2.1 ) (Petroleum oil)
D) if
2.1.1 N
fin), (olefin), (napthene),
(diolefin) (acetylene)
CriH2n+2

turated hydrocarbon)

(1,2)
(paraf
(aromatic),

(sa

C,H21l



(catalytic cracking)
CriHarl ?)

(benzene se
ries)

(toluene)
CrH2LL 2
2 2
' (qum)
untreated cracked gasolene
2.1.2 (petroleum fraction)(3,4)

Pensylvania crudes
California crudes

(vacuum distillation) '



(petroleum gas)

20 °c Cl-CA ,
(liquid petroleum)
(petroleum ether) 20-60 C C5-Ce
(gasolene) 40-
205 °c Cs-C10 (wax
free liquid) N (internal
combustion engine)
(kerosene)
175-325 ‘¢ cie-cie
? (jet engine)
(gas oil)
230-243 C
(light distillates)
branched-paraffin
normal paraffin
(paraffin wax) macrocrystal
line wax
(large needle) (plate)

(heavy distil latest
(superheated
steam distillation)
(microcrystalline
waxes)
(smaller crystal) (residues)
i (viscous oil)



(asphalt)

(diesel oil) 250-400 °c
C15 _¢20 ‘
(lubricating oil)
300 ‘c C10 c¢s2

2.1

RAW STOCKS e------—-intermediate! products MARKET PROOUCTS
CGos
Seltle got
Ory a=s - Gasoline
Haturol aancline gy 7/' Jar l'uelh
8 5 - Napht
Wet gas T——=—eo., +Cocked gosa T g ohiian
¥ Crocked gas—— Kerosene
Gasoline (row)r—r r
i \ S Stove distillate
: I o S
Natiwal gu Naphtha (row)—— ~—k Troctor ond Sesel

fuel ol
Gos oil

Ught motor oil

€ wwe

Kerosene (row

N

(de-oil

Heavy casails

)

~Horviscous nevtral
: {
! Hevhral

/
Heovy motor il
WA g
iscous nevtrs Extra-heovy metor oil

A
! +Foots oil—— .
-“,—QEC :.m‘ ; 4Z—— Paraffin wax

Medium motor oil

Katural esphalt

Steam cylinder-stock

Petroletum wor

Greases and salves

- [l A Fuel oil
ihermel Crocking— 2} * Cerm—— \
~ Cracked— ‘. S el Asphatt and +ar

¥ Oorred [ines indicoie products of crocking SsiCale

2.1 intermediate (2)



2.2

2.2.1

(friction)

*

friction )
2.2

friction

(Lubricating Oils) (5,6)

(Lubrication)

2
2.2.1.1 (solid
2
(a) (sliding
2.2 (5)
(b) (rolling
: (bearing)
2.3

)

P
\

2.3



10

2.2.1.2 (fluid
viscosity)
'l
(removal of contamination)
(rust and corrosion inhibitors)
(power transmissions) (seal)
2.2.2 (Lubricants blendings) (6)
(viscosity) (volatilities)

(thermal and oxidation stabhility)
(load carrying ability) (solubility)
( machanical and chemical
properties ) ' (additive)

( extreme pressure ability )



11

(lube bases)

1
(pour point dispersants)

(anti-foam) (viscosityindex improvers)

7 .

(anti-oxidants) (anti-wear
agents) (detergents and disper
sants)
2.2.3 (Type of lubricating oils)(7)

2.2.3.1 (marine lul



12

2.2.3.2 (automotive lubricant)
(engine oils)
gl
2.2.3.3 * (industial lu-
bricants)
2.3 (8)
(Base oil) '
(Additive)? '
? (Oxidation),
( Antirust B CorotionN ),
(Detergent H Dispersant), (Antif oamant )
?
2.3.1
(Mineral oil) ?

? (Oxidation B Nitration)



2.3.1.
2.3.1.2
Lacquer, Resin)
2.3.1.3
2.3.1.4
2.3.2
2.3.3
2.3.3.1

2.3.3.2

1

13

(Varnish,

(Sludge)



tin

2.4

2.3.4

2.3.3.3

2.3.3.4

2.3.3.5

(Blow by)
2.3.3.6

2.3.4.1

2.3.4.2

2.3.4.3

14



2.1

(COLOUR)

(FLASH POINT)

(VISCOSITY)

(ACID & BASE No. )

(WATER CONTENT)

1 (INSOLUBLE)

(DILUTION)

(DIELECTRIC STRENGTH)

(METAL CONTENT)

Tl

%

CIRCULATING
OlL

15



0il)

2.4.1 (Colour)

(Tranformer oil),

2.4.2 (Flash point)

2.4.2.1

2.4.2.2

ASTM D 92 ASTM D 93

2.4.3 (Viscosity)

40 100

16

(Circulating

(Blow hy)

79



2.2 ,

HIGHT SPEED DIESEL ENGINE
MEDIUM SPEED DIESEL ENGINE
GAS ENGINE (SAE GRADE)
COMPRESSOR (ISO VG GRADE)
GAS TURBINE

HYDRAULIC SYSTEMS
GEARBOXS

2.4.3.1

2.4.3.2

%

15
15
15
10
10
10
10

30
30
30
15
15
15
15

17

(Blow by



2.4.4

2.4.4.1

2.4.4.2

ASTM D 664
(ASTM D 974)
KOH/

(Acid number)
{

, (Potentiometric)
INDICATOR

18



2.3

GAS TURBINE
COMPRESSOR (ISO VG GRADE)
COMPRESSOR (SAE  GRADE)
GAS ENGINES (SAE GRADE)
HYDRAULIC SYSTEMS
GEARBOXS

2.4.5

2.0,

KOH/

0.2
0.5
1.5

0.7
0.5

0.4
1.0
3.0

1.6
1.0

(Base number)

Sulfonate detergent

, 3.0
ASTM D 4739

19



2.4.6 (Water content)

ASTM D 95

2.4

HIGHT SPEED DIESEL ENGINE
MEDIUM SPEED DIESEL ENGINE
GAS ENGGINES (SAE GRADE)
GAS TURBINE (ISO VG GRADE)
COMPRESSOR (SAE GRADE)
HYDRAULIC SYSTEMS
GEARBOXES

0.2
0.2
0.2
0.1
0.2
0.1
0.5

0.5
0.5
0.5
0.2
0.5
0.5
1.0

20
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2.4.7 (Insoluble)
2
ASTM D 893
2.4.7.1 Pentane n-Heptane
(a)
()
(C)
(d) ,
2.4.7.2 Benzene Toluene
(a)
(b) ,



22

Pentane,n-Heptane

, 0.2 % ;
1.0 %
2.0 % Toluene Benzene
2.4.8 (Fuel dilutuon)

2.4.8.1
2.4.8.2
2.4.8.3
2.4.8.4

ASTM D 332

(Gas chromatography)

2.4.9 (Dielectric syrengtl



ASTM D 1816
14 KV

2.4.10

(AAS)

23 KV

(Metal content)

Atomic

Absorption

23

ASTM D 877,

Spectrophotometer



2.5
2.5.1
)
2.5.2
2.5,
2.0.3.1
2

0 . 60-80

fa

24



2.5.3.2

Centrifugal separator

2.6

(Additive)

(Viscosity)

(Gum)

25

%

(10)
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2.6.1
3
2.6.1.1 , ,
2.6.1.2
2.6.1.3
( )
2.0.2
370-540
(Lubricating oil Distil-
late)
2.6.3
(Clay-contacting) "Mild
hydrogenation"
(Activated clay) “"Filtrol
grade 20" "Superfi Itrol" "Tonsil"

“"ASTM Colour 4-5" "ASTM Colour

1-1.5"
(Viscosity index)



21

2.6.1.3
( )
2.1 (Solvent Extraction) (11)
(Liquid-Liquid Extraction)
(Leaching)
2.7.1 (Liquid-Liq:

Extraction)

(Azeotope mixture)
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(Feed)
A B A
' (Extractant) C
2 2.4 (FEED)
(Extractant)
A
C
( )
( )
"Dispersed phase” "Continuous
phase" 2.5 A Feed
C
A C B
(Equi Librium)
; R | )
2.6 C
A B
' (Extract) B A
C B

(Raffinate)



29

2.7.2 (1
F,.C,E,R, Feed,
Extractant,Extract Raffinate
(Mass fraction)
X
2

Extractant — feed
(C) (A+B)
2.4
°0 © OOOo
O |9 Oext— dispersed phase
00 0 "<0
00" g 0000
o ooooo..-—contlnuous phase
0000000 Fo)

2.5



S+B+A
S+B+A
2.6
FEED
(F)
Koo ,——)
XBC EXTRACTANT
(C)
2.7
(A.B C)
(F.C,E,R) X BE B
XAR A

30

raf finate

gxtract

EXTRACT

(E)

WS |

1
RAFFINATE

(R)

(Extract),

(Raffinate)



(Extract
(Raffinate solvent)
2.8
E R
XAE XAE
A

solution)

XAR

XAR

2.8

Ro

Ro

2

(12)

9

31



A (Soluie)

32

(Rauffinute sulvent) ‘ (Extract solvent)
2.9
C N
CR AB R’ CE

AB E’ R’ R C

E’ E C
BE'/BR’ A
A ' C 2(Extractant

-Free Basis)

BE'/BR’ (Selectivity)
C 1
A
AB C B T’
2.9 T’ CT AB '

AB C



2.7.3 (12)
*
A
A B
A
(Relative selectivity)
factor) g
2.9 ER
g = BE'/AE’
BR'/AR’
g 1
(Selectivity)
1
(Selectivity diagram) 2.10
( A A
y BR X (
A B )
45° BE’ (y)
45°
A (Maximum enrichment)
BE'= BT’

33

(Separation

BE’

BR' (X)

45°
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a1 - —_—

Mass of solute A :

per Mass of A+B
a4

in extract phase

[ e
@i
[

02

'
!
|
I

Qi i
I
'
I
!

| 1
0 Q1 a2 03 0.4 0s 03 Q7

[ >oluic A per unii ntm ol A-rii
r:iidn;ac phaw* ni-

Mass of solute A per Mass of A+B

in raffinate phase

2.10

(Ponchon diagram)

vh 4

= C A+B
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Yy = A A+B
Yy = Yo (2.2)
Y. o+ Yp
R = c A+B
Sr = XC o (2.3)
XA + XB
|

X = A A+B
X = AL NN (2.4)

X. + XB

3
3

(Stage-Wise countercur-

rent extraction)
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2.12

12

2

R1

£1

1

£2

Ro
R?2

£2
R1

£0

13

2

- E.orC

11

2



Mans of solvent € per unlt maas of solwit C.lree liquid

37

laiftikJA per - 'MM ol aolveAL C* frx liguid
ia thd mAQ4U Ujrx X«
0J 04 0.4 (u 0.7
1o T T T T PR 10
' 9
L ol -.3
!
b -7 C‘)
iﬂf
IS >a|®
L . &4
R S
4 ia
@ g~
- S Ertna s 2 8
3 L
1 42
: T
3 :3
3 - ~43 2 5
k]
. i
1 -1
Raffsais Plat poiat
9 a Q (%) e [ 0 a1

-12

hdduuAnmmdu:th‘b—\hud
A

in Uhe extract layer, Y= v,

WWUANNITINA D aINTEURIUNTEUIUNITRI S

2 1'11

oU

m-m

2

13




over extractor 1)

Ro +E2

over extractor 2)

RO +£2(C)
Ro +cC
Ro - £ 1
1-1,m-m
/
(2.8)
1-1
£ 1RO

£ 1RO £2R1

38

1(Overall material balance

R1 + £l ...(2.5)

2(Overall material balance

R1 + ¢1 oo (2.6)

(Overall material balance)

ri + E (2.7)
3
RI - Ea = R2 - ¢ (2.8)
AL B c
(2.8)
Ro £1
m-m
E2R1 CR2



Q 0
C
2.7.4
system types) (12)
C
4
2
2

1

14

14

(Type

(Type

(Type

(Type

4

39

2.13

( Ternary

liqu



4Q

A,B c G
o
2.14 ) ) 2
) A B B c
|
) )
)

2.14 ) 3
2,14 ) 4

3

B D G E C
() Type 1 ai different temperatures: () Type 2
t<i'<i"<t" G corresponds to tem-
perature t"

/’\

(3) Type 2 (3) Type 3

2.14 3



2.8

41

(Scheibe 1 Column) (13)

2 2
York-Scheibel, (
) (
4
1.
2 2
3,
4,

Scheibel column



2

15

42

\ Raffinate phase

/V\ Feed (Used oil)

Extractant

\\\jr’//r_- (Ammonium Sulphate)

Extract phase

(Scheibel column)
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