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ABSTRACT

In this study, the optimization of two parameters: solid-to-solvent ratio and extraction time of the oil extraction
process from the dried spent coffee grounds (DSCQG) after brewing coffee were investigated by using the response surface
methodology (RSM). The results showed that the 14.75 wt.% of calculated yield of coffee oil from the predicted model
was obtained, when the optimal condition: the 1:22.5 g/g of mass ratio of DSCG-to-hexane and 30.4 min of extraction time
under the 30 °C of room temperature was used. The model was verified by the experiment, the 14.68 wt.% experimental
yield of coffee oil was achieved after passing the extraction process under the optimal condition. Moreover, the
composition of coffee oil after eliminate the residual hexane were analyzed by the thin layer chromatograph with flame
ionization detection (TLC/FID). The 81.156 wt.% triglyceride, 5.926 wt.% diglyceride, 11.428 wt.% monoglyceride, 1.078

wt.% ester, and 0.412 wt.% free fatty acid were found.

Keywords: spent coffee grounds, coffee oil, optimization, response surface methodology.

INTRODUCTION

The coffee grounds are consumed in coffee shop,
homes, bars and restaurants, large factories of instant
coffee (Wikipedia Contributors 2015). Consequently, the
coffee beverage is consumed worldwide. In Thailand, the
coffee beans were used to produce the instant coffee,
roasted and ground coffee, and canned coffee (Pongsiri
2013). Therefore, the increasing domestic consumption of
coffee bean is affected on the amount of coffee grounds
increased as well. Many organic residues, spent coffee
grounds (SCQ), after brewing coffee of both instant coffee
and roasted coffee processes were dumped to the garbage,
where the other organic waste may be decomposed to
methane, and thus encourage to climatic change (Mussatto
et al. 2011), (Hansen et al. 2006). The SCG can be
extracted the coffee oil using solvent extraction method.
Thus, the SCG have the potential feedstock to produce the
biodiesel from the coffee oil. The SCG containing the 7-17
wt.% oils content, depending on coffee varieties (Speer &
Kolling-speer 2006). Moreover, the yield of coffee oil
from SCG depends on the various parameters: moisture
content, particle size, amount of solvent, type of solvent,
extraction method, and extraction time (Al-Hamamre ef al.
2012), (Caetano et al. 2012). Table I shows the various
conditions of coffee oil extraction from SCG. The hexane
solvent extraction is most commonly used for extracting
the coffee oil by Soxhlet extractor. Moreover, the 12-16%
oil yield from SCG was achieved in the extraction process,
when Soxhlet and ultrasound extractions were used.
Certainly, the ratio of solvent-to-SCG has a high
significance of oil yield; however, the researchers have not
yet studied the variation of this parameter. For instance,
Al-Hamamre et al. studied the oil extraction from the
dried spent coffee grounds (DSCG) as a renewable source
for biodiesel production, the 60 g dried sample and 250 ml
solvent (or the ratio of solvent-to-SCG is equal to 1:4.2
g/mL), were fixed at the different time spans to determine

the yield. Caetano et al. studied the effect of different
solvents on the coffee oil yield by using Soxhlet extractor
with the condition: 2.5 to 9.5 h of extraction time, the 10 g
of DSCG and 200 mL of solvent were fixed. Therefore,
the optimal condition of coffee oil extraction should be
studied to reduce the extraction costs, such as type of
solvent, ratio of DSCG-to-solvent, and extraction time.
This present study was undertaken to evaluate and
optimize the highest yield of coffee oil for the solvent
extraction process from DSCG, when the two parameters:
ratios of DSCG-to-hexane and extraction time were
studied by using the response surface methodology
(RSM).

MATERIALS AND METHODS

Materials

In the Espresso coffee shops, many organic
residues, spent coffee grounds (SCG) from brewing coffee
were dumped to the garbage, as shown in Figure-1. The
SCG were obtained from local coffee shop in Prince of
Songkla University (PSU), which Arabica coffee grounds
were used to brew the Espresso. An approximately 66% of
moisture content in the SCG were measured by the drying
oven method at 105 °C and 24 h (Abdullah & Bulent Koc
2013). The SCG must be dried to eliminate the moisture
content before introduced into the extraction process.
Moreover, the SCG drying process will prevent the
spoilage and microbial growth (Abdullah & Bulent Koc
2013). The commercial grade of hexane solvent was used
to extract the coffee oil from the dried spent coffee
grounds (DSCG). All chemicals were analytical grade to
analysis the compositions of coffee oil by the thin layer
chromatograph ~ with  flame ionization detection
(TLC/FID).
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(c)

Figure-1. (a) spent coffee grounds, (b) oil-free spent
coffee grounds, and (c) coffee oil.

Methods

Extraction Procedures

After complete the SCG drying process, the 10 g
of DSCG and the required mass ratios of DSCG-to-hexane
were loaded into the 250 mL flask for weighing by the
Mettler-Toledo digital analytical balance. All experiments,
the solvent extraction were operated in the batch process.
The mass ratios of DSCG-to-hexane were varied under the
experimental design matrixes. The magnetic bar was
instantaneously put into the flask to mix the DSCG with
hexane. In the coffee oil extraction process, the flask was
placed on the digital magnetic stir plate to mix the DSCG
with solvent by the magnetic stirrer at 30 °C of room
temperature, and immediately start the timer to monitor
the extraction time. After complete extraction oil, the oil-
free spent coffee grounds (OFSCG) will rapidly fall to the
bottom of the flask, and the solutions of hexane-to-coffee
oil are on the top layer. The suspensions of OFSCG in the
solutions were filtered by the filter paper (W. & R. Balston
Ltd. Genuine Whatman No. 1) to separate the OFSCG and
solutions. In the hexane distillation process, the solutions
of hexane-to-coffee oils were stilled by the simple
distillation process to remove the most hexane. In the final
process, the coffee oil from the distillation process will be
heated by the electrical oven at 104 °C for 6 h, to remove

the residual hexane, which might also be left in the coffee
oil (Abdullah & Bulent Koc 2013).

Analysis Method

Two independent parameters: mass ratios of
DSCG-to-hexane and extraction time, were studied to
optimize the coffee oil yield from DSCG. The yield of
coffee oil was determined with equation (1). The TLC/FID
(model: IATROSCAN MK-65; Mishubishi Kagahu Latron
Inc.; Tokyo, Japan) was used to analyze the percentage of
tri-, di-, mono-glycerides, ester, and free fatty acid (FFA)
in the coffee oils.

Experimental Design

The experimental design of the solid-liquid
extraction process was aimed to optimize the effects of the
ratios of DSCG-to-hexane (R), and extraction time (7) on
the coffee oil yield by the response surface methodology
(RSM) approach. Twelve experiments were designed for
5-coded-level (-1.414, -1, 0, +1, +1.414) followed by the
coded level, as shown in Table-2.

Y =(W,/W,)x100 ()

Where Y is the coffee oil yield, ) (g) is weight of
extracted oil and W, (g) is weight of DSCG.

RESULTS AND DISCUSSION

Experimental Results

Table-3 is the experimental design matrixes of 2-
independent-variable: DSCG-to-hexane (g/g), extraction
time (min), and 1-dependent-variable: coffee oil yield
(Wt.%) of the solid-liquid extraction process by solvent.

Response Surface Model and Statistical Analysis

The coefficient values and statistical analysis of
response surface model were analyzed by using the
multiple regression equation to fit a second-order
polynomial model, as shown in Table-4.

Table-1. Conditions of coffee oil extraction from SCG.

Time (min) Type of solvent Yield (wt.%) DSCG-to-solvent (g/mL) Extraction method References

45 hexane 12.00 1:4 Ultrasound (Rocha ez al. 2014)

30 pentane 15.18 1:4.2 Soxhlet (Al-Hamamre et al. 2012)
30 hexane 15.28 1:4.2 Soxhlet (Al-Hamamre et al. 2012)
30 toluene 14.32 1:4.2 Soxhlet (Al-Hamamre et al. 2012)
40 chloroform 11.15 1:4.2 Soxhlet (Al-Hamamre et al. 2012)
30 acetone 12.92 1:4.2 Soxhlet (Al-Hamamre et al. 2012)
50 isopropanol 10.92 1:4.2 Soxhlet (Al-Hamamre et al. 2012)
40 ethanol 11.90 1:4.2 Soxhlet (Al-Hamamre et al. 2012)
180 50:50 (hexane: 2-propanol) 21.50 1:20 Soxhlet (Caetano et al. 2012)

408 isopropanol 21.00 1:20 Soxhlet (Caetano et al. 2012)

150 80:20 (hexane:2-propanol) 19.50 1:20 Soxhlet (Caetano et al. 2012)

570 n-octane 26.00 1:20 Soxhlet (Caetano et al. 2012)
N/A hexane 16.00 1:20 Soxhlet (Caetano et al. 2012)
N/A ethanol 16.00 1:20 Soxhlet (Caetano et al. 2012)
N/A 60:40 (hexane:2-propanol) 17.00 1:20 Soxhlet (Caetano et al. 2012)
N/A 70:30 (hexane:2-propanol) 21.00 1:20 Soxhlet (Caetano et al. 2012)
N/A heptane 18.00 1:20 Soxhlet (Caetano et al. 2012)

N/A: the extraction time was varied in the range between 150 and 570 min
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Table-2. Coded level of independent variables.

i Coded level
Independent variable
-1.414 -1 0 +1 +1.414
R : Ratios of DSCG-to-hexane (g/g) 1:5.1 1:8 1:15 1:22 1:24.9
T : Extraction time (min) 0.2 6 20 34 39.8

In Table-4, the positive sign of coefficient values
of each parameter mean the coffee oil yield has increased.
In contrast, the negative sign of coefficient values mean
the decreasing of oil yield. All analysis of results were
conducted with ‘‘Excel’’ solver from Microsoft Excel add-
in tool to solve the optimization of equation (2). It was
found that the predicted model of the relationship between
the coffee oil yield and two independent variables were
classified under the polynomial equation. The model of the
two responses is expressed in equation (2) to obtain the
highest yield of coffee oil from the solid-liquid extraction
process. This model was tested for its ability to describe
the experimental results and to prove for statistical
significance by the ¢-test at the confidence level of 95%.

Y =p8,+B,T+B,R+B;T*+ B, IR + BsR’ )

where Y: coffee oil yield, R: ratio of DSCG-to-hexane, T:
extraction time, and f: coefficient value.

Figure-2 shows the contour plot of the
relationship between the extraction time and the mass ratio
of DSCG-to-hexane on the coffee oil yield under the 30 °C
room temperature. To investigate the optimal condition for
the highest coffee oil yield, therefore, the Excel solver was
used to solve the equation 2. The results showed that the
14.75 wt.% calculated yield of coffee oil was achieved,
when the optimal condition: the 1:22.5 g/g of mass ratio of
DSCG-to-hexane and 30.4 min of extraction time at the
30 °C was used. The yield of calculated coffee oil under
the optimal condition can be proved by the experiment.
The results from the experiment showed that the 14.68
wt.% actual experimental yield of coffee oil can be
extracted from DSCG under the optimal condition, which
the experimental yield are close to the calculated coffee oil
yield. Moreover, the compositions of coffee oil after
eliminate the residual hexane were analyzed by TLC/FID,
81.156 wt.% TG, 5.926 wt.% DG, 11.428 wt.% MG, 1.078
wt.% ester, and 0.412 wt.% FFA were found. The major
problem of biodiesel production from vegetable oil is the
FFA, which the FFA is transesterification reaction was
used. As the results, the ester conversion was reduced by
the saponification reaction (Somnuk et al. 2013).
However, the coffee oil has the FFA content lower than
0.5 wt.%. Consequently, the coffee oil will be produced
the Dbiodiesel by using a base-catalyzed direct
transesterification reaction.

CONCLUSIONS

The aim of this study was to optimize the highest
yield of coffee oil for the solvent extraction process from
SCG after brewing coffee as a potential alternative raw
material for biodiesel from coffee oil. In the part of oil
extraction process, the results of this research
demonstrates that the 14.68 wt.% actual experimental
yield of coffee oil can be extracted from dried spent coffee
grounds (DSCG) under the optimal condition: the 1:22.5
g/g of mass ratio of DSCG-to-hexane and 30.4 min of
extraction time under the 30 °C of room temperature.
Increasing of mass ratio of DSCG-to-hexane will enhances
the diffusion of solid and solvent, and improves the
transport of the solvent while mixture flow through the
pores and surface area of DSCG in the oil extraction
process. Therefore, the organic residues, the SCG have the
potential raw material to use for biodiesel production from
the coffee oil and to use for combustion energy from
OFSCG.

=154
—12.0
§—

] T
| !
15 i i f
3 —_ pat | |
— "
_— -
— 30 '| = | | f |
= !
o= =1 | I TI |
= Ty, 4] sl ¥
et T PV e I | \ \
= | | % = \ \
. | | | = i ! -‘;’
= 1 1 1 1 .
= 200404 § |\ | \ = -J"\
= o \ _
= | & | \ = Y
¥ 3 L= L1 1 \ \ L |
@ 154= | L 1\ \ 55
= n I s - L
e |II i L P wall w
—_ L | L} = e b
10 LR \ =, \ >
L S YR \ =
- \ }
P ! h,
S1e L &2 A \
TR B S
TR T - A 4.1y
T W ¥ R
L y e 4 -1 X v " -
6 8 o 12 14 16 18 20 22 24

Ratio of DSCG-to-hexane (g/g)

Figure-2. Contour plot of extraction time and mass ratio
of DSCG-to-hexane on the yield of coffee oil under the
room temperature of 30 °C.

7051




VOL. 10, NO. 16, SEPTEMBER 2015

ISSN 1819-6608

ARPN Journal of Engineering and Applied Sciences

©2006-2015 Asian Research Publishing Network (ARPN). All rights reserved.

@

www.arpnjournals.com

Table-3. Experimental design matrix.

Run Ratio of DSCG-to-hexane, R (g/g) Extraction time, T (min) (YV\',:I;)()’f coffee oil, ¥
1 1:22.0 34.0 14.5700

2 1: 8.0 34.0 12.6580

3 1:15.0 20.0 14.0237

4 1:22.0 6.0 14.4017

5 1:24.9 20.0 14.6323

6 1:15.0 20.0 14.0283

7 1: 8.0 6.0 12.4070

8 1:15.0 39.8 14.1125

9 1:15.0 20.0 13.9887

10 1:5.1 20.0 10.7623

11 1: 15.0 0.2 12.6600

12 1:15.0 20.0 13.9773

Table-4. Coefficient values of response surface model.

Coefficient Po pi p: B3 P4 Ps

Value 8.130 0.06448 0.500 -0.00098 -0.00021 -0.01096
p-value 0.000263 0.231 0.00453 0.296 0.926 0.01861
(R7=0.927, and Rgjusica = 0.866)
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Abstract

The utilization of spent coffee g¢rounds (SCG) was
discussed to produce the liquid- and solid-fuel. Based on
close to 82 million tonnes of green coffee beans (GCB)
produced globally each year. The SCG is the waste after
brewing to produce an instant coffee and a fresh roasted
coffee. After brewing, the high moisture content of organic
wastes, SCG will be dumped. Therefore, the SCG decomposes
partly to methane, and contributing more to climate change,
which are the partial cause of global warming. Many
researchers have studied on the utilization of SCG as the
renewable energy. The 19.3 MJ/kg higher heating value (HHV)
of SCG can be detected, which is the high level of biomass
energy, and can be directly converted to solid fuel. The oil of
7 to 17 wt.% were found in SCG, therefore, it can be used as
the feedstock to produce the biodiesel (for liquid-fuel). The
by-product after oil extraction process, the defatted spent
coffee grounds (DFSCG) can be used as the biomass resource
to produce the pellets (for solid-fuel). In addition to the use of

oil from SCG will lessen competition with food resources
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urmdngnaeinalulagdsiguonastyus

(crude palm oil, coconut oil, and rapeseed oil) for biodiesel

production.

Keywords: spent coffee grounds, coffee oil,
fuel

liquid-fuel, solid-
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Characterization SCG DFSCG
Higher heating value (MJ/kg) 19.3 19.0
Moisture (wt.%) 65.7 9.4
Total carbon (wt.%) 67.3 12
Total nitrogen (wt.%) 2.2 2.0
Protein (wt.%) 13.7 12.3
Ash (wt.%) 2.2 1.7
Cellulose (wt.%) 13.8 15.3
Klason lignin (wt.%) 319 30.9
Soluble lignin (wt.%) 1.7 1.6
Total lignin (wt.%) 33.6 32.5
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wmnnsidamutusenannnnurdeuasyldUsEansamues
wifodutfvay

)

ScG J

( Solid-liquid extraction J ‘ Direct combustion

Solld-Fuel.

s N

Coffee oil DFSCG J

{ Biodiesel [ Pelletization J
_Liquid-Fuel FI;
[ DFSCG pellet { DSCG pellet W

J

Solid-Fuel

U7 2 wudsnsldusslevinnninnuniludemdanaiuastoumduds

3.2 Wowmasainein SCG waz DFSCG

dosnidemnddada (pellet fuel) fdnvaziiiononis
Foufiu n1svuds 3’;mﬁgaﬁmmgmﬁmummﬁﬂwwﬁ%ﬂLﬂudwm'a
nsthlvldaudmduemnmnsgiu Sntaninnuiia e
mmsamLﬂui’mqﬁuwﬁmﬁal,wéﬂﬁmﬂﬂ Fauandlussned 2 [8,9] Fail
nsAnwLaznAgaUE A ALiiannnnulng Limousy way
Anig [10] ¥nsenuUsansaimdseniuteuitemasasinfingn
Tnnnnuiiisegafndisudiouiuidemadndinantdes
ffau uazninnusinaudidssanldaulusasidiuiifinun andy
naaaumsidaulungiethvunn 12 kw nuin Wemdsiisndingi
nnnnu, Sideslstay uaz nnnunaanddeyliau SAnAau
Souwinfiu 19.55, 19.23 waz 19.63 MJ/kg auanfiu Turasifing
asueuneusnled (CO) wazUsmnasilufeledoanidemas
Sausinarnninnuneunniian duandlunised 3 Fandnld
WomasSadinanninnuinaniides fauaudilndidssty
Fomdwasinantidesiily udanAamudeurasaumunuiui
wanAnfuvasn NN ks tde el suandemnassadauas
nsl¥nuluntethenafes@nuuiuusisnsinisieudomase
81mA warUsznen lnsifuanzay Snsansdnnnuniimae
mﬂﬂﬁaﬁmﬁnﬁué’nmﬁ@mamﬁmumﬁLﬁufmqﬁuﬂlumsw%mﬁ%@Lwﬁa
Fsmsfinnsdnuihluvszgndldifudemauds osmndrnny
$ounas DFSCG Afflanfigs Sauiinasgnadathifuoenluuda &
wandlumsnad 2

9197 2 AuasTRfiraudmiurEnTomassiin [8,9]

AMANUR SCG DFSCG
Aprmou (HHV) limsiinda 12.55 Mi/ke 19.3 16
Asuaunsh (fixed carbon) lalnasenndn 15 wt.o% | 19.83 12

161 (ash) ldmasiiu 20 wt.% 2.2 1.65
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TI'R ECS:

M15797 3 Msnaaeuldnudemasdadialunedu [10]

e Pine Blend
AuEUUR SCG sawdust | 50.50
CO (ppm/vol) 11.8 79 6.7
Particles (mg/Nm?) 175 14.2 13.9
HHY (MJ/kg) 19.6 19.2 19.6
Boiler combustion efficiencies (%) 86.3 90.8 91.9

3.3 msataiusazntsnanlulafiwainitfunium
3.3.1 nsafauniy

nsafemirduainninniunagdneglulssinnnisatndieds
yoauds-v0umar (solid-liquid extraction) v3aisundndenilyinnig
% (leaching) flo n1sazanwa@ILYsENaLTideIN1SRENIINTBINAL!
wiahedinaraterennad dmsunsdifidiuysenouiidenis
azawoguuiInnueudsiliazae Bulesnszurunisveiaty
panMBfIinazae [11] LmﬁﬂmLLWﬁwamlugﬁnwﬂsiN‘]ﬁU%mm
dhsuadeuszanm 7-17 wt% [4] nsataiituainninniu (SCG)
Adaduitaulufnuluvarsysema Jagtuiinuidefdnviuas
npaeupLannIalunsatathiiuan SCG lussdusosfifing
TaglddvharanenataUszian 1wu hexane, isopropanol, pentane
way acetone Wudu Auifeves Ferrari wagamg [12] WANwINTS
afnsuanERnN A (roasted coffee bean, RCB) Ypsadn
nuniuganszdniuaziuglsan lngldaisazane pentane ¥ins
affadie33 Soxhlet extraction Wuran 4 Falus wudn nauslane
Wugerszdniuaganewuglstan iy 165204 wt.% uas
9.2+0.1 wt.% MLa19U Al-Hamamre wazaag [13] lavinnisanen
Msafaisuan SCG MnfThazatewuuiidn (polar) warlifidh
(non-polar) fe Soxhlet extraction Tdaanain 30 urdl faefavin
axmmmulﬁﬁ‘ﬂzﬁ (pentane, hexane, toluene wag chloroform) 6
Usanauhsiu 15.18, 15.28, 14.32 uag 8.60 wt.% AIUaIfu Lag #9
¥avarsuuuiidn (acetone, isopropanol ag ethanol) lausuna
i 12.92, 10.68 uay 9.18 wt.% suddiu uaziifiuidedug s
Anwnmsatniduannudsldfasuidoulunsatmiruiedeuly
#1499 fauandlums1ei 4 [13-15] luvaed Thawornprasert wax
Amg [16] nagevainnlgisniunaulaelddivinazansiniau
RRAMNTTU NUIBeTEILlasareININNLsBLEniEY 1:15 ¢/g
ansnsnarfomiuiuligean 14.0 wt% uay Eawlex uay Somnuk [17]
Anwnanmgiimnzanlunisatnsnsdilaemnavesninniuniue
nulaghatlunsaiasemaila response surface methodology
(RSM) Wu18RTId@unINNIRBLENEY 1:22.5 ¢/g 1381 30.4 Wl
anansnafniituligean 14.75 wt% sisil Vardon wazans (18],
Caetano wagaue [6], Todaka wasauy [19] AnwauTATuan
msanaludnwuglndifesiumeldis Soxhlet extraction lngldie
nudusinazats vaigdl Abdullah wazamy [20] Anwldieniou
uazAduFsssanslainlunisartn Ineanauditnsuara ¥uansds
Tun379di 5

AMUDAINSSUAIEANS
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REUNION
Amzdusu (total sulfur) ldmasiiu 2 wt.9% 0 14 3.3.2 Asuanlulofaa
lifiansanseendlawed (oxidizer) n/a n/a (4 1= P
— T N Asivsuaulasndwelss Caetano wavAmy [6]
LiflensiideliAansszdndlognvilisou n/a n/a - v ¥ oo v o
i v . 44 . AN®INITEANAUINUNINNILWNAILFAINIALAY hexane Lay
liflasiansounidu strong oxidizing agent n/a n/a

isopropanol 7igns1drukazaadutusigg dWenaaeuuiui
ihifuflanansaarald ndudhdnszuiumsnanlulofianuuans
Tuneulnelduoanssodussianumiuea uasldludenlsnsenles
\Wusussufisenifnaaiiigumail 60°C mnuiErsouniunas 80
sou/undl \unan 3 $2lus amnsandsluledwaldaiuuiand
86% Todaka wavame [19] Anwn1swanluledwanniisiuniun
5wﬂua1%iﬁw ez tTusndn fe methanol, ethanol, 1-propanol
uaz 1-butanol Ineldludeulensonlamludussufisen nuilule
Mwaanntnsununily 1-butanol ﬁﬂmauﬁmuﬁwﬁymwaaﬁa, by
ANULETETHRRMUNAI (thermal stability) wag nusian 1sIAAUAATEN
ponfinduldd InsuandiveslulafeasinirdununlFuansly
A13747 6
4. unasyd
nsuslapnuiniiuwaliulasumnuienetgenaidedusuinn
mefngnmvednLazaEisvamatn agvilvidninniu
Surunnfintueteidadudunaidviunisidninnuniite
NAANAIUNIEGDN Uisﬂauﬁ’umﬂmwalﬁﬂ%mmﬂﬁuaumﬁgﬂ
(fixed carbon) dswalsiAnAusougs (heating value) dwiurigy
afinnmanuiigaaiRanynsawdsulasairsnlasnaieelsd
Hueamnesvisluledwalduasiaunsatninimaeiefiniunis
afmifuudiusulsedudomdndals anuanisduaiiuas
surmeddeiaiuil uandiiuinueudisunuasdiu
wiwasnnmuitmdululdlunsandudomauduas
dewmduvaranvezninnuilindeiis %aawmm"ﬁaﬂ%uﬂgﬂ
Uszansnmuaznisilulfidundnumadeniionsasiidnenwle

Tuouran
715797 4 nsveaeuanantiuniuw

Extraction | Time Solvent to Yield Ref.
method (min) Type of solvent SCG (mL/g) (Wt.%)
Ultrasound | 45 hexane 4.0:1 12 [14]
Soxhlet 30 pentane 4.2:1 15.18 | [13]
Soxhlet 30 hexane 4.2:1 15.28 | [13]
Soxhlet 30 toluene 4.2:1 14.32 [13]
Soxhlet 40 chloroform 4.2:1 11.15 | [13]
Soxhlet 30 acetone 4.2:1 12.92 [13]
Soxhlet 50 isopropanol 4.2:1 10.92 | [13]
Soxhlet 40 ethanol 4.2:1 11.9 [13]
Soxhlet 180 50:50 (hex:iso) 20:01 215 [15]
Soxhlet 408 isopropanol 20:01 21 [15]
Soxhlet 150 80:20 (hex:iso) 20:01 19.5 [15]
Soxhlet 570 n-octane 20:01 26 [15]
Soxhlet n/a hexane 20:01 16 [15]
Soxhlet n/a ethanol 20:01 16 [15]
Soxhlet n/a 60:40 (hex:iso) 20:01 17 [15]
Soxhlet n/a 70:30 (hex:iso) 20:01 21 [15]
Soxhlet n/a heptane 20:01 18 [15]
M5l 5 AuuaTRTun U
AnANUA [15] [18] [6]
Color Dark brown | Dark brown | Dark brown

urmdngnaeinalulagdsiguonastyus
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Moisture (9) - - 0.118 and R. Said, “Gaseous products and particulate matter emissions
HHV (MJ/kg) - - 408 of biomass residential boiler fired with spent coffee grounds
Density at 15°C (kg/m?) 941 904.2 912 pellets,” Fuel vol. 107, pp. 323-329, May. 2013,
Viscosity 40°C (mm”/s) 49.64 3392 398 (1] WweiSens ssdiuns, nosadnveude-vounad. ngumn: Lo
Acid value (mg KOH/g) 11.27 8.0 9.9 Laauaimé, 2549,
lodine value (g lodine/g) - - 0.476 ) . . .
mimﬁ6ﬂmﬂmﬁﬁhﬂaﬁmammf’wﬁun'm,wLﬂ?amﬁﬂummgm (12] M. Ferrari, F. Ravera, T. De ?(nge[ts, F. Liverani and L.

Py * I6] 151 | el | e 1a21a Navarini, “Interfacial properties of coffee oils,” Colloids Swy,
Cotor oo 1 brown | brown 4, vol. 365, no. 1-3, pp. 79-82, 2010.
Appearance Liqud | Liquid | Liquid (13] Z. Al-Hamamre, S. Foerster, F. Hartmann, M. Kriger and M.
Reaction yield (wt.%) 373 605 | - Kaltschmitt, “Oil extracted from spent coffec grounds as a
Water content (ppm) 2708 - 632 | <500 renewable source for fatty acid methyl ester manufacturing,”
lodine value (g 1,100 g) 70.0 214 | - <120 Fuel vol. 96, pp. 70-76, Jun. 2012.
Acid value (mg KOH/g) 19 - 011 | <05 [14] M. Rocha, L. de Matos, L. Lima, P. Figueiredo, 1. Lucena, F.
Methyl ester content (wt.9%) 86.0 6935 |- > 965 Fernandes and L. Gongalves, “Ultrasound-assisted production of
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