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The production of biodiesel by transesterification of waste frying oil was conducted on various zeolite catalysts with different
acidity and pore structure. H ion exchanged MOR, MFI, FAU, and BEA zeolites were employed in the reaction with silica-
lite which has no strong acid sites. H" ion exchanged MOR(10) zeolite, which has more acid sites and stronger acid strength
than other zeolites, exhibited the highest methyl esters yield as 95%. Dealumination to the HMOR zeolite induced decreasing
of acid amount and acid strength. It brought about the decrease of fatty acid methyl esters (FAME) yield. The yield in-
creased linearly with enhancing of acid strength and increasing of amount of strong acid sites. The yields were independent
on pore structure of the zeolites.
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2.1. H220|E =0y

ALeo|E Fllx= A3t 23 AMdErt T2 MOR, MFI,
FAU, BEA Al&elo]Es} 7ol A9 gl Al7leto] Esilicalite) &
A3 Si/AL 2 H]7F 109] MOR Al&2lo]| EX TosohALZH-E T
9Jslgitt. Si/Al & H]7F T2 MOR Al&elo]ES ¢17] &l o] MOR
ALEO|ES 6.0 N 2AF o] Y1 60 ‘Colld 718y FAA7HS
gelslo] Algeo|E 24 | dFus AASIE dF g AA ¥
A A7 gelsle] Si/Al H7) 13, 64, 10022 ZF2F TFE MOR Al-&2f
OJEZ A2t Al%E MOR A &Eo|Ex wHESo] A|HEkaL 100
Tolld AZFAIZ %550 CollA 12 h %<t 2481tk HE MOR AlS
Zlo|EZ A3A717] el MOR A &2po|ES Na'E 0.5 N dAin s
(>99 wt%, Duksan) £ 2 60 ColA o] W}, o|5 550 Coll
A 6 h B¢ 248 HY MOR A2l E(HMOR)E A ZiTh

SI/Al & 17} THE MFI Al&elo]Ex F=olgag K colloidal sili-
ca; Ludox, 40 wt% SiO,, Aldrich)®} $AF812H71]5(64 wt%, Fluka),
TFArePE(80 wi%, Daejung)?} 22t TRTE ARESI] AARES 7]
A 9 dAElth GAEAS 72 h Fe $AIA17] B 190 CollA o
5 et 7Kdste] ATk AR g dEste] /de MFI
ALl ESY Si/Al B Bl 242} 503 3500]%0Tk Si/Al & H]7} 259}
7591 MFI A& EL ZeolystAhZHE F4I8te] AME3lich. HY
MFI A&l E(HMF)E A2kA717] 913 o] 2w gk #7L 9] HMOR
AgefolE Aol A A We FdshAl g4313ch

H-beta (HBEA)$} H-faujasite (HFAU) A2} E= Na-BEA (PQ
Co., Si/Al = 13)%} Na-FAU (Union Carbide, Si/Al = 3)5 Z}Z} 919}
23k o o] 2w skale] A|Z3I9itE HBEASY HFAU Al&Elo]E
AN AT Az, 23 A & AR ATkl B F3[13]
of wle} AZ3ISATE 0] A ALl EL] HHS 1ZA9] AL}
olE :=H[14]°] W} HMOR, HMFI, HFAU, HBEAE #sl1
% H 3ol siAl & 15 7]Alst] )5k

2.2. HISEOIE 54 2N

AggelEY X-A FHAEL XA 3HEA7(Rigaku, D/MAX
Ultimall) 2 ZA13159t) 40 kV e 40 mA ZA|A Ni-filters F3}-3t
CuK ¢ X-A2= 5~50° HYE 2 fmin £E2 FASIIHL #Al&elo]
ES gA 2718 Bk 7x9 e AT FFAE ] SEM (Hitac-
hi, S-4700)°% ¥ASIE Si/Al = Bl SEMel #2¥ EDX
(Horiba, EX-250)% A8 ¢Frlg s SHsto] Antetsich

A FAEEALE (F)UHUSIE WAl % A](Nano  Porosity
Analyzer, nanoPOROSITY-XQ)E I3t} 150 CollA 2 h 7]k &
-196 CTollA AA4E FHAATE W4 BETA S o]83to] Akl
o} A&l E Fulld] A EE 2K flete] SEE A (Bel
Japan, BELCAT)E o]&3lo] ¢t Yo} £ &E2(NH,-TPD) 414 1
ek g 7)FelA 550 TE 1 h st FulE wi71d £ 150 CTE 9
Z1alit). R UoN S EFETLA, 99.999%)S HAR Zujo] KHujjo] X
sH w7k SRR B FEE dRULE AA] fste] 1 h
e AE 71HE SEWA w7l % 10 C/min $52 600 C7HA &
2A71HA G2 EE R oS EA ST AlSeto| E Fulje] Ab €]
o2 4% TPD F41S YZEFH(deconvolution)ste] AlNket A=
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Figure 1. X-ray diffraction pattems of the zeolites.
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9] §%(mg/mL)E, Vs A3 methyl heptadecanoate] +-3|(mL)
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Aol AR Al Zeto]E Fullo] XA 34 HE-S Figure 19 R
th AlgElo|EY XA FAdEE FR[17]] AAE 2 AlLTo]EY
E4u] a9} & AA|3ISich AlgEtelEL XA slduRle] E4u] T 97
T BT FEA9 AR iE B AAsRE o] ERklFgr
Figure 20 Al &2lo]E 9] SEM ARS H itk FAUS MFI A%
gl EQ] A% A7) oF 0.5 pmo| %3 MOR Al &2to] Exs 11T} ot
& 1.5~2.0 pmo|Sith ®hAe] BEA Al&o|ES] AXA7]= oF 0.2
um ©JFtE wilg- Aty Al AR Al &Elo| Exs WEgo] £ol3t:
= 9y Ao] 83| A1 YA AV U IA & 2 A
Era=s

Figure 39l Al&efo|E Fuljo] A4 F35241& eItk MFI
Aol E 5 Agel AMget Al Eeto| Ex nlo] a2 A Fo] WdE Al
2P| ER njAA|Fo] Hol A&l Langmuir 354 HES B
ZFQe}. whdo] w3 AlF=7)7} A3 FHAo] W BEA AlgElo]E
 2Udd 02~0.7004 F2Fo] S718ISth BEAS) FAU Al&gto]
EoM we FAFE Mol ol ALERIES AFAV7 A1 A
& Ul A1 A (super cage)9t 2> Wl F3ro] B7] wlolt),

Ak FHELHoRRE T3 BET BWA3 A3z deives
Table 191 423l th MFI Al&elo]EE MOR 5 TS Al&glo|Eg}
g AFYT7F 10719] Ak A3 FER o] FolAA ATV % vE
A &efo|Eoj Hlg] 2th. MOR Al&fo|Ex: Alg727 D43l 1)
& MFI Al&golEx AP RE 5724 vk BET WA
BEA > FAU > MOR > MFI A|&#0]E 407 Atk

AEeto| EQ A EE AlEeo|EQ el wet th=th Si/Al & 4
7} HlZsid et Algeto|ES F57F thEd Ao} thET) Figure
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Table 1. Structural and Compositional Properties of the Zeolites

Zeolite Si/Al molar ratio (-) Pore topology Pore size (A) BET Surface area (m’/g)
MFI 25 10-oxygen ring 5.1 x 5.5[100] 413
5.3 x 5.6[010]
MOR 10 12-oxygen ring 6.5 x 7.0[001] 419
FAU 3 12-oxygen ring 7.4 x 74[111] 574
BEA 13 12-oxygen ring 6.6 x 6.7[100] 577
5.6 x 5.6[001]

St

Figure 2. SEM photos of the zeolites, (A) MOR, (B) MFI, (C) FAU, (D) BEA zeolite.

4oz A3 ARSSE A&l E Ful o] NH;-TPD 148 YEhSITh
Z9] AMIEE dEYol TPDE S4sh= W& olv] & 4#A gt
[18-20]. Fulj9] AFgE QtmUjo} TPD 3H49] WA 0 2 H-E] Falo] H|1
gl AA)E TN 9139 H T (The) E5E T8lo] 2
Ed 4 Qlk

Figure 404 & = Q%o Alge}olE Fujlo] ZAbd 2= 350~
550 C Apolol] Yepdt), ekabdd w3 150~250 Colld Yehm, o]
© dEYole] Ba|gate 71918k Aoz U] Ith19]. HMOR A|
SO EL thE AlgHo|Ed w8 7M B S 7 RAo®
ERgieh Whe) Agjglelol B Abdo] A9 gl Aow vehgth 3
AL AgEto)EY ZATZe| o8] Vet Si-0-Al A3 ]
o8 AAEc mEby FAEe v o e AlgelelEY A
Si/Al & H]o] w} zlo]7} Wtk Si/Al & H|7} v R Al Selo]EQ

FTH7F 29 2ol7) vis o] fr A& o) Ed wit 24 34 2ot
tEnR gFulge] ko] gepx)7] witoltt Ag7ielo]Ex: MFI
AgeolE FxolA dFngs o AAS E4o)7] Wil Si/Al
& 07 o aH =74 o gFuEe] A gick mEkA kR ol TPD
ANAE et ARE Hols 239 A7 A dERA ok Zolth
Si/Al & H]7} T2 4F5H9 HMORS} HMFI Ago|E )9
NH;-TPD 341& Figure 5o YERAITE Figure 5(A)E Si/Al &= H]7}
TF2 HMOR Al &80 E Ful|e] NH;-TPD T4 22 Si/Al & H|7} AZ
F5, & 45 T SolerE A dae ol gas
(Toa) = SOETE SY/AL & H]7} TF2 HMFI Al&2lo]ES] NH:-TPD
1% Figure 5(B)°ll BSith HMFI Al&ejo]E9] ALt Si/Al &=
H7F ARGE, & 450y e S5 A das e

I ILEE Solxt) Si/Al & H]7} thE HMORZ HMFI A& E

J. Korean Ind. Eng. Chem., Vol. 19, No. 2, 2008



218 TERA] -

Table 2. Yield of FAME and NH3;-TPD Properties on HMOR and HMFI Zeolites with Different Si/Al Molar Ratio

78k

Zeolite Si/Al molar ratio” (-) Acid amount’ (mmol/g) Toax (C) Yield (%)
10 15.1 x 107 510 95.3
13 13.0 x 107 508 94.4
HMOR -2
64 6.6 x 10 450 853
100 3.0 x 10° 425 84.7
25 7.9 x 107 415 86.0
50 4.5 x 107 395 82.7
HMFI 2
75 3.8 x 10 375 80.5
350 0.5 x 107 360 77.8
“The values determined by EDX result.
"The values determined by deconvolution of NH;TPD spectra from 250 C to 600 C.
“The values determined by NH;TPD spectra.
“The values determined by transesterification of waste frying oil at 65 C.
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Figure 5. NH;-TPD profiles of (A) HMOR and (B) HMFI zeolites
with different Si/Al molar ratio.

HkSof oJgh w4 S-HE5H o] o)A MEnke Ao} A &Eo|E F
o] AT e} BAIE Figure 8ol BATh MlF127F £ SI/Al & 4],
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Figure 6. Yield of FAME with various reaction conditions.
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Figure 7. Relationship between yield of FAME and acid amount of
the zeolites.
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Table 3. Chemical Properties of Raw Waste Frying Oil and the Product Obtained from Transesterification of the Oil with Methanol at 65 C

Property

Raw waste frying oil

Product after the reaction on HMOR (10) zeolite

Density at 15 C, kg/m’
Kinematic viscosity at 40 C, mm®/s
Acid value, mg KOH/g
Methyl ester content, %

885
3.1
0.18
95.3

100
HMOR(100) o i) rroR(ry TMORO
80 ® ¥ HMOR(4)
hmariaso) MFI76)
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Figure 8. Yield of FAME in relation of acid amount (A) and 7. (B)
on HMOR and HMFI zeolite catalysts with different Si/Al molar
ratio.
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