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In the early 1960s the petroleum industry employing molecular sieve
technology made available a low cost and plentiful sﬁpply of normal paraffin
fractions of very high purity. This enabled chlorinated paraffin manufactures to
exploit'new applications with a range of products specifically designed to meet

the technical and commercial requirements.
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The principal feedstocks used today are the normal paraffin fractions
C10-Ci3, C12-Cy4, C14-Cy7 and Cy3-Cy together with paraffin wax fractions of
C24-C30, precise compositions may vary depending on petroleum oil
source.Chlorination extent generally varies from 30 to 70 % by weight. The
choice of paraffinic feedstock and chlorine content is dependent on the

application.

Chlormat . an ) ired by passing pure chlorine gas
into a liquid paraf ‘ oo : ’ viscosity of the paraffin is
sufficiently low to/perait frge Levon 0] , { the &ogen chloride and solution
of the chlorine, and ( : pesiti T chlorinated paraffin is not
extensive. Chlorine . : : i ' temperature differ slightly among
the different producers. Ten perat b@u‘ y kept between 80 and 100 °C
At these temperatures ehlbﬁ‘ﬂdti ‘e nically and cooling is

must be avoided t(‘]jarevent_ wh@m may cause dark or black
products.
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Visible light is especially effect%c_e in initiating, the reaction at
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source‘may be reduced in intensity or eliminated. The presence of such
chlorination catalysts as metal chlorides can promote decomposition of the
chlorinated paraffins with subsequent darkening of the product. The reaction is
terminated by stopping the flow of chloride when desired degree of
chlorination has been achieved. This is estimated by (iensity, viscosity, or
refractive index measurements. The reaction is then purged with air or nitrogen

to remove exccess chloride and hydrochloric acid gas. Small quantities of a




.storage stabilizer, typically epoxidized vegetable oil, may be mixed in at this
stage or later in a blending vessel. Manufacture of resinous chlorinated
paraffins (70 %chlorine content) requires the use of a solvent during the
chlorination step. Additional steps of solvent stripping and grinding the product

are necessary.

Both batch and ¢ ¢ known for the preparation of

chlorinated paraffins ch processes are preferred,

however, because ¢ \ products synthesized. An

apparatus for preparati 1m laboratory is shown in

N

figure 2.1 and a ercial productlon is shown in

the figure 2.2
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Figure. 2.1 Chlorinated paraffins preparation in laboratory
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Figure 2.2 The commgrgal productlon “chlorinated paraffins
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e) Effuent gas ; f) Chlorinated par affins, uns 1hzed outlet ;
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1) Chlorinated paraffins, stabilized, outlet, k) Light sources ;

1) Cooling and heating circuit ; m) Chlorine removal from effuent

gas n) Partially chlorinated paraffins ; o) Paraffin circuit ;

p) Effuent gas, chlorine free outlet ; q) Absorption of hydrogen

chloride ; r) Inert gas, outlet ; s) Activated charcoal



In general terms for each ton of chlorinated paraffins produced,
approximately one-half ton of hydrochloric acid is generated. Thus materials of
construction must be resistant to acid attack. Reactor vessels were traditionally
lined with lead or ceramics but glass-lined mild steel is now prefered. Ancillary
equipment such as stirrers, pumps, valves and pipelines should be of conosioﬁ
and acid resistant material. Go ’o
metal chlorides entering the x;u )

discoloration of the c

In order / eco

business, it 1s ess

acid, either thro

sekeeping is vital as minute traces of

se dehydrochlorination leading to

iable chlorinated paraffin
r the surplus hydrochloric
t, or preferably via an

oxychlorination ide/chlorinated solvent unit,

The ﬁrsb \-‘w 1ati 1dy | afﬁns were made by P.A.
Bolly [3] in 185-

858 Because of the increasé in viscosity with chlorine
content, B mmm E}wfm&’ms containing more
than 61% chloerine. In 191 ger paten d a process for chlorinating the

1@1& ?l N the difficulty
expenqnced y Bolmwzle%[ﬂle c nucal na e of the lower

chlorinated paraffins was advanced by the work of Asinger in 1942 and of the

effect of manufacturing conditions on the properties of chlorinated paraffins by
the researches of Girelli and Siniramed in 1949 [4].



Girelli and Siniramed studied the effect of chlorine flow rate and
temperature on the yields and properties of the chlorinated paraffins, found
that, with a paraffin of mp 48 °C and average molecular weight 370, a
maximum rate of chlorine absorption was reached at 100 °C, and that the color
of the product became darker with increasing temperature. They conclude from
their experiment that the opti e flow rate and temperature for the
particular paraffin they a& W 12/(hr)(kg paraffin) and 80 °C,

respectively. Variati usmg the same paraffinic

material, resulted in olor and viscosity. Color and

carried out with the solveft und ! Several patented varients of the

chlorination process use ~diffe:

chlorination. A D ,'__ ' produc  ,‘ .'d chlorinated paraffins
by contacting a mOl@l‘P’” substance wit] ch@rine which comprised the
steps of contacting a nplten body of sald}ubstance with gaseous chlorine at a

cormion @b 3 Yoy 9|E mainlaging s temperatre

until up to abut 33 % of the desired chlorination has bgen obtained, and

cnis AT END VI VNG e s

amount ‘of chlorine has reacted. By the process of this study, it is found that
liquid chlorinated paraffins can be prepared possessing improved uniform light

color characteristics and good heat stability.
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Imhausen Werke [11] produced solid chlorinated paraffins from a
mixture of high molecular paraffin hydrocarbons containing more than 20
carbon atoms. He found that it was advantage to add inorganic and/or organic
nitrogen comounds such as ammonium chloride, urea or amines, before and/or

during chlorination, in oder to prevent the product from darkening.

In Japanese progess 6] Ation is begun at 70 °C and

progressively raised w 1@“% hrs. This latter process
employs calcium OIM ¢ as a catalyst.The use of normal pentane to
extract a 60 % chlori ohf para \ the crude chlorination product -

has been described, v ntar A equently removed from the

The degree of chloxgan i U gemea by the manufacturers on

the basis of their pereption of marketsrequirements; as a result, chlonne

contents mayﬂau &n’} m‘mﬁ mm jiowever customers

purchasing requlrements often demand equivalent productsy from different

suplce} bt b ek Vil ]| 6 £

The physical and chemical properties of chlorinated paraffins are
determined by the carbon chain length of the paraffin.and the chlorine content.
This is most readily seen with respect to viscosity and volstility as shown in

figure 2.3 and 2.4, respectively.
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The chlorinated paraffins are homogeneous, neutral, colorless or pale
yellow liquids. Color, however, is not a constant characteristic; although most
of the commercial products are in the yellow range, the precise color density
and tint is depentdent on manufacturing and subsequent storage conditions.
The color of most of the chlorinated paraffin is permanently increased upon

prolong heating, because of the action of the liberated hydrogen chloride.

Viscasity, Pa; s

0.0 “\ 7o 75
Figure 2.3 Viscosity of chl # s at 25 °C.*
]
§ -
a

l?ﬂﬂﬂ NSNS

NW ANYAY

A
0 B s s
40 50 60 70
Chlorine content, %

Figure 2.4 Volatility of chlorinated paraffins at 180 °C after four hours*
*Paraffin feedstock : A, wax ; B, C14-C;7; C, Cy0-Ci3
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Chlorinated paraffins vary in their physical form from free flowing
mobile liquids to highly viscous glassy materials. Physical properties of some

commercially available chlorinated paraffins are listed in table. 2.1.

Paraffin Chlorine \ iscosi ' Refractive

carbon chain contents \:‘\\ _ index
length :
Cl10-C13 1.493
1.508
1.516
1.525
1.537
C14 - C17 1.488
1.498
1.508
1.522
C18-C20 1.506
1.512
Wax (C> 1.506
U 1.516
q

Table 2.1 Physical properties of selected commercial chlorinated paraffins
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A key properties associated with chlorinated paraffins, particularly the
high chlorine grades, is nonflammability, which has led to their use as fire
retardant additives and plasticizers in a wide range of polymeric mater:als. The

fire retardant properties are considerably enhanced by the inclusion of

antimony trioxide.

None of the chl ed p are soluble in water or the lower
alcohols. Most of the@ fogl e@ with water in the presence of a -
suitable emulsifying=agéni~Those wi me contents greater than about
40 % are soluble I ating vils, benzene, the industrail
chlorinated solvent, 16r A v ol, castor oil and linseed
oil. They are cou pati i{kﬁlorinated rubber, synthetic
rubber, polyester resinsgfan many afkyd s well as with such common
plasticizing compounds 3 §tpgl‘ dibutyl g ;’i» alate and tricresyl phosphate.

T
s
s

—

Chlorinated paraffins

resistance to chemiical attac

are.| ‘ inert and exhibit excellent

posses goond paraffins, if held at high

-
temperatur<s for p{'glong periods, first darken in color and then release
o

detectable ﬁf{‘ dﬁiﬂ(ﬁ]}l W’ETET often quote a thermal

stability indéx which is a measure of the quantity of hydrochloric acid released

LRGN "gﬁ%“m iﬁ mgﬁor four hours at

exXpress

175 °C. Degradation of chlornated par e accelerated at
elevated temperatures in the presence of iron, zinc and dehydrochlorination
catalysts. The thermal stabity of chlorinated paraffins can be improved by the
inclusion of epoxidized compounds which typically are epoxy esters,

antioxidants of the hindered phenol-type and metal soaps.
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2.1.5 Applications

Chlorinated paraffins are versatile materials and are used in widely

differing applications.

Various el P s have been widely used as

secondary plasticiz uction of PVC T best combination of good
plasticizing effects, . i lable viscosity 1s obtained
with products containd ase on Cy4-C; paraffins.

By raising the chlorine/t compatibility and viscosity can be increased,

By selectigr_of those chlonnated paraffins.s oecifically developed for
the PVC industry to m » ary plasticizers, reduction in
cost can be achieved w1}h0ut 51gmﬁcant change in properties. However, certain

o cn G ) BT Py s

resistance, chemical and water rg,slstance low temperature grfoxmance and

B NYIAY

(2) Flame Retardants in Rubbers , Textiles , and Plastics

Certain type of chlorinated paraffins have been widely studied as
potentially efficacious flame inhibiting additives. This is particularly true of
C10-C,3 paraffins so treated as to have a chlorine content as high as 70-71 %.

Such materials are especially effective when combined with antimony or
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phosphorus containing synergists. The solid 70 % chlorine product is the
preferred choice in most polymeric systems, but the liquid grades are widely

used in rubbers, polyurethane and textile treatments.

(3) Metal-Working Lubricants

A range of chlowi y%lsed as components of st.‘aight

automotive applicatio ears, hypoid gears, metal
cutting and allied op s and rubbing action are
encountered, hydronay ntained. In oder to maintain
lubrication under such tion: N : e or antiwear additives must
be added to the lub uch m one or more of the elements
of chlorine, sulfur or" phe f ~Chlorinated paraffins are cost-effective
extreme pressure additives %‘;zc sed alone or in combination with

—'-"' -r“"r".' g ® % S e . ‘g .
additives contamlg salfur hosphorussaccording to the application.

1 onﬁf chlorinated paraffin and
the level of additives tg a.ubricating oil depends on the type of application and

theseventyoﬂhu&i@‘lf]ﬂﬂ’§°/‘487ﬂ'§
Q(M@ﬁmﬁﬂ UANAINYIAY

Chlorinated paraffins have become widely used components in the

such as deep drawug angd

formulation of spacial varnishes and paints, including road marking paints,
outdoor paints and marine paints. Important characteristics incl:zde desirable
plasticizing effects, resistance to hydrolysis, inflammibility, resistance to most
chemicals, low volatility and outstanding compatibility with typical resins.
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Additives have also been reported which increase the resistance of varnishes

containing chlorinated paraffins to the effects of ultraviolet light.

(5) Water-Repellent and Rot-Prevention Agent

Chlorinated paraffins having a chlorine content of 60-70 % have been
: rot-preventing impregnants for

L seas. sailcloths, tarpaulins and tents.

J taining organic solvents are

textiles, especially
Appropriate emulsi
available.

Various gra
fire retardant plasticizers -@@‘; ng s in adhesieves and sealants.
They find wide applicaﬁéfgﬁ? €, _polyurethane, acrylic and butyl

types are also employ v r le-"and triple-glazed windows.

‘”F?%ﬂ%‘ﬁ% NIN ?.l n7
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carbonless copying paper production based on the encapsulation of a solution
of reactive dyes. Chlorinated paraffins fulfill the technical requirements for a
solvent including excellent solvency for the dyes; they do not react with the
dyes nor encapsulation material, are miscible with water, and have low

volatility and low odor.
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2.1.5.2 Conversion to other products [1]

(1) Semi-synthetic Lubricants

Valuable semi-synthetic lubricants, especially motor lubricating oils

and machine oils, can be ob _' chlorinated paraffins. In general,

chlorinated paraffins can be thetic lubricating material in

two way.

1. Chlorinate WA e e caused to react with aromatic
hydrocarbons such cae e o.. with anhydrous aluminum chloride
in a Friedel- Crafts/alkylation proge K O -- alkyl groups entering the

aromatic nucleus ac

2. Chlorinated paraffins of d directly to lubricating materials
by self-condensation b of anhydron s inum chloride.
~ ‘
etic lubricating oils are
necessary to follow x}tlth hydrogenatméthe aromatic or unsaturation using

s s 1 PRI B Yy e i

temperature b&havior will be unproved

RN IR INYIA Y

9(2) Detergents and Textile Auxiliaries

These method

There are two routes leading to synthetic detergents and textile
auxiliaries. The reaction of the chlorination products of the higher paraffins
with phenol to give alkylphenols and their conversion by oxyethylation to
alkylphenol polyglycol ethers. These products are soluble in water and exhibit
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outstanding surface-active and detergent properties because of the long alkyl
residue.
Another suitable method for the preparation of water-soluble materials

with long alkyl residues and, therefore, useful detergent properties, readily and

with good yields, consists in alkylating aromatic hydrocarbons with products of
the direct chlorination of highe ic hydrocarbons or the petroleum
fractions boiling In th.' Trespa erature range by means of

aluminum chloride 1@ . rmThe resulting compounds
RN

become soluble 1n wat

(3) Eurther Poss

~ J'Iﬂ T ]
afmv ng

pwﬂx

ilorination products of higher

Further possibili

paraffinic hydrocarbons ingo v als and auxiliaries by chemical
T o : :

reactions consist in the parﬁmﬁl : of chlorine by hydroxyl, amino,
=T ' ]

"'".-ll"

alkoxyl and mercaﬁo groups , able-quantities. of olefins are

also produced so that, taking t rted during chlorination into

consideration, a vetyljoﬁlp' X 1 of different rﬂterials is produced. These
mixtures can be used suceessfully in thegextile and leather industries.

AUEINENINEINT

In chlonnated paraffinsscontaining feur or more chlorine atoms, by
st e i kel &b gty e dalid pienEn e sarting
matenal may be replaced by hydroxyl groups and the rest of the chlorine can
then be exchanged with other functional groups. This procedure yields
products in the form of more or less viscous, faintly colored oils which find
application, because of their special properties, either directly as lubricating
and greasing agents or as important and essential constituents of emulsions in

the textile and leather industries.
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The treatment of chlorinated paraffins with alcoholic caustic soda
gives mixtures of alcohols, olefins and ethers with unchanged chlorinated and

non-chlorinated paraffin which are very suitable as leather greases.

By treating highly chlorinated paraffins with alcoholic ammonia in an

autoclave at 150°C or with sodium, hydrogen sulphide, compounds containing

)

substantially free from chlorine
r&om (vinyl chloride) and can
Y —

nitrogen or sulfur are obtai

or contain the residual

be used for a very wi

2.2 Reactions and i 1214

2.2.1 Substi ( ﬁg ;,

The substitution fotine fo atoms in a hydrocarbon 1s an
. . . %_.__” — - .
important commercial chlorination process. Chlorine free radicals used for the

substitution reaction are 12l photochemical,or chemical

- at least 250°C to imitiate

decomposition of the diatomic chlorine molecules :
‘o Q/

viradiel wmﬂ?ml by cooling or

atic reactors with an appropriate diluent are commonly

ito chlorine radicals. The
large reactior
dilution, although as
used i iusiat gy ‘wmﬁ;awﬂ ﬁtixﬂ‘;’ﬁive and less
sensiﬁvqto-u:]jbltion ﬁ?t%tochemical process. Mercury arc lamps are
the usual source of ultraviolet light for photochemical processes furnishing
wavelengths from 300-500 nm.




Chemical initiation generates organic radicals,

decomposition of azo or peroxide compounds, to form radical

20

usually by
s which then

react with chlorine to initiate the radical-chain chlorination reaction. The

reaction proceeds by a radical-chain mechanism, as shown in equation 1

through 8.

Chain initiation

Chain propagation

‘ ‘+ HCl
H,Cl + Cl-
\ GH,CI- + HCl
“\CICH,CI + CI-

Chain terminatio u_

m Ch+ Cl — cdﬂ
AUt e et

; q'll Ecﬂn@aﬁn@ ;ab aQA QBIM:] asicngi Qcﬁfﬂe molec;ﬂes by

thermal, photochemical or chemically initiated processes react with methane

molecule to form hydrogen chloride and a methyl free radical. The methyl

radical reacts with an undissociated chlorine molecule to give methyl chloride

and a new chlorine radical necessary to continue the reaction. Other more

highly chlorinated products are formed in a similar manner. Chain termination

may proceed by way of several of the examples cited in equations 6 ,7 , and 8.
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The initial radical producing catalytic process is inhibited by oxygen to an
extent that only a few ppm of oxygen can drastically decrease the reaction rate.
. In some commercial processes , small amounts of air are deliberately added to

inhibit chlorination beyond the monochloro stage.

/}n[13,14]

An alkyl halides '&hdr bon in th £
alky. 16§ h an'a s tydrocarbon in the presence o

lewis acid catalyst inuim chieside (AICL;) or ferric chloride

(FeCly), alkyl halid smatic. The mechanism of the

reaction is gener:

2.2.2 Fridel-Crafts All

-\ jay of carbocations which

attack the aromatic sucleug’: /

A
UL INENINEINT
RINNTUARLIN

+ HX + AICL
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In many cases the alkyl group may undergo extensive sketal

rearrangement under the reaction conditions employed, to form a more stable

secondary or tertiary carbocatior.

reactions are always succé‘_@eﬂt

- Al ;

. LN
reaction can take "Blace, in which the a

olefin. However, ,'31 the | ydrogd_ij chloride and anhydrous
aluminum chloride the=olefin also alkylates the aromatic hydrocarbon very

smoothly ﬁ& Lantrsion b it Vohumktt elighalid hydrocarbons through the

chlorination products into well-define materials by doublesdecomposition is,
unde présént| coRditdns, orly appled to tode olebulhe3izes for which pure
monoc11lorides can easily be prepared. The difference in the boiling point of
the initial hydrocarbon and monochloride must be as possible. This method is
used even in those case where, in the further processing chlorides, the olefin
arising in considerable amounts as unavoidable by-products can easily be
seperated and used in a technically valuable manner. This type of olefin

formation can then be considered as chlorinating dehydrogenation.
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2.2.3 Hydrogenation [15]

The hydrogenation of petroleum and its fractions comprises a wide
assortment of reactions involving all the components present in the complex

mixture. The hydrogenation reactions shown in figure 2.5 are typical of those

on the time, temperatufe, ant iiyd ' ‘pressure utilized. Pctentially, given the

proper catalytic envisdnments h/drogen will react.in some manner with each of

the hiydrocarbon comé S : 1 \at .571 )st any temperature and
pressure. Normally, for gommert a1 Operat femperature is limited to a
mixture of about 532 °Cian e St Ama A’.__. um of about 10,000 psig.

Crudeofl i ¥ “eﬂeg ! ”w 8.Tn of organic chemicals
ranging in sizdifroméxr:;ae gasegxﬂicule; such as meﬂ;:ne, to very high
mplec @rmﬂwgﬂ m ,TT aﬁjﬂr@t:p can vary not
only wi 4the location and age of the oil field but also wi e depth of the

individual well. Common colors are green, brown and black and occasionally

almost white or straw color. Specific gravity can range from 0.73 to 1.02.
Viscosity varies widely, from about 0.7 centipoise to more than 42,000

centipoise.




Saturation Olefinic bonds

RCH CH =CH(_‘Hl b g e RC1 l:CIl,CILCll‘Cll)

0w — O
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Hydrocraeking
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Figure 2.5 Typical hydrogenation reactions
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The composition of crude oil can be classified into a few broad

categories.

2.3.1.1 Hydrocarbons

Hydrocarbons predominate jin all crude oils and can be further

subdevided into: N
- Alkanes ( Paraffinick

branched chain struc

ese ‘have saturated linear or
idation or chemical change is
very good.

- Alkenes (

, but they are com

¢ unsaturated molecules
refining processes ,
however |, anes by crécking or
dehydrogenation.

- Alicyclics ( Naphthemc hyd ') These are saturated cyclic
structures base on five- and six

o

ings. They are extremely stable
compounds.

- Aromatics”” a.;.;'- sonjugated double bonds

, based on the six- mé¢ bered benzene rmg

E‘”Wﬁ?ﬁ‘?’ﬁﬂﬂ'ﬁ weing
ammnim 1IN Y
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Alkanes - lnear
O o e Lt NG Alicyclics

Alkanes - branched

o N
. n.r"r:’f:u | ;
Crude oil alsofcoupfains vary unts of compounds of sulfur,
nitrogen, oxygen, varying miefal a nadium, nickle, water and salts. All

of these materials .,,'_f, _____ i "r in subsequent product

> ]j 1
“ﬁﬁmﬁ'ﬂﬂmwmm _

m@mmmm L s

hydrocarbons : paraffins, naphthenes and aromatics. About 85 % of all crude

applications. Their red
b

ning cost appreciably.

oils fall into the following three classifications :

(1) Asphalt-base, containing very little paraffin wax and a residue
primarily asphaltic ( predominantly condensed aromatics ). Sulfur, oxygen, and

nitrogen contents are often relatively high. Light and intermidiate fractions
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have high percentages of naphthenes. These crude oils are particularly suitable
for making high quality gasoline, machine lubricating oils and asphalt.

(2) Paraffin-base, containing little or no asphaltic materials , are good
sources of paraffin wax, quality motor lube oils, and high grade kerosine. they

arbo ,xf/t/nt than do the asphalt-base crudes.

(3) Mixed-bases-containi ble amounts of both wax and
asphalt. virtully all pr obt ‘
from the other two cl

usually have lower nonhydroc

ned, although at lower yields than

Because actions in different crude

oils, there are sever fies, as indicated in table 2.2

Asphalt base
API gravity ; Low
Naphtha content ~ High » Low
Naphmaocﬂu@ewm INBNG e
Naphtha odo?| Sweet Y Sour
e BN R 0 31 w )Y 8
Diese-fuel knocking tendency High
Lube oil pour point High Low
Lube oil content High Low
Lube oil viscosity index High Low

Table 2.2 General properties of crude oils
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2.3.3 Refining [19]

A petroleum refinery is an organized and coordinated arrangement of
manufacturing processes designed to provide both physical and chemical

change of crude petroleum into salable products with the qualities required and

,}-e crude distillation unit is shown in

N lln h Distillation
VW it
‘\ méasolm!

aptha
Kerosine
Lighi Gas 0it
eavy Gas 0il

—— Light Vacuum Gas 0il

\

L Residuum

in the volumes demanded by th

figure 2.7

Figure 2.7 Crude ois 5

ﬂ‘NH’J‘WH‘VﬁWMﬂ‘i

fifst step in the rsﬁnery of petroleum is usually a desalting
oy ) VA A Yo 1 i
entrained water. These salts break down during processing to form acids that
severely corrode refinery equipment, plug heat exchanger and other equipment,
and poison catalysts used in subsequent processes. Therefore, the crude is
mixed with additional water to dissolve the salts and the resultant brine is

removed by settling.
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After desalﬁng, the crude is pumped through a tubular furnace where
it is heated and partially vaporized. The refinery usually consists of connected
lenghts of pipe heated externally by gas or oil burners.The mixture of hot
liquid and vapor from the furnace enters a fractionating column. This is a
device that operates at a slightly above atmospheric pressure and seperates

ir boiling ranges The fractionating

groups of hydrocarbon acco_m{\

' mperature from bottom to top

@pomon the higher boiling

column works because thok ‘

moves up the column, lower
ely are inserted at various
levels. Naphtha, an i y | i 12 asoline that requires further
| WE oVer the top of the column as
vapor and are condénse ‘g'li_ d -t ¥, £¢ | \ | srosine, diesel fuel, home
heating fuels, and hea Is ( d gas/oi . ithdrawn as side cuts from

I
u" %,

the successively lower and hdﬁe::iti/_ of the tower.

£

A heavy blaek; afios) Ui isdrawn from the bottom of the
column. Because the&nde 1cy . eco@ose at temperatures about
371-°0 (700°§ heaviér(higher boiling) eils such as lubricating oils must be

distilled off [l ddebirog YbSimbagliokdts oak grte greatly reduced

pressure in e tower markly slowers the ~boiling points,of the desired

hydroda s dobich Birinddlal ok bt bl fower e for

asphalt, or are further processed to make other products. The fraction separated

by crude distillation are sometimes referred to as “ straight run “ products. The

character of their hydrocarbon constituents is not changed by distillation.
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2.3.4 Fang Oil Refinery [8,9]

Fang oil refinery, located at Fany district in Chaing Mai, has been in
operation under the supervision of the Defence Energy Department (DED),
Ministry of Defence. All of crude supplles come from the nearby Fang basin

long been customers of th

Up to 1500 t
Refinery per day. The refing
- straig

- diese

Tz,

- light distillate

The process consists of several operation units including topping

aisitron. uff] Yabindn o] wic] sbiikd bading wni, gastine

i “’ﬁpﬂw NIUNRINGA Y
R, ME

nce crude oil from Mae Soon Huang is shipped to Fang Oil
Refinery, the water will be separated in the separation unit where treat-o-lite is
used as a demulsifier. After that, the crude is pumped through preheat
exchanger and its temperature raise to about 120 °C by exchanging with hot oil
from vacuum tower. It is then further heated to 340 °C in atmospheric heating
and charged to atmospheric fractionators. The liquid withdrawn from this

tower will contain straight run oil, kerosine and diesel. Reduced crude from the
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bottom of the atmospheric tower is sent to vacuum heater and its temperature

raise to 350 °C and is then charged to a vacuum tower where it is separated
into light distillate, heavy distillate, and heavy fuel oil.

2.4 Lubricating Base Oil

2.4.1 Sources [18 ; \ |
There are esse squrces vwhich the base lubricant fluids
are obtained. Thesedre efin roleun erude oil and the synthesis of

relatively pure com 'o dds’ th . properti S, W ch: are suitable for lubricant

purposcs.

Different crude 6il contain ¢ ficrent proportions of these classes of
organic components and they “ i the oiling range distribution of their
components. The main t; H# ( in de selection for manufacture of

- < 1.,‘; - .
base oils are : \:l_; o
e Content of mat : ling f'.'- for lubricant
e Yield o

Bﬁeu m%mm i
QT ST IO N T g of i

boiling material. The manufacturing process at a base oil refinery consists of a
series of steps to separate the desirable lube components from the bulk of the
crude oil. Their briefly aims are as follows :

Distillation =~ This step removes both the components of too low
boiling point and too high boiling point, leaving the lubricantboiling range
distillates.
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Aromatics removing This step leaves an oil that is high in satuarated

hydrocarbons and improves VI and stability.
Dewaxing This step removes wax and controls the low temperature
properties of the base oil.

Finishing This step removes traces of polar components and

improves the color and stability o W :
The yield of base oil after % ion of these processes depends

mpﬂnexw lube boiling range. Lube
ally different properties.

on the amount of d
distillates made from

2.4.2 Composi

The petro icant generally contains
compounds containin, . The lubricating base oil
fraction is complex ug;m_t‘; cisting paraffinic, cycloparaffinic
(naphthenic) and aromatic€ompot: |
containing sulfur’and-nitroge - & of thio) ‘phthene, of indole, of

with heterocyclic compounds
quinoline and carbazc ds including naphthenic

acids which account gpr most of the chemlcally bond oxygen in petroleum

e ﬂ‘LJEJ’J Vlﬂ?]’ﬁ“ﬂ&l']ﬂ'ﬁ
QYR PRI S pien s el

of one long carbon atom chain to one or both ends of which a ring system or
short branch may be attached. Monocycloalkanes and monoaromatics usually
have several short (e.g. methyl) branches on the ring. Most of the compounds
are paraffin-naphthenes with cycloparaffinic ring attached to paraffinic chain.
Aromatic compounds usually have cycloparaffinic ring attach to them along
with long paraffinic chains. Polyaromatics usually have all their rings in a

single condensed nucleus which also might have short branches attached.
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Polycyclic saturates may have all the rings in a single condensed system or
two or more ring system may be separated by alkyl chains. Aromatic
combounds may also be in form of biphenyls and their derivatives. Thus the
lubricating base oil is composed primarily of five characteristics classes :

- paraffin naphthenes

- condensed naph

=\

i volume of the substance at
the standard tempelﬂu'e ' \ﬁume of water at the same
temperature. The standagd temperaturey for specific gravity is 15.6/15.6 °C

(60/60 °F). ﬁi&ﬁl&%ﬂﬂmﬁﬂﬂﬁmm almost universally

used as the measure of the denﬁilif a petrdeum roduct.API grav1ty is an

wbiah) ol b indbdgdeds Vi l&ﬂy

APl gravity =~ = 141.5 . 1815
(degree) sp. gr. 15.6/15.6 °C

The API gravity value increases as the specific gravity decreases.

Since both density and gravity change with temperature, determinations are
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made at a controlled temperature and then corrected to a standard temperature

by using special table.
Viscosity

Viscosity is the most signifigant property of a lubricating oil. It is

ow. It decreases with
increasing tempera asing temperature. There
arc two measures o , kinematic viscosity is
the more common : or an oil at a specified

temperature to flow es temperature are usually 40

The v150051ty mdex 1s an empmcal number which indicates the effect

of temperamﬂw WW &f’?TlﬂWﬁen the termperature

mcreased, all ubricating oils ﬁlm thin out or have lower wscosﬂy Likewise,
W LR AL L LRI AL T
viscosity index, the smaller its change in viscosity for a given change in
temperature. The viscosity index of an oil is calculated from viscosities
determined at two temperatures by means of tables polished by ASTM. Table
based on viscosities determined at both 100 and 212 °F , and 40 and 100 °C are
suitable.
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Pour point

Most oil contains some dissolved wax and, as an oil is chilled, this
wax begins to separate as crystals that interlock to form a rigid structure which
traps the oil in small pockets in the structure. When this wax crystal structure

Wno longer flow under the conditions

becomes sufficiently complete,

of the test.
——-‘- -
The pour pom st|temp ,‘ ature a which the oil will just flow
under specified test cox ‘/// is ent to the tendency of an

=d 8 E“, or container. Since the size and
N

ad,a q‘, and the physical structure of the
solidified oil all influ€nc tq dency of t 1€ O] ow, the pour point of the
oil is, and not an exact'me urg,qé“

“system. The importance of the pour point is

g o P 1T
limited to applications where-46: ire 1

The ﬁl%ﬁiﬂ% ﬁ.ﬂ% ‘%:WIﬂ’T:ﬂ %ion of its lubricating

properties. It is, however, a guide to the presence of contgmants or to the

e B M W 3 PR e iy o

refining! Color varies from partilcally clear or transparent to opaque or black. It

oil to cease flowing frg

shape of the contaifiers)

at which flow ceases under

the service conditions of a s

st

Color

is measured in a standard glass container by comparing the color of the
transmitted light with that transmitted by a series of numbered glass standard,
and the best match noted. The test is used for manufacturing control purposes,

and is important since the color is readily observed by the customer.
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Flash point

The flash point test gives an indication of the presence of volatile
components in an oil and is the temperature to which the oil must be heated

under specified test conditions to give off sufficient vapor to form a flammable

| ”//

Normally, the e usqi t(me the storage and operating

temperatures and the (o duce the possibility of a fire.

-r op in flash point indicates

mixture with air.

Flash point is also use
contamination by dilutié burned fuel. An increase
g oils are determined by

Cup and abbriviated COC.

indicates evporation‘€
the open-cup methodusually ca
éi&..;*'u

2.4.3.2 Chemica :f-.u“
CEIT

e e e e —

§ = i

Degradatlon (}f lubricants by ox1dahve mechamsms is potentially a

vy s ) D) AT Y g e e

desirable propérties when new,, oxidation can lead to adramauc loss of

iR R R PR 1))

Yo corrosion due to formation of organic acids
e formation of polymers leading to sludge and resins
e viscosity change

e loss of electrica! resistivity
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Resistance to oxidation is important in the performance of a lubricant.
A variety of different sfability tests has been devised to measure resistance to
oxidation under different conditions which correlate with different service uses

of lubricants.

The sulfur content of b is often regarded as a useful indicator
of natural oxidation r851 Wcause many naturally occurring

organosulfur compou;wme‘pll srrately effective in destroying

organic peroxide i -and bre x1dat10n chain mechanism.
However, the effectiv N 1ibitors is usually rather inferior
NN :
to systhesised additiv more specific in their action
;‘5“.

developed to evaluate'thg J nt chemical compounds. Itis

useful in evaluating e on the weight loss of the

compounds. Applymg th@.pn#jﬁ'd 7¢ to the. different chemical structure base

%

'

. :
Loss in weéght for most of the testeni'j samples was found to be

negligible xﬂtulﬂ@)w 'ﬂ@tw mﬂﬁn 300 °C, the sample

weight begm‘ya rapid and connguous loss. Such a weight loss is typical to what
oo Y5 GG} I ) | ) ) S o to el
decontposition only. But, in the presence of oxygen, a reaction of decompose
sample with oxygen is observed at temperature around 350 °C or higher which
leads to retard decreaseing in weight loss. These temperatures can be named
oxidation points. At higher temperatures than these oxidation points, weight
loss was rapid and continuous again until the completed resin remains nearly
constant with further increase in temperature. The oxidation points can be used

as an indication for base oil thermooxidation stability.
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Oxidative compounds can be defined as the weight of oxygenated
compounds in miligrams which remains the pan of balance at the oxidation
point. Higher than that point , the oxidative compounds state to carbonize and

finally evaporate complete as CO ,

2.4.4 Properties @‘%aﬁonship [26]
=

——
——

HydrocarbonsstfiiCiutes oré re ative to"the performance of lubricating

s of the Same molecular weight have

markedly differer sigal, -and; | characteristics. Physical
characteristics willdffegt fhe visgol getrics of t ¢ lubricant, and the chemical
stability of each cl | - : while in use is also very
important. The prope arbon structure are shown in
table 2.3.

and viscosity for their molecular
weight and boiling poi sity/ émperature characteristics
(i.e. they show rela'gely liﬁle chge in viscositylwiith change in temperature )
compared tﬁ)ﬁ £ ﬂ Uw eTﬁ significant differences
between 1somers aﬁ?:gret:tog m:xg oﬁe paraz chain increases.

F-s

SV BN ARV RV RPN AL

e straight chain par. in the lubricant boiling range have good
viscosity/temperature characteristics but their high melting point cause them to
crystallize out of solution as wax. In contrast, highly branched paraffins are not
waxy but have less good viscosity/temperature charcacteﬁstics. there is a
compromise region in which acceptable viscosity index and acceptable low

temperature properties are achieved simultineuosly.
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Freezing Resistance Value
Structures VI point to as
oxidation base oil
Linear paraffin NSNS Very high High Good Nil
Isoparaffin with linear chain ; ' i\l
o, gh Good Medium
Isoparaffin with isomerized chai
’v?\’w » igh, - Good High
< 5 [;‘I"
Highly substituted isoparaffin WA
‘ F ekl
| ’_1 ; L Good Medium
QEEEL 2
o "'.n-"'.-wi",} ‘J
Single ring with long aliphatic c i
Good High
ﬂ :;edium Nil
1N
Polycondensed aromatics
© : ; Very low - Low Weak Nil

QO (<0

Table 2.3 Lubicating oil properties of some typical hydrocarbon structure
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In general, paraffins also have good viscosity/pressure characteristics,
are reasonable resistant to oxidation and have particularly good response to

oxidation inhibitors.

Naphthemc paraffins have rather higher density and viscosity for their

not contribute to wwe : tage is that naphthenes have

inferior viscosity/tem chafacteristics. Single ring naphthenes with long

stability to ox1dat131
long side chains ( alkylbenzene ) may have very desirable base oil components.

ﬂuﬂ’mﬂﬂ‘ﬁwmﬂ‘i

2. 4 The Basic Function of Lubrica

ARIANN TN UR1INYINY

The reduction of friction

apht enesﬂsingle ring aromatics with

Simple stated, friction reduction is accomplished by maintaining a film
of lubricant between su-faces which are moving with respect to each other,
there by preventing these surfaces from coming in contact and subsequently

causing surface damage.
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One of the most important properties of a lubricating oil is its
viscosity. It is factor in the formation of lubricating films under both thick and
thin film conditions. Viscosity affects heat zeneration in bearings, cylinders
and gears related to fluid internal friction. It governs the sealing effect of oils

and the rate of oil consumption. It determines that machine may be started

being drawn at unif ed O “a'film of oi e oil adheres toboth the
moving surface ' contact with the moving
surface travels at n surface, while oil at contact

with the stationary s

~ Figure 2.8 Concept of dynamic viscosity
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In between, the oil film may be visualized as made up of many
longers, each being drawed by the layer above it at a fraction of velocity “U”
that is propertionalto its distance above the stationary plate (Figure 2.9 - Lower
view).A force (F) must be applied to the moving plate to overcome the friction
between the fluid layers. Since the friction is the results of viscosity , the force

is propertional to viscosity.

Heat removal ==
=
Another imipo

combustion proce

r———

is to act as a coolant,
er sources such as via
substances at a higher
temperatures. In pe portant that the lubricant
remain in a relatively anges in thermal and oxidation

stability which affect it abilit o- reach the areas involved will materially

Theﬂlw gﬂ}ﬂﬁa&wf ﬁﬂﬁfﬁﬂeﬁ %e presence of outside

contaminants 4§ quite important. ‘Among these contammants are water, acidic

o QU AR T gt oee v

into lubricants employed in various applications. Here again additioves are

generally the answer in accomplishing these objectives.
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