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Waste cooking oils were investigated as the raw material for biodiesel production using calcium oxide as the
solid base catalyst in refluxing methanol. Edible soybean oil and waste cooking oil from restaurants were con-
verted into biodiesel completely within 2 h. However, catalyst recovery after the reaction markedly decreased
for the waste cooking oil, due to dissolution of the solid base catalyst. Catalytic induction period was observed
in the early stage of the reaction of the waste cooking oil. Most of the solid base catalyst was converted into cal-
cium methoxide and glyceroxide, and trace of saponified calcium was collected after the reaction of the waste
cooking oil.  Waste cooking oil from homes increased the catalyst recovery, in comparison with waste oil from
restaurants. The catalyst recovery was considerably improved by a removal of free fatty acids. Both polar frac-
tion and moisture in the waste cooking oil were minor poisons for the solid base catalyst. Based on the above
results, improvement of the biodiesel production requires protection for the solid base catalyst from the poisoning

species contained in the waste cooking oil.
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Table 1

Properties of Various Vegetable Oils Used as Feedstock for Experimental Biodiesel

Production with Calcium Oxide as a Solid Base Catalyst

Waste cooking oil

Soybean oil”

Restaurants Homes
Density at 15C [g/em?] 0.923 — 0.923
Kinematic viscosity at 30C [mm?%s] 51.6 — 45.1
Acid value [mg-KOH/g] 5.1 0.3 <0.1
Moisture [wt%] 0.04 0.03 <0.01
Polar fraction [wt%] 18.7 5.0 —
Sulfur [ppm] 4 2 —
Peroxide value [ppm] 14 — 9

a) Edible grade, according to Japanese Agricultural Standards.
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Fig. 1 Yield of FAME in Experimental Biodiesel Production from

Soybean Oil Using Various Basic Catalysts after 2-h
Reaction
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Fig. 2 Comparison of Activities of Fresh and Recycled Catalysts in
Experimental Biodiesel Production from Soybean Oil
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Fig. 3 Variations in XRD Pattern of Calcium Oxide Catalyst after
Experimental Biodiesel Production from Soybean Oil
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(a) Yield of FAME vs. time on stream, (b) catalyst recovery after re-
action.

Fig. 4 Dependence of Biodiesel Production on Raw Vegetable Oil
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Fig. 5 XRD Patterns of Calcium Oxide Catalyst after Experimental
Biodiesel Production with Waste Cooking Oils

Table 2 Properties of Biodiesel from Waste Cooking Oil Using Calcium Oxide Catalyst”

Feedstock Waste cooking oil” Soybean oil® USA regulation
(restaurants)
Fatty acid methyl esters [%] 97 <99 —
Kinematic viscosity [mm?/s] 6.0 4.2 1.9-6.0
Pour point [C] 0.0 -2.5 —
Residual carbon? [%] 0.05 0.03 <0.05
Iodine number 118 128 —

a) After 2-h reaction.

b) Acid value: 4.9 mg-KOH/g, Polar fraction: 18.9 wt%, Moisture: 0.11 wt%.
c) Edible grade, according to Japanese Agricultural Standards.

d) Micro-carbon procedure for the whole oil.
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Table 3 Yield of FAME and Catalyst Recovery after Reaction in Experimental Biodiesel Production Using Various Vegetable
Oils Prepared from Waste Cooking Oil from Restaurants, to Control Acid Value and Moisture Content

Feedstock Waste-A Waste-B Waste-C Waste-D Waste-E Soybean®
Treatment Neat MeOH 0il NaOH Moisture®
extraction mixture extraction free
Acid value  [mg-KOH/g] 5.1 43 2.6 0.6 5.1 <0.1
Moisture [wt%] 0.04 0.04 0.02 0.03 <0.01 <0.01
Yield of FAME [%]
0.5h 0 0 13 98 0 62
1.0h 66 76 81 <99 64 93
20h <99 <99 <99 <99 <99 <99
Catalyst recovery [wt%] 22 31 47 64 29 81
Cain FAME [ppm] 3065 1560 985 3005 187
a) Mixture of waste cooking oil from restaurants and soybean oil at volumetric ratio of 1/1.
b) By anhydrous sodium sulfate.
¢) Used as a reference.
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= o
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8 20 1 1000 © Fig. 7 Dissolving Model of Calcium Oxide Catalyst by Neutralizing
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Fig. 6 Effect of Acid Value of Waste Cooking Oil on the Catalyst
Recovery

AR RHER IS B O - BEE D S THHERS TH L Z &
HIRE S NTz, 2T, WEAli% HEE L 7o — oo JFURMBY) H 1 7K
SEREICRE EVIE R < (0.02~0.04 wt%), RUGHEERT
132 R 2 1C FAME IUEEAS99% %8 2 72,

T/, 7OV A USRS X o TR % 0.6 T T L 2244y il
Vo & E D FAME IERIZHIRIEVS D TH o 72, KK
M (0.5KEEF:) T FAME JUEABEIZ90% Z#z CTHB Y, BEl
PESEORERMEF U LD iR E o720 T Fig. 70
L9, ML EEERR R CRME R ATE DN CB Y, IRIEE
BN LAOIELE & OBERL % 5% TRl 2 R 25900 C 8%
WS 2ETNEEZ DL, BRI RETLIET, FE
WA 7 o 72 TR % ) FCHHTE 5, EHBBRMMED
BB BN S N7 il I 2 R v > A& & AT
W Z s, WEEERIIERIEER LA L T A oFm & UG LT
WeZ EIRHO N TH Do FRIFERS V2 M EAEW 72 O
T, ATV YT AN —%@#s 513 EOMMEF2ER L
R 2 S EEL L 7 L R S D, ARFEBRTIE, B VY
7 Wil % AR 72 2 B I RUSERERANE L TV B A5, N R
YT REORSEMAE M SN, AEASETHRE SN WS
FTTH Do FKEFEML T IV 7 ) I L 7R R 0%
eI & e CHEREIRIEE DS IR R D I T, RO THAS

J. Jpn. Petrol. Inst.,

FERFECRE T L, EEAICE T LWRE LTI A 7 IOVHA
BRIHEIT L2 E 22 ODRKUTH D FHEHBFEMORE I,
BERENRIER % 2 St/ oI, REEFVTH T 5 F TORERH
PR R, MEHEEAEET 2 F COBEMM 4L Lo T
H59
EBBRIMOKFIIOWTIE, KRS N 7 2 TGRS
FTHIEIZES5T001wt% LN E TERB L 720 KR EFREL
T, FKSEOMBEERFERE FAME BHO LY 7 LI
FUMFOBE L H T NV EDLSLh o7z, ZORKEICIE, W5
3 2 MRS & WALl VS A O HRFIKIBIC & A R4
IRGHEEL COLREMD D 5o EHFRIMOEEN 2 & FFHIK
IEORIAKGREEMET S L, FEEAR—Z2T017wt% & 7%
D, BHOKSEEREERIBIZERS, L >T, KFDE
Badm U HIId, WEBERR IR 2 R L 72 BRI & Vv CROG &
R AR

FIT, BREKERMUCKERBE AN, 471 —F
VA SRR ER % 1T > 72 Table 4 £ V), K5OI EE ) filt
BEREEOLT & FAME BH O R v 7 ZEEO _EHSHH S
PTholze TNED, Ko bEBEDOWE - Wz 72561
FBRGTTHDIEWNDbND, 72720, HIEHILOFE L VEHKE
THCAS § % 7K (500 ppm) T, il 25 - w134 % o
720 F 72, FAME PRI RIS S W ETHD LI-EETH - 72
T EDS, KA E DS IS EEERRRAER (T &S T AR
LEHCE 5,

BE R VIS & F B IR DOAKIN) T B 5 L A5 ERAL 77 v
T AR R T RE A ANRL L IZEETH L, €T,

Vol. 50, No.2, 2007



84

Table 4 Effect of Moisture in Vegetable Oil on Calcium Oxide Catalyst in
Experimental Biodiesel Production

Feedstock Soybean oil?
Treatment Moisturized®
As-received As-received
A B
Moisture [wt%] <0.01 0.05 0.20 <0.01
Methyl alcohol
Grade Reagent Reagent Reagent  Anhydrous
Moisture [wt%] <0.1 <0.1 <0.1 < 0.005
Yield of FAME [%]
05h 62 49 35 24
1.0h 93 95 95 77
2.0h <99 <99 <99 98
Catalyst recovery [wt%] 81 73 54 89
Cain FAME [ppm] 187 428 1435 145

a) Edible grade, according to Japanese Agricultural Standards.
b) Distilled water was added to the soybean oil.

|Acidic fraction|

Free fatty acids Polar compoundss
A

)

Polar fraction

Fig. 8 GC-FID Chromatographs of Impurities in Waste Cooking
Oil from Restaurants
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Table 5 Effect of Polar Fraction in Vegetable Oil on Calcium Oxide Catalyst in Experimental

Biodiesel Production

Feedstock Soybean oil?

Treatment Polarized”

As-received Acidified®
A B
Additive [wt%] — 1.5 15.0 1.5
— (Polar)®  (Polar)? (FFA)®

Acid value [mg-KOH/g] <0.1 <0.1 0.3 2.2
Yield of FAME [%]

0.5h 62 52 54 43

1.0h 93 93 97 95

2.0h <99 <99 <99 <99.0
Catalyst recovery [wt%) 81 84 75 53
Cain FAME [ppm] 187 234 465 1320

a) Edible grade, according to Japanese Agricultural Standards.

b) Polar fraction was added to soybean oil.

c) Free fatty acid fraction was added to soybean oil.
d) Extracted from waste cooking oil from restaurants, following FFA removal.
e) Extracted from waste cooking oil from restaurants with NaOH agq.

v
Methanol

(Methanol stripper)

Trans-
esterification

Removal of
free fatty acids

Removal of |
moisture

(Settler)
Waste Biodiesel
cooking oil

Glycerol

Fig. 9 Simplified Flow of Improved Process for Biodiesel
Production from Waste Cooking Oil Using Calcium Oxide
Catalyst

E
ARFZEE, BHEHEAATIREAERE (JST) O HUHRHE Hutsiks 42 70 3L
FfEHEO—BRE L TITONZLDOTHY), I TERHIOE

RLET,
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