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PONRAWEE WANLIKO : PALM BIODIESEL IMPROVING BY
DISTILLATION AND EFFECT OF NANO ZINC OXIDE ADDITIVE IN

LOW SPEED DIESEL ENGINE. THESIS ADVISOR : ASST.PROF.

KAROON FANGSUWANNARAK, Ph.D., 222 PP.

BIODIESEL/CRUDE PALM OIL/REPEATED-DISTILLATION/EMISSION

In this work, crude palm oil was produced by the single-step distillation of alkali
trans- esterification process to provide pure palm oil biodiesel (POB) fuel. The pure
POB fuel was improved by using repeated-distillation process and blended with 50 ppm
nano zinc oxide additive (ZnO) in order to apply effectively in a cylinder low-speed
diesel engine. The influences of pure B100 and improved B100 (R—B100) on exhaust
emission from internal combustion engine were studied under the comparison with
commercial diesel fuel. The physical properties of all tested fuels were characterized
under ASTM. The experimental results show that the B100 fuel yielded at 90.42%
under consuming raw materials of 400 grams. Fuel viscosity of improved B100
(R-B100) fuel can provide the effective improvement under criterion value of the
ASTM standard (< 8.0 cSt.) for low-speed engine as compared with pure B100 fuel.
The kinematic viscosity values are of 121.41%, 122.55%, 35.71% and 36.85% for pure
B100, pure B100 blended with 50 ppm nano zinc oxide additive, improved B100
(R-B100) and improved B100 blended with 50 ppm nano zinc oxide additive
(R-B100+Zn0), respectively, which are more than commercial diesel fuel by 8.02%,
8.02%, 7.41% and 8.02%, respectively. Similarity of cetane index values of all tested

B100 fuel are under ASTM standard, which are less than the diesel fuel by 28.98%,



28.98%, 26.72% and 28.66%, respectively. Heating value of all tested B100 provided
less value than the diesel fuel. Meanwhile, exhaust emission from the tested engine at
2,500- 3,000 rpm was studied under using different B100 fuels. It shows at 2,500 rpm
the effective increase of CO» by 61.62%, 65.54%, 88.86% and 128.46% for pure POB,
improved POB and improved POB blended with 50 ppm nano zinc oxide additive,
respectively, while 3,000 rpm Carbon Dioxide (CO2) increased by 46.94%, 52.54%,
80.19% and 100.45% from pure B100, pure B100 blended with 50 ppm nano zinc oxide
additive, improved B100 (R-B100) and improved B100 blended with 50 ppm nano
zinc oxide additive (R-B100+Zn0), respectively, as compared with using commercial
diesel fuel. Carbon Monoxide (CO) results show the reduction trend with Unburned
Hydrocarbon (HC) emission. However, Nitrogen Oxide (NOx) emission results show
a small amount of increase in exhaust by 21.85%, 15.97%, 7.56% and 1.68% from the
engine at 2,500 rpm and by 20.16%, 10.08%, 2.33% and 3.10% from the engine at
3,000 rpm using pure B100, pure B100 blended with 50 ppm nano zinc oxide additive,
improved B100 (R-B100) and improved B100 blended with 50 ppm nano zinc oxide
additive (R-B100+Zn0), respectively, as compared with using commercial diesel fuel.
Meanwhile, improved B100 (R—B100) fuel can relieve the increase of Unburned
Hydrocarbon (HC) emission of pure B100 by 56.82%), 40.91%, 27.27% and 20.45%
from the engine at 2,500 rpm and by 54.39%, 50.88%, 10.53% and 7.02% from the
engine at 3,000 rpm, respectively. This study suggests that improved B100 (R-B100)

fuel has the high potentiality for as a clean and alternative fuel.
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Engine NO, CO Co, HC
Type
Speed (ppm) (ppm) (% Vol.) (ppm)
Diesel (Standard) 119+ 1.00 3546 +3.79 3.83+0.01 44 +1.53
B100 145 +2.00 2692 +3.00 6.19 +0.08 69 +20.8
B100+Zn0O 0.05 g. 138 £2.00 2642 +2.52 6.34 £0.01 62 +2.08
2300 R-B100 128 +£1.53 1390 +4.04 7.23 £0.06 56 +0.58
R-B100+Zn0O 0.05 g. 121 +1.53 1378 £2.08 8.75+0.05 53+£2.52
Palm Oil 350 £ 1.00 7120 £1.53 9.66 +0.03 176 £2.52
Diesel (Standard) 129 £2.00 3466 + 1.53 4.46+0.01 57+1.15
B100 155+2.52 2523 +£2.52 6.55+£0.06 88 £1.53
B100+Zn0O 0.05 g. 142 +£1.00 2488 +1.53 6.80 £ 0.02 86 +2.08
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Engine Type NO, CO CO, HC

Speed (ppm) (ppm) (% Vol.) (ppm)
Diesel (Standard) 119 3546 3.83 44
B100 +21.85% -24.08 +61.62 +56.82
B100+ZnO 0.05 g. +15.97% -25.49 +65.54 +40.91

2,500
R-B100 +7.56% -60.80 +88.86 +27.27
R-B100+ZnO 0.05 g. +1.68% -61.14 +128.46 +20.45
Palm Oil +194.12% +100.79 +152.31 +300.00
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Engine NOx CO CO2 HC
Type
Speed (ppm) (ppm) (% Vol (ppm)
Diesel (Standard) 129 3466 4.46 57
B100 +20.16% -27.21 +46.94 +54.39
B100+Zn0 0.05 g. +10.08% -28.22 +52.54 +50.88
000 R-B100 +2.33% -60.88 +80.19 +10.53
R-B100+Zn0O 0.05 g. +3.10% -61.22 +100.45 +7.02
Crude Palm Oil +179.84% +101.33 +138.86 +254.39

A X oA 3 A Y o '
Wj\nﬂn’”ﬂ + ﬁ@ L‘W?J%u Uag - ﬁ@ AAAN [FU NANLTITOVU 2,500 59U/UIN UIUU B100 ﬁfn

1 %}l v =
NO, Mﬂmmmumma%’aﬂaz 21.85

4
451 lulasinuesnlad (Nitrogen Oxide)
~ ] 1 4 A I
ANAITNN 4.6 LAz 4.7 WUN ﬂ'lﬁ'ﬂﬁ'@f]lluiﬁﬁlﬂu@@ﬂllcﬁﬂsll@\?Lﬂﬁﬂ\?ﬂu@ﬂlcﬁﬁ
3 A < A ¥ o = 3 o g a
WywINaANuETe AN 2,500 sou/uh Wi luTedrasininiuthanay (B100),
? o = ? o Jd a a 1 a J s @
iiuluTefiwavintiniuiduay (B100) nauasiauuadui Tudganoen lod 0.05 05y
3 o = ? o S a A (v 9 ax o
(B100+Zn0 0.05 g.), H1iu luTedaanindnivihavaunlsulgesnanmudaTaedsmsnau
o =2 ? o S a A (v ) an o a
(R-B100), Wniu luTefanminiuthavaunlsulssnanimuda Tng s msnaunauansiay
1 a J 4 [ = ¥ o d a 4 1A
uaau TuFaAeon lad 0.05 N4 (R-B100+Zn0 0.05 g.) 533 1915 duay viu wudn §
1 J 2 3 o oa Y
ﬂ”lﬁ‘ﬂﬁ'E)leluIﬁﬁLﬁ]uf’)f’)ﬂll“h'ﬂil']ﬂleufl]']ﬂU']lluﬂL“]faﬁﬂfJag 21.85,15.97,7.56 1.68 L1ag 194.12
o A < = P = Yo J a
ANAAY VUSNAINLTITOUAIN 3,000 39U/UIN 1“3J°Llll‘UI’E]ﬂL“]fﬁ‘fﬂﬂu']ﬂJuﬂ'laiJﬂﬂ (B100),
? o = ¥ o J A a 1 a 7 4 [
umu"luiam%amﬂumuﬂmmm (B100) WﬁﬁJﬁ?ﬁl@ﬂll@ﬁuWTuWQﬂ@ﬂﬂq"ﬁﬂ 0.05 N3V
3 o ~ 2 o S a A (v Y A <
(B100+Zn0 0.05 g.), Wi luTedraninininihavauniliviljegunimudi Tasdsmsnau
? o = ? o S a A o Y ax o a
(R-B100), H”I‘JJu"l’]JTi’JﬂL“h'aﬁl”lﬂu”l‘JJu‘]J"laﬂJﬂ’]JVl‘]JﬁJ‘]J?Q?;Imﬂ"l'WL!aﬁliﬂﬂﬁlﬁﬂ”ﬁﬂauﬂﬁﬂﬁ"ﬁmﬂ
1 a 7 J @ =2 ¥ o Jd a g}/ 1
LL@QH"ITH“D’QFI@@ﬂlIGBﬂ 0.05 N4 (R-B100+Zn0 0.05 g.) 5'33Jh1‘]Jﬂ\‘11!13Ju°]J1ﬂllﬂ‘]J1!u WU
~ J s zg ? o oa Y
inmstaeelulasnueen ladunvunminiudmadesas 20.16, 10.08, 2.33, 3.10 uag 179.84
o w [ A ~ ] A J 2 J 4
ANAIN U ﬂﬂgﬂﬂ 4.10 HAZNANNLIITOUUDIUATOIYUAGIVU ﬂ"liﬂa@fllluiﬁﬁﬁlu@@ﬂ]lcﬁﬂ

a

A 2 A 3 A AR | 0o q ¥ v gy X
INUUU mmﬁ]”lﬂm”mLi’;iﬂmlmmi@wmmqwu ﬁ]z%”ﬂﬁ@mﬂﬂﬂiuﬂi’)QLW”Illﬂlqui‘Uuf‘NWﬁ

U

] Y
aomsase luTasinueenlaaveunseseudgaiualide



82

Nitrogen Oxide Emission
& Diesel # Palm Oil # PORB 100 [l POR 100 + ZnO £ R-POB 100 * R-POB 100 + ZnO

400

300

200

100

Nitrogen Oxide (ppm)

RPM @ Load 6 N-m

517 4.10 m3tlaesuainy luTnsinueenloq (Nitrogen Oxide)

4 4
452  asusuNeULn lwa (Carbon Monoxide)
A ' ' P s A s
1AA13199 4.6 1ag 4.7 WU Mstassmsueuveuen lsdveunToseua
=y 3 A < A =} Bol Y = Bol Y] S A
Ay anyUITINANWEITOUAIN 2,500 500/117 Wniu luTedwaainihiuihduay (B100),
aol Ly = %’ o Jd a a 1 a o o [
iiulu Tetiwaviniisiual1duan (B100) wauasiauuadul Tuganaon baa 0.05 N5y
g v s g @ S a [ Y as <
(B100+ZnO 0.05 g.), i luToRwaniminiuthanduilsuljsguamudr Taedsnsnau
Y o = ¥ o ¢ A A e ] an <
(R-B100) taziaiv T Tedmaviminivandundiulyeguaimudl Taedsmsnauney
a 1 a 4 o [ 1 [
A1TANUAIUI TUTIAD DN LA 0.05 ATY (R-B100+Zn00.05 g.) Wu31 Un15iaes
Y
AMsvouNeuen luaantiosainniiuAirasosas 24.08, 25.49, 60.80 Lz 61.14 ANAINY
A Y o s a & a ] 7 2 2 ? o oA P
Tuvaznvnivihduausin iasilassaisueuusuan ledauinyuainmiiudwaiosay
~ <3 A )=} %l Y] =) %’ ] Jd Aa
100.79 tazyazNANNITITOUAIN 3,000 501/41 11iu Ty Tedmrasintiniuihauay (B100),
%} @ =) %} 9 d Aa a 1 a 4 4 [
iiuluTefiwavintiniuilduay (B100) manasiauuaaul Iuganeon lad 0.05 N5y
%’ @ =) g @ S a A [ 9 as <
(B100+Zn0 0.05 g.), wniuluTedwanminiuthauaunlSuljsnunmuda Taedsnmsnau
%} o %’ o S Aa { [ A, <
(R-B100) taztiniu luTedmaviminiulhauaunlsulssquaimuda Taegismsnauneay
a 1 a 4 4 [ 1 [
AITANUAIUITUTIABEN LA 0.05 NSY (R-B100+Zn0 0.05 g.) WU Hn15daes
Y
aMsvouneuen leaantiosainninudasosas 27.21, 28.22, 60.88 LA 61.22 AINAINY

A Y o Jd a 3’; A J 4 J é’ ? o oa 9
Tuvaeniiuianaudu llﬂ”li‘]Jai’)EJﬂ"IﬁJi’)l!ZJ?J‘L!i’)ﬂ"l,“]iﬂﬂ"lﬂ“llui]"lﬂu"mum“ﬂai@Elag



&3

o = ~ < A s 2 \ P 7
101.33 193U 4.11 nagfianuizrseUuoAs 03oUAgIUY Mitldosnivounouen leaanag
A = a A A da! Y Y <3 A s da! =
iosnnSuaeengauinmuiniuludewsn IndnanuEisevveunToseuangeiv
a [ [ [ [ 1 % o [ 3 [ % o =Y
NANATAAIUNI0DATITIUNANITE W UA DML ULV VTIUNANDIN T udSua

] Y
oo 01mAdSurmnin) eendnudidsuiugaiulunszurumsduardnieluagin i
P P { = P & E9 ' a

asvouvouen ledausalaeulhdluariveulaoen led lduiniu denalidsuaveos

4 J
ﬂ'li‘]JElHiJ@U@ﬂll“BﬂﬁﬂﬁQ

Carbon Monoxide Emission
N Diesel & Palm Ol ¥ POB 100 Ill POB 100 + ZnO % R-POB 100 ¥ R-POB 100 + ZnO

8000

7120

6000

4000

2000

Carbon Monoxide (ppm)

2500 3000
RPM @ Load 6 N-m

= ' A I s .
517 4.11 maavsuanymsveounouen lua (Carbon Monoxide)

J J ..
453  miveoulasenled (Carbon Dioxide)
A 1 1 4 < A 4
INAT NN 4.6 LA 4.7 WU ﬂ'liﬂa'é]flﬂ'l‘iﬂ’é)uulﬂ'f)f]ﬂhl,“lfﬂ"llflﬂlﬂi@\?EJ‘L!G]
= 3 A <3 A a 3 o = 3 o J a
PUFAHHULIINAITNLIITOUAIN 2,500 59U/U N umu'luiﬂﬂmsamﬂumuﬂmmu (B100),
%} o = %’ o d a a 1 a 4 o [
iiuluTefiwavintiniuilduay (B100) nauasiauuasu Tudganoen lod 0.05 05y
%’ @ = g o S a A (v Y ax @
(B100+Zn0O 0.05 g.), umu‘lﬂa@msamﬂumuﬂmmumﬂiuﬂga@mmwuaﬂﬂﬂnmiﬂau
%} @ = %} @ S a A (| 9 axy o a
(R-B100), umu"lﬂammamﬂumuﬂmmmnﬂmﬂ;aﬂmmwuaﬂﬂﬂaﬁmiﬂauwmmimu
' a 4 o = ¥ o J a ¥ '
uagu1 Tuganoon lsd 0.05 AFY (R-B100+Zn0 0.05 ¢.) 591 1d et uiduausiu wua
a ' ¢ ¢ 2 Y o a Y,
llfﬂiﬂaE]Elﬂ1iﬂf]uul@@E]ﬂulcliﬂlﬂﬂﬁUu%1ﬂu1lluﬂL%ai@8ﬁ$ 61.62, 65.54, 88.86, 128.46 L1ag

o w A < A a ¥ o = ? o J a
152.31 UAAU YUSNAIULIITOUAIN 3,000 39U/UIN umu"l‘uiﬁ)mclfamﬂumuﬂmuﬂ‘u



84

Bol o = %I o Jd A a 1 a 4 4
B100), ¥uiuluTedwasntiniuidudy (B100) wauasauuaau lugadesn laod 0.05
% ’.f o = %’ @ S a A [ 9 axy
ATU (B100+Zn0 0.05 g.), WninluTedmanininiuihduaunysulsequainuda Tasisms
< ¥ o = ¥ o S A A (o 9 an <
nau (R-B100), Wnin luTeRwasiminiulhavdundiulseguainudr Taedsmsnaunay
a 1 a 4 4 Iy = g ] J a g’;
a15auuasu Tuganoen lsd 0.05 A5U (R-B100+Zn0 0.05 g.) 533 1Udainiuthauauiu
[ = [ 4 4 g ’o’ v A 9
wu Imstassasveulassn leduinvuaininiufadosay 46.94, 52.54, 80.19, 100.45
o [ a [ ~ ~ <
wag 138.86 1ud1ay aquaadlunsilupugiunalugln 4.12 nagnausisevves
A s 2 ' P s A 2 A A o P P
insouagaIy mitassmiven laoen ladimudu Mentosnvilfmamsvounouen lua
4 a a L A 3 o 4 o H <
Nanad aelSuiaeenFaumnuauszyiildasveuusuan lsaa1ursolasu 113y

Y
mivoulaoonlua launau

Carbon Dioxide Emission

B Diesel # Palm Oil # POB 100 [l POB 100 + ZnO # R-POB 100 * R-POB 100 + ZnO

12

10.65

o

4

Carbon Dioxide (% Vol.)
(@,
LN

4

2500 3000
RPM @ Load 6 N-m

1 4.12 msdasguaiiva1iuenlasen l4d (Carbon Dioxide)

J
454 lalasm3vuen (Unburned Hydrocarbon)
A 1 1 J A Iy
INATTNN 4.6 Llag 4.7 WU ﬂ']'iﬂﬁf]flulaiﬂiﬂ'lﬁﬂﬂu UBDILATIDIYUAALB A
3 A < ~ A ¥ o =2 o J a
HYULTINANULIIITOUAIN 2,500 T9U/UIN u']lluulﬂif]ﬂl“h'ﬁEﬂ'lﬂu'llluﬂ'lﬁllﬂﬂ (B100),
Y = ? o J a a 1 a J s @
Wi luTefiwavintiniul 1 duay (B100) mauasiauuaaul Iuganeon bad 0.05 N5y
o = o J a A (v Y ax o
(B100+Zn0 0.05 g.), Hiu luTedraninduiuhavaunlsvlsenanmudaTaedsmsnau

%’ @ = %} @ S a A (v 9 ax o a
(R-B100), UniuluTedanminiuthavaunlSuljsnanmuda Tag s msnaunauaisiay



&5

1 a 4 4 [ = g @ Jd A g}z L=
uaaun Tudganean lad 0.05 A5y (R-B100+Zn0 0.05 ¢.) 533 J/aarhiuthduauiiumun Ims
[ J 3 g o
aselalasasusuuinvuaniniudwaiesay 56.82, 40.91, 27.27, 20.45 11ag 300.00
o o ~ <3 ~ = Qol o A g 9] Jd Aa
MUEIAY VAT NANNIGITOUAIN 3,000 390/1% T Ty TeArarinmiiuildudy (B100),
’o’ Iy = %1 Iy Jd a a 1 a 4 J I
1w luTeftwaa1niiiul1duay (B100) Maruaist@uuadu Tudaneon laa 0.05 5y
¥ o = ¥ o S a A (o ] ant )
(B100+ZnO 0.05 g.), Hiu luTedaaninduiuhavaunlsulgesnanmudaTaedsnmsnau
%’ @ =) %’ @ S a A [ 9 Aas ) a
(R-B100), UniuluTedanminiuthavaunlsulssnanimuda Tag s msnaunauansiay
1 a 4 4 1] = %’ v Jd a 3’/ 1
uasu1 Tuganoon 1o 0.05 A5y (R-B100+Zn0 0.05 g.) 531 1A aisiuthduausiu wuan
= [ 4 49! g v A Y
insdaeelalasaisuouuinvuanmindufsasesay 54.39, 50.88, 10.53, 7.02 uay 254.39
o w [ ~ ~ < A 4 ds! 1 4 A 49!
awd1ay A3 4.13 naginnuiaaseuveunseseudgary msilasslaTasmsuounuiu
I = A 1 4 o =Y ~ 1 [ a
Wuwameniioananmslassaisusuuouon lud ulSuiananas uazdinaneduiu
4 s A 49! d’ [ 1 A [ 1 1 %‘ @ @ I~
aMsuou laoan lsaniuauy 1109 NTAdIUNT 00T 1A IUNTNTE WU TUA LI AT U
1 X U 1 1 sO‘ u o 1 g’ [+]
HUVEIUHNANLN FI9AT1FIUNANTZHINUTUA Vo IMALU DA IUHauUI9uY 119 ns
1 o Y 1 (N9} A % =S Ll
uninszaeveudadr anas s lvarumauunadiwen sl luvunazmaeundu loide dana

v Y
TinansdaeeslalasmsveuludSanunuu

Unburned Hydrocarbon Emission

®| Diesel # Palm Ol # POB 100 [l POR 100 + ZnO # R-POB 100 # R-POB 100 + ZnO

202

210

140

70

Unburned Hydrocarbon (ppm)

SRS 2
e

2500 3000
RPM @ Load 6 N-m

51 4.13 msdasowaiinlalasa1iuou (Unburned Hydrocarbon)



86

v qw A & a o . .
4.6 onnawdaeurenasdWIZILsn (Brake Specific Fuel Consumption)
o @ v W 2 A zil a o A () ° Z o
AMTUMITINATITUU A0 UFDINAITUNIZLUTNUDUATOIIUAALLATOUA U U 9291
v W 2 A tg a o A s <3 A =\
M5IABAT 1AW A0 UFOINAITUNIZLIUTNVOUATOIGUATNANINITITOUAIN 2,500 39U/UIN

o @ 4 I o { a @ I
1Az 3,000 590/17 TaglA15EATLMALAT0EUANMITEATETNN 6 Hadwuas Taslunsia

o J 3 v 9 A 4 3 @ ? o X a A = A A do o
%z‘mmi%ﬂumuﬂmmei’e)wmWiuﬂsumumuwmwamqmumﬂulﬂleumzmﬂimﬂuﬁ a3
A = 3

o = 1% A A A Jd o 1 = sa o
NMNIU Tﬂﬂuﬁaﬂﬂ'ﬁﬂ@ GI)"J\‘]L'Ja']ﬁu\iellﬂlgﬂLﬂi@Qﬂu@lﬂ']\‘]']u@E‘,!Gl»UUﬂlﬂﬂﬁV]lﬂUu'lilu

dy a o o 9 I dy Aa o [ A 4 = o ] [ = A v
Lalf't’jl‘waQﬁ“lﬁi‘ﬂi%’lﬂu!&]fﬂlwa\iﬁ']ﬂﬁﬂlﬂﬁ@\?ﬂuﬁﬂgll TMUNBYATIATITUI !N@!'Ja'lw'luhlﬂ

@ dy a ~ [ =
muwmwaﬂuumﬂaiﬂ%aﬂm

U

dy o v d' a = %} £ %:l
(P1TNAABIUNINITIULIAIN 60 IUIN) UIHUNVDIU
E4

4
o A

Y
[ [ a a 1 9
i]'lﬂ“l’iﬁﬂﬂ'lif! i]gﬁﬂ\l15’[,]??1@Gli1ﬂ15Ul‘ﬂﬁlf]N1]'3@ﬂJﬂQHWNHL%@LWﬁ\‘Iﬂi%Lﬂ%@1Q¢|@’Oﬂiﬂhl@
2 o Y Y A dy a o 4
5’33Jﬂ\‘Iﬁ'TﬂJWiﬂﬂWH’Jﬂ!@ﬁiWﬁulﬂaﬂ\‘ILGIS’E]L‘Wﬁiﬂ?!WW%L‘Uiﬂ@@ﬂlﬂhlﬂ
= @ Y v W ay A dy a o A %’ v
FeaulsauInmsIneas1dulaourenastunziusn Ao Uszanvesiniu

J 9o’ v %} Y a %’ v
a6 UYszan 1dun iiuluTefmasiniiiuiauay B100), Huiululefwsaan

RKe

l

v

d a a 1 a 4 4 [
1ud1auay (B100) waua1siauuasurTugenonn lea 0.05 n5y (B100+Zn0 0.05 g.),

o¥ ﬁOﬁ

v

%I @ Jd a 4 [ a, < g @
WiiuluTedwaviminiuhduaundfulyenanimuda Tasdisn1snau (R-B100), W1siu
= %I Y] S a [ 9 as < a 1 a o
TuTefraninduiuhavaunlsulgsnaamudi Tae snmsnan wanas@auuasu Tugan
4 [ g v A = g v Jd a d'o/
200 1A 0.05 AU (R-B100+Zn0 0.05 g.), Wsiudsa 593 Jdainivhduay Tuvaznaanls
A A v Qy A dy Aa o A = o': =
aruau Ao Mo lulunmsiaons@unldouremass Mz NU0UAT 09T UAAIFATOUAIT
) A <3 A = = = o w A S
MMSNANNIGITOVAIN 2,500 580/UIN LaE 3,000 TOU/AUN 1ABNNITLATEIINUATOLUAT
v ) 9 ]
MILATLIN 6 dumas wazlenarlumstaoasims ImaFaaveainfudemadi 60
a =
N
1 Y % A = [ a g a Lé 1 1
lugaugameaanlseaw fo Usnuonsims nasawiavousomasdedana lig
v T Pi ., A v RN A o
USa0a U a0 uroINaId UNIZILTNUBUAT O UAALSATOUAT AdA1519T 4.8 LETAIOAT
=\ H U Qs} j = o .
M3 Inamania 1azm3 19N 4.9 MINLAAIOAT1a U a0IBINAITUNIZIUTN (Brake Specific

&’ a 1
Fuel Consumption, bsfc) YoutToINadlsennaie



i 4
A1519N 4.8 a@1ﬁmi‘lwammammﬁmwmﬂizm‘ﬂmaq

&7

NI IvaBanaa (g/s)

Engine Diesel Palm Oil B100 B100 + ZnO R-B100 R-B100+
Speed ZnO
2,500 10.2044 £0.21 [0.4550+0.72 | 0.3244 £0.25 | 0.3283 £0.60 | 0.2350+0.20 | 0.2356 +0.31
3,000 [0.2494 +0.31 [0.5017+0.96 | 0.3561 +0.50 | 0.3589+£0.15 | 0.3011 £0.25 | 0.3017 + 0.40

d' v Qy =) dal a o dy a [
A1519% 4.9 905 1T WU A0 UTOINAITIINZIUT NV UFBINAIL T2IANA1Y
snanlasurenaIdnzusn (bsfe) (kg/kW.hr)

Engine Diesel Palm Oil B100 B100 +ZnO R-B100 R-B100+
Speed ZnO
2,500 | 0.4686+0.21 | 1.0428 £0.72 | 0.7436 £0.25 | 0.7525+0.60 | 0.5386+0.20 | 0.5399 +£0.31
3,000 | 0.4764+0.31 | 09581 +£0.96 | 0.6801 £0.50 | 0.6854 £0.15 | 0.5751 £0.25 | 0.5761 £0.40

Y
Y %

HU BATINIT

Y

NN 4.8 11ATAIT19N 4.9

=

1 o o < [ S
AN ?fm15aummm’gmﬂaﬂmnﬂuﬂmmmﬂa
=\
o
m,
bsfc = ——
b,
~ A o 2 A & a o ' <
T@Ifﬁﬂ bsfc o mmmﬂamwmwmmnm:msﬂ ‘H‘LA’JEJL‘]J‘LA (kg/kW-hI‘)
. = ] a &’ a [ I
mf o @]51ﬂ15]1ﬁa!,5b'\‘11|3@51]@\1£5]f@l>1/‘|a\1 ﬁu’ml,ﬂu (kg/s)
o w ] I
P Ao Mauusn (Brake Power) nue11lu Watt (W)

9
HaEMAUUINUY Z‘TW?J"IS‘E]?“I’"IH’Jmll@%)ﬁ]”IﬂﬁiJﬂﬁ

9 2
llwmmmammumm%mwmﬂizm‘ﬂ

dsl a o Y 1 dy
ENLG])'E]L‘Wﬁ\?ﬂ1&W1$L‘1Jiﬂul@*ﬂ1ﬂﬁilﬂ1‘i¢]’élhlﬂu

(4.6)



88

B = 2P NT 4.7)
{ a [} I
Tagn T Ao 1590A (Torque) HHIITU (N-m)
A o A o ' 3 =
N A9 TIUIUTOUMINYUVDUATOIBUA WIS Y ToU/UN (RPM)

Yy Y H 9
NnMIAasadwlasugamassuniziusnluaisieh 4.9 5191)1\3@%}11!1!11! aIu190
o = o £ A & a o ' = =
mmmﬂﬂugﬂm 4.14 amwamﬂaammmawnwwmiﬂﬂizmmmmmauﬂm 2,500 591/

= I}
UIN Lag 3,000 39U/UN

BSFC (kg/kW.hr ) VS. Fuel Types

& 2,500 RPM % 3,000 PRM

1.20
1.00
0.80

0.60

BSFC (ke/KW.hr )

0.20

&\\\\\\\\\\\ﬁ 0.5751

g/,%///////////j 0.5386

W 0.4764

0.00

Diesel

el
=]
(ws]
-
o
o
+

[~
5

o
-
o]
-
(=]

o

R-POB 100 +
Zn0

Fuel Types

d‘ v Qy A g a o 901 Y dy a
qﬁj‘IJ“I/I 4.14 oAU A0 UTBINAITUNIZILT NV N UITOINAINAT O

4 A < A ad I
031N 4.14 WY NANGITRVVBIATVIBUAAIN 2,500 301/119 das1au)ana
&’ a o g @ d  a %} o =) %’ @ Jd Aa
WInaIs Iz snvevuiduay, i u luTedasiniiiduidauay (B100),
g v = g v J Aa a 1 a J o [
iiulu Tefiwavintiiulduay (B100) auasiauuadul Tuganeon aa 0.05 N5y
%,’ @ =) g o S a A [ 9 Aax <
(B100+ZnO 0.05 g.), Hiu luTedaraniniuiuihdvauilsvilgenanmudaTaedsmsnau
%} o %’ o S Aa { [ a, <
(R-B100) taztiniu luTedmaviminiulauaundsulsequaimudl Taegismsnauneay
a 1 a 4 4 [ a0 1 % Y=t a I
AsAuaa Tuganeen lad 0.05 N5y (R-B100+Zn0 0.05 g.) IAu1nnIniiuasanaiu
o o { 3 4 o {
$ouaz 122.55, 58.70, 60.60, 14.95 Az 15.22 Mud181 4azNANNISUTDUVDIUATDIIUAAIN

A S o 2 A t&} a o %’ o J a 901 @ =
N 3,000 39U/UIN ’éJGIi1ﬁ’ulﬂ’d’éN!,‘]f’éJLWZ‘N%MWWL“]Jiﬂ"U’éNunJu‘]haiJﬂ‘U, umu"lﬂamcuamﬂ



&9

? o J a ? o = ? o J a a 1 a J¢

uiuihavay (B100), umuquiammamﬂumuﬂmuﬂu (B100) NENETIANILAIU TUEIA
4 o ? o = ? o S a A (v

o0 1% 0.05 n51 (B100+Zn0 0.05 g.), 1niu luTedwanminiuihduaundsulgenanin

< ? o ? o d a { (o
udlaedsmsnau (R-B100) waziniu luTedmasnminiuhduaunlsvljequamudaTae

= o a = J

Fmsnaurauasauuaan Tugadesn lad 0.05 N5 (R-B100+2n0 0.05 ) HAININAT

D

]
gwd a S 1 1

uudraaadludosas 101.11, 42.76, 43.88, 20.71 uag 20.94 muaiau Iaeidasendanan

oe

Y A

SERGAIBIG

v

k4 9 9 ' ' Y '
DUFBNAITUNNZIUT AV N FDINA U TLIANA19 NUIPVUNINNTUR

ke

a

4 1 1 9 ¥ a 9 A
Lﬁ’ﬁ]\?ll'lﬂ"lﬂﬂﬂ"lﬂ'ﬂhﬂﬁ@ uazmmmsaumau%mm i]mmagaﬂmﬁuummmmwaﬂu
A ' ¥ o s a g o = 3 o Jd a

A135199 4.4 wu21 dwiauay, e luTedtsasiniiuilduan (B100),
%’ o = goJ Y] Jd a a 1 a 4 4 [
iTuluTefiwavintiniul 1 duay (B100) mauastauuaaul 1uganeon ad 0.05 N5

3 o = ) J a A (o Y an o
(B100+Zn0 0.05 g.), umu"lﬂam«uamﬂumuﬂmmuwﬂiuﬂ;mmmwuaﬂ%a‘ﬁmiﬂau

Y = Y o J a A (o Y a o

(R-B100) taziigiuluTodmasminiuhavdunlsuljeguninudi Tasdsnisnaunan

a1naunaau1 Tuganoon lod 0.05 nFU (R-B100+2Zn0 0.05 ) IA1ANNNHANINAI

2 o oa A A A 1 v & ¥ o A = Y 1Y
HIUaLya Iﬂﬂ‘ﬂﬂ?']llﬁl!ﬂllWa@]@ﬂ1§ﬂ3$ﬁ]']ﬂ@]'3lﬂua$@@\3PJ@EJGIJ@QHWNULN@QTWQQHHQWSQ

9

] A Ay 1 Y a o ? ooy yx v ¢
LWTUlWJJ mmwuwu@ﬂmNa“lwmﬂmsﬂsxmﬂmmmumu%ﬂ ﬁﬁWﬁi‘l’iﬂﬁLN”lulﬁllﬁﬂJ I

L
A 2 1Y A A ' 1 o Y o A A A 1
VINTITU HADIANUNTATAIGININIETINAADNITNITZIIAIVOITFRINGIN 117
1 { U ] o 2 f a { 3
mnaas dawaldmawn Indf hiauysel sou ldfsmsaunldeusemasiuiniiuaiulldqe

[ ] 9 dy a % I VoA d”d o A Yo dy a
“lumwummﬂmm@ummwmwaauu %zgﬂuﬂmuwmwamumz"lmumﬂwmwm

'
A o W 1 9

y a & 1 Vo A o = o 3 o
ﬂszmﬂuuq TuifSunarilanuasmnu werhwseumeunu Tasniduniainnuiou

4

{ a U 1 [ 2 %’ @ 4 a % o w Jd a Bo} @
GU’E)\‘IL%’E)LWﬁ\ﬁﬂﬂﬁ]%i’f\‘]Wﬁ@]i’)El@Ii?ﬂ?iﬁﬂlﬂﬁ@ﬂﬂ?ﬂul%mwaﬂﬁﬂﬁ\‘] %QHTJJMI]”I?I?J@U, HIUU

= g o Jd a %’ Y =) g o J a a
"l‘uT@mcnamﬂumuﬂmmu (B100), umu‘l‘uT’am«mmﬂumuﬂmmu (B100) WY 15L814

'
a a

1 a 4 4 [ %’ Ly = 9o’ ] 4
uaa Tudaaeon laa 0.05 AFY (B100+Zn0 0.05 ¢.), 11350 Ju Tedisainiiiguihavaun

@ an @ Y o ~ I S a A
USudgenmninuailaedsnisnau (R-B100) uaziniuluTefwariniduildudud

] < a 1 a J 4 Y]
Ysudysnanmudr Tasdsmanaunduatsduuacu lugeaeonloq 0.05 n§u (R-B100+Zn0

g’; A 9 A Y v %’ v A [ g’; %,’ Y= =Y Qy A dy a

0.05 g.) Yy UmaNuTouNosnuAra a9y iuAaIzlons 1@ ulaouFoInG

° Ay A g o g vy = g o =
UNISLUITNNUBINGTAINUINUNL 6 Usziam !mﬂ'll,‘lldiﬁl‘ﬂLﬂﬂULﬂWTZHTNHHlUI@ﬂLGBﬁﬂ']ﬂ

S a A

g @ d a g @ g @ [ =Y
uniuhawday B8100), WninluTedwanniniuthanaunlsulsequamuda Taedsns

o A A " Y a 1 a s = %’ o J Aa A
nau (R-B100) lunsain li'ldnanasauuasun Tugadesn lod soudainivihdauduiie

v
= 3

= o Yy ¥ o = o S a 9 ax v
Llﬁﬂﬂl‘ﬂﬂﬂﬂul!ﬁ? umu"luiamclsamﬂumuﬂmumm 5ﬂﬂ§ﬂﬂﬂ!ﬂ1Wl!ﬁ'§I@UTﬁﬂ15ﬂau

q q

= Qy A dy a o A Y A %} o =)
(R-B100) ﬁwmmmmﬂammmwmmmwLuiﬂﬂu@wq@iuﬂizmmmumu”lﬂamcm

%’ Y I a d'g @ = %’ Y I a a J
miiuhduay luvazningiuluTedmsanininiuihauay (B100) wauaisauuadun Ty



90

a J J [ ? o = ? o S a A (o
Faavon loa 0.05 NF1 (B100+2Zn0 0.05 ) taz1iiu luTodwavniniiuhduduil vl
v a 1 A d 4 o
gumndl Tagdsmanau wauasmuuaau Tuagedonn lva 0.05 N1 (R-B100+Zn0 0.05 g.)
A = @ Y o = Y o J Aa Y = Y
wenfFeuieunuiniuluTetmanininiuihavay (8100) naziiuiuluTedmasiniiu

Jd a { o A o 3’; 1 [ 2 ¥ a
hduaundSulysnaninudl Tag3snisnau (R-B100) vu vzwu dasiauwldoureimnas

o A a X2 4 < A J A ~ ~
AVNIZLUITNNNAVUNAINLTITOUUDIUATOIYUAAIN 2,500 58U/UIN Lkag 3,000 0U/UIN

9 v 1

lilgtianuuanaesnumaiszdrrguasgiala

a ¢ d
4.7 MIUANSHNNUATHIAITAT

a 3 o Yy a2 9

Y = 3 o J a = =
4.7.1 Glunumiwa@umu"lﬂam%amﬂumuﬂmmu FIUNNUDA-UDLAYUDI
v

o = @ J a
umu"lﬂ’amcmmﬂumuﬂmmu

9
o w

a ¢ 72 < ~ v a
Glumi’sm513141/1101,?{519@?(1?(@151.! Lﬂuﬂ’li!lﬁﬂﬂlﬂﬂﬂ@unuiuﬂ’liNﬁ@]u’lllullﬂiﬂ

goJ @ a X ¢ a g o %I @ a I I
Aranminiuihduay FalunumswaainiuluTefwanniduihdasauezduaziiuly

@

A ao &
mmaeu”lwaummmwm gU

o))

28

9 J an @
planszurumIniudieamasilinyy lugduuunis
Y a oA a 9 a ? o = ? o J a
naaesluieslfiianis TasazAadluaunulunswaminilulodmanminduduay

= @ o a A o 9 =2 9 Y
nfieuieunusiavesiniufmanuienalimuiesnain saudinsnaasdeduaz doide

o = ? o s a & a Y A v Y
Gll’é]x‘]unluhhﬂamc]famﬂ‘LlHJu‘]JmNﬂ‘]ﬂ/]\‘lm‘i@ﬂﬂﬂﬂwaﬂﬁﬂﬂa’EJWNW?J@T]WHMHGMW’JGU@

Y 2
Aav A

1 s}dy A & ldyd A Yo =1
NBUNUIU meﬂumiuwmwaﬂ"lﬂiummmnwuu

Y
% U 1 o

9 4 H 1 9°I Y
NIUIVYN 'JE]Eﬂ\‘]iﬂlluL%ﬂlWﬁ\‘]ﬁﬂgﬁ”m??mi?gﬁﬂTQLﬁiﬂiﬁTﬁﬂgﬁﬁﬁﬂﬂNuTﬂJu

dy a 9 1

Y Y Y
Worwaa 5 Uszian 1dun iiululefsaviniiiiuidudu B100), 11su luTefsanin

Y
° v

Jd a a 1 a s s @
Wiulawau (B100) Nﬁllﬁ'?imilLWNHWTucﬁx‘lﬂ@ﬂﬂhl"liﬂ 0.05 N34 (B100+Zn0O 0.05 g.),

A3

o w %‘ o Jd a { o a o g o
iiuluTefwaviminiuldudundsulyenunimudiTasdTnsnau (R-B100), W1siu

]
a A [

= %} Ly o 9 as < a 1 a o
"luTammmmumuﬂmmum iUﬂ?QﬂmﬂTWLLﬁ’JIﬂﬂ?‘ﬁﬂ?iﬂﬁuﬂﬁi\lﬁﬁlﬁ‘lllm\iuTTHCINﬂ
J @ g Y Jd a g o 4 a g’/
@@ﬂul“]fﬂ 0.05 N34 (R-B100+Zn0O 0.05 g.) tazdiulhavay Tﬂﬂﬁ’unummummsﬁmwmm 5
d' =1 [ %,’ v A 3‘1 a 1 [ =Y a é d' 9
UszianlSeumeunuinivaaiuaasenun luriiesimaelsuia 1 ans "]NWﬁTlhlﬂi]”Iﬂ
a Y Y = 3 1% A Y ? o
ﬂ]iﬂmmmunummumu"luTem%aﬂzL‘}Ju"lﬂmmﬁm 4.10 MITNUTAIAUNUUVDIUINY

J a ) o a g @ J a
ﬂmmmmzmimﬁmmumiwamumu'lﬂaawaﬂmuﬂ?mm 1 aa9



91

A Y 901 @ Jd a A o [ a 901 @ =) 4
#f1319N 4.10 ﬁunuﬂlmumuﬂmmmmz’mﬁmumm‘umﬁwa@umu'lﬂ’amcmﬂmu

151 1 aas

Jd a

v :’ U =}
AUNUUBIM wihanduuazasail

2

Msasfunsemni Bunasenie | nimdene | Uinadliese | dunu
(ml 1§30 ) M) (ml ¥i30 g) M)

dhafuhdudy 1,000 21.80 1,000 21.80
(Crude Palm Oil)
MU 2,500 280 450 50.40
(Methanol)
M31391n3en 1,000 700 20 41.00
(Potassium Hydroxide)
a3auuaau 11 596 oon lad 500 1,100 0.05 0.11
(Nano - Zinc Oxide, ZnO)

9 a Y o = J U ¥ o s a =
u’ﬁ]ﬂi]’]ﬂ@unuﬂ’]ﬁWaG]u'llluul'ﬂI’E]ﬂl“]faﬂ’laﬂslu’ﬁ'luu'lﬂuﬂ'lﬁilﬂﬂllagﬁ'ﬁlﬂm

= Aa 1 a J s Y = dyﬂl = ) 9 Y 1 a
ﬁ'JiJﬂQﬁ'ﬁLﬁjJLWNHTIu EINRY f)@ﬂulcmum VIQu@]@ﬁﬂﬂ’]ﬁﬂ1u’lﬂ!@umuﬂ11‘lﬂ']uh/\lﬁ'ﬂuﬂ'ﬁﬂ\1ﬁ@

4 Y '
iuluTedathavnnmsaunldes liihuesginsainieg swdae Tasginsal luihluns

a ?,’ o =) I3 9 A v J A 1
Nammu"lﬂammaﬂmu ulﬂllﬂ RIDNINIUNTUFITUUIA 550 I8, IATDUVIITI1TUUIA 500

[
[ A A A [

4 4 v ?,’ LY ! 2 < . . . .
AR uazinToInauiiY (lunilno Lﬂ%’@ﬂ’lﬂ@ﬂ!ﬁa N13NAU, Distillation at Atmospheric
9 1

=] 3’, dy 1o = 9 a
Pressure) YU1A 1,250 Q6 GJN@umum“lﬂf’humu@gﬂuﬂsmmmi%”h\lf\h Tagn15U1910

q

v v Y
msauwldes v vaznanlFauvesglnsal Irlieeg dunuar liihludtidaludasian

] [ [

I ludszinmhunegeids asuaasluaisied 4.11 msaasauguat i lunswia

U

g Y = g Y J a
umu"lﬂamcm%mumumam‘u



92

$ ' a ¥ o ¥ o a a
5198 4.11 dunua i lumswaaisiuluTedmanminiuihauduySune 1 das

dunua liihlumseaaridilulefanniniuthandu

gunsallumswkdn msaufaedlvldh | naildouw | Wanams1Fvih | dunu
el ) #39) (Wie) M)
1AT0INIUNANAS 550 4 220 299

(Magnetic Stirrer)

NS DUVEANT 500 4 2.00 2.72

(Ultrasonic Shaker)

A3 panautI 1,250 5 6.25 8.49

(Distillation at Atmospheric

Pressure)

wneig  aunua lldhaaludasiarldihludszinnthunederds #edisia 1.3576 v

AON1Y
g v o

A { d o o Jd a
INNITNN 4.10 LD Gl’]i’l\i“ﬁ 4.11 Lﬁﬂu’]g{uﬂuﬂﬁFl]']ﬂﬁuﬂusll’f]\iu'INUﬂ']aﬂJﬂﬂllag

a a
@ H <

1 a %I = o w Jd A a
arsall nazdunuar i lumswaniniu luTeamannihduihduauinaadudunulu
a % @ =) %’ @ J A g‘/ 9 1 g ] = % @
msraatiuluTeftrainidulhduaune 5 dszan 1dun aiuluTefaviniiiaiu
Jd Aa % @ = % ) Jd a a [ a 4
1haudu (B100), 1 luTederasniiniuildauan (B100) wauasauuaaul Iusinosn
4 [ % @ = “’.f o S a A 1 9
a6 0.05 N5 (B100+Zn0 0.05 g.), i luTedmanminiuthauaunliulysnunimudn
an @ o 2 = 4 o ¢ a A (o 9 ax
Tagdsmanau (R-B100), Wnin'luTedmanniniuhduaunlsulsenunimudl Taedsms
< a 1 a o 4 [ g @ J a
AAUNTNEITANLAIU TUFIADON 1A 0.05 NTU (R-B100+ ZnO 0.05 g.) uazHniuiauay
vy 3 ~ @ Y o A ~ < ~ Ay ¥ I @
udhufFeumeususianiniudranvienild nasnmsafFeumeun 1deziiluaalu
d‘ =1 Y %} @ = %} @ J a [
M13190 4.12 mefFeufeudunuussiniu lulefaninminiuihduduuaazlszinn

=) % 50’ v A
MIuNVUIVUALY R



Y
o w A

A Y %,’ @ =) ?_.,’ @ Jd A 1 = [
AT NN 4.12 munummumu‘lﬂ@m«m%1ﬂumuﬂmmmmazﬂﬁzmmmfmﬂuumumﬂna

93

Uszianveiniurenag

I TINES (L1NABAAS)

v

H =
HIUUALYA

26.19 (1NDUNNITIAY 2561)

Y]

% Jd A
Wuavau

21.80 (PNNALYA 16.67%)

% o % o Jd A
1 1o Tefrantiniuihauay (8100)

89.19 (UWINAIHA 240.93%)

B100+ZnO 0.05 g.

92.01 (UWINAHA 251.73%)

R-B100

97.67 (UWINAIYA 273.36%)

R-B100+ZnO 0.05 g.

100.80 (LWINALEA 284.16%)

9

~ 1 ?,’ @ d A A o [ a o w
910915199 4.12 W siaiiuhauaundg lddunszuaumswaniigu luTe
= 9 (aaa J a ay = A 9
aa lasldlgnsenszurumsnsiudieamesliaguilsnignniidufaninieInaln
o v Yo = = v Y o = ? o S A
M1 weriiuluTedwadn 4 Yszian Taus iy luTefwasininiuiaudy (B100),
%’ LY = goJ o Jd a a 1 a 4 < [
iduluTefwaviniiduihaudy (B100) nanaisi@uuasu Tudsdoon laa 0.05 n5u
3 o =2 ? o S a A o v an o
(B100+Zn0 0.05 g.), WiiuluTedranindninihavauniliviljegunimudl Tasasmsnau
Y o a Y o S A A (o 9 an &
(R-B100), 131 lu Teduwaainmiduthavaunysuil jeguainudr Tasdsnisnau way
a 1 a J J @ = ] 9
asauuaa Tuganeen lad 0.05 N5 (R-B100+Zn0 0.05 g.) Hs1mgaruainies liviuin
A o w & A = [ ?:' v A 9 9o’ o =) [ =\ ~ 1
Ngamwdiay Fulemsununaniniudwands tiuluTedwauaazilsznniisimngan
? o oa I Il A a ? o = I a
udraiuediann aumgiiesnvinmsnanigu Iy Tedwavzitlumsnaalugiuuy
Y A oA Av X & a %,I o =l g @
msnaaesluiesiamsmuveuvaveuIve FuilumanaatiniuluTedmainiiy
Jd a J g { L
hdudvlulsuades dawalifssmanelanvesdunuussansasdunazasniinaodun
Y 2 9 ¥ a EY A AAa <3 a
loTufSnatesiuisiamaunuingan Tasmmzsiaasainisnganniuiey
A A ~Aq Yo 1 Av R o~ "9 A a
esnnmsnlilunsanlsdmiumsnaassluaudtesainaigedguad Tuvasinswan
3 o = o Y = Hq ¥ o o 2 A A '
wiuluTedwany lagldanniilunsanlddmsveaavnssudadinmingnni aaenau
a g @ =) %‘ @ d a dy 1 o w
TumsuaainiuloTefmanniniulhduaulugduvumsnaassi lulinszuaumsinia
adq ¥ Y q 9 o o v 1 gy A y a o
arsadin 1y udr ldamnsohnauinldlmidnasdIaweidlumsandunumsnandusulu
=2 1 Y Y g @ = ' %} v A
NIZUIUMINNGATIHNIT 5N WaawalimdunuuesiniuluTeRwaganininiudimaa iy
9 < =2 ¥ o = A ' Z Y 1 A a
Wosaarana 1 saudaiaiuluTefwaiunszuaumsaresquiniu 1dun msauasay
' ° Y an o ' ' 9 o = =
uas nazih 1Udsvlgeguamiaegdsnmsnau szdawaneimaunuveainiu luTefmangs

2 A a a4 4 2 A qmyd ¥ o a Y o s a
ll'lﬂ"lluflﬂhlﬂ’f]ﬂﬂ'lllﬂig‘U’Juﬂ’liﬂw\lll"llull’llW@El,ﬁul@lﬂuu’llluul‘ﬂIﬂ@l“ﬁaﬂ’]ﬂu’luuﬂ’lau@ﬂﬁlu



94

? o a ¥ o = Y o S A KX Y A &
ﬂﬁglﬂﬂuu‘r]uulﬂﬂ Gluﬂ'lﬁWaﬂu'liluulﬂjeﬂlcﬁaEﬂ']ﬂu'uJuﬂTﬁUﬂﬂﬂ\iﬁfJQ?Jﬂ'lﬁﬁﬂa\?ﬁ']chlfﬂ""U']fJ

[ 1

A o %‘ @ d Aa A %‘ @ d Aa aQ Y A zil
AuLraInimMsnetuduay Lweﬁﬂaﬂimmmuﬂ1amﬂumunuﬂgﬂaﬂﬂﬂmwe

Y
o v

S A a ~ dy = A 9 =\ o [
Hfudduauludsuanunvy sau laemsiaenl¥aisiiiaunsad i uaunia
A ~ ' ~ o w AAqQY ¥ q Vo  w P 1A gy o
gadinssuilinmngn uazlimsthiaaisminldudr vihnduinldInudnasala sz
Yy a %’ Y ~ ’cf ) Jd a 9 =1 ~ Y A o %’ )
TddunulumsnaminiuluTedwanmiiulduavaaadld vazlisimnlndifesnuuingu
< A 2 1 g o Y o s a 3 $
Araautesaaiana luinseu dawaldiniuluTedwaninuniulduauduniiauls
Q'/ § 4 O} :) 4 U
TumsnaasslFanlszmrunilunlfiasotoudatsasoud ¥ oAT099NINNNIAYAT
a o g g’/ = a %’ @ =~ goJ o d a 9
1NUITeN namsaneInsaatuluTofsasintiuiliauduTaelds
4 aay Y [y A %’ Ly = g Ly} 4
nszUaUMINTIUdednesnsy, mslsuljguautiaveainiuluTefwaninduiuidy
a 9 as @ a a 1 a J 14 Y o aol Y =
A1 (B100) #2875M130a1, MIAuasaunaau lugasesn ledmauannuiiigu lu Tedma
¥ o J a E] o 1 ) Aan <
nniiuihavAunineu waznasunsguIumslsulgenunualeiinsnau saudewa
] a1 %I v { a - . .
nnmsiamauaniaae vesininFomain1o1dunss1u American Society of Testing and
. =2 %’ Y] = %’ o S A Ao
Materials (ASTM) 89934 1ANTAREINANTE NN U Todrasintiniulduaunil
1 1 a d‘ I 'o (% Qy A zi’ a o
aonN151a08ua N HUDIUAIDISUAALFATOUN LALHAVDIDAT 1AM ADUFDINAIIUNIZIUTA
9/%’ o zi’ a [ g’/ Y a2 9 A Bol o = g Y] o
1M 1NN UeMadl TN nunavea-verdeainiingu lu Tedwainiiduiau
a A = @ g v A Yy
duanlSeumeunurtiniuaea laun

Y A g = | %‘ v d Aa = 9 a [ a 4 (d’
YoavosuaravIniIluaua i’JiJENﬂﬁi%ﬁﬁ!@mLLﬁQM1IU“BQﬂ@@ﬂ1“BﬂVI

4
=1

< Y @ a o A
mullﬂ@mwmﬁmmmma%ﬂu o

¥y
g @ A

< [ { a < a
o unmsudsgdninensiannsondaldioemeludsemanniuiniuremas
y 1
aamaiudniniudrannamalszmea
%,’ Ly = %’ Ly d a 1 a A
o diululefimasinmiiduidudvaivisoaanisdaniassuaiy fie
o 4 2 ' 4 ] S
arsusuvouen laa uaztmunislaseaiiuoulasen lod sulunadaoe

f?mnﬂé'aumauaﬂ

4
o v

a ' a J s Y o = g o I a

o ﬁ'limllLWN1.!1IHG]Nﬂ@@ﬂklclfﬂ“I/]Wﬁi]l,"ll1ﬂ‘]JuWiJuUlUI’EJﬂLG]fa%WﬂHWNH‘]JWﬁN@‘]J
1 1 a A 4 4 A v

AT rIvaanisiaosuany Ae miuaunauaﬂ"lcm wazinunisilaoe

7 2 2
mivoulaoonlua lanoauy
I [ A o % g o dy A A Y v A =) ::
o Hundrnumadenlusmnaadimsuiniudamasnldnumnsosoudarsasous

A

ﬁ%ﬂmiﬂﬂﬁi’ﬂiﬂNﬂﬁLﬂ‘Hﬁi

d'Sl = g Y =| g @ d a =3 9 a 1 a 4
Glmjmwﬁumawmumummamﬂumuﬂmnﬂ‘u i’mmmﬂ%aﬁmmmmﬂumﬂ

P2
a A

A g Y @ a o
'EJ'E'Jﬂhl“]fﬂ‘ﬂlfﬁuul,ﬂ’f]fl'lﬂ‘lfﬂmuﬂ'lﬂxﬂuﬂﬂﬂ o



Y = 3 o = o o
fl]']ﬂéualﬁ‘ﬂeua\iu'luu]lUI@ﬂlcﬁaFi]’]ﬂu']NuL]J’]a

95

Y

Y a o w = y o J a o A = [
ﬂunuiumﬁwaﬂumullﬂamﬂnmmumuﬂmmumqﬂagmam‘(’mﬂUﬁm
? o oa
HINUALBA
a 1 a J S Y o g o &I a 9 A o 4

ﬂ13Wﬁ3Jﬁ']§'WI3JLWIQHWIH“K\?ﬂ@@ﬂll“ﬁﬂleﬂﬂ‘]JuHJuL‘]f’f)Lwaﬂ6]:‘]5!(3@11!11! LW?)‘VI']“l“H‘

a S R 1 I da' = @ ¥ o
uWTuGﬁQﬂ@ﬂﬂ"LGﬁﬂ ‘ﬁNL‘]J‘LlﬁTiﬂEpJIa‘ﬂzfﬂll150&8&1&Lﬂ“&ﬂ@&ﬂ83ﬂﬁu1nu
&' a 4
woInas A

%} v = %} @ d a ] 1 a A
i luTedrannminiuihduau luaiuisnaanmsdaesuaiiy aAs lTulasau

v
1T A

s o =2 g a Y 3 '
E]E]ﬂllclfﬂ u,azllaimmﬁuau “]NL‘]J‘L!Walﬁﬂ@@f’fﬂlnﬂa@uﬂTﬂu@ﬂlﬂJu@ﬂ’Nll’lﬂ

Y
= a a o ]

LY 9o’ o Jd a 4
mu]luiaawainﬂumuﬂmuﬂuu mwamﬂﬁau%mwmmmw UInn
Y

Y 9 1
Y Y A a aAa

S
U
3 a A A v ¥ A v Y w oA A '
H1 umclfaWJEHJmﬂ%umuwmwm%ﬁmﬂa’mmﬂﬂ’numum%a IHDINA

Y ¥ ' o

k4 '
ﬂ'ﬂlli’E]‘LlGU’E]Qu1ﬁulaﬁﬂlwaﬂﬁﬁﬂﬂﬂ31u1ﬂuaL‘ﬁfﬁﬂﬁ]usﬁ}Nlﬂﬂ

ow

¥ s

=) d‘ a o dai g’/ 1
yAuNNUTuauIveuny luaiuued

Y a ? o = ? o J a Y A a ¥ o = ¥ o
@unuiummmumu”lﬂammamﬂumuﬂmmu mumiNamumu"lﬂammamﬂumu

TduanluiFinamnng uazgiimslfmaTuladnsgaavnssy sauldddmnailunsa

9 o o %’ LY aol LY J a
dsununegaavnisy g ldamnsaaadunuuesinguluTedmasminiuhauay

9 é! o A 1 4 9 9 A 1 a @ Qy A dy a o
"lﬂnmﬂluﬂmﬂanmmuiummu vaugNMIdaosuany azons1auilaeuramaidunig

'%I @ g @ Jd a 1
1U5n (Brake Specific Fuel Consumption, bsfc) 11134 1y Tedrasiniiduihauduiivinnn

?,’ =1 gJ/ U & Av A n YA ] [ A I 'o
HigUalyauy ﬁ’J‘Ll‘Vi‘L!\‘llﬂmﬂ"lJf)‘]JLGUG]GU’E]NWLl?ﬁ]EJ‘VIIIZJulﬂllﬂﬁﬂi‘mmQlﬂiﬂﬁﬂu@]m“ﬁai@UWW

[ [ Y A o 1 A I ° Y v 9 ?,’ Y
LL@]’E)EJNGLG]GLuﬂﬁVlﬂﬂ@Q ‘EﬂiJﬂﬁﬂi‘ULWNLﬂi@\‘lEluﬁm"lfai@Uﬂﬂ‘ﬁmllwﬁiJﬂ‘Uﬂ”Iiﬂl“ImTJJu"l‘]J

= ?;' @ J a 1 9 1 a 9 <K o Qy A dy a
Tammamﬂumuﬂmmmzmwa“lmwﬂaaﬂmwyaﬂmllﬂ 5700905 1Tl Ao UFOINDY

Y
INUNILIVTN (Brake Specific Fuel Consumption, bsfc) wasnanadla vselsendaiiaiy

& a [ A2 9
lﬁlf@LWﬁ\‘]llﬂjJ']ﬂstuuu'H!@\‘]



a
Unn s

ﬁ?ﬂwﬁﬂ1i‘l’lﬂﬁ’é}~1 uaz%’maummz

51  ayUwamsnaaey
1 v Y g~ ¥ ¥ a ¥ o =
ludruvesindeibilumsaguaninnisnaassnanua namswaniigiuluTefiwa
sol o Jd A 9 4 a Ay o [ wAa
nnihiuduanTasldnszuiunisnsiudoamos hatu mylivljiguauiaves
¥ o = ¥ o s a Y  Aax < A A ] A
iuluTedmaniminiuihdudu (B100) M35 msnau, maduas@unaan Tugaeen
o Y o %’ o = %’ o Jd A gl.; 1 [ ] [
ladnaudrnuingu luTedmannminiuihavdunineu uaznawiunssuaumsdivilge
' v
AUMNABITMINaY, M3Tanuantiaveeiniunelduinsgiu American Society of Testing
and Materials (ASTM) #4992 W915 010 10NIATFIUVOINTUFININEIU T1R28NITHIHUA
(% = ) 2 A J =
anvazuazgumnued lulefwadmiumsossuansinbas (luTeRiayuru) W.a. 2549
= Y] a Q‘f A A a 14 901 @ = ao' @ Jd A
FWAINMTIAANNUTNT WIelUsmamnadneivesiniyluTedwasiniiuauay
¥ o S a A o 9 an <
(B100) naziuihavduidiunsguaumsisuiljiamaimarsisnisnau (R-B100)
TAsN1TUIAIUNIATFIVYBINTHFININAINN 1599 NITAINUAGNYUZHALHUNTNYD
2 a J @ 1 a 4 I
luTeRwalszmniaemasivosnsa luii w.a. 2556, nsassuaibyounsossuaasa
(':v [ Qy A dﬂl a o 9/%7’ @ dy a 1
50U HazHaveda I dudouromassumzisnanms lhduremasszinnaie
9 H v Y
MNRANINAAINIHUATINa 1IN AuIY dnsaagllaseae 1l
a o aaa J an @
5.1 mawaainiuluTedwalasldlfnsemsudedmes lindu
a %’ o = 9 (aaa 4 a a % g’;
nszuaumsnaniiulyTedwa lasldiUfnsemsudiosmes Minguiiu
@ a A a 3 o o J a < & S @ [
agaunlFlumanaainiulyTefwa fe THhduhavauiuasasduiimin 400 n5u
o aan 4 any % o A A [ Yyq 9 v 9
il gnsemsmdieamestingu lasfvuaioulude dvualdldsuniueaniniosas

v
a =2

g o %‘ o J 9o’ % o @ 1
45 W%@ 45% "U@Ql‘l'lﬂuﬂu'llll‘lﬂ'lall@ﬂ G]f\ﬂllﬂ'lu@ﬁ’ﬂzflu'lﬁuﬂ 180 NTU Iﬂﬁl@?‘]i’]ﬁﬁu

a

. o s a A A Yqul o ¢
Taguaa (Molar Ratio) ¥09113u1auauaemnIuea Ao 1 : 12 Wseo 1¥usiuilanay 1 Tua

D.

waodlFiuniuea 12 Twa lunsvinl§aser e liinad §Asomudieames lindud

4 o U aaa J o
auysal nazlddusalgasonTluaaidonlenson lad (Potassium Hydroxide) niindooas

b4
o w

ao’ LY Jd a : o o aan 4 aa Y
2 ‘Vﬁi’) 2% vosminiiuihauay “?Q‘]Jigﬂ”lm 8 NN mm‘ﬂgﬂsmmmmaamaﬁWLﬂwm

D.



96

= 3 = d'sl a g o = a«a’ )
gl 60 osswaiBod 1unal 30 wi TasiesazvesnmanatigguluTefwarinigiu
Jd a 1 1 7
11auauRNAUNINY 90.42 150 90.42%

) wa ¥ o a J Y ax <
512  msdfulyequantiaveniniu luTeAwailhdudieismanau

[ %’ [y = ?7' [y [ Jd Aa 9

nszuaumslsulsequamvesiniuluTefanininimiulauaudae

an o Y A A .. . . A4S - A _dq 9
msnaudz lnT09ie Distillation at Atmospheric Pressure nsollunsoslonlosnadoun

' ]
a A= e/

v o ' Y o 2 A oA 4 ¥ a
UNIUNITNAUNTOIAS 50 suaqmafmummﬂumiamaiumﬁﬂauumu”luiamcmmﬂ

U

.

v

Jd a A %’ LY = 9@’ LY Jd a A o o ' & 3’1
ifuthavavesnu Tasmigdu o Tedwaniniuiuihauayu (8100) Mihwinausonilans
{ a aa o 9o’ Y 9o’ Y I a { (o
w2 19M1/5ua 400 Tadans uaznaueenn 1 Idiuiu luTeAaniniuthduaundsulge

v a Y a 9 a ? o
aunmudd Tagdinisnau (R-B100) Tualsuimiesaz 90 a1ndSuraniniuluTefiwasin

v

g Jd a A aa 1 9 < 9o’ o I Y =
Ui uduAY (B100) 400 5adans nisnanne dedndauiiniusenui 1 1 ludsuia 360

a Aaa goJ o goJ o J Aa a aa [ g’;
yaaang mﬂumuhlﬂ’a?]mamﬂumuﬂmmu (POB) 400 YaaaNT HaIINUVUADUNIT
o o ? o = J 9 an 4 3 o v w ' @
“]J5‘]J“JJ§\‘Iﬂm’ﬁll‘]JWU’0\1‘L!'IlluUl‘]JIﬂﬂl%ﬁﬂ'lﬁilﬂ’)ﬁl’)‘ﬁﬂ?iﬂauuu amuaﬂuﬂumummmﬁm

=

wa Y a 4 A A A a 4 g o = g Y] Jd Aa
ANFNUAMNUANVUTANTHIo NS auNNaeaInes GUENumuhlui’e)mﬂ]jaﬁ]mumuﬂmuﬂu

q q

v
a 2 1

¥ o 7 o 9 an <
(B100) llagu']iJujJ']aiJﬂU‘ﬂW'IUﬂﬁz‘U'Juﬂ’]ﬁﬂﬁllﬂ?Qﬂﬂ!ﬂ’]Wﬂ?ﬂ?'ﬁﬂ’]ﬁﬂau (R-B100)

=

<3 (4 @ 4 v A
2219353 Tasun Insni W FadunuuunaIasun Insnswl lumsiams 197 Ianasandoanis
& v A Y A a Q‘{ A A A a 14 g @ =
PONNT FINAINMTIAN 1A Ao ANWVTENT WaellsmauufiaeamesvoainiuluTedea
g 1Y) J a %’ Ly d a d'l 1] Y as <
nniuhauay (8100) tazriuhanaunrunszuiumsdsulnannalgIsnmsnau
(R-B100)
1 g [} ?ol [ J Aa
MnaumMIveauaz 1d veaihduluTefisaviniiuilduay (B100) uaz
Y o S A A ) Y A ) = A L A A
WiuthduaundunszuuMslslsnamualeIsnsnay (R-B100) UANNLIGNTHION
a 4 o w Bo} [y} 4
Sunanunaeanes sosas 92.17 1ag 93.13 MuaIAU (92.17 1ag 93.13% wt) taziisuildy
A A @ ] as < = A £ A A @;
AUNFIUNTZUIUMITUTUIF99amINA83TMINaU (R-B100) ¥AWUTgNT Wil
a d 9 v 9 % @ dy a A 9 1 = ]
WNAB AN DENI3 080T 96.5 1A8UIAVDIL LT DINAINT 01108011 96.5% wt @413
< a Y] d' o [ =
Auldannasgiuvesnsugsnanasniu ises msmuuaanyuzuazaunmues luTodwa
a 14 o A &/ g o S a A
UsznnunaeaaIvoInia 1y w.a. 2556 Wieaanmsdulouveatiniuiduaunsu
T Y ]
nszuaumsliulsenunIndl03snisnau (R-B100) lunuiniudszianou vinnmsls

A A . . o A A d ¥ o a
179300 Distillation at Atmospheric Pressure Lﬂum‘imm‘lumiﬂauumu"luiamcvmm

g @ Jd Aa
uihauau



97

513 ﬂmﬁuﬂ’ammﬁﬁm%mwﬁq
mﬂmﬁmii’ﬂﬂmﬁuﬂ’ammﬁﬁm%mwﬁaﬁ’u miﬁ’ﬂﬂmauﬂ’ﬁmmﬁﬁu
L%@Lwﬁwzafjmﬂiﬁ’mmgm American Society of Testing and Materials (ASTM) G?;Qﬂmﬁuﬁa
faq meenuiuansaaqyldssie i
1) ANunHa (Viscosity)
mi’Tﬂﬂ’NllWﬁﬂﬁu%%fﬂﬂWﬂiﬁMMiyu%@ﬂ American Society of Testing
and Materials (ASTM) Taoiiluinasgiuvesnisianinnumila Haffe ASTM D445 wuh
ﬂmﬁuﬁﬁﬁ’mmmwﬁmmﬁwﬁu”lﬂa?]mamﬂﬁﬁuﬂﬁuau (B100), vy Tediwann

o

H s a a ' A o s o
wduiauay (B100) nauasauuasu luganoan lad 0.05 a5 (B100+Zn0 0.05 g.),
Y o = Y o ¢ a A @ an <
umu"lﬂam%mmumuﬂmu@umﬂiuﬂyﬂmmwuﬁ'ﬂﬂm‘ﬁmiﬂau (R-B100),
Y o - ¥ o S A A (o 1] as < Aa 1
umu"lﬂam%amﬂumuﬂwamumﬂmﬂ;mmmwuaﬂmaﬁmiﬂau NENEITIANLAIUT T
a 4 4 [ A 1 ] %,/ v A
FaA00n laa 0.05 NN (R-B100+Zn0 0.05 g.) Hannunianinniniiudaiosas 121.41,
122.55, 35.71 118 36.85 A1NA19U
2) AMUDNIUNE (Specific Gravity)
msi'ﬂmmdaﬁiuww%zi’ﬂmﬂclé’fmmgmmm American Society of
3| o 1 1 o X <
Testing and Materials (ASTM) Tﬂmﬂummgmmmmimmmmmammw Fanne ASTM
1 A 1 o ao' v g o d a
D1298 WU ﬂmﬁumﬁ’mmmaNmnfwwauammu"l‘uTaﬁmamﬂumuﬂwamu (B100),
g Ly = ?,’ o Jd a a 1 a 4 4 [
WTulu Tefiwaviniiiiual1duan (B100) naua1si@uuadul 1udaneon baa 0.05 N5y
%’ o =S %,I Ly Jd A td' [ 9 ax &
(B100+Zn0O 0.05 g.), umu”luiamwamnumuﬂmJJﬂmn1Jsuﬂ'gmmmwuaﬂﬂﬂnmiﬂau
Y o = ¥ o S A A (o 9 an 3
(R—Bloo),umu"lﬂem«namﬂu111u‘ﬂmmmrﬂstfgmmmwuaﬂﬂmﬁmiﬂauij
a ] a 4 J [ 1 [ o [
f5auuaau ludenoen lyd 0.05 NN (R-B100+Zn0 0.05 g) ANV TUNIZNINNI
Y = L] %
HniuArasosas 8.02, 8.02, 7.41 1AL 8.02 MUAIAL
A 4~ @ ] Y o . . .
3) Egﬂ!ﬂgﬂﬂﬁﬂﬁi!‘ﬁ 50% UBINI0Y1NUINU (Distillation at 50% recovered)
n3inguugin1snaudzinn1eldninsg1uaee American Society of
1 I o < . <
Testing and Materials (ASTM) l,mi]zgﬂummgmmmmimmiﬂau FINA0 ASTM D86
1 a < { o ] g @ g @ S a %’ o
WU Qmwgnmiﬂauﬁ 50% V041981911371 1y Tedyasininiuilduay (B100), 113y
= %} ] S a a T a 7 4 [
TuTedravintiniuihauay (B100) wauais@uuaaun Tudganesn lag 0.05 A5U (B100+Zn0O

g @ g @ d a { [ a, <
0.05 g.), WninluTedwasnhduihduaunlSulgenuainud Tagdsn1snau (R-B100),

o = ? o S a A o v ax o a '
u'llluul‘]JI@@lclfa%'lﬂu13Juﬂ1aM@‘]JV]']Jﬁ‘U‘]J?\?ﬂmﬂ']Wl!a'JI@Ujﬁﬂ'liﬂauWﬁllﬁ'lﬁlﬂllllﬁﬂu'ﬂu



98

A 4 o ' a < 1 o ' ¥ o
"lf\‘lﬂ'ﬁ]f)ﬂllclfﬂ 0.05 N34 (R-B100+ZnO 0.05 g.) ﬁﬂ?@ﬂ!ﬁgﬂﬂ"ﬁﬂﬁl&“ﬁ 50% UDINIDYNNUIUY
' % Y o w
mﬂmmmuawa%}aﬂaz 9.33, 9.33, 10.00 t1ag 10.67 Mua1AL
4) @ YN (Cetane Index)
A ' o 1A Y 4 Z 9 9 P Y1
Lu’i]ﬂi]'lﬂ]'lﬂTi’JﬂﬂTGﬁlﬂuuﬂlﬂﬂiiﬂﬂ@iﬂuu @@Qiﬂf@ﬂﬂiﬂ!ﬂﬂﬂ?i‘]ﬁ?ﬂ

== o 9y o = A g 1A o 4 1
399 91U UADINIMTHIAABU AN ULNY mmﬂumiﬂizmmﬂwmuummﬂﬂamnq

e

(Y ) o 1 1 { A 9 9 .
FINMTHIAATUTNUUY 2 TUMUININAIA199 MNe1T090181AN1AT91UYDI American

R

. . . ' < 1o oAaA = dA
Society of Testing and Materials (ASTM) LLW%%LﬂuNW@igWUﬂJ@@ﬂﬁWWﬂW]“]ﬂl“]fﬁ/lu KINAD
ASTM D976 Tagimammastidmudiuin 1d01naun 98 umiz AP taggaioaainalg

Y Y ) d' =)
(Mid - Boiling Point) w%aqmwgmmmﬁﬂaummumumamw%’aﬂaz 50 (50%) Vo3I
%’ YY) 1 1 A== %I @ =) %’ @ ~ %I o S a
1UNUAI0619 WU MaridmuyeadniuluTedmanniiniu lu Tefwasnminiuhauay
goJ o = goJ @ s a a [ a 4 J
(B100), 1w Ty Tedasiminiuiduau (B100) HENATIANLAIU TUFIR00N LHA 0.05
[ %’ @ =) %’ ) S a A o 9 as
AFU (B100+Zn0 0.05 g.), umu"luia@msamﬂumuﬂmm‘uwﬂmﬂ;mmmwuaﬂ%a‘ﬁmi
3 ¥ o = ¥ o S A A (o ] A <
nau (R-B100), umu“lﬂ’e)mmaﬂmumuﬂmuﬂuwﬂsuﬂgmmmwuaﬂﬂmﬁmﬁﬂauwﬁm

a 1 a o o [ Al v A Y 1 901 Y]

AFANLa9u Tuganoon laa 0.05 U (R-B100+ZnO 0.05 g.) UAMABUBNUUBYININUINY
b
5) AMANuIouvoUFIING (Heating Value)
9 9
’Ehmumimmmm%’aum@u%mmum:mmﬂ“lﬁ'mmgmmm
. < ]
American Society of Testing and Materials (ASTM) FINAD U1MTF1U ASTM D240 WU

1 9 491 a g ] =S so’ ] Jd A %} Y] =
mﬂTmsaumawamawammu%%mmamﬂumuﬂmmu (B100), umu"lﬂam«mmﬂ

4
o

o Jd a a 1 a J J @
Wulauau (B100) WﬁllﬁWiL@]NLL@NuTIu“ﬁQﬂ@ﬂﬂq%ﬂ 0.05 N5¥ (B100+ZnO 0.05 g.),

4
o w

g 1y J a { [} < %’ 1)
i luTeRwaaniniuthavaund fulgeaanmudl Taedsmsnau (R-B100), WiiuluTe
= ot® S A A o 9 as < Aa ' A o
aravinthyuiiauaunlivilyegumnuallasdsnisnau nauaisaunaau Tugafoon
14 o = ¥ a 1 %,' @

lod 0.05 NS (R-B100+Zn0 0.05 g.) TA1ANNToUvauFaINaIpenI i uAasosas
15.04, 16.45, 14.01 1ag 15.42 @1a1AL

[ o %’ o dy a 9 Y dy ' %’ Y =
nnmMsianuautAvesiniuyomacnndeauil won dniuluTeda

? o S a A o Y  ax o = wa A
%'lﬂu'liJUﬂ'laiJ@‘UﬂPﬂuﬂi3‘U'Juﬂ'ﬁﬂ3ﬂﬂ§\‘]ﬂﬂ!ﬂ1Wﬂ'§ﬂ'§ﬁﬂ1iﬂau (R-B100) ﬂzuﬂmﬁMUGm

Y
° o

%} o J a % J wa %l @
WniuluTedraviniidulduan (B100) uaginesnitguaniavesiiiudisa

- B

oA 9 A g @ = %} @ J a g o =
Fanaauiamuanuriiaveainiululedwaininiuilduay (B100) uaziiniuluTedma

L)
9

o w J a a J a J s @
N1 UINANAD (B100) mauasianuaaul Tuganoan lsa 0.05 N5y (B100+ZnO 0.05 g.)
1A { o { wa 1 o o
nannumIasgIunfvuald (1.8-8.0 mm¥/s) vagNauauiAAIUAINE 1T UNIZYDIT1TY

= %’ Y I a %l @ = g o I a a
TuTedwravintiniuihdudu (8100), Hiiu'luTedmasiniiniuildudy (B100) nauesiaw



99

' a ¢ o 2 o 2 3 o S a A
uau Tudedoon lagd 0.05 N5u (B100+Zn0 0.05 g.), WisiuluTedmavininiuihduaua

o A v Y Y d a { o
YFvilsequamudaTasismsnau (R-B100), 1siuluTedmaniminiuilhavaunlSuilsa

AN 1ag3TNIna naumsANuaa Tudaneen loa 0.05 NTU (R-B100+Zn0 0.05 g.)

q
Y

Y I { o 1 o 1< L=
v uldewmesgrundimua’ld 0.81-0.92) saulddeardsfiFmuintaniuldai
VIATFIUVBINTUFININGIU NAemsinuadneazuaznanInued lulodadiuiy
4 14 { o
wseseuamsinuas (luToRmaguan) wa. 2549 nimuald = 45)
514  manageunislaosuaiy
@ ] a 1Y [ d‘ J 9 1
nnmsianisdassuaisrasninmsduailnieluaiosoua laun
14 4 4
TuTasiauoonled (Nitrogen Oxide, NO,), A15UDUNBUDN L4A (Carbon Monoxide, CO),
¢ 4 .. 4
a5uoulaoen lea (Carbon Dioxide, CO,) tag laTasn15uou (Unburned Hydrocarbon, HC)
@ 1 A A 1 A Jd @ o A 4 3’;
lumsiamsdaosuansildeseanuannioseuarasainmsduailmelunsossuaiiu
o [ 1 a A I o A <3 A A =
22MIIan1saosuaiyuoUn5 o UARYATOUMNAINITITOUAIN N 2,500 T0U/UTH
= = o w A A o ~ a @ I
1ag 3,000 50U/49 TAsliN3ensgMNUATIoUANNITZNTEIN 6 HIAUNAT HADINNITIA

Y
vansaunsnagyldasae Ui

4
D) lulaswueenlyd (Nitrogen Oxide, NO,)
o 1 a 1 ] 4
1NMINAandtanisassraiiy wun nsdaselulasnueenleaveq
A I 2 a < ~ =} %} o =~ %7’ o Jd a
INIDNYUAALY AN ULIINANNLIITOUAIN 2,500 TOU/UIN i luTeRmaniniiniuihduau
%:I @ =) %I @ S a a 1 a o 4
(B100), viu luTedtaviniiduilduay (B100) HAuA1sIANLAIU1 UG 00N lad
[ %} @ =) % @ s a A [ 9y
0.05 N3Y (B100+Zn0 0.05 g.), umu"l‘uTam%aMﬂumuﬂmm‘umﬂauﬂ;q@mmwumiﬂﬂ
ax < ¥ o = o S a A (o [ an <
25N19NaU (R-B100), umu”lﬂammamﬂumuﬂwamuwﬂmﬂgmmmwuaﬂﬂmﬁmiﬂau
a 1 a 4 4 [ = %1 @ S a
NEUATANIAIU TUT AN T9a 0.05 NS (R-B100+Zn0 0.05 g.) sau g ainiulhduay
3’; 1A { o é’ %’ v A F
qu wu Imstaeelulasnueen leduinvuainiiiudsadovas 21.85,15.97,7.56, 1.68
o w ~ I~ A =} g ) =l 9o’ Y] o
Hag 194.12 MUAAU VUSNANULIATOUAIN 3,000 50U/UIN 137 Ty TeRanininiy 1hay
a %,’ v = %,’ v Jd a a ] a 4 4
A1 (B100), Wi luTeRwanniiniuihauay (B100) NAUENTIANLA TUGIARRn l5@ 0.05
[ g Y = %,’ o S A A (o 9 ax
N34 (B100+ZnO 0.05 g.), umu‘l‘uiemcﬁamﬂumumammlﬂiuﬂmmmwuaﬂﬂﬂwmi
< ¥ o = ¥ o S A A (o 9 ax <
nau (R-B100), umull‘lﬂamcﬁamﬂumumamumﬂiuﬂmmmwuaﬂﬂﬂnmiﬂauwﬁu
a 1 a 4 4 [ = 301 o Jd A g
sauaau Tuganeon lad 0.05 a5y (R-B100+Zn0 0.05 g.) s7u A havauiu
=Y ] 4 d%‘ 501 v A 9
nu Imsdaselulasnusen laauinduaniiuasaeeas 20.16, 10.08, 2.33, 3.10 Lag

179.84 ua19



100

4 4
2) AMIVIUNIUDN 15 (Carbon Monoxide, CO)
Y] 1 a 1 1 14 4
mﬂmiwﬂammmiﬂaaﬂmwy NUIN ﬂ?ﬁﬂﬂﬂﬂﬂWiUﬂUN@u@ﬂq‘ﬂfﬂﬂlﬂﬂ
A 5 3 A < A A ¥ o = Y o J Aa
RNIDIYUAALFAHULTINAITNLTITOUAIN 2,500 59U/UIMN umu”hﬂ’amcmmﬂumuﬂmuﬂu
%’ Y = %’ v d a a 1 a 4 o
(B100), 1137w Ty Tedwasintiiuidudy (B100) nauansiduuasun lugasesn lasa 0.05
[ ?7' @ =) %’ Y] s a A [ 9 ax
35U (B100+ZnO0 0.05 g.), i luTedaaiminiuhavaundsuljsgauninuar Tae3sns
o ¥ o a e ¢ A A o 9 an <
nau (R-B100) uazihwiu luTedwavinminiuihduaundsvijeuamudr Tagdsmsnau
a 1 a 4 4 [ 1 [
HENETIANLAIUT TUTEIRON bBA 0.05 NS1 (R-B100+Zn0 0.05 g.) W31 in1sdes
9
m%uauuauaﬂmﬁa@ﬁaElaﬂmﬂumuawa%}aﬂaz 24.08, 25.49, 60.80 Lo 61.14 eUa1AY
~ goJ @ Jd Aa g’/ =1 U 4 4 49! %I v oA 9
Glummz%umuﬂmu@uuu llfﬂﬁﬂa'E]EJﬂ'li‘]J’E]UﬂJE]H’EJﬂh],GD'@N'IﬂﬂIu%’lﬂu’lﬂ\luﬂtcﬂﬁi'@ﬂﬁ$
~ < ~ = %’ @ =) %’ @ Jd a
100.79 tazvazNANNEIToUAIN 3,000 501/ 1Hiiu Ty Tedmariniiniuihauay (B100),
%’ @ =) %I @ s Aa a 1 a 4 o [
umu"luiam%amﬂumuﬂmmwu (BIOO) Wﬁllﬁ']ﬁl@]ﬂll@]Qu’liu“ﬁﬂﬂ@ﬂﬂllcﬁﬂ 0.05n3U
¥ o ~ 2 - ¢ A A (o 9 an <
(B100+ZnO 0.05 g.), Hiu lu TedaninduiviauaunlsvlsenanmudaTaedsmsnau
¥ o = ¥ o S A A (o 9 Aan <
(R-B100) L!,ﬁ$UTNUULUI'P)@L“K'Gfl]1ﬂu']3J‘1J‘]J1ﬁllﬂUWﬂiUﬂ?Qﬂﬂ!ﬂ?Wlm’JIﬂfJ'J‘ﬁﬂ”Iﬁﬂa‘LlWﬁll
a 1 a 4 4 o 1 1
ﬁ?ﬁl@]lll!@]\iu']Iueb'\iﬂﬂ@ﬂll“b'ﬂ 0.05n54 (R-B100+ZnO 0.05 g.) NWUI ‘flfni‘]_]flf]ﬂ
v
Asveuvouen lsaaniinsadniniiudsadosas 27.21, 28.22, 60.88 1A 61.22 MUAIAY

Y o s a ¥ oa ! 7 s 3 Y o a )
ﬂluﬂlmgﬂ‘lniluﬂ’]ﬁ11ﬂﬂuullﬂ]ﬁﬂﬁElfJﬂ']5Uﬂuu@uﬂﬂhl%ﬂu']ﬂ‘uuﬁNﬂu']NuﬂL“ﬁﬁﬁ@ﬂﬁg 101.33

4 4 K v
3) m5uoulaoenlea (Carbon Dioxide, CO,)
o ] a ] 1 4 4
1NNINAADIIANITYassuany Wy nsilassmiveulaoen lsaves
A I 3 < ~ = % 9 = %7’ o Jd a
INIDNYUAALYANIYULIINANNLIITOUAIN 2,500 TOU/UIN i luTeRmaniniiniuihduay
%:I @ ~ %l 9 d a a 1 a 4 4
(B100), viiuluTedasiniiiuiduay (B100) HauasauLaaul lugasesn lasd 0.05
[ 901 o ~ %} @ S a -~ [ 9 an
A3U (B100+ZnO 0.05 g.), umu”luTammai]1ﬂumuﬂmu@mlﬂiuﬂmmmwuaﬂﬂﬂnmi
< S o A Y o S A A (o 9 an <
nau (R-B100), umu“lui@m%a%1ﬂumuﬂmmuwﬂﬁuﬂgdﬂmmwuaﬂﬂmﬁmﬁﬂaum’m
a 1 a 4 4 o = %} LY d a glJ
A5ANAU TuFanon lua 0.05 AFY (R-B100+Zn0O 0.05 g.) 52 Tlaaisiulauauiy
= [ 4 4 dy %,’ v A F
nu Unsdaseasueu lasen leaunyuaninivdwaiesas 61.62, 65.54, 88.86, 128.46
o w A <3 A =1 301 o = %’ o 4
Hag 152.31 MUY YUSNANULITITDUAIN 3,000 59U/ UIN Wi luTeRmaninyiniuidwy
a %,’ v = %,’ v Jd a a ] a 4 4
A1 (B100), Wi luTeRwaniniiiniuihauay (B100) NAUENTIANLA TuGIARRn l5@ 0.05
[ g Y = %,’ @ S A A (o 9 ax
N34 (B100+ZnO 0.05 g.), umulluTemcﬁai]1ﬂumuﬂwauﬂmnﬂiuﬂgﬂﬂmmwuaﬂﬂmﬁmi
< ¥ o = ¥ o S A A (o 9 ax <
nau (R-B100), ‘Ll”lllull‘]JI@ﬂ!,@]iaﬁnﬂu”lll‘LHJTd3Jﬂ1Jﬂﬂiﬂﬂ?ﬂﬂmmwua’ﬂﬂﬂ’s‘ﬁmiﬂauwml

a 1 a J [ =2 ¥ o Jd a g
fT"ISWUJLWN‘L!”ITH“]NﬂB@ﬂlI“D’ﬂ 0.05 N34 (R-B100+Zn0 0.05 g.) ﬁ')ﬁJhl,‘]_]ﬂ\THTNH‘]_]"Iﬁllﬂ‘]Juu



101

wuM Instassarsveu lasen leauinyuaintiniudadosas 46.94, 52.54, 80.19, 100.45

1ag 138.86 ANAIAL

4) lalas m§ Yo (Unburned Hydrocarbon, HC)

[ 1 a 1 1 4
NNITNAaeIIANIsTUaoauaiy Wy fﬂi‘ﬂaﬂﬂllﬁliﬂﬁﬂ']ﬁﬂ@uﬂl@ﬂ
A I g A <3 = A 9w 2 ? o J a
INTOYUAAIFAWYULITINANULIITOUAIN 2,500 IOU/UIN umu"l‘iﬂ’ammamﬂumuﬂmmu
Y o = ? o J a a 1 a J 4
(B100), umu”luiamma%mumuﬂmmu (B100) NﬁiJﬁ?il@]iJLL@NUWTuGD'Qﬂ@@ﬂllcﬁﬂ 0.05
[ %’ [ = 3o’ Ly Jd A Ld' 1Y 9 asn
nSY (B100+Zn0 0.05 g.), HsiuluTodanininiuthduaunlsuljsnuniwuda Tae2ins
< ¥ o = ¥l S A A (o 9 as <
nau (R-B100), L!WJHLI‘UT@ﬂL“]fﬁ‘DTﬂlﬂlluﬂ']ﬁﬂJﬂUVlﬂﬁ‘iJ‘iJ?\?ﬂﬂlﬂTWLm’JTﬂfJ'J‘ﬁﬂWiﬂﬁUWfﬂJ
a 1 a J 4 1 =2 ¥ o J a kS
msmmgmuﬂumﬂa@ﬂ%ﬂ 0.05 N3 (R-B100+Zn0 0.05 g.) ﬁm"lﬂmumuﬂmmuuu
1A [ o dﬂ! ?,’ = A
WUN llﬂ']iﬂa’f)fJul?Jiﬂﬁ?ﬂﬁ‘ﬂ’l’)uNTﬂﬂluﬁﬂﬂuWNuﬂl“ﬁaﬁ@ﬂﬁg 56.82,40.91, 27.27, 20.45 uag
o W ~ 3 A A 3o = ? W J a
300.00 AUAIAY YMENANNLTITOUAIN 3,000 DU/ UIN umu”lﬂaﬂmmmﬂumuﬂmmu
Y o = Y o J a a 1 a J 4
(B100), umu”luiammamﬂumuﬂmmu (B100) wfmmﬁmmmuﬂumﬂaaﬂ“lcm 0.05
@ ¥ o = ¥ o S a A (o Y ant
n3u (B100+ZnO 0.05 g.), il Tedaaaniniuihavaundsul jsnauninudl Tae3sns
v 3y o = o S a A (v 9 an o
nau (R - B100), 15y luTefaraniniiduihavaunlsulgsnanimud laedsmsnaunauy
a 1 a 4 @ = ¥ o Jd a 2
A131ANLAIU TUFIAD0N Jad 0.05 AFH (R-B100+Zn0 0.05 g.) 521 1D viiuhduauiu
= 1 14 1 % v A
wu Insiaselalasasuenuinvuininivdiaiesay 54.39, 50.88, 10.53, 7.02 Ay
254.39 MUa1NY
@ 1 a 4 G o
A1NNITNAADN Glumfnﬂmaﬂaa&ma‘wymauﬂ%wummaiaum AMNAA
[ J a 1 Y o = o J a ? o =
msiamsiassuany wu 1w luTedmaininiuihauay (8100), 1w luledsann

@

% d a a 1 a 4 4 [
Wi uianay (B100) HANATIANLAIU TUFIA0DA Lad 0.05 NTY (B100+Zn0 0.05 g.),

o w

?:I @ d a ~A [ a, o g @
iiuluTefwavininiuthavauindivlssauninuda Taedsnisnau (R-B100), 1iu
= ?,’ 1y J A d' [ 9 an < a 1 a o
luTedranininiuthauaunlsvlsequaimual Tnedsmanaunduaisiauuaaul Tugen
4 [ = %,’ Ly Jd A Z’, =\ U a
900 l¥A 0.05 N51 (R-B100+Zn0 0.05 g.) 531 hAsiniuihauauiy In1slaseuany
s P s o a A 24
TuTasausenleyd, asusunousnlyd uazlalasaisveu Tudsuranuinvuiile

= (% 501 v A d‘d 1 4 o a d‘ A dy
Wieueunudiuaiya QJ'Q.!S‘VlﬂJﬂ"IS‘]Jai’)EJﬂ"Ii‘]J@ullﬂﬂﬂﬂ"lgﬁﬂiuﬂiﬂ”lmﬂw\lﬂ‘lluﬁ]”lﬂ

b4
o w

= 1 1 A Y o = 4 ax
HIWUALED I1DNNTITNAADINUIN ﬂ1i’lJi1J‘]J‘gQﬂil!E‘TﬂJ‘]JG]GIJ’EN‘LJ”MJ‘IJ[ITJTE’J@LGB@‘]J%‘INWJEJ’J‘IS'mi

< 1 a 4 o o
Nau (Redistillation Process) E‘T"Ill"liﬂaﬂﬂﬁﬂa@ﬂlla‘wy51]i’)\‘ilﬂ%f’)\‘lﬂuﬁaL%ﬁii’)ﬂ@"li]"lﬂﬂ"licl%}

b4
o w

? o J a @ 1 a 1 a 7 73 o
umu"lﬂaamamﬂumuﬂmmu”lﬁ’ Lla3ENW”]J’J”Iﬁ"limllLLGN‘L!”IT"L!“])’QFI’O@ﬂll%’ﬂu"IWHﬂ 0.05

[ v Y d'd 1 a 4' I :, 1 = v %,’ v
nyu gelvmanalunisaanisdassuaiyuo AT o OUAAEATOUA T UIABINY H1NY

v
a A o

= Y ¢ ) an < = ) a ,
"lUTﬂﬂL“]faﬂ"lﬂu"lﬂJuﬂ"lﬁ‘lJﬂUVl 5‘]J‘]J3\1ﬂﬂ!ﬂ”lWl!ﬁ’JIﬂfJ'J‘ﬁﬂ"liﬂﬁ1! 333Jﬂ\1ﬂ”|51511ﬁ"limllu@]\1

Q L)



102

a J =] s A A ) o 3 [ A A 1
u’liu"ﬁ\iﬂﬂﬂﬂul"lfﬂ%QHJ1!@ﬂ°|/n\1laf)fﬁ/lW”JW%@TTW3‘1Jl1JuWﬁQQTuWWQLﬁ@ﬂﬂ%’?ﬂ@ﬂﬂWﬁﬂaf]fJ
a A = & A =} [ 901 v A ) Y [
1JaWB"’U'E]\1Lﬂ5f)\3leWlf)ﬂTTu\3°Vl']\3Lllf)WlfJUﬂUu1”“@L%a1uﬂ15u1ﬂ11‘b’1u@u’]ﬂ@]ﬂf’)llﬂ

Y Y
51.5  oanauasulemaisumziusn (Brake Specific Fuel Consumption, bsfc)

=)

o o v o 2 ¥ a o o °
fﬁ‘ﬂﬁ'ﬂﬂ15')ﬂ@ﬁﬁ’lau&ﬂa'ﬂﬂl%'ﬂlwaQi]’lﬁ/‘l’lglll5ﬂmﬂﬂlﬂi@ﬂﬂuﬁalmaﬁﬂﬂ@’l

= =3

g [ o 4 3 v 9 A 4 ¥ o y o dy a =
UU ﬁlgﬂ'ﬁﬂijﬂiﬂﬂﬂ1§°lﬁu’l‘ﬂuﬂﬂ']ﬂlﬂ5@QGIN1!TﬂuﬂsUﬂ\ﬁﬂllulﬂf@twaﬂﬂﬁﬂllﬁﬂqﬂiuﬂlmg‘ﬂ

LT

]
v A

A o o o = [ A A =< A d o 1 = P
IAT0IUANIAITIU TasiHann15Ae W]mnamuwmzmmawuﬁmqm@giuuﬂm@51/1
I %’ Y] dy a o o 9 dy Aa o o A 4 A o o [ = A '
muumuwmwaqmmﬂmﬂummwmﬁm‘mmsawumzuumumgmmwm DAY

a = goJ o goJ o ¥ a ~ s 1 4 <3

14l (60 IUN) rdnvesiiumomaluiinnesnazanad 11ANANITNAADINDI NANNIE?

4 o ~ A o Qy 4 a o
FOUVDIUATOIIUAAIN 2,500 F9U/U1N uay 3,000 59U/UIN R 1aUI A0 UFDINAITUNE

%I o Jd a 9ol @ =) 9ol Y] Jd a %’ o =)
Wwynvesr1ulauay, 1wy TeRwasiniiniuilduay (B100), 115uluTedann
g @ Jd a a 1 a o o [
W uiauay (B100) Hauaseuuaau Tuganoan lad 0.05 05y (B100+Zn0 0.05 g.),
Y o = ¥ o S A A (o 9 an <
umu"lﬂamcnamﬂumuﬂmmuwﬂsuﬂ;mmmwuaﬂ@m‘ﬁmiﬂau (R-B100) uag
? o = Y o S A A (w £y an & a 1
umu"lﬂ@mcmmnumuﬂmm‘umﬂsuﬂ;mmmwuaﬂﬂfmim'iﬂauwmmimmmquﬂu

v
S 1 1

a J s @ A 1 v Y u oA (Y

Fafoon lua 0.05 051 (R-B100+Zn0 0.05 g.) Hawnnaniniudisa Tasiledoiidinas

[} Qy A tij a o Bo} v ,i’ a 1 d' dy 1 g v A

89918 U e UFBINAITUNIZIUI NV MDA T2 1ANA199 NNPTUNINIT WA

A 1 = 1 9 ﬂ a & ?,’ @ Jd Aa %} o =)

[HeaNNAIANUKHA tazAInNNTOUVBUTRINAY Fuiiuhdauay, diiuluTedran

g Y J a %,I Y = %’ Y J a a 1 a J¢

iiuthavay (8100), 1 luTedwaaininiuihaudn (B100) wauas@unaau Tudas
4 [ %’ Y = g o S a A [

0N 4@ 0.05 N51 (B100+Zn0 0.05 g.), 11wy Todravinihiuihaudunysulyegunin

o g Y g Y Jd a { (o

udaTaedsmanau (R-B100) vaztiniuluTefanminiuhduaunysuljegunmuda e

an o Aa ' A d 4 o o A

FMINAUNANATIANLAIN TUFIA0ON 5@ 0.05 151 (R-B100+Zn0 0.05 g.) Imanunila

1 9°/ v A ~ A =1 1 v 3 ?,’ Y A =
UINDNUTUUALED TﬂamﬂamwumzmammimsmsmmJuazaawleammumumagﬂm

'
S 9 v

9y 19 Y A Y a o ? o Yy 1 Y
L"llT(?fWE]\iLNWVlVMJ ATV UA ‘Llf]ﬂ*ﬂ%ﬁx‘iNﬁi’ﬂlﬂ@ﬂWiﬂiziHEJG]’JGIJ’ENuﬁJull@]ﬂ mwaiwma

Y

v

J A 3 [ 1 1 1 (2 %
mﬂwﬁaummumaﬁu L!ﬁﬁlWﬂ’ﬂuﬂﬁﬂﬁﬂ'quliﬂﬂ%&’ﬁﬂWﬁ@l’ﬂﬂ1iﬂ‘i$%1ﬂ§l’ﬁl@\1u1ﬂu
zﬂy A A s A J Y 1 o = 2 A zﬂy a A da!
L%mwaw”lmmmmamwaﬁlwﬂmm"lwﬂ'”luanyjm im"l,ﬂadmiamﬂammmwammﬂmu

9 [ 1 9 dy a g’z 3 1 d' v dyd [ d' Yo
G]HJU]JJ@’JEJ Glumummmmmiaummmmwaduuﬁ]gLﬂuﬂmuwmwmmumﬂmumﬂ

' v
= g v A

A a g a = ' v o A o ~ o A
m’ammﬂizmﬂuuq 6]le‘]Ji1]']'i;‘kl‘l"i’Ll\TI"i°L.l'JEJ!,°I/'I']ﬂ‘l.ll,ll’E']°L.l']1]'l!flr‘iEJ°1J!,°I/'IEJ°1Jﬂ”L.l Iﬂﬂ HIUUNUA
9 g a 1 1 [ Qy A %} @ dy a = g @ Jd Aa
mmmummwmwmmmzmWaﬂ@am1miﬁugﬂamumuwmwmaﬂm mumuﬂmmu,
g o = %} Y J a g o = %l @ g a
iuluTedwasiniinduilduay (8100), uivu luTedwasiniiniuiliduan (B100)
a J a J J @ g o g 7
NANETIANLAIU TUF AR Tu@ 0.05 NFY (B100+Zn0 0.05 g.), 1137w 1y Tedsasniiitgu

d Aa 1 ] @ %l @ g @ 4
havaunlsulssnunmuda Tasismsnau (R-B100) uaziniuluTedwavininiviay



103

a J Y

A A (o 9 an < Aa ' 4
ﬂUWﬂﬁUﬂ?ﬂﬂmﬂWWllﬁ?IﬂfJ'J’ﬁﬂ'lﬁﬂauWﬁuﬁTﬁlﬂNl!ﬂﬂuWIu"ﬁﬁﬂ@ﬂﬂul"lfﬂ 0.05 N3u (R-

Yy
v A A2 o a

4 1 H 1 90‘ -7 Q g}/ 901
B100+Zn0 0.05 g.) Hulimanuieunteenininiudwa aaiu iniudwaseisanawilaes
Y

zg a o tﬂ' Y tﬂ' z Ly g}/ Lﬂ' o w =S ?‘:’ Y]

IFBIWAUNISIUINNUBINTAINUIVUNN 6 Uszian 1ummzﬂumu”lﬂamcmmﬂumu
Jd a a 1 a J 4 [ %’ Y

1haway (B100) mmﬁﬁmmmmﬂummaﬂ”lcm 0.05 NN (B100+Zn0O 0.05 g.) LagUIuu

2 y o S a A o 9 an o a ' a
luTeRwasinminiuhavdauidSulsequnnudrTaedsmsnaunauasauuacu Tugan

= [

4 (= %‘ £3 = %’ v
p0nlad 0.05 05 (R-B100+Zn0 0.05 ¢.) tiofTewieunuiiuluTefwasiniidu

'
a = [

s a ? o = ? o 4 vy a o
1J1a3m°u (B100) u,azumu]luiamcmﬁnﬂumuﬂmmmw ﬁJﬂiﬂﬂmﬂ"IWLm')Iﬂﬂ')‘ﬁﬂ'ﬁﬂa‘Ll

q L)

P
a &2 A

2 T @ 2 L a o { < 4 J
(R-B100) HU 3gWUN @Gli1ﬁulﬂaﬂx‘ll%ﬁlw\lﬁﬂﬂ1lw18L‘]JiﬂﬁLﬂﬂﬂ]uﬂﬂﬂWNLiﬂi@ﬂﬂl@ﬂlﬂ%ﬁNEJ‘L!GI
A ~ = ] Y 1 [ % o @ 1 1
9N 2,500 39U/UIN L 3,000 5DU/UIN llllhlﬂllﬂ’NllLLG]ﬂGﬂ\‘iﬂu'ﬂ1\11&83?(1?]@“@]881\11@
a 1 a J =R 1 1 o ay A dy Aa o
mimmmauﬂumﬂaaﬂ"lwm”laJmwamaammmﬂamstmwaammmmﬂ
a ¢ s v a % o 2
5.1.6  MIUATNSHNIUATHIATAT (@unumma@umu‘lﬂamma)
a J S A = Y a
iﬂﬂﬂ1§’JLﬂiWZW‘WWQLﬁiB§ﬁ1ﬁﬂiﬂiﬂﬂ1ilﬂd§'ﬂ‘]JlﬂEJ“]JG]H“I/;IH%JENﬂWiNﬁGI
9o' o = %’ ] Jd a =\ [ sol =1 Y 1 9o' @
umu"lﬂ@mmamﬂumuﬂwawmmaunmmmmum%amumamam WU HIUU
= ?_-,’ o S Aa =\ ~ 1 ?_.,’ = I ] A
"lﬂemqfamﬂumuﬂmmmzuiwﬂmqqmmmummmﬂuamamn FUNALUDINIIINNIT

v
a o o

paminiuluTedwarvilumsndalugluvunmsnaseslue vl §iidnsamuveuunves

Y
o o

' D] .
41147398 éfmﬂumiwamumu”luiaﬁwamﬂumumﬁmﬂuﬂsmm%a dama lUdesiaune

(43

a v v add g D a Yy & A v A
ﬂﬁﬂlei’)\WIu‘1/‘!'Ll"U@Qﬁ’]ﬁ@m@]uLlﬁ$ﬁ13lﬂ?J‘Vl"])’@lle'nJ'ﬂGb'cl.u‘]JﬁjJTmu@ﬂuuuﬁ']ﬂ']@]unuﬂi:ﬁﬂ']ﬂ

v
AaA

3 a 4 I ! ) o

Tagmwiznmasaindsmganniuiay esnasmidunsanlddmsuminaaes

v ] { a 90’ - QIJ {
TuanAdesadismgeegudl Tuvazimsnaainiululedwana lsgldarsmilunsanly
) Y] 2 A A U a ’o’ o = 901 o Jd a
dwisugadnIsuaIsnIngnn aaeavulumnaatiniuly Tedwasinminiuduay

9 1

Tusdnuumaneassiiaz bifinszuaumstiasinninld ludr Idawnsoshnduin sl

= g ¥y A g Y a o ' =2 1 Y
@ﬂﬂi\ﬂ,@LW’E]L’]Juﬂ'Iﬁﬁ@@]unuﬂ’liwaﬁﬂﬁl“ﬁuiuﬂﬁgﬂﬁuﬂ'li‘]/l']\?@ﬁﬁ'lﬁﬂiﬁh ﬂﬁﬁﬂﬂﬁﬁlﬂi'lﬂ'l

EY o = v 3o A 9 o = ¥ o = A
@]unuﬂl@\iu'llluUhJIa@!Gﬁag\iﬂ')']u'llluﬂlcﬁa@’luﬂﬂ\iﬁa’]ﬂﬂqqﬂ i’JiJmumuthI@m%a%mu

U ds! 9 1 a a 1 o 7 ad @
NIZUIUNTITANE UINUU lJl,ﬂl,!,ﬂ NITLANTITAULA l,!,ﬁ$u'lul‘]Jﬂiﬂﬂ?ﬁﬂﬂ!ﬂWWI@ﬂ?‘ﬁﬂ?iﬂau
' ' 9 ¥ o a A 2 2 = AR 1
%$’fNWﬁﬁ’E]i'lﬂ'l@]l!“lqueU'E'J\‘llﬂlluulﬂi’t]ﬂlcﬁa‘I/]@:QM'IﬂGUuENVhJ’E]ﬂ@l13Jﬂi$‘1J'Juﬂ1i°VILWlIGUu3J'I

! Y Y )
e 1 ldithainiu luTedwanniduhdvau lulsznniueg

Y a v 1

9 o = g o I a
5.1.7 "U’f]ﬂ—ell’f)@f)fl"ll’E'Nu'muulﬂif)ﬂlﬁh'ﬁﬂ'lﬂu'muﬂ']ﬂllﬂﬂ

an o

aw A o o = J 9
%’]ﬂ\ﬂuﬂﬂﬂlj’fNﬂ'lﬁ‘]JT]Jﬂ?\iﬂﬂ!ﬂ’]WH’]NuUhJI@@LG]faﬂ?ﬁn@?ﬂ?‘ﬁﬂ’]iﬂﬁu LUag

Y A

a 1 a J S 1 A I °
ﬁ"liW]llLWNu'IIHG]Nﬂ'f)'lf]ﬂll“]fﬂﬂllWﬁ@]@ﬁllﬁiﬂugﬂlﬂﬂlﬂiﬂﬂﬂuﬁﬂl“ﬁﬁiﬂﬂﬁ'l ﬁ"lll’lﬁﬂﬁ?ﬂm’f]@



104

So'wd =

9y 9 3 o = ? o I a A = @ 9
uameﬂaﬂMﬂumu"lﬂem%amﬂumuﬂmmmmnﬁ'fmmsmﬂuumum%a FIUDIMT 1%

a [ a J I'4 J
Mseuaa Tusanoon lod laun

4
° v

o flumsmlszunwernsiannsonanldesnioludszmenniluriig

9
o w

dy a o 9 = [
Formas aam sy huvaanalsema

4
o w

= % Ly Jd a 1 a A
o UnuluTefranininiuihduduainsoaanisdantassuany Ao
P s A ' P = A A ]
mMivouNouen lua tazmumstassasuou'laoon lad Fuilunadaodauadounieuan
a 1 a J P 9y o %} ] = % ]
o mnauuadu Tugdfeen lednmamdinuiiigu luTefiwasiniiigu

Jd a 1 1 a 4 4 2 J
thavauainisosirvaanisdassuany ﬁ'ﬁ] ﬂ?ﬁﬂ@ullﬂu@ﬂulc]fﬂ uazinunisdane

Y
=®

o S YA
mivoulasonlyd ldasa
< 1Y A o [ %’ Y] dal a d’ Y o d’ 4
e Wuwasnumauaonluou1nad@ 1M UUINUFDINAIN IFNUIATOI8UA
=S :) A d‘ (%
AFATOUA HIDIATOIVNTNIATINHAT
Y 9 9ol v A % ] Jd a =3 9 a 1 a
VoA08VDIL T UAEAINMINLIANAY TauDan T lFasaNtaIu Tugan
4 1
o0nlwa laun
9 a %’ o =l %’ @ s Aa o v A =1 [
o AunulumsndaiiniulyTefwanminiuithdududigeedidodiouny
Y
1NN UAs
a 1 a o Jd o %,I v dy a 9 d‘
o  MINANATANUNIU TUFIADON lyAn 1T mad l9ga1uIu e
) Y a J SR I 1 I dy = @ %‘ o Ay a Y
mldunTugsdoon lad suiluansngulanzansnazmeiluiio@enuiniudomas1d
%’ Ly = %’ ] Jd a ] ] a A
o nfuluTedwavininiuiiduay liamisoaanisdassuaiy Ao
o s 2 a0 A 9 < '
TuTasnueenled uazlalasmiven Fuilunadenedanadoumeusniluogauin

Y
v a

%,’ @ = %’ @ d a A A dy Aa o
o umu"l‘uTamcﬁamﬂumuﬂmmuu a1 Ul a0 uTINAIT UINIZILSTD

]
=1

J %} v A A A 9}?:’ Ly dy a Qy A 1 %,' v A d' 1
WINNINNTUAE A ¥IeNM T IFNwEemaIndulasaninnInhludea 11891081
3 4 d' 1 9ol b 1
anwFouveuiniuFomaidesnininiufaneudiaun
! 9 9 2 o = LAY s a 3 v
luaruvesdosesvesiiniuluTefanimiiuihdvaviu Tuduves
9 a 3 o = ? o J A Y = a 2 o = o
aunulumsnaainiuluTefwasminiuihduay driimsnaaiiuluTefwavininiu
J a
havaulutSunanng waglimsldmalulagngaamnisy saulidaddarsniilunsa
9 v o Y Y o = 3 o J a
dsuanunegasmnisy sgsh ldawisoasdunuuenigguluTedmasminiuihduay
9 ds! 9 1 a = [ Qy A dy a o d' %‘ @
1dun3u nazludumsddesnany saudsdanauldoudomassumziusnniiigu
= %,‘ o d a A 1 %} v A g’/ A 12 o 1 A I
luTeRmannminiuihavauiimnaininivdaiu wesnn ilimsdSuuaunseseudaaa

o Y [ 9/901 Y = %,‘ @ J a y A [ 1 A J
i'a“u@11114L141Jwﬁuﬂumﬂ%umu”lﬂammaﬁ]mumuﬂmmu DUNNMTUSULAATOIEUA



105

Y [ &l a d‘ 9 1 Y 1 a =S o Qy =) Ay a
Tz gunuiromasn 1y seasnalvinisdacsuanvanas saudsoaauilasusoinag

IUWIIWTNNAADUFUNU

k4
5.2 VLA UDdUUS
a %’ o = 9 Aaaa 4 aay o
TunszuaumswaminguluTedmaTasldgnsonszummsnnudieames lindu
. . S 1 ? o = ? o J 9 9 o Y
(Trans-esterification) Hunn 11 MynsouiniuluTefmanniniuihaudieduiueeziilg
a = =3 %’ Ly 1 d' 9 d' 9 [ z Ly d' ]
amsgadelsmnave iyl weannduildnsesazgaduiniuiau
' 9 H '
msnsed Iiundau sadinsesdrodunuisatsasszdewa i mangade lulia iy
49! =2 4 A 1 o go’ LY = 1 o o
WInTUTensmgUnsaimsnsesi lugaduiniu I3 udSuawn wu azunsearadimsy
< o A 3 o J
nsesvuia 1 luaseu iudu vazlumsusuljsaaauridveniniuluTedsailaudae
' Y 1
AFMINAY (Redistillation Process) UU luns1Hin3eaileo Distillation at Atmospheric Pressure
4 ¥ o ? o Jd a ) o o L4
Tumsaauiniu'lu TeAwsanminiuhduaudmsuii 5o asezdesdlinisooaginsal
' 4 a4 24 0 v % A
A199) YBAUATOINDFUUBBNNINIANNALBIAMIBIUDANBFDA (Alcohol) V1UTEIANNAINITD
[ % LY 4 a 1 a 4
T5lumssiinnuazerminiugomasla iwu ToleInsiaueansaod (Isopropyl alcohol,

) @ a o I 4 ] a & Y o a 4
C,H,0) 1058 AR d#15u 1 luaudve dudu e laldinanisduilenvesthiuyiiadulu

a A v

% @ = %I ] o 9 ax <o d' ] [ 1
uninluTefwanniniuihduduidsulgsnanimudl Tagdsnsnau Nizasnanon1n
a L A A A a 4 A J A o YR A
Uign5 vWiolUsuaiawaned (Methyl Ester) iluldammasgiuidimua’ly dadian
] T W Y & ¥ a [ T W
VNN MHI N VT 088 96.5 TA8NIAVDIL T UFDINAL WIDNINNIIHIONINY 96.5% wt
AUNIATFIUVDINTUFININAINU (309 MIMrUuaanbuziazamn Mo lu Tedmailszian

mﬁmaﬁma%mmﬂm%ﬁu N.f. 2556
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@ 4 a a A : % &' a d'd 1
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A da a A o ' d A
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1% o <
7. AN TU WHIAHLINA.

v %

Y] an o Ao Y] o : Y] o
] "lmmuﬁwa Hagaue. (2551). 918991UNTIVYAVUANUYITU ﬂ1§1%ﬂ13~luﬁ‘];lﬂ1 j1)

U

nad
@ Jd [

4 d N @ o
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v v
@ I w
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% a a
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v W 4
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dgaaIu (laaans)

szt vsiumisa | ulemmahdn | ars@uusa zno saunilu
B10 900.00 100.00 - 1,000.00

B20 800.00 200.00 - 1,000.00

B30 700.00 300.00 - 1,000.00
B40 600.00 400.00 - 1,000.00
B50 500.00 500.00 - 1,000.00
B100 0.00 1,000.00 - 1,000.00
B10 + ZnO 900.00 100.00 0.05 g. (50 ppm) 1,000.00
B20 + ZnO 800.00 200.00 0.05 g. (50 ppm) 1,000.00
B30 + ZnO 700.00 300.00 0.05 g. (50 ppm) 1,000.00
B40 + ZnO 600.00 400.00 0.05 g. (50 ppm) 1,000.00
B50 + ZnO 500.00 500.00 0.05 g. (50 ppm) 1,000.00
B100 + ZnO 0.00 1,000.00 0.05 g. (50 ppm) 1,000.00
R-BI10 900.00 100.00 - 1,000.00

R - B20 800.00 200.00 - 1,000.00
R- B30 700.00 300.00 : 1,000.00

R - B40 600.00 400.00 - 1,000.00

R - B50 500.00 500.00 - 1,000.00
R-B100 0.00 1,000.00 - 1,000.00
R-B10 + ZnO 900.00 100.00 0.05 g. (50 ppm) 1,000.00
R-B20 + ZnO 800.00 200.00 0.05 g. (50 ppm) 1,000.00
R-B30 + ZnO 700.00 300.00 0.05 g. (50 ppm) 1,000.00
R-B40 + ZnO 600.00 400.00 0.05 g. (50 ppm) 1,000.00
R-B50 + ZnO 500.00 500.00 0.05 g. (50 ppm) 1,000.00
R-B100 + ZnO 0.00 1,000.00 0.05 g. (50 ppm) 1,000.00

Y $ 1 Q'J 9OI
WN0IME : R-B100 Ao Wi luToRiara B100 NAIUNTZUIUMTNAUST LAZNTHEY ZnO 147

9
[ o

a

U

@ Y A A . A < <
ﬂﬂu?llu%$sl(’]ﬂﬂ5@\31|@ Ultrasonic Shaker ngunu 50°C Wua 4 GH'JIlN
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A1519% N.2 WafﬂiVlﬂaEJQﬂWi'Jﬂﬂ'J']iJﬂﬁﬂ‘Uf’Nu'liJuaLGﬁa wazdiulhavay

a\ &' a g’J d' A
FHAIBDIWAI A59N 1201 (s) ANURUA (cSt)
1 14
2 14
Diesel 3.619
3 14
DY 14.00
1 150
2 151
Palm Oil 38.97
3 151
nae 150.67
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A @ A ? o = J A o ? o
M1719N N.3 Naﬂ'lﬁﬂﬂﬁf)\iﬂ'lﬁ'lﬂﬂ'JﬁJﬁu@]‘Uﬂﬂu"lilull‘UT’f)ﬂL“D'ﬁ‘]J'lﬁiJ (B100) NWEUNUUINU

A ludadiuaieg
a &' a g’J d' A
PUALBDINAS AN 3an (s) ANNHUN (cSt)
1 15
2 15
B10 3.878
3 16
nae 15.33
1 16
2 16
B20 4.136
3 16
nay 16.00
1 18
2 18
B30 4.653
3 18
nay 18.00
1 18
2 18
B40 4.653
3 18
nae 18.00
1 18
2 18
B500 6.204
3 18
naey 18.00
1 31
2 31
B100 8.013
3 31
nae 31.00




A13197 .4 NAN1INABDINTIAANNKHAUDY B100 + ZnO 0.05 g.
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a &’ a g’J d' A
PUALBDINAY AN 3an (s) ANNHUN (cSt)
1 15
B10 + ZnO 2 16
3.910
3 16
nae 15.67
1 16
B20 + ZnO 2 16
4.157
3 17
nae 16.33
1 18
B30 + ZnO 2 18
4.668
3 19
nay 18.33
1 18
2 19
B40 + ZnO 4741
3 19
nay 18.67
1 25
B50 + ZnO 2 24
6.248
3 24
naey 24.33
1 31
2 31
B100 + ZnO 8.054
3 32
nae 31.33




A13197 .5 NAN1INABDINTIANNNKHAUDY R — B100
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a &’ a g’J d' A
FHATDINAG 59N 1281 (s) ANNHUA (cSt)
1 14
R -BI10 2 14
3.619
3 14
nae 14.00
1 16
R - B20 2 16
4.136
3 16
nae 16.00
1 17
R - B30 2 17
4.395
3 18
nae 17.33
1 17
R - B40 2 17
4.395
%) 18
nae 17.33
1 17
R - B50 2 18
4.555
3 18
nae 17.67
1 19
2 19
R -B100 4912
3 20
nae 19.33




A13197 0.6 NAN1INABDINITIANNNHHAUBY R-B100 + ZnO 0.05 g.
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a &' a g’J d' A
FHABDIWAY 59N 191 (s) ANNHUA (cSt)
1 14
R —B10 +ZnO 2 14
3.651
3 15
DAY 14.33
1 16
R — B20 +Zn0O 2 16
4.157
3 17
nae 16.33
1 17
R — B30 +ZnO 2 17
4.410
3 19
nae 17.67
1 17
R — B40 +Zn0O 2 17
4.483
%) 18
nae 17.33
1 17
R — B50 +Zn0O 2 18
4.591
3 18
nae 17.67
1 19
2 20
R — B100 +ZnO 4.953
3 20
nae 19.67
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{ ' o ' ?-,’ %
A5 190N 1.7 HANINAAINTIANINDNTUNIZ LAZANUHUMU UV UA

FHADINA ASan 181 (s) ANNOWIUMNIT | ANNHHIWUY (kg/m)
1 0.810
Diesel 2 0.810
0.810 809.25
3 0.810
nagY 0.810

MaNUYULUUEIon ldanaums

1 o ) d‘ 1 %’ 4
ANUDWIVNIE = ANUHUIUUUDIFITN 15.6°C/mmwumuummm‘ﬁ 15.6°C

A Y
NIDIT LA

1 d' 1 ) L} g 4
ANUUUNUUVDITITN 15.6°C = ANUDWNIUNIE X ANUHU U UVDIUIN 15.6°C

4 1 % A 1 | Y 4 v
Lﬁammwumuummum 15.6°C fl?ﬂlﬂ/ﬂﬂﬂ 999.07 kg/m? Llﬁglﬁﬁ]ﬂi1‘ﬂﬂ1ﬂ’ﬂll

' o % £ 2 1
DNINVNICUDNUINUAIDY N
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{ o 1 o ' %’ o J
A5 19N 0.8 HAMITNAABINTIAANND NI UNE uazmmwmuuummumu"luTaﬁz«vaﬂwam

H y 1 1
AnaunuiNuasa ludadiuaiee

FHABIND Asan 181 (s) ANUDIWDUNIE | ANNHHIMUY (kg/m)

1 0.820

B10 2 0.820
0.820 819.24

3 0.820

naY 0.820

1 0.825

B20 2 0.825
0.825 824.23

3 0.825

nay 0.825

1 0.830

B30 2 0.830
0.830 829.23

3 0.830

nay 0.830

1 0.835

2 0.835
B40 0.835 834.22

3 0.835

naY 0.835

1 0.850

B50 2 0.850
0.850 849.21

3 0.850

naY 0.850

1 0.875

2 0.875
B100 0.875 874.19

3 0.875

naY 0.875
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ATNN 1.9 HANITNAABINMITIAANND NI UNIZ LAZANUHUIUUVOS B100 + ZnO 0.05 g.

v
U

FHABIND Asan 181 (s) ANUDIWDUNIE | ANNHHIMUY (kg/m)

1 0.825

B10 + ZnO 2 0.825
0.825 824.33

3 0.825

nagY 0.825

1 0.830

B20 + ZnO 2 0.830
0.830 829.23

3 0.830

maY 0.830

1 0.835

B30 + ZnO 2 0.835
0.835 834.22

3 0.835

Y 0.835

1 0.840

2 0.840
B40 + ZnO 0.840 839.22

3 0.840

nae 0.840

1 0.855

B50 + ZnO 2 0.855
0.855 854.20

3 0.855

1na 0.855

1 0.875

2 0.875
B100 + ZnO 0.875 874.19

3 0.875

naY 0.875
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A1519% N.10 HANITNAADINITIAANNAIIUNIE LAZANVHUIMUUYDE R — B100 ANANN L

wiuasa ludadiuaieg
FHADINA ASan na1Gs) | ANNONIWNE | ANUHHIUY (kg/m)

1 0.820

R-BI10 2 0.820
0.820 819.24

3 0.820

Ny 0.820

1 0.825

R - B20 2 0.825
0.825 824.33

3 0.825

nae 0.825

1 0.830

R - B30 2 0.830
0.830 829.23

3 0.830

nay 0.830

1 0.835

2 0.835
R - B40 0.835 834.22

3 0.835

Ny 0.835

1 0.850

R - B50 2 0.850
0.850 849.21

3 0.850

naY 0.850

1 0.870

2 0.870
R - B100 0.870 869.19

3 0.870

Ny 0.870
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AN N.11 HAMINAADINITIANNUDNTUNIZUALANUHUWUUUDI R-B100 + ZnO 0.05 g.

v
(%4

FHADINA ASan 1381 (s) ANNDWIUWIT | ANNHHIWUY (kg/m)

1 0.825

R-B10 + ZnO 2 0.825
0.825 824.23

3 0.825

nay 0.825

1 0.830

R - B20 + ZnO 2 0.830
0.830 829.23

3 0.830

DAY 0.830

1 0.835

R - B30 + ZnO 2 0.835
0.835 834.22

3 0.835

nay 0.835

1 0.840

2 0.840
R - B40 + ZnO 0.840 839.22

3 0.840

DAY 0.840

| 0.855

R - B50 +ZnO 2 0.855
0.855 854.20

3 0.855

nay 0.855

1 0.875

2 0.875
R - B100 + ZnO 0.875 874.19

3 0.875

nay 0.875
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FHABDIWA 59N Qg ( C) Qe ( C)
1 300
2 300
Diesel 300
3 300
nae 300
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[ v v 9 Y v
A13199 .13 WaﬂWﬁﬂﬂqugNﬂWﬁﬂaUﬁ%}@ﬂag 50 sllfNu’]ﬁJUL%@LWﬁQm@QU']ﬂJuUl‘UT@aL“Kﬁ

ay (B100) Anauiuihiudmaludadiuaiag

FHABDIWAY 59N Qi ( C) Qg ( C)

1 304
2 302

B10 304
3 306
DAY 304
1 308
2 310

B20 308
3 306
nae 308
1 318
2 318

B30 318
3 318
nae 318
1 322
2 324

B40 322
3 320
naey 322
1 324
2 326

B50 324
3 322
nae 324
1 328
2 330

B100 328
3 326
naey 328
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' ] v ¥
ﬂ']'iNﬁ n.14 wammﬂqmwgumﬁﬂauﬁ%’aﬂaz 50 maqumm%mwawm B100 + ZnO 0.05 g.

FHABDIWA 59N Qg ( C) Qe ( C)

1 306

B10 + ZnO 2 304
306

3 308

nae 306

1 308

B20 + ZnO 2 310
308

3 306

nae 308

1 318

B30 + ZnO 2 320
318

3 316

nae 318

1 322

2 322
B40 + ZnO 322

3 322

nay 322

1 324

B50 + ZnO 2 322
324

3 326

nae 324

1 328

2 326
B100 + ZnO 328

3 330

naey 328




' ] v ¥
ﬂ']'iNﬁ n.15 wammﬂqmwgumﬁﬂauﬁ%’aﬂaz 50 maqumm%mwawm R -B100
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FHABDIWAY 59N Qi ( C) Qe ( C)

1 308

R -B10 2 310
308

3 306

DAY 308

1 310

R - B20 2 312
310

3 308

nae 310

1 320

R — B30 2 320
320

3 320

nae 320

1 324

R — B40 2 322
324

3 326

naey 324

1 326

R — B350 2 324
326

3 328

nae 326

1 330

2 328
R -B100 330

3 332

naey 330
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' ] v ¥
ﬂ']'iNﬁ n.16 wammﬂqmwgumﬁﬂauﬁ%’aﬂaz 50 maqumm%mwawm R-B100+ZnO 0.05 g.

FHABDIWAY 59N Qi ( C) Qe ( C)

1 308

R-B10+ZnO 2 308
308

3 308

DAY 308

1 312

R - B20 + ZnO 2 314
312

3 310

nae 312

1 320

R - B30 + ZnO 2 318
320

3 322

nae 320

1 326

2 328
R - B40 + ZnO 326

3 324

naey 326

1 326

R - B50 + ZnO 2 326
326

3 326

nae 326

1 332

2 334
R - B100 + ZnO 332

3 330

naey 332
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¥iinmeINa Ao uomas (MJ/kg)
Diesel 45.424
B10 44.224
B20 44.186
B30 43.559
B40 42.648
B50 42.290
B100 38.592
B10 + ZnO 44.224
B20 + ZnO 44.186
B30 + ZnO 43.559
B40 + ZnO 42.648
B50 + ZnO 42.290
B100 + ZnO 38.592
R-BI0 44.224
R - B20 44.186
R - B30 43.559
R - B40 42.648
R - B50 42.290
R - B100 39.592
R -B10 +ZnO 44.224
R - B20 + ZnO 44.186
R - B30 + ZnO 43.559
R - B40 + ZnO 42.648
R - B50 + ZnO 42.290
R - B100 + ZnO 38.592
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Q13197 .18 NANITNATDUMAAFLHINY

Distillation @ 50% Recovered
‘uﬁméamaa S.G. API Distillation Distillation Cetane Index
O (°F)
Diesel 0.810 43.19 300.00 572.00 67.47
B10 0.820 41.06 304.00 579.20 63.97
B10 +ZnO 0.825 40.02 306.00 582.80 62.29
R-B10 0.820 41.06 308.00 586.40 64.42
R-B10 + ZnO 0.825 40.02 308.00 586.40 62.51
B20 0.825 40.02 308.00 586.40 62.51
B20 + ZnO 0.830 38.98 308.00 586.40 60.65
R-B20 0.825 40.02 310.00 590.00 62.72
R-B20 + ZnO 0.830 38.98 312.00 593.60 61.06
B30 0.830 38.98 318.00 604.40 61.61
B30 + ZnO 0.835 37.96 318.00 604.40 59.81
R-B30 0.830 38.98 320.00 608.00 61.77
R-B30 + ZnO 0.835 37.96 320.00 608.00 59.97
B40 0.835 37.96 322.00 611.60 60.12
B40 + ZnO 0.840 36.95 322.00 611.60 58.37
R-B40 0.835 37.96 324.00 615.20 60.27
R-B40 + ZnO 0.840 36.95 326.00 618.80 58.65
B50 0.850 34.97 324.00 615.20 55.18
B50 + ZnO 0.855 34.00 324.00 615.20 53.58
R-B50 0.850 34.97 326.00 618.80 55.31
R-B50 + ZnO 0.855 34.00 326.00 618.80 53.71
B100 0.875 30.21 328.00 622.40 47.92
B100 + ZnO 0.875 30.21 328.00 622.40 47.92
R-B100 0.870 31.14 330.00 626.00 49.44
R-B100 + ZnO 0.875 30.21 332.00 629.60 48.13
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A1519% N.19 Wafﬂi“I/lﬂaEJ\1fﬂi’Jﬂfﬂi‘lJaf’)fJiJaWHGIJfJQMWNHL%EJLWﬁQ‘HHQWNG]
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vany NO, | HC Cco Co,
A ANMSITOLINTOWUA | o
FUABDINAY 39N | (ppm) | (ppm) | (ppm) | (%Vol.)
(RPM)
1 120 45 3551 3.79
2 118 43 3544 3.87
2500
3 119 46 3545 3.83
mag | 119 44 3546 3.83
Diesel
1 131 59 3468 4.47
2 127 57 3465 4.45
3000
3 129 57 3467 4.47
mag | 129 57 3466 4.46
1 349 179 | 7122 9.70
2 351 177 | 7119 9.65
2500
3 350 174 | 7121 9.64
mag | 350 176 | 7120 9.66
Palm Oil
1 362 202 | 6978 10.65
2 361 200 | 6976 10.63
3000
3 361 204 | 6980 10.68
may | 361 202 | 6978 10.65
1 145 70 2695 6.22
2 143 71 2689 6.25
2500
3 147 67 2692 6.10
mae | 145 69 2692 6.19
B100
1 155 90 2526 6.57
2 157 87 2521 6.60
3000
3 152 89 2524 6.49
may | 155 88 2523 6.55
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A1519% N.19 Wafﬂi“I/lﬂaEJ\1fﬂi’Jﬂfﬂi‘lJaf’)fJiJaWHGIJfJQMWNHL%EJLWﬁQ‘HHQWNG] (919)
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vany NO, | HC Cco Co,
A ANMZITOLINTOWUA | o
FUABDINAY 39N | (ppm) | (ppm) | (ppm) | (%Vol.)
(RPM)

1 65 2640 | 6.35 65
2 62 2643 | 6.33 62

2500
3 61 2645 | 6.34 61
mae | 62 2642 | 6.34 62

B100 + ZnO

1 87 2490 | 6.82 87
2 88 2487 | 6.79 88

3000
3 84 2489 | 6.80 84
nae 86 2488 | 6.80 86
1 56 1395 | 7.22 56
2 57 1387 | 7.30 57

2500
3 56 1390 | 7.18 56
mae | 56 1390 | 7.23 56

R - B100

1 63 1360 | 8.02 63
2 65 1353 | 7.99 65

3000
3 61 1357 | 8.10 61
naY 63 1356 | 8.04 63
1 54 1380 | 8.79 54
2 56 1376 | 8.77 56

2500
3 51 1379 | 8.69 51
mag | 53 1378 | 8.75 53

R-B100 + ZnO

1 61 1340 | 8.97 61
2 62 1347 | 8.95 62

3000
3 60 1345 | 8.90 60
naY 61 1344 | 8.94 61
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' v ¥ ,
ﬂ']'iN“ﬁ .20 Waﬂﬁﬂﬂa’ENfﬂﬁ'Jﬂf)ﬂ‘ﬂﬂ'lﬁll?ial,‘]f\‘mDaﬂJGQUWNuL%@LWﬁQ%UﬂﬂNﬂ

N anuisiseuniesaud | o . | dmtin | danimslwanoa
BUHUABDLINAI AIIN o o
A a A a
(RPM) S VAN (g) wmwm(g/s)
1 12.50
2 12.10
2500 0.2044
3 12.20
nay 12.27
Diesel
1 14.70
2 14.90
3000 0.2494
3 15.30
nay 14.97
1 28.10
2 26.70
2500 0.4550
3 27.10
naey 27.30
Palm Oil
1 31.20
2 29.70
3000 0.5017
3 29.40
nae 30.10
1 19.70
2 19.50
2500 0.3244
3 19.20
mae 19.47
B100
1 21.30
2 21.90
3000 0.6561
3 20.90
nae 21.37
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{ 3 4 J 1
A1519% n.20 Waﬂﬁﬂﬂa’ENfﬂﬁ'Jﬂf)ﬂ‘ﬂﬂ'lﬁll?ial,‘]f\‘mDaﬂJGQUWNuL%@LWﬁQ%UﬂﬂNﬂ (919)

A A5 ITOLINTOIEUA - HINHD on51M3 lvanla
FUAFDIWAY asIn | o v
A a A a
(RPM) WOING (g) WoINA(g/s)

1 19.10
2 20.30

2500 0.3283
3 19.70
nay 19.70

B100 + ZnO

1 21.50
2 21.70

3000 0.3589
3 21.40
nae 21.53
1 14.30
2 14.10

2500 0.2350
3 13.90
nae 14.10

R —B100

1 18.10
2 17.80

3000 0.3011
3 18.30
nae 18.07
1 14.20
2 13.80

2500 0.2356
3 14.40
mae 14.13

R-B100 + ZnO

1 18.50
2 18.10

3000 0.3017
3 17.70
nae 18.10
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fMvg1amImMIIAOAN T ATINAIS UIIZIUTH

Taeh

Taeh

Y
S A

o I o 2 A dy a o F) !
ﬂ15ﬂ1u3m@@ﬂlﬂlﬂu@@]ﬁ’lﬁulﬂa'E]Qﬁf@ﬂ/‘laQﬁ]’ll‘W’lgl'ﬂﬁﬂhlﬂﬂ1ﬂﬁ3Jﬂ'liﬁ'ﬂhlﬂu fl
bsfc = —— (1.1n)

2 ¥ a o ' <3|
bsfe  flo anuauaouFomassuwziusn nieiu (kg/kW-hr)

¥
. o a ' <
i An 8935135 Iavesulaewas nileil (kg/s)

= o w ' <
P, Ao MAUVIN neu Watt (W)
P = 2P NT (1.2n)
A o w 1 I
P, Ao MAawuIn vieu Watt (W)
A a 1 I
T Ao u3ela nuelu (N-m)
A y A g
N A9 JOUMIHYUVDAUNAIVBLIE MUY (RPM)

v
% v A =

o Y o 4 a 3 4 S 1w
Gluﬂiaﬂ'lﬂuﬂslwlﬂuu']NUL%ﬂlwa\iu'lllu@L%aﬂﬂ’)1ﬂli’35@um@QLﬂ§@\1ﬂu@ﬁfl'lﬂll

2,500 39 U/U1T (N = 2,500 RPM) 181015205 un1ny 6 1161803 (7= 6 N-m)

= 02044 /s 3z lan

B, = 2P (2500)(6) = 94,248 W

9
% [

2 A X a o A 1w
JUU mmmﬂamwmwmmmmmﬂ (bsfe) UAUNINU

0.2044 x 3,600 x 60
bsfc = — 0.4686 kg / kW .hr
94,248

'
? o a =

3 Y I Y o 4 a < 4 J 1w
Gl,uﬂiiﬁﬂ’lﬂuﬂalwlﬂu‘Ll']llUL%'E]LW@QH'IMUQL%aﬂﬂﬂ’lﬂli'ﬁiﬂﬂﬂl@ﬂlﬂ%ﬂﬁEluﬁlfVl’lﬂ‘]J

3,000 59U/U1H (N = 3,000 RPM) 7181415203 NUNIAY 6 1I8UNAS (7= 6 N-m)

= 0.2494 g /s g lan
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B, = 2P (3000)(6) = 113,097 W

Y
v (3

2 A X a o A 1w
JUU G]i'lﬁulﬂaBQL%E]LW@Q%1LW1$L1J§ﬂ (bsfc) UAUNINUY

0.2494 x 3,600 x 60

bsfe = = 0.4760 kg /kW .hr
113,097
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Data File C:\CHEM32\1\DATA\SULITA 28-9-59\FLOWI 2016~09-28 14-4$-30\BEEF0000027.D

Sample Name: Befor-10x

Acq. Operator : SYSTEM S8eg. Line : 27
Acg. Instrument : 7890 GC Location : vial 26
Injection Date : §/30/2016 4:18:26 AM Iny & 1
Ini Volume : 1 pl
Acqg. Method : C:\CHEM32\1\DATA\SULITA 28-9-59\FLOWl 2016-09-28 14-49-30\FAMEJARUNAN
ri.M
Last changed : 9/28/2016 2:49:30C PM by SYSTEM
Bnalysis Method : C:\CHEM32\1\METHODS\FAMEJARUNAN_F120160930-CLA.M
Last changed : 10/4/2016 10:58:40 AM by SYSTEM

{modified after loading)
Additional Info : Peak({s) manually integrated

FiD2 B, Back Signal (SULITA 28-9-50\FLOW1 2016-08-28 14-43-301BEEF 0000027.0)
o =] =] -
L s ¢ . £ ¢
1% P9 23 =
1807 | EE :& O ('; o
| g I3 alid b
60 | & 8 e 8 2
ﬂ | & \? K
i ! I !
140+ 1 ! i i
| : t i
120~ ‘ |
11 | Pl e
i i o
-1
100_ ” N .
11 i
80 ’ I %",g‘
o i < o
|‘ N H ! : ! % S
80 || o i ] N N e
1 :1 o 4 e il=Ps ! l g 8§ X &
! 283 2 |8 E 1§ g 8 8
40 H [SER TR & o o ! i - Oo e O
] & BN d | ‘ | L i o i %
1! o Y p o i 5 T 2 o
| 8 2 £ 8 8. : 8 3 8
204 = S, g [ g
N - & | ! %‘ A i m} ol - i
PUPNSOUIS U LA SRR SN | ot s —sspnd s bl sty SR e
0 « e : - s s e e s
10 20 30 40 50 60 70 m
External Standard Report
Sorted By 2 Signal
Calib. Data Modified Tuesday, October 04, 201610:58:40 AM
Multiplier H 1.6600
Dilution 3 10.6000

Do mmot use Muitiplier & Dilution Factor with ISTDs

Signad s FID2 B, Back Signal

RetTime Type Name
{min]
13.618
15.922 =
17.964 BB 12.60115 5.549B%e-
20.055 BB 6.26982 5.21068e- :0
21.128 = = 10
22.334 BB 69.53970 4.99053e-4 HY
23.738 = = :0
5.387 BB £68.27600 4.87081e-4 :0
27.209 BB 11.10416 5.08673e-4 5.64838e-2 Cid:1l

7890 GC 10/4/2016 16:58:43 AM SYSTEM

Page 1 of 2
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i

Data File C:\CHEM32\1
Sample Name: Befcr-1i0x

RetTime Type Area

27.472 BB 46.14619
29.453 =
30.912 EB 4.5660%e4
32.252 BV 26.68984
36.256 BB 19.44846
39.068 BB 4727.64453
39.844 =
£2.082 BB 3.98582e4
42.841 -
45.158 BB 9450.997C7
46.982 BB 372.40366
47153 53
48.652 BV 205.50864
48.740C VB 188.23305
50.261 =
51.561 -
53.000 "
3.821 BB 6113125
54577 -
55.45 =
55.700 -
57.411 BB 12.70722
58.270 BB 86.07915
59.717 -
61.381 BB 59.13334
©3.544 -
70.052 BB 8.238707
Totals

2 Warnings or Errors

Warning :
Warning :

Amt/Area Emount Grp  Name
[ugful]

4.94414e-4 2.28153e-1 G150

= = @158
4.8048%3e-4 219.38707 C16:0
5.01175e-4 1.33763e-1 Clo:l
4.98136e-4 9.68798e-2 Ci7:1
4.73827e-4 22.40083 Cc18:0

- = C18:1n%t
4.75068e~-4 190.94791 C18:1n9¢c

N = Cl8:2nét
5.35114e-¢ 50.57360 Cl18:2néc
4.55617%7e-4 1.69674 C€20:0

- = C18:3n6
5.72847e-4 1. .45 725 €202
4.75735e-4 8.954%91e-1 C18:3n3

- 3 C21:0

- = c20:2

= = C20:3n6
4.90501e-4 2.9984%e-1 €22:0

- - C22:1n9

= = C20:4n6

= < C20:3n3
4.824431e-4 6.13048e~2 €23:0
5.50675e-44.74017e-1 C22:2n2

= = C20:5n3
4.67838e-4 2.76648e-1 C24:0

= = C24:1
8.40621e-4 6.97469e~-2 €22:6n3

493.46459

Calibration warnings (see calibration table listing)
Calibrated compound{s) not found

E

7890 GC 10/4/2016 10:58:43

AEESETIdGe £ PR e B0 it st

DATA\SULITA 28-%$-SS\FLOW1 2016-09-28 14-49-30\BEEFC000027.D

Page

2 of
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890 GC 1C/4/201%6 11:07:39% AM SYSTEM Page 1 of

ta File C:\CHEM32\1\DATA\SULITA 2§-9-59\FLOWl 2016-09-28 14-49-30\BE 00029.D
pie Name: After-10x

Acqg. Operator : SYSTEM Seqg. Line : 29

Acg. Instrument : 7890 GC " Location : Vial 28

Injection Date : 9/30/2016 7:11:22 ARM Iy, § 1

Inj Volume : 1 nl
Acg. Method : C:\CHEM32\1\DATA\SULITA 28-9-59\FLOWl 2016-09-28 14-49-30\FAMEJRRUNAN_
Fl.M

Last changed : 9/28/2016 2:49:3C¢ PM by SYSTEM

Analysis Method : C:\CHEM32\1\METECDS\FAMEJRRUNAN_F120160930-CLA.M

Last changad : 10/4/2016 11:06:48 BM by SYSTEM

(modified after loading)
Additional Info Peak(s) manually integrated

FID2 B, Back Slgnal (SULITA 28-9-59\FLOW1 2016-09-28 14-45-30\BEEF0000029.D}
| ! ] o
Sk $ 8 s ¢ ¢
1% ) 5.5 &
Lt @ [ 2 0 O
% = & iz
1 3 i 5 92 i
160 i i T = 18
- o
iR o Y o
ot 1 o
1 0l PR
1 ! i ©
1204 P &
1 ] ! @
i ! 13}
100 i i :
% i ; [ 2 @
14 O : ; = E 3
it f i 0 o
804 i N z : | ) o B
i L S 0 : s ‘ O 2
i > & i & | Qe 8 & 9
60 i & Yow o | 5 (BRSO o8 I ¢ g
1l o i <20 & = o | ;0N A <
1112 8% 58¢ 5 | - P2t e & .8 g
w4 |]° S kS o o | o isiés o8 o
! VE 8 AV o3 o TR R = O T = B - £
1B EFS |8 8 Bl Sl ks | B ok g |
20- .‘ﬁl‘ﬂ’: Bl jL fi a0 R < | B Ll RO b 8 fvi’\“wg =3
11 j‘wl‘l{\)ﬂ& _ﬁwJ.rm_‘;‘,Jm NP v (wmw ,'{; .5 =Y VR S W S B B
0 . . R : p e e - —
b o 10 20 30 4 50 60 70 14
External Standard Report
Sorted By 3 Signal
Calib. Data Mo ed 10/4/2016 11:06:37 AM
Multiplier g 1.0000
Dilution £ 10.0000

Dornot use Multiplier & Dilution Facter with ISTDs

Signal ks FID2 B, Back Signal

RetTime Type Area Amt/Area
[min] [phrs]

——————— e & o i e b AT w i b
$3.573 VB 15.86976(7.48322e-4 1.18757e-1 C4:0
15.774 BV 12.72124 6.20998e-4 7.89987e-2 C6:0
17.954 VvV 67.83075 5.5498%-4 3.76453e-1 c8:0
20.032 vV 158.05679 5.21068e-4 8.23584e-1 C10:0
21.129 vv 33.47697 5.1669%91e~-4 1.72972e-1 CITEQ
22.345 VB 101.36736 4.99053e-4 5.05877e~1 C12:0
23.750 VB 4.69145 5.05005e~4 2.36921e-2 C13:0
25.413 EB 1026.04321 4.8708le-4 4.997¢€7 Cl14:0
27.209 & - = Ci4:1

N
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Data File C:\CHEM32\i\DATA\SULITA 28-3-59\FLOWL 2016-09-28 14-49-30\BEEF0000029.D

Sample Name: After-1i0lz

tTime Type Area Zmt/Area Amount Grp Name
[ph*s] {ug/ul]

—————— e P et | e e i S
27.488 BV 47.61966 4.354414e-4 2.35438e-1 €15:0
25.453 & % = €15:1
31.0613 BV 5.05958e4 4.80493e-4 243.10922 16:0
32.291 BY 24.82445 5.01175e-4 1.24414e-1 C16:1
36.315 VB 33.03486 4.956136e-4 1.64558e-1 CI7]
39.218 BV 5235.09766 4.73827e-4 24.80528 18:6
39.844 = = = Cl18:1n°t
42.145 vV 4.02643e4 4.79068e-4 192.89340 C18:1n8%¢c
42,733 VW 105.62247 5.28208e-4 5.57906e-1 Cl8:2n6t
45.094 VvV 4046.96753 5.35114e-4 21.65589 C18:2n6c¢c
46.982 = - = C26:0
47.145 VB 485.94424 5.84312e-4 2.88803 C18:3n6
48.500 = - = C26:1
4£8.852 VvV 197.37640 4.75735e-4 9.3898%e-1 C18:3n3
50.188 VB 23.04576 4.68610e~4 1.07995e-1 Cc21:0
51.649 VV 20.45747 5.34937e-4 1.08435e-1 C20:2
53.000 = = = C20:3n6
54.005 BV 82.35313 4,°50501e-4 4.03943e-1 €22:0
55::1.5%, = = = C22:1n9
55.456 = = = C20:4n6
§5..700 = = = C20:3n3
57.585 BB 11.82549 4.82441e-4 5.70510e-2 G230
58.440 BB 15.45056 5.50675e-4 8.50824e-2 €22:2n2
59.717 & - = C20:5n3
61.608 BB 75.28589 4.67838e~4 3.52216e-1 C24:0
63.615 BB 26.92037 4.74822e-4 1.27824e-1 C24:1
70.301 BB 5.89533 8.40621e-4 4.95574e-2 ©22:6n3

Totals : 495.7¢6422

2 Warnings or Exrors

Warning : Calibration warnings (see calibration table listing)
Warning : Calibrated compound (s} not found

i
i
|

*F+Endlof Repoxt **=

7880 GC 10/4/2016 11:07:3% AM SYSTEM Page 2 of 2
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A J o ? o = ? o J a
137190 V.1 f’)\?ﬂﬂﬁgﬂ@ﬂﬁaﬂsllf’)\iu']uull‘lliﬂﬂL"]fﬁﬂ’]ﬂﬂ’]llllﬂ%ﬁllﬂll B100 tiag R — B100

Peak Area (mg.s)
No. of Carbon Acid Name

B100 R-100
Cl12:0 Lauric Acid 69.54 101.37
Cl4:0 Myristic Acid 868.28 1026.04
Cl6:0 Palmitic Acid 45660.90 50595.80
C18:0 Stearic Acid 4727.64 5235.10
Ci8:1 Oleic Acid 39858.20 40264.30
Cl18:2 Linoleic Acid 9451.00 4046.97

¢
% o a q
mafhamammmmdmammqw% n3eNTnanunaeanes (Methyl Ester) U84

slulefmaniniduihanay

£ A A

a a J 3 o ? o
ANNUSENT Il USuauuiaeanes (Methyl Ester) voauiniu'lu ToAaniniigiu
9

s a 2 o ¢ a { o Yy a d
cJJ'I'QQJ?’]‘]J (BIOO) Llﬁgu’liJu’iJWaﬂJﬂ‘]JﬁN'Iuﬂﬁgll’luﬂ'lﬁﬂﬁ‘]J‘]J?Qﬁ]ﬂ\lﬂﬂ/‘lﬂ’)ﬂ?%ﬂﬁiﬂﬁu

(R - B100) eusan ldanauns

C= x——x100% (1.1%)
AEI m
A a £ A A A ¢ Vo’
Tag  C Ao ANNUIGNT WIeN S Na@nes nidadlu (Y%wt)
a XA Adqu s & = ] <
>4 e wunlansvesesnlszneunsnua (C 049 C ) 11U (mg.s)
Y [
AET - Ae wunldnsmlvesansazaremiia—elman Tiuen (me.s)
A Y 9 a =
CEI  fo anuuNduvesdisaza1omna-tedniam luon (mg/mL)
VEI  fo U5masvesasazanomwia—telmamn 1uea (mL)
A A 3 @ Y o &’ a o [l [l I
M Ao ¥IaKIPIMINVR NN UTOINEIRI0819 HiIe U (mg)

= v a £ A A @A a J
Taglunsain1siA1nNNUTgNs vsoNdsuauNatodines (Methyl Ester) Y04

Q

g @ =) g @ d a g’/
1 luTeRanniniuhduay (B100) Uu

>4

AEI

101,751.31 mg.s

1,224,620.00 mg.s
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CEl = 493.46 mg/mL
VEI = 1.00mL
M = 490.92 mg

4
% 1 a

2 < A A a 4 g LY =
JUU mmmmqwﬁmamﬁmmmmamﬁmm (Methyl Ester) 51]6\1141111!1‘”16?]!01{@1

@

g LY Jd a S 1
nnuthavay (B100) ¥aunnu

(101,751.31)—(1,224,620) (493.46)—(1.00)
C= x x100 =92.17%

1,224,620 490.92

=

@ 1 a £ a 4
Tunsalferny MsmaIANNLITgns nellsuanuiaedines (Methyl Ester) 409
s

g @ =) goJ @ Jd a 9
i luTefannmininhduau (R-100) Uu

>4 = 102,717.88 mg.s
AEI = 1,232,320.00 mg.s
CEI = 495.76 mg/mL
VEI = 1.00 mL

M = 487.97 mg

v
Y 1 a

(% Q‘i A A a 4 g v =
JUU mmmmgmmauﬂ?mmmmm@amm (Methyl Ester) sumumu"lﬂamma

1w

?,’ Ly Jd a =
1nuthauay (B100) ¥AUNINU

c (102,717.88)—(1,232,320) (495.76)—(1.00)
= X

x100 =93.13%
1,232,320 487.97
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Designation: D 86 — 05

An American National Standard

Distillation of Petroleum Products at Atmospheric Pressure’

ly following the designation indicates the year of original

of last revision. A number in parentheses indicates the year of last reapproval. A superscript

ull
INTERNATIONAL
Standard Test Method for
This standard is issued under the fixed designation D 86; the number i 1i
adoption or, in the case of revision, the ye:
epsilon () indicates an editorial change since the last revision or reapproval.
This standard has been approved for use by agencies of the Department of Defense.
1. Scope*

1.1 This test method covers the atmospheric distillation of
petroleum products using a laboratory batch distillation unit to
determine quantitatively the boiling range characteristics of
such products as natural gasolines, light and middle distillates,
automotive spark-ignition engine fuels, aviation gasolines,
aviation turbine fuels, 1-D and 2-D regular and low sulfur
diesel fuels, special petroleum spirits, naphthas, white spirits,
kerosines, and Grades 1 and 2 burner fuels.

1.2 The test method is designed for the analysis of distillate
fuels; it is not applicable to products containing appreciable
quantities of residual material.

1.3 This test method covers both manual and automated
instruments.

1.4 Unless otherwise noted, the values stated in SI units are
to be regarded as the standard. The values given in parentheses
are provided for information only.

1.5 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro=
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 All standards are subject to revision, and parties to
agreement on this test method are to apply the most recent
edition of the standards indicated below, unless otherwise
specified, such as in contractual agreements or regulatory rules
where earlier versions of the method(s) identified may be
required.

2.2 ASTM Standards: >

! This_test method is under the jurisdiction of ASTM Committee D02 on
Petroleum Products and Lubricants and is the direct responsibility of Subcommittee
DO02.08 on Volatility.

In the IP, the equivalent test method is published under the designation IP 123.
It is under the jurisdiction of the Standardization Committee.

Current edition ‘approyed July 1, 2005. Published August 2005. Originally
approved in 1921. Last preyious edition approved in 2004 as D 86-04b.

*For re ced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service @astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

D 97 Test Method for Pour Point of Petroleum Products

D 323 Test Method for Vapor Pressure of Petroleum Prod-
ucts (Reid Method)

D 2892 Test Method for Distillation of Crude Petroleum
(15-Theoretical Plate Column)

D 4057 Practice for Manual Sampling of Petroleum and
Petroleum Products

D 4177 Practice for Automatic Sampling of Petroleum and
Petroleum Products

D 4953 Test Method for Vapor Pressure of Gasoline and
Gasoline-Oxygenate Blends (Dry Method)

D 5190 Test Method for Vapor Pressure of Petroleum Prod-
ucts (Automatic Method)

D 5191 Test Method for Vapor Pressure of Petroleum Prod-
ucts (Mini Method)

D 5482 Test Method for Vapor Pressure of Petroleum Prod-
ucts (Mini Method-Atmospheric)

D 5949 Test Method for Pour Point of Petroleum Products
(Automatic Pressure Pulsing Method)

D 5950 Test Method for Pour Point of Petroleum Products
(Automatic Tilt Method)

D 5985 Test Method for Pour Point of Petroleum Products
(Rotational Method)

E 1 Specification for ASTM Liquid-in-Glass Thermometers

E 77 Test Method for Inspection and Verification of Ther-
mometers

E 1272 Specification for Laboratory Glass Graduated Cyl-
inders

E 1405 Specification for Laboratory Glass Distillation
Flasks

2.3 Energy Institute Standards:*

IP 69 Determination of Vapour Pressure—Reid Method

IP 123 Petroleum Products—Determination of Distillation
Characteristics

IP 394 Determination of Air Saturated Vapour Pressure

IP Standard Methods for Analysis and Testing of Petroleum
and Related Products 1996—Appendix A

* Available from the Energy Institute, 61 New Cavendish St, London, W1G

TAR, UK.

*A Summary of Changes section appears at the end of this standard.
Copyright © ASTM Intemational, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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TABLE 1 Preparation of Apparatus

Group 0 Group 1 Group 2 Group 3 Group 4
Flask, mL 100 125 125 125 125
ASTM distillation thermometer 7C (7F) 7C (7F) 7C (7F) 7C (7F) 8C (8F)
IP distillation thermometer range low low low low high
Flask support board A B B (o} [of
diameter of hole, mm 32 38 38 50 50
Temperature at start of test
Flask °C 0-5 13-18 13-18 13-18 not above
F: 32-40 55-65 55-65 55-65 ambient
Flask support and shield not above not above not above not above
ambient ambient ambient ambient
Receiving cylinder and 100 mL
charge
°C 0-5 13-18 13-18 13-184 13-ambient®
°F: 32-40 55-65 55-65 55-654 55-ambient®

A See 10.3.1.1 for exceptions.

3. Terminology

3.1 Definitions:

3.1.1 charge volume, n—the volume of the specimen, 100
mL, charged to the distillation flask at the temperature speci-
fied in Table 1.

3.1.2 decomposition, n—of a hydrocarbon, the pyrolysis or
cracking of a molecule yielding smaller molecules with lower
boiling points than the original molecule.

3.1.2.1 Discussion—Characteristic indications of thermal
decomposition are evolution of fumes and erratic temperatuie
readings that usually decrease after any attempt is made to
adjust the heat.

3.1.3 decomposition point, n—the corrected thermometer
reading that coincides with the first indications of thermal
decomposition of the liquid in the flask.

3.1.3.1 Discussion—The decomposition point, as deter-
mined under the conditions of this test method, does not
necessarily correspond to the decomposition temperature in
other applications.

3.1.4 dry point, n—the corrected thermometer reading that
is observed at the instant the last drop of liquid (exclusive of
any drops or film of liquid on the side of the flask or on the
temperature sensor), evaporates from the lowest point in the
distillation flask.

3.1.4.1 Discussion—The end point (final boiling point),
rather than the dry point, is intended for general use. The dry
point can be reported in connection with special purpose
naphthas, such as those used in the paint industry. Also, it is
substituted for the end point (final boiling point) whenever the
sample is of such a nature that the precision of the end point
(final boiling point) cannot consistently meet the requirements
given in the precision section.

3.1.5 dynamic holdup, n—the amount of material present in
the neck of the flask, in the sidearm of the flask, and in the
condenser tube during the distillation.

3.1.6 emergent stem effect, n—the offset in temperature
reading caused by the use of total immersion mercury-in-glass
thermometers in the partial immersion mode.

3.1.6.1 Discussion—In the partial immersion mode, a por-
tion of the mercury thread, that is, the emergent portion, is at
a lower temperature than the immersed portion, resulting in-a
shrinkage of the mercury thread and a lower temperature
reading.

3.1.7 end point (EP) or final boiling point (FBP), n—the
maximum corrected thermometer reading obtained during the
test.

3.1.7.1 Discussion—This usually occurs after the evapora-
tion of all liquid from the bottom of the flask. The term
maximum temperature is a frequently used synonym.

3.1.8 front end loss, n—loss due to evaporation during
transfer from receiving cylinder to distillation flask, vapor loss
during the distillation, and uncondensed vapor in the flask at
the end of the distillation.

3.1.9 initial boiling point (IBP), n—the corrected thermom-
eter reading that is observed at the instant the first drop of
condensate falls from the lower end of the condenser tube.

3.1.10 percent evaporated, n—the sum of the percent re-
covered and the percent loss.

3.1.11 percent loss (or observed loss), n—one hundred
minus the percent total recovery.

3.1.11.1 corrected loss, n—percent loss corrected for baro-
metric pressure.

3.1.12 percent recovered, n—the volume of condensate
observed in the receiving cylinder, expressed as a percentage of
the charge volume, associated with a simultaneous temperature
reading.

3.1.13 percent recovery, n—the maximum percent recov-
ered, as observed in accordance with 10.18.

3.1.13.1 corrected percent recovery, n—the percent recov-
ery, adjusted for the difference between the observed loss and
the corrected loss, as described in Eq 8.

3.1.13.2 percent total recovery, n—the combined percent
recovery and residue in the flask. as determined in accordance
with 11.1.

3.1.14 percent residue, n—the volume of residue in the
flask, measured in accordance with 10.19, and expressed as a
percentage of the charge volume.

3.1.15 rate of change (or slope), n—the change in tempera-
ture reading per percent evaporated or recovered, as described
in 13.2.

3.1.16 temperature lag, n—the offset between the tempera-
ture reading obtained by a temperature sensing device and the
true temperature-at that time.

3.1.17 ‘temperature measurement device, n—a thermometer,
as described in 6.3.1, or a temperature sensor, as described in
6:3.2:
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3.1.18 temperature reading, n—the temperature obtained by
a temperature measuring device or system that is equal to the
thermometer reading described in 3.1.19.

3.1.18.1 corrected temperature reading, n—the temperature
reading, as described in 3.1.18, corrected for barometric
pressure.

3.1.19 thermometer reading (or thermometer result), n—the
temperature of the saturated vapor measured in the neck of the
flask below the vapor tube, as determined by the prescribed
thermometer under the conditions of the test.

3.1.19.1 corrected thermometer reading, n—the thermom-
eter reading, as described in 3.1.19, corrected for barometric
pressure.

4. Summary of Test Method

4.1 Based on its composition, vapor pressure, expected IBP
or expected EP, or combination thereof, the sample is placed in
one of five groups. Apparatus arrangement, condenser tempera-
ture, and other operational variables are defined by the group in
which the sample falls.

4.2 A 100-mL specimen of the sample is distilled under
prescribed conditions for the group in which the sample falls.
The distillation is performed in a laboratory batch distillation
unit at ambient pressure under conditions that are designed to
provide approximately one theoretical plate fractionation. Sys-
tematic observations of temperature readings and volumes of
condensate are made, depending on the needs of the user of the
data. The volume of the residue and the losses are also
recorded.

4.3 At the conclusion of the distillation, the observed vapor
temperatures can be corrected for barometric pressure and the
data are examined for conformance to procedural require-
ments, such as distillation rates. The test is repeated if any
specified condition has not been met.

4.4 Test results are commonly expressed as percent evapo-
rated or percent recovered versus corresponding temperature,
either in a table or graphically, as a plot of the distillation
curve.

5. Significance and Use

5.1 The basic test method of determining the boiling range
of a petroleum product by performing a simple batch distilla-
tion has been in use as long as the petroleum industry has
existed. It is one of the oldest test methods under the jurisdic-
tion of ASTM Committee D02, dating from the time when it
was still referred to as the Engler distillation. Since the test
method has been in use for such an extended period, a
tremendous number of historical data bases exist for estimating
end-use sensitivity on products and processes.

5.2 The distillation (volatility) characteristics of hydrocar-
bons have an important effect on their safety and performance,
especially in the case of fuels and solvents. The boiling range
gives information on the composition, the properties, and the
behavior of the fuel during storage and use. Volatility is the
major determinant of the tendency of a hydrocarbon mixture to
produce potentially explosive vapors.

5.3 The distillation characteristics arc eritically important
for both automotive and aviation gasolines. affecting starting,
warm-up, and tendency to vapor lock at high operating

i Thermometer
o

Distilling
Flask

Heat
Resistant-.
Boards

Shield-.. Blotting

Paper |
Burner-

FIG. 1 Apparatus Assembly Using Gas Burner

temperature or at high altitude, or both. The presence of high
boiling point components in these and other fuels can signifi-
cantly affect the degree of formation of solid combustion
deposits.

5.4 Volatility, as it affects rate of evaporation, is an impor-
tant factor in the application of many solvents, particularly
those used in paints.

5.5 Distillation limits are often included in petroleum prod-
uct specifications, in commercial contract agreements, process
refinery/control applications, and for compliance to regulatory
rules.

6. Apparatus

6.1 Basic Components of the Apparatus:

6.1.1 The basic components of the distillation unit are the
distillation flask, the condenser and associated cooling bath, a
metal shield or enclosure for the distillation flask, the heat
source, the flask support, the temperature measuring device,
and the receiving cylinder to collect the distillate.

6.1.2 Figs. | and 2 and are examples of manual distillation
units.

6.1.3 In addition to the basic components described in 6.1.1,
automated units also are equipped with a system to measure
and automatically record the temperature and the associated
recovered volume in the receiving cylinder.

6.2 Adetailed description of the apparatus is given in Annex
A2

6.3 Temperature Measuring Device:

6.3.1 Mercury-in-glass thermometers, if used, shall be filled
with an inert gas, graduated on the stem and enamel backed.
They shall conform to Specification E | or IP Standard
Methods for Analysis and Testing of Petroleum and Related
Products 1996, Appendix A, or both, for thermometers ASTM
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1-Condenser bath
2-Bath cover

3-Bath temperature sensor
4-Bath overflow

5-Bath drain
6-Condenser tube
7-Shield

8-Viewing window
9a-Voltage regulator
9b-Voltmeter or ammeter
9c-Power switch
9d-Power light indicator
10-Vent

11-Distillation flask
12-Temperature sensor
13-Flask support board
14-Flask support platform
15-Ground connection
16-Electric heater
17-Knob for adjusting level
of support platform
18-Power source cord
19-Receiver cylinder
20-Receiver cooling bath
21-Receiver cover

FIG. 2 Apparatus Assembly Using Electric Heater
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FIG. 3 PTFE Centering Device for Ground Glass Joint

7C/IP 5C and ASTM 7F for the low range thermometers, and
ASTM 8C/IP 6C and ASTM 8F for the high range thermom-
eters.

6.3.1.1 Thermometers that have been exposed for an ex-
tended period above an observed temperature of 370°C shall
not be reused without a verification of the ice point or checked
as prescribed in Specification E 1 and Test Method E 77.

Nore 1—At an observed thermometer reading of 370°C, the tempera-
ture of the bulb is approaching a critical range in the glass and the
thermometer may lose its calibration.

6.3.2 Temperature measurement systems other than those
described in 6.3.1 are satisfactory for this test method, pro-
vided that they exhibit the same temperature lag, emergent
stem effect, and accuracy as the equivalent mercury-in-glass
thermometer.

6.3.2.1 The electronic circuitry or the algorithms, or both,
used shall include the capability to simulate the temperature lag
of a mercury-in-glass thermometer.

6.3.2.2 Alternatively, the sensor can also be placed in a
casing with the tip of the sensor covered so that the assembly,
because of its adjusted thermal mass and conductivity, has a
temperature lag time similar to that of a mercury-in-glass
thermometer.

Note 2—In a region where the temperature is changing rapidly during
the distillation, the temperature lag of a thermometer can be as much as 3
seconds.

6.3.3 In case of dispute, the referee test method shall be
carried out with the specified mercury-in-glass thermometer.

6.4 Temperature Sensor Centering Device:

6.4.1 The temperature sensor shall be mounted through a
snug-fitting device designed for mechanically centering the
sensor in the neck of the flask without vapor leakage. Examples
of acceptable centering devices are shown in Figs. 3 and 4.
(Warning—The use of a plain stopper with a hole drilled
through the center is not acceptable for the purpose described
in 6.4.1.)

Note 3—Other centering devices are also acceptable, as long as they
position and hold the temperature sensing device in the proper position in
the neck of the distillation column, as shown in Fig. 5 and described in
10.5.

Nore 4—When running the test by the mannal method, products with
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FIG. 5 Position of Thermometer in Distillation Flask

a low IBP may have one or more readings obscured by the centering
device. See also 10.14.4.1.

6.5 Automated equipment manufactured in 1999 and later
shall be equipped with a device to automatically shut down
power to the unit and to spray an inert gas or vapor in the
chamber where the distillation flask is mounted in the event of
fire.

Note 5—Some causes of fires are breakage of the distillation flask,
electrical shorts, and foaming and spilling of liquid sample through the top
opening of the flask.

6.6 Barometer—A pressure measuring device capable of
measuring local station pressure with an accuracy of 0.1 kPa (1
mm Hg) or better, at the same elevation relative to sea level as
the apparatus " in -the laboratory. (Warning—Do not take
readings from ordinary aneroid barometers, such as those used
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TABLE 2 Group Characteristics
Group2 Group3 Group 4

Group 0 Group 1

Sample
characteristics
Distillate type natural
gasoline
Vapor pressure at
37.8°C, kPa =655 <65.5 <65.5 <65.5
100°F, psi =95 <9.5 <9.5 <9.5
(Test Methods
D323, D4953,
D5190, DS5191,
D 5482, IP69or
1P 394)
Distillation, I1BP °C =100 >100
G 2 =212 >212
EP°C =250 =250 >250 >250
°F =482 =482 >482 >482

at weather stations and airports, since these are precorrected to
give sea level readings.)

7. Sampling, Storage, and Sample Conditioning

7.1 Determine the Group characteristics that correspond to
the sample to be tested (see Table 2). Where the procedure is
dependent upon the group, the section headings will be so
marked.

7.2 Sampling:

7.2.1 Sampling shall be done in accordance with Practice
D 4057 or D 4177 and as described in Table 3.

7.2.1.1 Group 0—Condition the sample container to below
5°C, preferably by filling the bottle with the cold liquid sample
and discarding the first sample. If this is not possible because,
for instance, the product to be sampled is at ambient tempera-
ture, the sample shall be drawn into a bottle, prechilled to
below 5°C, in such a manner that agitation is kept at a
minimum. Close the bottle immediately with a tight-fitting
closure and place the sample in an ice bath or refrigerator.

7.2.1.2 Group I—Collect the sample as described in 7.2.1.1
at a temperature below 10°C. If this is not possible because, for
instance, the product to be sampled is at ambient temperature,
the sample shall be drawn into a bottle prechilled to below
10°C, in such a manner that agitation is kept at a minimum.
Close the bottle immediately with a tight-fitting closure.
(Warning—Do not completely fill and tightly seal a cold bottle
of sample because of the likelihood of breakage on warming.)

7.2.1.3 Groups 2, 3, and 4—Collect the sample at ambient
temperature. After sampling, close the sample bottle immedi-
ately with a tight-fitting closure.

7.2.1.4 If the sample received by the testing laboratory has
been sampled by others and it is not known whether sampling
has been performed as described in 7.2, the sample shall be
assumed to have been so sampled.

7.3 Sample Storage:

7.3.1 If testing is not to start immediately after collection,
store the samples as indicated in 7.3.2, 7.3.3, 7.3.4, and Table
3. All samples shall be stored away from direct sunlight or
sources of direct heat.

7.3.2 Group 0—Samples shall be stored-in a refrigerator
below a temperature of 5°C;

7.3.3 Group I1—Store the sample at a temperature below
10°C.

Nom: 6—If there are no, or inadequate, facilities for storage below
10°C, the sample may also be stored at a temperature below 20°C,
provided the operator ensures that the sample container is tightly closed
and leak-free.

7.3.4 Group 2—Store the sample at a temperature below
10°C.

Note 7—If there are no, or inadequate, facilities for storage below
10°C, the sample may also be stored at a temperature below 20°C,
provided the operator ensures that the sample container is tightly closed
and leak-free.

7.3.5 Groups 3 and 4—Store the sample at ambient or lower
temperature.

7.4 Sample Conditioning Prior to Analysis:

7.4.1 Samples shall be conditioned to the temperature
shown in Table 3 before opening the sample container.

7.4.1.1 Group 0O—Samples shall be conditioned to a tem-
perature of less than 5°C (40°F) before opening the sample
container.

7.4.1.2 Groups 1 and 2—Samples shall be conditioned to a
temperature of less than 10°C (50°F) before opening the
sample container.

7.4.1.3 Groups 3 and 4—If the sample is not fluid at
ambient temperature, it is to be heated to a temperature of 9 to
21°C above its pour point (Test Method D 97, D 5949, or
D 5985) prior to analysis. If the sample has partially or
completely solidified during storage, it shall be vigorously
shaken after melting prior to opening the sample container to
ensure homogeneity.

7.4.1.4 If the sample is not fluid at room temperature, the
temperature ranges shown in Table 3 for the flask and for the
sample do not apply.

7.5 Wet Samples:

7.5.1 Samples of materials that visibly contain water are not
suitable for testing. If the sample is not dry, obtain another
sample that is free from suspended water.

7.5.2 Groups 0, 1, and 2—If such a sample cannot be
obtained, the suspended water can be removed by maintaining
the sample at 0 to 10°C, adding approximately 10 g of
anhydrous sodium sulfate per 100 mL of sample, shaking the
mixture for approximately 2 min, and then allowing the
mixture to settle for approximately 15 min. Once the sample
shows no visible signs of water, use a decanted portion of the
sample, maintained between 1 and 10°C, for the analysis. Note
in the report that the sample has been dried by the addition of
a desiccant.

Nom: 8—Suspended water in hazy samples in Groups 1 and 2 can be
removed by the addition of anhydrous sodium sulfate and separating the
liquid sample from the drying agent by decanting without statistically
affecting the results of the test.*

7.5.3 Groups 3 and 4—In cases in which a water-free
sample is not practical, the suspended water can be removed by
shaking the sample with anhydrous sodium sulfate or other
suitable drying agent and separating it from the drying agent by
decanting. Note in the report that the sample has been dried by
the addition of a desiccant.

“ Supporting data have been filed at ASTM International Headquarters and may
be obtained by requesting Research Report RR: D02-1455.
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TABLE 3 ge, and Conditioning
Group 0 Group 1 Group 2 Group 3 Group 4
Temperature of sample bottle °C <5 <10
F <40 <50
Temperature of stored sample °C <5 <10* <10 ambient ambient
F <40 <50* <50 ambient ambient
Temperature of sample after °C <5 <10 <10 Ambient or Ambient or
conditioning prior to analysis 9 to 21°C above pour point®
°F <40 <50 <50 Ambient or Ambient or
48 to 70°F above pour point®
If sample is wet resample resample resample dry in accordance with 7.5.3

If resample is still wet®

dry in accordance with 7.5.2

A Under certain circumstances, samples can also be stored at temperatures below 20°C (68°F). See also 7.3.3 and 7.3.4.

B f sample is (semi)-solid at ambient temperature, see also 10.3.1.1.

CIf sample is known to be wet, resampling may be omitted. Dry sample in accordance with 7.5.2 and 7.5.3.

8. Preparation of Apparatus

8.1 Refer to Table 1 and prepare the apparatus by choosing
the appropriate distillation flask, temperature measuring de-
vice, and flask support board, as directed for the indicated
group. Bring the temperature of the receiving cylinder, the
flask, and the condenser bath to the indicated temperature.

8.2 Make any necessary provisions so that the temperature
of the condenser bath and the receiving cylinder will be
maintained at the required temperatures. The receiving cylin-
der shall be in a bath such that either the liquid level is atleast
as high as the 100-mL mark or the entire receiving cylinder is
surrounded by an air circulation chamber.

8.2.1 Groups 0, 1, 2, and 3—Suitable media for low
temperature baths include, but are not limited to, chopped ice
and water, refrigerated brine, and refrigerated ethylene glycol.

8.2.2 Group 4—Suitable media for ambient and higher bath
temperatures include, but are not limited to, cold water, hot
water, and heated ethylene glycol.

8.3 Remove any residual liquid in the condenser tube by
swabbing with a piece of soft, lint-free cloth attached to a cord
or wire.

9. Calibration and Standardization

9.1 Temperature Measurement System—Temperature mea-
surement systems using other than the specified mercury-in-
glass thermometers shall exhibit the same temperature lag,
emergent stem effect, and accuracy as the equivalent mercury-
in-glass thermometer. Confirmation of the calibration of these
temperature measuring systems shall be made at intervals of
not more than six months, and after the system has been
replaced or repaired.

9.1.1 The accuracy and the calibration of the electronic
circuitry or computer algorithms, or both, shall be verified by
the use of a standard precision resistance bench. When per-
forming this verification, no algorithms shall be used to correct
the -temperature for lag and the emergent stem effect (see
manufacturer’s instructions).

9.1.2 Verification of the calibration of temperature measur-
ing devices shall be conducted by distilling toluene in accor-
dance with Group-1 of this test method and comparing the
50 % recovered temperature with that shown in Table 4.

3 Supporting data have been filed at ASTM International Headquarters and may
be obtained by requesting Research Report RR: D02-1580.

9.1.2.1 If the temperature reading is not within the values
shown in Table 4 for the respective apparatus being used (see
Note 10 and Table 4), the temperature measurement system
shall be considered defective and shall not be used for the test.

Note 9—Toluene is used as a verification fluid for calibration; it will
yield almost no information on how well an electronic measurement
system simulates the temperature lag of a liquid-in-glass thermometer.

9.1.2.2 Reagent grade toluene and hexadecane (cetane),
conforming to the specifications of the Committee on Analyti-
cal Reagents of the American Chemical Society,® shall be used.
However, other grades may also be used, provided it is first
ascertained that the reagent is of sufficient purity to permit its
use without lessening the accuracy of the determination.

Note 10—At 101.3 kPa, toluene is shown in reference manuals as
boiling at 110.6°C when measured using a partial immersion thermometer.
Because this test method uses thermometers calibrated for total immer-
sion, the results typically will be lower and, depending on the thermometer
and the situation, may be different for each thermometer. At 101.3 kPa,
hexadecane is shown in reference manuals as boiling at 287.0°C when
measured using a partial immersion thermometer. Because this test
method uses thermometers calibrated for total immersion, the results
typically will be lower, and, depending on the thermometer and the
situation, may be different for each thermometer.

9.1.3 A procedure to determine the magnitude of the tem-
perature lag is described in Annex A3.

9.1.4 A procedure to emulate the emergent stem effect is
described in Appendix X4.

9.1.5 To verify the calibration of the temperature measure-
ment system at clevated temperatures, use hexadecane. The
temperature measurement system shall indicate, at 50% recov-
ered, a temperature comparable to that shown in Table 4 for the
respective apparatus under Group 4 distillation conditions.

Note 11—Because of the high melting point of hexadecane, Group 4
verification distillations will have to be carried out with condenser
temperatures >20°C.

9.2 Automated Method:
9.2.1 Level Follower—For an automated distillation appa-
ratus, the level follower/recording mechanism of the apparatus

© Reagent Chemicals, American Chemical Society Specifications, American
Chemical Society, Washington, DC. For suggestions on the testing of reagents not
listed by the American Chemical Society, see Analar Standards for Laboratory
Chemicals, BDH L., Poole. Dorset, UK., and the United States Pharmacopeia
and National Formulary, U.S. Pharmacopeial Convention, Inc. (USPC), Rockville,
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TABLE 4 True and Min and Max D 86 50 % Recovered Boiling Points (°C)*

Manual Automated
Distillation Distillation Distillation Distillation
conditions min conditions conditions min conditions max
D 86 50 % max D 86 D86 50 % D 86 50 %
boiling point 50 % boiling boiling point boiling point
point

ASTM/IP true Group 1, 2, and Group 1, 2, Group 1, 2, and Group 1, 2,

Toluene boiling point 3 and 3 3 and 3

110.6 105.9 11.8 108.5 109.7

ASTM/IP true Group 4 Group 4 Group 4 Group 4
I e boiling point
287.0 272.2 283.1 277.0 280.0
A The manual and automated temperatures show in this table are the values for the 95 % tolerance interval for the 99 % population coverage. The proposed tolerance
is approxi 3 X sigma. Ir ion on the values in this table can be found in RR:D02-1580.

shall have a resolution of 0.1 mL or better with a maximum
error of 0.3 mL between the 5 and 100 mL points. The
calibration of the assembly shall be verified in accordance with
manufacturer’s instructions at intervals of not more than three
months and after the system has been replaced or repaired.

Note 12—The typical calibration procedure involves verifying the
output with the receiver containing 5 and 100 mL of material respectively.

9.2.2 Barometric Pressure—At intervals of not more than
six months, and after the system has been replaced or repaired,
the barometric reading of the instrument shall be verified
against a barometer, as described in 6.6.

10. Procedure

10.1 Record the prevailing barometric pressure.

10.2 Groups 0, 1, and 2—Fit a low range thermometer
provided with a snug-fitting cork or stopper of silicone rubber,
or equivalent polymeric material, tightly into the neck of the
sample container and bring the temperature of the sample to the
temperature indicated in Table 3.

10.3 Groups 0, 1, 2, 3, and 4—Check that the temperature
of the sample is as shown in Table 3. Pour the specimen
precisely to the 100-mL mark of the receiving cylinder, and
transfer the contents of the receiving cylinder as completely as
practical into the distillation flask, ensuring that none of the
liquid flows into the vapor tube.

Note 13—It is important that the difference between the temperature of
the specimen and the temperature of the bath around the receiving cylinder
is as small as practically possible. A difference of 5°C can make a
difference of 0.7 mL.

10.3.1 Groups 3 and 4—1If the sample is not fluid at ambient
temperature, it is to be heated to a temperature between 9 and
21°C above its pour point (Test Method D 97, D 5949, D 5950,
or D 5985) prior to analysis. If the sample has partially or
completely solidified in the intervening period, it shall be
vigorously shaken after melting, and prior to sampling, to
ensure homogeneity.

10.3.1.1 If the sample is not fluid at ambient temperatures,
disregard the temperature range shown in Table 1 for the
receiving cylinder and sample. Prior to-analysis, heat the
receiving cylinder to approximately the same temperature as
the sample. Pour the heated specimen precisely to the 100-mlL
mark of the receiving cylinder. and transfer the contents of the

receiving cylinder as completely as practical into the distilla-
tion flask, ensuring that none of the liquid flows into the vapor
tube.

Note 14—Any material that evaporates during the transfer will con-
tribute to the loss; any material that remains in the receiving cylinder will
contribute to the observed recovery volume at the time of the IBP.

10.4 If the sample can be expected to demonstrate irregular
boiling behavior, that is, bumping, add a few boiling chips to
the specimen. The addition of a few boiling chips is acceptable
for any distillation.

10.5 Fit the temperature sensor through a snug-fitting de-
vice, as described in 6.4, to mechanically center the sensor in
the neck of the flask. In the case of a thermometer, the bulb is
centered in the neck and the lower end of the capillary is level
with the highest point on the bottom of the inner wall of the
vapor tube (see Fig. 5). In the case of a thermocouple or
resistance thermometer, follow the manufacturer’s instructions
as to placement.

Note 15—If vacuum grease is used on the mating surface of the
centering device, use the minimum amount of grease that is practical.

10.6 Fit the flask vapor tube, provided with a snug-fitting
cork or rubber stopper of silicone, or equivalent polymeric
material, tightly into the condenser tube. Adjust the flask in a
vertical position so that the vapor tube extends into the
condenser tube for a distance from 25 to 50 mm. Raise and
adjust the flask support board to fit it snugly against the bottom
of the flask.

10.7 Place the receiving cylinder that was used to measure
the specimen, without drying the inside of the cylinder, into its
temperature-controlled bath under the lower end of the con-
denser tube. The end of the condenser tube shall be centered in
the receiving cylinder and shall extend therein for a distance of
at least 25 mm, but not below the 100-mL mark.

10.8 Initial Boiling Point:

10.8.1 Manual Method—To reduce evaporation loss of the
distillate, cover the receiving cylinder with a piece of blotting
paper, or similar material, that has been cut to fit the condenser
tube snugly. If a receiver deflector is being used, start the
distillation with the tip of the deflector just touching the wall of
the receiving cylinder. If a receiver deflector is not used, keep
the drip tip of the condenser away from the wall of the
receiving cylinder. Note the start time. Observe and record the
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TABLE 5 Conditions During Test Procedure

Group 0 Group 1 Group 2 Group 3 Group 4
Temperature of cooling bath* °C 01 0-1 0-5 0-5 0-60
bl 32-34 32-34 32-40 32-40 32-140
Temperature of bath around  °C 0-4 13-18 13-18 13-18 *3
receiving cylinder °F 32-40 55-65 55-65 55-65 *5
of charge
temperature
Time from first application of heat to
initial boiling point, min 2-5 5-10 5-10 5-10 5-15
Time from initial boiling point
1o 5 % recovered, s 60-100 60-100
10 10 % recovered, min 3-4
Uniform average rate of condensation
from 5 % recovered to 5 mL
in flask, mL/min 4-5 4-5 4-5 4-5 4-5
Time recorded from 5 mL residue to
end point, min 5 max 5 max 5 max 5 max 5 max

A the proper condenser bath temperature will depend upon the wax content of the sample and of its distillation fractions. The test is generally performed using one single
condenser temperature. Wax formation in the condenser can be deduced from (&) the presence of wax particles in the distillate coming off the drip tip, (b) a higher distillation
loss than what would be expected based on the initial boiling point of the specimen, (¢) an erratic recovery rate and (d) the presence of wax particles during the removal

of residual liquid by swabbing with a lint-free cloth (see 8.3). The

that permits y operation shall be used. In general, a bath temperature

in the 0 to 4°C range is suitable for kerosine, Grade No. 1 fuel cil and Grade No. 1-D diesel fuel oil. In some cases involving Grade No. 2 fuel oil, Grade No. 2-D diesel
fuel oil, gas oils and similar distillates, it may be necessary to hold the condenser bath temperature in the 38 to 60°C range.

IBP to the nearest 0.5°C (1.0°F). If a receiver deflector is not
being used, immediately move the receiving cylinder so that
the tip of the condenser touches its inner wall.

10.8.2 Automated Method—To reduce evaporation loss of
the distillate, use the device provided by the instrument
manufacturer for this purpose. Apply heat to the distillation
flask and contents with the tip of the receiver deflector just
touching the wall of the receiving cylinder. Note the start time.
Record the IBP to the nearest 0.1°C (0.2°F).

10.9 Regulate the heating so that the time interval between
the first application of heat and the IBP is as specified in Table
5.

10.10 Regulate the heating so that the time from IBPto § or
10 % recovered is as indicated in Table 5.

10.11 Continue to regulate the heating so that the uniform
average rate of condensation from 5 or 10 % recovered to 5 mL
residue in the flask is 4 to 5 mL per min. (Warning—Due to
the configuration of the boiling flask and the conditions of the
test, the vapor and liquid around the temperature sensor are not
in thermodynamic equilibrium. The distillation rate will con-
sequently have an effect on the measured vapor temperature.
The distillation rate shall, therefore, be kept as constant as
possible throughout the test.)

Note 16—When testing gasoline samples, it is not uncommon to see
the condensate suddenly form non-miscible liquid phases and bead up on
the temperature measuring device and in the neck of the boiling flask at a
vapor temperature of around 160°C. This may be accompanied by a sharp
(about 3°C) dip in the vapor temperature and a drop in the recovery rate.
The phenomenon, which may be due to the presence of trace water in the
sample, may last for 10 to 30 s before the temperature recovers and the
condensate: starts flowing smoothly again. This point is sometimes
colloquially referred to as the Hesitation Point.

10.12 Repeat any distillation that did not meet the require-
ments described in 10.9, 10.10, and 10.11.

10.13 If a decomposition point, as described in 3.1.3, is
observed, discontinue the heating and proceed as directed in
10.17.

10.14 In the interval between the IBP and the end of the
distillation, observe and record data necessary for the calcula-

tion and reporting of the results of the test as required by the
specification involved, or as previously established for the
sample under test. These observed data can include tempera-
ture readings at prescribed percentages recovered or percent-
ages recovered at prescribed temperature readings, or both.

10.14.1 Manual Method—Record all volumes in the gradu-
ated cylinder to the nearest 0.5 mL, and all temperature
readings to the nearest 0.5°C (1.0°F).

10.14.2 Automated Method—Record all volumes in the
receiving cylinder to the nearest 0.1 mL, and all temperature
readings to the nearest 0.1°C (0.2°F).

10.14.3 Group 0—In cases in which no specific data re-
quirements have been indicated, record the IBP, the EP (FBP),
and temperature readings at each 10 % multiple of volume
recovered from 10 to 90, inclusive.

10.14.4 Group 1, 2, 3, and 4—In cases in which no specific
data requirements have been indicated, record the IBP and the
EP (FBP) or the dry point, or both, and temperature readings at
5, 15, 85, and 95 % recovered, and at each 10 % multiple of
volume recovered from 10 to 90, inclusive.

10.14.4.1 Group 4—When a high range thermometer is
used in testing aviation turbine fuels and similar products,
pertinent thermometer readings can be obscured by the center-
ing device. If these readings are required, perform a second
distillation in accordance with Group 3. In such cases, reading
from a low range thermometer can be reported in place of the
obscured high range thermometer readings, and the test report
shall so indicate. If, by agreement, the obscured readings are
waived, the test report shall so indicate.

10.14.5 When it is required to report the temperature
reading at a prescribed percent evaporated or recovered for a
sample that has a rapidly changing slope of the distillation
curve in the region of the prescribed percent evaporated or
recovered reading, record temperature readings at every 1%
recovered. The slope is considered rapidly changing if the
change in slope (C) of the data points described in 10.14.2 in
that particular area is greater than 0.6 (change of slope (F) is
greater than 1.0) as calculated by Eq 1 (Eq 2).
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Change of Slope (C) =
(C, = CYUV, = V) = (Cy = CYIV5 — V)
()

Change of Slope (F) =
(Fy— F)(Va— V) = (Fs — F(Vs — V)

2)

temperature at the volume % recorded one reading
prior to the volume % in question, °C,

C, = temperature at the volume % recorded in question,
©;

C; = temperature at the volume % recorded following the
volume % in question, °C,

F, = temperature at the volume % recorded one reading
prior to the volume % in question, °F,

F, = temperature at the volume % recorded in question, °F,

F; = temperature at the volume % recorded following the
volume % in question, °F,

V, = volume % recorded one reading prior to the volume %
in question,

V, = volume % recorded at the volume % in question, and

V3 = volume % recorded following the volume % in

question.

10.15 When the residual liquid in the flask is approximately
5 mL, make a final adjustment of the heat. The time from the
5 mL of liquid residue in the flask to the EP (FBP) shall be
within the limits prescribed in Table 5. If this condition is not
satisfied, repeat the test with appropriate modification of the
final heat adjustment.

Note 17—Since it is difficult to determine when there is 5 mL of
boiling liquid left in the flask, this time is determined by observing the
amount of liquid recovered in the receiving cylinder. The dynamic holdup
has been determined to be approximately 1.5 mL at this point, If there are
no front end losses, the amount of 5 mL in the flask can be assumed to
correspond with an amount of 93.5 mL in the receiving eylinder. This
amount has to be adjusted for the estimated amount of front end loss.

10.15.1 If the actual front end loss differs more than 2 mL
from the estimated value, the test shall be rerun.

10.16 Observe and record the EP (FBP) or the dry point, or
both, as required, and discontinue the heating.

10.17 Allow the distillate to drain into the receiving cylin-
der, after heating has been discontinued.

10.17.1 Manual Method—While the condenser tube contin-
ues to drain into the graduated cylinder, observe and note the
volume of condensate to the nearest 0.5 mL at 2 min intervals
until two successive observations agree. Measure the volume
in the receiving cylinder accurately, and record it to the nearest
0.5 mL.

10.17.2 Automated Method—The apparatus shall continu-
ally monitor the recovered volume until this volume changes
by no more than 0.1 mL in 2 min. Record the volume in the
receiving cylinder accurately to the nearest 0.1 mL.

10.18 Record the wolume in the receiving cylinder as
percent recovery. If the distillation was previously discontin-
ued under the conditions of a decomposition point, deduct the
percent recovered from 100, report this difference as the sum of
percent residue and percent loss, and omit the procedure given
in 10.19.

10.19 After the flask has cooled and no more vapor is
observed, disconnect the flask from the condenser, pour its
contents into a 5-mL graduated cylinder, and with the flask
suspended over the cylinder, allow the flask to drain until no
appreciable increase in the volume of liquid in the cylinder is
observed. Measure the volume in the graduated cylinder to the
nearest 0.1 mL, and record as percent residue.

10.19.1 If the 5-mL graduated cylinder does not have
graduations below 1 mL and the volume of liquid is less than
1 mL, prefill the cylinder with 1 mL of a heavy oil to allow a
better estimate of the volume of the material recovered.

10.19.1.1 If a residue greater than expected is obtained, and
the distillation was not purposely terminated before the EP,
check whether adequate heat was applied towards the end of
the distillation and whether conditions during the test con-
formed to those specified in Table 5. If not, repeat test.

Note 18—Test Method D 86 distillation residues for gasoline, kero-
sine, and distillate diesel are typically 0.9-1.3, 0.9-1.3, and 1.0-1.4
volume %, respectively.

Note 19—The test method is not designed for the analysis of distillate
fuels containing appreciable quantities of residual material (see 1.2).

10.19.2 Group 0—Cool the 5-mL graduated cylinder to
below 5°C. Record the volume in the graduated cylinder, to the
nearest 0.1 mL, as percent residue.

10.19.3 Groups 1, 2, 3, and 4—Record the volume in the
5-mL graduated cylinder, to the nearest 0.1 mL, as percent
residue.

10.20 If the intent of the distillation is to determine the
percent evaporated or percent recovered at a predetermined
corrected temperature reading, modify the procedure to con-
form to the instructions described in Annex A4.

10.21 Examine the condenser tube and the side arm of the
flask for waxy or solid deposits. If found, repeat the test after
making adjustments described in Footnote A of Table 5.

11. Calculations

11.1 The percent total recovery is the sum of the percent
recovery (see 10.18) and the percent residue (see 10.19).
Deduct the percent total recovery from 100 to obtain the
percent loss.

11.2 Do not correct the barometric pressure for meniscus
depression, and do not adjust the pressure to what it would be
at sea level.

Note 20—The observed barometric reading does not have to be
corrected to a standard temperature and to standard gravity. Even without
performing these corrections, the corrected temperature readings for the
same sample between laboratories at two different locations in the world
will, in general, differ less than 0.1°C at 100°C. Almost all data obtained
earlier have been reported at barometric pressures that have not been
corrected to standard temperature and to standard gravity.

11.3 Correct temperature readings to 101.3 kPa (760 mm
Hg) pressure. Obtain the correction to be applied to each
temperature reading by means of the Sydney Young equation
as given in Eq 3, Eq'4, or Eq 5, as appropriate, or by the use
of Table 6. For Celsius temperatures:

C.=0.0009 (1013 — P) (273 + 1) 3)
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TABLE 6 Approxi Ther F

Correction” per 1.3 kPa (10 mm Hg)
Difference in Pressure

ing Correction

Temperature Range

°c °F °c °F

10-30 50-86 0.35 0.63
30-50 86-122 0.38 0.68
50-70 122-158 0.40 072
70-90 158-194 042 0.76

90-110 194-230 045 0.81
110-130 230-266 047 0.85
130-150 266-302 0.50 0.89
150-170 302-338 0.52 0.94
170-190 338-374 0.54 0.98
190-210 374-410 0.57 1.02
210-230 410-446 0.59 1.07
230-250 446-482 0.62 1.1
250-270 482-518 0.64 1.15
270-290 518-554 0.66 1.20
290-310 554-590 0.69 124
310-330 590-626 0.71 128
330-350 626-662 074 1.33
350-370 662-698 0.76 137
370-390 698-734 0.78 141
390-410 734-770 0.81 1.46

A Values to be added when barometric pressure is below 101.3 kPa (760 mm
Hg) and to be subtracted when barometric pressure is above 101.3 kPa.

C,=0.00012 (760 — P) (273 + t,) 4)

For Fahrenheit temperatures:
C= 0.00012 (760 — P) (460 + 7] 5)

where:

A = the observed temperature reading in °C,

Iy the observed temperature reading in °F,

C.and C; = corrections to be added algebraically to the
observed temperature readings,

Py = barometric pressure, prevailing at the time and
location of the test, kPa, and
P = barometric pressure, prevailing at the time and

location of the test, mm Hg.

After applying the corrections and rounding each result to
the nearest 0.5°C (1.0°F) or 0.1°C (0.2°F), as appropriate to the
apparatus being used, use the corrected temperature readings in
all further calculations and reporting.

Note 21—Temperature readings are not corrected to 101.3 kPa (760
mm Hg) when product definiti pecificati or ag between
the parties involved indicate, specifically, that such correction is not
required or that correction shall be made to some other base pressure.

11.4 Correct the actual loss to 101.3 kPa (760 mm Hg)
pressure when temperature readings are corrected to 101.3 kPa
pressure. The corrected loss, L, is calculated from Eq 6 or Eq
7, as_appropriate, or can be read from the tables presented as
Fig. X3.hor Fig. X3.2.

L. =05+ (L= 0541+ (101.3 — P)/8.00} (6)
L= 05.+(L — 0.5)41 + (760 — P)/60.0} @)
where:
L = observed loss,
L. = corrected loss,

o

P, = pressure, kPa, and
P = pressure, mm Hg.

Note 22—Eq 6 and 7 above have been derived from the data in Table
7 and Egs 5 and 6 in Test Method D 86 — 95 and earlier versions. It is
probable that Eq 6 and 7 shown were the original empirical equations from
which the table and equations in the Test Method D 86 — 95 and earlier
versions were derived.

11.4.1 Calculate the corresponding corrected percent recov-
ery in accordance with the following equation:

R.=R +(L-1L) ®)
where:
L = percent loss or observed loss,
L. = corrected loss,
R = percent recovery, and
R corrected percent recovery.

11.5 To obtain the percent evaporated at a prescribed
temperature reading, add the percent loss to each of the
observed percent recovered at the prescribed temperature
readings, and report these results as the respective percent
evaporated, that is:

P,=P+L 9)
where:
L = observed loss,
P. = percent evaporated, and
P, = percent recovered.

11.6 To obtain temperature readings at prescribed percent
evaporated, and if no recorded temperature data is available
within 0.1 volume % of the prescribed percent evaporated, use
either of the two following procedures, and indicate on the
report whether the arithmetical procedure or the graphical
procedure has been used.

11.6.1 Arithmetical Procedure—Deduct the observed loss
from each prescribed percent evaporated to obtain the corre-
sponding percent recovered. Calculate each required tempera-
ture reading as follows:

T =T, +(Ty— T,) (R— R)(Ry— Ry) (10)

where:

R = percent recovered corresponding to the prescribed
percent evaporated,

Ry = percent recovered adjacent to, and higher than R,

R, = percent recovered adjacent to, and lower than R,

T = temperature reading at the prescribed percent evapo-
rated,

Ty, = temperature reading recorded at Ry, and

T, = temperature reading recorded at R,.

Values obtained by the arithmetical procedure are affected by
the extent to which the distillation graphs are nonlinear.
Intervals between successive data points can, at any stage of
the test, be no wider than the intervals indicated in 10.18. In no
case shall a calculation be made that involves extrapolation.

11.6.2 Graphical Procedure—Using graph paper with uni-
form subdivisions, plot each temperature reading corrected for
barometric pressure, if required (see 11.3), against its corre-
sponding percent recovered. Plot the IBP at 0 % recovered.
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TABLE 7 Data Points for Determining Slope, S¢ or S¢

Slope at % 18P 5 10 20 30
T at% 0 0 0 10 20
Tyat% 5 10 20 30 40
V- Vi 5 10 20 20 20

40

30
50
20

50 60 70 80 90 95 EP
40 50 60 70 80 90 95
60 70 80 90 90 95 Vep
20 20 20 20 10 5 Vep-95

Draw a smooth curve connecting the points. For each pre-
scribed percent evaporated, deduct the distillation loss to
obtain the corresponding percent recovered and take from the
graph the temperature reading that this percent recovered
indicates. Values obtained by graphical interpolation proce-
dures are affected by the care with which the plot is made.

Note 23—See Appendix X1 for numerical examples illustrating the
arithmetical procedure.

11.6.3 In most automated instruments, temperature-volume
data are collected at 0.1 volume % intervals or less and stored
in memory. To report a temperature reading at a prescribed
percent evaporated, neither of the procedures described in
11.6.1 and 11.6.2 have to be used. Obtain the desired tempera-
ture directly from the database as the temperature closest to and
within 0.1 volume % of the prescribed percent evaporated.

12. Report

12.1 Report the following information (see Appendix X35 for
examples of reports):

12.2 Report the barometric pressure to the nearest 0.1 kPa (1
mm Hg).

12.3 Report all volumetric readings in percentages.

12.3.1 Manual Method—Report volumetric readings to the
nearest 0.5, and all temperature readings to the nearest 0.5°C
(1.0°F).

12.3.2 Automated Method—Report volumetric readings to
the nearest 0.1, and all temperature readings to the nearest
0.1°C (0.2°F) or less.

12.4 After barometric corrections of the temperature read-
ings have been made, the following data require no further
calculation prior to reporting: IBP, dry point, EP (FBP),
decomposition point, and all pairs of corresponding values
involving percent recovered and temperature readings.

12.4.1 The report shall state if the temperature readings
have not been corrected for barometric pressure.

12.5 When the temperature readings have not been cor-
rected to 101.3 kPa (760 mm Hg) pressure, report the percent
residue and percent loss as observed in accordance with 10.19
and 11.1, respectively.

12.6 Do not use the corrected loss in the calculation of
percent evaporated.

12.7 It is advisable to base the report on relationships
between temperature readings and percent evaporated when the
sample is a gasoline, or any other product classified under
Group 0.or 1, or in which the percent loss is greater than 2.0.
Otherwise, the report can be based on relationships between
temperature readings and percent evaporated or percent recov-
ered. Every report must.indicate clearly which basis has been
used.

12.7.1 In the manual method, if results are given in percent
evaporated versus temperature readings, report if the arithmeti-
cal or the graphical procedure was used (see 11.6).

12.8 Report if a drying agent, as described in 7.5.2 or 7.5.3,
was used.

12,9 Fig. X1.1 is an example of a tabular report. It shows the
percent recovered versus the corresponding temperature read-
ing and versus the corrected temperature reading. It also shows
the percent loss, the corrected loss, and the percent evaporated
versus the corrected temperature reading.

13. Precision and Bias

13.1 Precision:

13.1.1 The precision of this test method has been deter-
mined by the statistical examination of interlaboratory test
results obtained by 26 laboratories on 14 gasolines, by 4
laboratories on 8 samples of kerosine by the manual procedure,
3 laboratories on 6 samples of kerosine by the automated
procedure, and 5 laboratories on 10 samples of diesel fuel by
both the manual and automated procedures. Table Al.1 lists
which tables and figures are to be used for the different fuel
groups, distillation methods, and temperature scales.

13.1.2 The following terms are used in this section: (/) r =
repeatability and (2) R = reproducibility. The value of any of
these terms will depend upon whether the calculations were
carried out in °C or °F.

13.2 Slope or Rate of Change of Temperature:

13.2.1 To determine the precision of a result, it is generally
necessary to determine the slope or rate of change of the
temperature at that particular point. This variable, denoted as
Sc or Sg, is equal to the change in temperature, either in °C or
in °F, respectively, per percent recovered or evaporated.

13.2.2 For Group 1 in the manual method and for all groups
in the automated method, the precision of the IBP and EP does
not require any slope calculation.

13.2.3 With the exception stated in 13.2.2 and in 13.2.4, the
slope at any point during the distillation is calculated from the
following equations, using the values shown in Table 7:

Sc(or Sg) = (Ty— T 1 (Vy — V) (a1

where:

S~ = is the slope, °C/volume %,

Sy = is the slope, °F/volume %,

T, = is the upper temperature, °C (or °F),

T, = is the lower temperature, °C (or °F),

Vi = is the volume % recovered or evaporated corre-
sponding to T,

V, = is the volume % recovered or evaporated corre-
sponding to 7, and

Vip = is the volume % recovered or evaporated corre-
sponding to the end point.

13.2.4 In the eventthat the distillation end point occurs prior

to the 95% point, the slope at the end point is calculated as
follows:

Sc (or Sp) = (Tgp = Tyg) / (Vep = Vi) (12)
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TABLE 8 Repeatability and Reproducibility for Group 1

Manual Manual Automated Automated
5;690:3:/8“ Repeatability” Reproducibility® Repeatability” Reproducibility®
oint,
) c °F c °F °c °F °c °F
1BP 33 6 56 10 39 7 72 13
5 1.9+0.86S¢ 3.4+0.86S; 3.141.74S 5.6+1.74S, 2.14067S¢ 3.840.67S; 4.442.08¢ 7.9+2.08;
10 1.2+40.86S¢ 2.240.86S¢ 2.041.74S¢ 3.6+1.74S; 1.740.67S¢ 3.04+0.67S; 3.342.0S¢ 6.042.0S¢
20 1.240.86S¢ 2.240.86S¢ 2.0+1.74S 3.6+1.74S, 1.140.67S¢ 2.040.67S¢ 3.3+42.0S¢ 6.0+2.0S,
30-70 1.2+0.86S 2.240.86S, 2.041.74S 3.6+1.74S, 1.140.67S 2.040.67S, 26+2.0S. 474208,
80 1.240.86S¢ 2.240.86S¢ 2.0+1.74S¢ 3.6+1.74S¢ 1.140.67S¢ 2.040.67S¢ 1.742.08¢ 3.0+2.0S;
90 1.2+40.86S¢ 2.240.86S¢ 0.8+1.74S 1.4+1.74S, 1.140.67Sc 2.040.67S¢ 0.7+42.0¢ 1.2+2.0S;
95 1.2+40.86S¢ 2.2+0.86S; 1.141.74S¢ 1.9+1.74S, 2.540.67S¢ 4.540.67S¢ 2.6+2.05¢ 4.742.0S;
FBP 39 7 72 13 4.4 8 8.9 16
A 'S or S is the average slope (or rate of change) calculated in accordance with 13.2.
TABLE 9 F ility and Reproducibility for ps 2, 3and 4 Method)
Repeatability* Reproducibility*
c oF < oF
1BP 1.040.355¢ 1.9+0.355, 2.840.93S 5.040.93S¢
5—95% 1.0+0.41S¢ 1.8+0.41S¢ 1.8+1.33S¢ 3.3+1.335;
FBP 0.7+0.36S, 1.3+40.36S, 3.140.42S 5.740.42S,
% volume at 0.740.92/S 0.7+1.66/S¢ 1.5+1.78/Sg 1.53+3.20/S,

temperature reading

A Calculate S or Sg- from 13.2.

where:

Typ or Ty is the temperature, in °C or °F at the percent
volume recovered indicated by the subscript,

Vip or Vg is the volume % recovered.

13.24.1 The subscripts in Eq 12 refer to:

EP = end point
HR = highest reading, either 80 % of 90 %, prior to the end
point.
13.2.5 For points between 10 to 85 % recovered which are
not shown in Table 7, the slope is calculated as follows:

S (or Sg) = 0.05/(T w1100 = T v-10)) (13)

13.2.6 For samples in Group 1. the precision data reported
are based on slope values calculated from percent evaporated
data.

13.2.7 For samples in Group 2, 3, and 4, the precision data
reported (Table 8) are based on slope values calculated from
percent recovered data.

13.2.8 When results are reported as volume % recovered,
slope values for the calculation of precision are to be deter-
mined from percent recovered data; when results are reported
as volume % evaporated slope values are to be determined
from % evaporated data.

13.3 Manual Method:

13.3.1 Repeatability:

13.3.1.1 GROUP 0—Duplicate results obtained for the EP
shall not differ from each other by more than 3.5°C (6°F) in
one case in twenty. Differences in duplicate temperature
readings for each preseribed percentage point shall not exceed
the amounts equivalent to 2 mL of distillate at each point in
question. The caleulation of this maximum difference is
described in Annex AS.

13.3.1.2 GROUP [—The difference between successive
results obtained by the same operator with the same apparatus

under constant operating conditions on identical test material
would, in the long run, in the normal and correct operation of
this test method, exceed the values calculated from Table 9 in
only one case in twenty.

13.3.1.3 GROUPS 2, 3, and 4—The difference between
successive results obtained by the same operator with the same
apparatus under constant operating conditions on identical test
material would, in the long run, in the normal and correct
operation of this test method, exceed the values calculated
from the values in Table 9 in only one case in twenty.

13.3.2 Reproducibility:

13.3.2.1 GROUP 0—The reproducibility of the test method
for this group has not been determined.

13.3.2.2 GROUP I—The difference between two single and
independent results obtained by different operators working in
different laboratories on identical test material would, in the
normal and correct operation of this method, exceed the values
calculated from Table 9 in only one case in twenty.”

13.3.2.3 GROUPS 2, 3, and 4—The difference between two
single and independent results obtained by different operators
working in different laboratories on identical test material
would, in the normal and correct operation of this test method,
exceed the values calculated from the data in Table 9 in only
one case in twenty.®

13.4 Automated Method:

13.4.1 Repeatability:

13.4.1.1 GROUP O—Duplicate results obtained for the
endpoint shall not differ from each other by more than 3.5°C
(6°F) in one case in twenty. Differences in duplicate tempera-
ture readings for each prescribed percentage point shall not

7 Precision data obtained from RR study on both manual and automated D 86
units by North American and IP Laboratories.

* Table 9 has been derived from the nomographs in Figs. 6 and 7 in ASTM
D 86-97.
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TABLE 10 Repeatability and Reproducibility for Groups 2, 3 and 4 (Automated)

ity A TbilityA
Collected, % Repeatability Reproducibility’
°C °C °F

1BP 3.5 6.3 8.5 15.3

2% 35 6.3 26+ 1.92S; 4.7 +1.92S,
5% 1.1+ 1.085¢ 2.0+ 1.08S¢ 2.0+ 2538, 36 +253S
10% 1.2+ 1.42S. 22+ 1.42S¢ 3.0 + 2.64Sc 5.4 +2.64S¢
20-70 % 1.2+ 1.42S, 22+1.42S; 2.9+3.97Sc 5.2 +3.97S¢
80 % 1.2+1.42S; 22+ 1.425; 3.0 + 2.64S; 5.4 +2.64S¢
90-95 % 1.1+1.08S; 2.0 + 1.08S¢ 2.0 +2.53S; 3.6 +2.53S,
FBP 3.5 6.3 10.5 18.9

A Sc or S is the average slope (or rate of change) calculated in accordance with 13.5.

exceed the amounts equivalent to 2 mL of distillate at each
point in question. The calculation of this maximum difference
is described in Annex AS.

13.4.1.2 GROUP 1—The difference between successive
results obtained by the same operator with the same apparatus
under constant operating conditions on identical test material
would, in the long run, in the normal and correct operation of
this test method, exceed the values calculated from Table 8 in
only one case in twenty.

13.4.1.3 GROUPS 2, 3, and 4—The difference between
successive results obtained by the same operator with the same
apparatus under constant operating conditions on identical test
material would, in the long run, in the normal and correct
operation of this test method, exceed the values calculated
from Table 10 in only one case in twenty.

13.4.2 Reproducibility:

13.42.1 GROUP 0—The reproducibility of the test method
for this group has not been determined.

13.42.2 GROUP I—The difference between two single and
independent results obtained by different operators working in
different laboratories on identical test material would, in the
normal and correct operation of this test method, exceed the
values calculated from Table 8 in only one case in twenty.”

13.42.3 GROUPS 2, 3, and 4—The difference between two
single and independent results obtained by different operators

working in different laboratories on identical test material
would, in the normal and correct operation of this test method,
exceed the values calculated from Table 10 in only one case in
twenty.

13.5 Bias:

13.5.1 Bias—Due to the use of total immersion thermom-
eters, or temperature sensing systems designed to emulate
them, the distillation temperatures in this test method are
somewhat lower than the true temperatures. The amount of
bias depends on the product being distilled and the thermom-
eter used.

13.5.2 Relative Bias—There exists a bias between the
empirical results of distillation properties obtained by this test
method and the true boiling point distillation curve obtained by
Test Method D 2892. The magnitude of this bias, and how it
relates to test precision, has not been rigorously studied.

13.5.3 Relative Bias—An interlaboratory study” conducted
in 2003 using manual and automated apparatus has concluded
that there is no statistical evidence to suggest that there is a bias
between manual and automated results.

14. Keywords

14.1 batch distillation; distillates; distillation; laboratory
distillation; petroleum products

ANNEXES

(Mandatory Information)

Al. REPEATABILITY AND REPRODUCIBILITY DEFINITION AIDS

Al.l Table Al.l is an aid for determining which repeat-
ability and reproducibility table or section, is to be used.
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TABLE A1.1 Summary of Aids for Definition of F

P ility and Rep ibility

Table or Section to Use

Group Method Scale
Repeatability Reproducibility

0 Manual °Cor °F 133.1.1 13321
Automated °Cor °F 134.11 13421

1 Manual °C Table 8 Table 8
o Table 8 Table 8

1 Automated °C Table 8 Table 8
°F Table 8 Table 8

2,34 Manual °C Table 9 Table 9
oy Table 9 Table 9

2,34 Automated °C Table 10 Table 10
A Table 10 Table 10

A2. DETAILED DESCRIPTION OF APPARATUS

A2.1 Distillation Flasks—Flasks shall be of heat resistant
glass, constructed to the dimensions and tolerances shown in
Fig. A2.1 and shall otherwise comply with the requirements of
Specification E 1405. Flask A (100 mL) may also be con-
structed with a ground glass joint, in which case the diameter
of the neck shall be the same as the 125-mL flask.

Note A2.1—For tests specifying dry point, specially selected flasks
with bottoms and walls of uniform thickness are desirable.

A2.2 Condenser and Condenser Bath—Typical types of
condenser and condenser baths are illustrated in Figs. 1 and 2.

A2.2.1 The condenser shall be made of seamless noncorro-
sive metal tubing, 560 * 5 mm in length, with an outside
diameter of 14 mm and a wall thickness of 0.8 to 0.9 mm.

Note A2.2—Brass or stainless steel has been found to be a suitable
material for this purpose.

A2.2.2 The condenser shall be set so that 393 * 3 mm of the
tube is in contact with the cooling medium, with 50 = 3 mm
outside the cooling bath at the upper end, and with 114 £ 3 mm
outside at the lower end. The portion of the tube projecting at
the upper end shall be set at an angle of 75 % 3° with the
vertical. The portion of the tube inside the condenser bath shall
be either straight or bent in any suitable continuous smooth
curve. The average gradient shall be 15 * 1° with respect to
the horizontal, with no 10-cm section having a gradient outside
of the 15 * 3° range. The projecting lower portion of the
condenser tube shall be curved downward for a length of 76
mm and the lower end shall be cut off at an acute angle.
Provisions shall be made to enable the flow of the distillate to
run down the side of the receciving cylinder. This can be
accomplished by using a drip-deflector, which is attached to the
outlet of the tube. Alternatively, the lower portion of the
condenser tube can be curved slightly backward to ensure
contact with the wall of the receiving cylinder at a point 25 to
32 mm below the top of the receiving cylinder. Fig. A2.3 is a
drawing of an acceptable configuration of the lower end of the
condenser tube.

A2.2.3 The volume and the design of the bath will depend
on the cooling medium employed. The cooling capacity of the
bath shall be adequate to maintain the required temperature for
the desired condenser performance. A single condenser bath
may be used for several condenser tubes.

A2.3 Metal Shield or Enclosure for Flask. (Manual units
only).

A2.3.1 Shield for Gas Burner (see Fig. 1)—The purpose of
this shield is to provide protection for the operator and yet
allow easy access to the burner and to the distillation flask
during operation. A typical shield would be 480-mm high,
280-mm long and 200-mm wide, made of sheet metal of
0.8-mm thickness (22 gage). The shield shall be provided with
at least one window to observe the dry point at the end of the
distillation.

A2.3.2 Shield for Electric Heater (see Fig. 2)—A typical
shield would be 440-mm high, 200-mm long, and 200-mm
wide, made of sheet metal of approximately 0.8-mm thickness
(22 gage) and with a window in the front side. The shield shall
be provided with at least one window to observe the dry point
at the end of the distillation.

A2.4 Heat Source:

A2.4.1 Gas Burner (see Fig. 1), capable of bringing over
the first drop from a cold start within the time specified and of
continuing the distillation at the specified rate. A sensitive
manual control valve and gas pressure regulator to give
complete control of heating shall be provided.

A2.4.2 Electric Heater (see Fig. 2). of low heat retention.

Note A2.3—Heaters, adjustable from 0 to 1000 W, have been found to
be suitable for this purpose.

A2.5 Flask Support:

A2.5.1 Type 1—Use a Type 1 flask support with a gas
burner (see Fig. 1). This support consists of either a ring
support of the ordinary laboratory type, 100 mm or larger in
diameter, supported on a stand inside the shield, or a platform
adjustable from the outside of the shield. On this ring or
platform is mounted a hard board made of ceramic or other
heat-resistant material, 3 to 6 mmin thickness, with a central
opening 76 to 100 mm in diameter, and outside line dimensions
slightly smaller than the inside boundaries of the shield.

A2.5.2 Type 2—Usea Type 2 flask support assembly with
electric heating (see Fig. 2 as one example). The assembly
consists of an adjustable system onto which the electric heater
is mounted with provision for placement of a flask support
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FIG. A2.1 Flask A, 100 mL, Flask B, 125 mL, and Flask B with Ground Glass Joint, 125 mL

board (see A2.6) above the electric heater. The whole assembly
is adjustable from the outside of the shield.

A2.6 Flask Support Board—The flask support board shall
be constructed of ceramic or other heat-resistant material, 3 to
6 mm in thickness. Flask support boards are classified as A, B,
or C, based on the size of the centrally located opening, the
dimension of which is shown in Table 1. The flask support
board shall be of sufficient dimension to ensure that thermal
heat to the flask only comes from the central opening and that
extranecous heat to the flask other than through the central
opening is minimized. (Warning—Asbestos-containing mate-
rials shall not be used in the construction of the flask support
board.)

A2.7 The flask support board can be moved slightly in
different directions on the horizontal plane to position the
distillation flask so that direct heat is applied to the flask only
through the opening in this board. Usually, the position of the
flask is set by adjusting the length of the side-arm inserted into
the condenser.

A2.8 Provision shall be made for moving the flask support
assembly vertically so that the flask support board is in direct
contact with the bottom of the distillation flask during the
distillation. The assembly is moved down to allow for easy
mounting and removal of the distillation flask from the unit.

A2.9 Receiving Cylinders—The receiving cylinder shall
have a capacity to measure and collect 100 mL. The shape of
the base shall be such that the receiver does not topple when
placed empty on a surface inclined at an angle of 13° from the
horizontal.

A2.9.1 Manual Method—The cylinder shall be graduated at
intervals of 1 mL and have a graduation at the 100-mL mark.
Construction details and tolerances for the graduated cylinder
are shown in Fig. A2.4.

A2.9.2 Automated Method—The cylinder shall conform to
the physical specifications described in Fig. A2.4, except that
graduations below the 100-mL mark are permitted, as long as
they do not interfere with the operation of the level follower.
Receiving cylinders for use in automated units may also have
a metal base.

A2.9.3 If required, the receiving cylinder shall be immersed
during the distillation to above the 100-mL graduation line in
a cooling liquid contained in a cooling bath, such as a tall-form
beaker of clear glass or transparent plastic. Alternatively, the
receiving cylinder may be placed in a thermostated bath air
circulation chamber.

A2.10 Residue Cylinder—The graduated cylinder shall
have a capacity of 5 or 10 mL, with graduations into 0.1 mL
subdivisions, beginning at 0.1 mL. The top of the cylinder may
be flared, the other properties shall conform to Specification
E 1272.




158

4l D 8605

16.9+ 0.3 mm ID

<—17.6 + 1.3 mm

21+0.7mm

s
30 + 3.0 mm length

-

13723

2543

FIG. A2.2 Detail of Upper Neck Section

17




159

dimensions in mm

5%
) \\LY’//\
& “/ “ea'y’&\
% LineBiy 38 |
<0 3")3‘/

/

Approx. 76

a Approx. 2 ‘

Approx. 80

-

—_—
i

Lower End of Condenser Tube
FIG. A2.3 Lower End of Condenser Tube

Dimensions In mm

_~Fire Polished

25416

Scale Length

19154 135

1751025
Wall Thickness

Nore—1 to 100 mL in 1 mL graduations; tolerance *

FIG. A2.4 100 mL Graduated Cylinder

1.0 mL.




160

4% D86 - 05

A3. DETERMINATION OF THE DIFFERENCE IN LAG TIME BETWEEN AN ELECTRONIC TEMPERATURE
MEASUREMENT SYSTEM AND A MERCURY-IN-GLASS THERMOMETER

A3.1 The response time of an electronic temperature
measuring device is inherently more rapid than that of a
mercury-in-glass thermometer. The temperature measuring
device assembly in general use, consisting of the sensor and its
casing, or an electronic system and its associated software, or
both, is so designed that the temperature measuring system will
simulate the temperature lag of the mercury-in-glass thermom-
eter.

A3.2 To determine the difference in lag time between such
a temperature measuring system and a mercury-in-glass ther-
mometer, analyze a sample such as gasoline, kerosine, jet fuel,
or light diesel fuel with the electronic temperature measure-
ment system in place and in accordance with the procedures
described in this test method. In most cases this is the standard
distillation step performed with an automated unit.

A3.2.1 Do not use a single pure compound, a very narrow
boiling range product, or a synthetic blend of less than six
compounds for this test.

A3.2.2 Best results are obtained with a sample that is typical
of the sample load of the laboratory. Alternatively, use a
full-range mixture with a 5 to 95 % boiling range of at least
100°C.

A3.3 Replace the electronic temperature measuring device
with a low range or a high range mercury-in-glass thermom-
eter, depending on the boiling range of the sample.

A3.4 Repeat the distillation with this thermometer, and
manually record the temperature at the various percent recov-
ered as described in 10.14.

A3.5 Calculate the values for the repeatability for the
observed slope (A7/AV) for the different readings in the test.

A3.6 Compare the test data obtained using these two
temperature measuring devices. The difference at any point
shall be equal to, or less than, the repeatability of the method
at that point. If this difference is larger, replace the electronic
temperature measuring device or adjust the electronics in-
volved, or both.

Ad. PROCEDURE TO DETERMINE THE PERCENT EVAPORATED OR PERCENT RECOVERED AT A PRESCRIBED
TEMPERATURE READING

A4.1 Many specifications require specific percentages
evaporated or recovered at prescribed temperature readings,
either as maxima, minima, or ranges. The procedures to
determine these values are frequently designated by the terms
Exxx or Rxxx, where xxx is the desired temperature.

Note A4.1—Regulatory standards on the certification of reformulated
gasoline under the complex model procedure require the determination of
E 200 and E 300, defined as the percent evaporated fuel at 93.3°C (200°F)
and 148.9°C (300°F), respectively. E 158, the percent evaporated at a
distillation tempe e of 70°C (158°F), is also used in describing fuel
volatility characteristics. Other typical temperatures are R 200 for kero-
sines and R 250 and R 350 for gas oils, where R 200, R 250, and R 350
are the percent recovered fuel at 200°C, 250°C, and 350°C, respectively.

A4.2 Determine the barometric pressure, and calculate the
correction to the desired temperature reading using Eq 3, Eq 4.
or Eq 5 for 1 =xxx°C (or #,= xxx°F).

A4.2.1 Manual Method—Determine this correction to
0.5°C (1°F).

A4.2.2 Automated Method—Determine this correction to
0.1°Cy(0:2°F).

A43 Determine the expected temperature reading to yield
xxx°C (or xxx°F) after the barometric correction. To obtain the
expected - value, add the absolute value of the calculated
correction to the desired temperature if the barometric pressure
is above 101.3 kPa. If the barometric pressure is below 101.3
kPa, subtract the absolute value of the calculated correction
from the desired temperature.

Ad.4 Perform the distillation, as described in Section 10,

while taking into account A4.5 and A4.6.

A4.5 Manual Distillation:

A4.5.1 In the region between about 10°C below and 10°C
above the desired expected temperature reading determined in
A4.3 record the temperature reading in intervals of 1 volume
%.

A4.5.2 If the intent of the distillation is to solely determine
the value of Exxx or Rxxx, discontinue the distillation after at
least another 2 mL of distillate have been collected. Otherwise,
continue the distillation, as described in Section 10, and
determine the observed loss, as described in 11.1.

A4.5.2.1 If the intent of the distillation is to determine the
value of Exxx and the distillation was terminated after about 2
mL of distillate was collected beyond the desired temperature,
allow the distillate to drain into the receiving graduate. Allow
the contents of the flask to cool to below approximately 40°C
and then drain its contents into the receiving graduate. Note the
volume of product in the receiving graduate to the nearest 0.5
mL at 2 min intervals until two successive observations agree.

A4.5.2.2 The amount recovered in the receiving graduate is
the percent recovery. Determine the amount of observed loss
by subtracting the percent recovery from 100.0.

A4.6 Automated Distillation:

A4.6.1 In the region between about 10°C below and 10°C
above the desired expected temperature reading determined in
A4.3, collect temperature-volume data at 0.1 volume % inter-
vals or less.




161

4% D86 - 05

A4.6.2 Continue the distillation, as described in Section 10,
and determine the percent loss, as described in 11.1.

A4.7 Calculations:

A4.7.1 Manual Method—If a volume % recovered reading
is not available at the exact temperature calculated in A4.3,
determine the percent recovered by interpolation between the
two adjacent readings. Either the linear, as described in 11.6.1,
or the graphical procedure, as described in 11.6.2, is permitted.
The percent recovered is equal to Rxxx.

A4.7.2 Automated Method—Report the observed volume to
0.1 volume % corresponding to the temperature closest to the
expected temperature reading. This is the percent recovered, or
Rxxx.

A4.7.3 Manual and Automated Methods—To determine the
value of Exxx, add the observed loss to the percent recovered,
Rxxx, as determined in A4.7.1 or A4.7.2 and as described in Eq
9.

A4.7.3.1 As prescribed in 12.6, do not use the corrected
loss.

A4.8 Precision:

A4.8.1 The statistical determination of the precision of the
volume % evaporated or recovered at a prescribed temperature
has not been directly measured in an interlaboratory program.
It can be shown that the precision of the volume % evaporated
or recovered at a prescribed temperature is equivalent to the
precision of the temperature measurement at that point divided
by the rate of change of temperature versus volume %
evaporated or recovered. The estimation of precision becomes
less precise at high slope values.

A4.8.2 Calculate the slope or rate of change in temperature
reading, Sc(or Sg). as described in 13.2 and Eq 11 and using
temperature values bracketing the desired temperature.

A4.8.3 Calculate the repeatability, r, or the reproducibility,
R. from the slope, S¢- (or Sg), and the data in Table 8, Table 9,
or Table 10.

A4.8.4 Determine the repeatability or reproducibility, or
both, of the volume % evaporated or recovered at a prescribed
temperature from the following formulas:

‘volume % = 1S (Sy) (A4.1)

Rvolume % = RIS (Sp) (A42)

where:

‘volume % = repeatability of the volume % evaporated or
recovered,

reproducibility of the volume % evaporated
or recovered,

repeatability of the temperature at the pre-
scribed temperature at the observed percent

distilled,

Ryolume % =

R = reproducibility of the temperature at the
prescribed temperature at the observed per-
cent distilled, and

Sc(Sr) = rate of change in temperature reading in °C

(°F) per the volume % evaporated or recov-
ered.
A4.8.5 Examples on how to calculate the repeatability and
the reproducibility are shown in Appendix X2.

AS5. REPEATABILITY FOR GROUP 0 SAMPLES

A5.1 Differences in duplicate temperature readings for each
prescribed percentage point should not exceed the amounts
equivalent to 2 mL of distillate at each point in question.

A5.2 The difference, d, in temperature between two read-
ings 2 mL apart for Determination 1 at Volume V is either:

dy =T, (V—-2)=T,(V)lor (AS.1)
&= ITy(V +2)= T,V (A5.2)
A5.2.1 For Determination 2, the two values of d are
dy =Ty (V= 2) = To(V) lor (A5.3)
d, =T, (V +2) — T,(V)| (A5.4)

where:

T.(V) = temperature reading of sample x at volume
v,

T,(V+2) = temperature reading of sample x at volume
V+ 2 mL, and

T.(V-2) = temperature reading of sample x at volume
V—-2miR

A5.2.2 To be conservative, we now choose the smallest of
these four values, that is,

(A5.5)
A5.2.3 Duplicate temperature readings are deemed to be

within the repeatability criterion if
IT, (V) — T, (V)| <dyi,

dyi, = lowest value of d,, d,. d, or d,

(A5.6)
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APPENDIXES

(Nonmand

X1.
Sample [D:
Date analyzed: Barometric pressure: 9B.6 kPa
Equipment No: Analyst:
Remarks:
Barometric pressure
rved corrected procedure
98.6 kPa 101.3 kPa arithmetical /graphicet
3 740 me Hg 760 wm Hg X Voo
recovered - NE C *F evaporated °C A
18P 25.5 78 2.2 .2 5 26.7 80.0
5 33.0 91 337 2.7 10 34.1 93.4
10 39.5 103 40.3  104.5 15 40.7  105.2
15 46.0 115 46.8 116.2 20 47.3 1174
20 54.5 130 55.3  131.5 5.7 150.2
30 74.0 165 7%.8 166.7 40 84. 184.9
40 93.0 199 93.9 201.0 S0 101.9  215.3
50 108.0 226 108.9 228.0 & 116.9  262.4
6 123.0 253 124.0  255.1 1361 2730
70 142.0 286 143.0 289.4 80 156.0 312.8
B0 166.5 332 167.6 333.6 a5 168.4 335.1
85 180.5 357 181.6 3589 90 182.8  361.0
90  200.4 393 201.6 3%4.8 95 2024 3963
EP  215.0 419 216.2 4211
recovered, X 94.2 95.3
residue, % 1.1 1.1
loss, % 4.7 3.6

FIG. X1.1 Example of Test Report

X1.1 The observed distillation data used for the calculation
of the examples below are shown in the first three columns of
Fig. X1.1.

X1.1.1 Temperature readings corrected to 101.3 kPa (760
mm Hg) pressure (see 11.3) are as follows:

correction (°C) = 0.0009 (101.3 — 98.6) (273 + 1) (X1.1)
correction (°F) = 0.00012 (760 — 740) (460 + 1) (X1.2)

X1.1.2 Loss correction to 101.3 kPa (see 11.4) are as
follows. The data for the examples are taken from Fig. X1.1.

corrected loss = (0.5 + (4.7 — 0.5)/ (X1.3)
{1 +(101.3 — 98.6)/8.0} = 3.6

X1.1.3 Recovery correction to 101.3 kPa (see 11.4.1) are as

follows:

corrected recovery = 942 + (4.7 — 3.6) = 95.3 (X1.4)

y Infor

EXAMPLES ILLUSTRATING CALCULATIONS FOR REPORTING OF DATA

X1.2  Temperature Readings at Prescribed Percent Evapo-
rated:

X1.2.1 Temperature reading at 10 % evaporated (4.7 %
observed loss = 5.3 % recovered) (see 11.6.1) are as follows:

Tyor (°C) = 33.7 + [(40.3 — 33.7) (X1.5)
(5.3 = 5)(10 — 5)] = 34.1°C
Tyoe (°F) = 92.7 + [(104.5 — 92.7) (X1.6)

(5.3 = 5)(10 = 5)] = 93.1°F

X1.2.2 Temperature reading at 50 % evaporated (45.3 %
recovered) (see 11.6.1) are as follows:

T506(°C) = 93.9 + [(108.9 — 93.9) (X1.7)
(45.3 — 40)/(50 — 40)] = 101.9°C
Tsor (°F) = 201 + [(228 — 201) (X1.8)

(45.3 — 40)/(50 — 40)] = 215.3°F
X1.2.3 Temperature reading at 90 % evaporated (85.3 %

recovered) (see 11.6.1) are as follows:

Tyop (°C) = 181.6 + [(201.6 — 181.6) (X1.9)
(85.3 — 85)/(90 — 85) | = 182.8°C
Ty (°F) = 358.9 + [(394.8 — 358.9) (X1.10)

(85.3 — 85)/(90 — 85)] = 361.0°F

X1.2.4 Temperature reading at 90 % evaporated (85.3 %
recovered) not corrected to 101.3 kPa pressure (see 11.6.1) are
as follows:

Toor (°C) = 180.5 + [(200.4 — 180.5) X1.11)
(85.3 — 85)/(90 — 85)] = 181.7°C
Tyoe (°F) = 357 + [(392 — 357) (X1.12)

(85.3 — 85)/(90 — 85)] = 359.1°F

Note X1.1-—Results calculated from °C data may not correspond
exactly to results calculated from °F data because of errors in rounding.

X2. EXAMPLES OF CALCULATION OF REPEATABILITY AND REPRODUCIBILITY OF VOLUME % (RECOVERED OR
EVAPORATED) AT A PRESCRIBED TEMPERATURE READING

X2.1 Some specifications require the reporting of the
volume % evaporated or recovered at a prescribed temperature.
Table X2.1 shows the distillation data of a Group 1 sample as
obtained by an automated unit.

X2.2" Example Calculation:

X2.2.1 For a Group 1 sample exhibiting distillation charac-
teristics as per Table X2.1, as determined by an automated unit,
the reproducibility of the volume evaporated,®volume %, at
93.3°C (200°F) is determined as follows:

X2.2.1.1 Determine first the slope at the desired tempera-
ture:

Sc% = 0.1(T o) — T fiof) (X2.1)
=0.1(94 — 83)
=1l
Se % = 0T ot T 10)
=0.1.201 — 182)

=19
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TABLE X2.1 Distillation Data from a Group 1 Sample Automated

Distillation
- . Volume (mL)
%‘:2232?2:‘;::‘ Temperature® C Temperature °F Recovered at
! 93.3°C (200°F)
18.0
10 84 183
20 94 202
30 103 217
40 112 233
Volume (mLO

Distillation Point

Evaporated, mL Temperature® C

Evaporated at
93.3°C (200°F)

Temperature® F

18.4
10 83 182
20 94 201
30 103 217
40 111 232

ducibility at the observed percentage distilled. In this case, the
observed percentage distilled is 18 % and

R=33+20(S) (X22)
=33+20X1.1
=55
R=60+20(S,)
=60+20X19
=98
X2.2.3 From the calculated value of R, determine the value
of volume. as described in A4.8.4.

R volume % = R/(S,) (X2.3)

R volume % = RAS;)
=9.8/1.9
=5.1

X3. TABLES OF CORRECTED LOSS FROM MEASURED LOSS AND BAROMETRIC PRESSURE

X3.1 The table presented as Fig. X3.1 can be used to
determine the corrected loss from the measured loss and the
barometric pressure in kPa.

X3.2 The table presented as Fig. X3.2 can be used to
determine the corrected loss from the measured loss and the
barometric pressure in mm Hg.
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Barometric Preseire, kPa

from
theough

Observed
Loss

Tenths

761 809 845
B08 B44 872
£~ = Corrected Loss -~

0437 035
063 065
089 095
115 125
141 156
168 1.86
184 216
220 245
246 278
272 2307
298 337
324 367
350 3.7
376 427
403 468
429 488
455 5.8
48! 548
607 578
533 608
559 6.8
0.00 000
003 008
005 008
008 008
010 012
013 015
016 018
¢ o021
021 024
c24 027

Barometric Pressure, mm Hy.

from
through

Cbserved
Loss

Units

voNanrenio

Tenths

571 607
606 633

1~ Correcled Loss

037 035
083 085
089 095
115 125
141 155
167 1.86
193 216
218 248
2458 278
272 3508
298 335
324 366
350 595
376 427
402 457
428 487
454 547
480 547
508 577
532 6.07
558 637
000  0.00
0.03 0.3
005 0.08
008 009
010 012
0.13 015
016 0.8
018 021
021 024
023 o027
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—_—
031 026
089 071
108 114
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184 199
223 242
261 284
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415 455
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000 00C
004 004
008 008
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015 017
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027 030
031 034
035 038

915
83.0

027
073
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1.67
2.14
261
3.08
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4.02

543
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6.96
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7.80
.77
824
8.71
9.18
9.65

94.1
854
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FIG. X3.1 Corrected Loss from Observed Loss and Barometric Pressure kPa
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FIG. X3.2 Corrected Loss from Observed Loss and Barometric Pressure mm
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X4. PROCEDURE TO EMULATE THE EMERGENT STEM ERROR OF A
MERCURY-IN-GLASS THERMOMETER

X4.1 When an electronic or other sensor without an
emergent stem error is used, the output of this sensor or the
associated data system should emulate the output of a mercury-
in-glass thermometer. Based on information supplied by four
manufacturers of automated Test Method D 86 equipment, the
averaged equations shown in X4.2 and X4.3 have been
reported to be in use.

X4.1.1 The equations shown in X4.2 have limited applica-
bility and are shown for information purposes only. In addition
to the correction for the emergent stem, the electronic sensor
and associated data system will also have to emulate the lag in
response time observed for mercury-in-glass thermometers.

X4.2 When a low range thermometer would have been
used, no stem correction is to be applied below 20°C. Above
this temperature, the correction is calculated using the follow-
ing formula:

ASTMICT,, =T, - 0.000162 X (T, — 20°C)*>  (X4.1)

X4.3 When a high range thermometer would have been
used, no stem correction is to be applied below 35°C. Above
this temperature the correction is calculated using the follow-
ing formula:

ASTM 8C T,;, = T, — 0.000131 X (T, — 35°C)* (X4.2)

where:

T., = emulated temperature in °C for low range thermom-
eters,

T,, = emulated temperature in °C for high range ther-
mometers, and

T, = true temperature in °C.

X5. EXPLANATORY REPORT FORMS

X5.1 Fig. X5.1 and Fig. X5.2 show report forms.




166

4% D86 - 05

"Percent Recovered” Report Form

Comments:

/WAMLHEI It teiperalure gl the starl uf the |
-

test
-
D,Q'B‘ - = [Arbient Sanaetric pressore dt e start uf
Time - the tast
Doerator: = =
,/ ,-'/ P zarved in tz
/ / // recaiving cylirder at any pcint in the
- P - cistilatior, sxaressad as 3 percartags of the
/ 75 //’ charge valunnz, in carmection with
/ / " simultaneous temperature »esding
o -~
Ambient temperazure (°C) ~ ,/ SMperature measwing dsvice raadings
Admospheric pressure (kPa) - . ch are comected to L kPa
Coadenser lgmperature (°C) Eedl // parametrc prassre
Temperatura of the bath o~ " P =
around receiving colinder (C) o = s Group 1, 2 % 3: 2 o 10 minutes
- - = / k- Group 4: 5 to 15 minutes
Daicant Correctad Tilk ar /"' " ‘u:up 182 60 to 100 seconds I
N l'emperature 2 o P
Recovered o = mL / min -~ T
_ Ls qrQ ~ L ; / 4 ta 5 ml f min uniforn avrage rate from 5%
=2 IR recovered to S miin flask
5 ~
19 wolume cf condensata chaarved in tns
15 receiviny Cylinder when she S conditions
2 @ roachad
25
£l olume of condensata chsarved in taz
=] receiving celirder when the final boiing pont
a0 is observed
i I, t
=i ? axirnun perceit recover I
Ly // - —
= = /,/ e izturme of residue in the fask expressed as 2
= - P g ercentage of the charce volume
3 7 = L I C
70 A _/’" ,/’/ -
75 # » -~ bired Perceint Resavery atd Pencsnt
= — = //" e Residuz in the Rask
& -
= -~ =
;‘; — P — sl //.,-‘ i “‘\me from S mlin flas< to TOP =< 5 ninutes I
5 il regicug - - . - A = ‘IC rrirus the Total Recovery I
% A Sl o F i,
=l ~ = = - = " |Percent Recovery corectad for barometric
T P e ressure
Pe-uerl Recuvery .~ | gl /__// - TRereatT ETREE :
Pa-cart Residie = cent Loss corrected tor barometr ¢ I
. ) B = e cresse
Fe-cent Tolal Hecovery e ] T -
Pe-cent Loss =" | Cemectedloss  __— ——— |Combined Percent Recovery ard Pantent
Corested Pe'cert Recovery | Corectzd Total Reco crr Residua in the flask corrected for barometric
pressure

FIG. X5.1 Percent Recovered Report Form
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"Percent Evaporated” Report Form

Data:
Time
Operaier:

4% D86 - 05

Laboratory:

Ambient temperature at the start of the
test

Ambient barometric pressure at the start of
the test

Vfolume of condensate ohservad in the
receiing cylinder at any paint In the
distilation, expressed as a percentage of the
charge volume, in cornection with
smultaneoLts temperature reading

Temperature measuring device readings

Amaient temperature (°C) which ars carected to 101,3 kPa
Atmospheric pressure (kPa) / barometric pressure
Conc lemperature (°C) Sum of the percent recovered and the
Temperalure of the hath percent loss
around recaiving eylinder (*C)
Temperature measuring device readings at
spedfied parcentages evaporated calculated
Tampl_zrature with arithmetical or graphica procedures
Corrected Readings at
Blercent Temperature Tim Siv i ibed Group O: 2to 3 minutes
Recuverad Reading (O mi gRie | Evapoied /IPM Growp 1, 2& 3 5to 10 minutes
ted Q) Group 4 5 to 15 minutes
L ————————————
1BP JEp_ | Goup 1&2; 60 to 100 seconds
5 5 Group0; time from first application of heat ro
0 10 10% recovered = 3 to 4 minutes
15 15 Group 0, 1,2, 3% 4: 4 to 5mi f min
20 20 unifarm avrage rate from 5% recovered to S
25 2% ml in flask
30 30 Volme of condensate abserved in the
3% ¥ receiving cylinder when tha Smi conditions
40 0 are reached
45 5
50 50 Volume of condersate abservad in the
%5 jé/ raceving Cylinder when the fina! aoiing
50 0 point is observed
(] 65 Maximum percent recoverad
70 el adl I
75 - 5 [Volume of residus in the fask axpressed as
80 80 - 3 percentage of the charge volume
B!'
= Dl [Combined Percent Recovery and Percent
= En < Rescdie n the fask
£ ml residue
% e [Time from 5 miin flask to FBP =< 5 minutes
FBP FBP
T _— |mo minus the Total Recovery l
Percent Residue = Sl [Percent Recovery corrected for barometric
Percent Tolal Recovery rressure
Percent Loss Corrected Logs| ——————— -
Corecfed Percent Recovery Corrected Total Recovery]| ————____| Percent Loss comected for barometric |

Comments:

Combined Percent Recovery and Percent
Residue n the flask corected for barometric
rressure

FIG. X5.2 Percent Evaporated Report Form

26
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SUMMARY OF CHANGES

Subcommittee D02.08 has identified the location of selected changes to this standard since the last issue,
(D 86-04b), that may impact the use of this standard. (Approved July 1, 2005.)

(1) Replaced Table 4 with new values. (4) Added Appendix X5, and cross-reference in Section 12.1.
(2) Revised 9.1.2-9.1.2.2, 9.1.5, and Notes 9-11.

(3) Added 13.5.3 and footnote reference to the research

report.

Subcommittee D02.08 has identified the location of selected changes to this standard since the last issue,
(D 86-04a), that may impact the use of this standard. (Approved May 1, 2004.)

(1) Replaced dimensions in Fig. A2.1 and added Fig. A2.2.

Subcommittee D02.08 has identified the location of selected changes to this standard since the last issue,
(D 86-04), that may impact the use of this standard. (Approved April 1, 2004.)

(1) Revised 10.19.1.1 and added Note 18.

Subcommittee D02.08 has identified the location of selected changes to this standard since the last issue,
(D 86-03), that may impact the use of this standard. (Approved Feb. 1, 2004.)

(1) Corrected section cross-reference in 3.1.13. (2) Corrected table references in 10.2 and 10.3.

ASTM Intemational takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsil i ittee and must be revi every five years and
if not revised, either reapp. or wit . Your are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrig by ASTM i 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this dard may be obtained by ing ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Effect of bio-polymer additive on the fuel properties of palm
biodiesel and on engine performance analysis and exhaust emission
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Abstract

Biodiesel fuel produced from palm oil is becoming cost competitive with fossil fuels due to the massive resource on
Southeast Asia and biodegradable, and environmental friendliness over fossil fuels. The aim of this work was to seek and
improve the palm biodiesel fuel blends as possibly high fraction for supplying diesel engine based on modified bio-fuels with
bio-polymer additive. This investigation considered simultancously about the engine performance, the reduction of gas exhaust
emissions and also compliance with the main regulation standards of ASTM and SEA. The use of bio-polymer additive in palm
biodiesel blends effects on engine performance and reduction of carbon monoxide (CO), carbon dioxide (CO:) and nitric oxide
(NOx) emissions. A chassis dynamometer used under the simulation of road load conditions with eddy current brake was used to
measure engine brake power, engine torque, wheel power, and specitic fuel consumption. Exhaust emission values were
measured directly by sampling [rom exhaust pipe with a probe of the analyzers. The experimental results show that the B40 blend
with 0.1g bio-polymer additive the most effective improvement of properties included kinematic viscosity, specific gravity, flash
point, and midpoint boiling temperature under criterion of ASTM D445, ASTM D1298, ASTM D93, and ASTM D86,
respectively. Therefore, modified B40 fuel is strongly possible to be an alternative fuel for a diesel engine. In the term of engine
performance, average brake power and engine torque under engine speed tests from 1500 rpm to 4000 rpm slightly decreased by
2.80% and 2.97%, respectively as compared to B2 reference test even though brake specitic fuel consumption increased by
20.46%. However, it was found that gas exhaust emissions obviously decreased in dicsel engine fuclled palm biodiesel blends
additive. As compared to B2 reference test, B40 with 0.1g dosage obtains the great reduction in NOx, CO, and CO: emissions by
63.17%, 14.33%, and 53.25%, respectively under the engine speed at 3000 rpm. The study suggests that B40 or other less palm
biodiesel fractions with bio-polymer additive has the high potentiality for as a clean and alternative fuel.
© 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Exhaust emissions from diesel engine combustion such as hydrocarbons (HCs), carbon monoxide (CO), carbon
dioxide (CO,), nitric oxide (NOy), and particulate matter have a significant cause of high air pollution green-house
effect. Therefore, alternative diesel fuel supported with no modifying engine has become important issue. Palm
methyl-ester fuel is a kind of biodiesel fuel as an alternative fuels for diesel engines due to its various advantages,
such as abundant biomass resources, biodegradable and environmental friendliness over fossil fuel [1], as the major
conventional energy sources are gradually depleted. The ways to contribute palm biodiesel blend in diesel fuel safely
adopted in diesel engine are widely researched and developed.

Many previous literatures were noted that biodiesel used in diesel engines can reduce exhaust emissions of CO,
CO,, HCs, and volatile organic compounds [2-4]. Due to containing high oxygen, biodiesel is biodegradable through
antioxidants and contributes it to burn more fully, whereas petroleum has essentially none [1]. Nonetheless, the
physicochemical properties of pure palm biodiesel fuel may cause some operability problems from the lower fuel
quality than the traditional diesel, such as lower cetane index, higher viscosity, higher density and extremely higher
flash point for palm biodiesel fuel. The lower cetane index affects the decrease of particulate at high load of
automobile [S]. Moreover, higher density and viscosity of biodiesel can affect the volatility and poorer atomization
of the fuel spray and, subsequently less accurate operation of the fuel injectors. Finally, the combustion suddenly
deteriorates in chamber [6]. Therefore, there are many researchers to study the optimal fraction of biodiesel blends in
conventional diesel fuel and develop the new additives for the improvement of its properties [3,7-9].

Additives mixed in biodiesel fuel blends act as combined antioxidants and as dispersants. Some demonstrations
showed the fuel consumption slightly increases with a significant decrease in engine power that relates to increasing
biodiesel with additive content used [10-13], whereas the role of additives for biodiesel blended fuels on the reduced
emissions of engine test has been critically reviewed. However, the physicochemical properties of biodiesel blends
with additive in various fractions and effective reaction of the blended biodiesel with additive are concerned because
its properties hardly effect on the engine performances and the exhaust emissions.

Several works have succeeded in the synthesis of additive formulations based on bio-solution for biodiesel oil
blends, for example, mixing 4-Nonyl phenoxy acetic acid (NPAA: C7 Hy;03)[14-15], ethers based (ETBE: C¢H;40
and TAEE: C7H,60 etc.) [16], ethanol based (C.HsOH) [17] or glycerol based (C3HsOs) [18] in palm biodiesel. In
addition, the commercial multi-functional fuel additives have been claimed that they can enhance the combustion
performance and also reduce exhaust gas after being dosed in commercial biodiesel fuel. However, perfective oil
additives have not been found. Improvements of additive blends for increasing palm biodiesel quality are always
needed.

This work is concerned with fuel quality improvements of the modified palm methyl-ester fuel by adding the
commercial copolymer material as a fuel additive because of its reaction at low temperature with higher oxygen
composition, based a block copolymer of 2-ethy-hexylmethacrylate and dimethyl aminoethyl methacrylate. In
addition, the testes of comparative engine performances were conducted on a diesel engine without modifying under
using the different additive levels in the various fractions of palm biodiesel blends in standard diesel fuel. The
physical property tests of the blended palm methyl ester fuels were performed in this study including viscosity,
specific gravity, flash point, fire point, and carbon residue which were evaluated under the ASTM standard.
Moreover, an IDI pick-up diesel engine was tested on a FPS 2700 chassis dynamometer. All tests were performed
without any modifying engine. NOx, CO and CO; emissions from the engine were measured by Testo 350 gas
analyzer. Moreover, the effects of the additive levels with various palm biodiesel blends were investigated on
exhaust emissions.
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2. Experimental detail and methods
2.1. Fuel blend preparation

In this study, the used bio additive is a commercial pellet product made from a block copolymer material. The
various palm biodiesel blends of 2%, 10%, 20%, 30%, 40%, 50%, and 100% palm biodiesel with the rest of diesel
fuel fraction were denoted as B2, B10, B20, B30, B40, B50, and B100, respectively. They were investigated with
and without adding bio-polymer additive in the palm biodiesel blends. The bio-polymer additive is used in the
proportions of 0.1g, 0.2g, and 0.4g by 2.5 liters of tested fuels. Additive pellets were pulverized and then weighted
by a precision electronic balance in order to accurately provide the required quantity of the bio additive.

The physical properties of the tested fuels were characterized that included kinematic viscosity, specific gravity,
flash point, cetane index, and heating values. The influences of the different additive levels on the physical
properties of the various fuels tested were investigated by using the standard test methods. The mixture method of
palm biodiesel and bio-polymer additive was conducted by using an ultrasonic shaker for 15 minutes in order to
provide the uniform suspension.

All properties measurements were complied with the standard of American Society of Testing Material (ASTM).
Kinematic viscosity was measured at 40°C according to ASTM D445 using a capillary tube viscometer. Specific
gravity was determined following ASTM DI1298 using the calibrated glass API gravity hydrometers. Flash point
was measured as according ASTM D93 using a Pensky-Martens. Midpoint boiling temperature was measured by
Distillation at Atmospheric Pressure DU 4-Economy (manual) Ref.-No: 11-0904 (230V) 11-0905 (115V) as
according ASTM D86. Cetane index was determined by nomograph method with mapping specific gravity and
midpoint boiling temperature.

In this engine tests, the standard of a used pickup car with a manual gear box was used. The schematic of the
experiment setup is shown in Fig.l. The FPS 2700 chassis dynamometer under the simulation of road load
conditions with eddy current brake was conducted in this experiment. The tested engine specifications were listed in
Table 1. Measuring accuracy of the chassis dynamometer is of £ 2%. The performance correction was used by
following the standard of SAE J. 1349. The accuracy of wheel power of + 3% was obtained. Engine performance
evaluated on this study included brake power, wheel power, torque, and specific fuel consumption. Fuel
consumption system was designed and coupled with the fuel pump in order to examine the amount of fuel
consumption. Each engine test was repeated for 3 times to ensure the average data calculation for the analysis. The
standard of the operating conditions on each test was considered carefully. Engine tests under various speeds from
1500 rpm to 4000 rpm were performed to measure brake power and wheel power.

Exhaust Gas Analyzers

: Ambient T Ure— Data Recorder
i Atmaosphenic Pressure
.
Relatrve Humdsty

Sharp-edge

Onidice Plate
- AT
Fuel Consumption #
IManometer Display

Thermocouples

Chassis D_w):mk:

Fig. 1. The schematic of engine test and the used pickup car with the FPS 2700 chassis dynamometer for the experiment
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Exhaust emissions and gas temperature, according to SAE J816B specifications were measured by a Testo 350
gas analyzer. Measurement resolutions for NO,, CO, and CO; are 0.1%, 1.0%, and 0.01% ppm, respectively.
Meanwhile, measurement capacity for NOy, CO, and CO; are in the range of 0-500 ppm, 0-10,000 ppm, and 0-50%
vol., respectively. Exhaust emission values were measured directly by sampling the gas emission data, which was
detected at the exhaust pipe with the analyzer probe as shown in Fig.1. The test cycle was repeated for three times.

Table 1. Tested engine specifications.

Engine Type 4-Stroke, 4-Cylinder, compression ignition
Displacement Volume 2663 cc

Bore x Stroke 96.0 x 92.0 mm

Cooling System Water

Intake Method Natural aspiration

Maximum Power 62.51kW(83.8 bhp)@4000 rpm

Maximum Torque 166 Nm@2200 rpm

3. Results and Discussions
3.1. Properties of blended palm biodiesel

The performed study on physical properties of palm biodiesel fuel blends was in full compliance with the
standard of ASTM and were carried out under the identical laboratory condition. Kinematic viscosity, flash point,
midpoint boiling temperature and specific gravity as shown in fig. 2-3 illustrates an upward trend with increasing
palm biodiesel fraction. As shown in Fig. 2, it was found that the existence of bio-polymer additive in palm
biodiesel fuels caused kinematic viscosity decreased significantly although an upshifting of kinematic viscosity
occurred in palm biodiesel fuel blends with higher fraction. Normally, biodiesel fuel has the higher viscosity and
opaque points than B2 reference diesel. With adding bio-polymer additive, the palm biodiesel blends from B10, B20
to B30 was in ASTM D445. Moreover, all palm biodiesel fuels with additive and no additive were fully accepted
under ASTM D93. Level dosing has not the effect on clearly difference trend of flash point. The upshifting flash
point with increasing palm biodiesel fraction has the high impact on safety and storage.
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Fig. 2. Kinematic viscosity and flash point of palm biodiesel fuels under the conditions of adding bio-polymer additive

Specific gravity and midpoint boiling temperature of all tested fuel were in' ASTM D1298 and ASTM D86,
respectively, except B100 to be unacceptable for specific gravity standard even the case of adding additive of 0.2g
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as shown in fig. 3. Low cetane index occurred in B100 but the addition of low and high dosing levels at 0.1g and
0.4g was improvable the quality of cetane index for all blend conditions under ASTM 976 as illustrated in Fig. 4.
Meanwhile, modified palm biodiesel blends from B20 to BS0 with adding bio-polymer additive provided the highly
increase of lower heating values in ASTM D240 due to increasing atomization in modified blend solution. It is
closely related with combustion engine process. A model of chemical structure of diesel fuel changed with
inclusions of the bio-additive based on clove oil well affected an increase in combustion reactivity oxygen internally
[19]. With complying ASTM and the requirement of highest palm fuel fraction, it is clearly noted that fuel
properties of B40 can be improved by adding bio-polymer additive.
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Fig. 3. Specific gravity and midpoint boiling temperature of palm biodiesel fuels under the conditions of adding bio-polymer additive
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Fig. 4. Cetane index and lower heating value of palm biodiesel fuels under the conditions of adding bio-polymer additive
3.2. Engine performance

Profiles of brake and wheel power of an IDI engine fuelled with different fraction blends of palm biodiesel fuels
with no additive and with 0.1g of additive dosage versus engine speed from 1500 rpm to 4000 rpm were shown in
Fig. 5(a)-(b). It shows that upward trend of brake power relates to the increasing engine speed with all fraction of
palm biodiesel blends whereas wheel power becomes steady at the high region of speed (3000 rpm-4000 rpm). With
higher fractions of palm biodiesel blends with no additive, the experiment results obtain the more decrease of brake
and wheel power over the entire speed range due to lower heating value and higher kinematic viscosity. Decrease of
engine power with increasing palm oil fraction occurred in M.A . Kalam et.al report [20]. As can be seen in Fig. 5(b),

231
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the brake power and wheel power outputs of the diesel engine are improved by the modified palm biodiesel with
dosage. Addition of 0.1g dosage in the test fuels made the brake power and wheel power had similarity with the
result of B2. Less decrease of average brake power by 2.80% in the case of using B40+0.1g Bio additive was
compared with B2. The decreasing variation of brake power in different speed regions were summarized in Table 2.
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Fig. 5. Comparison of brake and wheel power of an IDI engine fuelled with different fraction blends with (a) no additive and (b) with additive

Table 2. Decreasing variation of brake power under the conditions of test fuels with 0.1g dosage.

Engine speed Variation of brake power under test fuels with 0.1g additive compared with B2
(rpm) (%)
B2 B10 B20 B30 B40 B50 B100
Low g -2.24 -0.88 -0.39 -0.19 -1.33 -1.37 -0.16

(1500 rpm- 2000 rpm)
Middle speed

-3.59 -3.71 -1.99 -1.7% -3.93 -4.40 -3.52
(2100 rpm- 3000 rpm)
High speed
=1.30 -2.23 -1.05 -0.94 -3.14 -4.21 -3.91
(3100 rpm- 4000 rpm)
Average brake power 25 £ S 5 455 Bies
-2, =2 -1.14 -0.97 -2.80 =3.33 -2.53
1500-4000 rpm
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Fig. 6. Comparison of engine torque of an IDI engine fuelled with different fraction blends with (a) no additive and (b) with additive

Fig. 6(a) shows that the uptrend of engine torque and maximum torque at 2200 rpm - 2400rpm speed range under
the conditions of test fuels are found correspondence with the highest torque of this engine specific of 166 Nm at
2200 rpm. The maximum torque of 162.40 Nm at 2400 rpm is found in the condition of B2. The results as shown in
Fig. 6(b) implies that the addition of 0.1% dosage results in the less decreasing variation of engine torque compared
with B2 profile. The average torque in the condition of B2-B100 adding 0.1g additive is lower than B2 by almost
4.51% but the case of B100 fuels with no additive provides much lower average torque than B2 by almost 9%. The
decreasing variation of engine torque in different speed regions were summarized in Table 3. It is noticed that B100
with bio-polymer additive clearly provides the most influence on the improvement of engine torque. Because B100
contains a lot of oxygen that causes an oil reaction to accelerate the oil aerosol stimulation, this leads to the
efficiency of the dosed B100 fuel to burn better that compared with B100[15,18].

The modified palm biodiesel fuels with bio-polymer additive provide the higher brake specific fuel consumption
than test fuels with no additive as illustrated in Fig.7 although the existence of additive can improve their properties.
However the profiles of less increasing variation of fuel consumption occur when the engine speed is higher. At
engine speed between 2000 rpm and 3000 rpm, average brake specific fuel consumption in the condition of B30
with 0.1g additive has less increase by 8.55% compared with B2 as detailed in Table 4.

Table 3. Variation of engine torque under the conditions of test fuels with 0.1g dosage.

Engine speed Variation of engine torque under test fuels with 0.1g additive compared
(rpm) with B2
(%)
B2 B10 B20 B30 B40 B50 B100
Low speed
(1500 rpm-2000 rpm) -1.21 -0.72 -0.62 -0.24 -1.52 -2.06 -0.78
Middle speed
(2100 rpm-3000 rpm) 245 -3.60 -2.09 -1.81 -4.24 -5.03 -3.97
High speed ~
(3100 rppm-4000 rpm) +0.03 -1.72 -0.90 -0.74 -3.13 -4.51 -4.10
Average brake power 121 [ 202 | -121 | 093 | -297 | -387 | -29
1500-4000 rpm

Table 4. Variation of average brake specific fucl consumption at engine speed between 2000 rpm and 3000 rpm

Test fuels with % Variation of average brake specific fuel consumption of test fuels with additive
additive at various dosing levels compared with B2 at engine speed 2000 rpm - 3000 rpm
0.1g 0.2¢g 0.4g
B2 +9.08 +19.51 +15.07
B10 +8.66 +14.34 +18.23
B20 +17.55 +9.73 +18.92
B30 +8.55 +9.64 +20.52
B40 +20.46 +12.40 +22.18
B50 +22.47 +19.70 +20.59
B100 +55.16 +25.06 +40.21
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Fig. 7. Brake specific fuel consumption of an IDI engine fuelled with test fuels under various speed at 2000 rpm, 2500 rpm and 3000 rmp

3.3. Exhaust gas emissions

Fig. 8(a)-(b) shows the comparison of NOy concentration of test fuels with additive and with no additive versus

engine speeds. The engine operated by B2 reference obtained decreasing NOy emission with increasing engine speed.

NOx concentration of most of the palm biodiesel blends with no additive is steadily higher than that of B2 under
various engine speeds. However, bio-polymer as an oxidation catalyst effectively contributes a great reduction in
NOy emission as shown in Fig.10 (b) due to the effect of the higher combustion temperatures. It is noticed that a
large amount of palm biodiesel blends (B20-B100) results in the steep fall in NO, emission. With comparing B2
reference, B40 with 0.1g dosage obtains the reduction in NO, emission by 94.49%, 87.33%, 81.75% and 63.17%
under the engine speed at 1500 rpm, 2000 rpm, 2500 rpm and 3000 rpm, respectively.
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Fig. 8 Comparison of No, concentration of test fuels with (a) no additive and (b) with additive under various speed tests
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Fig. 9 Comparison of CO concentration of test fuels with (a) no additive and (b) with additive under various speed tests

High CO concentration indicates too low air/fuel ratio in the engine during vehicle operating. An increase in
engine speed results in a high rise in CO emission due to that thin air reduces the amount of oxygen available
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combustion at higher speed [21]. As presented in Fig. 9(a), CO emission decreases over the entire of speed range by
35.8% at 3000 rpm in the only case of B100 as compared with B2 reference. Meanwhile, at the speed range of 2000
rpm - 3000 rpm, CO emission obviously drops in the conditions of B20-B100 with additive as shown in Fig. 9(b). It
is found that as compared with B2 reference, B40 with 0.1g additive is a good choice for suitable palm biodiesel
blends to reduce CO emission by 81.83%, 47.38% and 14.33% at 2000 rpm, 2500 rpm and 3000 rpm, respectively,
even though at 1500 rpm, CO emission increases by 33.51%.

Typically, CO, concentration is more relevant with CO. The profiles of CO> concentration in the conditions of
B20-B100 with bio-polymer additive shows the significant reduction of CO, emission because the oxidation
reaction of CO into CO, was improved effectively by dosing the bio-polymer additive in high palm biodiesel
fractions. It is found that B40 with 0.1g additive reduces CO; emission by 84.70%, 79.86%, 69.37% and 53.25% at
1500 rpm, 2000 rpm, 2500 rpm and 3000 rpm, respectively.
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Fig. 10 Comparison of CO, concentration of test fuels with (a) no additive and (b) with additive under various speed tests
4. Conclusions

The main aim of this study was to seek and develop the palm biodiesel fuel as possibly high fraction using bio-
polymer additive for diesel engine. Bio-additive based on copolymer material was considered because of its reaction
with high oxidation at low temperature. Under the experiment, there is not only consideration about the effective of
engine performance and the reduction of gas exhaust emissions but also compliance with the main regulation
standards of ASTM and SEA. The following conclusion are summarized as:

1. Palm methyl ester test fuel in various fraction blends in B2 diesel from B10 to B100 was modified with bio-
polymer additive as an organic catalyst. The improvement of palm biodiesel fuel properties with using organic
additive based oxidative desulfurization in the fuel blends in order to allow in the set regulations of Thai Department
of Energy Business (DOEB). The properties of modified fuels are in close agreement with the diesel engine. This
IDI pick-up diesel engine performed satisfactorily on palm biodiesel blends additive without any engine hardware
modification.

2. The property tests were demonstrated that the large fraction of palm biodiesel blends of B40 with 0.1g
additive provide the most effective improvement of acceptable properties included kinematic viscosity, specific
gravity, flash point, and midpoint boiling temperature under ASTM D445, ASTM D1298, ASTM D93, and ASTM
D86, respectively. Therefore, modified B40 fuel is strongly possible to be an alternative fuel for a diesel engine.

3. In the test condition of B40+0.1g bio additive as compared to B2 reference test, average brake power and
engine torque under engine speed tests from 1500 rpm to 4000 rpm slightly decreased by 2.80% and 2.97% ,
respectively. Brake specific fuel consumption increased by 20.46%.

4. Reduction of gas exhaust emissions was obviously found in diesel engine fuclled palm biodiesel blends
additive. As compared to-B2 reference test, B40 with 0.1g dosage obtains the great reduction in NO, CO, and CO>

[}
0
3
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emissions by 63.17%, 14.33%, and 53.25% . respectively under the engine speed at 3000 rpm

The study suggests that the key factors in the provision of engine performance under compliance of property
standards are the both of excess oxygen contents of palm biodiesel blends and oxidation reaction with good aerosol
of the optimum bio-polymer dosing.
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Abstract

In this work, crude palm oil was produced by the single step distillation of alkali trans
esterification process to provide pure palm oil biodiesel (POB) fuel. The pure POB fuel was improved by using
repeated-distillation process. The physical properties of all tested fuels were characterized under American
Society of Testing and Materials (ASTM). Fuel viscosity of Redistilled POB fuel can provide the effective
improvement under criterion value of the ASTM standard for high speed engine (1.8 - 4.1 cSt) as compared
with pure POB fuel. The Kinematic viscosity values are of 121.41% and 35.71% for pure POB and Redistilled
POB, respectively, specific gravity of all tested POB fuel are under ASTM standard (0.81 — 0.87), which are
more than commercial diesel fuel by 8.02% and 7.41%, respectively. Meanwhile, cetane index values of all
tested POB fuel are less than ASTM standard (> 50), which are less than the diesel fuel by 28.98% and
26.72%, respectively. Heating value of all tested POB provided less value than the diesel fuel. This study
suggests that Redistilled POB fuel has the high potentiality for as a clean and alternative fuel.
Keywords: biodiesel, crude palm oil, fuel property and repeated-distillation process
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vilaRiuuindduly azessiiueyBesun uilsivisly
Inawiritens :uwmgwuu:wﬂ'ﬂ‘uiaﬁmaﬁmummmuﬁﬂﬁm
undnluaa 3.5 - 5.0 lwuRalan (cSt) Aanmnd 40 e
wallva anaitvadeu ASTM D445

2.2.3 nsndu (Distillation)
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Abstract. Biofuel modifications play a major role in a substitution for fossil fuel to be used in diesel
engines and reducing exhaust emission. The most amounts of crude palm oil produced from Asian
region can be an alternative fuel, sustainably. By the modifying crude palm oil into pure palm oil
biodiesel (POB100), alkali trans-esterification procedure was operated. In the present, the
high-quality POB products have been investigated considerably for alternative fuel in 4-cylinders
high-speed diesel engine. The aim of this paper is to study in the improvement of POB quality by
repeated-distillation and blending POB with nano-ZnO additive. The high-speed engine combustion
from consuming blended POB fuel were investigated the influences of exhaust emission under speed
engine operation of 2,000 rpm and 3,000 rpm. The experimental results were shown that the POB fuel
yielded at 84.54% from using 400 g. of raw materials. Both of redistilled POB and POB blended with
nano-ZnO additive showed the improvement of physical properties including viscosity, specific
gravity and cetane number values being under ASTM standard values for high-speed engine. In
addition, the results of exhaust emission from the engine showed the effective decrease of carbon
monoxide (CO), carbon dioxide (CO») around 13% due to using redistilled POB and POB blended
nano-ZnO additive compared with diesel fuel. Unburned hydrocarbon (HC) and nitric oxide (NOx)
emissions of the diesel fuel condition. Therefore, this study suggests that nano-ZnO blending POB in
the small fraction about 0.005 wt% is able to provide the high potentiality for as a clean and
alternative fuel.

Introduction

Unburmed hydrocarbon (HC), carbon monoxide (CO), carbon dioxide (CO2), nitric oxide (NOx), and
particulate matter are the main exhaust emission, which have a significant cause of air pollution and
green-house effect. Therefore, the scheme of using biofuel modification with no modifying engine
instead of typical fossil fuel has become important issue. Palm methyl-ester fuel or palm oil biodiesel
(POB) is based on trans-esterification process with methanol to provide POB carried out using
potassium hydroxide (KOH) catalyst [1]. ASTM standard fuel tests performed on the palm oil
biodiesel to provide the promising results as alternative biodiesel fuel [1,2] for diesel engine. Due to
various its advantages such as abundant biomass resources, biodegradable and environmental
friendliness over fossil fuel, POB is concern clean alternative fuels for diesel engines causes higher
pollution. Increasing ambient air pollution force the researches to concern clean alternative fuels for
diesel engines [3,4]. Moreover, biodiesel predominantly produced from biomass is becoming cost
competitive with fossil fuels due to the widespread availability of biomass resource [5]. However,
some POB fuel properties with high exhaust emissions are not allowed in the set regulation of energy
business. Addition of additive is an alternative for improving POB fuel properties and reducing the
exhaust emissions [6,7].

In the present, there are several kinds of bio-solution based additive to be synthesized for
appropriate biodiesel oil and including bio-oil blends, for example, ethers based (ETBE: CsH140 and
TAEE: C7H160 etc.) [8], ethanol based (C2HsOH) [9] or glycerol based (C3HsgOs) [6] in palm
biodiesel. In addition, many kinds of metalloid based additives are widely use such as titanium oxide
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[7], aluminum oxide [10] and even zinc oxide (ZnO) [11]. However, nano-ZnO additives as catalysts
have not been studied extensively about the effect of additive fuel on the exhaust emission and fuel
properties. Moreover, repeated distillation process which is able to improve POB quality, has been
investigated insufficiently for applying in compression ignition engine. Thus, the aim of this work is
to verify the comparative gas emissions of high-speed diesel engine under the tested fuel conditions of
pure POB (POB100), redistilled POB and redistilled POB blending with nano-ZnO additive
compared to diesel fuel.

In this study, the influence of pure POB on exhaust emission from internal combustion engine was
studied. The POB fuel properties of fuel blend conditions were characterized under ASTM standard.
In order to determine the available type of the tested fuel and achieve the reduction of the exhaust
emissions, a high-speed diesel engine was tested on water brake type of dynamometer. All tests were
performed without any modifying engine. Amounts of nitric oxide (NOx), unburned hydrocarbon
(HC), and carbon monoxide (CO) were measured by Testo 350 gas analyzer. Carbon dioxide (CO2)
emissions from the engine were measured by Horiba Mexa-584L version gas.

Experimental detail and methods

Trans-esterification process. Tri-glyceride is free fatty acid of three molecules together, which is a
precursor to react with the alcohol (Methanol) with alkaline (Potassium Hydroxide) as catalyst for the
reaction [12,13]. In this study, trans-esterification process was set up in the scale of laboratory. The
output yields after the reaction are ester (biodiesel) and glycerol. Biodiesel produced from crude palm
oil of 400 g. as a precursor with adding methanol of 20 wt% of crude palm oil and potassium
hydroxide (KOH) 1 wt% of crude palm oil as a catalyst under 50°C reaction temperature and 30
minutes reaction time. Nano-ZnO particles synthesized from Nanoscience Technology Thailand were
used as an additive. Nano-ZnO particles with small fraction about 0.005 wt% of POB100 (0.05 g. of
nano-ZnO for a litre of POB100 and the mass of POB100 for a litre is 874.19 g.). The ZnO particles
were blended homogenously in POB by ultrasonic shaker at 50°C for 4 hours in order to produce
uniform suspension. POB purification was verified by gas chromatography. The basic properties of
the tested fuel such as kinematic viscosity, specific gravity, distillation at 50%, cetane index were
measured according to ASTM standards. Each measurement was repeated 3 times.
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Fig. 1. Trans-esterification process.

Fig. 2. Nano-ZnO (Zinc Oxide) particles.
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Fig. 3. Ultrasonic shaker and all types of fuel in this study.

Exhaust gas emissions. The vehicle demonstrated in this experiment is a standard pickup car with
a manual gear box which has the engine specification listed in Table 1. Exhaust emission values were
measured directly by sampling from exhaust pipe with probe of the analyzers. Meanwhile,
measurement capacity for NOx, CO, and CO; are in the range of 0-500 ppm, 0-10,000 ppm, and
0-50% vol., respectively.The test cycle were repeated three times. The software provides
extraordinary data management capability and the ability to import/export data.

Fig. 4. The schematic of engine test and exhaust gas analyzers.

Table 1. Engine Specification.

Engine Number D 1870/1 TL Swept Volume 1:753

Bore 82.5 mm Compression Ratio 215101
Stroke 82.0 mm Maximum Power 37 kW at 3,600 RPM
Number of Cylinder 4 Maximum Speed 5,000 RPM

Results and Discussions

The experimental results showed that the POB fuel yielded of 84.54% from crude palm oil of 400 g. in
Table 2. Normally, POB100 has the higher viscosity than diesel fuel but as can be seen in Table 3,
repeated-distillation of POB caused kinematic viscosity decreased significantly as compared with
pure POB100. However, there is no significant variation of viscosity value for adding ZnO in
redistilled POB condition. POB100, redistilled POB and redistilled POB blended with ZnO addtive
provide the steady value of specific gravity. Cetane index values of all tested POB fuel are under
ASTM standard but there is a slighty increase of cetane index of redistilled POB and redistilled POB
blended with ZnO addtive of 3% and 0.4%, respectively, as compared with POB100. It seems to be
that as the result of poorer physical properties of the improved POB fuels compared wiht diesel fuel,
they will be profitable for low speed engin and there is low viscosity, sufficiently.
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Table 2. Result of Palm Biodiesel Yielded.
Experimental Conditions Testing
Case 1 Case 1 Case 1
Crude Palm Oil Quantity (g.) 400.23 400.06 400.12
Methanol Quantity (g.) 80.20 80.01 80.18
KOH Quantity (g.) 4.02 4.08 4.11
Reaction Temperature (°C) 52.00 51.00 51.00
Reaction Time (Min.) 30.00 30.00 30.00
Palm Biodiesel Obtained (g.) 340.90 332.64 341.26
Palm Biodiesel Obtained (ml.) 400.12 390.42 400.54
Glycerol Obtained (g.) 49.10 57.44 48.62
Losses (g.) 59.33 67.42 58.86
Palm Biodiesel Yielded (%) 85.18 83.15 85.29
Palm Biodiesel Yielded Average (%) 84.54
Table 3. Fuel Properties.
Viscosity Specific Distillation @ | Cetane Index | Heating Value
Type (mm?/s) Gravity 50% recovered MJ/kg)
ASTM D445 | ASTMD1298 | ASTM D86 | ASTM D976 | ASTM D240
1.8-4.1 0.81-0.87 >45
Diesel 3.619 0.810 300.00 67.47 45.424
POB100 8.013 0.875 328.00 47.92 38.592
Redistilled POB (I) 4912 0.870 330.00 49.44 39.058
I+Zn0 0.005 wt% 4953 0.875 332.00 48.13 38.420
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Fig. 5. Comparison of exhaust emissions from the engine operating at 2,000 rpm and 3,000 rpm.

Fig. 5. shows the results of exhaust emission under engine speed operation at 2,000 rpm and 3,000
rpm and the different fuel tests. It is found that the engine operated by POB100 and improved POB
blends provide a reduction of CO and CO2 as compared with diesel fuel test. In particular, CO2
decreases by 3.41%, 11.67% and 13.55% for the test conditions of POB100, redistilled POB and
redistilled POB blended with ZnO, respectively, at engine speed of 3,000 rpm as compared with
diesel fuel test. Meanwhile, CO results show the same reduction trend with CO2 emissions. Although,
there are no decrease values of NOx emissions [14] and HC in the POB group conditions. There is no
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decrease in NOx because of high value of cetane index in the POB group conditions. Redistilled POB
blended with ZnO additive is obtainable the steady values as compared with diesel fuel test. Thus, the
experimental results suggest that 4-cylinder engine fuelled the improved POB tests is able to reduce
CO and CO; [14] emissions and will be profitable for city cars in order to decrease air pollution
problem.

Summary

The main aim of this study was to improve palm biodiesel fuel by repeated-distillation process and
using nano-ZnO additive due to its friendly nano-material. The results suggest that the improved POB
obtains poorer physical properties than diesel fuel but there is an improvement of properties as
compared with POB100. Nevertheless, reductions of CO and CO; were found under the test
conditions of the improved POB fuels in particular redistilled POB blended with nano-ZnO additive.
Thus, this study reveals the possibility of optimization approach to be employed city car fueled by
improved POB with optimum nano-ZnO dosing in order to decrease air pollution problem.
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Emission of Improved Palm Oil Biodiesel by Repeated-Distillation Process for High-Speed
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Abstract

In this work, pure POB fuel was improved by using repeated-distillation process in order to apply
effectively in 4-cylinders high-speed diesel engine. The influences of pure POB and Redistilled POB on
exhaust emission from internal combustion engine were studied under the comparison with commercial
diesel fuel. The physical properties of all tested fuels were characterized under ASTM, which Redistilled POB
obtains poorer physical properties than diesel fuel but there is an improvement of properties as compared
with pure POB. Meanwhile, exhaust emission from the tested engine at 2,000-3,000 rpm was studied under
using different POB fuels. It shows at 2,000 rpm the effective decrease of COzby 1.60% and 3.69% for using
pure POB and Redistilled POB, respectively, while 3,000 rpm CO; decreased by 3.41% and 11.67% for using
pure POB and Redistilled POB, respectively as compared with using commercial diesel fuel. CO results show
the same reduction trend with CO; emission.  However, NOx emission results show a small amount of
increase in exhaust by 1.73% and 0.06% from the engine at 2,000 rpm and by 3.30% and 2.86% from the
engine at 3,000 rpm using pure POB and Redistilled POB, respectively as compared with using diesel fuel.
Meanwhile, Redistilled POB fuel can relieve the increase of HC emission of pure POB by 76.45% and 18.37%
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from the engine at 2,000 rpm and by 30.56% and 3.73% from the engine at 3,000 rpm, respectively. This

study suggests that Redistilled POB fuel has the high potentiality for as a clean and alternative fuel.

Keywords: biodiesel, crude palm oil, fuel property, repeated-distillation process and exhaust emission
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Type FORD XLD 418
Engine Number D 1870/1 TL
Bore 82.5 mm
Stroke 82.0 mm
Number of Cylinder 4

Swept Volume 1753
Compression Ratio 21.5t01
Maximum Power 37 kW at 3600 RPM
Maximum Speed 5000 RPM

Fa— <o
U 1 inFewudRwanuuiSuazgunsaillumuide
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< = & .ox o o

N3V 1 azuansnisAnngunsalanegdmsu

nadovaNsIouzvonasoseudaiga laun lauluines
v § o 1 <
(Dynamometer) wuuldundunisenszviineiniesud
(Water Brake Absorbers) gUnsal ¥agauvgians
nsfuia3as (Oil Temperature meter) gunsalinussda
(Torque meter) gunsalinanuislunisinavasernia
(Air Flow Rate meter) s9uilsgunsalinnnuiiasouvas
el < E Y .

1A3838UR (Engine Speed meter) uagn1siani1suase
uafivezdadivieleidedidosanuivininiessud laeld
gunsallunisinnisudesuadiv dwiuandlugui 2

o
U 2 (unile) indesile Truaiiuiie Testo fu 350
(#efle) 1n3esfioTnuafiudvio Horiba fu Mexa-584L

4. HAN1INARRY WALNTDAUTIINANITNAGDY
dmsuauantimequasiiiuainn sinnaa iR

a181du1n3g1u American Society of Testing and

Materials (ASTM) uansidlumsnedi 2

el 2 mﬁaﬁuﬁnwamsmaauqmauﬁﬁﬂmﬁwﬁu

Flwa, POB uay Redistilled POB

Viscosity
Type | (mm¥s)
ASTM ASTM
Da4as D1298

Specific | Distillation | Cetane | Heating
@ 50% Index Value
recovered | ASTM | (MJ/kg)

ASTM D86 | D976 ASTM

Gravity

1.8-41 | 0.81-0.87 > 50 D240
Diesel 3.619 0.810 300.00 67.47 | 45424
POB 8.013 0.875 328.00 47.92 38.592
R-POB 4.912 0.870 330.00 49.44 | 39.058

e : R-POB e Redistilled POB

nm13797 2 guandiveswindfuluTedisaain
diuuduiviiiiunsrurunandutiuda Redistilled
POB) vzilnqanTaiiatululefisasnmintuthdudu
(POB) st diaffos ninpauanTRve niiTufien Faqmanth
srunmmiavesidiilulafisaaniulduiu (POB)
wazthifululofiwar misiuthduauiuiuugsannwid
Tasn13ndusa (Redistiled POB) fATAUNIATgIUT
fvuald (1.8 - 4.1 cSt) wazAuauUAAUANE TN
vosifululefiwasimirfulidudu (POB) fid Ay
wmspufidvualy 081 - 0.87) vasienduifimuiien

< a o o  w o cal
Wulumuanasgiunsugsiandsnudmiuinioseudiiea
o a o ey =1 i@
s (14] ifwualife innndmsewiiu 50
o a & o o
AMsTaNafivUas0oNNINIATELUANAIRIN
msdumumeluesessudazymsianisudesuaiivues
o sai & o & o o
n3oseudfganiuiifiauiaseuasii 7 2,000 seu/
™ a -l °o w o ed
wdl uaz 3,000 sev/Anil InsilansenseyiiuinSeseudi
Msensiingean 80 Tadu-tuas (80 N-m)
' -
asuasslulasiausenled (NO,) vosASosUR
a & o & o o a 8 o
Faanuidifianniaseunsii 7 2,000 seu/and dhulu
Todwaanisiulrdudv (POB) wazidululedwasin
¥ o a & v &
dfuUrduAuiviulssauainuaalaenisndugn
(Redistilled POB) Uapelulnsiauaonles (NO) NINTU
Y @ oa v o w -
niTuflaiesas 1.73 uay 0.06 A ualdiu v
ANsIsauAsil 9 3,000 seu/undl dTululefiwasin
Yifuurdudu (POB) wavdiululedwaainirdulidu
fufiuFuussnunmudalaensnaud (Redistilled POB)
Yasglulnsiausanlas (NO,) snduanidufimasogas
3.30 uay 2.86 muaiy Amanslunsmlusugiuvislugy
-l - < - 13 & '
n3 uﬁ%’/lﬂ']']ulﬁ'}i@l]'l]@ﬂLﬂﬁﬂﬂﬂuﬂﬂsﬂju ﬂﬂiﬂaﬂﬂ
lulasiauaanled (NO) Wintu Lipsainanusisevues
o ed & o 9 v a o v X
w3eseuAiigedu asilvinamgiiluiosnindigedu duwa
' ' ¢ o -1
somsUdeslulasiaueenled (NO) veuATouAgITY
aulusae [13]

Nitrogen Oxide Emission

“000

Nitrogen Oxide {ppm)

™ Diesel

» Poe 100 a3 &

B Hedsstiled POE

1 @ Full Load (80 N-m)

J - Moo p: o
U 3 maFeuidisudiinalulasiausenlsd (NO,) #i
' o o ¥ oo a
Uaesnasainmswn nsilueiossusainisiusiinnngg
v e ¢ - <
nsUaesAsUsuNauanlys (CO) vouA3Iasuus
a & o & o o P )

FeaamuiSiianuniaseunsii # 2,000 seu/und thiulu
Tofwavndsiuurdudv (POB) wazusTululefieasin
¥ o ¢ a d w v o ¥
ifudidufviivivdssauaimudalagnisnaudn
(Redistilled POB) Uassanisusunausnlas (CO) anas
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nuiwadesar 4.76 way 6.39 AMuaRU YL
AnaEiseunsd 71 3,000 seu/uni dsululediwasin
thifuunduiu (POB) wavihifululefwaanthiulrda
fuivsuussnmunmudalasniandudh (Redistilled POB)
Udesarsusunauanled (CO) anasmmisiufivatesas
12.75 uay 24.16 mud1du dauandlunsmunugfiuisly
U7 4 waziirudisouveuniaseusigaiu nisudos
Arsusunauenled (CO) anas tpnUSunmeandiui
dWunntuluiesnlnifinnnuigasevveniossudii
g4u Sufnandadiu vidednsdunansswahifuiy
anadunuvdrunanuns Ghiudsunades a1nie
USumuin) aan%muﬁﬁﬂ?mmqa"‘ﬁvﬂuniw'aumi
Fuarlaeluagyiliansusuueuanled (CO) awisa
wasuluduniueulasenled (COy) Idundu dwald
ﬁuw;wmms’uauuauanimﬁ (CO) anas [13]

Carbon Monoxide Emission

Carbon Manaxide (ppm)
RARAED DR
S

FO8 10X | FEVE Il | "’. ;1() |
Frdistited POB i\ 126 5% 7A | 1 ‘?7 A |
M @ Full Losd (80 Nem)

o k. P 3 u - | P o
U7 4 manfSeuiisuUiinumsveutouenled (CO) 7
. o o Y o a1
Uassmdsnmswniviluisssusannitusiameg

asuassasusulaeanlad (CO,) vanIaseud
a g d < 4 4 a 3 o
FuranyuisananuEIsaua 712,000 seu/uiit dduly
Tofwaginindulnduiu (POB) uavtdululefivaain
g o a 4 o <& ¥
ifulrdufviiviuussamninudalagnisnaudn
(Redistilled POB) Yansariuaulasenled (CO) anas
& s 5% %
NN uAwasesay 1.60 uaY 3.69 AUAINU VLT
{ & LAY
AMaIseuadfl 71 3,000 seu/ui diululedwaain
dhifududv (POB) wazinsiululadiwaaininafulidu
AuiuSuussnunmudalaenisnaus (Redistilled POB)
Yassasuoulaeenlas (CO,) anasandndufwasesay
3.41 uag 11.67 auaau dawanslunsmuaugiivvisly
U 5 wagfinnaiaseuveaiessudaeliu nsudey
< 3 & & a P Y a
arfvaulaeanled (CO.) WinTu tRendasivuium

mfusuuousnled (CO) fianas ilasanmmuaiietud
adurwluneuniid Ao Usinaoendiauiliiuduazsiili
Arsuounsuenled (CO) arursawdsulvidu
m%u;nﬂﬂaaﬂi-uﬁ (COy) Idnntu [13]

Carbon Dioxide Emission

-
-
3 :
2
: :
B H
2 Le
S -
§ . :
3
W Diese Al L)

‘ P14 @ Full Load (80 Nem)

L
31]17" 5 msSsuiisuuSinaeisueulaeanles (CO,) 1
Uéawﬁ"&mamswﬂwﬁluLﬂ‘%‘awum’mmfwﬁwﬁmmﬂ

nsddeslalasafueu (HO vounaiessudiia
m;m%aﬁmmﬁﬁaumﬁ #1 2,000 oUW thsiuluTe
fwaanniuundudiv (PoB) wavisiululefiwasin
difutrduduiiviuussamamudalasnisnduda

(Redistilled POB) Udotlglasarduau (HO) u1nTuan

Thifufwadesar 76.45 uay 1837 mudidu vauedl

AuEseunsit @ 3,000 seu/unit thsululediwasin

Thifuhdudu (POB) wazthifululefiwaanituhdy

fuilsulssamnmudalaonisndudn (Redistilled POB)

Ydntlelasariuau (HO uanduantfufiwaiosas

30.56 Uag 3.73 auaiu dauanslunsmuaugiuvisly

gﬂﬁ 6 uazﬁmmL%ﬁawmm%awuﬁqa'ﬁu nsUane

lglasarsunu (HO) Wiudu Wunaieniemnainnis

Udesarfusunauenles (CO) luuSunuiianas wavdwa

davsuiauaifusulasanlusd (CO) Miiudu 1ilosan

dndu vdesasdnnanszrih e nmdusuy
drunanuns Fadnsdrunau s niiufuenALUY
drunanunaiy sxvinldnsunsnszansvendadlvanas
yinldrunanusdrwen ndlaunazimdaundulede
dmalianmsvaselslasansueu (HO) TuUSuaiinntu
[13]
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Unburned Hydrocarbon Emission

X e
§ LR
e LR
§ " [
g -
2 .o
b3 . »
3 -
5 ‘
5 .

2000.0¢ 000,00

- Do 6 00 M5 50
PO8 300 1 4500
O 108 857,00 44,50

R @ Full Load (80 N-m)

35U 6 msiSeuifisudiinalelnsaisueu (HO) fivdes
. 4 P D
s s inilueseseudnnmitdusinnieeg
o . o &
1NFUN 3 - 6 3gNUdn NAINLEITOUVDS
- ca g a1 o & -
HAFDIHUACLTAVHULIINAIAIY 91 2,000 79U/UIN kY
3,000 seu/unit dsiululefiasntifuldudu (POB)
Y - ¥ o ¢ a & o v
warifululefiwanimidulrduiuiviuusnaamuas
Tnun1sndudi (Redistilled POB) Hin1sUasslulasiau
aanlud (NOY [15] wazlalasarsuau (HO) TuuSuud
¥ LY ) '
unFuaniiiufiea susiiinsUassaiusuNausnlan
a -
(CO) wazmsuaulaoenlan (COy) [15] luvinmnianas
Y P awv & &, Y a o
nifufiea feannnuifetivstin dafuuadudud
dJiuussamuninudalaenisndugn (Redistilled POB)
aursnaansuassuadivlauinninidululedsasin
A 4 B y
Undudrdudu (POB) Funmungdmsuilundsnuniadsn
Tusunmnsaly
5. @3UNan1Iaaeg
1n91u3d8d Tunisinnisudesuafivves
inSastuARmansTY SnnamsTanuda daiilule
fwaginiulrdufiv (POB) wazihdululefiwasin
¥ o a d ., U
dfuUrduAuiiviussnmainuaalaegnisndugn
(Redistilled POB) Wu finsUassuafivlulpsiausanled
(NOy) waglalasarsuau (HO) luusunaiuinuainisiu
a aa ' < <
flwa vuziilnisUassarsueunsuanlen (CO) uag
™ ) ¥ v oa
asusulneanled (CO,) luvSuruianasanidiufiea
4 %3 o ald o v o6
Fauhdudaduaviiviuujenunmudalagnisndugn
(Redistilled POB) @u1snannisvaasuafiylauinnin
driululefwaainirdiuududy (POB) Famangdmu
o S oy o g
Wundsnumadendnunilnafoisvivihdudiwalu
mathanldlusuansely

6. infinssuusenia
Bﬁﬁ'}'ﬂmamuwszQmﬁmﬁwﬁmmsmémﬁa 4 uay
5 uinendomaluladasund dnfueiasiouargunanl
Tunsvihendde
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mawsuiisuguent® uaznsanuseuaivwenhiululeAwainananbduhduiuwariuiu
Yiemsfllduda
Comparison of product quality and exhaust emission tests of different biodiesels from crude
palm oil and wasted cooking oil

a 1 o 1
wasd asaaEln ¥, way Mg deaassaing

1 o a - o W a a « a @ - - - - -
ANUIVNIANTIUATONG @TUNIYVIAMNTTUAENT uﬂ’]’lﬂﬂ’\ﬁﬂl‘ﬂﬂiﬂiﬁﬂﬁiﬂﬂi qums BAUDY LUATINTANT 30000
*HAngia : E-Mail : b5107926@hotmail.com, Tnsfwyi 08-8224-0171

UNAAED

ﬂ'ﬁ‘[ii"‘:’mqm"uaawﬁmﬁLmnwmﬁuﬁa dufududusaziiiuiemsiliudlunsudminiululedivadae
AYUIUNTST Trans esterification  Tnensidansdmiuihiiululefwasinirdy (POB) wazihsfululofizasiniaiu
viemsitliuds WoB) mananisfululefieald Methanol uax Potassium Hydroxide udissisen thifulule
6'1L%aﬁuﬁvﬂﬁfazgnﬁwmwﬂuﬁufwﬁuﬁmalué’mhwm‘] (10% - 15% - 20% POB and 10% - 15% - 20% WOB) uaz
voaeuluriewudfivaguidenfiofasniiudosuaiy sufiaauauifainennelsuinsgiu American Society of
Testing and Materials (ASTM)

PnmsAnwru thifwhewmnsilddamnsandnduiiululefealdfesas 94.92 snnndnisuududu
findnlsFonas 84.50 malddoulunisudnifeaiu q;uauﬁ'ﬁé’ﬂumwwﬂmaqﬁwﬁﬂﬂaﬁmamnma‘uﬁuauﬁu'&wﬁu
Fwanndndin, ﬂfwﬁlﬂuiaﬁuuaaJ1n'lfwﬁuv'hmmi*fl’l‘i’fuﬁaﬁuauﬁufwﬁuﬁmav‘mﬁﬂdau wazthiululefisasnthdy
100% (POB 100) e liifusnasgrunsugsiandwiudmiviaiessudmanunsiinimuali (aifiu s st endu
dhitululedmanmbsuyennsilduda 100% (WOB 100) iiunasgiufiivun auaudAsumdsivues
dﬁé’mﬁimummﬁﬁﬁuﬂna'f’:aehqﬁ'ﬂ'wL\’Jtﬂ.ﬂmummiwuniuﬁjﬁawé'qmuﬁw%'um‘i"'mauv’nmimmiﬁﬁwuﬂﬁﬁa Taiifu
0.920 wazunnd 45 mudwuanmsianelinnsg ASTM

wena il HansiaAImsUdeenafivnuin USunaes Carbon Monoxide, Carbon Dioxide uag Unburned
Hydrocarbon  amnmsliifululefisamniniuhenmsildudinautuiiufisanndaduiviinuenas sndu
Nitrogen Oxide TildopoanamBuaunnni idewfeuiisufuinieseudupeilidniuvadudemas
Fmsn - Wledwa, thifuundudu, trsiuienmsildudn, Qmamﬁﬂau%mwa“\a uazmstdesuaiy

Abstract

Different raw materials from crude palm oil and wasted cooking oil was produced based on alkali
trans esterification process for palm oil biodiesel (POB) and wasted oil biodiesel (WOB). The production
process uses methanol and potassium hydroxide as catalyst. Biodiesel quality products has been investigated
in order to use in single cylinder diesel engine. The influence of different oil on exhaust emission from
internal combustion engine was studied. The biodiesel blends in various fractions with diesel (10%-15%-20%
POB and 10%-15%-20% WOB) have been characterized for fuel properties under ASTM.

The results were shown that the higher amount of WOB fuel yielded at 94.92% than POB fuel
yielded at 84.54% under the same weight of raw materials. Fuel viscosity values of all POB blends, all WOB
blends and pure POB fuel provided under the ASTM standard value (< 8.0 cSt.) for low speed engine whereas,
pure WOB fuel provided the lower viscosity value than ASTM standard value. All tested fuels including POB
and WOB blends, pure POB and pure WOB fuel provided the specific gravity and cetane number values under
ASTM standard values of less than 0.920 and of more than 45, respectively.

In addition, the results of exhaust emission from the engine showed the effective decrease of CO2,
CO and hydrocarbon in the different conditions of consuming all POB blend and WOB blend fuel which
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compare with the result from using diesel fuel. However, high NOy exhausted from the engine using all tested

fuel compared with using diesel fuel.

Keywords : biodiesel, crude palm oil, wasted cooking oil, fuel property and exhaust emission

1. umh

) 3 o o & a4

weswnanunsaivduidulutagiuil Fahay
% o o R O '
idiululssvandaargeanitguiwinalszieesi
wiadeiunlinvesneianauiowinansadienidiiiu
Undudulutszmatiinnduly Tusaefriuionmsild
udtiu ﬁmi'FNﬁwﬁuv'haﬂmim'i'il.l.é'aadg:amwmz UED)
iludmhedeniiendn Sedawansznusieguainues

v o« 1l a

Uszmsuuazannuandes ineilunsduaiunisuyssy
$ o ¢ a ¥ o o de v v o da
dfuvrdufveazinduinenisildudanied
melutszmendundanunadon Tuvisdianusadae
UsgndadunsisUsemainmsdudingiu wasdaiiu
ATRINIAULE TUNE s IUAINRUIUT Yy 1LATYERY
woLfes

- a au a v g °

FruninwitearoFeansiiiiuinaiunsati

3

drfuidufvnasinfuinetvisitldudiundadu
) a v . " o
ihifululefwanienszuiunis Trans-esterification Lite
binuanfvesiiululefiwalndifesiuiudiea (1
o . v ¥ e d a g o
4] wazéanuin mstidniululefwaindnainuiiu
a ¥ o o P! I o
Uraufvnaziniiusiermsilaudrarunsanansauiv
diudiwals 8nvisditsannisUdesuaivainmaduaiy
melupisseudnwaladnindiewSeuiisufunisladniu
fwa (5 - 6)
Yoo = a o o ¥ o ¢ a g o
idefafimmaulafivsiniduthdufunas iy
v v ¥ ‘
viemsildudauudsglidudiululefiga Fudu
1 - - P - ° o - | cat
wiwumadendnuiwadendmiudldiniewuddiea
TaaldruirSesaudiieasaudn niotnsosauniilinig
o ¥ o o w o wa o
mManyns warinfuinussuudiluinanand® saud
o ' a o o o
JannsUassuaiunainisduaiunigluiniessud e
wansbiviuiiadszlenfainmsudsyuindudiduiuuay
ihsfuviewnsilduds venantdudunsduaiuliusiay
a il o ¥ w a ¥ o o o
guynlugiiniadeqinifuuiduiveazinduhe i
ugadifiod wuusyuiliudfululefiwadmiuldiu
RS RsIUANTATOURT SLATDIBUANIIMSINYAS
a4
2. nquiifideados
2.1 nssvaumsuivu paaamhiuunduduues
thifuemmsiflduds (mevimhilululedion)
13 Trans esterification Ao UfiGemdnteamas
(Ester) 9nansidufe ueaneseduazlnindiwelss (Tri-
glyceride) 3elandiwelss (Di-glyceride) wialulundive

aas

156 (Mono-glyceride) §sUfjisunamsaiinfuldvisseuy

4 i iman : I
TfenssaufsenazlifiasiseUfite
o o

1
- 0-C-K

Ch-0-C-R

|

| o o CH; - Of

I I 1 |

o -0-C-K 1 CHyOn - 0-C-% + CH-O1

[ RO |

| o o CHy - 08

| 1

Ciy-0-C-Ry Wy 0-C-Ry

Trighpceride Methanol Migure of Fatry  |Ghwaren
Esters

JUT 1 gUuansufjiien Trans-esterification lums
Yfuussnaunmessansnsiu wiensvinisiululefiea
a s .

1n3U7 1 lnsndiwelan (Triglyceride) Ao nIn
G~ o5 o & o ae
luffudaszanuluanasusianiy Faduarseduiiaeldiin
Uijitenuueanesed (Methanol) Ineiiang (Potassium
Hydroxide)  1ludssnisiinuiiten wasnaniniild
waannsifiisende weaes (Ester) useuniiulule
o a
fwanaznilwesea (Glycerol)
2.2 puuenliveniufudewnda
2.2.1 amdaswg (Specific gravity)
dnsndIureIAMUNUILLuTesarsuilsiendu
3 P a o o
MuLTe A sIRsEIUT oM linazA R UREITY
- i vaa 1 " v -
Wuudinail$fia (Dimensionless) wivuszygamaii
D . % o
vadou dmivvenvalatsunsguAen arininanu
295 uwgan 1 wamh ansiifienudedumiging
o B i TR i
1 aevihls WudermmusaudRvesufiawasinfiuomas
- v ¢ < - o ol v
Faduwusivesdusznaumaaiiuazndanuiildannnis
wlusd aumsdumizauuinsgruiiululefiea
° ' o a
fvualugie 0.86 - 0.90 gaumgil 15.6 varvaidoa
PuIBVIAgaY ASTM D1298
2.2.2 aramilaAuuain, aunilaleamand
(Kinematic Viscosity)
v ] oo
mumunusen1sivaveseumariinaelaiuss
3 o a o .
Tiudeiguugiuinsgiu Wudnsdiuvesraunila
launiind (Dynamic  Viscosity)  sionaumubuures
' " a 2
Yoswan wihadumssuiunsaeiuni (cm’/s) uie
dalan (Stoke) Hnasiozuinveazeaniiiufidaanda
=N WY yem e mur e
ihiufifianuniafiuuuiings dadudeslid liavess
whiiurunalng limswnludlianysel ihduiiiian
wilaAuuAniiiuly avesniiuazidenun uslunaly
| ¥ o ° a
Inawinfirs inasgruiiululefiwarmuaauniinAi

ENETT12-RE-40




214

msUszgpfinnsiesetiendsusinisanelneaisil 12
Fufi 8 - 10 e wei. 2559 a Tseusuedumi Snedh v fugylan

uudnluzae 3.5 - 5.0 lwualan (Cst) fignugi 40 seem
waidea naivndeu ASTM D445

2.2.3 asndu (Distillation)

ns¥anisndudy axFanieliuinsgiues
American Society of Testing and Materials wiigziu
wmsgiuvessianisndu Feide ASTM D86 Fufiunis
5’mqm‘mqﬁ‘umminé"umaa&ﬁﬂ'uﬁ"aasmﬁ 50% vosUTUu
dhituiaedns Tnelditudedsluntimaaeud 100

ad® o

fladdns uanhluldeuieusuigumgdinhduiedn
- o e o -
Gundud Tunisneaevaziinsfmuaideulalunis
vedoude snsnslnavenhiufindueeninld auiirned
S84 4 - 5 Haddns/undl
‘ ¥ o G
gaumiinisnduveniiuty szdinadisgae
- & & v o v
AUTTAUYTVOUATOWUS N1INAUEUAY (Initial  Boiling
Point, IBP) LazqaLden 10% (10% Evaporated) 1Hudau
B - vi o o diad
wdendt “Front End” fisumielddefionmaianiete
| a v o
WinSessudamininirslunanddeloniaduy, s
ndu 50% Wudunataionit “Mid  Fill”  nie “Mid
) v ¥ 4 a_ & 4 qv
Range” ludauiiszelduniudliogumgiiageiiu teld
o v & v o o
wsesudsoudu (Warm Up) li5s dnsnszanedaves
3 o o } v_ o o v o v o
ihiulddeguingg Idainasedudsliisaniedsisey,
nsndu 90% JuduminiSendn “Back End” Wudauii
Tindanuiundassuduasmsussudationads dradouiil
gamgiigunniiulviniiuvsrszinehinuauazlnaru
ca M v 4 4
wnaugnguasluyvilminfuiriesiieaisas (Crankcase
Dilution) wawidennmamiia uazn1snduanting (Final
Boiling Point, FBP) duiliansinildiuntnuinatuinties
" v =3 v - ' v e
ualwu dyaidlenaaneuaszgaiion 90% unnsinafuiiy
30°C onaiindgmidunnuazenlueanilnsivaz e
wwugnaulel
2.2.4 #il#inu (Cetane Index)
o ¥ o s
dormunaniAvenihiufigaiivavenannmnis
9afnly (gnition quality) wienswiasinlu (Ignition
d o ¥ o v v v a_a v
delay) ilodmhsudhgiearnlndauindalnldies
3 o o da - < '
iilufiwaiifirndimugs fesdusznounsfiulgnsaunn
o a o a =l a
Yinmansuelsuuind1 yadnlwiia inseseudaniinia
de wsessudduibou Todelifaniurn dualdan
ANUEANTUNIE APl wazgaiienAInals (Mid-boiling
point) Yosaium3ABIATFIU ASTM D976 w30 DAT37
% o oa 2 do ' 2 v A A i
iiufiwanyusfismieluiomaiasedduigoml
gt 47 wasgrniiululediwamnuadeildmulian
131 51
2.3 nsUsesiafivduwie uaznsstiluafiv

Tun1svirnuveuniessudnludneluaziinng
' o a ' a o
Ugeslodeiinainnswilmisznindemasiverme
o PP da_ . -
28nN1INLATEBUR Talldrulszneuninedlndunaniy
sonluavaslulasiau (NOy), arfueuueuenled (CO),
lelasarfvou (HO  Adluwnlngd wazansavess
x oo a
(Particulate) AMududuvesufamduuafivlulodeves
- o o ' v ' v
wnseseuRinazgnindudiilududiu niedevarlu
- ' a < <le - P a
V3uws uawrsdwesnldiunsiieuidsuasiansan
Uy 2 dnwug Ae dnrsinsinavesunavafivieniae
fdeilonnun Fonin “nsvaseuaivinnie”  8n
dnuaznilsnfesnsinslvavesnayafivieniig dnsn
IraveadiomdsiiSondn “assolinsUdesuadiv”
3. Basiuiuau
a o Jlu . o a < . -
ATeilawvinsanduenuiu 3 dw e N
uamhsiululefiwalude 3.1 mylannaniRvenisu
Tuide 3.2 nazmsiansudesuaiivuedndeseudlu
siate 3.3
¥
3.1 nswdauniululefiea
- a % o - v aaa
Anvnszuunmakdminiululefiralaeldufiten
Trans esterification  #a¥ngAuiildlunisudniniiulule
a v 1+ 8 o o g o o v v
Faldud diududviasitusihemsilléuda waz
Wisuleuluureshduisassussinnmdaindiu
a 8 o o a
nszvrunswanuhiululefiwaudime feulumsuin
P, o
Weniu Aviumouluzui 2
wnueduneuntninishilulefiensimidhadsiu

waniaatm Mo

“imarnunldifen”

| it retranct vmin ol shamiiinued
20 yontnednmhdy i
Potassirm Hycroesde Hsdanruduil 1207
1% vwedmedml oy )
I sy dz‘imocﬂﬁ\nd
e Fotassium fedmedmbdhy 400 nfe
Hydrasde peaily )

L il Trans-estedfication #
50°C i 30 il
b

Methanol #70 Magretic |
Strrer 30 Wil

mJ-Ad—\ﬂwM'Lma PET
oven e nl\a‘ 26 Fln

“ Glycerol ean

oo it
U wmaty
T
A S i
Ewmlduiehakhgamed o
i
mechifwsldtuned wie

uinitudailadhiinengl 1200
¢

Ry deanmsaldfiu
rrusdheiui

4, B a4 o —
sUi 2 mumaumwﬁmmuﬂu‘[ﬁﬁLﬁiﬁiﬂa’lﬁmgnim
Trans-esterification

ENETT12-RE-40




215

msUssguimmaesetnendinuuiissmalnenii 12
Fu 8 - 10 Aquiou wa. 2559 a Lsawsuisdund 3nedh vdivglan

ntunsunsudnidululefiwaluguii 2 lu
Jumeunisuenduveshdululefwaunas Glycerol 1y
4o B ¥ oow oo oa do e
diofiansuwentuiniviulefiwanifaumuiuuiisend
Glycerol avastagsmuuumila Glycerol @wsauaaiiu
nsuentuldagednnudieniar deiiuandlugi 3
wazdunouaavendnduladeananiiululafia
wdy arleinfululefiwavinuidurduivuagdniy
o 41-1 v ow d =
yhamsnliud faiuansluzuil 4

Ui 3 nsusndureniiululefiauas Glycerol Tngil
thiululefieaszeyduvumile Glycerol (v21ile)
ihiululefeaanidfunduiy @ede) duiululefiea
Pnhuhensiliud

Uit 4 duiululefiwasndiuiduiu (unfle) dhaiuly
Tefwaaninuwhennsiliudn @heite)
3.2 mdnnuautRvenintu
rouminhdulyinauant® aztthululefivad
uanldlunauiuisiufisalneld Magnetic Stirrer nau
nahumaiuiuilulefwaiiunen 30 uiit suan
Tupnsneii 1
M99 1 minu.amﬁm?hu'lumswauﬁ"lnﬁu\lismwﬁ"w]

a_aa

(ngrautvlaiiuusiazyszianiiusuna 1,000 faddns)

R 4 oy (addn) ‘
Sk MJ iRy sy
" pel0 | 90000 | | (30000 100000 |
PB1S 850.00 T o0 | 100000
T Pe20 | 80000 | 20000 1,00000
coBl0 | 90000 10000 | 100000
cos1s 85000 15000 1,000.00
o820 80000 20000 | 100000

vanewe, : POB Ao thiululeiwanmiiuiduiu uas
WOB A thiflulefwaaninsiurhemsildud

O ACH I S IT - (R PERRETIE SR PO
whmaq\fwﬂu TouA anumila, AudeswisLazAm
WU, qmwn‘.ﬁmsna"'uﬁ%'aaaz 50 wosiegsguil
ldnaaou uazdArdoddinuareliuinsgiu American
Society of Testing and Materials (ASTM) TngldiA3asile
SnnauaniRvdinine i 5 7

nematic Capillary
Tempering Bath High Temperature uaznsianumile

meliunsg ASTM Dad5
o :

sUR 5 1a5esile Viscosity Ki
3

p v i o v a
EU'H 6 msiaAAMuasmmelelnsiines
(Hydrometer) Mmeildunnsgiu ASTM D1298
— ~y =

& A g 3 3 v
un7 \A303ile Distillation at Atmospheric Pressure ¥a
aaumpilnsnauniasay 50 vesiiegrniiiuiilivagou
MelAunsgIu ASTM D86

ENETT12-RE-40




216

msUszgpfinnsieietiendinuuinisanelnenisi 12
Fufi 8 - 10 e wei. 2559 a Tseusuedumi Snedh @ fuglan

3.3 myiamiudesunitvrsaniewusd
Tan1sUdesuaiunasainnisduniunielu
in3osnst dur Nitrogen Oxide, Carbon Monoxide,
Carbon Dioxide waz Unburned Hydrocarbon laenis
InAtn15Udes Nitrogen Oxide Wwaz Carbon Monoxide
1#1n3osilonuafiudiie Testo  fu 350 d2u Carbon
Dioxide waz Unbumed Hydrocarbon ldin3esiledn
uafiwdvio Horiba fu Mexa 5841 Tne¥anisudessatvy
Nninfeseudfivaiiifoyadimne fefluanduguie 9
Fefanddesuafivuonnioseuniinruiasounsdl 7
2,000 50U/ uasiinsEnsEhAUIASeEUS 4 wuy
[ Spedification Data § R
Model 170F * Single Cylinder Diesel Engine
* Vertical, 4-Stroke sir-cooled
* Direct Injection Combustion
* Overhead valve

[ Bore x Stroke (mm.) 70 % 55

[ Displacement {cc) | 1

[ Engine Speed (rpm) [ 3000 | 3600
Maximurm Output (k) [ 2mm | swez
Mean speed of piston (mvs) | 55 [ 66

[ Mean effective pressure (kPa) | 4432 | a9

[ Cooted type [ Force air cooled System

Pl o oo
U7 9 infewudfiwaililunuise

08 Topmutay  Tonp watw A fow e e

o=
LY 1

Esraant Gos trayion ™ 1

< a & 0 : a
U7 10 madiasivgunsaiianisUdesuativ

23Ut 10 qzuammsﬁmﬁ"ﬁqms:ﬁwm']zi’w%'u
nndevaNTINUzIBLATassusiEa U Taulufines
(Dynamometen wuuldifumsensehieiniosus
(Water Absorbers)  gunialingamgiives
shifuiaes (Oil Temperature meter) gunsniTausadn
(Torque meter) gunsaitaruialumsivavesernie

Brake

(Air Flow Rate meter) saufisgunsaiiannuiiaseutes
= 3 # o .
1A3eseun (Engine Speed meter) uasnsinn1suaes
wafwaziniiviolodafidenanuianniaTesaud laald

o ' a o d <
gunalluniriansddesuaiiy duiuandlugud 11

A ~
U 11 (ndie) indosilodonafivivie Testo Ju 350
(#eflo) efesiioTanativiivio Horlba u Mexa-584L
4. Han1INABSY
wanMRan wagn1seAunenanIaasuuiiu
3 @ Ao HANSNAABY LaznNTeAUTIUNANMINIAADINT
mbhilulediwagnthsiuunduuaz e rms iy
wdeeUfji3en Trans esterification Tusite 4.1 wanns
yeaey uarnseiusenanIiaasin1TinAauandi
waznsudouuafivyes
wieseudaminiuszanaradluide 4.3
4.1 HAMIVAABY KALNTIONUTIBHANTNABBINTS
ymhfululefwannbsunduuasdhiuriennsild
ufeUfiSen Trans-esterification
nmmeassihiululefimagnisuurdusae
U§ifi3en Trans-esterification § el fuunduduuay

S ° <l o 1] ) o
Uiy msilduariiluarsdedu 400 n¥u w1y

f19qestuluiide 4.2

UfiA3un Trans-esterification  Tnsfavumidoulvie
fvuslild Methanol wifn 20% estiminhsiudndy
fuuazihiuiewmsiilduds 1 Methanol aeiithnin
80 n¥u uazldiansaujiten Potassium Hydroxide wiin
1% vauhmimhiuduavuazdsuiemsiliuda
Hafife 4 n¥u wWiUFATe Trans esterification 7
gunail 50°C 1Tuan 30 wiil wdwihnslana fe 1
ihiuluTefwasnthiundudvuas dhifuiemsild

o ¥ o o o ' a ¥ o
uddniwmin e ulumearerazvesmaindiiulule

ENETT12-RE-40




msUsygainmaaietendinuwinissnalnenisi 12

Fu 8 - 10 Aquiou wa. 2559 a Lsawsuisdund 3nedh vdivglan

¥ o

o Y o ¢ a H o o v v
fAwamirdulrdufunazdiiusitomsiilauda aan
L
aunsauansil fie
M i - a ¥
Sovagvasnsiiauniululefiwa (%) = [wmthues
difululefwannminfulduiuuavinaiuriemnsild
v o 3 . % o ¢ a 2 o
U (n$u) x 100)AhwtinvesidulrduRuwaziingdu
Fewnsildund (n$u)
o o o o ¥ o ¥,
319N 2 maevuiineansyiudululensaainueiu

aaa

tdumeufiizen Trans esterification

NYMRADY

| ohidl1 [ ofel2 | ofdls
thdadiy (nd) | a0z | eoo06 | 40032
| Methanot (nfs0 8020 | 8001 | 6038
[ Potassium Hydrowide (1) | a2 | ao8 | am
| qemgdllunmvinigfin 00 | Ts200 | swo0 | sio0
|aefftummhuien 000 | 3000 | 200
| sl shiulofess i didy (h) | 34050 | 33260 | 34126
| Fahilvloheosmbdhnidody @edfan) | 0012 | 39042 | 40054
|ty (i) 910 | 5744 | 48&2
) 1023 | 9s8 | u02e
| Soeme veanmAmbuhululofien (56) | ssas | 15 | es»
| #nafetoues vounaedaiivishon 06 | 83,54

< o = o ¥ % o
M99 3 manduiinaansyinidululefiwaannnu

ana

yhawnsiliusimeufiisen Trans esterification

: (r1A88
ol [ ol | okl [ b
Farduds (i) | s0se | acoer | a0ss
| Methanol (n#30 y 8045 | 8039 | 803
|Potassiom Hyoronice () | a9 | 406 | 402
|omgilunmbijfn 0o | s200 | ao00 | s100
[aeRflummuiie ) | 3000 | 3000 | 000 |
| raldtuleRerhadui (n89 | 37506 | 36948 | 37246

| Fuhululofenemshilldud: Gofdns) | a8 0900 | @649

[ Mrwndwetu ) | 6215 629
wgnede (i) T [ 2sss | sue | 2810

| Saene weanmimiulululofn (%) »e | %z | 92w
[inaletooss it ioles B0 i B

waiialdannnisvaaes 3 afetu naaaeflday
uansoonifuAnRisiesazeeimsiiatiilulefiva
nihsunduivuazisfurinomsiléuda Feinms
npans nuih Awdedevaramsimiiululefigan
Hafutrduivuaviniuiiemsildudaiiaumafu
84.54% uay 92.94% MUAIRU

4.2 Nam MDY WAEN1IEAUTIINANITNAABINTT
Infrmmanirneqenhity

n1s¥arnuantAnegvasiussianuauda
18lfu1nsgIu American  Society - of Testing and
Materials (ASTM) &anafildozuansdslunisisdl 4

a o 8 o
f1371971 4 mseduiinnanisnageuauamussiiulule
feaainuuiulduiu wazidunauyseinnmgg

wundn | mrachebuwe | wrannatu | mandu 50%
Umum | (mmiys) ‘ #156¢ (g/m?) | vewhiedn o
AsDats | ASTMOIZ8 | AsTMOIZ8 | ebeco | AT O
| ASTI D86
“Diesel | 35066 0825 82423 31600 6329
|"po10 | se150 08%0 82923 32400 6207
8IS | 37958 0835 83422 32800 6053
| "po20 | ss0s2 0835 83422 33000 6064
|00 | 73385 0870 89.19 35600 5008
['coeto | as200 083 ) 32800 | 623
| costs | amoo 0835 8422 33400 6084
['con20 | 49800 0836 8622 33600 Y]
|costoo| 105700 | osrs 87419 | 38200 | aTes

. Yo v a T o S a4 d o
anaudRnuauniinvenihdululefiwannia
nihduldufviaanuuniiaunnniniiufigaiosay
3.09, 825 1134 waz 109.28 mua1ay druundiu
emsitdudafianuniauinninirfuiisaiovay
-
28.90, 34.32, 42.02 way 201.43 A wany Fsauvila
Huszilnasonsnsyaednluavesmssveninfudiegn
a v v v & o v ' v oa
daddvesunlud aunilafidesssdwmaliiiants
nsznemveaiuldd dewaliniswnlndauysaluin
kY
899U [7 - 8]

Fuels Viscosity (ASTM D445)

10.5700

1000

Viscosity mme/s)

000

Fuels Type
WOesel WPCBI) WWOBI0 WFCRIS W WOBIS
WOB20 W POBI00 B Wi

| W POR20
— i W s ¥ o a
U 12 guuansrnanumiiaiinldanindusiinnieg
ANANTRAUAINENT UL AINUINLLYDY
drdululefwafindnandidulidudviidaraaiu
8299 mNE LazA MUK UILUUNINAI U T U laSa Ay
0.61, 1.21, 1.21 uag 5.45 aua1nu daudsiuyiiemsi
THuaafinanuaisdmizhazaunuILLuInnI1i Ty
flwasouay 0.61, 1.21, 1.33 uay 6.06 ANSIHU T
ANNANIUIZIIN USRI AN uRe U engTu
anasty sulufsinlduiimuanas inldnsenlmilu
" p ¥y
vior lmllalauysal wazdranunuiniuvesindugs
Snsinsinalaemavenhduiiavgelu dwadesnsinis
& - & a o ) X o
Funfoadamasiunginnnduaaluse 7]

ENETT12-RE-40




msUsygainmaaietendinuwinissnalnenisi 12

Fu 8 - 10 Aquiou wa. 2559 a Lsawsuisdund 3nedh vdivglan

Fuels Specific Gravity (ASTM D1298)
D.ESD ot PO

D.BS0

235 DA36

TH HL

Fuels Type

0B40

Specific Gravity

14
]

Woewl ®POBI0 EWWOSID M POBIS

WOBLS

W POEN WOR20 W PORIOD W WOBLOD

o . e oy T e
U7 13 sUuansAranuasd e inlaaniuiuiia
7199

Fuels Density (ASTM D1298)

87819
86919
S— 6,22
1] I I

Fuels Type

BE0.00

Density (kg/m?)

WPOBIO WWOBIO MPCEIS WWORS

W POBI00

o ' 1 doww ¥ v a
SUT 14 gUuansrauamwiui inldnnhdusia
#i199

a o dw . ' ¥ o &lu
gamgin1snauiisesay 50 vasdiadn ity
nawveniniululafiwaiindnanminfuurduduiloamad
AsnausnAnIiuRwasasay 2.53, 3.80, 4.43 uay
12,66 amidndu duniiuiemavliudailgungiinig
naunnnItnslufileasosay 3.80, 5.70, 6.33 way 20.89
p - Y
MR Fegnuunglinisnauvesnduliy wdsmanegde
o e ) & ' =
ANTIAULVDIUAOIWUAAD N13NAU 50% Wudrunsyive
Ieunntuilagungiigetuiialvieseeudioudulisa d
msnszenvesiuludiguing Iainaueiudieli
] o
sandasiaiiou

Fuels Distillation @ 50% Recovered (ASTM D86)
| 500.00
0 3&2.00

.00 3560
| 400,00 422,00 32800 33400 330,00 336.00 26

31600 2
g 3oaco = N
¥ 20000 /
a
100,00
| ]
a0 .
Fuels Type
BDesel WFOBI0 BWOSI0 EFCEIS W WOSIS
W PCE20 WO820 W POBI00 ™ WOB100

3 ' a @ LA
U7 15 JULARAgMARININAUN 50% Yoei18E1
dhduiialaanunfuedasiieg

v o
ANNTU
S
1

o ¥ o a d a Y
Finuvanidululefwaindnainigdu
Urdudviiaedla

Hutosninisufwatosar 1.93, 436,
4.19 was 20.87 muddy daurhifuhemsiliudad
Fuignu Yesninufiwadesas 1.52, 3.87, 4.83 uay
2441 awdrdu Tnefiefeddmuasdudivsvends
pmannsalunnsHaufusEniteInALaEE o 1nde 8
wnefsgunmnistaialivesisuiudusidiudugn
dotngwoamlud qunsvinAnanliiy Gasszevianil
ai3und1 “anuarirlunisqadalv” (gnition Delay)
dhifuitiliAntassseznaridussiiddvifmuiigs ¥
Thannsagndnllaine, wsospusianiinanladelu
ansitilgumngiisvioaglutnmevun, wisseuifould
Satulaslaiinaturn uilususivrtuddeidmugs
Wuluidmaliadasoudlifidnds uasAdoifimuilgeoy
;iwaviaé’m'mwsﬁul.dﬁanfwﬁut%al,wﬁaaﬂm 8]

Fuels Cetane Index (ASTM D976)

80.00

329 6207 4233 gus3 G0 6058 6023
60.00 =i 50.08 4784
2000 I

Fuels Type

Cetane Index
B
2

WOBLO EPOE1S M WOBLS

WOB100

J T o o PR AT
U7 16 sunansrdvdifimuiidualdanindueiinnigg
& o
NNaN1INAaoslunTei 4 waglugui 12 - 16
nwuin paaudiduanuniavesinfunndediaidilal
WunAsunsussRand sudmiulaT ot uAnsINYAh
2 N v % “ Y .
fvuald (ldifu 8 ¢St snviuthiululedwasinindu
° a a o
io1mnsiilduda 100% (WOB 100) lifiusnasgiuit
fvua (10.570 ¢St drupuantisuaunadiwng
e e "o, SN
wazAwrdFimursnifunndiedrefidniuluniy
a 0ol o
wWAsgIUnsUgIAINAR AT UIAT seufnIsInYAsTl
fvualiae Liifiu 0.920 uavannia 45 auaeu [9]
Y . 4 Lo § o
4.3 msvassuaRvrsanisssusmniiulssian
#ineq
v v &g a
Tuiveiiunamsvmaes kazniseivsenanis
naassInn1sinnafuiivastoonuiaInlASaseus
o o o Y .
vidsannsaunUnielueessus Tnslumsianisuaes
a & = e a o 4 al
uafiuiy 1ASossuAiaUEseUA 9 2,000 SRU/ANT
o ' a
wazilnnsznszyinuinseeun luminevsusada 4 wuu
16un 0 5 6 waz 8 fasiu wns (N.m) muasu Faansly
JUA 17 - 20

ENETT12-RE-40




219

msUssguimmaesetnendinuuiissmalnenii 12
Fu 8 - 10 Aquiou wa. 2559 a Lsawsuisdund 3nedh vdivglan

Nitrogen Oxide Emission
30000
I
£ uno
) 2 5 4
289.7¢ 296,80 21,10
L]

389,00 344,60

1061
1165
EETE

1203 39197

o 2, B % A
U 17 sUnansmslSeulileud3unn Nitrogen Oxide

oy 4 v K,
Uapendsnmswlmiluaiesudnniniusiinag

Carbon Monoxide Emission

02000

Carban Manaskde (apm)

£50,00
660,67
38700
61233 165433

Loag
al 2
U7 18 sUuannsiUisuiiieuu3un Carbon
@ P o ) 3
Monoxide fidaewisanmauinilupioseuiam
iluriasineg
Carben Dioxide Emission

Carbon Dicide (% Vol

114

L0 418 400
342 £173 303
363 s06 450
34 38 119
166 599 500

108 345 316
Load
o — T
U7 19 JUuanIn1sUFBUITiEUUaM Carbon Dioxide 7

. o ) a
Yasevdnmsmnbwiluaiessusaniniutiian g

Unbumed Hydrocarbon Emission

3000

{ppeni

2 4000
3000

2000

8

Unbumad Hydvocaman

W Dzl
5

35U 20 sUnansnslSeulilsud3unn Unburned
d o o <
Hydrocarbon fivassnasannmswnlbusiluiaiossudian
Ungiuyiingae)
o ' a o a 1 od
ynnsianisUdesuaiuinsunugiuvisfiuans
P . g a o v ¥ -
Tuzuin 17 - 20 wuh msuassuafiwialiindulduiv
¥, oy v PR
wagiTuierwisildudnduiowds Ysuiuees
Carbon Monoxide, Carbon Dioxide wag Unburned
' a. R ood
Hydrocarbon  azgnidegeanunlutiinuiivesninie
o Qv s o o < & a 2 "
wasessunlgutufwaiduidownds vniiu Nitrogen
2 al | - v% o a
Oxide #UapgeanuuINnINdonIseudldinuRiva
& & a a o aa Y o a v '
Wudamas Wesndaiifmurenidululefwatiesnin
dsfuia wazlsuiiisunisvasedafivvenisiulule
Z W . .o 5 v
fwasnniulraudvivindululedwasiniidu
o dov v . ' a &
yhomnsiildua wuan lunwswvesnisuaseuafiviu
¥ %
dhiululefwaanihduirdufivasiinns Uassuafivtios
mhdululefigasmiiuiemsidudy
5. agunan1svaans
nnsadell Tumsudniiululofwaaininsiu
L
a S o o e o wa
UrduRvuaziduiemsilings waznisinauandd
¥ o d a LY a LY
gpsdululefigaindnainuiiulidufviay iy
yMewnsiliud smdsiauafivainnsiddaiululefiva
o a ¥ o e G ¥ o o do v v
findnarniniuirdufivuazinduvinemnsildudniu
& a a v 8 o oa vo &
Woundaiieuiuvihdudiea annsoasyldeil
-
5.1 muvSunsaandnaiululefiea
- a o ¥ @ v v
Tuiteulantsudmiioatiu dduiremsilduda
annsandaiduhdululedwaldunnndndaiundudv
- v % o - Y e ¢ a a & v
fo lauTululefigasiniiiuvsudvandusosas
84.54 vaan sinaitiululediea Tunaeinhiululofiva
Nniwhewnsilfuddaiuiesas 92.94
5.2 AUANANTA
¥ . T ¥ ogocogoa o
infulvlefwannanainiiduurdaufvasd
wa o (108 SR IO do v v g v '
auaudAnfnIniuhemsildudiuaididesnda

ENETT12-RE-40




220

msUszgpfinnsieietiendinuuinisanelnenisi 12
Fufi 8 - 10 e wei. 2559 a Tseusuedumi Snedh @ fuglan

AantRveniiufiva 1Seed1du B10, B15, B20 uaz
B100 fo
p it p ¥ o s ol
aauURnuaumidnvenidiululefiwaingn
% %
PniduUrduAudarauniiauinnindndiu
figasonas 3.09, 8.25, 11.34 waz 109.28
audeu dutiurhemsiidualiinnunia
wnainhdufwadesay 28.90, 34.32, 42.02
uay 201.43 Muasiu
" AuantRAIUANUENTIRIZLAZ AU MUINNY
Y o o s a g o o e
gpuhdululefwaiindnaininduuidusivilen
7
ANUANTUNIZUATAMUNUIRULUNINAIETY
fiwadonay 0.61, 1.21, 1.21 uaz 5.45 AUaRU
duhduhemsildudaiinumssinzuas
AMUMUIRLLBIINNIYTuR s aTesas 0.61,
1.21, 1.33 uay 6.06 MUAHU
" guugiinsnduiifesay 50 vewiedeuniuiily
nauveniniululefwadindnanmisiulrduaui
aauglimindusnnniniiufiieaiosas 2.53,
"
3.80, 4.43 uaz 12.66 mudnu dundu
o sildudiigumgiinnsnauuinniniitu
fiwasovay 3.80, 5.70, 6.33 uay 20.89
AUEIBIU
| o e g o a d a 3 o
" adudfimuresiniululedwaindnaindisiu
Urauduilsadfivnutesnindniufwaiovay
1.93, 4.36, 4.19 waz 20.87 AUAWMY durdiu
o siltuddsifmutseniniiudiwaiey
av 1.52, 3.87, 4.83 uay 24.41 auadiu
= puaudRsiunnunids, Anudadsinig wasen
suiifmurenhfunnied liifunnsgiuil
o a Y o o
MUURIINUsENANTNESNINA Y 1509 A
dnvaruazamninvedluledigadiniy
-l o
wipssuinmainens (ulefiwaguyn)  sniiu
anunilavesiiiululefiwaaininiuiienmsi
14ud 100% (WOB 100)
5.3 ludumsianmsudesuaie
P Ry ¥tk G &
Welddiuhduivuas o sildudaiu
- TR ‘ >
Wewmdniieuruinifufiwa wudn Carbon  Monoxide,
Carbon Dioxide Wa¥ Unburned Hydrocarbon 3ugn
] - o v o o v o oa
Yaszeenuiluuiuufitesniiiowiessudldiniufiea
Wuieinds entii Nitogen  Oxide fignudeteanun
ood e v ¥ o oo & a J
wnmindlewniessudliisiufiwaduidewmas esan

o o

= 8 o = v 8w o
fyifmuveniiiululefiwadesninifudiva

6. inAinIsuUsznIM

#duvevounszan n3.lenTeA qv3n waz ns.g
wysdl Suniisund i wifetaniaieie 4 uas 5
wninendomeluladasun dwiuedodlouasqunaallu
M3viaide
7. 19na1561984
(1] guéiordmistugrugionil 2569). nrswdalule
Fwavnisiu sy,
http://www.doa.g
ch/crude%20palm%20oilpdf, + 19 18 e ¥ u
28/02/2559
[2] Alamu, O. J., Waheed, M. A, & Jekayinfa, S. O.
(2007,
Nigerian palm kernel oil:effect of KOH concentration

2 voa
[sxvveeulay], unasiun

df/performan

September). Biodiesel production  from
on yield. £nergy for Sustainable Development, Vol.
11, No. 3.

[3] Neumann, K., Werth, K, Martin, A, & Gorak, A.
(2015). Biodiesel production from waste cooking oils
through esterification : Catalyst screening, chemical

equilibium and reaction kinetics.  Chemical
Engineering Research and Design. Vol. 107, pp. 52 -
62.

[4] Jawad, N., Syed Khaleel, A., & Farrukh, N. (2008).
Palm Biodiesel an Alternative Green Renewable
Energy for the Energy Demands of the Future.
Conference on Construction and
Building Technology (ICCBT), Vol. 7, pp. 79 - 94.

[5] Mandolesi de Araljo, C. D., de Andrade, C. C,, de
Souza e Silva, E., & Dupas, F. A. (2013). Biodiesel

production from used cooking oil

International

A review.
Renewable and Sustainable Energy Reviews, Vol. 27,
pp. 445 - 452.

[6] Lapuerta, M., Armas, O., & Rodriguez-Fernandez, J.
(2008). Effect of biodiesel fuels on diesel engine
emissions. Progress in  Energy and Combustion
Science, Vol. 34, pp. 198 - 223.

[7] 3y Weaassausny. (2556). 59e97Un5358 Mshiny
wavownsiuarsiselusisiusaindednsunsoous

- 3 |
AL9a, 5zuveaulail, LNaINUI
hitp 4207 158.6.11:3080¢

405/2/Fullte , vihquleTudi 20/04/2559

8] nsgy Mearssusng. (2554). nansenuveINsIiy
a ' g o & a da o
asuunduhiudewmisnineaussouriniesaudniva.

ENETT12-RE-40




221

msUssginmaeSatiandinuuinsnelneeiod 12
Fufi 8 - 10 e wei. 2559 a Tseusuedumi Snedh @ fuglan

&

= . o ‘ <
MmsUseyuTrmsnsovienassviesanalng Asai 7.
waneu Juriagiin,
[9] NFURRW NS NUNAUVIUUAZOUNYNEIIU NTENTH
WS (2549). UsenransugsAanaseusas fvun
audnvuzuazaunmyeslvlemeadimsiviniaeus
< <. )
nsinues (ulodeayuyy), [szuvesulad], uwwaafiun

option=c

icle&id=898R(ter

h, Lﬁw@tﬁai’uﬁ 02/03/2559

ENETT12-RE-40




A Y A
sz Iy

Was 133U In N IuN 8 1ABUNNIIAY W.A. 2532 & SUNBIATYAY TIHIA

a o =}

guas s Yagiiuerdveg w umai 17 1wy 20 DULAFYAN-LYNT N MUAIBUAY SUND
1% 1% = Y S J = = o =2 v &
AFYANINKIAYUATITIIU ﬁﬁﬁulﬂﬁﬂﬂ!ﬂ 34160 UN1SANYI 2541 AUTINTANYITLAVFU
Uszonnmaoudu anlssGeuiunueuds sunowygan 19%IAguas 15T Un1sAny
o < =< v & = = Y o
2544 guFIMIANEITEALFULsTaNANEInouYa1e 910 159S U U U LEN UNVATYAN
o o s A = 0o < = v ¥ o = Y =
WHINYUAIITH U Un1sfAny 2547 dU59MIANBITEAVTUNTONANEINOUAY 210 159i58U
o [ @ 9 < o ¥ o
IAFYAN DUNVIATYAN %Qﬁ?ﬂ@ﬂﬁﬁW‘H‘ﬁTﬁ L’ﬂﬂﬁﬁm&ﬂ 2550 ff"l!ﬁfﬂﬂﬁﬁﬂy"ﬁgﬂﬂ%uu‘ﬁﬂﬂﬁﬂBT
= o @ [ = = =~ 0o
poulaiy ‘fl"lﬂTﬁ\'iL'iEJuLWb'QﬂiJ DUNDVIAFYAN WHIAQYUAITTIFD U HazUmsAny 2555 9159
[ = a Jd o a o a 4 a
ﬂ”l'iﬁﬂ'kﬂﬁ%ﬂ‘llﬂiﬂ]uﬂﬁﬂ% AAINTTUAAATUUNA) NANFAIIAINTINYIUIUA IINAT1VIIN
a 4 0o w A a 4 a % o [ [
’Jﬁ')ﬂiﬁJ!ﬂ%f’Nﬂﬁ AIUNIVNIAINTIUANTNT NﬁTJVIEJ"IﬁEJWIﬂIHIﬁ?JQ’ﬁUTdi Eﬂlﬂ’ﬂlﬁ’l’)ﬂ NWNIA

=) Y Y =K 1 Y] a a A o
UATINBAU l,l,ﬁZVl@MI@ﬂ?ﬁlmWﬁﬂHW@@iuigﬂﬂﬂ%mm'ﬂﬂ A1VIBIIAINTIULATOING dI1UD

a a J a o = = ~ =
IBNIFAINTTUAITAT ummmaﬂmﬂuiaﬂqimi Gluﬂﬂﬁﬁﬂ‘HW 2557





