J. of Korean Oil Chemists” Soc., 1
Vol. 32, No. 1. March, 2015. 136~147

ISSN 1225-9098 (Print)

ISSN 2288-1069 (Online)

http:/ /dx.doi.org/10.12925/jkocs.2015.32.1.136

198 voleF 48 9aEdY 454 A7

28" 0AY - Qe - BEH - 038

o

lo
o
o
A,
rlo*
iz

FFAGAY AR71EATE
FSeta shehg st
(20159 29 6 H4 20159 2 279 4745 20159 3€¥ 25¢ A=)

A Study on the Quality Characteristics of Feedstocks for
Power Bio—Fuel Oil

Eun-Jung Jang™"" « Mi-Eun Lee" - Jo-Yong Park’ - Kyung-Il Min’
Eui-Soon Yim" - Jong—Han Ha® - Bong—Hee Lee™™T

"Research Institute of Petroleum Technology, Korea Petroleum Quality & Distribution Authority,
Chungcheongbuk—do, 363-883, Korea
" Dept. of Chemical Engineering, Chungbuk National University,
Chungcheongbuk—-do, 361763, Korea
(Received February 6, 2015; Revised February 27, 2015, Accepted March 25, 2015)

2 oF : AR FF FSHAIZ(Renewable Portfolio Standard(RPS))7} A|gis el whal, HhA
AlAES IRFFEF olFS o TG HoleFFE AMEst Qlth 2 oA I Hiole
79 dREAE 247 Y Ao wE THE HoleFRY FHEALS dotEdrt. g Hiol
FF} A=A d=nELL Wil HE, a5% 5 A A BV FES EA5eleH, A
oA EBFEA} 1T AAARREIHLE o] 8ste] RAREE FASHIT BHAE] A7t
A7 f 2= fE A o] Eof AT w1, S48 3 JETFe] w8hoH, Holerd
TAFNES ATt =30tk TR, A 24580 T2 TS Hole R deEdL dBEd
Qe et Fedo] ot

1o

BN
ox,
N
ol

I

o] : WA HOlOFR, FR, IAYNIN] FF JEIANERES), URED, B, FAEY £

Abstract : As it carry out RPS(Renewable Portfolio Standards), power producers are using the
power bio—fuel oil to meet their RPS quota. In this study, we test the quality characteristics of
raw materials for power bio—fuel oil and the property changes of power bio—fuel oil by the kind
of feedstocks. The power bio—fuel oil and feedstocks were analyzed for item of quality standard
such as acid number, viscosity and metal contents. And it was analyzed for composition
distribution by FT-IT and HPLC. Such as low priced palm oil series has high acid number and
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ash contents due to high free—fatty acid and metal contents. And by—product of biodiesel have a

tendency of high viscosity. The fuel properties of power bio—fuel oil, such as viscosity, acid number

and metal contents are correlated with the constituent and the mixing ratio of the feedstocks.

Keywords © Power bio—tuel oil, Fuel oil(B-C), Renewable Portfolio Standard(RPS), Feedstock, Palm

oil, Animal and vegetable oil
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Table 1. Feedstocks of power bio—fuel oil [8]
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Palm Oil series

Animal and vegetable oil series

Biodiesel series

Crude Palm Oil L.
(CPO) Tallow Biodiesel(BD)
Refined Bleach Deodorized Palm Oil Lard Biodiesel Pitch

(RBDPO)

Palm Fatty Acid Distillate

(PFAD)

Refined Bleach Deodorized Stearin
(Palm Stearin)

Palm Acid Oil

(PAO)

Cashew Nut Shell Liquid
(CNSL)

(BD Pitch)
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Table 2. Constituent of test sample
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Power bio—fuel oil Power bio—fuel oil

) ®)

Power bio—fuel oil

©

Power bio—fuel oil

D)

Refined Bleach

Crude palm oil Deodorized Palm Oil

Refined Bleach
Deodorized Palm Oil

Palm acid oil

(30~60%) (80~90%) (70~80%) (10~20%)
Biodiesel pitch Biodiesel pitch PFAD Biodiesel pitch
(10~30%) (10~20%) (5~10%) (50~70%)
Animal oil Palm acid oil Biodiesel
(10~20%) (5~10%) (10~20%)
Biodiesel pitch
(5~10%)
Table 3. The Quality standard and test method of power bio—fuel oil
Property Limit Test method
Flash point (C) min. 70 KS M ISO 2592
Viscosity (40°C, mr/s) 20 ~ 100 KS M ISO 3104
Carbon residue (wt.%) max. 10 KS M ISO 10370
Sulfur (wt.%) max. 0.1 KS M ISO 8754
Ash (wt.%) max. 0.10 KS M ISO 6245
Copper strip corrosion (50°C, 3h) max. 1b KS M ISO 2160
Pour point (C) max. 27.5 KS M 2016
Density (15C, kg/m’) max. 991 KS M 2002
Water (wt.%) max. 0.20 KS M 0010
Acid number (mg KOH/g) max. 25 KS M ISO 6618
) Na max. 70 AAS
éﬂ;llig?“etal Ca max. 30 AAS
K max. 70 AAS
Iodine number (g/100g) max. 120 EN 14111
Nitrogen (wt.%) max. 0.3 KS M 2112
Vanadium(V) (mg/kg) max. 50 ICP
Gross heating value (kcal/kg) min. 9,000 KS M 2057
Water and sediment (vol.%) max. 0.5 KS M ISO 9030
Si + Al + Fe (mg/kg) max. 200 ICP
Phosphorus(P) (mg/kg) max. 100 ICP

Az T(FH7 7 E ol&sklrh 54
274 ##19 HPLC #4x1e 249 alltima HP
C18 HL(G wm, 250 mm X 4.6 mm), HE7]
ELSD(evaporation light sattering detector), FE

2& 100C, A&7t~ 2.0 L/min

Z2244 A=

FdZF 10mE o)=A |11(90% acetone + 10%
acetonitrile, 0.9 mL/min)e} &7 SeiFHA &

A5t [25]
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Table 4. Element analyzer conditions

Item C, H analysis O analysis
Furnace temp. (C) L : 900, R : 680 1060
Oven temp. (C) 75 65
Carrier flow (mL/min) 140 130
Reference flow (mL/min) 100 100
Detector TCD TCD
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Table 5. The physicochemical characteristics of material for power bio—fuel oil

Materials of power bio—fuel oil”

Property

Biodiesel Biodiesel Animal

CPO RBDPO PFAD PAO (BD) Pitch fat
Flash point (C) 270 318 198 204 184.0  260.0 306
Viscosity @40°C (mn*/s) 39.82  41.81 ND?Y 29.70 4.51 120.00  41.06
Carbon residue (wt.%) 0.06 0.13 0.28 0.98 0.05 1.12 0.27
Sulfur (wt.%) 0.01 0.01 0.02 0.06 0.02 0.04 0.01
Ash (wt.%) 0.004  0.015 0.049 0.252 0.016  0.050  0.008
Copper corrosion (50C, 3h) la la la la la la la
Pour point (C) 22.5 25.0 45.0 37.5 12.5 10.0 27.5
Density (15C, kg/m’) 9142  900.5 896.2 9139 8746 960.0 915.1
Water (wt.%) 0.01 0.01 0.05 0.54 0.01 0.07 0.03
Acid number (mg KOH/g) 16.2 0.5 189.4  111.0 1.0 3.0 3.1
) Na <1 <1 4 59 <1 38 5
?ﬁ;ﬁ;etal Ca 4 a <1 <1 <1 3 1
K <1 <1 <1 42 <1 383 7
Todine number (g/100g) 53 54 52 44 51 94 56
Nitrogen (wt.%) 0.00 0.00 0.00 0.00 0.00 0.04 0.00
Vanadium(V) (mg/kg) 0 0 0 0 0 0 0
Gross Heating value (kcal/kg) 9,420 9,426 9,357 9,166 9,528 9,255 9,455
Net Heating value (kcal/kg) 8,679 8,642 8,618 8,373 8,722 8,557 8,693
Water and sediment (vol.%) 0.03 .01 <0.01 <0.01 <0.01 <0.01 <0.01
Si + Al + Fe (mg/kg) 5 6 7 20 6 15 4
Phosphorus(P) (mg/kg) 6 2 0 5 2 6 46
Element C 77.01 75.20  75.35 72.27 76.79  T77.67  76.55
contents H 11.75 11.56 11.72 12.26 11.95 10.99 11.79
(wt.%) 0 1119 1156 1245 1464 1125 1131 1147
1) ND : not detectable
Ft(water content)& A4 Tl FEo=m FEdFol ot
TR0 oul d&do] A7|a AXHTE B A4t7Hacid numben® Al= 1g ol -5 of
SAn Aol gaweh B9 9 o SEe b A4 4RS Agsiid sadl @70
ALE A=l AYALE Fdste] d&S o N I § PASES mg 9=
S5 Adlisty A=A 5 Al a5AEe BAEER A47pb 39 AstE 24o] e
A 8 & doh # 4ARPAO)E F & AL on|eeh(8] & BAHE(PFAD)Y # 4ht

54 =T 4 H—LO](FFB Fresh  Fruit
Bunch)e] A8 I Al 54 34 Yo

L VB4R RA, o
(Pond)ollA] @ 2HF<F

Atulj 7 EAgste] A

192 807 S8 AL
AAY A 9] whel

Ate] g4l o]z 4ol gor,

(PAO)7t HH§ HIoloFFe ﬁ1‘7]*v-(25 mg
KOH/g ©olsh& ZA Hlojt=tl,
2] 2]HFAH(FFA) Shefo] oma ;q/q-7].7]. ot

2 2=7Hlodine numben)g Al& 100g¥t ¥HS-
3 90E Fgoz dm o EAotk= olFZ
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Table 6. The physicochemical characteristics of power bio—fuel oil
Fuel oil Power bio—fuel oil
Froperty (B-C) A B C D
Flash point (C) 164 252 318 242 182
Viscosity @40°C  (mn*/s) 147.20 81.31 41.07 41.04 21.43
Carbon residue (wt.%) 5.43 0.86 0.21 0.42 0.11
Sulfur (wt.%) 0.218 0.006 0.005 0.006 0.005
Ash (wt.%) 0.007 0.003 0.005 0.011 0.039
Copper corrosion (50C, 3h) la la la la la
Pour point (C) 25.0 7.5 25.0 20.0 12.5
Density (15C, kg/m") 932.7 947.7 916.7 917.2 908.9
Water (wt.%) 0.188 0.190 0.036 0.117 0.162
Acid number (mg KOH/g) 1.0 1.4 0.4 20.6 22.7
) Na 15 0 25 27
Alkali metal Ca 3 1 ) 12
(mg/kg)
K 11 2 <0.1 <0.1 8
Iodine number (g/100g) 38 99 30 55 63
Nitrogen (wt.%) 0.12 0.05 0.00 0.01 0.01
Vanadium(V) (mg/kg) 3 0 0 0 0
Gross Heating value (kcal/kg) 10,630 9,291 9,388 9,398 9,467
Net Heating value (kcal/kg) 9,963 8,654 8,713 8,717 8,802
Water and sediment (vol.%) 0.035 0.010 <0.01 0.100 0.085
Si + Al + Fe (mg/kg) 30 3 3 25 83
Phosphorus(P) (mg/kg) 20 10 9 10 6
Element C 85.85 78.04 7731 76.66 77.31
contents H 12.46 11.78 12.51 12.60 12.30
(wt.%) 0 0.84 10.21 10.15 10.36 9.76
80E7H= voletd mX|(BD picch)E AHE Al ZA7F F45E ol =71 "ol A A
gt g HoleE{(A, DY 8eE7Pt =% (acid cleaning) 59 71 34& S 25 4
o 20E7t= dAm el o]Fddte] ¥Ess EE5S AAs 1A A FA7EE SEAKITh
EoRER o]FA%S AASH] fsiMe 4 ¢ T2 FEARATE ERE HeleERd
Wk-S-(hydrogenation) 5& &3l ol5AS A|A 5 Eolx|A|gE IA] A FAV|E 9 AL
& Slov AAY T2 1 o e B TFutAE #5716 2H 3HE AXE=R
o|oFH At Al 80T w2 AREH] 10 ppm oJst= F| = ik

ot

oo b 1

F& ™ok Zo] Agsit
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o, T AFPAO)E AT WHE HPolFH
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o
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Palmitic acid(Cig:0), Stearic Acid(Cig:o), Oleic
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Fig. 2. The IR Spectrum of materials for power bio—fuel oil.
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