2
2.1 [1, 5-8]
(Iubricants)
(Iubricating
oil)
1
2
3
4
(base oil) 80-98%
( ) 2-20% (additives)
(feedstock)
(vacuum distillation unit) ( 25
- 40 ) (> 350 )
(asphalt)
(separation)

3

1 (vegetable or animal ail)



2 (mineral ail)
3 (naraffinic ~ oils)
(naphthenic oils) (aromatic oils)
3 (synthetic  base ail)
2.2
221, ' (polymerized alpha olefin)
222, (polyglycal)
223, (esters)
2.3 [1]
19
2
1960 (neopentylglycol ester, NFG

ester)



(high  solvency)

(hiodegradable)
(monoesters)
(cliesters) (polyol esters) (phthalates)
(trimellitates) 36 (cHdimerates)
(complex esters™
21
| Phalae 0
Dy e A Nor
/C - (CHjSn-C™ =8 — Sebacatss ~ 0 R
R—0O 0— 10— Dodzeanedtoates
R-CoCBleratratreiaignys fl- 0710018 neerorbrcelakyigaups
Polyol eser " | I | Pyromeliat
CHi-CHit-c- RIC\rj/ NfC\oR TOC'VAV'CSR
[A m A A AA ID/(R
_ N . _ J Trimeltate | Ia 0
R=G7toC18linear or bandied &8y pups R CToGBrearatmdakigars

21 [

2.4 1]



241

242

243

244

245

246

S SC I G R,

(viscosity) :

(cyclic groups)

(viscosity index, M) :

(pour paint) :

(thermal stahility) :

((3-hydrogen)

(flash point)

(hiodegradability)

(3-0xiclation

21



21

Properties

Viscosity 40 °c, ¢St
Viscosity 100 °c , ¢St
Viscosity index
Pour paint °c
Flash paint °c
Thermal stability
Biodegradability
Cost (PACH)

* .. means no data

Monoesters

4-10.2
1-4
190 - 246
50 -3
. *
Good
Good

Diesters

6-46
2 -8
120 - 160
-10 - -40
200 - 260
Good
Good
09- 25

Phthalates

19- 80
3-8
90

50 - -30

200 - 270

Very good
Fair

il

Trimellitates

46 - 320
7-20
- 13
55 - -5
210 - 300
Very good
Poor

C¥Dimerates  Polyol esters

90 -184 7- 220 46 - 460
2-2 2-20 7-45

120 - 150 50 - 140 130 - 200

H0- 5 60 --9 -60 - -20

240 - 310 250 - 310 240 - 280
Good Excellent Fair
Fair Excellent Excellent

20- 25

Complex polyols



10

2.5 1, 5]
1 (engine oils)
2 (compressor ~ oils)
3 (aviation  Iubricants)
4 (hydraulic fluids) -
) (automotive  gear  ails)
6. (drilling mud lubricants)
1 (qreases)
8 (additive carriers)
9 (textile spinfinish):
2.6 1,5 8]
(polyol esters)
2.2 (carboxylic acid)
) D (neopentylglycol, NPG,
(trimethylolpropane, TVP) ' (pentaerythritol, P
(alkyl  group)
((3-hydragen) Six-membered
cyclic intermediate 1- 2.3

(free



radical)

1

N-copentfyglycol ester ¢ 0 Tnmetftyolpropane ester X
ch3 fl fl
% —- ch2-0" R CH~CH,---C- —ch2— " R
ch3d y 2

PentaarytCfltd ester

R = Arange 0f C5 to C 18 finear

orbranched alkyi groups v,
2.2
q q I R YH ... "
ye_j_R’ AcH Yk
Ester with (3-Hydrogen
[ [ i }|'_ i
R—G—(—O—C—R| T R—C—C"+ R~=0
R H R H
Ester without (3-Hydrogen
2.3
21 [1,7,9, 10

(mineral  oils)
22

C —cH,~—o0

il
/C\R
-A
[
HOv
'c=CH, + R
IC i 01C ]
R HO
| S~.c:c' + ,SC-R,

il



22 Il
Viscosity (cSt) Biodegradability
Polyoltype  At40°c At 100  Viscosity Pour point  CEC-L-33-A-96
°c index Ce) (% in 21 Days)
NPG (Neopentyl glycol)
7 56 19 - -4 100
9 86 26 145 55 97
n-Cg/Cto 8.7 2.4 129 H3 100
TMP (Trimethylolpropane)
n-c7 139 34 120 60 100
€9 210 46 139 5l 100
- 204 45 137 -43 %
Oleate 4.8 94 191 -39 100
/<9 L7 12 % -32 !
PE (Pentaerythritol)
n-Cg 32.2 6. 140 -/ 100
n-Cg/Cio 30.0 59 145 -4 100
Cg 1292 116 10 -22 8
< | ClI-C. 31 59 110 -46 69
2.8
2.8.1 (Esterification) [1]
(fatty acid)
(homogeneous acid catalyst)
21
+
RCHO00H + R-H t RCHOOCOR + X 21
‘24
(esterification) (neutralization) (filtration)

(vacuum strip)



(NaC03 CO0H)
(steam  strip) H

(vacuum ary)

azeotroping agent (xylene) (toluene)

Acid, Solvent | Alcohol, Catalyst
$
Esterification
¥
Excess alcohol <— Vacuum strip
v
Neutralization

V.

Steam strip
W
Vacuum drying
v

Filtration

/

Ester lubricant

24 4

——> Excess acid

&—— NazCOs or Ca{OH)z

(product selectivity)

28.2 (Transesterification) [2, 11]

(fattyacid methyl ester, FAVE) (polyol)
(homogeneous hase catalyst) (NaOCH3)

KH( 22 (acid catalyst)



14

RCHXCOOCH3 + R-OH « RCHXCOOR" + CHj-OH (22
FAVE
25
FAVE Alcchd, Catalyst
9 4
Transesterification [~ Methanol {by product]
\4
Neutralization
v
Waste (Hz0, salt) £<— Washing
4
Distillation —> Excess FAME

Ester lubricant

25 [z]
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' FAVE
1 (by product)
FAVE
2821 (Fatty acid methyl ester, FAVE) [12]
26 CHOOCOH
Estergroup
Methyl group I A, Alkyl group
\ l ? A"E//
CH+O=C—HCH |
26 il
(- 2])
r.cooch? Catalyst hoch?2
RjCOOCH + CHjOH ¢ -ee RjCOOCH t+ r,cooch3
RjCOOCH], R3ICOOCH?2
Trigtyceride Diglyceride

HO%H’ Catalyst HOCH’

RiICOOCH + <chdoh HOCH + RjCOOCH]
RjiCOOCH2 RjCOOCH;]
Diglyceride Monoglyceride

HO%HJ Catalyst HO(?LH'

HOCH + CHjOH < > HOCH + R3COOCH3
RiCOOCH;] HOCH,
Monoglyceride Glycerol

27 Y



8 -Co

(intermidiates)

2.3

(IPAC)

(Methyl caprylate)
(Methyl caprate)

(Methyl undecanoate)
(Methyl laurate)

(methyl myristate)
(Methyl palmitate)
(Methyl heptadecanoate )
(Methyl linolate)

(Methyl oleate)

(Methyl stearate)

23
(cBcd)

(oleochemical industry)

(fatty alcohol)

(R group)

10

1
16
17
182
181
180

1

CHIOCOCHE
chdbcochl
chdcoclhl
chdbcoc,, hB3
chdococlhZ
CH3OCOCHHBL
CH3OCOCIH3
CH3OCOCTHS
CH3OCOCTHD
CH3OCOCTHD
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28.2.2 (Polyol)
(CH)
(glycol) (qlycerol)
28
HO CHs
H,C CH, HO}COH
HO\)Q/OH y HO OH
Neopentyl glycol HO ) o= OH Pentaerythritol
Trimethylolpropane
28 1]
1 ' ' (neopentylglycol) (aldol reaction)
(formaldehyde) (isobutyraldghyde)
23
6]
z )j\ ! Ho/\'/ = HOA.AOH
2, (trimethylolpropane)
(condensation  reaction) (butanal) (24
(cannizaro  reaction)
(29
0 0 HO H
o A~ H /\\l(g o (24)
OH
HO HCL OH

0
/quo + /U\ + NaOH + NaO.CH. (2.5)
'OH

H
OH



3 ' (Pentaerythritol) !
(polyfunctionalization) (pentaerythritoltetraacrylate)
(pentaerythritoltetranitrate)

2.9 (Le chatelier's principle for
transesterification)

(reversible reaction)

29.1
2.9.2
(endothermic reaction) (
) (exothermic reaction)
2.9.3
2.9.4
(inert ges)

(partial pressure)
2.95
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2.10
(alkoxyl group, RO} 2
2101 3, 13]
100
29 4
1 (protonation) (protonated
esters(l)) (carbonium ion (If)
2

(tetrahedral intermediate, (II)
(rate determining step)

. (elimination) M
4 (deprotonation)
0 A ‘oh oh
I H /| |
R OR R~ “OR R“" "OR
I I
OH R OH 'y .H/R'OH ﬁ
L * (e} evnnn Fhabe@, iR
R OR H o X :
R = carbon demi of the fatty acid i} lv

RLR = alkyl group ofthe alcohol
29 3



2.10.2

210
(9
(tetrahedral intermediate) (
(3
ROH + B
RCO0—CH?2
R'CO0—CH
H2C-OGR"
R'CO0-CH2
R'COO-CH  OR
hZC-R—%-R‘"
R'CO0-CH2
R'COO—CH + BH
h2c- 0"
2.10

NaOCH3

3, 13

(alkoxidle ion)

)
(9
RO + BH' )
R'CO0-E?2
RCOO-CH OR (2
HoC -0-C —R"
Ol
RCOO-CH2
RCOO-CH + ROOCR" ()
HL—0'
RCO0—CH?
R'COO—CH @
Hac-0 H
3
1 NOH

(saponification)



21

(free fatty acid salt) (soap) [13]

26
D
RCOORz + NOH oo * ROONat + ROH  (26)
Soap
211 2, 11, 14, 19
2
1 (homogeneous  catalysts)
(organometallic compounds) "1 (unsaturated ligand)
(mess-transfer  limitation) ,
2 (heterogeneous - catalysts)
Fe1 N1 0-"1 Ptv Pdl Aui Ag
(%:0) (MO (2n0)
(clay)
(activated carbon) (molecular sieve) (zeolite)
(procluct yield) (product selectivity)
(Supported)

(impregnation)



24

(Actvity)
(Selectivity)
(Active site)
(Initial reaction rate)
(Separation)
(Recycling)
(Quantity of catalyst)
(Pressure stability)
(Thermal stability)
Tum over number (TON)
(Cost)
(Soap)

(homogeneous base catalyst)
(heterogeneous base  catalyst)

(base  zeolite)
(basic alkaling earth oxices) (solid organic bases)

22

24
[

2

/ (insoluble/immobilized metal salts and hydroxides)

(mixed metal oxide)



212

(Heterogeneous catalysis)

(interface)
1 (210
y )
(driving force)
(intraparticle diffusion)
1
(adsorption) . (active site)
(chemisorption)
(monolayer)
(desorption) - ,
(dliffusion)

23



24

= N Boundary
= ) layer

211 7

(rate  determining  step)

4 (rate limiting step)
2.13 (Layered double hydroxide, LoH) [4, 14, 16-18]
. 192
Feithnecht -
, .. 1960
Almann  Taylor X0
(anion) (interlayer spacing)
MyeAIZ0H) 18C034HD

212



25

d-spacing

. 7 Interlayer spacing 29 A

& t Width of metal hydroxide layer

2.12

MG A0H)BC034HD [17]

+

MEDABHOH] AMwHD M+ m3t 1
3 X IVBA(V2HMB) a
M+ Mg Fe2tCo Qu2t N2+ Co+  Znr Mt ARO3Gadr  Fedt
25

25 [16]

Brucite My(OH)2

Gibbsite Al(CH)3 monoclinic

Natural hydrotalcite MbeAIZ0H) 15 C03 4H2)

Meixnerite MRAIZOH)§ C03052HD

Sjogrenie Mye(OH)8C0306.2.25H20

Stichite MyC(OHC03062HD

Takovite N3A(CHEC052H0

Pyroaurite My3(OH)3CO306.2. 25H20

Hydrocalumite Ca2A(OH)RCCB)ii(OH)0.78-2.38H20

213.1

(Mg-Al layered double

hydroxide, M8-Al LDH)

wgsmzommoam (MyCH2



26

Mz

(octahedral)

A3t

Ve

(brucite layer)
213)

(@) (
(MrAHCHY)

(C02)
(hydrogen  bonding)

214) [16, 19

500

MyA L

(

My A(MrA mixed oxide)

1 ’ 1

MyAl L

(co-precipitation method)
(Support)

215)
N
NN,

<0
L 5

(memory effect) [14] (
2
>

H
o

|
M

|
O
H
2.13

MgAI-(OH)x
Interlayer spacing

s
j 1
CO

Hydrogen bonding

Myl LDH [17]

2.14



2132

1
2
3
4
5
6.
1

Calcination

at 450°C H,0
— ——
Calcinatio ARG \d Memo =t
Mg-Al mixed oxide
2.15 MEAL LCH(memory effect) [4]
1 ! 1
500
450
memory effect 450
(Catalyst) [16]
500
26
Ce(2 SO0X

27

J
AL
D

¥

\d

4
»
2



28

26

Mg 20H) B C03 4D o ,

NGAAOH)E(C03.4HD S
N3VERAIZ0FDIR C03).4H2) ,
Cu6AlZ0H) B C03)4HD ,
CudZn3AI20H) 16 C03.4H2) ,
2 (Environmental) [19]
(anion-exchange) (adsorption)
memory effect
3 (Pharmaceuticals) [L9]
4 (Polymer) [20]
(polyvinyl chloride,
PO (dehydrochlorination)
2.14
Gryglewicz [
(fatty acid methyl esters, FAVE) 3
(olive ail) (rapeseed oil) (lard)

(freezing  out)



' 27 '
2.1
Fatty acids composition
ety ester twt." !
140 160
Oliveall IL?
ol 48
Lad 18 20
Lard - Filtrate 1~ 12 172
Lard - Filtrate 1 10 135
2.8
Synthetic esters, starting
material
FAME Alcohol
Oliveoil NPG
Rapeseed oil NPG
Lard—Filtrate 1 NPG
Olive oil TMP
Rapeseed oil TMP
Lard—Filtrate 1 TMP

Native triglycerides
Olive oil
Rapeseed oil

Lard

“NPG: neopentyl glycol; TMP: tri

Sulaiman

(alm il methyl ester, POVE)

86 %

11 180
08 30
18
26 179
36 T
39 49
28
Yield (%)  Acid value
(mg KOH/'g)
94.0 0.40
93.1 0.57
91.9 0.93
85.1 0.55
87.2 0.24
84.0 0.68
117
0.23
- 0.5
methylol pro

2]

POVE

29

81 182 83 20 21
719 1

49 68

62 74
1 76
Viscosity ¢» cSt) Viscosity ~ Pour point
index PC)
40 °c 100 °C
15.32 431 209.8 -15.5
15.62 4.3 208.7 -175
1351 4.05 226.2 -13.5
36.00 8.32 218.3 -13.0
35.34 799 209.2 -15.5
37.65 9.06 234.7 -10.5
39.. 39 196.6 -15.1
36.36 7.96 200.1 -21.0
. - +32.3

pane; Alt percentage of viscosity change;

(P
VP 381



120 , 20

180 , 2

0%%

Yunus [2]

POE  TWP
10-30 %
30-60

, 0.7%
39.

Chang 23]
propanetriesters) POVE WP
POVE, TWP 6:1, 50 .

170 8
%%

Masood [24]

POVE  TWP
FTIR
20-30
180 , POVE TP 62,
03% 8
8
Xie (9]
MrA IH

30

130 , 50
POVE  TWP

(trimethylol

POVE  TVPt

03% ,

SEM XRD TGIDTA
50 ,
1
2%

MpA LTH



XD
TGDTA

FIIR

(673, 773, 873
MyAiLCH

673-698

173

15% ,

0%

134
1073

b
)

473-523

6:1

XRD

31
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