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APPENDIX A

CHARACTERIZATION OF PALM FATTY ACID
DISTILLATE

A-1 Free Fatty Acids, AOCS Official methods Ca 5a-40

Definition

This method determines the free fatty acids existing in the sample.

Scope
Applicable to all palm fatty acid distillate.

Apparatus
1. Oil sample bottles 250 ml Erlenmeyer flasks.

Reagents
1. Ethyl alcohol, 95%. The alcohol must give a definite, distinct and sharp
end point with phenolphtalein and must be neutralized with alkali to a
faint, but permanent pink color just before using.
2. Phenolphtlein indicator solution 1% in 95% alcohol.
3. Sodium hydroxide solution accurately standardized. Table A.1 for the
appropriate normality of the expected free fatty acid concentration rang

in the sample.
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Table A-1 Free fatty acid range, alcohol volume and strength of alkali

FFA range (%) Sample (g) Alcohol (ml) Strength of alkali
0.0 t0 0.2 56.4 £0.2 50 0.IN
0.2to0 1.0 28.2 £0.2 50 0.1N
1.0 to 30.0 7.05 £0.05 78 0.25N
30.0 to 50.0 705 % 0,05 100 0.250r0.1 N
50.0 to 100 3.525 +£0.001 100 0.IN
Procedure

1. Sample must be well mixed and entirely liquid before weighing;
however, does not heat the sample more than 10°C over the melting
point.

2. Use Table A.1 to determine the sample weight for various ranges of
fatty acids. Weigh the designated sample size into and oil sample bottle
or Erlenmeyer flasks

3. Add the specified amount of hot neutralized alcohol and 2 ml of
indicator.

4. Titrate with standard sodium hydroxide, shaking vigorously until the
appearance of the first permanent pink color of the sample. The color

must persist for 30 seconds.
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Calculations

1.

The percentage of free fatty acids in most types of fats and oils is
calculated as oleic acid, although in coconut and palm kernel oils it is
frequently expressed as lauric acid and palm oil in terms palmitic acid.

ml of alkali x N x 28.2

Free fatty acid as oleic, % =
mass, g of sample

ml of alkali x N x 20.0

Free fatty acid as luaric, % =
mass, g of sample

ml of alkalix N x 25.6
mass, g of sample

Free fatty acid as palmitic, %

The free fatty acids are frequently expressed in terms of acid value
instead of percentage free fatty acids. The acid value is defined as the

number of milligrams of KOH necessary to neutralize 1 g of sample.
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A-2 Acid Value (Free fatty acids content), AOCS Official Method Cd-3d-63

The acid value is the number of milligrams of potassium hydroxide
necessary to neutralize the free acid in 1 gram of sample. With samples that
contain virtually no free acids other than fatty acids, the acid value may be

directly converted by means of suitable factor to percent free fatty acids.

Apparatus
1. Erlenmeyer flasks 250 ml and Magnetic stirring device.
2. Burette—10 ml, graduated in 0.05 ml division with a tip drawn to a

fine opening and extending at least 10 cm below the stopcock.

Reagents and chemicals

1. Potassium hydroxide (KOH), 0.1 N—baker “Reagent Grade” KOH
having a carbonate specification of 0.5% Max, or 0.1 N KOH is
available from Baker with NIST traceable standardization to +1part
in 1000 in solvents of water, methanol or ethanol.

2. Solvent mixture consisting of equal parts by volume of isopropyl
alcohol (AOCS Specification H 18-58) and toluene (AOCS
Specification H 19-58).

3. Phenolphthalein indicator solution—1.0% in isopropyl alcohol.

Procedure
1. Add indicator solution to the required amount of solvent in ratio of 2
ml and neutralize with alkali to a faint but permanent pink color.

2. Determine the sample size from the following table:
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Table A-2 Table of predict sample size for acid value determination

Acid value Mass of sample (+10), g Weighting accuracy, £g
0-1 20 0.05
1-4 10 0.02
415 2.5 0.01
15-175 0.5 0.001
75 and over 0.1 0.0002

3. Weight the specified amount of well-mixed liquid sample into an
Erlenmeyer flask.

4. Add 125 ml of the neutralized solvent mixture. Be sure that the
sample is completely dissolved before titrating. Warming may be
necessary in some case.

5. Shake the sample vigorously while titrating with standard alkali to
the first permanent pink color of the same intensity as that of the
neutralized solvent before the latter was added to the sample. The

color must persist for 30 sec.

Calculations

(A-B)XNx56.1

Acid value (A.V.), mg KOH/g of sample = o

Where

A = volume, ml of standard alkali used in the totration

B = volume, ml of standard alkali used in the titrating blank

N = normality of standard alkali

W = mass, grams of sample

To express in terms of free fatty acids as percent oleic, lauric or palmitic

acid device the acid value by 1.99, 2.81 or 2.19, respectively.
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A-3 Saponification Value, AOCS official Method Cd-3b-76

The saponification value is the amount of alkali necessary to saponify a

definite quantity of the sample. It is expressed as the number of milligrams of

potassium hydroxide required to saponify 1 gram of sample.

Apparatus

1. Erlenmeyer flasks—alkali resistant, 250 or 300 ml with ground-glass
joint.

2. Air condensers—minimum 65 cm long, with ground-glass joint to fit
Erlenmeyer flasks.

3. Distillation flask—2L with ground-glass joint fitted with water-
cooled condenser, for refluxing and distilling 95% ethanol as noted
in Reagent.

Reagents
| 1. Hydrochloric acid, 0.5 N—accurately standardized.

2. Phenolphthalein indicator solution—1.0% in 95% ethyl alcohol.

3. Toluene—reagent grade

4. Alcoholic potassium hydroxide (KOH) 0.5 N solution in 95%
ethanol.

Procedure

1. Weigh into a 250 ml. conical flask about 4 g. filtered fat with an
accuracy of lmg.

2. Add, accurately measured, 50 ml. 0.5 N ethanol potassium hydroxide

solution to the cold fat and attach the reflux condenser to the flask.
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3. Heat, and as soon as the ethanol boil, occasionally shake the flask
until the fat is completely dissolved. Boil the solution for half an
hour after the fat is completely dissolved.

4. Add 1 ml. phenolphthalein indicator and slowly titrate the hot soap
solution obtained with 0.5 N HCI.

5. Carry out a blank determination upon the same quantity of potassium

hydroxide solution at the same time and under the same conditions.

Calculations

(B-S)xNx56.1

Saponification value (S.V.), mg KOH/g of sample = -

Where

B =ml 0.5 HCL required to titrate blank
S =ml 0.5 HCL required to titrate sample
N = normality of HCL solution

W = weight of sample in grams
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A-4 Calculation of molecular weight of palm fatty acid distillate

Molecular weight of palm fatty acid distillate was analyzed by gas

chromatography (GC) method which shown free fatty acid composition of

palm fatty acid distillate.

Table A-4 Calculation molecular weight of palm fatty acid distillate

Free fatty acid Mole MW of FFA Molecular
composition fraction (g/mole) weight (g/mole)

Myristic acid 0.011 228 2.91
Palmitic acid 0.469 256 120.06
Stearic acid 0.042 284 11.93
Oleic acid 0.383 282 108.01
Linoleic acid 0.086 280 24.08
Linolenic acid 0.009 278 2.5

Total 269.09

Molecular weight of palm fatty acid distillate is 269.09 g/mole.
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Table B-1 Calculation of the amount of alcohols

Molecular ot of
Alcohol PFAD (g) weight of alcohol
(¢/iikle) alcohol (g)
Hexanol 300 102.17 227.0
Ll 300 102.17 227.0
pentanol
Cyclohexanol 300 100.16 222.6
Octyl acohol 300 157.45 349.9
Jary -utymistyl 300 191.83 4263
alcohol
Cetyl-stearyl 300 262.42 583.2
alcohol

B-2 Calculation of the theoretical amount of alkyl esters

The theoretical amount of alkyl esters can determine from mass balance

was following as

Palm fatty acid distillate + Alcohol == Alkyl esters + Water

Wt.of PFAD (g)

Theoretical amount of alkyl esters = X MW. of alkyl esters

MW.of PFAD
Where
Wt. of PFAD = Weight of PFAD (g)
MW. of PFAD = Molecular weight of PFAD (g/mole)

MW. of alkyl esters = Molecular weight of alkyl esters (g/mole)
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APPENDIX B

CALCULATION

B-1 Calculation of the amount of alcohols

The amount of alcohols used in esterification reaction of palm fatty acid

distillate with various alcohols was 100% excess from stoichiometric (2:1 of

molar ratio). The calculation is based on mole of palm fatty acid distillate
(PFAD).

Amount of alcohol (g) = Wt.of PFAD (g)

Moo 2 X MW. of alcohol
Where

Wt. of PFAD
MW. of PFAD

Il

Weight of PFAD (g)

Molecular weight of PEAD (g/mole)

MW. of alcohol Molecular weight of alcohol (g/mole)

For example: Hexanol

The amount of hexanol for esterification reaction with 300 g of palm
fatty acid distillate was calculated follows:

Wt. of PFAD =

= 300g
MW. of PFAD = 270 g/mole
MW. of hexanol = 103.17 g/mole
. Amount of hexanol = e

270 (g/mol) 2 x102.17(g/mole)
= 227.0(g)
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For example : If 300 g of palm fatty acid distillate converts to hexyl esters

completely, the theoretical amount of hexyl esters would be:

Theoretical amount of alkyl esters =

300 (g)
270 (g/mole)

=393.52 ¢

X 354.17 (g/mole)

Table B-2 Calculation of the theoretical amount of alkyl esters

Molecular Theoretical
Alkyl esters PFAD (g) weight of alkyl | amount of alkyl
esters (g/mole) esters (g)

Hexanol 300 354.17 393.52

rcigg-2- 300 354.17 393.52
_pentanol

Cyclohexanol 300 352.16 391.29

Octyl acohol 300 409.45 454.94

o e 300 443 83 493.14
alcohol

Cetylestearyl 300 514.42 571.58
alcohol

B-3 Calculation the percentage of yield of alkyl esters

The percentage of yield (%yield) of alkyl esters was defined as:

%Yield =

Mass of alkyl esters (g)

Molecular weight of alkyl esters

Mass of PFAD (g)

X 100

Molecular weight of PFAD (g/mole)
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For example: Calculation %yield of hexyl esters which produced from 300 g

of palm fatty acid distillate with hexanol

370.8(g)

Total weight of hexyl esters = 354'1370(5(/501'3) X100

270(g/mole)

= 9423 %

.. %Yield of hexyl esters was 94.23

B-4 Calculation of viscosity index from kinematic viscosity at 40 and

100°C, ASTM D2270

Calculate the viscosity index (VI), of the alkyl esters as follows:
VI = [((antilog N)-1)/0.00715]+ 100

N = (ogH-logU)/logY
Where
| H = Kinematic viscosity at 40°C of alkyl esters of 100 viscosity

index having the same kinematic viscosity at 100°C as the oil
whose viscosity index is to be calculated mm?/s (cSt), frpm
Table ASTM D2270 as show in APPENDIX E

U = Kinematic viscosity at 40°C of the oil whose viscosity index is
to be calculated mm?*/s (cSt)

Y = Kinematic viscosity at 100°C of the oil whose viscosity index is

to be calculated mm?*/s (cSt)



For example: Calculation viscosity index of hexyl esters

Kinematic viscosity at 40°C of hexyl esters 7.021 cSt
2.49 cSt

.. From Table ASTM D2270 (interpolation); H = 9.006

Kinematic viscosity at 100°C of hexyl esters

H substituting in: N = (1og9.006 — log7.021)/l0g2.49
' = (2729
N substituting in: VI = [((antilog 0.2729) — 1)/0.00715] + 100
= 222.35
.. Viscosity index of hexyl esters is 222.35

82



83

- Fcg gee € 0€1 6 8°G81 €9¢ - z $19159
LT 905 67 ¢ 0€1 6 977 - 00§ I [£xa40]o4D)
- 0S¢ 0S¢ [ 0€I 6 6°68I1 86¢ - G S19)s9 [Auad
$'TT 60S vES € 0€1 6 LTT - 00€ I “TTAgRW-y
- L¥S L¥S € 0€1 6 8181 95¢ - z
SI19)S3 [AXaH
LEE 60S €€S € 0€1 6 LTT - 00€ I
3 3
VR ] ® | ® ®) ®)
rort | PRI ] qmoy | (D) | O | rogty | joyoary | ssarse oy | avad
woyog dog, suny | -dwoy dag d[dureg
npoagq jueedy

S]0YO9[e SNOLIBA M SB[[IISIP proe Aney wied Jo uonesyLaIss sy, [-D) dqeL,

JLVTILLSIA dIDV ALLVA IWTVd A0 NOLLVDIATIALSH A0 VLVA AV THL

J XIANHAddYV




84

- OTT1 0111 ¢ 0€1 § 90°LSS 9bS - z S
& 41 998 068 ¢ 0€1 6 €86 - 00¢€ [ | 1Aeas£e0
1 L88 L88 € 0¢l 6 CeEly 8Ly = [4 SI191S9 [AISLIAw
90T 60L 1€L € 0€1 6 €9Th - 00€ I -[Ame]
- 0zL 0zL ¢ 0€1 . 8767 cTh - z
19182 [£190
917 p€9 959 ¢ 0€1 6 6°6v€ - 00¢€ I
3 3
@ N e ® | ® ®) )
o PRI oy | (D | ) | rogty | joyoory | ssarsa tony | avad | do srdue
woyog dog, ouny | -dway 1S | S
PNpoag Jue)ELIY

(Ponunuod) S|OYOS[E SNOLIBA Y R[[IISIP pIoe Ajej wied JO UONEILIASS AU, [-7) I[qEL




85

e 3 vES veS OITI C
S19189 [AIB3]S-[A19)D)
. S8l : 9vs 998 I
6C'V6 7 SO S9Yy L88 [4 SI91S9
- 661 - 8LY 60L I TASpAT-fAme
[$°V6 - (11974 (1197 0CL (
19159 [A190
- L'1T & ey 4% [
86°¢6 8 99¢ 99¢ 99 [4
19183 [AXaYO[2K)
F [°€€ " £9¢€ 90S [
GG C6 o 9L¢ 9L¢ 0S¢ [4 SI191S3
i K4 - 86¢ 60S I 1Kuad-z-[Ayow-t
A7) . 0LE 0LE LYS &
S19]S3 [AXoH
- LCT . 9¢¢ 60S [
$19)59 [AY[e (3) (8) s19389 (8) [oyoore
JO PPRIX % daps e 1ayep 1A3[e [eury dAoWAI J3)Je | (3) SA9I83 [AYV das Jdureg

yonpouad [ejo],

SI13)89 [AYV

$19183 [AY[e JO 1onpoid [e10], 7-D)




86

- el 131 el el uoiso.a10) ding raddo)
- yreq yreq Jredq yreq dueaeaddy
10°1 SI'ze 91°C¢ 91°C¢ v1°Te (1.09/4.09) 1& K3aead [JV
0 061 061 061 061 D, ‘yutod yserq
0 S S S S D, ‘yutod anog
1909°C $¢'ect CL LG 91'1cc 12 R Y44 xapu] AJISOISIA
10v°0 6v'C L16¥°C 98¥°C 1A 1S9 D001 & A)SOISIA djBWdULY]
0020 LZ0 & €c0’L 610°L €eo’L 1S9 “D,0% 3€ A)IS0ISIA dEWdULSY
i 0L1 0L 0L1 L | LSV “10[0D
as dae.mAy m.BuMu. M\Mﬁxum m..uumo. ”Wm@m m..oumo. Mﬂm—xowﬂ S

s19153 [Axay Jo sanradoid [eorwrayd pue [eorsAyd sy L, 1-d dqeL

SYALSA TANTYV A0 SALLIAAJOUd TVIINTHD ANV TVOISAHd

d XIANAddV




87

- el el el el uorsor10) drng raddo)
- yred yred yredq yred ueaeaddy
10'1 9L T€E LL'TE LL'TE SL1E (4.09/d4,09) e A1aead [JV
0 981 981 981 981 D, ‘yutod ysegq
0 T iy & e D, ‘yutod anog
STLTO 8L V81 9Lv81 €9 v81 €6'v81 Xapu] AJSOISIA
9180°0 1€6°C €esT 5T [€6°C “3.001 ¢ b_mucmuomr» Syewaury
200T°0 9594 9eo'L 8¢9°L re9°L 1S9 ‘D0 1€ AIS0ISIA dREWAUIS]
- 0L1 0L 17 0L LSV “10[0D
@s | B | il | oy | iz kg ]

SI91S2 ﬂbcom-m-_%ﬁoE-v Jo sanzadoid [eorwayo pue [edrsAyd oy, - AqBL



88

- el 31 el e[ uoiso.ax0) ding saddo)
- yreq yreq yredq yreq uereaddy
[ . : : i (4,09/4.09) ¥& Ay1aei3 [JV
0 0t 20T 0t 20T D, ‘yutod yselq
0 Gl G Gl Gl 0. ‘yuiod anog
SLO [7°891 97891 16°L91 16891 xapuy A)S0ISIA
. : ; ; . 1S 0,001
1001°0 6¢'¢ 88¢¢ 68¢°¢ [6€°¢ J& AJIS0ISIA S EWAUIY
' | 1 : g IS
9101 €0°CI v0°Cl v0°Cl 0°CI “).0p 1€ A}S0ISIA I EWAUTY]
- LT L g | Sl L1 JALLSYV “10[0D
. € "X7] S19)$d 7 "X S13)8d I "X S13)Sd
as e (1S eli(ilp)e} [AXaygo[a4) [AX3Yo[d£D) sapetoxy

$19159 [AXay0[04d Jo sanzadoid [eosrwayd pue [edrsAyd oy, €- 2IqEL




89

- 13 el 13 el uoisoa10) ding xaddo)
- yreq yreq jreq e ueredaddy
9101 ov' 1€ Iv'1€ V1€ 6€°1€ (1.09/4.09) ye £y1aeasd [V
0 91¢ 91¢ 91¢ 91¢ D, ‘yutod ysepy
0 b b 4 4 D, ‘yutod anog
¥916°0 LLYOT 8L 0T 61v0¢ ces0cT xapuj £)1S0dSIA
0020 ¥8'C 1¥8°C 8¢8°C 8'c 1S9 ‘D001 1€ A)IS0ISIA djewaUry]
1001°0 €98 1€9°8 ££9'8 1€9°8 1S9 ‘D.0F 1€ ANS0ISIA dNpRWAULY]
- 08d 08d 08d 08d INLSY ‘“10[0D
as Qan by w..BMox_MuO E&M“Moo ESM,@MWQO sl

$19)$9 4390 Jo sanadod [eorwayd pue [eoisAyd oy I, $-(I dIqEL




90

= el Bl Bl Bl uorso..10) ding saddo)
- e Nreq yreq Yreq ueseaddy
] : ; 3 ¢ (4.09/4.09) 1& Aaeid [V
0 {44 [ {# 1444 (44 D, yutod ysepy
- - - - - D, 9urod anog

¥06L°0 [6°10C ¥8°10C ey c0c 6£10¢ Xapuy A)IS0ISIA

¥00C°0 SLE I&L°E CEL ¢ 3PL'E 3,001 3¢ %:Mom%m_\» SpEwaury

9¢09°0 v8CI 6€8°C1 vE8CI 9¥8°Cl 3,00 1e b_m“mw> Sy ewouryy
- 08d 08d 08d 08d LSV “10[0)

- I € "X7] SI9)S9 rd & A EITY) I "XH S19)89 sonradoay

[AsuAw-[Aine|

[A1suAm-[Aane

[Aysufwm-jAine]

19189 [A)sLAw-[AIne] wo sanaadoad [eorwayo pue [eorsAyd oy S-([ d[qel




91

el

el

Bl

el

uorsoa10) dung aaddo)

e

Heq

PEd

Areq

ueaeaddy

(1.09/4.09) 1& £1a6a3 [JV

D. ‘yutod ysepq

D, ‘yutod anog

Xapuy AJIS0ISIA

1S9 0,001 & AJISOISIA dpBWdULY]

1S9 “D,0F 1& AJIS0ISIA djBWAUTY

08d

08d

08d

08d

JALLSYV “10[0D)

IgeaoAy

€ "X SI9)S9
[A183)5-[£33)

T "X S19)89
1418335-[439)

I "X{ $19)S9
[A1e3)s-1£33)

sanaadoag

$19)89 [AI1e9)S-[A190 uo sonuadoid [earwayo pue [edrsAyd ay [ 9-(q d[qel




APPENDIX E

92

TABLE FOR VISCOSITY INDEX CALCULATION

Table E-1 Basic value for L and H for kinematic viscosity at 40°C and 100°C

Systems
K.V, KV. K.V.
@100°C L H @100°C L H @100° L H

(cSt) (cSt) (¢St)

2.00 7.994 6.394 7.00 78.00 48.57 120 201.9 108.0
2.10 8.640 6.894 7.10 80.25 49.61 12.1 204.8 109.4
2.20 9.309 7.410 720 82.39 50.69 12:2 207.8 110.7
230 10.00 7.944 7.30 84.53 51.78 123 210.7 112.0
240 10.71 8.496 740 86.66 52.88 124 213.6 1133
2.50 11.45 9.063 2.50 88.85 53.98 125 216.6 1147
2.60 12.21 9.647 7.60 91.04 55.09 12.6 219.6 116.0
270 13.00 10.25 7.70 93.20 56.20 127 222.6 1174
2.80 13.80 10.87 7.80 95.43 57.31 12.8 225.7 1187
2.90 14.63 11.50 7.90 91.12 58.45 129 2288 120.1
3.00 15.49 12.15 8.00 100.0 59.60 13.0 231.9 1215
3.10 16.36 12.82 8.10 1023 60.74 13.1 2350 1229
3.20 17.26 13.51 8.20 104.6 61.89 13.2 238.1 124.2
3.30 18.18 14.21 8.30 106.9 63.05 133 2412 1256
340 19.12 14.93 8.40 109.2 64.18 134 2443 127.0
3.50 20.09 15.66 8.50 1115 65.32 13.5 247.4 1284
3.60 21.08 16.42 8.60 113.9 66.48 13.6 250.6 129.8
3.70 22.09 17.19 8.70 116.2 67.64 13.7 253.8 1312
3.80 23.13 17.97 8.80 118.5 68.79 13.8 257.0 132.6
3.90 24.19 18.77 8.90 120.9 69.94 139 260.1 134.0
4.00 25.32 19.56 9.00 123.3 71.10 14.0 263.3 1354
4.10 26.50 2037 9.10 125.7 7227 14.1 266.6 136.8
420 272.75 21.21 9.20 128.0 73.42 142 269.8 1382
430 29.07 22.05 9.30 130.4 74.57 143 273.0 139.6
4.40 3048 22.92 9.40 132.8 75.73 144 276.3 1410
4.50 31.96 2381 9.50 1353 76.91 14.5 279.6 1424
4.60 33.52 24.71 9.60 137.7 78.08 14.6 283.0 143.9
4.70 35.13 25.63 9.70 140.1 7927 14.7 286.4 1453
4.80 36.79 26.57 9.80 142.7 80.46 14.8 289.7 146.8
4.90 38.50 2753 9.90 145.2 81,67 14.9 293.0 1482
5.00 40.23 28.49 10.0 147.7 82.87 15.0 296.5 149.7
5.10 41.99 29.46 10.1 150.3 84.08 15.1 300.0 1512
5.20 43,76 3043 10.2 152.9 8530 152 3034 152.6
5.30 45.53 31.40 103 155.4 86.51 15.3 306.9 154.1
5.40 47.31 3237 104 158.0 87.72 154 3103 155.6
5.50 49.90 3334 10.5 160.6 88.95 15.5 313.9 157.0
5.60 50.87 3432 10.6 163.2 90.19 15.6 317.5 158.6
5.70 52.64 3529 10.7 165.8 91.40 15.7 3211 160.1
5.80 54.42 36.26 10.8 168.5 92.65 15.8 324.6 161.6
5.90 56.20 37.23 10.9 1712 93.92 159 3283 163.1
6.00 57.97 38.19 11.0 173.9 95.19 16.0 3319 164.6
6.10 59.74 39.17 1.1 176.6 96.45 16.1 335.5 166.1
6.20 61.52 40.15 11.2 179.4 97.71 16.2 3392 167.7
6.30 63.32 41.13 113 182.1 98.97 16.3 342.9 169.2
6.40 65.18 42.14 114 184.9 100.2 164 346.6 170.7
6.50 67.12 43.18 115 187.6 101.5 16.5 350.3 172.3
6.60 69.16 4424 11.6 190.4 102.8 16.6 354.1 173.8
6.70 71.29 4533 11.7 1933 104.1 16.7 358.0 1754
6.80 73.48 46.44 11.8 196.2 105.4 16.8 361.7 177.0
6.90 75.72 47.51 119 199.0 106.7 16.9 365.6 178.6
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Table E-1 Basic value for L and H for kinematic viscosity at 40°C and 100°C

systems (continued)

K.V. KV. K.v.
@100°C L H @100°C L H @100°C L H

(cSt) (cSt) (cSt)
17.0 369.4 180.2 24.0 683.9 301.8 425 1935 714.9
17.1 3733 181.7 24.2 694.5 305.6 43.0 1978 7282
17.2 3771 183.3 244 704.2 3094 43.5 2021 7413
17.3 381.0 184.9 24.6 7149 313.0 44.0 2064 754.4
174 384.9 186.5 24.8 725.7 317.0 445 2108 767.6
17.5 3889 188.1 25.0 736.5 320.9 45.0 2152 780.9
17.6 3927 189.7 252 747.2 3249 45.5 2197 794.5
17.7 396.7 191.3 254 7582 3288 46.0 2243 808.2
17.8 400.7 192.9 256 769.3 3327 46.5 2288 8219
17.9 404.6 194.6 25.8 779.7 336.7 47.0 2333 835.5
18.0 408.6 196.2 26.0 790.4 340.5 47.5 2380 849.2
18.1 4126 197.8 26.2 801.6 3444 48.0 2426 863.0
18.2 416.7 199.4 26.4 8128 3484 485 2473 876.9
18.3 420.7 201.0 26.6 824.1 3523 49.0 2521 890.9
18.4 4249 2026 26.8 8355 356.4 49.5 2570 905.3
18.5 429.0 204.3 27.0 847.0 360.5 50.0 2618 919.6
18.6 4332 2059 272 857.5 364.6 50.5 2667 933.6
18.7 437.3 207.6 274 869.0 368.3 51.0 2717 948.2
18.8 4415 209.3 27.6 880.6 3723 515 2767 962.9
18.9 445.7 2110 27.8 8923 376.4 52.0 2817 977.5
19.0 4499 2127 28.0 904.1 380.6 52.5 2867 992.1
19.1 454.2 2144 282 915.8 3846 53.0 2918 1007
19.2 4584 216.1 284 927.6 388.8 535 2969 1021
19.3 462.7 217.7 28.6 938.6 393.0 54.0 3020 1036
19.4 467.0 2194 28.8 951.2 396.6 54.5 3073 10s1
19.5 4713 2211 29.0 963.4 401.1 55.0 3126 1066
19.6 4757 2228 29.2 975.4 405.3 55.5 3180 1082
19.7 479.7 2245 294 987.1 409.5 56.0 3233 1097
19.8 483.9 2262 29.6 998.9 413.5 56.5 3286 2
199 4886 2207 29.8 1011 417.6 57.0 3340 1127
. 200 4932 229.5 30.0 1023 421.7 575 339% 1143
20.2 501.5 233.0 30.5 1055 4324 58.0 3452 1159
204 510.8 236.4 31,0 1086 443.2 58.5 3507 1175
20.6 519.9 240.1 315 1119 454.0 59.0 3563 1190
20.8 5288 2435 32,0 1151 464.9 59.5 3619 1206
21.0 5384 247.1 32,5 1184 4759 60.0 3676 1222
212 547.5 250.7 330 1217 487.0 60.5 3734 1238
214 556.7 254.2 335 1251 498.1 61.0 3792 1254
216 566.4 257.8 34.0° 1286 509.6 61.5 3850 1270
218 5756 261.5 345 1321 521.1 62.0 3908 1286
220 585.2 2649 35.0 1356 5325 62.5 3966 1303
222 595.0 268.6 35.5 1391 544.0 63.0 4026 1319
224 604.3 2723 36.0 1427 555.6 63.5 4087 1336
226 614.2 2758 36.5 1464 567.1 64.0 4147 1352
228 624.1 279.6 370 1501 579.3 64.5 4207 1369
23.0 633.6 283.3 375 1538 5913 65.0 4268 1386
23.2 643.4 286.8 380 1575 603.1 65.5 4329 1402
234 6538 290.5 385 1613 615.0 66.0 4392 1419
23.6 663.3 2944 39.0 1651 627.1 66.5 4455 1436
238 673.7 297.9 395 1691 6392 67.0 4517 1454
40.0 1730 651.8 67.5 4580 1471
40.5 1770 664.2 68.0 4645 1488
41.0 1810 676.6 68.5 4709 1506
41.5 1851 689.1 69.0 4773 1523
420 1892 701.9 69.5 4839 1541
70.0 4905 1558
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APPENDIX F

Certificate of mineral base oil 150 SN

THAI LUBE BASE PUBLIC COMPANY LIMITED

TR0 Mo,

poy el Srimachia Uhondvweer 0 w0 Thailing

FEAL s U8 R OO0 FAN | 06 N T e

Test Certificate

Sample Name 1 Lube Base (8 Grade 1508N CORI NI TAOMN 8420007
Rample 10 & A3 Lustomer © Lamustios Departmont
Sampihng Nate « JSAO00T Condstian of Sangple Nastnal

Sanygsling Paint . e Approvest By O P
Sarivple Reoetved Date: 11028007 13845 bk OWaramya Chetpradis o i 9‘“'“‘%7"
Sample Toestad Date B flaby Minagers Approved Sgnhatory
Roported By ¢ Sekeon b Anpraved L Ty 7. o4 heg,

(Laboratery Techruug Pagis

Repartegd Date

x i oot L5210

Kinamatie Nisgosin s e g ARINLASH oS ; o Sallad 330
KAnematie ¥iscnii 20000 L ASIN s TR =, 5245

Mineusity Ludes ‘ ARIAL LS anme i t g 1R i 1014

“ _m?:.zr‘ i AFINL L GE E Anstd " =X

Total Sl Saiaient ASTMIDE8R0 b 9 (LA8L

ASTM Canluur ST S0 . i e bl fLE
LSl Munbez.., AT LG ‘ AP R I ' T O MBS, | 11, SRS
| Elash Eind (000 LABEMDM el re b Renam L]
_Lhanhs Denint (MO 1o AaSIR DLy : e i SRLG
| Carkons Resictue, dlore Shetbad . LASIM DA e { LI
Wt Looatent ASEIN T ; S | L
Al A CICHN i | R
Copper Steip Caesimton @ 1 WX ASTM DL 3G J j T&

{0 3 Hxs ! : .,. ro

Buanveaion Loss N0 CK L i 1NN A 1Ak : et { Alucln 98

Walys Sepucabiiiy M b 1 Mawao | AQ-423-0CKY
ety Sl s i J L e ! g

Asts Conten L oAs7M s [ Mases Vol | 0.4

i 0 Lot s
! Iy : ; o
&

Remark: PrUSED

Density & 15 9= 3.8701 kgt

FRAANSL3-00-0)

Rev, 8 Effeetive e ¢ l’:'\'u i JRER File Ngaw 050900 Y Dacab dearmading ! B 3000 dow




95

VITA

Mr. Chanwit Pornvisetsirikul was born in Roi-et, Thailand on March16,
1985. He finished high school in 2003 from Khonkaen wittayayon School,

Khonkaen. In 2007, he received a Bachelor’s degree of Chemical Engineering

from the Faculty of Engineering Khonkaen University.

— e
STARP, O

SEARCH A

N Q\/’.zrr‘\,,\v[".//,\, N
% sy N\

B\ \









