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Zolth A WA GA R, YAt AE 2} @ Yo $-3-5 FFAQ] o A8 23} ¥H-3-0f| 4] Amberlyst-152] Z{ALE- 3147} FFA 2]
o AH 23} ghg-ofl v = FEFE 1FSITh F HAAR, E20to|E B E S E H-83 Ho|o AH 23} vh-E-9] scale-up 7}
= SR} ST A AHE 23} K|St 120 kg 018510 30 L (27 k)2l AERT} QA5 A3l o™ Ao 2R E
9] 9 582 9F25.0 wi%o|th. RFEZ 1} © Y 9] A7}k FFA 3RS 747t 11.3 mgKOH g @ 5.65%2 A= 9ich v|&
FEf 2] Amberlyst-15 S} E AFE-5t0] FEZ T} © Y0 o AH 25} 8H3-S STt A}, A5 Amberlyst-15 S| E A3 7
9 5hS A E9] A7H= 0.26 mgKOH g' 744 W& <= 9191tk Amberlyst-15 Z11 2] A& AESE Amberlyst-15 Z0fj 7}
H| 25 = o] o AH 23} ¥hE 5ol AstES & 4= AUk B3] ARl 7t RAM T FAlo] E&E0] I 47
29l A0 2 WEth ALE 23 Q@ 9] o A 23} §HZo]| Amberlyst-15 ZH|E 53]7HA] ¥HESIo] AES 4= A= &
5 ok & §A dA Aolo AH 23} §hEol = EE0Io|E Sl E v E JEE = AR5t AHE-SIITh EE 00| E H]
T Z1j71 90 g 2 spinning catalyst basket ¥H-8-7]0 4 M4 2] | AHEZ 1} © A 9] Ho]o AH 23} vh-g-S Fofj A & Al
2t 5 2 h o Bho] 2 T 89.1 wi%ol =25t om, o] = 5 L3t 270 A soybean oil 2] Ho|AE| 23} §hg AF Aot

79] g AFsE
ZHO Y ZA A EZ T 0 A, | AH 23} Amberlyst-15, A 0] AH| 23}, Dolomite bead <1

Abstract : This study focused on a two-step process using heterogeneous catalysts to produce biodiesel using Nepalese jatropha
oil as a raw material. As a first step, the effect of the repetitive regeneration number of Amberlyst-15 on the esterification reaction
of FFA in jatropha oil was investigated. Second, the possibility of a transesterification reaction scale-up using a dolomite bead
catalyst was tested. Using 120 kg of jatropha seeds from Nepal, 30 L (27 kg) of jatropha oil was obtained, and the jatropha oil
yield from the seeds was about 25.0 wt%. The acid value and FFA content of jatropha oil were measured to be 11.3 mgKOH g
and 5.65%, respectively. As a result of the esterification reaction of jatropha oil using the Amberlyst-15 catalyst in the form of
beads, the acid value of the reaction product could be lowered to 0.26 mgKOH g when the fresh Amberlyst-15 catalyst was used.
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As the regeneration of the Amberlyst-15 catalyst is repeated, the catalyst has been deactivated, and the esterification reaction

performance has deteriorated. The cause of the deactivation seems to be due to the catalyst being broken and impurities being

deposited. It was confirmed that the Amberlyst-15 catalyst could be reused up to 5 times for the esterification reaction of jatropha

oil. In the second step, the transesterification reaction, a dolomite catalyst, was mass-produced and used in the form of beads. By
transesterifying the pretreated jatropha oil in a spinning catalyst basket reactor equipped with 90 g of dolomite bead catalyst,
89.1 wt% of biodiesel yield was obtained in 2 hours after the start of the reaction, which was similar to the transesterification of

soybean oil under the same conditions.

Keywords : Nepalese jatropha oil, Esterification, Amberlyst-15, Transesterification, Dolomite bead catalyst
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AAARCE At AT} Q15 F7hol| whet o R 4xnH|o]
AsHoR Z7hsko] Grteh eAtAY wjEo] 5ot
Att. olof wat 71&9] 0 dgo] Hlole HAS IdAFF &
goto] 2% ol ARgohs AAY ARQ)F S (renewable
fuel standard) AEE A AAZOR EYak ek, vol@ o]
A2 =4 A AEA 7180l A= A (triglyceride)E ©]
&oto] AxEoh 1M Hiol@ fA2 A8 ZHE0] Y8E AL
L5 F-A-f-(canola oil), T-F-(palm oil), 3l|8+eL7]-F-(sunflower
oil) & F= AREdh= A0 R 2 LA QUTi1,2]. 24|t Hlo]
Q fAL HAE AES daE AMESIH, I EA O jatropha
oil, kapok oil, rubber tree oil, jojoba oil 5°] AFEF Il Itk
[3.4]. L oAM= Gt oA Aufjstr] &olgt Ao=
A% AEE T} atropha) 27 FE3 2 Y- ARE-SHo] Hlo]
L YAE Hgets A7t T EsHA 2P QITH5-7].

Hlo] @ YA fatty acid methyl ester (FAME)Q.2 o]Z0] Q]
o Hio] @ Q9of Q= 129] EfZ Ao Etriglyceride)2}
359 Wgh29] Zo]of| AH| = SKtransesterification) ¥F-3-0 2 S
AEThs]. YEEH o & 60 C ~ 100 C Ato]2] ¥H- 210} tf7]
PollA SHirtgo 2 XPHrt o] ¥ thF-E NaOH %
KOH 59| #4A ZUE o]&5to] Xsh= Ao r 2 L&A
UEHI]. SHAITE LA Fufl= A2 H Hio]Q Ay} E2sh=
Ipgo] Fasieh 3, Fuff &2 Fof #H A Hl-go] Ay
= Zuj o] ZAREo] ofFth= ©o] Atk ol gt wAIE i
27| g8l EAA FuE AREote] FA Y B8 FAaAlT
3L, Zu o] AHARE-S] A sk7] Sl AFF HFE AL Q10
F|Zof| AFEHIL Q= EdYA ¥7] SHiEE CaO, MgO,
Ba(OH), 5°] Ukl Hi =31 QIth3,7,11-14]. 53], & A4
< 7140l wlj- At A7) ZHlQl dolomiteE bead FEIE A4
sto] Moo AE| 23} vk-gof A&7t ATHE HHTE HF JATHTI.

SHH, 24t o] YA 9] Y7 oll= triglyceride ©]2]of -
A|ik(free fatty acid, FFA)Q] o] &of 7] WS ol&
A 471 S G AAte] RESSto] de /st &
o] B AAAIXIT o3 HHES Hesty] s 1 &
AloIA FFAS] 92 &o]7] s 1A 4 FUiE ©]-&-5}od
ol AE| =3} Wh-S(esterification)& XYL, 2A A 1A
7] & ol-gsto] HoloAH =S} FHE A= F 94 &
go] FEZ WAL QIHH13].

2 AF= v AEES 0 US YRR ARESHo] Hol2

e

(Solid basic Catalyst)

Methanol Dolomite bead
Jatropha oil l Esterification Transesterification Biodicsel
i
(5~6% FFA) FFA removal Triglyceride — FAME
(under 2% FFA)

(Solid acid Catalyst)
Amberlyst-15

Scheme 1. 2-step process for biodiesel synthesis from jatropha oil

HAS Axshs EdY SIS AR 2-step T 23S
FEAtKScheme 1). A WA GAR, WA AERED} QU]
F3-%l FFAQ] o AB| =3} BhZof 114 AF ZiQl Amberlyst-15
A&tk 531, Amberlyst-159] ZAHE 3157} FFAS]
oAEI 23} BEGo mA= dFS 1FSIAT T WA,
dolomite bead 1| E -85t Ao AH| 235} H3-9] scale-up
S AJZ3}th. Catalyst basketo]] 90 g9] dolomite bead ZTfj
S AR 3 L &9 WS04 Holo|AH 23} ®EE-9
scale-up 7+5/3E ERlstaA} sheict.
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H[A1g Hlo]Q Ao g AMESH| fIsto] vl 7HERE
7] TEUARTE AEZT} Aok Adch AEZT} Aot
o] AAZ AASHL 45715 ol8st] AERZT 2dS Ax
SHITE. 2 49] FFAQ 3Fgs A5t flsf A7h 24 A
st om, ASTM D 67519] 2 283t 24 2.5 o
EFAT} AeeS 1:1 FuH|R 233 AT} ofjghZo]
XS 59 8HS F7ISHYTE o] &0l ot
KOHE &3)A171 €9(0.01 N)& HA3] 2715} t}. Equation
(Ol &fsf A7HE AlLFsEAAL, FFA b2 4719 122 2%

2 % 9k

2F7HmgKOH/g) =

22. 0 &S0 H= L EY 24

2B 23} ¥hgo] ARG TAAF EuhE 2] 0.5 mmel
39 Amberylst-15 Z1fj(hydrogen form, supelco)E T%5}o]
Argstict AolojAg|238; Whgo| ArREly] Ystel 1
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Dolomite bead
catalyst

Calcination Bead forming

Figure 1. Dolomite bead forming procedure.

9] EEulo]E(dolomite) S| E th3 T2 WHOE A
st Th E2Ulo]E 7h(CaMg(COs),, sungshin)E +Qo}od]
900 CoflA] 2 h B9t AASIATE. 55.6 g9 pseudoboehmite £
Z(Capatal B, Sasol)& 113.6 g9 &559} £35}13l 300 rpm
ol A 30 min E9F Wk 5}tk 12.4 g0] WAK60%, Aldrich)TH
284 g9 54 8AS HUlolal WHIslo] pseudoboehmite &
= AZ stth 24H S2HIE 7FR 1 keoll f71HRRIE QL
HEAEZ Q A(methyl cellulose, Aldrich) 50 gt F-7|H}QIT
9l pseudoboehmite & 200 g& H7}ste] g5 Th o709
FTHRTE A7I5to] WSS -, bead P71 ©l-&5H0] beadE
@5k th(Figure 1). 100 CoflA] 2 h &% ARIHS A
2ol 550 CoflA 3 h &<t &/dste] 21740] 2 mmel =1}
O|E bead Zm °F 1 kg& A5t th(Figure 1).

2.3. £ E4 24

Zofo] vlEAHT} 713 217 BAS Slef 200 0o ABOIA
Sl #H| EES A|ARE Foll -196 Tojl4 BELSORP TI
(BEL Japan)E ©]&35to] HAAFAHE24S Al o] v
HFHA 713 37] EXE+= 227 Bruauer Emmett Teller (BET)
method?} Barret Joyner Halenda (BJH) ¥ o]&3dlo] =74
Skt

Zie] 7] &= (basity)E 245H7] s BELCAT-B (BEL
Japan)E ©]-§5t0] COr5-2E2H9(CO-TPD)EA S 2135t
At 0.5 g& Foto] AL ETfof A=t £, 500 T &
£ ROl Svje] BWS AFT el 25 Cr4 Wrkah
3% COu/N: B8 7128 ool F2A7 Fol We 2917l
10 C min'9) £E2 800 T717] 525KAH SASE ol
SlEtAE thermal conductivity detectors ©]-8-5l0] HZ&3}Tt

Zujo] AX FF 9 AA A7]E= Xray diffractometer
(XRD)E o]&3}o] 91519t XRDE Rigaku MiniFlex 6002
ARE5HREE 10 °/min®] A0 £ 2 AYsFA O W Cu target
tubeS ARE-SHRIT

2.4. O|AHZ3}EIE

Jatropha 0il9] acid valueE ZFaA]7]7] 95t o AH 25} vt

22 1 L 859 ZA 9 jatropha oil 200 g, Amberlyst-15
(Amberlyst-15 hydrogen form, Supelco) 30 g& 21 25 &
HA 65 Co] 2ol HER2(99.5%, SAMCHUN)S 60 ¢ &
7}t 3 h 59t 150 RPMO] S| AL EE wHISIIT) o A=
o} W32 mhzl B/AdE0] FFA e 218004 29T W
= B9lA S5

o|AE 23} H-go] FRE F, 100 pm AEFFCE ol-&sto
Amberlyst-15 = A1 AA2H Y2 £H Z)7|o]
go] 30 min o]} FAIste] Uy} £ EAZH. 2Tt
AAY 49| AFE S5ttt A=l Amberlyst-155 A
&517] Aof| ®kg EetATo] YL HghEZ 200 mL B A&
% 20 min FF WRIAIA AAS 5Hlch A2 E Amberlyst-15
o] #H| =ol%= HEES STAIZI7] sl A2olA 1 h
St ARAIZIAL, 100 Co] QB0 Yol 712 ARAFAT
AP Amberlyst-15 ZUllE ARE-sto] QoA ArgRt o AE| =
3} ¥ ST A7l A9 WS - A - AR
Y& wHEsto] stk

2.5. HO|}|AE|235} HI2

FFAS] el 74H 098 AR AHsio] wlol et
= Ax5H7] 3t Moo AH =D} ¥HE-2 X5t o] W3
2 Figure 29} 70] catalyst basketo] &M=l spinning-catalyst
basket reactor (3 L H-I])oflA] 3|E2] 07 435} c}. of AH|
25} whge A% AE2T 99 1800 g SZUOIE HE
o} 90 g= ¥l 65 Cof =t HEE 540 g2 H7lstal
150 RPM®] IHHEEE B3-S Agateict. whgo] Azhel T
ol 1 hobeh BEE oD, REEZEE ol8elo] Gas
chromatography (YL6500 GC, Young In Chromass) #4& #
W5tk AFE S 0.1 gol AHEH U3 EEZE Neheplane
(99%, J.T.Baker) 1 mLOJ| Methyl heptadecanoate (CHs(CH,);s
COOCH;, 99%, Sigma-AldrichyE 4 mgS 2315t 89S AL
stglon ofelo] 4o FAMES] ghefo] AHEIgILh

Figure 2. Reactor set-up for transesterification. (a) pump, (b)
condenser, (c) rotor, (d) thermocouple, (e) heating
mantle, (f) round-bottom flask, (g) catalyst basket, (h)
rotor controller.
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Figure 3. Nitrogen adsorption-desorption profile and pore size
distribution (inner graph) of dolomite bead catalyst.
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31. QYU HZ A2 BN

vlZ4k ZALE =3} K9t 120 kg ©]-&sko] 30 L (27 kg)9] A
EZn 9dE& d9or XotozHES oY £E&2 oF
25.0 wt%o|t}. XEZT QU9 HEE= 0.117 poise, Ur=
0.9 g mL'o]H, 2Y9] A7} 11.3 mgKOH ¢'& ZA =9t}
FFA 2 A71HE 28 e 3ol 5.65%% S = AT

32. =i E4 &M Zut

Savjole ¥ Sujo] Aa 5LFARAL Figwe 30] 1
et E2rlolE WE Zujo] 4 SLEARAL IUPAC
ZH5LA type Vo FBIATH15]. F2 L4 (P/Py)°]

< o4& TUPAC &2H5-2A4 type 112} FAFSHH], o]
= osloEd TAYL QuiRith 3 FRProl L
oA F2E2AL type V FollA de Boer &7 type H3
hysteresis loopE E R}t o]= W2 7]-F(mesopore)d A 7|5
(macropore) = TAFE YAF9] -3 A] Abo]of|A] condensation
o] gojyy7| wj&o|t}. Figure 39 7|37 EE JH=E B
100 nm o]sto] H| 27|53 At7]Fo] WEE U AT
4= 9it}. 3HH, BET HfH o2 A4l Zuff | EHHL 57 m’ g
0|1, BJH ¥'H-& B4 A4kt Bt 7152 7]= 58 nmE U
Epytth E3E 71F 2o 043 om’ glo|th AATE Ao
25E F=20l|E H|E o= v]A|7]S(micropore)o] A
EASHA FoHA, HzrEH Adr]Fo] TS &
Astsict.

Figure 41 E20}olE W= Zojo] XRD WS vheb 2
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Figure 4. XRD pattern of dolomite bead catalyst.

Dolomite bead catalyst

TCD(uV)
/

Dolomte powder

100 200 300 400 500
Temperature(C)

Figure 5. CO,-TPD patterns of pattern of dolomite bead catalyst
and dolomite powder.

ot} 207} 32, 37 € 53°0 4= CaO2] E4 W& RIS
M 42 @ 62°014 MgO HAE SRISHITHT7]. CaCO52] ==
T ERI=E=d], ol CaO7} ol4lsterAet ¥hg-sto] CaCOs7f
AE AoE IEA Utk Ca(OH)S &4 3ak gRlE=
o, ol &9 43 Sol AFdE SF57 Ca02t ¥Hg-5toq
Ca(OH),7} A H A= o=t

Figure 50| E&HI0|E H|E Zuj9] CO,-TPDY] A¥E UE
W=, 300~450 T AtoloflA] m]=7} wAgste], 7|3 (basic
site) & B35l Qe AS &2lsk3ity. CO,-TPD ¥ 39| ]
of 2=&= 9oF 380 Colt}. §HH, E2rlolE H|E ZHiE Az
317] 93t Y952 A3 EE0l0o|E powder? CO,-TPD &
5 HH, CO,-TPDO] Fof w2 =7} oF 450 Colt}. &,
S A IS AXEA A713- 9 Al717F 1 A
= I & Qlrh S ZBE HsiA HRIE=E H7keh
pseudoboehmite”} A/J 7ol A AHH-& B[ A= FE
2 A%E]7] "ol vlE Sui9] A71-Y AI717F ezl A
oF At

t
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Figure é. Effect of regeneration on weight of Amberlyst-15 catalysts.
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3.3. Amberlyst-15 Z0HE 0|& %t O AH| =25} EIS A

2440 7]&et HHOZ Amberlyst-15 SHE ARE
E&n QY9 oAH 23} vhg — Y — HAE I}
Eo5to] P SFHA], Amberlyst-15 S0 $8kE 2
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ATt i 30.0 g& AMESH] AEET @ U9| oA ED} W
= 78 3 &, 35oto] QS Fujo] FA= 385 g0 &
UERFA] HhS Tof BAEE T E4Eo] oF 28% Jx HF
H ASE eyt A D HARE S5t SRkl wEt A
ABE 9] FA= o FTIstthrL, 43] wHESke] A
Zje] FAl= 445 g0 & YA Al Zufo] H|siA oF
48% S715I39-22 & < QUTH(Figure 6). Figure 70 Al Zuf
o} g Sl oS vetilch 23] Q4H S AL
A5t Zvffoll B4} Mo] W EX] oty EEo] TEEUM
43] AAYH S9] A= Al SHfoll HlsiA Ao] wj-e- Zl5}
Al HAsto] Zufo] WIS FlohA &I 4= Ut Figure 8
of Ayt Euie} 43] ¥HE AfABE 2] SEM o|u| x| & H] w5}
Aok Al o] F- A 7o) oF 700 umQl TP 9] i YA
7h dstA E23t o] ¥ I8y, 43] W AfAgE
Zj] A= SVt FARA 18-S |ASHA ZotL Sl
YA} o WEE, Zuio] ®Ho| EaEo] M-t At
Zufjo] H|s) AFo AL FAS 4= Ut

Figure 99| AIEZ 1} @ YO o AH| 235} HF-S-of| A Zu9] |
Ay Slp7F WS AAAEY] Aol vlAl= F3S UERth vl
A ZFE2T Q (A7) 11.3 mgKOH g')& Al Amberlyst-15

Fresh
Figure 7. Images of fresh and regenerated Amberlyst-15 catalysts.

SEM HV: 10.0 kV WD: 29.36 mm
SEM MAG: 100 x Det: SE
View field: 2.53 mm | Date(m/d/y): 05/14/21
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SEM HV: 10.0kV | WD: 29.34 mm
SEM MAG: 100 x Det: SE
View field: 2.53 mm | Date(m/d/y): 05/14/21

Lol
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4th regenerated catalyst

Figure 8. SEM Images of fresh and 4th regenerated Amberlyst-15 catalysts.
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Figure 9. Effect of regeneration on acid value of esterification
product over Amberlyst-15 catalysts.

S E AMESto] o AEH 23S} BHEE £ A9, B A
E9] A7H= 0.26 mgKOH ¢'7H4] W& 4 Uit A"
Amberlyst-15 S & ARERE of| AH| 235} §EZol A Saljo] A48
57 7SS W AAEY] AV S7ekleH, 45
HHE Y E FuiE AR vhEolA = B A= At
232 mgKOH g'ofl =gstglct. &, 0 Ay AFSFE
Amberlyst-15 SHj7} H| &3} o] o AH 23} ¥ 4d50] A
SHES & & Aok B2 A1 oA At uiel
o], Zui7} FAHT FAlo] E&Eo] JAE7] Wl o=
TehETh Hlo] 2 @ 9] FFA gHol 2.5 wi%s ZItshd A
Aht 47174 SHiY] A 2R 8f HlFrF HA A=
ol 471 S A-E5h717F vlS- ol Ao r F LA
UTH16]. =, FFA gtfo] S5 274 ¥h-E-2l ZoloAH]
23} ¥k-3o] golstH, 7Hs3t 3 194 §Eoll A FFA g2
W= Zo] fEsith & AFtolA] 43] ¥hE QA SHE
AHRSE Ah A717F 2.32 mgKOH g, 2 FFA 3EF 1.65 wi%
7HA] =E5t0] Amberlyst-15 ZE 55)714] RiEsto] AS3F
T AZS & 5 Aok TEu, § ol A Sl Be=
H|Zd37t Y& 4ot} oAFE3) RS AY EHAI7]A

a9

3.4. HO|AH =S} IS A Zut

o|AE|28} ¥HE-Z Sl AAERT QU9 7] 4AHE 113
mgKOH g"'o]lA4] 0.3 mgKOH g o]s}2 W30 FFA gigo] &
5] Wolxl AA T UZ Aol A=} §Ego] AuE A
4 ottt AAE JEZT} 29| Holo|AH 23} v
E=20lo|E H|= Zu[j7} A2E spinning catalyst basket HH3-7]
oA £=FE et ¥hg 2L WigkE/ed EH| 10, S0 A
F 90 g 2 7]&E &0 10 wt%, 3 2% 65 C, Wit £
200 rpmo]tt. Figure 102 W3- AJZF & wff A|ZF AHES 235}
o] FAME 3V 2413 235 UEslth §Hs Al7ko] At
gtol whet YAHE S FAME o] F71stalom BhS A
Zk & 2 h $of] BP0 =L5tict o] W9 FAME &2
89.1 wt%o]t}. A1-8-8-91 soybean oil (AF7} 0.16 mgKOH/g)<

100
_‘\’
80 -
<
E 60 -
o
Q0
u>_f —e— Jatropha oil
= 40 1 Soy bean oil
<
w
20 -
0¢ " " " "
0 60 120 180 240 300

Reaction time (min)

Figure 10. Yield of FAME in transesterification over dolomite bead
catalysts (reaction condition : methanol/oil mole ratio
=10, reaction temperature = 65 C, stirring speed =200

rpm).
YEZE AHESE Aol AHIZSE v AY ATk}l vwstH 3§
ol TEst= A7t FAME 480 A9 AR & 4= 3l
AN

ok Z2RH o g, YA AAEZNQ AS AR ARESto] oA
Bl23} kg7 Mol A 238} ¥HES AXA Hol oA
Azstl o, ztzto] ¥kgof Bleg 14 FuiE A8 -
ARt 53] HoloAHES} ¥ho] -, AAHoRE tfF
A| 23t ER20to|E H|= Zu|E 3 L F7]9) spinning catalyst
basket §-87]0412] wlol . T A|Z0] 4BH o Hgsiech

4.2 E

YAk AERT Aok 120 kg o]85to] 30 L (27 kg)2] AHE
21t 2L dglon Ao g2RE 90U FELL 9F 250
wt% o[t} AEZT}F Q AO| A7} FFA THFL 5.65%2 &4
H AT H= FE Y] Amberlyst-15 S E AR&-SI] A EZwt
99| o AE| 25} WS seT Ah, AT Amberlyst-15
Zo)E ALgT A9 -3 S A7FE 026 mgKOH g7}
A @E o Qlolth Amberlyst-15 Z19] A ASTrs
Amberlyst-15 1|7} H]Z/3}= o] o A 23} 95 /d50] A
hEe & 4 Uk viEgste] dole Szt MY Sl
EwEo] FAH7| gl Ao wotEnh AIERT QU9
o AH| 23} 130l Amberlyst-15 ]S 53]714] HHE-5lo] A}
8% %5 2S¢ % Uk B2oloE H|E Zojrt 90 g
=l spinning catalyst basket ¥F-3-7|0| A ZAA2H AEZT} 2
9] Aol 28|23} BHg5 FSHA WS AlZF £ 2 h Fof Hio] @
O 89.1 wt%0]] EEatg o, ol FA3 ZAA soybean
oile] Holo|~H| 23t vk 4% Ao} A2l ARt
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