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ookt d=Ee AREAT o] wE S Hrksta, W] 9 U]'XLU]'E A2 et HAaE H}O]

59 da T4 ek AASHATE EAE vHoleE - YEEE] 224 HFRR)2 H+ 137 pmolH,
A=z EH ot Zfol7t 9o 60 um ~ 214 um EEF Ho|1 it o] F 2&/40] £2 &£4+& Oleo
pitch > BD pitch > CNSL > Animal fat » RBDPO » PAO ) Dark oil > Food waste oilo|th. g
Hol @ F79] dm 24 3502 FAE HoleFH IR 5Tl it v‘_’_r%“*o B 151 pmolm,
101 ym ~ 185 ym BEXE Ho|1l it} o] & g&AXo] £& &A= Fuel 1 ) Fuel 3 ) Fuel 4 > Fuel
2 > Fuel 50|t} viol @& B /A E(HTE 151 gm)= CEH(128 #m) rﬁﬂ] e 284S UESI
ol G HolF/7T A4 EAR FAE ] Qlo] CERE ntehd, S w2 TFe] Wol A
7F WA, A7 =7] i el A ARl Qg |2ur A Aol oE 7,1_13._ ot weks, 24
9] mpEmt R g 96 2842 571 Al & e HolF /9 ' =A Oleo pltCh BD pitch&
60% ol TR 4 A5 A A 24 377 e

Aol Hpo[ 27, Hloj2 g, Afo[end , &AlE A, =8y

Abstract : Bio—heavy oil for power generation is a product made by mixing animal fat, vegetable oil
and fatty acid methyl ester or its residues and is being used as steam heavy fuel(B-C) for power
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generation in Korea. However, if the fuel supply system of the fuel pump, the flow pump, the injector,
etc., which is transferred to the boiler of the generator due to the composition of the raw material of

the bio—heavy oi, causes abrasive wear, it can cause serious damage. Therefore, this study evaluates

the fuel characteristics and lubricity properties of various raw materials of bio—heavy oil for power

generation, and suggests fuel composition of biofuel for power generation to reduce frictional wear of

generator. The average value of lubricity (HFRR abrasion) for bio—heavy oil feedstocks for power
generation is 137 u#m, and it varies from 60 xm to 214 gm depending on the raw materials. The
order of lubricity is Oleo pitchy BD pitchy CNSL> Animal fat) RBDPO) PAO) Dark oil> Food waste
oil. The average lubricity for the five bio—heavy oil samples is 151 zm and the distribution is 101
m to 185 gm. The order of lubricity is Fuel 1> Fuel 3> Fuel 4) Fuel 2> Fuel 5. Bio—heavy oil
samples (average 151 uxm) show lower lubricity than heavy oil C (128 xm). It is believed that

bio—heavy oil for power generation is composed of fatty acid material, which is lower in paraffin and

aromatics content than heavy oil(B-C) and has a low viscosity and high acid value, resulting in

inhibition of the formation of lubricating film by acidic component. Therefore, in order to reduce

friction and abrasion, it is expected to increase the lubrication of fuel when it contains more than 60%
Oleo pitch and BD pitch as raw materials of bio—heavy oil for power generation.

Keywords  Bio—heavy oil for power generation, Lubricity, biofuels
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Table 1. Feedstocks of bio—heavy oil for power generation[11]

Palm oil series

Animal and vegetable oil
series

Biodiesel series | Waste oil series

Crude Palm Oil (CPO) Tallow

Refined Bleach Deodorized Palm Lard

Oil (RBDPO) ar
Cashew

Palm Fatty Acid Distillate (PFAD)

Refined Bleach Deodorized Stearin
(Palm Stearin)

Palm Acid Oil (PAO)

Liquid (CNSL)

Oleo pitch

Biodiesel(BD) Food waste oil
Biodiesel Pitch )
®D Pitch) Dark oil

Nut Shell

YResidues of oleo—chemical processes made from vegetable or animal fats

(a) Triglyceride
Fig. 1.

BES} 2 P4te] o] Ao
AEE ZAY 235} Agate =
EA4E 7HAE ?8E 7HA V1% shob(Fig. D).
"ol o SR =W 78 SHEHre de=
B-C A%E 100% thAlste] AAstAL x|
410 ~ 80%)E Egste] EAaste] ARgstal 9L
o, 7|9 HYe2 olFEE= dARHI &
FHI A Fo du FFAIAR A apzat

g T A A4 gIE 2 & 4+ 3

of. webd, HoleEg dAmst e S50 %

P RASS EFte] AgIBE SE B-C
AR SEo A4 eBHe fAToRA AR
TFAAE nhEntn g oAg "ast ot

[16].

webd B ATAE WG ol 0559
U YRSo drSAT oo wE Lo
Boksha, W7o whantE A7k $ls) @A
dloloFfo] Am T4 W AASIA Bk

o=

of o T

0
" )j\/\/v\/\/v\ M\/\/\/\
’ o 2 b, HO 7 CH

(b) Fatty acid methyl ester

0

3

(c) Fatty acid

Example of general component chemical structures of bio—heavy oil for power generation.

Hlo| e &5ot duE

A vo|0F 5
Taten, B-C =& Af
BA% FASR FFEU
HH(CPO), BA T
BAE(PFAD), & AR(PAO)=
FHot AF9] YA EolH, HoledA, =X,
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TFufiste] ARESHET) Fig. 1oA4] &2 Ato] A&
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Table 2. Test sample of feedstocks in
bio—heavy oil for power generation

N

[¢)

# Test sample
RBDPO
PAO
Oleo pitch

Animal fat

Biodiesel pitch
Dark oil
CNSL

Food waste oil

AN N | DWW
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22 AREN B4
TG vloleF e W YRBA fE A=

=2
FEAEAe AR HoleFf AEGAY
0] B TAGIBAALE 1A 2016

] —
2263), Aol EBAYE 97 FEo el A 5}

2.3, Y 24

Hlo| @ FH70] et I A EFEC wE
HPHg Hpol e SR Az ot 842 PCS
instrument(F=HAt®]  HFRR(High frequency
reciprocating riglS ARESIF O™, KS M ISO
12156 =&l wet Alg 2 mLE 60 ColA 75
&9t 50 Hzo] Fuppe} 200 g9 shag& o8
sto] ZFE5YUH(PCS InstrumentAte] Z|E 1 cm
A AIFEPCS InstrumentAte] €17 6 mm
S5 THE GEURE] oo ARl AAE uf
BEZ(MWSD, Mean Wear Scar Diameter)2 &
1] (MEJI TECHNOAF®] Infinity]1)-S AHg5}o]
SAotdct(Fig. 2).

=

Table 3. Test sample of bio—heavy oil for power generation

Fuel 1 Fuel 2 Fuel 3 Fuel 4 Fuel 5
Oleo pitch RBDPO BD pitch BD pitch PAO
60% 60% 60% 40%
BD pitch BD pitch Dark oil Dark oil CNSL
30% 30% 30% 30%
Animal fat Animal fat CNSL CNSL w:s(isdoil
10% 10% 10% 30%
Table 4. The quality standard and test method
Properties Limit Test method
Flash point (C) min. 70 KS M ISO 2592
Viscosity (40°C, mnr'/s) 15 ~ 80 KS M ISO 3104
Sulfur (wt.%) max. 0.05 KS M ISO 8754
Pour point (C) max. 27 KS M 2016
Density (15C, kg/n) max. 991 KS M 2002
Acid number (mg KOH/g) max. 25 KS M ISO 6618
lodine number(g/100 g) max. 25 EN 14111
V(mg/kg) max. 50 ASTM D 7111
Si+Al+Fe(mg/kg) max. 200 ASTM D 7111
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:  sample reservoir 1651 mass
H heating bath

test ball [y plate oscillation motion

Fig. 2. High frequency reciprocating rig(HFRR) instrument and microscope

3. dnt ¢ nF o}, EHEX Hpolo oA A = 223 o] 2}t

&4 H}O]EE]Z“ H27} 71 =9ty o=

3.1. HOIRF R #E E45Y AZoJA ofFA 5 w2 AHAHE APAE SR
4G Ho|eFfo] YaEd 8% UT & sta Q7] wiEelth. & 42 719 0.03 wt.%
A7+ st 0435*3; Table 59 et olst #EL R YEen, Ao AH2ds= 7t
2tk QIshde 321 C ~ 181 C9] EXE HO| A0 = 58 CNSLEE st &9l -36

l

I glom, wH|Ael EFZalNzlo]E RS = TE BYth. 4&+= 899 kg/m' ~ 965 kg/m'e
2 @ol gf3kal 9lE RBDPOZF 321 CT= A wEE Holn, HAi7H= PAO, dark oil7} T2
Q] =grom LI zHME wo] Fhestal Q= dgHtt Eot=d, ol S AH(free fatty
29§ (Food waste oi)7} 181 CT= AL <k acid) & @ol &fsta 7] giolty. APt @

Table 5. The physicochemical characteristics of feedstock materials in bio—heavy oil for power

generation
Property RBDPO | PAO Siﬁ Animal plf’t?h Dark oil| Food | onse
Flash point (C) 321 | 195 | 214 | 301 | 265 | 202 | 181 | 212
Viscosity (40°C, mi/s) | 40 84 51 45 118 32 25 33
Sulfur (wt.%) 001 | 001 | 002 | 001 | 003 | 005 | 003 | 0.02
Pour point () 26 42 8 29 12 9 3| -36

Density (15C, kg/n) 901 899 918 918 965 926 920 949

Acid number

(mg KOH/g) 2 181 54 3 6 76 19 14
Iodine number

(&/100 g 52 40 61 42 97 99 91 222
V(mg/kg) 0 0 0 0 0 0 0 0.02
Si+Al+Fe(mg/kg) 6 35 210 6 23 34 116 26
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T 5% T 4%°] wdoer, sHAxEE ¥t o
& BT H o 9= B-C 9= Ho It
o, & e 79 0.04 wt.% ol FEOoR
Uebdth 58S AR BF Heh AFE B
o, 2 TWRALAWR=R 1, 2 ¥ 5) d=rt &
& 2 o o =4 detdth ¥+ B-C 9=
Ho} @2 915 kg/m' ~ 935 kg/m'e] XS H
olnj, A7t BrF Alm 5% 5 ~ 22 mg
KOH/g Atel2 vt B-C A= Hroh &2
AL HAth Q0TI IR F AR 5
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3.2, Ho|2ERe AESHe FHEY

Table 7°] TA§ HioloF/e] duEd 8F
of gt +&4d Wyt A%E UEe e,
Beg 137 ume UEglon, dmEdd
ot Zol7h Qlout 60 um ~ 214 um FEE
Holll St} Fig. 35 &84 54 ¥ HoleF
T+ B7H & 5Tl gk wpEmtRe] O3S Hof
T gloH, Fig. 4od= 2t A &84t
Be)e HusHn olF &840 2 &AMe
Oleo pitch > BD pitch > CNSL > Animal fat >
RBDPO > PAO » Dark oil » Food waste oil
ojth. o] HPoleFRO] dmEd F AEERA
L oHboletd Alx 3O IEER AV
pitch Aol A4t} oz Qe viAAd &
do] RS Fd AAFH, CNSL2 3%
AR R 45 ol s WFEe] &+
22 @Aste] mtRE A4 AAFTT] "iZe] &
o] oA £2 ZoR woHEh §HH, Hole
ZH d=E4 PAOL Dark oil2 47} =of
A Adtoll Rt 2gute] A4S Asfiste] &
24 oe d=E243 Bl Al 2] g2 Ao
EAE ol dRHHSY FAEARA] 71EHe]
SN HolF= ATt HR B Ho
T3 ITH22].

Table 6. The physicochemical characteristics of bio—heavy oil for power generation

Property B-C Fuel 1 Fuel 2 Fuel 3 Fuel 4 Fuel 5
Flash point (C) 168 165 254 171 162 188
Viscosity (40°C, mr'/s) 149 35 42 21 29 48
Sulfur (wt.%) 0.20 0.02 0.01 0.04 0.04 0.02
Pour point (C) 29 18 19 13 11 17
Density (15C, kg/m’) 945 915 920 918 925 935
e e 2 22 5 6 19 21
A omeer 35 85 45 69 78 98
V(mg/kg) 3 0.02 0.01 0.06 0.03 0.02
Si+Al+Fe(mg/kg) 23 58 15 41 56 96

- 990 -



Vol. 35, No. 4 (2018) et due] e W Holegfe] w8 54 a7 7

Table 7. Determination of lubricity of feedstocks in bio—heavy oil for power generation

Sample Wear Scar X (um) Wear Scar Y (um) Wear Scar Avg (um)
B-C 265 187 128
RBDPO 181 109 140
PAO 205 214 147
Oleo pitch 99 69 61
Animal fat 182 135 137
BD pitch 150 113 109
Dark oil 241 142 171
Food waste oil 277 203 214
CNSL 180 105 120

(a) RBDPO (b) PAO (c) Oleo pitch (d) Animal fat

(e) BD pitch (f) Dark oil (g) Food waste oil (h) CNSL

Fig. 3. Lubricity image of feedstocks in biofuel for power generation.

3.3. HO|2ER2| HIINRS SEHEY
Table 8of 24§ Hiole=G0o] AR ER 3%
o2 FA4E HoleFF HIHE 5Tl it &
2 Bt AnE Ul led, BdEk
151 gmo]al, 101 gum ~ 185 ym EXE
o]al Qit}. Fig. 5+ 284 &4 T HpoloFH
B = 5FC] tigh mpEmpRe] O9E Hof
1 9ler, Fig. 6olXE ZF AR AR
)& Hlustyek o] F S0l FL oAe
REPO | PAO | Cleopich Arimdat EDpich | Darkol Foodvasool CNSL Fuel 1 > Fuel 3 > Fuel 4 > Fuel 2 > Fuel 59]
Feedstocks ot A HoleF R dREE] S84 datolA
Fig. 4. Lubricity comparison of feedstocks in HoI=o] mIiAZo] B Z= Q3ky o
bio—heavy oil for power generation. Oleo pitch, BD pitch, CNSLe] 985 2357

:{oo

Wear scar diameter (WS1.4)
I-E rlo
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Table 8. Determination of lubricity of bio—heavy oil for power generation

Sample Wear Scar X (um) Wear Scar Y (um) Wear Scar Avg (um)
B-C 265 187 128

Fuel 1 125 95 101

Fuel 2 201 139 168

Fuel 3 175 139 142

Fuel 4 195 158 159

Fuel 5 235 253 185

(a) B-C (b) Fuel 1

(c) Fuel 2

(d) Fuel 3

(e) Fuel 4

(0 Fuel 5

Fig. 5. Lubricity image of bio—heavy oil for power generation.
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200
53
%
©
3
(7]
:
B-C Fuel 1 Fuel 2 Fuel 3 Fuel 4 Fuel 5
Biofuels for power generation
Fig. 6. Lubricity comparison of feedstocks in

bio—heavy oil for power generation.
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