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Abstract 

Spentc뼈농 is one ofbiomass sources to be ∞nv'하뼈 into bio-oil. However, the bio-oil shou1d be further upgraded to 8해icvea 

higher quality b빠oil because of i뼈 higho앤뿜n ∞ntent. Deoxygenation under hydrot앨a꾀ng using diffi앙entca뼈lys엽 (않뼈lytic 

hydr여eoxyget빼.on; HDO) is consi뼈ed as one of뻐epromi없ngmeth여s foru야없띠ng bio-oil from pyrolysis by removal of 
Qαm뼈ning groups. 
In this 양뼈χ the HDO of spent ∞g농e bio-여1. which was collec뼈d fromfi잃1: pyrolysis of spent coffee (460 "C, 2.0 x U，빼， was 
carried out in an autoclave. The prod야t인.elds were 72.16 - 96.76 wtOlo ofbio-이1， 0 -18.59 wtOlo ofc1빼， 뼈d 3.24 - 9.25 wtOlo of 
맹s obtained in 30 min 8t temperatures between 250 "c and 350 "C and pres뻐re in the IIID.I뿜 of 3 to 9 bar. The hi양est 피eld of 
bi(• oi1 of 97.13% was achieved a1: 250 "C and 3 뼈r， with high s터ecti찌ty ofD-찌lose. ’The carlxm number distribution of the 
bio-oil was 뻐퍼yzed based on the con야pt ofsimula뼈 dis버lation. ’The CI2 - CI4 fraction 피creased from 22.98 wtOlo to 27.30 
wt%, whereas the C19 - ~6 fraction decreased from 24.74 wt"1o to 17.18 wt% with increasing reaction time. Bio-띠lyi러dswere 
slightly decreased when the HZSM-5 ca뼈JyS1: and dolOI피te were 뻐ed. The selectivity of CO was incr않sed a1: the HZSM-5 
ca뼈lyst and decreased at the dolOI피te. 

Kayv뼈히s:Sp∞ícoffcew잃te， Upgr빼ng bio-oil, Hydrodeoxygenation, HZMS-5, DolOI피te 

1.lntroduction 

’The 뼈ission of c뼈on 띠oxide 뼈sbc뼈 grad빼yincre앓ed 

since fossil fuel has continuously been using. Fossi1 fuel is a 

limited res애rce as well. ’I'he research for renewable energy 

sources and s이찌ng globa1 WlII1Iling has bcen actively carried 

out. Research for renewable energy is u빠~ investigation in 

fOIIDS which suit each country’s environment, and th.e U.S., 
Japan 뻐d European coun1ries have already replaced much of 

those fossil fuels to renewable ener휠es， and even some of 

technolo밍es commercialized. Especially, supply of bioenergy is 

rapi버yincr않sed over OECDs. The bioenergy within renewable 

energy was consumed 460.1 Mtoe in 2017, which was 50% of 

∞nsw뼈tion within tot떠 renewable energy [1]. 

Biomass is a renewable energy source whose reserve is not 

limited u피ike fossil fuel. It a1so has a wor1dwide distribution, 

and can solve the disadvantages of fossil fuels such as 

• Towhomcotte뼈g떠ence 뼈0띠.d be addressed. 

greenhouse g，앓es by photosynthesis of plants growing [2]. U.S. 

뻐dC뻐뼈a 따e developing it to have more Iπ'actic혀ity and 

economica1 efficiency as a next 훌m하ation 없ergy source 

because of these potential powers. 

V없ious rese웰ches have bc흥n tired to produce bio-fuels from 

th.e fast pyrolysis of lignocellulosic 뻐d 혀gae biomass [3,4,5]. 

The bio-oi1 produced from fast pyrolysis of biomass has 

received a lot of 따tention 잃 an attractive r맹&히nentfiπ fossil 

fuel. ’The research for pyro애sis kinetic of microa1gae residue 

repoπed that va1ue-added chemi엉ls were CX'뼈cted from 

microa1gae [6]. 

The amo뻐t of 135,480 ton coffee was imported in domestic 

at 2017/2018. The weight of ground coffee be뻐s lost 19 wt% 

φ피ng ex'없ction， and the r뼈빼피ng was used as fertilizer and 

deodorant, but most of th.em were thrown out as waste [7,8]. 

Ground coffee be뻐s lost 19 wt% during extraction, and the 

remaining were thrown out as waste. Such as waste biomass 
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can be used as resource for bio-eoergy feedstock, and tbose of tbermogravimetric 뻐alyzer π'GA N-IOOO, SINCO) io a 

waste bave ao advaotage fur tbe πo‘Iucti‘m of bioeoergy io terms 
of decreasiog of expeose for tbe waste treatmeot. Ktori et 띠 

researched for tbe recovery of eoergy from 앵ent coffee, and 

reported tbat a maximum yield of bio-oil was 36 wt"1o at 540 

't [9]. Luz et 떠 reported tbat tbe results of model aod 

experimeotal were well matched from tbe in때or뻐nt variables 

such as m잃s t1ow, pyrolysis temperature, inert gas flow, and 

biomass composition io screw reactor [10] , Bubbling f1띠며zed 

bed "않ctor is gener허ly used for tbe fast pyrelysis to preduce 

of bio-<lil from speot coffee. It is knowo tbat tbe content of 

oxygeo is higher io a ∞m뼈"ison witb tbat of 대rbon in bio-oil 

tbrough tbe production of fast pyrolysis [5,11]. Catalytic 

pyrolysis is one of tbe techuologies to decrease oxygeo content 

io 비o-oiI， 뻐d the 1맹맑버ng of bic>-oi!’sq빼ty 뼈. beeo actively 

researched [12]. Yim et al. reported tbat coffee groond 

oil-bu뻐nol bl.며ed fuel was applied io a 며esel tractor [13] 

The 30 wt% content of coffee ground oil io diesel showed 

slightly high caroon monoxide (CO) aod nitrogeo oxide 이Ox)， 

but particulate matt<π (PM) ernission was 잉맹ificantly de따않sed 

because of tbe high oxygeo ∞ntent io tbe bleoded fuels 

Hydrodeo재genation of bio-oil, which was preduced by fast 

pyrolysis of spent co짧， was carried out in 뼈s reseaπ:h for 

the e:ffective reuse of waste. An autoclave was used for 

hydrodeoxygenation of speot coffee bio-<li! witb a varlation of 

temperature, pressure, and catalysts, and th.at of compositions 

W히" aoalyzed systematically. For tbe aoalysis of liquid bi，아oi1， 

tbere are several aoalysis methods applied such as elerneotal 

뻐aly잉s， carbon Dm빼er distributioo, higher h，않ting v혀J.e， and 

GC-MS. The COI며밍itions of π。duc혀 명ses were 빼yz<쳐 by 

gas chromat앵mphy， 

2. Experimental 

2.1. Sample and catalysts preparation 

Coffee, which was grown in Columbia, was iIDP<πted from 

Kirkland to Korea. Spent coffee sample was collected afler 

exσaction， aod it was washed tbree times witb distilled water 

at 80 't. The washed samples were 잉Ibjected to πunary dr끼ng 

at room teroperature, followed by secoodary 빼ng at 90 't 

for 4 h to e(jl피ibrium. moisture before being used as biomass 

materi떠 in e:째히meo잉. The bio-이ls (org뼈ic ph빼 obtsined 

from fast pyrolysis experimeots at tbe teroperature of 460 't, 

and tbe f1uidization velocity of 2.0 x U"" was used as tbe 

expenme뼈1 sample for hydrodeoxyg，잉l8.tion. 

The ultimate aod preximare aoalyses of bioroass sample aod 

bio-oil were determioed usiog American Society for Testiog 

and Materials, ASTM stanðaro metbod [3,5]. The tbeonal 

decomposition of tbe SCW and bio-oil were determined usiog 

nitrogen flow mte of 20 mL mio" , from rooro teroperature up 

to 700 't .t tbe heating mte of 10 't mio". 

All catalysts were grouod .，피 sieved particle size of 깨 -100 

mesh (150 - 212 μm). The ∞mmerci허 ZSM-5 cataly앙 was 

supplied by Hyondsi Petroleum chet표 Co. (Soutb Korea) 

Before using ZSM-5 catalyst, it was calcioed at 550 't for 5 

h to convert ZSM-5 ioto tbe pretonated form of HZSM-5 [3]. 

Prior to use as a ca:때Iyst， natoral dolomite (S해ngs비n Corp., 
Korea) was activated by cal뼈ation at 900 't io 3 h to convert 

dolornite from 않I뼈are form CaMg(CO,), ioto oxide form 

CaO 없d M:밍) [5]. The characteristics of HZSM-5 aod 

activated dolomite catalyst were r앵orted in our FπeV10U8 

studied [3， 1애， 

2.2. Expe끼mental setup and anal뼈cal method 

A bubbling f1ui벼zed bed reactor was used for tbe fast 

pyrolysis of spent ∞ffee (Figm'e 1). More d뼈iled expl뼈ation 

for tbe bubbling fluidized bed reactor can be seeo io our 

pre꺼ous paper [14,15] 

The upgradiog of spent coffee biO-<lil (SCO) was carri려 out 

in an autoclave reactor, as shown in Figure 2. The system 

consisted of a sa1t bath, a tempcπature controller, a mecha피때l 

stin'er aod a reactor witb ao ioner volume of 100 ml. A molten 

salt bath, which has excelleot heat 뼈nsfer properties, was 

pr빼'ed utiliziog a eut뼈c s혀t of KNO, (59 wt.%) and 

C빼<0，)， (41 wt.%) [2쩌. The teroperature of tbe salt batb was 

뼈t cons빼t during a n따 but 쩌no야 @뼈atures (250, 300, 
35H 1 't). The ini뼈1 pres뻐re of tbe system was set 1껴p from 

3 to 9 bar using hydrogeo. In all experimeots, a 10 g bio-oil 

앓mple (:없d 1 g of catalyst, for catalytic 1ψg뼈iog exper뼈ent) 

was placed into the reactor, and then autoclave was immersed 

io tbe molten salt batb. The resideuce time of reac뻐nt in the 

없It batb was 30 mio frπ each reaction teroperature. Afler 않ch 

ron, tbe reactor was removed from tbe batb aod cooled dowo 

to rooro teπlperature. 

The preducts of upgr뼈iog by hydrog，∞Ixygaenation were 

collected aod tbe product yields were c떠culated based on tbe 

mtio between tbe m영S of each 야odoct 야odoced afler pyrolysis 

reaction aod tbe mass of fed biomass sample products. The gas 

yield was 0뼈io벼 by wei빼ng tbe reactor before 뻐d afler tbe 

g않 release. other prod야ts were sφamted ioto 11뼈d aod solid 

after solvent ex따ction with acetone, 뼈ng a micro filter paper 

(pore size: 0.45 1=). The s이id yield was calcuiated by 

wei야iog tbe solid and filter afler dr꺼ng. The liquid yield was 

giveo by differeoce of solid product from tbe total amouot of 

li댄rid 히3d solid product. 

The elemeotal compositions of tbe upgmded bio-<li!s were 

C뼈racterizc쩌 by Flash EA1ll2, CE Instromeot [3]. The pH and 
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Figure 1. Schematic diagram of a bubbling fluidized bed reactor for fast pyrolysis. 

3 

1. Autoclave reactor 4. M야hanical st따er 

2. Salt ba야1 5. Thermocouple 
3. Heater 6. prD Temperature controller 

Fig ure 2. Schematic diagram of an autoclave reactor. 

moisture content were analyzed by a Thermo Scientific Orion 

3-Star pH meter and Karl-Fischer (CA-200, Mitsubishi), 
respectively. The upgraded bio-oils (0.2 g) were diluted in 

methanol before analysis by Gas ChromatographIMass 

Spectrometry (GC - MS Agilent 7890A). 깐le gas compositions 

were analyzed by the gas chromatography (YL 6500GC) 

equipped with a flame ionization detector (FID) using Porapak 

N column to determine hydrocarbon gases (C1 - C4) and a 

thermal conductivity detector (TCD) using Molecular sieve 13X 

column to identify hydrogen (H2), carbon monoxide (CO), 

carbon dioxide (C02) and methane (CH4) 

3. Results and discussion 

3.1. Material characterization 

ηle characteristics of spent coffee and SCO are reported in 

Table 1. The moisture and the ash contents of spent coffee were 

8.56 and 0.64 wt%. The 따IV of SCW and CWO was 

determined using a bomb calories meter (DSC715, SUNDY 

Science & Technology). As shown in Table 1, the HHV of 

SCO was determined to be 35.73 MJ/kg, which is higher than 

those of waste biomass and woody biomass such as spent 

coffee (2l.52 MJ/kg) and woody biomass Pinyon pine (18.94 

MJ/kg) [4], tulip tree (18.87 MJ/kg) [3]. 

3.2. Thermogravimetric analysis of biomass samples 

ηle TGA resuIts can be considered as a function of the 

conversion as depending on temperature. Conversion from the 

thermogravimetric analysis is calculated based on the initial 

weight of the biomass sample, the weight of the pyrolyzed 

sample, and the final residual weight, as reported in our 

previous studies [3,14]. The TGA and DTG behavior of spent 

coffee is shown in Figure 3(a). The main thermal conversion 

occurred at a temperature between 170 없d 520 "C, 
corresponded to the degradation of organic compounds in spent 

coffee. The small signal in DTG curves at temperatures 

between 70 때d 130 "C was attributed to the evapor따ion of 
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Table 1. Characteristics of spent coffee and spent coffee bio-oil 

Proximate 뻐허YS1S 、lolatile Fixed 
Elemeo때l 뼈왜.ysis[이 (wt%) HHV 

Moisture[a] Ash~l α<IJ/kg) pH 
(wt"Io) matterl'l C밍bon[C] 

C H N O[e] d.a.f.b 

Spent coffee 8.56 0.64 83.62 7.18 50.80 7.58 2.13 38.85 21.52 
士 0.03 土 0.28

Speot coffee bio-oil 3.9。 94.05 2.05 70.32 10.41 1.12 18.14 35.73 3.92 
::1: O.3~ 

[에 ASTME1756, Stan뼈띠 test method for the determioatioo ofthe total solids ofbiomass. 
[b] ASTM E1755, Standard testmethod fordetermioatioo of잃h αm영ot ofbioI뼈S“s. 

[이 C잉culatiog based 00 sample after dr꺼ng 
[이 00 dry, ash free basis (f，π biomassma영뼈1) 

[e] By differeoce. 
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lIgure 3. Thermograv뼈lric (IG) aoddi1li뼈뼈1thenno뺑떠metric 

(DTG) cuπes for the speot coffee (a) aod speot coffee 
bio-oil (b) at heatiog rate of 10 t ntio.l 

mQ1야ure 뼈sorbed on the surface of bioroass. ln a temperature 

range of 170 뼈d 520 t , the DTG profile could be separated 

ioto four peaks. The first p않k starting from 170 to 240 t 
corresponded to the volatilizatioo of the remaioing extractives 

io 앵eot coffee after treatmeot. The next stage iocluded three 

peaks with the m앵imum value for 않ch 야ak of 331.50 t , 
375.97 t , aod 425.18 t , which is attnb1뼈dtothed행뼈ation 

of hemicellu1ose, cellulose, 파빼n 뻐d proteios, respectively. 

1bis res띠t is io good 행~em∞.t with other literatures [써. 

3.3. Elfect of reaction conditions on product distribution 

The hydrodeoxyg∞ation (HDO) of SCO was performed io 

the autoclave reactor at the tempe:생.ture betweeo 250 t and 

350 t. Table 2 shows the product distributioos obtaioed from 

the HDO of SCO at differeot temperatures without catalyst 

Total liquid yield decreased from 97.06 to 70.10 wt"1o with 

iocreasing the teruperature from 250 to 350 t. The char yield 

iocreased from 0.81 to 17.03 wt"1o, whereas the ga. yield 

mcrea앓d from 2.51 to 12.87 wt%. The iocre잃e io yield of 

뿜ses is ∞1T빼md빼 to the cteerease io the yi리d of 11맨id with 

mcr앓sing reaction te때erature. That of result is s피피양 m 
hydropyrolysis under atmospheric pressure io the literature. 

Thi. i. a.ttributed to secoodary thermal crackiog of the vapors, 
followed by a series of decarboxylation, d∞xygenation， 

dehydr빵mati.on， 뻐d decaIbonylation, 해kylation， the pyrolyzed 

V이a머es are cleaved into 뾰aller or뿜피c ma뼈. [15], and 

release Co" CO, and hydrocarbon gase. [11 ,16]. 

The effect of initial pressure on the HDO of SCO was 띠.0 

investigate성. ln the~ e재erimeots， reaction temperature and 

r않ction time were k,‘:pt constant at 250 t and 60 ntio 

respectively. Effec.t of pressure on HDO is related to the 

suppression of vola:머es by the phys“cal effect of iocreasiog gas 

pressure. Güell et al. r빼orted that the li앤id yield was 

decr앓sed with the fO!TDation of c뼈r (>∞ke) and water cootent 

wheo hydrogeo pressure iocr않S혀 [12]. The 며ffereoce io char 

yields io 3 bar and 9 har 잉cperimeot. i. a.ttributed to the 

.uppressioo of hydrogen pressure, which led carbon 뻐d 

hydrogen reaction to the production of moisture. The moisture 

content was increased with increasing }:π~해re and teπlperature 

φ，e to hydrogeoatioo 

Table 2 also show the characteristic of HDO speot coffee 

bio-oils. The C content was increased with increasing 

temperatures and pressure. The C content was in range of 

70.48-73.91 wt"1o. The mol ratio of C VS. H was iocreased with 

iocreasiog pressure and teruperature, whereas that of C v •. 0 
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Table 2. The effect of di:fferent reaction conditions on product distribution of SCO in an autoclave reactor, at πaction time of 60 min 

Reactioo conditions 
250 'c - 3 bar 

Dolomi1e I17SM검 

Gas 

Product yi리d [wt"Io] C뼈r+ Coke 

Ib벼Uquld 

O멍뼈jc c‘m생nt in totalliquid 
[w엉10] 

Moi앙따e content in totalliquid 
[wt"Io] 

Elemental artalysis of 
bio-oil 
[wt"Io] 

C 

H 

N 

o
-때
 
m Molratio 

따N ofbio-oil [MJ/kg] 

pH ofbio-oi! 

250 'c 
3bar 

2.51 

0.81 

96.68 

95.22 
::1: 0.68 

4.78 
::1: 0.68 

聊
뼈
 패 뼈
-
때
 
m
-짧 뼈 ::1: 0.02 

300 'c 
3 bar 

7.57 

5.99 

86.44 

93.78 
:1: 0.32 

6.22 
::1: 0.32 

M 

M 

낌
 없
-
%
 
않
-
없
 

않
 

:1: 0.04 

350 'c 
3bar 

12.87 

17.03 

70.10 

90.68 
>022 

9.32 
.022 

% 

뼈
 때
 녔-
m
 
없
-
m
 
왜
씨
 

250 'c 
6bar 

2.40 

1.85 

95.75 

94.91 
>0.24 

5.09 
.0.24 

때
 뼈 비
 M
-뼈 않-
m
 
쇄
 

:1: 0.05 

250 'c 
9bar 

2.37 

3.59 

94.04 

92.98 
::1: 0.12 

7.02 
::1: 0.12 

m 

쩌
 
m 

없-
m
 %-
級
뼈
 

iα.07 

% 

때
 없
-
없
 

없
 때
 없
-
없
 

:1: 0.11 :1: 0.12 

6.40 7.14 
::1: 0.11 ::1: 0.12 

깨
 
% 

찌
 
%-% 

뼈
-
M
 

m 

없
 
% 

m 

얘-
m
 
%
-
鋼
째
 

:1: 0.03 :1: 0.03 

Gas selectivity [mol%] 

m 

따
 m빼
 때
 π
@
 
π뺑
 짧 

1.92 

97.38 

0.13 

0.12 

0.02 

0.14 

0.29 

1.37 

97.61 

0.10 

0.15 

0.17 

0.26 

0.34 

was increased. These resu1ts can be exp1ained that 

deoxygenation was increased by hydrogen pressme and 

reaction temperatore, thus led to higher moi앙ure conteut from 

4.78 wt% to 9.32 wt"1o. Tbe N conteut increased from 1.51 

to 2.31 wt"1o, with increaaing temperatores. This result was 

due to the decompositioo of N-containing org뼈ic compounds 

in bio-oi1. Tbe 비gher heating value 쩌HV) of bio-oi!s was 

measured by the bomb calories meter. Tbe H1N of pyro1ysis 

bio-이Is was in the rauge 34.84-35.96 MJ/kg. Tbe 田N

increased with increasing reaction temperatures and pressure. 

Tbe π얘야ed bio-oils have high 따N compared with that of 

woody pyrolysis bio-oil as well 잃 non-1iguocellulose 

pyr이ysis bio-oil, such as tulip tree (24.37 MJ/kg) [3], 
Sjaponica (26.1 - 28.27 MJ/kg) [1 5], palm kernel cake (13.9 

MJ뺑) [17] 

Tbe effect of catalysts 00 the HDO of SCO was investi뿔ted. 

Tbe catalytic pyrolysis of SCO was performed in ao autoclave 

reactor at a pressure of 3 bar, using dolomite aod HZSM-5 

catalysts (10 wt"1o weight loading). Tbe reaction temperatore 

was fixed cons뻐nt at 250 'C. Tbe proφlCt distributiODS are 

showo in Table 2. ln comparison with hydrogenation of spent 

m 

m써
 
…… …… 
m 
m 
m 

1.99 

97.44 

0.11 

0.14 

0.03 

0.11 

0.18 

2.89 

96.38 

0.15 

0.14 

0.05 

0.13 

0.26 

n 

때
 m씨
 꺼
 외
 % 

M 

끼
‘
 
v
ι
 nU 

nU 

nu 

nU 

nU 

6.19 

92.59 

0.25 

0.26 

0.19 

0.31 

0.22 

coffee bio-<Jil without catalyst, the liquid yield decreasecl, 

whereas the g잃 yield incr않sed for all catalytic 뼈erunents 

매is might be φ'" to the catalytic cra‘뼈ng reaction to produce 

lower mol없뼈 wei야t COI때ounds and non-condensable g없， 

followed by a series of d∞，xygenation reactions [14]. Tbe 

produ야 disttibution depends on the "없ction pathway of 

ca뻐lyst. When 때o was a빼려 catalysts, the cbar yi잉dw잃 

higher 뼈 those of without 빼lyst proc않S. This mi야t be 

due to the polymerization 때d 없'Omatization of or명피cs 

COII껴ponent to pro‘hæe 하omatic compounds and cok.e, thus 

incre뼈ng the c뼈r yield [14] 

Tbe C cont∞t of ca없lytic bic• oil in HDO of SCO was 

higher thao 뼈t of SCO without c뼈yst. Tbe 0 conteut of 

catalytic HDO of SCO was lower thao that of SCO without 

catalyst due to the r며ection of 0 content as CO 뿔s aod 

moistore uoder the catalytic effect. Tbe high C cooteut and low 

o cooteot accounts fiπ the high 따N of catalytic HDO 비o-oi! 

Tbe 따N ofca뻐1얘c pyrolysis bio-빼 W잃 d짧뼈ned to be 

37.54 MJ/kg (for dolomite), 38.09 MJlkg (f，π HZSM-5) which 

was higher thao those of ioiti떠 SCO 
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Table 3. Composition ofbio-oil produced by HDO of SCO at 250 "C , 3 bar with dolomite and HZSM-5 catalysts 

Composition 
Bio-oil at 460 "C 

250 "C 3 bar 
250 "c 250 "c 3 bar 

Structure 
2.0 X Umf 3 bar Dolomite HZSM-5 

Heptane 1.88 0.81 、、/"-.、~、f

Toluene 0.63 1.17 저파 

5-methyl-2-Heptan없nine 0.30 A약NHz 

Phenol 3.27 2.01 HO-응 

ButylBenz앙le 0.70 0.66 날뇨혔 
l-Undecene 1.24 0.56 0.39 

Pentyl Benzene 0.44 1.16 1.91 1.24 §강힐 

1-Piperideine 7.46 〔꺼N 
lH-Indene 1.80 0) 

l-Dodecene 0.39 0.82 0.94 0.67 

1-Tetradecene 0.66 0.90 1.28 0.93 

Tetradecane 0.54 0.96 0.94 0.95 

Levoglucosan 3.94 20.21 HO'‘、! 、OO/、H i ”OH 

1-Pentadecene 2.25 0.82 

Pentadecane 3.34 6.24 5.58 

Hexadecane 0.30 0.85 

1-Tridecene 3.59 0.56 ~ 
Tridecane 0.60 0.68 

8-Hep띠decene 1.63 1.49 3.69 3.11 

Heptadecane 1.16 1.65 2.03 1.70 

Nonadecane 1.77 1.99 4.92 、、

2-Tridecanone 1.17 약~““/'" 

5-methyl-2-
1.29 J많 phenylindolizine 
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Table 3. To be Conl마lue 

250 "c 
Composition 

Methylp;혀mitate 

Bio-oil at 460 "c 
2.0 X Umf 

250 "c 3 bar 
3 bar Dolomite 

250 'c 3 bar 
HZSM-5 

Stru따ure 

0.72 

Palmitinic acid 38.52 24.61 

Hexadecanamide 

Linoleic acid 20.73 

Octade대ne 4.68 

Stearic acid 7.74 1.35 

7,9-Dimethoxy-8-isopro 
pyl-4-methyl-1H-
phenalen-l-one 

9-Eicosene 

Dodecanoic acid 

Hexadecanedioic acid 5.46 

Allyl stearate 

3 .4. Compositions of gas product 

Gas products from HDO 때d catalytic HDO of SCO 뼈 

shown in Table 2. The compositions of gas are most1y 

contained CO, CO2, C~ and other hydrocarbon gases with 

difIerent concentration, depending on the reaction con이.tions. 

Among t1tese produ야d gases, CO2 is a m해or component that 

is produced from t1te decarboxylation reactions of carboxyl 

groups presented in t1te compositions of the spent co:많e 

pyrolysis bio-oil [18]. πle CO ∞빼onent produced from HDO 

wit1t HZSM-5 was higher tltan t1tat of ot1t，없. Besides 

promotion the t1t하mal cracking of longer chain hydrocarbons 

to release m야e hydrocarbon gases, t1te HZSM-5 is known as 

an acid catalyst, due to Brønsted acid sites in zeolites structure, 
which dominates t1te decarbonylation to produce more CO 

[19,20]. There was no effect of dolomite catalyst on gas 

compositions at low temperature. 

3.5. Bio-oil analysis 

Table 3 shows t1te GS-C-MS analysis data of t1te bio-oi1s 

0.57 

5.56 22.8 

1.64 

13.68 10.03 

7.32 

4.94 6.03 

9.17 

1.08 

7.72 

0 ,-

。

H。k~~〉〉》、〈

H，N~ 

εT〕L。H

H。

H。

0 

:鍵
HO~、

。

H。
OH 

ç-vO. 

obtained from experiments at different conditions. 깐le bio-oil 

compositions included fat인 acids such as palmitic acid, linolic 

acid, and stearic acid and 허kanes. These fatψ acids may be 

derived from t1te decomposition of lipid, which is one of t1te 

main ingredients of cofIee bean. As a result of analysis from 

HDO of SCO, palmitic acid, linol，려c acid, and stearic acid and 

혀없nes (te뼈de않ne， pen없decane， heptadecane) and alkenes 

(8-heptadecene, tetradecene) are also m퍼n compositions of 

bio-oil, however, those of components showed difIerent 

selecti찌ty. The selecti찌ty of fatty acids was observed to 

decrease. Conversely, the selectivity to 외kanes and alk잉les 

increased. πlis result indicated t1tat these alkanes and alk없les 

were formed from the fatty acids via decarboxylation 때d 

decarbonylation. Decarboxylation of fatty aci없 produces 

허kanes and decarbonylation of fat인 acid produces alkenes 

[21]. The effect of HZSM-5 catalyst was revealed 띠 t1te 

formation of 혀않les， 허kanes and aromatic compounds such as 

indene. HZSM-5 promoted the production of the aromatic 

compounds [22]. Besides t1te alkanes and alkenes, some 
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Rgure 4. C따bon number distribution of spent coffee bio-oil and 
HDO of spent cof훈e bio-oil at difI하없t reaction 
conditions. 

derivatives of a:mine were a1so found in dol01퍼te bio-oil. 

Inde뼈. the dolomite biO-<lil con뼈.ined alkanes, alkenes. phen이 

뻐d d한ivatives of benzene. Unlike HZSM-5, the dolomite 

cont싫ns m하a1 oxides (CaO, MgO) which promot빼 the 

deca:rboxylation 뻐d depolymerization reactions of vapor to 

produce the low-molecu1ar compounds instead of arotnatic 

∞mpounds [22]. 

The simu1ated dis피lation of SCO 뼈dca없lytic SCO has 

been 미ed for the bio-oil using TGA. which was b앓edonthe 

b뼈ng po피t of c없bo뼈￡∞us liquid [23]. Figure 4. shows that 

thec휠bon numbeI distnbution of bio-oil. It was ident퍼.ed 뼈ee 

groups such as Cs - Cn, C12 - C18 and sma1l a:mount of C20 -

C38 corresponding to gasoline, kerosen융diesel， and heavy oi1 

fractions, respectively. The distribution of these fractions in the 

spent coffee bio-oil (at 460 "C) was 30.41 wt% (Cs - ClI), 

46.73 ~Io (C12 - C18) and 22.44 wt% (~o - C38), respectively. 

However, the ca:rbon number 이stribution showed significant 

chan양8 with HDO reaction conditions 뻐d with different 

ca'뻐ly8ts. The fractions of Cs - Cn, CI2 - C18, eu, - ~8 in 

dolomite biO-<lil were 49.73, 30.85, and 19.30 ~Io， 

respectively. The HZSM-5 bio-<lil COl생isted of 32.17 ~Io of 

Cs - C l1, 51.15 ~Io of C12 - C18, and 16.64 ~Io of eu, - C38. 

These distributions are re없01퍼ble， considering the GC-MS 

data. These confirm the feasi비lity of upgrading SCO to high 

댄뼈lity bio-oil using natural ca때ysts， and the 1껴pgraded bio-oil 

can be used as a great source for manuJ떠cturing 려ternative 

bio-fuel anψor valuable ch없ni때18. 

4. Conclusions 

The hydrodeoxygenation process of spent coffee biO-<lil was 

systeInatic허ly investiga않din 뻐 autoclave reactor. The 1:표IVs 

of 1표)() bio-oi1s WI없 in the 껴nge of 34.82-35.96 MJ/kg 

without catalyst. The tnajor components of the bio-oil were 

맹뼈itic acid, linoleic acid, and ste없ic 없id， 허뼈nes and 

떠k∞es. The liquid yield d없eased， but the 댄빼.ty of bio-oil 

incr앵sed when using dolomite and HZSM-5 ca:뻐lysts applied 

in ca'뻐lytic HDO of SCO. The selectivity of fatty acids was 

obseπed to deσease， whereas the selectivity to 해kanes 뼈d 

alkenes increased. The HIIV of 1:표)() bio-oils were increased 

to 37.54 MJ/kg and 38.09 MJIkg with dolomite and HZSM-5 

ca때ysts， respectively. The reaction pathways of HZSM-5 

promoted the decarbonylation, and repolym앙ization， wh하eas 

dol01피.te elevated the d챙olym하ization re없tions. The weight 

fraction of bio-oil’s ca:rbon number was m밍퍼ydi뾰ibuted in 

the 뼈nge of gasoline, kerosene and diesel fraction. 
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