the
combustion system due to high viscosity”

Please give the full name for “UNIFAC equilibrium” and “NRTL equilibrium”
2. Introduction
Paragraph 1 Please add the related contents and references in this paragraph
3. 2.2 Equilibrium Procedure
“For the first stage, the aqua was used as a polar solvent, and chloroform as a non-polar solvent.” may be better
What is “aquadest"? Error
“was conduct’should be “was conducted”

4.  Please revise the x-coordinate and y-coordinate &#xff08;Figure 7-118#xff09;, and obtain the correct format

5.  You i “Gas Chr M: y (GC-MS) analysis used to determine total content of phenol in coconut shell bio-
oil."Please add the detection details.

Reviewer 2

1. According to the meaning of context, “In Indonesia, in addition to the shell, one of the available biomass resources is coconut shell.” should
be replaced by “In Indonesia, in addition to the coffee shell, one of the available biomass resources is coconut shell.” in the introduction.

2. In the section 2.2, why was the extraction conducted with ice-bath method at 4-5 °C? Is this operating temperature suitable for industrial
applications?

3. In the section 3.1, “The results of GC-MS bio-oil analysis of coconut shell pyrolysis results can be seen in Figures 2 and 3.” should be
rewritten to understand better.

4. There were some mistakes in writing. Such as :

In Table 3 and Table 4, “Procentage” should be replaced by “Percentage”.

In the section 3.2, “temperatur” should be rewritten as “temperature”.

5. In the section 3.1, there were two sentences, “It shows that coconut shell bio-oil contained total phenol for 40.01%.” and “The total phenolic

compounds contained in bio-oil is 47.03% (coconut shell).” . The of total phenolic pointed out in these sentences
should be consistent.

6. In general, the speed of stirring has no effect on liquid-liquid equilibrium. The speed of stirring has a significant effect on the composition of
liquid-liquid equilibrium from the Table 5 and Table 6. Why?

7. The data were too few to describe the liquid-liquid equilibrium well. Enough datas are required.

8. In the section 3.3, “This is shown by the value of SSE (Sum of the Square of the Error) approaching the value of 0.” This expression is
inappropriate because the errors between calculated values and experimental data are not small from Fig.3 to Fig.15.

9. In the conclusion, the author pointed out that the UNIFAC modeling provides a good correlation to liquid-liquid equilibrium data under

conditions of temperature of 323 K. Then, can the UNIFAC model be used to describe the liquid-liquid equilibrium under other temperatures?
There is the same problem for the NRTL equation.
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ABSTRACT

Utilization of bi newand ~ isbek " ducted by various partics.
One of the techmobogy for wilizing or converting blomass as an energy source is pyrolysis, 0 canvert
biamass into a mare valwble product which is bio-ail Bio-ail & a densed liquid from T

biomass pyrolysis such as cocomut shelk and coffec shelk. Biomass composiion comsisting of
hemicelkulose, cellulase, and lignin will axidize to phenal which is e main cantent in bio-oil. The totalic
phenalic campounds cantained in bio-ail is 47.03% (cocamut shell) and 45% (coffee shell). The cantent of
phenal campaunds i corrasive biooils still quite high, the use of this bio-oil directly will cause various
difficulties in the combustion system due % high viscasity, Jow cakorific value, comasive, and unstable.
Phenal compounds have same benefits as ane of the campownd for floor ckaner and disinfectant which
cantiined in bio-oil

Th.

between al data nd calculstions shaws that the UNIQUAC Functiomal-group
Activity Cocfficients (UNIFAC) cquilbrium model an be used %o predict the liquid diquid equilfrium in
the phenal extraction process of e cocanut shell pyralysis bio-ail Whik e Nem Randam Two Liquid
(NRTL) equilibrium model can be used o predict liquid-liquid equilibrium in the exwraction process of
phenal from bio-oil pyralysis of coffee shells.

Keywords: bhiamass, pyrolysis, hio-oil. UNIFAC, NRTL.

conversion process [11]. Chemical comtent of cocomut shell is cellulase (34%), hemicellulase (21%),
lignin (27%) and ash (18%) [12].

Befare converted it bio-oil, cocanut shell waste and coffee shell need to be treated first. It takes a
process befare converting the waste of coffee shell into bio-oil which is pyrolysis. Pyralysis is the
process of decomposition of a substance ar material that is dame at a relatively high temperature.
Pyralysis resukts in the form of gas, liquid and salid. The salid result of this process i char (char). Gas
and liquid products can be used & a sowce of hio-ail. Bio-ail can be used as an alermative fuel that is
casier o stare and distribute than biomass in sobd form. Bio-oil made from coconut shell material using
show pyrolysis with pyrolysis temperature 250300 °C produces liquid which very acidic and camosive.
The hrgest organic component in bio-ail is the lignin derivative of phemol, akohol, omanic acids and
carbany] compounds such as ketanes, aklchydes and esters [13]. The nature of the acid s caused by the
coment of the daminant phenal campounds

Phenal compounds in addition to causing the smell of smoke in bio-oil, abo showed antiaxidant
activity and corrasive [14]. Therefre, the use of fhis bio-ail will directly cause various di fficulties in
the combustion system due to high viscasity, low caborific value, carrasive and unstable [6].

Phenal needs o be extracted fram bio-oil to reduce its carrosive properties. In addition, phenal is 2
compound that has 2 high economic vakie because of its expensive and widely wsed. Phenoks have many
important uses such as = . and drugs. The method that can be
used %0 extract phenol compounds from hio-oil i by liquid-liquid extraction method using methanol
salvent. This has been dane by Jazbinsek [15] an fhe isalation of phenal compounds fram hio-ails fram
pyrolysis of farest waste and Mantilk [16] on the extraction of phenal compounds from bio-oils fram
pyrolysis of agricubural waste. Dahlia [17] conducted rescarch an liquid-iquid extraction of phenal

fram bio-ail of pyrolysi £ palm ail empty i sohvent Theyicld
of phenal resulting from his exwraction i 0%. In fhis smdy, # is expected that the liquid-hiquid
extraction mefhod can be used o sepurate the phenol compounds fram cocanut shell pyralysis hio-oils.
The purpose of phenal extraction is to improve the quality of bio-oil and reduce the comasivity, so when

msins, plasi

used as fuel, # will cause no damage %o the engine.

Biomass pyrolysis comveried %o hioail studies have been conducted. Biooil produced fram the
pyvolysis prcess can be used as fucl for engines, wrbines and baikes. The bia-ail which processed
further by liquid-liquid extraction process will reduce the cormsive natwre of bio-ail and chined
chemicals which one of them is phenol. Rescarch an extraction of phenal campounds fom bio-oil is
still very limited. In addition, thermodynamic modelling study on liquid-liquid equilitrium of phenal
exwactin process from bin-cilill neds 0 be i stigated frther.
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LINTRODUCTION

The roke of fossil fuek still be crucial, but fheir effects will gradully be over taken by new and
renewable encrgy sources. Abng with the depletion of warkd 0il reserves and environmental Esues,
varims rescarches on rencwable encrgy are being actively conducted by various purties. Therefore,
techmalogy moeds be able to overcame $ie problem. One techmology that can be wsed & pyrolysis
techmology where the material used comes from crganic waste (hiomass). Pyralysis technology can
overcame arganic waste problems and make fhe caviranment healfhy also comvert # into valuc-added
endproduct.

Biomass i an arganic material derived from plnts, algac, animal waste, mdustrial waste, forestry, and

asie [1]. Ba e usedas py material duce liquid (bio-oil), gas and

salid products. Variows kinds of hiamass waste can be used as raw materials for fhe manu facture of hio-

oils, sachas comcabs [2], swdast and wheat bran [3], castar 4], cuk [S]. durian shell [6] and cocomat
shell[7].

Indmesia i the third hrgest coffee producer i e warld aficr Brazil and Victmam by convibuting
abaut 6% of the workd's 0wl coffee production, s workd's fousth largest caffee exporicr with 2 market
share of around 11% acrass the workd. Caffee is ane of the plantations with high cconomic value bosides
chocalak and tca. Based on das from Indencsian Ministry of Farestry and Plasation, Indoncsia's caffee
production in 2013 reached 691,160 sons with 2 plantation arca of 47,800 Ha [§]. Wast: fram caffee
processing i abunchnt and not utikized optimally & #ie caffee shell Large waste of coffee shlls
derived fram phattions was appraximasely 11.08% which posntially cause caviromment hazard.
Coffee shelks are 2 waste uat hus high lignocellubse coment which have potential o be used asbio-ail.
Biowail is 2 blackish liquid fucl derived fram bicmass such as wood, caffee shells and other hiamass.
@34%). (245%) 9]

Biowil contains lignin

In Indmesia, i addition to the coffer shell, anc of the avaibibk: hiamass saurces is cocanut shell
Avaibbility of cocomut shell can be seen fram the production of cocomst fruit in Indonesia. Cocomat is
one of Indensia’s main commaditics with an average poduction of 3 000,000 tans / year [10]. The
utilizmtion of cocomut & very diverse, but for the wilzation and way of handling waste is still hmited.
Cocomt fruit can be used as food in daily life for the pupase of comsumed directly. Cocomt shells
nowadays, lots of it became garhage that can nat be utilizad. One of e waste landlmg is to wilize
T l m & fhio-ail Ch 1Zat &

ic (TG) analy:

Thukase (342%)

a
shelks have been done through
of this analysis idicate fat cocomut shell has 2 high potential to produce fuel fluid by pyrolysis

ukimate, and e - The resuks

3

To design extraction columas required varions iformation such as liquid-liquid equilibrium dats
(Liquid-liquid Equilitrium). Thermodymamic models such as Equation of State ar Activity Coefficient

are hte the d;

1o cbiain optimal Ot
can be used © predict hiquid-liquid equilibrum data © produce an equilibrmum graph that & wed to
design extraction cokemas [1S]. The stady on liquid-iquid equilbrium inclade NRTL, e-NRTL,

UNIQUAC, and UNIFAC.

Given i modeling in this hiquid-iquid
andbencfits of phenal in e industrial work. this rescarch becomes an impartant @iing to da. From the
data, the opti diicn will be cbined where the highest yied of extract obtained in

the cxvaction process of phenal campound fram hiooil fram cocanw pyrolysis Liguid-hquid

cquilbrinm data of the components of e system can be wed i @ic design of the cquipment in
scpuration rocess

2. EXPERIMENTAL SECTION

2.1 Chemsicals

All magents used here are AR grade and used as moeived without fardher purification. Mathanal,

acetic acid and were Merck The distilled water i 2
the Coffee shell and cbtained fram public market in Semarang.

22 Equilibrium Procedure

Instruments used m study:

2) Shaker buth, roduct by Memmert WB14, SV 1422, Scwabach, Germany.

b) Gas Clromaography (GO). product by GC 6820 Agiknt Techmokgics, columa: Rastek RXi-
SMSORE

©) G Clromatograghy-Mass Spectrascapy (GOMS), product by GCMS-QP201GS Shimadru,
columa: Rastek RXi-SMS.

The material systems and experimental
Table 1.

for e ibri i are ized in

Table 1. Material Systenss and Ce

The hio-oil feed salition that contaming phenol was extracted wsing two-stage extraction. The first
stage uses distilled water as a2 palar solvent and chloroform as 2 mon-polr solvemt. Extraction was
conducted with ice-bath method at 4.5°C, 200 rpm and steving time for 2 hours. The extraces abtained at
this first stage are used as foeds on the sccand stage cxwraction. At the second stige extraction, cach
extract was extracted wsing 2 methanal solvent under operating conditions shown i Tablke 1.

s
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223 Analysis and Characterization

Afier equilibrium attained (60 minutes), the mixtures were powred into a separating funnel, settled foran

hour and sepurated o two phases. Then the two phases were weighed. The extract phase and the

raffinate phase of cach extraction processes are analyzed by GC to obtam the concentration of cach
The princy itxms of thi shown in Tablke 2.

Table 2. Canditions of Analysis Using GC

3. RESULTS AND DISCUSSION
2.1 Bio-0il Cantent

The chramatograms of the GC-MS analysis are shown in Fig 2 and 3. The resulss of the GC-MS

analysis of the bio-oil shawed that they chemical chas ethyl
phenal. furfural, acatic acid. and others.

Figure 2 The Ch Bio-0il fram C Pyralysis

Table 3. The C: Bio-ail Pyralysis

Figure X The Chramatogram of Bio-Oil Produced fram Coffee Shdl Pyrolysis

Table 4. C of Bio-oil Co Pyralysis

Table 3and 4 represent that hio-ail contins mare than 6 main componenss. The percentage (%) of the
af the bio-ai ~MS was obtained fram the percentage area of the peak or the
height of the peak in the chromatograms. Using 2 method of GC-MS, this work presents a campasition
af e bi-ail sencrated in the experiment The totalic phenalic campeunds contained in bio-ail is 47.00%
(cocamt shall) and 4550 (caffee Shall). 1t was caused by the pyrolysis processing at 300-35¢°C (low

temperature carbonization) that produce more substances comtain ester and phenolic campounds. The

such cellubose -ldli"l‘l all b the main
companent of the hio-oil
22 data an phenal of bio-ail from cocanut pyralysis results
varishles EmperatEe. speed of stiring and type of salvens (aquecus

methanol and aqueous acetic acid). Generaly, all extracts are rich of phenal bt the moke fraction

depends an ' ditions: {EmMperalme. speed of stiring and type of salvenss.
Methanol and acetic acid need %o be mixed with water because their polarities are not strong enough to
form immiscible mixture with bio-ail [19].

L= 5 @
_ax

L= z—ﬂ,& (&)

EEDRAN ®
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_Ixgen
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a, 10y
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Where:
Iny“ = Cambmnatorial campanent
Ing® = residual component
3 = campenent surface arca campanent (i)
Li - campanent vokime fraction (i)
n = pure companent surface area parameter (i)
x = pure companent mal fraction (i)
q = pure companent vokime parameter (i)

wh = mumber of sub-group (k) on companent (i)

R = parameter arca for sub-group (k) (Ru= Au/(25 x 10%), where A, is number of sub-group
van der Walks surface arera

Q = number of panmeter volume subgroup (k) (Qu = Vou/15.17, where Viu is mumber of Van
der Waak vokume subgroup)

3, = mowp of mkraction parameter fram groupm and k18]

x = liquid mal fraction of camponent )

UNIFAC equation can be obtainedto :

ExacuE ot 1, Eu
Txa B @ B

myi=in[t-fi+ng + u[x-f-:n.-})] + In[q,[l -x

(13)

b) NRTL:[20]
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The male fractions of any companents in the raffinate phase and fhe extract phase are constant afier 60
mimutes, 5o the system s assumed %o be in equilbrium. The amount of water transfered from the salvent
into the raffinate phase was neglighble [19].

In fhis wark, we are reparted exparimental data for fhe phenal extraction fram hio-oil produced from
cocanut shell and the phenol extraction from hio-oil produced from caffee shell.

Tabk 5and 6 show the of malt
aqueous mefanal solvent i the extract phase and raffinate phase.

data for aqueous acctame and

Table 5 of C Data for Phenol Extraction using Aqueous
Methanal fram Bio-ail Produced from Coconut Shell.

Table 6. e
Acid from Biowil Produced from Coffee Shell

Data for Phemol

using Aqueous Acetic

33 Liquid-liquid Equilibrium for The Phenol Extraction Process using UNIFAC dan NRTL
Maodels.

The UNIFAC and NRTL modsh were used to carrchite the experimental dats abtainad for the systems
under sdy. UNIFAC equation and NRTL equation (Smith, 1996 ) were used to carrdate experimental phase

data The activity madeks applicd in this study ax as fallows:
2) UNIFAC:[20]
UNIFAC & a UNIQUAC wmlgroup Activity C model based on ®e UNIQUAC

equatin by wsing fimctiomal growps of 2 mokcule comamed in fhe mixtwre to cakubte fhe activity
cocfficienss. This model was developed by Fredenslund, Jones, and Pramsnitz (1975). The UNIFAC
modeling & 2 contimuation of the UNIQUAC modeling development. This model hus the advantage of
phze oq 1 data This

model is used to predict the estimation of non-clectralyte activity i non-ideal mixtures. The UNIFAC
model call by using

the dmi Iffevalucofth Wity
that e compoment i inthe ideal state in e system [21]. The comrelation inthe UNIFAC modelis wsed
in order to reduce the number of binary imeractions measuzd % pradict $he state of fhe system. The
correhation for fhe UNIFAC model s shownas fallows:

in fhe absence of

bates the activity owps present in the malecules hat form

vakae cll

-, s indicates

Iny,=Inyf+ Iny* m
A,k
Iny=1-j+1nf, -5q,(1- T+ 1) @
£ .
Iny®= ,,[l -XA[O‘f-q‘h ;‘)] @

Nem Random Two Liquid (NRTL) is derived fram the Scott two liquid model and # & assamed that

randamncss is e same s e mods] used an the Wikan mods]. The NRTL model has 2 nm-randam

purameter (a;z) making it passible % wse i 2 wide varicty of mixtwes. The NRTL model wses only
Iculate the phase i

Bimary
The NRTL (Nom Random Two-Liquid) equation was first developed by Renon and Prausnitz (1968).
The NRTL model s derived fom the Scott two liquid model and it is assumed that fhe nom-random
parameter is the ame as e model wsed in the Wilson Model The NRTL equation is devekped bused
@ 2 two-flid theary with the addition of 2 nonsandam perameter (a), which makes $he equation
different types of liquid-Ia d equili by choosing the

The parameter estimatiom for $hs cquation s dome by sctting $he a value at a certam value and

aprice.

subsequently aptimazing fhe objective function to cbtuin two optmmal paramecter imcractions. The
recammended a value s 02 - 0.47. The valus of @ & often adjusied 0 i L y the
value of @ = 03 Unlike he Wilson equation which contains two adjustable parameters, the NRTL

equation contains $wee parameters, so the NRTL equation can be an alemative model if ofher models
are imadequate. This equation can ako estimate $he equilibrium of mukicomponent systems without
addtomal parameters.

The NRTL cquation can represent liquid-iquid equilibrium for both bimry and mulScomponent
systems anly with hinary parameters. The equation is simpler than the UNIQUAC cquation, but # has
disadvantige because it contiins iree parameters for cach pai of components. The third parametcr @)
is estimated hused on the stge of the and
mumber is obtained. The NRTL cquaticn is expressed:

for ceram the extreme

L B b
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Where:

G* = malar Gibbs encrgy

R = gas constant

T = tamperature

- liquid phase mal fraction

.
a ~ nan-random purameter for NRTL
2.6
¥ - activity coefficint

= component prameter

-

- eapisical comstant for NRTL

Figure 4. Comparison of Cakulated and Experimental Male Fractions of the Phenal Extraction
using Aqueous Methanal by UNIFAC Model at 298 K.

g

ere:
Xa: mole fraction of component in extract phase
Xb:mok fraction of salvent in extract phase

Xc: mole fraction of water in extract phase

Ya: mole fraction of component in nffinate phase

:

:

:
SEEEREEEEEEGES

The activity coeflicients of methanol, acetic acid, and phenol in the extract phase and raffinate phase
are far fram wunity. ltmeans that they are far fram ideal condition. The activity cocfficienss of water and
kerasene in their phases are close to ane. It means that they are nearly ideal in thewr phases.

ACKNOWLEDGMENTS
The authars waould like to acknowled e the Ministry of Rescarch, Technalogy and Higher Education,
Indonesia, for fimncial suppart of fhis af “Produk Terapan™ Universitas
Negeri Semanng, Nomar: 084/ SP2HLT/DRPMIV/2017.

EFERENCES

[1] N. Sriram, Rencwable hiomass encrgy. Chicaga: 1llions Institute of Technalogy (2005).
13 I Demiral, A. Eryazici, S Sensoz. S, Bio-ail production fram pyralysis of camcob (zea mays 1),
Biomass Biocnergy 36 (2012) 4349,

23

E% BEY OKE

k4

’
¥

I3

¥y

¥4

£ Y

§ 84 §8 8 B¢

mn

Yh:mok fraction of salvent i raffmate phase

Yd: mok fraction of hio-oil in raffinate phase

Figure 5. Comparison of Cakulated and Experimental Mole Fractions of the Phenal Extraction
using Aqueous Methanal by UNIFAC Model at 313 K.

Figure & Comparison of Cakulated and Experimental Mole Fractions of the Phenal Extraction
using Aqueous Methanal by UNIFAC Model at 323 K.

Figure 7. Comparison of Cakulated and Experimental Mole Fractions of the Phenel Extraction
using Aqueous Acetic Acid by UNIFAC Model at 98K
Figure & C of C and

using Aqueous Acetic Acid by UNIFAC Model at 313K

Molke of the Phenal Extraction

Figure 9. Comparison of Cakulated and Experimental Mol Fractions of the Phenal Extraction
using Aqueous Acctic Acid by UNIFAC Model 2t 23K,

Figure 10. Camparison of Cakulated and Experimental Mol Fracfions of the Phenal Extraction
using Aqueous Methanal by NRTL Model 2t 298 K.

Figure 11. Comparisen of Cakulated and Experimental Mok Fracfions of the Phenal Extraction
using Aqueous Methanal by NRTL Model at 313K.

Figure 12. Comparisen of Cakulated and Experimental Molke Fracfions of the Phenal Extraction
using Aqueous Methanal by NRTL Medel at 223K,

Figure 13. Camparisan of Cakulsted and Experimental Mok Fracians of the Phenal Extraction
using Aqueous Acctic Acid by NRTL Modd at 98 K.

Figure 11. Camparisen of Cakulated and Experimental Mok Fracfions of the Phenal Extraction
using Aqueous Acetic Acid by NRTL Modd at 313K,

Figure 12. Comparisen of Cakulated and Experimental Mok Fracfions of the Phenal Extraction
using Acetic Acid by NRTL Model at 323 K.

The resuk of

of liquid-liquid equilitrium data by using UNIFAC and NRTL modcling gives
1 data and This is shown by the value of SSE (Sum of
e Squr e SeErmnis ey Small The SSE values in UNIFAC and NRTL maodcling can be scen in

Tahble & The valus of SSEis 0015 - 0554,

between

Table & Sum of the Square of the Error (SSE)

un

I3 M. Bertera, G.de b Pacne, U. Sedran, Fucls from bio-oils: bio

nd framal Fuel 95(2012) 263271

[4 V.C.Pandey, K Singh,JS. Singh, A. Kamar, B. Singh, R P Singh, Jatmpiha curcas: A potential bio-
fucl phat for e Renew. Sustain. Encrgy Rev. 16 (2012) 2870-
2883

3 C.J Hkas, RC. Bowa,
Biores. Technal. 103 (2012) 374380,

16 S. lsmadii S. Kulit durion schagai hulun buku pemibmatin Aio-aif: sumber cnergi tesbarukan,
Prosding Seminar Nasional Teknik Kimia Sachardio Browhardjono I, Prodi Teknik Kimia UPN
Veteran Jowa Timar (2012) 1-4.

somrces.

of a free- for of fst pyralysis bio-oil,

M W.T.Tsai MK Lee Y M. Chang, Fast pyralysis of rice straw. sugarcans bagasse and cocomat shell

inan induction-heating reactor. Jownal Anafitical Applied Pyrolysis. 76 (2006) 230-237.

[§ Badan Pusat Statistik, 2015.

[9 CE Wyman, Posnsial Simergies and Challenges in Refining Cellulosic Biomass to Fuck.

Bictechmo] Prgress (2002).

[¥) Dircktorat Jenderal Perkebunan. Produks Buah Kelapa di Indonesia (2016).

(1] Jcardder. Pyroly hell for bio-oil. or

Rajshahi University i ing & (2011)

[2]D. Tamado, E. Budi R. Wirawan, H. Dwi, A Tyaswuri, E. Sulstiani, E. Asma. Sifat termal karbon

aktif herbakan arang fempunng kebpa Seminar Nasiomal Fisika Universitas Negeri Jakarta (2013).

[3]S. Wang, High Efficiency Separation of Bio-Odl. InTech Q013).

[M]Kasim. Firiani, AN. Fivah, E. Hambuli Aplikasi asap cair pacs btcks Jumal PASTI %1)(2012)

2834

[5]A. kzbnick, G Viksr, LF. Zilik fsok henal and phenal; ds

bio-ail of farestry resdue. Shvenia: Natiomal Institute of Chemistry (2008).

[%]S.V. Mansilla. AM. Menrique, A Gowhier-Maradei Metiodabgy for extraction of phenalic
aof bio-ail from i

Waste Biomass Ve 6(2015) 371-3%3.

[MDabilia. Pra rancangan pabrik pembuatan fenal dari tandan kosong kelapa sawit dengan proses
piralisis dengan kapasitas produks 10000 son/sahun Medan: Depurtemen Teknik Kimia Universitas
Sumatera Utara (2012).

[18]D. Hartammo, B. imerdksi pads

cair dan caw-car sistem ctanol (1) + air (2) + iemic Bquids (3) dabam pemumian hioctaal. Jurnal
Rekavasa Praoses 8(1)(2014).

[M]D S Fardhyanti, WB. Sediawan, P. Mulymo, Camplex extraction of phemol, o-cresol, and p-cresol

from model coal tar wsing methanol and acetone salutions, Bravh J Appl. Soi.& Technal 8(5) (2015)
3




k<) 427456, gg Tabke 1. and Contitons for Extraction.
384 [X]IM. Smith H.C. Van Ness, MM. Abbott, Intmduction 0 chemical engineering thermodynamics, Quanstity
388 5 edition, Mc Graw Hill Intermational Book Company, New Yark (1996). oy rewe
3% [2]DS Fardhyamti, W B. Sediawan, P. Mulyomo, Predicting the liquid phase equilibrium of mulki- feed volame 28mL
17 jon by thermodynamic models, fn. J. Thermadyn. 19(2) (2015) 110-119. sobvent aqueces medancl
agucoes acetc ackd
mok factim of wakr in sohent 02
sohese-fod miss rio 1
shaking sme 0 mumencs
amplisado of shaking 150,200, 250 rpen
temprasre 298 313 3K
%0
91
192
393 Tablel Comfitions of Anshysis Using GC
4
Coleme: Rastck RXi-SMS
Cobama:
lnecr dumess (=] 12 x104
Leagh (m) 0
Carrice gas He
Spiitrio (%] 152
Flow raxe femsec] 26
Sampk volame o 110+
Imecton temporanse X s
Cobma xmpeanre ® ETERE )
Prosum: colem Kk 100
Colama fow mLmin [
Desector (FID) sempermare x sm
196
397
108
199
1m0
101
" 15
402 Table3. The Main Componcats of Bio-a Produced by Pyrodysis of Cocomut Shells 417 Bieell Preduccd frem Cofice Shell
e
4%
Peak Compenent Percentage
T Ebylemer 760 Temperature  Speed Xo Xo Yo Ya Yo
: Foem acd A 150 0088 0247 0368 0281 0047 0672
3 LHydowy-2beumee 389
298K 200 0082 0370 0204 QN7 057 0387
4 Furfuml 548
5 Poenol 40.01 2% 00 0ssn 0093 oo 0578 0108
7 2-Meshony phenol 7@ 150 0012 0707 00 0mS  0sT 008
:g ETER S 200 0011 074 0MT 00 09 0
G 20 10 764 0o oo % 19
407 Tabled. The Main Componcats of Bio-al Produced by Pyrolysis of Coffee Shells s e s s
408
150 0006 0841 06 0004 0S80 0016
Peak Compencat Percentage
1 Uraa % EAER N 200 0004 o83 0ole o0 0988 0012
2 Acefic scid 2% 250 0004 090 0012 0001 0847 0007
s Farfuml % a1
420
3 el %
7 Phesol, 2-medhan y- ™
B Pheaol 26 dimedhaxy "
409
410
411 TableS Equihwium of Compencnts Extracton Dats for Phenel Exiraction using Aquosus Methand from Bio-
412 ol Preduced from Coconut Shell
43
Temperature  Speed X Xa Xe Ya Ya Yo
150 0007 09T 0m0 0161 0316 0524
298K 20 007 097 0019 0116 0N 0SR
20 005 0967 04 00N 048 0418
150 00 0961 0T OGS 0549 0368
MK 200 006 097 062 066 0414 0501
20 0010 096  0@T 008 0888 o
150 0010 096  0mS 008 05T 036
MK 200 00 0965 06 006 0525 0410
20 0012 095 O ams 0615 03% 0
414
416 Tables.Equilhrium of C: Data for P sin Acetic Add frem

24




:g Tatie 7. The Activity Coeffidents were Calculated by UNIFAC Medel. 425 Table & The Acthvity Coeffichnts were Calculated by NRTL Meodel
B 42

Seluthen  Temperature  Speed  y,' vs' 5 5 e o' Selutien  Temperature  Speed v \3 5 17 e o'
10 0176 0% 0T 230 2068 LS 150 0077 0s6 038 0268 207 0688
- o omr o v rom oo 298 200 006 040 03T ool 0o 0088
20 008 020 03T 1300 0001 Teo’
20 0019 07% o 243 204 1018
150 0.149 0789 2143 2688 1016 1% 44700 0542 0o L4xi07 10% 00
Metanol s 200 o1e o™t 0003 28 2700 1012 Megunl ETE 200 27Ix10¢ 0988 00ss 15x100 1004 LIx10%
2% o2 o ooos 2091 2@ 1018 250 1smi0 0844 0039 49x0" 080 2400°
150 0m9 0TS 0007 2181 2504 1007 150 TN 0S80 0010 610 LEX 008
m 200 o 0Tss o001 22 2518 1,008 n 200 3as10¢ 0977 oo 4x10% 1006 4ixi0e
260 00 0TS 0001 2191 2519 1006 20 94I0* 0912 004 350T 09T Lixe®
150 0199 1191 0mo 3 1 1on 1% 0045 0644 028 0432 1087 067
L 200 0132 1002 0.001 1150 1% 10w 200 0039 0331 0210 0018 0361 0582
2% 0073 L0158 0001 ERL Y 20161 1,008 290 0036 0.193 o2 9.5x10¢ 0017 7
150 019 1.000 0003 279 1808 1008
150 0000 0TH 07 0036 099 0581
Acetic Acid s 200 012 099 o013 2857 1R4 L0 Accic Acid I 200 0003 072 0050 0030  09% 0484
260 01 0% 004 286 18IS jee 2% aN3 639 aMd e 188 &
150 0088 0999 0mT 2708 1701 1008
1% 0000 0738 007 0038 1139 oon
ases 2
B o s o e o a2 200 03 0732 00s0 0001 1010 009
2% 0042 099 0006 279 m 099 210 0012 0.749 0069 £9x10° 0654 96107
2 e
425 Tabie & Sum of the Square of the Errer (SSE)
42
SSE
Medd
Methansd Acetic Ackd
2% 0087 0132
UNIFAC ETH 0088 o083
) 0083 0084
298 0024 0085
NRTL
" m [ o 0534
B 0018 0077
439
_ ! . -
3
40 — g
ar ' as
2 e A
i -
i Y X
-
P -
¥ Xxe
- -y
\ [ 3 ava
- - - . . o -~
33' e o a2 ua ae as 1
433 Figure 2 Analvs Result by GC-MS for the Bio-oil Produced by Cocomut Shells Pyrolveis 0 Rstin f Compenests Qlubiineg
434 442 Figure 4 Comparisen of Calculated and Experimental Mele Fracsons of the Phenel Extraction using
a8 441 Aquesus Mcthansd by UNIFAC Model 2t 298 K.
- 444
: 448
44
447
44

o3

06

XXa

-
&
g

Wk Fractinn of Companents (K sperimentd Data)

438 Figure 3 Analvsds Result by GC-MS for the Blo-ol Produced by Coftee Shelk Pyrohysis os -
XX
02 "Ya
-y
ave
°
o 02 04 o6 os 1
149 Ml Fratm of Canponan (Cdcabited D x)
450
451 Figure & Comparisen of Calculated and Experimental Mok Fracsons of the Phenel Extraction using
452 Aquesns Mcthaned by UNIFAC Model 2t 313 K.
483
»n 2

25



462

464
468

467

03

06

04

Mok Fractinn of Compancas (Fxperiment o s}

o 02 04 06 03 1
Mol Fracon of C o ame sts (Cabealited Dats)

Figure 6. Comparisen of Calculated and Experimental Mole Fractions of the Phenel Extraction using
Aquesus Methansd by UNIFAC Model at 323 K-

XX
o
*Xe
02 Ya
o
% X v

Ml Fracten of Compavass (Ex perim ol Data)
e
g
.

02 04 06 03 1
Mol Fracton of Campnacas (Cabestated Data)

Figure 7. Comparisen of Calculated and Experimental Mole Fractions of the Phenel Extraction using
Aquesus Acetic Add by UNIFAC Medel at 298 K.

1
I . .
3 5
Yos Yoxe
i e
4. ovs
! avp
H .
£ x x
v
! A .
Loz

.

° 02 0.4 0.6 03 1
MalF racien of Compaacats (Cabostated Data)

Figure 10. Comparisen of Cakeulsted and Experimental Mok Fractions of the Phenel Extraction using
Aquesus Mcthansl by NRTL Model at 298 K

03
06
S o4 Oxa *x8
v
XXC WYA
02
OYE AYVD)

o 1

02 04 06 03
Mol Fraction ofCompancan (Cakubead Das)

Figure 11 Comparisen of Cakulsted and Experimental Mok Fractions of the Phenel Extraction using
Aquesus Methansl by NRTL Model at 313 K

>
2RS¥

26

i -

a

b

¥ os

§ 06

; G Xxa

LS .

H o

H . xXe

i 02 Ya

'i o

d “vd
°

02 04 o6 03 1
Ml Fracte of Campaacats (Caboubited Dtz

Figure & Comparien of Cakculated 2nd Experimental Mole Fractions of the Phenel Extraction udng
Aquesus Acetic Ads NIFAC Medel 2t 313 K.

o8

K
a
€ o0s .
§ o4 B Xxa
< * .Xb
: xxe
g 02 "Ya
-i oYL
aYe
-4
°
° 02 04 06 os 1
ospascan  akube e Das )

Figure 9. Comparien of Calculated and Experimental Mele Fractions of the Phenel Extraction udng
NIFAC Medel st 323 K.

° 02 04 06 os 1
Mol Fracten of Gompancas (Caloaterod Dt )

Figure 12 Comparisen of Cakulated and Experimental Mele Fractions of the Phenol Extraction using
Aquesus Methaned by NRTL Model at 323 K

1
3
2
E
¥ oos
.i . o
f.! 06 *xs
i A Xxc
i . YA
c o . ovs
v . AvD

x

i 02 x .
:
=

o s

° 02 o4 06 os 1

Ml ¥ mcham of Campoaats (Csbestated Dot )

Figure 13. Comparison of Calculated and Experimental Mele Fractions of the Phenel Extraction using
Aquesus Acetic Addby NRTL Medel at 298 K




Mol Frocton of Composents ( Expertmsntal Dot a)

o a2 o4 a6 o3 1
111 Mol Fractm of Conpancat (Cakubetod D)
£ b
13 Figure 11. Comparisen of Cakulated and Experimental Mele Fractions of the Phenel Extraction using
4 Agquesus Acetic Addby NRTL Medelat 313 K
515
16
a7
1%
- |1
3
£ os
i o
%o
i
i o
H .
H XX(C
¥ o2 YA
‘i ovs
. AYD
o
0 02 04 0.6 03 1
9 Mal Fractos of Camponeat (Caloabited Dt )
20
L4 Figure 12. Comparisen of Cakulated and Experimental Mele Fractions of the Phenel Extraction using
i Acetic Ackd by NRTL Medd 21323 K

27



6. Manuskrip siap untuk direview kembali

Your manuscript CJCHE_2018_233_R1 has been sent for review &5 2

Inbox x

Chinese Journal of Chemical Engineering <EviseSupport@elsevier.com> Fri, May 18, 2018, 10:28 AM W -
tome v

This message was sent automatically. Please do not reply.

Reference: CJCHE_2018_233_R1
Title: Liquid Phase Equilibrium of Phenol Extraction from Bio-oil Produced by Biomass Pyrolysis using Thermodynamic Models
Journal: Chinese Journal of Chemical Engineering

Dear Dr. fardhyanti,

| am currently identifying and contacting reviewers who are acknowledged experts in the field. Since peer review is a voluntary
service it can take time to find reviewers who are both qualified and available. While reviewers are being contacted, the status
of your manuscript will appear in EVISE® as 'Reviewer Invited'.

Once a reviewer agrees to review your manuscript, the status will change to ‘Under Review'. When | have received the
required number of expert reviews, the status will change to 'Ready for Decision' while | evaluate the reviews before making a
decision on your manuscript.

To track the status of your manuscript, please log into EVISE® and go to ‘My Submissions' via: http://www.evise.com/evise/
faces/pages/navigation/NavController.jspx?JRNL _ACR=CJCHE

Kind regards,

Chinese Journal of Chemical Engineering

28



7. Reviews complete and decision pending for your manuscript
CJCHE_2018_233_R1

Reviews complete and decision pending for your manuscript 5
CJCHE_2018_233_R1 Inbox x

Chinese Journal of Chemical Engineering <EviseSupport@elsevier.com> Mon, Jun 4, 2018, 10:21 AM Yy 4=
tome ~

Reference: CJCHE_2018_233_R1
Title: Liquid Phase Equilibrium of Phenol Extraction from Bio-oil Produced by Biomass Pyrolysis using Thermodynamic Models
Journal: Chinese Journal of Chemical Engineering

Dear Dr. fardhyanti,

| am pleased to inform you that | have received all the required reviews, which | will now evaluate before making a decision on
your manuscript referenced above.

In the event that | need to seek the opinion of an additional reviewer, you may see the status of your manuscript revert briefly
from 'Ready for Decision' to 'Under Review'.

To track the status of your manuscript, please log into EVISE® http://www.evise.com/evise/faces/pages/navigation/
NavController.jspx?JRNL_ACR=CJCHE and go to ‘My Submissions'.

| will inform you once | have made a decision.

Thank you again for submitting your manuscript to Chinese Journal of Chemical Engineering and for giving me the opportunity
to consider your work.

Kind regards,

Chinese Journal of Chemical Engineering

29



8. Invitation to revise manuscript CJCHE_2018_233_R1

Invitation to revise manuscript CJCHE_2018 233 R1 inbox x 5 2

Jianzhong Wu (Chinese Journal of Chemical Engineering) <EviseSuppor.. Fri,Jun 82018, 7:50 AM Yy 4=
tome ~

Ref: CJCHE_2018_233_R1
Title: Liquid Phase Equilibrium of Phenol Extraction from Bio-oil Produced by Biomass Pyrolysis using Thermodynamic Models
Journal: Chinese Journal of Chemical Engineering

Dear Dr. Fardhyanti,

I am enclosing further comments on your manuscript submitted to Chinese Journal of Chemical Engineering. The reviewer(s)
recommended publication of your manuscript. However, additional revisions are required before acceptance. Therefore, I
invite you to respond to the reviewers' comments and revise your manuscript accordingly.

To submit your revised manuscript:

e Log into EVISE® at: http://www.evise.com/evise/faces/pages/navigation/NavController.jspx?JRNL_ACR=CICHE
* Locate your manuscript under the header ‘My Submissions that need Revisions' on your 'My Author Tasks' view
« (Click on 'Agree to Revise'
« Make the required edits
« Click on '‘Complete Submission' to approve

What happens next?

After approving your submission you will receive a notification that the submission is complete. To track the status of your

paper throughout the editorial process, log into EVISE® at: http://www.evise.com/evise/faces/pages/navigation/
NavController.jspx?JRNL_ACR=CICHE

Kind regards,

Jianzhong Wu
Associate editor
Chinese Journal of Chemical Engineering

Comments from the editors and reviewers:
-Reviewer 1

- Reviewer 1: The paper has been significantly improved.

-Reviewer 2

The modifications made in the revised manuscript are acceptable except for the following questions. The author does not
explain or solve these problems positively. So the manuscript does not meet the requirements of publication at present.

1. In general, the speed of stirring has no effect on liquid-liquid equilibrium. So the speed of stirring should not appear in Table
5 and Table 6.

2. The experimental data were still not enough to obtain accurate and credible activity coefficient.

3. In the conclusion, the author pointed out that the UNIFAC modeling provides a good correlation to liquid-liquid equilibrium
data under conditions of temperature of 323 K. However, the UNIFAC model or NRTL model should be used to describe the
liquid-liquid equilibrium for different temperature rather than a specific temperature.

New problems in the revised manuscript:

4. The decimal point was wrongly written as a comma in Table 6 and Table 8.

5. Two tables were labeled as Table 8 in the revised manuscript.

30




9. Dalam proses revisi - CJCHE_2018_233_R2

Under Revision - CJCHE_2018_233_R2 for Chinese Journal of 5 2
Chemical Engineering inbox x

Chinese Journal of Chemical Engineering <EviseSupport@elsevier.com>  Sun, Jul 8, 2018, 11:13 AM Y 4= :
tome ~
This message was sent automatically. Please do not reply.

Ref: CJCHE_2018_233_R2
Title: Liquid Phase Equilibrium of Phenol Extraction from Bio-oil Produced by Biomass Pyrolysis using Thermodynamic Models
Journal: Chinese Journal of Chemical Engineering

Dear Dr. fardhyanti,

You kindly agreed to complete the following task: Under Revision. | would like to remind you to complete this task by
07/Aug/2018.

To view this request, log into EVISE® at: http://www.evise.com/evise/faces/pages/navigation/NavController.jspx?JRNL_ACR=
CJCHE and click on the title of your manuscript, located under ‘My Author Tasks' on your homepage.

Please complete the required steps and click on ‘Complete Submission' to submit the manuscript.
What happens next?

After you submit your manuscript you will receive an email confirmation that your submission is complete. To track the status
of your manuscript throughout the editorial process, log into EVISEe at: http://www.evise.com/evise/faces/pages/navigation/
NavController.jspx?JRNL_ACR=CJCHE and locate your submission under the header 'My Submissions with Journal' on your
‘My Author Tasks' view.

Kind regards,

31




10. Submit revisi kedua oleh penulis

Received revision CJCHE_2018 233 R2 nbox x &5 2

Chinese Journal of Chemical Engineering <EviseSupport@elsevier.com>  Mon, Jul 23,2018, 411 PM Yy 4 :
tome ~

This message was sent automatically. Please do not reply.

Ref: CJCHE_2018_233_R2
Title: Liquid Phase Equilibrium of Phenol Extraction from Bio-oil Produced by Biomass Pyrolysis using Thermodynamic Models
Journal: Chinese Journal of Chemical Engineering

Dear Dr. fardhyanti,

Thank you for submitting your revised manuscript for consideration for publication in Chinese Journal of Chemical
Engineering. Your revision was received in good order.

To track the status of your manuscript, please log into EVISE® http://www.evise.com/evise/faces/pages/navigation/
NavController.jspx?JRNL ACR=CJCHE and locate the submission under the header ‘My Submissions with Journal' on your
‘My Author Tasks' view.

We appreciate your submitting your revision to this journal.
Kind regards,
Chinese Journal of Chemical Engineering

Have questions or need assistance?

For further assistance, please visit our Customer Support site. Here you can search for solutions on a range of topics, find
answers to frequently asked questions, and learn more about EVISE® via interactive tutorials. You can also talk 24/5 to our
customer subport team bv phone and 24/7 bv live chat and email.

32




11. Manuskrip diterima (Accepted)

Your manuscript CJCHE_2018_233_R2 has been accepted inbox x &5 2

Jianzhong Wu (Chinese Journal of Chemical Engineering) <EviseSupp.. Wed, Aug 1,2018, 7:38 AM Yy 4= :
tome ~

Ref: CJCHE_2018_233_R2
Title: Liquid Phase Equilibrium of Phenol Extraction from Bio-oil Produced by Biomass Pyrolysis using Thermodynamic Models
Journal: Chinese Journal of Chemical Engineering

Dear Dr. Fardhyanti,

| am pleased to inform you that your paper has been accepted for publication. My own comments as well as any reviewer
comments are appended to the end of this letter. Now that your manuscript has been accepted for publication it will proceed to
copy-editing and production.

Thank you for submitting your work to Chinese Journal of Chemical Engineering. We hope you consider us again for future
submissions.

Kind regards,

Jianzhong Wu
Associate editor
Chinese Journal of Chemical Engineering

Comments from the editors and reviewers:

Have questions or need assistance?
For further assistance, please visit our Customer Support site. Here you can search for solutions on a range of topics, find
answers to frequently asked questions, and learn more about EVISE® via interactive tutorials. You can also talk 24/5 to our

Auntarmar cuinnart tanm b nhana and 2417 ha liva shat and Aamail

33



12. Permintaan sedikit revisi format artikel

Chinese Journal of Chemical Engineering CJCHE_2018_233 B B

Inbox x

caomin70@gmail.com <caomin70@gmail.com> @ Thu, Aug 30,2018,9:34 AM Y 4
tome ~

Dear Sir,

| want to check it with you before your article sent to production:

Which version of your article is the final version for publication because the zip file contains two versions of your article? |
attached it for your confirmation. Please answer me as soon as possible! Thank you!

All the best,

Cao Min

caomin70@gmail.com

B cucHE 2018 _233_..

caomin70@gmail.com <caomin70@gmail.com> Aug 30,2018, 12:43 PM 7} -
tome v

Dear Sir,

| got it, thank you! However, there are two Table 9s in
your article and there is no Table 7 in it. And there are
also two Fig. 11s and two Fig.12s and there is lack of
Fig.1. Could you check it again for me? | am looking
forward to your answers. Thank you!

All the best,

Cao Min

caominZ0@gmail.com

34




13. Track your article [CJCHE_1237] accepted in Chinese Journal of Chemical
Engineering

Track your article [CJCHE_1237] accepted in Chinese Journal of 5 2
Chemical Engineering inbox x

Elsevier - Article Status <Article_Status@elsevier.com> Tue, Sep 4,2018,10:05AM Yy 4
tome ~

Please note this is a system generated email from an unmanned mailbox.
If you have any queries we really want to hear from
you via our 24/7 support at http://help.elsevier.com

Article title: Liquid Phase Equilibrium of Phenol Extraction from Bio-oil Produced by Biomass Pyrolysis using Thermodynamic
Models

Reference: CJCHE1237

Journal title: Chinese Journal of Chemical Engineering

Corresponding author: Dr dewi selvia fardhyanti

First author: Dr dewi selvia fardhyanti

Dear Dr fardhyanti,

Your article Liquid Phase Equilibrium of Phenol Extraction from Bio-oil Produced by Biomass Pyrolysis using Thermodynamic
Models will be published in Chinese Journal of Chemical Engineering.

T bomnls dam mbmbiin afcimiin mebinla bheni b b ben b liaadl 1 timm mrie mebiala tumabine camidan:

35




Accepted Manuscrpt

Ligaid phase equibbrum of phemol extrxction fram bo-od
produced by bvomass pyrolyss usng heormodynamac models

Dewi Sclvia Fardhyans, Bayw Tnwbowa Heri lsaamo,
Mulummoad Khusi Anapb, Amaka Larasas, Windy Oktavan

rl S 1004954 1(15302%4-X

DOL: doi:10.10165 cxhe 01808011
Reference: CXCHE 237

To gppearin Chinese Journal of Chemic o Engincering
Received dake: 22 Fetwuny X018

Revied date: 23 July 201%

Accepted date: 1 August 2018

Phase ak s anck & Dewi Schvia Fardbyasty, Bayw Towibowo, Heri Isaste
Mulummad Khusi Amapb, Amaba Laraas, Windy Oktaviani , Liguid phase oguibbrniam
of phemol extraction fram biooil produced by omass pyrolyss usmg thermodymamx
madels. Cxche (2015), & 10,1016/ gche 201808011

Thu is a PDF file of an wodited manwcnpt that has been acoepted for publicasion. As
2 sarvice 1o ow custamens we are providing this carly version of the mususcrpt. The

manwcnipt will mdergo copyediting, typesctiing, and review of the resalting proof befare
it s publishod = its final form. Plas nok that dunng the production proces crmrorns may
be discovered which could affect the comtent and all legal disclasnens that agply © the

Jowmlpertun,

36



Liquid Phase Equilibrium of Phenol Extraction
from Bio-oil Produced by Biomass Pyrolysis using Thermodynamic Models
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Khusi Amijib, Amalia Larasati & Windy
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50236, Indmesia.
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Negeri Semarang. Semarang

ABSTRACT

Utilization of biomass 25 2 new and rencwable mergy source is being actively conducted by vasious
partics. One of the technology for wilizing or converting biomass as an encrgy souxe & pyrolysis, ©
canvert biomass % 3 mare vakisble product which is bio-oil. Biooil is 2 condensed liquid from vapars
phase of blomass pyrolysis such 25 cocanut shells and coffee shells. Biomuss compasition comsiting of
hemicellulose, cellulose, and lignin will oxidize %o phenol which & the main content in biooil. The totalic
phenolic compounds contained in bio-oil & 47.03% (cocanut shell) and 45% (coffee shell). The content of
phenol compownds in carrosive bio-oils still quite high, the use of this biooil dizctly will cause various
difficultics in the combustion system due to high viscosity, bw calarific value, comrasive. and unstiblk.
Phenol conpounds have some benefits & ane of the compound for floar ckaner and dismfectant which
cantamned inbio-ail

The 1an between dats and shows that the UNIQUAC Functional-growp
Activity C (UNIFAC) model can be used to predict the liquid-liquid equilibram in
the phenol extraction process of the cocomet shell pyrolysis Bio-oil. While the Non Randam Two Liquid
(NRTL) equilibrium model can be used to predict liquid-liqus um in e process of
phenol from bio-ail pyrolysis of coffee shells.

Keywords: biamass, pyrolysis, bio-oil UNIFAC, NRTL.

LINTRODUCTION

The rok of fossil fucls still be crucial, but therr effects will gradwally be over taken by new and
renewable energy sowrces. Akmg with the depletion of warld oil reserves and environmental Bsues,
various rescarches an renewable energy are being actively conducted by varkms parties. Therefare,
techmalogy needs be ablke % ovexome e problem. One technalogy ®hat can be wsed is pyralysis
techmology where the material wsed comes from organic waste (hiamass). Pyralysis sechnology can
overcame argmic waste pmoblems and make the environment heakthy also convert i into value-added
end poduct.

Biomass & an crgani material derived from phnss, algae, animal waste, industrial waste, forestry,
and agricukural waste [1]. Biomass can be used as pyralysis raw material 0 produce liquid @io-ail),
gas and salid producss. Various kinds of biomass waste can be used & raw materials for the
mamfactre of bio-aiks, such as camcabs [2], sawdust and wheat bran [3], castor [4], sk [S], dusian
shell [6] and cocanut shell [7].

Indamesia is the fhird largest coffee producer in the workd after Brazil and Vigtmm by contributing
about €% of the workd's total coffee production, also warld's fourth largest caffee exporier with a
market share of around 11% across the warld, Coffee s one of the phmtations with high econamic
value besides chocolate and tea. Based on das from Indonesian Ministry of Forestry and Phatation,
Indanesia’s caffee poduction in 2013 réached 691,160 tons with 2 phattion ara of 47.800 Ha [S].
Waste fram coffee processing that abundant and nat wtilized optimally i the coffee shell. Large waste
of caffee shells derived from phmations was spproximately 11.08% which posentially cause
envionment hazard Coffec shells are a waste that has high lignocellulase content which have
potential to be wsed as higwoil. Bio-ail is a blackish liquid fuel derived from biomass such as wood,
caffee shells and other biomass. Bio-oil contains lignin campanents (23.4%), cellulose (342%) and
hemicellulase (24.5%) 19

In Indanesia, ifi ackdition o the caffee shell, one of fhe available hiamass resowrces i cocanut shell
Anailahility of cocanut shell can be seen from e prduction of cocomst fruit in hidanesia. Cocanut is
one of ldonesia's main commodities with an average production of 3,000,000 tans / year [10]. The
utilization of cocanut is very diverse. but for e utilizion and way of handling waste is still mited.
Cocomt fruit can be used as food in dily life for e purpase of consumed directly. Cocomut shells
nawadays. bots of it became garbage that can not be wilized One of the waste handling is to utiliz
cocomut shell waste as 3 base maserial in the of bio-ail. Ch studics on
cacomut shells have been done through proximate, ukimate, and Thermo Gravimetric (TG) malyzes.
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The resubts of this amlysis ndicate that cocomut shell has 2 high potential © produce fucl fluid by
pyrolysis conversiom process [11]. Chemical cantent of cocanut shell is celhukme (34%), hemicdhikbse
(21%), lignin (27%) and ash(18%) [12].

Before converted into bio-oil, cocanut shell waste and coffee shell need to be treated first. k tkes a
prcess befare converting the waste of coffee shell % bio-oil which i pyrolysis. Pyrolysis & the
prcess of decompasition of 3 substnee or material that & dane 3t 2 relatively high temperature.
Pyrolysis ssults in the form of gas, liquid :nd solid The solid ssult of this process i char (char). Gas
and liquid products can be used s a source of bio-oil. Bio-oil can be wsed as an aliemnative fuel that is
casier to siore and diswribute than biomass i solid form. Bio-oil made from coconut shell material
using slaw pyrolysis with pyrolysis temperature 250-300 °C produces liquid which very acidic and
carrosive. The largest ormnic camponent in bio-ail i the lignin derivative of phenol, akohol, arganic
acids and carbanyl compounds such as ketones, aldehydes and estess [13]. The nature of the acid is
caused by the content of the dominant phenol compounds.

Phenol compounds in additon © causing e smell of smoke i bio-ail, ako showed antiaxidant
activity and carosive [14]. Thescfore, the use of ths bio-oil will directly cawse vasious difficulties in
the combustion system duc %o high viscosity, low. calarific vakie, carrosive and unstablk [6].

Phenal needs to be extracied Fom bio-ail fo reduce it corrasive properties. b addition, phenol &
compound that has 2 high cconomic value because of its expensive and widely wsed Phenols have
many importint uses such s disi resins, explosives, and drugs. The method that
<an be used to extract phenol compounds Fom bio-ail is by liquid-iquid extraction method using
methanol salvent. This has been dome by Jazbinsck [15] an the iolation of phenol campounds fram
bio-oils fram pyrolysis of forest waste and Mantills [16] an the exraction of phenal compounds fram
biooils fram pyrolysis of agricultwral waste. Dahlia [17] conducted rescarch on liquid-liquid
extraction of phenol compound fom bio-oil of pyrolysis resulted of palm ail empty bunch wing
ethanol solvent The yieldof, ing from thi 4% In dhis study, it s expected
that the liquid-liqrid extraction method can be wsed o scpamte the phenol compounds from cocomut
shell pyrolysis biooils. The purpose of phenol extraction & to improve the quality of biooil and
reduce the carrosivity, so when used as fuel, #t will cause no damage to the engine.

Biomass pyrolysis convarted to bio-oil studics have been conducied. Bio-ail produced from the
pyvolysis process < be wsed as fucl for engines, mrbines and boilas. The bio-ail which processed
further by liquiddiquid extraction process will reduce e comusive naturc of bio-ail and cbtined
chemicaks which ane of them & phenal. Rescarch on cxtraction of phenal campownds from biooil &
still very limited. In addition, $hemmodymmic modelling study on liquid-liquid aquilibrium of phenol
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extraction process from bia-il still needs tobe mvestigated further.

To design extraction colimns required various infarmation such as liquid-liquid equilibrium data
(Liquid-liquid Equilitrium). Thermodynamic models such a Equation of State ar Activity Coefficient
are used 0 comehte the experimentl data to cbhin optimal intraction parameters. Optimal
parameters can be used to prediat liquid-liquid graph that i
used to design extraction calumns [18]. The stady on liquid-liquid equilibrium inclide NRTL, e
NRTL, UNIQUAC, and UNIFAC.

data 00 produce an

Given the importance of Sermodymmic modeling in ®his liquid-liguad extraction process and the
price and bencfits of phenal in the industrial workl, fhis rescarch hécames an impartant fhing to da.
Fram the cquilibrium data, the optimum condition will be obtained where the highest yield of extract
obtained in the axtraction prcess of phenol compound fram bia<ail from cocanut pyralysis. Liquid-
liquid equilibrium data of the companents of the sysem can be wsad in e design of e cquipment in
separation process.
2. EXPERIMENTALSECTION
21 Chemicals

All reagems used here are AR grade and msed as received withaut further purification. Methanal,
acetic add, and chlaraform were purchased from e-Mexck (Germany). The distilled water is availsble
at e . Caffce shelland

shell were abtined fram public market in Semarmg.
22 Equilibrium Procedure

Instruments used in this study:

2) Shaker bath, product by Memmert WB14, SV1422, Scwabach, Germany.

b) Gas Chramatography (GO), pmduct by GC 6820 Agiknt Techmologies, cokmn: Rastek RXi-
SMSO@E.

) Gas Clromtography-Mass Specroscopy (GC-MS), poduct by GCMS-QP2010S Shimadzu,
column: Rastck RXi.SMS.

The material systems and i it for the A ion are ized
Table 1.

Table 1. Material Systems and Canditions for Equilibrium Extraction

The bio-ail feed sokition ¢ cantaining phenal was extracted using two-stage extraction. The first
stage wses distilled watker as a polar solvent and chloroform as a non-polar solvemt. Extraction was

at this first stage are wsed as feeds an the second stage extraction. At the second stage extraction, cach
extract was ing a methanol sol under L ditions shown i Tablke 1.

23 Analysis and Characterization

Afier equilibrium attained (60 mimites ) the mixtures were poured into 3 sepating fnnel, scttled for

an hour and separated into two phases. Then the two phases were weighed. The extract phase and the

raffinate phase of cach extraction processes are amalyzed by GC to obtain the concentration of cach
™ The pancipal this amlysis are shown in Table 2.

Table 2. Conditions of Analysis Using GC

3. RESULTS AND DISCUSSION
31 Bio-Oil Cantent
The chromatograms of the GC-MS amlysis arc shown inFig. 1 md 2 The resulss of fhe GC-MS

analysis of the bio-oil shawed that they contained more than six chemical compownds such = cthyl
ester, phenol, furfural, acetic acid, and others.

Figure 1. The C} of Bio-Oil P Coconut Shell Pyrolysis
Table 3. The C: of Bi Coconut Shell Pyralysis
Figure 2. The Ch of Bio-Oil P Coffiee Shell Pyralysis
Table 4.C of Bio-oil from Coffee Shell Pyralysis

Table 3 and 4 represent hatbio-cil contains mare $ian 6 main companenss. The percentage (%) of the
compasitions of the bio-ail analysis by GC-MS was cbtined from the percentage area of the peak o
the height of the peak in the chomabograms. Using 2 mahod of GC-MS, this wok presents a
campasition of the biowil genarated in the experiment. The wtlic phenolic compounds containad in
biooil & 47.03% (cocomut shell) nd 45% (coffice shell). B was caused by the pyrolysis processing 2
300-350°C (low temperature carbonization) that produce more substances contain ester and phenalic
compounds. The compasition of biomass such as hemicellulose, cellulase and lignin will be oxidized to
phenol as the main companent of the bio-ail

32 Equilibrium data on phendl jon of bio-oil from coconut pyralysis results

In this resaarch the varidles stdicd were temperature, speed of stimring and type of solvents
(aqueous methanol and aqueows acetic acid). Generaly, all extracts are rich of phenol but the male

conducted with ice-buth method at 4.5°C, 200 rpm and stirring time for 2 hours. The extracss obtained fraction y depends an speed of stimng and type of
5 .
salvents. Methanol and acetic acid need %o be mived with water because their palarities are nat strang Ji= x_'ﬁ_ @
i 15y
enough to farm immiscible mixture with hio-oil [19].
) . L= ©
The mok fractions of any companents in the raffnate phase and the extract phase are constant afier Pt
60 mimtes, 50 the system is assumed %o be in equilibrium. The amount of water transfered fom the n=En'Re )
salvent imo the raffinate phase was negligibke [19]. a=Nn'q% m
In fhis work, we are reporied experimental data for the phenal extraction from bio-oil produced fram o =22 ®
cocmt shell nd the phenal extraction fram bio -l produced from caffice shell. -
- ) Bt = Lo CmiTonx L]
Tablk 5 and 6 show the aof muk dats for aqueous acdane and B
aq solvent in fhe and raffimte phase. &= 10)
Table 5. of © Data for Phenal Extraction using Aqueous 5t = L Buton an
Methanal fram Bio-l Produced fram Coconut Shell. Tr = op TP a)
Table 6. of Ce Data for Phenal Extradion using Aqueous Acetic Wh

Acid fram Bio-ail Produced from Coffee Shell.

33 Liquid-liquid Equilibrium for The Phenol Extraction Process using UNIFAC dan NRTL
Models.

The UNIFAC and NRTL modds were used o comehie the experimental data obtained for the systems
under study. UNIFAC equatin and NRTL cquation (Smith, 1996) wese used %o carrdate experimental
shase cquilibrium data. ity . slicd in
3)  UNIFAC: [20]

UNIFAC & a UNQUAC madel hased on the UNIQUAC
equation by wsing functional groups of 3 mokcuk contimed I the mixture % cakubite the activity
cocffickents. This modd was developed by Fredemshund, Janes, and Prausnitz (1975). The UNIFAC
modeling is 2 contimntion of @he UNIQUAC modeling development. This model hus the advantage of
e q even i the absence af data This x
model is used %o predict the estimation of non-clectmlyte activity in non-ideal mixtures. The UNIFAC
model cakubies e acfivity codfficienss by using functiomal groups present in the malecules at frm
the liquid mixture. If the value of the component activity coefficient has a value close % one, this
indicates that the component s I the ideal state in the system [21]. The carrelation m the UNIFAC
model is used n arder %o reduce the mumber of hinary imeractions measured to predict the stake of the
system. The correhtion for the UNIFAC model is shown as Bllows:

a fallows:

Igmup Activity C

Iny,= by + Iny* o
tny =1, +inj, -5q,(1-L+1nE) @

tny® = g, - 5 (0, 88 e 8)] @
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Iny.S = Combimtarial component
Inp* = residml companent

3 - campanent surface area component (1)

L - campanent valume fraction i)

n = pure camponent surface area parameter (i)
x - pure camponent mol frxctiondiy

9 = pure camponent volume parameter (i)

v = mumber of sub-group (k) o component (i)
Re - pammeter arca for subgroup (k) (Ru= AwdA25x 10, where A,y is mumber of sub-
sop
van der Walls surface arem

Qu = number of paramseter volume subgroup (k) (Qu= Viu/15.17, where Vi is number of Van

der Waals valume subgroup)
3, = mow of interaction parameter from group m and k [18]
x ~ liquid mal fraction of component (i)
UNIFAC equation can be cbtained o -

ny=

hll-lﬁhl +5g (l—i‘+he)| +

Y et e o
az)




b) NRTL:[20]

Nan Randam Two Liquid (NRTL) is derived from the Scott two liquid model and # i assumed that
randamness is the same as the model used on e Wilson modd. The NRTL model has a non-randam
parameter (a,;) making it passible to use I 2 wide variety of mixtures. The NRTL model uses only
hinary % cakulite e ph. + »

The NRTL (Nom Randam Two-Liquid) equation was first devekped by Renan and Prausnitz (1968).
The NRTL model is derived fram the Scot two liquid model and it is assumed that e non-randam
parameter i the same as the mode] used in the Wikan Model The NRTL equation is develaped husad
a2 two-fluid theary with e addition of 2 non-random parameter (a), which makes $he equation
appliciblke o differemt types of liquid-liquid mixture and

by choosing the izc a
price. The paramcter estimation for this equation is done by setting the a value at a cerhin value and
subscquentdly optimizing the abjective fumction % obtain fwo optimal prameter imteractions. The
recammended a vakie is 0.2 - 0.47. The vakie of a is ofien adjusted to certain conditions, but usually

the vakie of @ = 03, Unlike the Wikon equation which. ms two the NRTL
equation contains three parameters, so the NRTL equation can be an altemnative model if other models
are inadequate. This equation @n also estimate the equilibrium of mukicompanent systems without
additxmal parameters.

The NRTL equation can represent liquid-liquid equilbrium for both himary and mailticamponent
systems cnly with hinary parameters. The equation i simplr $han the UNIQUAC equation, but it has
disadvantage because #t comtams three parameters for cach par of components. The third parameter (a)

is estimated hused on fhe st of the campancnt and for certain the extreme
mumber is obtained. The NRTL équation is exprassed:
o _en  Ean
a2 e “
7y =" (15)
9, =8,= 9 =0 16)
G, = expl(-%,t,) an
Ky=xX, (s)
. k"-n. L.é x{_.' _ T Il_‘
Wy = e YEm AT Bl ")

0

5,

I N
Where

G* = molar Gibbs energy

R = gas constant

T = xmpeature

x ~ liquid phase mol faction

ijk  =campamentofl,2.3, ...n

a ~ non-random parameter for NRTL

9.6 = companent parameter

¥ =~ activity cocfficient

3 = empirical constunt for NRTL

Table 7. The Activity Coefficients were Calculated by UNIFAC Model.

Table 8. The Activity Coefficients were Calculated by NRTL Model.

Table 7and 8 shows the vakic of activity cocffickent on phenal exwaction wing mefunal sobvent
obtsined from cakubtion with UNIFAC and NRTL modeling, from coefficient vakie of activity on
each component shows that methanol and acetic acid component i the extract phase is in ideal
condition because the value of activity coefficient obtained chase % one. The activity coefficient value
of phenol and water in the extmct phase & aot clase % one, it means that phenol and water companents
are far from ideal conditions for the system. The ideal conditians of the camponenss i the system show
that the component & domimnt, so the propertics of the mixture are claser to the domimant component
propertics cither in the extract of rafinate phase. In the raffimte phase it is known that the bio-oil has a
coefficient of activity close % fhe anc, indicating that the bio-oil i in ideal conditions for the system,
while the phenol and solvent (acetic acid or methanol) are far from ideal conditions. So non-ideality
studies are very impartant for those systems [21].

Figure 3. Comparison of Calculated and Experimental Mole Fracions of the Phenol Extraction
using Aqueous Methanol by UNIFAC Modelat 298 K.

Where

X.: moke Faction of companent in extract phase
Xo: mole fraction of solvent in extract phase

X.: mok factionof water m extract phase

Y.: mok Factionof campanent in raffimte phase

Yi: male fraction of solvent in raffmate phase

Yy male fraction of bio-ail in raffinate phase

Figure 4. Camparisen of Calculated and Experimental Male Fractions of the Phenal Extraction
using Aqueous Methanol by UNIFAC Model at 313 K.

Figure 5. Camparisen of Calculated and Experimental Male Fractions of the Phena Extraction
using Aqueous Methanal by UNIFAC Modelat 323 K.

Figure 6. Camparison of Calculated and Experimental Male Fractions of the Phenad Extraction
using Aqueous Acetic Acid by UNIFAC Model at 298 K.

Figure 7. Camparisen of Calculated and Experimental Male Fractions of the Phend Extraction
using Aqueous Acetic Acid by UNIFAC Model at 313 K.

Figure 8. Caomparison of Calculated and Experimental Male Fractions of the Phena Extraction
using Aqueous Acetic Acid by UNIFAC Model at 323 K.

Figure 9. Camparison of Calculated and Experimental Male Fractions of the Phenal Extraction
using Aqueous Methanol by NRTL Model at 298 K.

Figure 10. Camparison of Calculated and Experimental Male Fractions of the Phenol Extraction
using Aqueous Methanol by NRTL Model at 313 K.

Figure 11. Camparisen of Calculated and Experimental Mole Fractions of the Phenal Extraction
using Aqueous Methanol by NRTL Model ot 323 K.

Figure 12. Camparison of Calculated and Experimental Mol Fractions of the Phenal Extraction
using Aqueous Acetic Acid by NRTL Model at 298 K.

Figure 13, C #san of C: and i Male
using Aqueous Acetic Acid by NRTL Model at 313 K.

of the Phenol Extraction

Figure 14. Camparion of Calculated and Experimental Mole Fractions of the Phenal Extraction
using Acetic Acid by NRTL Modelat 23K,

Where
v+ male fraction of component in extract phase
n':molk fraction of solvent in extract phase
. male fraction of water in extract phase
.- male fraction of component in raffinate phase
n":mok fraction of solvent in raffimate phase
Y4 :malk fraction of bio-oil in raffimate phase
n
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The result of of liquid-liquid s by using UNIFAC and NRTL modeling
gives good between data and calculation. This is shawn by the value of SSE
(Sum of the Square of the Errar) is very small. The SSE vakes in UNIFAC and NRTL modeling can be
seen in Table 9. The value of SSEis0.015 -0.554

‘Table 9. Sum of the Square of the Error (SSE)

Based on Tablke 9, it can be seen that extraction wih metunol solvent for NRTL model has the
smallest SSE value ompared o the exraction with acetic ackd sobvent for UNIFAC model. The smalker
the SSE values obtiined show that the baween e 1 data and the
data indicates 3 better comelation. Good correbtion results shaw that equilibrium modeling of UNIFAC
and NRTL can be wsed 1o predict quid-liquid equilbrium in phenol extraction prcess from cocomut
shell pyrolysis bio-oil and coffee shell using methanol solvent and acetic acid.

Figure 3-14 shows fat the visml : of and l molke fractions m the
extract phase and the raffinate phase for the methunol salvent system by NRTL model are better fhan

the other conditions (by UNIFAC model and acetic acid solvent).

4.CONCLUSION

NRTL modeling gives 2 good corrdation %o liquid-liquid equilibrium data for temary system on
phenol extmction of bio-oil using methano| solvent compared %o the UNIFAC modeling using acetic
acid solvent.

The activity cocfficicnts of water and phenol in their phase are Br fram unity. It means that fhey are
far from idcal condition. The activity coefficints of methanol. acetic acid. and biooil i heir phases
are close %0 ane. It mans fut they xre nearly deal in their phases
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Quantity

feed bao-cil

feed volume 25mlL

sohent agecous medanol
agueous acetic aaid

mole faction of witer m 5o vent 02

5o hem-feed mass rtio 1

shaking ume 60 mmsnes

amplisado of saking 150, 200, 250 rpen

temp aranae 298 313,33 K.

Table 2. Conditions of Andyds Using GC

Cokemn: Rasick RNISMS

Colama:

Inser damster fm] 2 X0t
Lesm (=] o
Caricrgas He
Splitrsio H 153
Flow rate [cmisec] 266
Sampl voleme m Lio*
Injection temperasare x) 583
Colemn seapentre ] 313873
Pressu colemn kPa 100
Colamn flow ml/min 054
Detector (FID) semperaum: X 573
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“
Component Percentage
1 Byl oo T80
2 Foemic acid a0
3 LHydoylbwmee 189
4 Furfiral 548
s Phenol 400
7 2-Mehory-phenol 702

Table 4. The Main Componcnts of Bioodl Produced by Pyrolysis of Coffer Shells

Pak Component Percentage
T Usa £
2 Acetic acid 20%
s Furfiral o
6 Phenol %
7 Phenol 2-meshoxy- -
B Phenol 26 dimethaxy s

s




Tabde £

ol Produced from Coconu!

11 Shell and Coffee Shell.

Aqueous Metianol rom Bis-

Temperature  Biomass X, X. X Yo
a6 0876 036 029 0sa 0560
Cocons
Shdl 0078 OS2 0370 0219 0916 068
a0 08 0311 0165 09% 0544
28K
0076 0926 0331 0289 0891 0540
Cofks ooss os 03 0M9 0ss 0n
Q016 0913 0281 . 0195 090 0524
0oTT 049 (R 0088 0S4 0368
C;.‘:l‘ 0083 095 0035 0086 0414 0501
Q071 0861 0026 002 0888 03
K
Q08T Q8% 0021 0MS 0978 0018
Coffe  gopylose 0028 033 osR 001
Shall
Qosi, 097 0016 0292 09 0012
0084 09T 002 0395 0% 0.0
Cocomnt
2 2
Shal oSy 097s 0017 037 0952 oo
G049 0S80 0015 032 09%  0.019
mK
0044 092 0031 NS 0w 0010
Cofbe  gae1  oex 0030 02T 091 0018
Shell
a9 090 0026  0M3 092 0017
o
Table 7. The Activity Coeffidents were Calculated by UNIFAC Model.
Sobstim  Tempersture  Bomuss 5 » v Yo" nt va*
c 0176 196 0@y 0005 0.063 2360
el 002 19% 004 0008 0.098 2398
298K — 1 1.9% 0.003 ao12 0146 2435
ot 0.064 1Lo93 0.067 aold 00 an
0.040 Lm4 0658 ool 0.063 s
omy 19% o019 0022 0931 1308
c 0.149 Ls 0.006 00238 0.055 2143
:‘t-“ ous L9 o.m3 0027 0.0% s
0.112 L 0.3 0034 0.085 2191
| cthamol 33
M E Coffe 0.157 1.965 0042 0023 oo 2143
e 0.161 199 oms a02s 0.05% s
o8 1SR [ OO 0025  o0o0R 2191
0049 L Qw7 aol7 0.054 pALT)
Cocomt oms L33 0.1 ool o082 222
EPET S 0.054 1.3% 0.001 0017 0.082 2191
0058 1635 o2 021 oo pALE
9;(: 0.063 & o@l 0036 0064 222
0.088 1 532 0.3 0032 0.068 2191
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Figure 1. Analysis Resubt by GC-MS for the Bio-oll Produced by Coconut Shelks Pyrolysis
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Figure 2. Analyss Result by GC-MS for the Bio-oll Produced by Coffee Shells Py rolysis
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Abstract

Utilization of biomass as a new and renewable energy source is being actively conducted by various parties. One of the technology for utilizing or converting
biomass as an energy source is pyrolysis, to convert biomass into a more valuable product which is bio-oil. Bio-oil is a condensed liquid from vapors phase of
biomass pyrolysis such as coconut shells and coffee shells. Biomass composition consisting of hemicellulose, cellulose, and lignin will oxidize to phenol which
is the main content in bio-oil. The totalic phenolic compounds contained in bio-oil is 47.03% (coconut shell) and 45% (coffee shell). The content of phenol
compounds in corrosive bio-oils still quite high, the use of this bio-oil directly will cause various difficulties in the combustion system due to high viscosity, low
calorific value, corrosive, and unstable. Phenol compounds have some benefits as one of the compound for floor cleaner and disinfectant which contained in
bio-oil.

The correlation between experimental data and calculations shows that the UNIQUAC Functional-group Activity Coefficients (UNIFAC) equilibrium model can
be used to predict the liquid—liquid equilibrium in the phenol extraction process of the coconut shell pyrolysis bio-oil. While the Non Random Two Liquid
(NRTL) equilibrium model can be used to predict liquid-liquid equilibrium in the extraction process of phenol from bio-oil pyrolysis of coffee shells.
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