CHAPTER 2

FUNDAMENTALS AND RELATED WORKS
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2.1 HIGH SPEED DIESEL
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Fig. 2.1 Proportion of diesel fuel and other petroleum products. (GuthrieV.B., 1960)
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The properties of commercial fuel oils depend on the refining practies employed
and the nature of the crude from which they are produced. Distillate fuel oils, for
example, may be produced within the boiling range of 300 and 750 °F. (léﬂ and 400
°C.), having many possible combinations of various properties such as volatility,
ignition quality, viscosity, and other characteristics.

Perhaps the first significant property which determines performance value of

diesel fuels is that of gravity. Altheugh, this is not indicated in the ASTM

high in API gravity are the more
volatile fuels as indicated by 1S ASTM dis @ut have the lower heat values

\ -
heat values, an indicated by \\\

source of energy to the powergfluy e , \

The ASTM Classificagl

per gallon, as indicated by e heavier fuels have higher

heating values provide the

B 25 ~ s is intended as u statement

of permissible limits of significgfit fligl r class:f)rmg the wide variety

of commercially available dieSel !} “TheS@.grades and their general applicability

for use in diesel engines are broadly .ifdicatad &

™

Grade No. 1-D COTRE from kerosine to the

A

intermediate distillates. "V % ﬁ!icahle for use in high-

o

speed engines in services if J lvmg frequent and relatwciy wide variation in loads and

e e TN SN e

Greade No ncludes the clas.a. of dl:-.ullatu gas oils -.::f lower volatility.
These fuels aq mbafq ﬁ%’ m Wwﬁf}sﬁﬂm‘g relatively
high loads and) uniform speeds, or in engines not requiring fuels having the higher
volatility or other properties specified for No. 1-D.

Grade No. 4-D covers the class of more viscous distillates and blends of these
distillates with residual fuel oils. These fuels ure :«-lppl'zcahle for use in low- and high-
speed engines employed in services involving sustained loads at substantially constant

speed.



Table 2.1 Limiting requirements for diesel fuel oils. (GuthrieV.B., 1960)
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2.2 METHODS OF OXIDATION

The applicability of a desulfurization scheme depends on the kinetics and the
selectivety of the oxidation. The oxidation should be rapid, and the oxidizer should be
selective to the sulfur. The most economical oxidizer on an industrial scal, however, is

oxygen. Therefore, a method is needed which uses molecular oxygen as the oxidizer.

regeneerable and nonregener:
Methods with Regene BlefOfveed « % kli€scheme of oxidation of sulfur
compounds with a regenerable
(1) oxidation
Uo, + R~5-R‘
(2) regeneration of the oxidi
U+0, NS uon - (3)
T 1
Nitrogen Dioxide us™ Reﬂcnmhle Dxm:zcr Oxidation

%uﬂﬂﬂﬂﬂ5W&ﬂﬂi

awﬁmﬂm uwmfma 2

—> 2O+ 50,
B
regeneration
2NO + O, -=-----—--> 2NO, 0
Chlorine as a Regenerable Oxidizer. Chlorine can be-applied to desulfurization

with oxidation and hydrolysis proceeding as follows
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SCl+ HO —> SO + 2HCI
p 3 -
R’ R
R R
b (10)
250+ cly osa,
R\R 1
I/GSQ2+

- + 2HCI (11)
Ré
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Methods without Re afof /G \‘m Oxidation of a hydrocarbon by
e

e

molecular oxygen proceeds anic hydroperoxides (HP) and

peroxy acids (PA). The percgidi iyely oxidize sulfur compounds to

2 )

the corresponding sulfides dnd gLl Bnes) At
o

\{\h
\.\-.\ kground material on oxidation

h\

of hydrocarbons by oxygen has #iuusly by numerous authors,
and therefore will only briefly be di .
L. Noncatalytic, ,— | dainyarocagen (RH) in the presence of

excess oxygen proceeds B¢y isH. Initiation can occur with

i {

molecular oxygen in accordwith the reaction

“EUHINENINYING
by an initiator L, - g ¢ . | v
FIRIRINIUHRIINYIQ Y=
or by the decdmposition of intermediates, e.g., the hydrocarbon peroxides, RO.H
RO,H ----------> RO + HO' (14)
The organic radical HO, RO, , RO, atc.,denated by A, abstract a hydrogen from
a hydrocarbon molecule and produce R’ In tum, R’ absorbs oxygen very
A +RH -————>R + AH - (15)

rapidly, and a peroxy radical RO, is produced as follows
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R +0, —-—-> RO, (FAST) (16}
Peroxy radical can abstract a hydrogen from another hydrocarbon molecule and produce
a hydroperoxide

RO, +RH - > ROH +R (17)
or the peroxy radicals ca:.1 terminate by the reaction

2RO, -——->RO,R + O, (18)

or by similar reactions.

2. Hydrocarbon which couite ‘hydrogé; L Jower bond energies are oxidiized
more rapidly than those with de ydmpen::-xldea that result are
more stable and therefore are mg 3 43 oxidiZess,

3. Hydroperoxides ag i ~ giiC anselectively Oxidize sulfur compounds to the
corresponding sulfoxides an‘ 01 £ g

4. The protic nature the observed from of the
rate equation for the oxidation M\general, the rate equation has
two terms. One accounts for the ent, and the other accounts for

the degree of association of the h:.r pe: =, a_,~ RIOX e in accord with the equation

d[R-S-R’] /dt = i'...—...';;;;;:_'.:__. 3os.n’ _,__.-,._.\ ‘ (19)

All of their observatign supported 4 anism of diidation proposed in the the

early work of Overberger andéCagnmins(1953) wherein it w tj:atulated that the sulfur

was oxidized by ﬂuﬁlﬁ mmi M’]

peroxidic and protic stmctures

’QW’]NﬂiﬂJﬁJMﬂmﬂaH

ex which contained

“:0 R
Y

H\ ;D""%‘\: s;:' >R'OH + HA + R-SO.R'  (20)
A H R '

HA denotes the protic molecule,and R"DEH is the peroxide.



The oxidation of the sulfoxide to the sulfone occurred by the same mm:ha.:ﬂ;m.
In a protic solvent, the present in excess fulfills the function of HA, and the apparent
rate of reaction 19 is first order with respect to the peroxide. In an aprotic solvent,

another hydroperoxide molecule will function as HA

second power of the concentragi

Therefore, in an aprotiesselvent thet reaction 19 depends on the
x. ’ F : \.L Vi- - ~

5. A special case o pacids which are fromed by

oxidation of the primary o didehydes. Peracids can form
intermolecular, cyclic peroxidy $fcases the rate of oxidation of
the fulfur compounds depend & le concentrations of ucids as

suggested by the equation,

(22)

OH
i
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to oxidize suffides to sulfoxides, Thus, if the oxidizer is a hydroperoxide in a protic
medium the reaction may stop after sulfoxide is formed.

7. When the n electrons of the sulfur can resonate with the p electrons of the
organic radical, a larger oxidation potential will .be required to effect the oxidation
than for cases where resonance does not exist. Therefore, it is more difficult to oxidize

thiophene than aryl and alkyl sulfides.
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2.3 LIQUID-LIQUID EXTRACTION

Liquid-liquid extraction is a process for separating component in solution by
their distribution between two immiscible liquid phases. Such a process can also be
simply referred to as liquid extraction or solvent extraction; hower, the latter term may

be confusing because it also applies to the leaching of a soluble substance from a solid.

binary mixture into a second i q ﬁ - Qne example is liquid-liquid

stripping or absorption in whih gfag ;\\‘\\

of the dissolved component ( fmay 4 \\ e addition of “salting out”

@lvent. This is analogous to

e phase to another. Transfer

gents to the extraction solvent.
Or in some cases a chemical reaftigp can. be. 0'enhance the transfer, an example

being the use of an aqueous caustjg gve phenolics from a hydrocarbon

stream. A more bﬂ]}hlh[l ;;,.___1,“1-;3__;_.“ pnd-hamstesildution can be used in a

N

process to separate two | ry emmc:iun solvent is used to

extract one of the solutes &GT a mixture (smuid:ly to stripping in distillation), and a

st solvent i “ﬂ %ﬁ’&%@?ﬁ s solwe imitanty

rectification in distillad on).
’QW’]Nﬂ‘iﬂJ UNIAINYIAY
2.3.1 ES FOR LIQUID-LIQUID EXTRACTION
Liquid-liquid extraction is used primarily when distillation is impractical or too
costly to use. It may be more practical than distillation when the relative volatility for
two components falls between 1.0 and 1.2. Likewise, liquid-liquid extraction may be
more economical than di.stillatinn or steam-stripping a dissolved impurity from

wastewater when the relative volatility of the solute to water is less than 4.
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' In other cases the components to be separated may be heat-sensitive, like
antibiotics, or relatively nonvolatile, like mineral salts, and liquid-liquid extraction may
provide the most cost-effective separation process. However, the potential use of
distillation should generally be evaluated carefully before considering liquid-liquid
extraction. An extraction process usually requires (1) liquid-liquid extraction, (2)

solvent recovery, and (3) raffinate desolventizing.

The feed to a liquid iqn 1 pre oss e solution that contains the

components to be separated. THE pifyl B i & pane tha feed can be referred to
as the feed solvent. Minor caitglh soh o \ referred to as solutes. The
extraction solvent, or just p aigfsolv bleliquid added to a process for
the purpose of extracting a sc The extraction-solvent
phase leaving a liquid-liquid conglic XiBact. The raffinate is the liquid
phase left from the feed after bcin #? ff 0¥ the second phase. A wash solvent is
a liquid udded to a liquid:lig eficriation ¥ pr enrich the purity of a

solute in the extract phase

252 Lo BB S 111 T

The separatiorfibf ‘components b}r hquld-hqmd extraction dc%nd:. primarily on
the thermudw ﬁmﬂﬁmﬂﬁﬁ% Wﬁﬁreen the two
liquid phases. §Knowledge of these distribution relationships is essential for selecting
the ratio of extraction solvent to feed that enters an extraction process and for
evaluating the mass-transfer rates of theoretical stage efficiencies achieved in process
equipment. Since two liquid phases that are immiscible are used, the thermodynamic

equilibrium involved considerable evaluation of nonideal solutions. In the sumplest
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case a feed solvent F contains a solute that is to be transferred into an extraction
solvent S.

The proper design of solvent extraction depends crucially upon an accurate
knowledge of the relevant liquid-liquid equilibria. The latter must be either measured or
predicted. This chapter is concerned with methods for the correlation of experimentally
determined liquid -liquid equilibria and with methods for the prediction of unknown
equilibria.

2.3.4 THE PHASE RUI}

In an equilibrium sysér Hich \‘ emificant intensive variables are
the temperature, pressure, ang ! 1ase rule provides a means of
determining the number of Inteffsife- independently varied (within
limits) without changing the stat of : sLhiSumber of variables is called the
number of degrees of freedom U‘} 25 to.the number of components (¢) and
number of phases ( ¢) ay 1 i "

S= ¥ "l'?'u

The important assurfp

A J

(¢

‘ - - . jll g - +
tion in the derivation of this relation are thar no chemical

reactions take plmeﬂﬂﬁﬁ%ﬂﬂfwmt
AR N ANt

The gréphical representation of phase equilibria is facilitated by application of
the phase rule. Thus, in a binary liquid-liquid system, # = 2 and each phase can be
represented by a surface in a space diagram where, for example, the three co-ordinates
could be the pressure, témperature, and cnmposition. If, in addition, the pressure is
fixed, as is usually the case in liquid-liquid extraction, then / = | and a phase

representation of the system can be secured.
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2.3.6 DISTRIBUTION COEFFICIENT
The weight fraction of solute in the extract phase y divided by the weight
fraction of solute in the l.-afﬁnatq phase x at equilibrium is called the distribution
coefficient, or partition coefficient, K
K =y/

Thermodynamically the distribution coefficient K is derived in mole fraction

i ‘ﬁlt K'in Bancroft coordinates

using the weight ratio of solutee¥CsCsStmtiion se Qi in the extract phase and the

y and x.

For shortcut claculatiogs tHESEstrit

weight ratio of solute to feed 4

X is prefered
In shortcut calculations #fhaf slof Btium line in Bancroft (weight-

ratio) coordinates m is also usec

For low concentriutibns in which the sgquilibrin =3 lineur the value of K’

\7 Y

]
The value of K is nnc of the main pa.rametem used to establish the minimum

ot ion A SPGB o o

The relauve amﬁan, or selecuylty, oC beme:&n two compopents, b and ¢ , can

- QAN RIUHAINY 10

e fhig) = KHKC"KHKG'KBKG

This is analogous to relative volatility in distillation.

s equal to m



2.3.7 PHASE DIAGRAMS
Equilateral-triangular diagrams as show in Fig. 1. The isooctane(A)-n-methy
pyrrolidone(B)-hexyl sulfide(C) temnary is a Type I system in which only one of the

binary pairs is immiscible.

Fig. 22 Phase diagram off thé dhstec 1s8d8: NMP(B)-hexyl suifide(C).
(Zannikos F,[99

2.3.8 HYDROGEN-BOND n_:; ,

Deviations from Rabuif's law in solution behaviorh #¥e) been attributed to many
f’d
I

origest deviations appeur to
ui

acceplor interactions. Robbins

IChem-eng.Prng..?ﬁ{ .fi wwWﬁﬁzmm. Table 1, that
@m

provides a qualitativ to solvent selectmn for hqmd -liquid extracunn extractive

i, QL FAPFOIHWNGR FHDE) mewos

coefficient in the liquid phase is common to all these separation processes.

characteristics such as ,-Y;-;.
|

be due to hydrogen bond g and electron dnnur—

Effect of interaction between groups on solute activity coefficient is:
+ Increases activity coefficient
o mild interaction

- decreases activity coefficient

16



Table 2.2  Organic-Group Interactions Based on 900 Binary Systems.

(Robbins L.A.,1986)
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Slute Solvent class
class 112 3 4 5|6 7 10 11| 12
H donor groups
1 |Phenecl olo| -] o N RS
2 |Acid, thiol -1 -0 o | +| +
3 |Alcohol, water \; \\\f’// +|lo]| - +| +| +
4 |Active H on multihalogen paraffin : 0 = o
5 |Ketone, amide with no Hon N, sulfor + | + +| +]| +
phosphine oixde / ﬂ"‘\t\ R '
¢ [y amin ///@m\mw T
7 |Secondary amine ﬁ ‘ | ' \ \ +| 0 o| o| +
8§ |Primary amine, ammonia, amide :‘ ,‘*’ a | +| o +| +| +
9 |Ether, oxide, Sulfoixde l 1 o | o +|l o | +
10 |Ester, aldehyde, carbonate, phosphate, niffate 4~ | ¢ +| +| o o| +| +
nitrite, nitrile, intramolecular bonbing =
11 |Aromatc,olefin halogen aro s} +1| o 0
paraffin without active H, mon I* .
]
12 |Paraffin, carbon disulfide + +| o] o

L
ﬂ‘UH’J‘ﬂEWI‘iWHﬂﬂ‘i
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2.4 LITERATURE SURVEY

A. P. Lien and B. L. Evering (1952) used Hydrogen Fluoride as extraction
solvent agent describes the results of treating a wide variety of petroleum stocks with
hydrogen fluoride, develops the effects of a number of variables, and interprets the
results obtained on refinery stocks in the light of the previously discussed chemistry of

hydrogen fluoride extraction.

All runs were carried out \:} WUl @8rhon steel reactor equipped with a

725 np.m. nleﬁsg stated a contact time of 0.5
to 1.5 hours at room tempera - g \\q luyed followed by a setting

period of 1.5 to 2.0 hours. n, fluoride extract layer was

mechanical stirrer operating a

removed from the supemat -,b- deawal through a valve at the

ited with ammonium hydroxide

bottom of the reaction. The hffd-dcurbon, L™ \ \
and water to remove traces of difsg ‘ :,:’-_Fp ) ide

Extraction of organic syl hydrogen fluoride has been

postulated to take place through the sulfur-hydrogen fluoride complexes,
exemplified as follows: [ |

RSR + H.

The complexes are™ ssentmliy msc—luble in the ydmcarbun phase at room

A '““FTTYET”TWE‘I T PR

With higher Wgiling feeds, such ‘Ps catalytic crack.mg cha.rgc stocks, hydrogen
fluoride exhwmﬁ%wsﬂ %ﬁquqcar%}al as well as
sulfur removal] Hydrogenfluoride extraction of virgin distillates in general produces a
raffinate of essentially the same boiling range as the original feed. The data on
refractive index and specific dispersion show that in addition to 70% sulfur removal,

extensive dearomatization occured for this particular stock.

18



Amir Attar and William H. Corcoran. (1978) review the oxidation reaction
of sulfur compounds by two types of oxidant agent; (1) hydroperoxides. (2) peroxy
acid. Besides that mechanism of oxidation reaction were present. A fossil fuel can be
described as an assembly of organic groups which may compete for a given quantity of
reagent in a reactor. When a sulfur-containing fuel is oxidized by molecular oxygen,

two types of reaction occur: (1) oxidation of the hydrocarbon part of the fuel to product

sulfoxides and sulfone.

2RH + 20,

2RO,H + R/

The reactions sh

(1)
(2)
Xidation of the sulfur were
absolutely selective, wo | hydroxy groups for each

molecule of sulfone formed

Nick P. Vasila

os, Russell & Bor illigm H. Corcoran (1981)

studied about the ~f Ol QIDENZO 7 < J esponding sulfoxide and

|

sulfone by the action of’ ﬂuﬁne And I then :::"I:e considered us a model

compound that can be examiﬁch.iiintemial dedulfurization_reactions. Any knowledge
»

so developed can %Mﬂ g ﬂm;ilm Esl;lm ﬁels. an area of major
import in environmental co Lfi Tiﬁ(ﬂ ﬁ leﬁ:ﬁ f gjﬁii iophene by CI,
was examin:gq nlu] a ﬁ }i: id desu (g\l. ate conditions,

namely, at atmospheric pressure and at temperatures less than 100°C.
Though the CL,-H,O system is widely used as an oxidizing agent, very few
references exist in the literature on the use of  this system for the oxidation of

dibenzothiophene (DBT).. Most of these references are concemned with the first step of

the oxidation, i.e., the formation of the sulfoxide.

19



:benzothiophene structure in

fuel oil and coal can be si ol // \\\\
the chlorine. That result sufgg / _ \\\\

\ \ Even though the sulfur is

L]
\ itional step to split out the

F. Zannikos, E, Jeis, S. Stou: SIS stadicd Jabour desulfurization of

gy

U

solvents ta extract sulfur compounds selectively

m, of attack of other atoms by
the sulfur then would be
accompanied by relatively my e :-< A \
quantitatively oxidized, desulfliti

sulfone structure.

petroleum fractions by oxi@ ' .

The known al:ulu:}r . scw:ml

from petroleum hﬂﬂﬁﬁﬂ“ﬁﬂﬁﬂﬁﬂﬂ@mg the sulfur from’

the divalent state (sdlfide) to the hexm.wlent {sulfone} The mud n process itself
leads to the&rﬁﬂ]ﬂa&ﬂtﬁw‘gﬂ “c’]l% ws&jgr}!alrﬂnd makes the
remaining sulfir compounds amenable to efficient removal even by solvents such as
methanol wich are not effective in selective extraction of the unoxidized sulfur
compounds. Thus this combination process is capable of removing up to 90% of the
sulfur compounds in petroleum fractions at acceptable yields. The oxidation process
has no deleterious effects, on the distillation profile and other characteristics of the

middle distillate fractions that were examined.
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