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ABSTRACT

The odor in kerosene was removed by liquid extraction with concentrated sulphuric-acid as the. liquid solvent.
pAultisiage, crosscurrent extraction process was used. The kerosene to sulphunc acid ratio and the number of liquid extract:on'
stages required to completely remove the- sulphur compounds causing ‘the odor in kerosene were determlned “Sulphir -
compounds determination was by the Nickel Reduction Method. The specific gravity, aromatic content, 'smoke pomt. flash.
point, mercaptan sulphur, initial and end boifing points and tne- k-factor of the kerosene. were determmed using: standard
procedures. Also the distribution of sulphur compounds in distillation fractions from raw and treated kerosene was studied: .

It was found that the optimum kerosene to sulphuric acid ratio was 50:50% (v/v) based on total acid used while the .
number of liquid extraction stages required to completely remove the sulphur ‘compounds causing the odor in kerosene was:
five. The material balance of the five-stage, crosscurrent extraction process was fully established. There were improvements -
in the properties of kerosene due to the removal of resinous, aromatic and asphaltic substances: It was proposéd that
deodorized kerosene wuth higher aromatic content could be produced by combining liquid-extraction and d|st|llat|on operattons ,
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- INTRODUCTION , . o ; ’

The odor in kerosene is caused by the presence of sulphur-compounds. Extensive research has been carriéd out to
identify the sulphur compounds in light refinery streams (Rall et al, 1962). Table 1 lists the types of sulphur compounds’in .-
crude oil and refinery streams. In addition, compounds such as hydrogen sulphide and mercaptans are acidic and corrosive
and are highly undesirable in petroleum products. Acidic sulphur compounds are removed by chemical treatment during
refining operations while non-acidic sulphur compounds are usually removed during refining -operations by hydro treating .
processes (Hatch and Matar, 1981; Egorova, 2003; Internet #1). Also the presence of aromatics in kerosene is not desirable °
because they can cause unacceptable smoke points thus reducing the |Ilumma{mg power of kerosene and lncreasmg its char ~
value (Graves and Brown, 1975).

Liquid extractions have been used to remove odour compounds and aromatics from kerosene. The removal of odour
compounds from kerosene is termed deodorization and the removal of aromatics from kerosene is termed dearomatlzatlon
The currently available processes for liquid extraction of sulphur compounds and aromatics in kerosene are extractions using .
liquid sulphur dioxide, furfural, phenol and concentrated sulphuric acid (Mark et al, 1963). The choice of a particular solvent for -
the extraction depends on a number of factors. These include economic factors such as.fixed capital cost, energy and
maintenance costs and the recovery efficiency desired. The use of sulphuric ‘acid has an edge over the other methods.
bacause of its low cost, availability and versatility (Nelson, 1978). A major problem associated with sulphuric acid (reatment of
kerosene is the handling of sulphuric acid sludge. Myers and Stegemayer (1954) pointed out that by-products such as resins, -
coke _drying oil, aluminium sulphate, hydrochloric acid and sulphuric acid for fertilizer production can be obtained from the
81 'phuric acid sludge. If by-product recovery is not desired the sludge is neutralized with lime. sodium carbonate or spent alkali

. solutlon before discharging into the sewers (Oliver, 1960). K
' Deodorized and dearomatized kerosene is used as an aviation fuel and as a solvent for insecticides, printing ink,
© paints and dry-cleaning purposes. There had been occasions in Nigeria when the petroleum refineries were down and not
- producing deodorized and dearomatized kerosene. On such occasions some insecticide spray manufacturers had used
partially deodorized kerosene to produce insecticide spray which left the rooms and dresses in the wardrobes smelling
ketosene after the use of the insecticide spray. It was such practices that provided the motivation for this study. The need was
~ felt to embark on process development studies that will lead to the development of small-scale liquid extraction plant for the
vproduction of deodorized and dearomatized kerosene, using concentrated sulphuric acid as solvent. Sulphuric acid is again

ec?d? manufactured in the country. Thus, it will be possible to have several small-scale plants in the country producing

deodorized kerosene rather than just relying on the refineries alone. This is one example of the many possuble downstream, .

small-scale, chemical plants from the petroleum refining industty.

, In this study, the sulphur compounds causing the odor in kerosene were removed by liquid extraction’ wnh
concentrated sulphuric acid as the solvent using multistage, crosscurrent extraction process. The kerosene to sulphunt acid
ratio (based on to}al acid) and the number of liquid extraction stages required to completely remove the sulphur compounds in
kerosene were determined. The sulphur compounds determination was by the Nickel Reduction Method. The raw and treated
kerosene were characterized to determine the following properties: specific gravity, smoke point, flash point, mercaptan

~ ‘sulphur, aromatics content, initial and end boiling pomnts and the k-ractor (the characterization factor). Also the distribution of
_ sulphur compounds in distiffation fractions from the raw and treated kerosene was studied.
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m. I Malcrial Bnlnnce l‘or the Stagewnsc Extruction of mpuritics in. Keruscnc

"y Kerosene (feed)
¥ = 2000ml
, Spga' 08242
M = 1648.2g-

’Suaph?'uric Acid (Solverit)

Exgract V = 402mi
| ity — > M=83704g
V = 400ml Spgr = 2.0822
Spgr = 1.8310
=732.4 : :
M B ¥ ={900mt
Spgr =0.8124
M=543.56¢
S AL J CV=4054
—— . M=81535
"V = 400ml ‘Spgr=26112 .
"V = 1805mi
Spyr =0.8092
M =1460.61g
. . S. A, V = 409.025mi
N ety M = 811.95g
V = 400mi Spgr=19881g
V=1714.75ml
Spgr = 0.8054
‘M = 1381.06g
S AL : V=417.147mi
e > - M=8021g .
Y=400ml ) ) “Spgr=1 9228
| V=1629.013ml
. Spgr=0.8050
: M=1311.36g
S A V=419.59ml
e M =1800.14g
Y=4(0ml|

Spgr=1.9070

R |'|atc h
| v=1547.562m1
Spgr =0.8036
‘M=1243.62g
MATERIALS AND METHODS
Mﬂ%riﬁis

Karosene: The kerosene was obtained from the Nngenan National Petroleum Corporatnon (NNPC) reﬁnery, Pon-Harcourt The
‘kerosene fraction was from Bonny Light Crude.
, Sulphuric Acid: 98% concentrated sulphuric acid manufaciured by BDH Laboratory Supplies was used
E@uipmem
The equipment used for the stagewise extrac&uon were: separating funnel, retort stand and clamp. beakers, funnel and filter
. paper (grade GF/A, size 110mm).
The equipment used for the characterization of kerosene were: the Nickel Reduct«on Method equipment for

: 'ﬁﬂtefmanmg sulphur compounds; measuring cylinder, beaker and weighing balance for determining specific gravity the
Fluorescant indicator Adsorption (FIA) instrument for determining aromatic content; the Smoke Point equipment for
determining smoke point; the Tag Closed Tester equipment for determining flash point; the Potentiometric Method equipment
. for determining mercaptan sulphur; and the Distillation apparatus for determining Initial Boiling Point (IBP), End Boiling Point
(EBP) and collecting dnstullatuon frachons at dufferent percentage dosullahon

Math m : , . ‘
1. ' VYariation of kerosene to sulphuric acid ratio in smgle stage ex&raction :
The kerosene (o sulphuric acid ratio in single stage extraction was varied as follows: 100:0, $0:10, 80:20, 70:30,

e 5@50 40:60 and 30:70% (v/v). For each ratio, the aromatics and specific gravity of the raw or treated kerosene were

L the stagswise extraction. .

» ‘deiefmaned Experiments were carried out in dupllcates The optnmum ratio was determined and used in the development of

w
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Table 1: Types of Snlphur COmpounds in Petrolcum and its Distillates

Type ' ' Formula : Occurrence .
Hydrogen sulfide H; S *, X, XXX
Mercaptans

Aliphatic R -SH N, XX, XNK

Aromatic @ SIt. XNK
Sulphides

Aliphatic R~-S-R K, X%

Cyclic / S'\ K%, NXX

CHz —— (CH2),
Disulphides
Aliphatic R-§-S-R xx
Aromatic @ -S$-S-R K3
Polysulphides R-S,-R N, Xk
Thiophenc ad homologs l | XXX
S

Occurrence: % ~ In crude oil, xx - In Straight Run Products, »%x — In Cracked Products

Source: Hatch and Matar (1981)

2, Variation of number of stages in multistage extraction.

Using the optimum kerosene. to ‘sulphuric acid ratio, the number of liquid -extraction stages required to completely
remove the sulphur compounds causing the odor in the kerosene was determined by trial-and error method. The multistage,
crosscurrent extraction process was used. The acid used for each stage was calculated as follows:

' Acid required _ Acid specified at the optimum kerosene to sulphuricacid ratio | (1)
Number of stages ‘

for each stage ~

2000mis of kerosene (feed) was mixed with sulphuric acid (soivent) calcuiated from equation (1), in a separating funnel. The
mixture was shaken for about 10 minutes and allowed to settle for 5 minutes in order to separate into layers. The acid sludge
(the extract layer) settled at the bottom of the funnel while the treated kerosene (the raffinate layer) was on top. The :
designation of streams as feed, solvent, extract and raffinate was done using the conventional practice in literature (Treybal,
1981). The sludge was removed and the kerasene layer washed several times with 150mi of distilled water to remove the
remaining acid in it. At the end of each wash, the pH of the wash water was tested to check if it was acid free. The water in the -
kerosene was separated by filtration using filter paper and conical funnel. The kerosene passed through the filter paper to the
receiving beaker while the water was trapped in the filter paper in the conical funnel. The extraction was carried out for 2, 3, 4
and 5 stages until the sulphur compounds in the final product were removed. The volumes of the batch streams in and out of
each stage were measured. The specific gravity of the kerosene feed and kerosene raffinate layer were measured.
!

3 Characterization of the raw and treated k2rosene

The official methods of analysis (ASTM, 1960) were used for the determination of sulphur compounds, specific -
gravity, aromatics content, smoke point, flash point, mercaptan sulchur, and distillation ranges. Experiments were carried out
in duplicates.
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{i} Sulphur content by the Nickel Reductlon Method

The kerosene sample was reacted. with activated Raney Nickel to convert organically-bound sulphur to nickel.
sulphide. Hydrochloric acid was then added to liberate the sulphur as hydrogen sulphide.” The hydrogen sulphide was .
absorbed in a sodium hydroxide ~ acetone solution and titrated w1th standard: mercurlc acetate using dithizone as the
indicator. The equations for the reactions are: .

S + Ni o NIS B eerecariaae R PR (2.1)
NlS + HCJ .’ NlCl + HZS | R i emennas :.‘,._ 2.2)
CHsCOOHg + HS——+HgS + CH;COOH -+ SR (-.
The sulphur in ppm was calculated us‘irig the equation:
Sulphur content, ppm= AxT x 1000 e e SR rreiee e en (3)

w

where A is the net volume of mercuric acetate solution used in titration, mi; T-is the titer. of the mercuric acetate solution,
mg/ml; and W is the weight of sample, g.

(ii)  Specific gravity by weight per volume method.
50ml of the kerosene sample at 25°C was measured out and wenghed The specnf ¢ gravity was calculated as follows:

) . weight of samples : _ .
Specific gravity = —— ... Ve et e RO SRR -(4)
volume of sample ’ '

(iii) Aromatic content by Florescent indicator Adsorption (FIA)

Approximately 0.75ml of the kerosene sample was introduced into a Spec;al gIass adsorption column packed wnth
activated silica gel. A small layer of the silica gel contained a mixture of fluorescent dyes. When the entire sample has been,
adsorbed on the gel, alcohol was added to desorb the sample and force it down the column. The-hydrocarbons were
separated according to their adsorption affinities into aromatics, olefins and saturates. The ﬂuorescent dyes were .also
separated selectively with the hydrocarbon types. The boundaries of the aromatics, olefins and saturates zones were vn$|ble
under ultraviolet light. The volume percentage of each hydrocarbon type was. calculated from the Iength of each zone in: the
column.

(iv) Smoke Point.

A piece.of dried wick was soaked in the kerosene sample and placed in the wick tube of the Candle. 20ml. of the .
kerosene sample was introduced into the clean, dry Candle. The wide tube was placed in the Candle and screwed The
wick was cut horizontally and trimmed free of frayed ends so that 6mm of the wick projects from:the end of the Candle The
Candle was inserted into the Lamp and lighted. The wick was adjusted so that the flame was about 10mm high- -and the’
Lamp was allowed to burn for Smins. The Candle was raised until a smoky tail appeared. The height of the flame was-
estimated. -

Table 2: Variation of aromatic content and specific gravity with kerosene to sulphuric acid ratio

Kerosene, % (v) Sulphuric acid, % (v) Aromatic Content”,% (v/v) Spcoiﬁe Gravity
100 0 18 0.8242 |

90 10 17 0.8230

80 20 16 ' 0.8226

70 30 ‘ 15 0.8220

50 50 : 13 0.8210

40 60 * *

30 70 * *

:Mean values were roundcd to the nearest whole numbers
Treatment gave dark coloured kerosene
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Table 3: Characterization of Raw and Trca'ted Kerosene

Raw ‘ “I'rcated Kerosene

Kcro\- - Stage | Stage 2 - Stage 3 - Stage 4 Stage 5
scne . :
Sulphur content, ppm | 20536 | 9.90 698 489 08 | Nil
Specific gravity .| o0.8242 0.8124 0.8092 | 0.8054° 0.8050 | 0.8036
Aromatic content’, % 18 4 n 8 6 ' 4
Smoke point*, mm |2 26 | 27 30 35 B 1)
Flash point*, °C 46 47 49 50 52 | 53

Mercaptan sulphur, ppm 0.0003 <0.0003 | <0.0003 <0.0003. <0.0003 | <0.000_3

Distillation Range

IBP, °C 148 154 157 159 160 16l
EBP, °C 244 248 245 246 249 250

k-factor 11.59 s 11.80 - 11.86 | 11.87 - | 11.90

*Mean valucs werc rounded to the nearcst whole numbers

(v) Flash Point

The Flash Point cup was cleaned with kerosene, distilled water and dned with acetone or by blowmg air through it.
The cup was filled with the sample to the marked point and then dipped into the depression in the liquid bath below. The
cover was placed properly and the thermometer inserted. The test.flame was lighted and adjusted below the expected flash
point. The flame was directed into the cup at intervals of 1 oC rise in temperature until the fiash point was reached.

{vi} Mercaptan Sulphur by Potentiometric Method
1.6g of sodium acetate was dissolved in 20ml of oxygen free water. The solution was poured into 975ml of Isoprowl
alcohol of 99% concentration. 4.6ml of glacial acetic acid was added to the solution. ‘The dissolved oxygen was removed

by purging, the solution with a rapid stream of nitrogen, for 10 minutes. The sample was then titrated potentiometrically with

silver nitrate 'solution using as an indicator the potential between a glass reference electrode and a silver/silver-sulphide
indicating electrode. Under these conditions, the mercaptan sulphur was precipitated as silver mercaptide and the end point
of the titration was shown by a change in cell potential.

(vii) Distillation range

100ml of the sample was measured into the distillation flask. Two to three baIIs of anti-bubble. chips were dropped
into the distillation flask for the purpose of preventing overshoot of the Ilght fraction. . The- thermometer condenser and
receiver were put in place to complete the distillation apparatus. The receiver was maintained at 13-18°C to reduce the raté
of evaporation. All conditions being ensured, the first drop of the distillate was observed and the temperature of the
thermometer recorded as Initiai Boiling Point (IBP). After 95ml recovery, the thermoreter reading was recorded as the End
Boiling Point (EBP).

{viii) Calculation of k-factor 13
The k-factor is given by the equation: k-factor = Ta / p

where Ts is the average boiling point of a sample in Rankme and p is the specific gravity. The average boiling point of a
sample was obtained by taking the average of the temperatures at which the 10, 30, 50, 70 and 90 percent distillation
occurred.

4, Distillation and sulphur content analysis of kerosene fractions
The raw kerosene and the kerosene products from the extraction stages were distilled and various distillation
fractions collected from them. These fractions were analyzed to determine their sulphur contents.

RESULTS AND DISCUSSION
1. Determination of optimum kerosene to sulphuric acid ratio in single-stage extraction.

Table 2 shows the variation of aromatic content and specific gravity with kerosene to sulphuric acid ratio. The
optimum ratio is the one with the least aromatic content and specific gravity. It was observed that the aromatics decreased
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as the amount of sulphunc acid used for the extract:on mereased However mcreasmg the amount of acid to 60% (vAv)and .
above gave dark coloured kerosene which lmphed that the kerosene was being denatured. Hence, the optlmum ‘kerosene
to sulphuric acid ratio was found to be 50:50% (viv). -

it was aiso observed in Table 2 that the specific gravity of kerosene. decreased with increase in severity of acid.
treatment. The decrease was due to ﬁhe removal of aromatic hydmcarbons and resinuous and asphaltlc substances {Lee;
1827).

2. Detormination of number of etegee and material balance In muﬁtnstage extraction

Multistage, crosscurrent extraction was used to assure that the kerosene was not denatured. Multustage operation
aiso improves the efficiency of removal of impurities. The initial volume of kerosene used was 2000mil and the total volume.
of acid reguired was also 2000ml based on ratic 50:50% (vlv) of kerosene to sulphuric acid. The complete reinoval of
sulphur compounds was used as an index for determining the number of stages required. The number of stages required-
was found to be 5. The volume of acid used for each stage of extraction was therefore caiculated as 2000/5 = 400ml.

The materiail balance of the stagewise extraciion is presented in Fig,1. The volume and specific gravity of kerosene
fead and kerosene rafiinate layer were experimentally determined. The specific gravity of 98% fuming sulphuric acid was
taken from literature. The volume of fresh acid (soivent) and the acid éxtract layer were aiso experimentally determiined. The.
nass of kerosene feed, fresh acid and kerosene raffinate layer were calculated using the experimentally détermined volume
and specific gravity data. The mass of the acid extract layer fer each stage was found by difference. It was then possnble to,
calculate the specific gravity of the acid extvact layer from the mass and volume data.

3. Characterization of the raw and troated kercsens.

The results of the characterization of the raw and treated kerosene from stage 110 5 are shown in Table 3. .

There was a decrease in sulphur content from the initial value in the kerosene feed to zero in the final kerosene
product from stage 5. As was stated earlier, the sulphur content was used to determine the required number of stages for
the liguid extraction. Liquid extraction of kerosene with sulphuric ac¢id compietely removed ali sulphur. compounds detectabie
by the Nickel Reduction Method. The odor in kerosene from stage 5 was completely removed showing that the odor was
caused by the presence of sulphur compounds.

! There was a decreass in the specific gravity and aromatic content from the raw stage to stage 5 due to the removal
of resinous, aromatic and asphaltic substances (Lee, 1927).

' The smoke point and flash point increased from the initial kemsene feed to the final kerosene rafﬁnate layer
@eeeuse of the improvement in the extent of the refinement.

Table 4: Distillation of kerosene samples and sulphur content analysis of fm-ae‘(ion's

Stage % Temperature, * Sulphur content,
Distiltation °C © ppm .
Raw Kerosene 30 201 -125.00
50 215 | 190.00
70 222 136.36 .
90 235 155.24
EBP 244 - 125.00 .
Stage | 30 202 6.3500
50 213 42300
70 221 :0.2300
90 232 0.0750
EBP 248 0.0187
Stage 2 30 201 4.5100
50 213 0.4500
70 222 0.1130
90 232 " 0.0280
EBP 245 0.0125
Stage 3 30 202 ~ 0.9500
S0 214 0.2250
70 221 0.0560
90 233 0.0140
EBP 246 0.0083
Stage 4 30 203 : 0.4500
50 218 0.1125
70 222 0.0280
90 234 0.0120
EBP 249 0.0040
Stage S 30 203 Nil
50 215 Nil
70 223 Nil
2 234 Nil
EBP 250 “Nil
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Mercaptan sulphur was present in kerosene.feed in trace amounts and it was reduced further by sulphunc ac:d
treatment. The amount of mercaptan sulphur in the treated kerosene was low and perhaps did not contnbute much to the
odor.

There was an initial marked increment in the Initial Boiling Point (IBP) before it leveled off to a nearly constant.'
value. This was due to the removal of most of the impuities from the kerosene sample. :

The k-factor, which is also called the characterization factor, increased from the first stage extraction to the final
kerosene product from stage 5. This was due to the improvement in the quality of the product from stages 110 5.

4. Distillation and sulphur content analysis of fractions ,

The sulphur content analysis of the distillation fractions of raw and treated kerosene from stage 1 to 5 are shown in'Table 4,
It was observed that the sulphur compounds were high and well distributed within the whole boiling point range in the raw
kerosene. Also it was observed that in the treated kerosene from stage 1 to 4, the sulphur compounds were appreciably
reduced and occurred mainly in the lower boiling fractions. This threw some light about the possibility of combining liquid
extraction with distillation to produce kerosene of acceptable staridard for some industrial applications like paints and
printing inks. That is, instead of a five stage extraction one could use a two or three stage extraction followed by distillation
in which only 30% of the feed is distilled off (carrying away most bf the odor compounds) and the remaining undistilled 70%
taken as the deodorized kerosene. The product from this process, though not completely deodorized, will certainly have a
‘greater soivent potency than the product from the five stage extraction process. This is because the aromatic content will be
higher and aromatics aid solvent potency.

CONCLUSIONS

The odor in kerosene was completely removed by liquid extraction with concentrated sulphuric acid as solvent using
five-stage extraction process. The kerosene to sulphuric acid ratio (based on total acid) was found to be 50:50% (v/v). The
material balance for the five-stage extraction process was established and this provides important process design and
operating data. There were improvements in the properties of the treated kerosene due to the removal of sulphur
sompounds; resinuous, aromatic and asphaltic substances. Also the distribution of sulphur compounds in the distillation
fractions of raw and treated kerosene samples showed that it could be possibie to produce deodorized kerosene with higher
aromatic content and solvent potency for paints and ink manufacturérs by combining liquid extraction and distillation
operations.
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