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ABSTRACT
This study focuses on the effects of acid rvpes on the recyeling of used lubricating oil. Three different acids,

H350,, H_’CI. and HNO: were used for the rreatment of used lubricating oil and subsequent neutralization of
the oil with NaOH. The properties of fresh and used oil tested for were kinematic viscosity ar 40 ¢ and 100
O, viscosity index, flash point, pour point, specific gravity ar 40 YC, water content, sulphur content, total
hase number (TBN), and metals present (Pb, Zn and Cu). The result obtained revealed that the quality ef
lubricating oil was affected after usage as a result of its properiy degradarion and presence of heavy metals
such as Pb, Zn and Cu. The result obtained shows thart ireatment of used oil with acids greatly improved the
quality of the used oil. The extent of the recycled oil quality improvement and its vield varied with acid nype.

The result showed that flash point increased from 220 OC for used oil to 232 ¢, 225 °C and 227 °C Sfor oil
sample recycled with H:50,, HCl and HNO; respectively. This is compared with 245 °C for fresh oil. Also,

viscosity index increased fram 91.2 for spent il 1o 125, 116 and 119 for ail sample recveled with HaS04,

HCI and HNO; respectively. It was alse compared with 127 af fresh oil. Sulfur content was reduced 1o
0.046, 0.2 and 0.35 wt % using H:50;, HCl and HNO; for used oil treatment. In general, based an the
various analyses conducted in this study, acid treaiment efficiency of used lubricant with H:804 is the best

followed by HNOz and HCI respectively. The use of H:50; also gives the highesr yield of 70 % recyeled oil.

industries/factories equipments. Spent oil 1s any
petrolenm-based or synthetic oil that has been
ssed and as a result, is contaminated and has lost
nearly all its physical or chemical properties but
not wear out and the contaminant present in it
can he removed to the point that it can be reused
a5 engine or machine oil (Garthe, 2003).
. raminants or impure lubricants are drained off
from cars and disposed off as used or waste oil

undesirable  oxidation  product,

L0 INTRODUCTION

Lubricant is an oil or grease that is applied as a
surface coating to moving parts to protect and
reduce friction of two surfaces in relative motion,
eliminate temperature build up and keep the
engine clean (Toolingu, 2013; Udonne 2015
Ogbeide, 2010). It also serves the purpose ol
transportation of foreign particles, heat transier,
comosion prevention, cutting of metal and

L

protection against wear (Udonne 2011; Ogbeide, Cankaliss ; : 7
2010, 'I'hcgEuhri::aling{ﬂilﬁ are either bio o ediments, lt!t'lia”lt' 1.1.=4.-an !}MLCI_EEh“Jl_f-"-
petroleum based and the petroleum base feedstock legraded iLl..|L|I.'||":'CF. and I-:-.u:lr !1.,1132131{:;\. 'iDu :::::'i:
are mainly complex mixtures of hydrocarbor (lames, 1967; Kamal 43 MLT 2: Abd L]ll-:.'s_ruc:::m
molecules (Udonne, 2011; Hamad et al., 2005) al.. 2011; Emam and Shoaib, 2012 e

¢ : ral., 2014).

ranging from low viscosity oils to high viscosith
|llhll'ica[ing oil. Analysis shows that the presence
of impurities depends on the petroleum process
and production method but concluded that lube 01!
Contains aromatics in the range 4 to 12 % because
nearly all the sulphur and nitrogen in an oil ar¢
PTesent in its aromatic structures (Oluwase)
014), free sulphur and other impuritcs
Ma':hj“ﬂ‘iesfﬁngines that make use of oil [ubricant
Mclude all yehicles, motor bikes, generauis
M and it is also used in yarious

1 the environment, used as
into ditches or dumping
life. It contaminates water
4l.. 2013) shows that a

yisposal of used oil ink

weed killers, pouring
Alegally is dangerous (o
|-:_'x;:;|[|._'h (Hamawand e . ha
-..i'u:: of used oil can cnn[mnmﬂm.une m|]I|Pn
;-:|-3n||-, of water. Used oil can alfsn affect p]_zmt ]IfE:
-+ ooured on the ground and it sinks du_wn into the
ble (EPA 53()-F-94-008). It is therefore
indiscriminate disposal of used

it pL‘-l.Jn:
water [a
obvious that
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lubricating oil into the environment constitutes
hazards to both fauna and flora. Hence, the need
to recycle used lubricating oil. There have been
several approaches in an atlempt to regenerate
used lubricants (Isah ef al., 2013; Abdulkareem ef
al., 2014; Durrani et al., 2011 Jhanani and Joseph,
2011; Ogbeide, 2010; Josiah and Ikiensikimama,
2010; Abdul-Jebbar er al., 2010; Kamal and Khan,
2009: Rahman et al., 2008; Gorman, 2005).

Industries and private users of lubricating oils
demand necessitates the need to find ways of
regenerating  the oil after use due to the rapid
depletion of fossil fuel reserve which is the source
of oil feedstock, shortage of fresh oil, price
increase and high demand (Zambiri, 1988). The
increased use of lubricating oil globally for which
Nigeria produces 364 166 000 litres of used oil
annually disposed as a common practice into
gutters, water drains, open plots and farms which
led to streams, ground water, lakes and oceans
pollution (Isah er al., 2013; EPA 530-F-94-008).
The frequent disposal of waste lubricating oils
globally is alarming and requires serious attention.
Presently, many countries in the world are
presently giving serious attention to the problems
of environmental degradation and hazards caused
by the disposal of waste lubricating oils (Hamad
et al., 2005; Jilner, 1997). Oluwaseyi (2014}
referred regeneration of used lubricating oil as the
means of removal of contaminants or impurities
by sulphonating agents such as sulphuric acid,
oleum or sulphur trioxide and concluded that the
process is made up of two cycles, the removal of
about 80 % aromatics and other impurities in the
first cycle and other 20 % impurities (such as
sulphur and nitrogen) in the second operation
cycle. However, Isah et al. (2013) carried out
regeneration of used engine oil treated with
sulphuric acid and bleached using industrial
bleaching earth and activated carbon for different
formulated grades. The results obtained by the
group showed that the best grade in comparison
with fresh oil in terms of viscosity, specific
gravity and total acid number was obtained using
industrial bleaching earth. Abdulkareem er al.
(2014) compared the performance efficiency of
used lubricating oil treatment methods and
concluded from their findings that acid and
acid/clay treatment methods were the most
attractive  with consequences of environmental
pollution resulting from acid sludge. Emam and
Sh_::aih (2012) al_su made comparison between
acidfclay percolation and solvent/clay methods of
recycling lubricating oils and concluded that the
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used of acid treatment method was the mosgt
attractive interms of quality while solvent method
gave the highest yield. Owolabi er al. (2013)
carried out acid treatment of waste lubricating oil
using concentrated sulphuric acid and solvent
treatment using methanol to  study their
performance in the extraction process (o recover
the lubricating oil. Udonne and Bakare (2013)
investigated the effects of using HCI, HNO; and
H.SO; to regenerate waste Total lubricating oil
used by a particular car for a period of one and
half month. The treated oil characterization was
only limited to pour point, cloud peint, flash point,
water content, sulphur content and viscosity
index.

The used of sulphonating agents specifically
sulphuric acid to treat used lubricant has been
fully  established by many researchers
(Abdulkareem et al., 2014; Isah ef al., 2013;
Emam and Shoaib, 2012) and its performance has
been very competitive but environmental
consequences are part of its major limitations. In
addition to environmental consequences, there is a
dare need to quantitatively and qualitatively
analyze the effect of other acids in recycling 2
mixture of other types of waste lubricating oil
{such as Lubcon) used at different periods. The
performance of various acid types fto treal 2
mixture of single brand or various brands of wasle
lubricating oil used at different time span has not
been properly investigated. This work suggesis
investigation of suitability and effects of mitnc,
sulphuric and hydrochloric acids in the treatment
stage of used lubricating o©il mixtare from
different cars used at different service period.

2.0 Methodology

2.1 Collection and Dehydration of Samples
The virgin oil sample was obtained from Lubcof
oil, in llorin Kwara State Nigeria. The spent ‘-}][
was obtained (Lubcon Super XV from Lngdﬁ;
Limited, a subsidiary (maintenance dtpaﬂmf’“ﬂ,ﬂ
Lubcon, It was filtered to remove impurities k¢
sand, metal chips, dust and particles present m,l['
The filtered oil was transferred into @ ":iﬁﬂn.bﬂa}ﬂ
and stirred thoroughly with magnetic s .Ti
abtain  homogeneity after wiich the L M.alr
allowed to settle for about six hours s
present was removed by @ravity settling us:ll[.L:
separating funnel. After which, 250 T!ﬂ Dfi:reﬂ
pretreated spent oil was transferred 10t twim
different 500 ml beakers and tredt® 1.~ids
concentrated H,S0,, HCl wnd HNOs ®
respectively,



»n, B.; Abdulkareem, A. S.; Afolabi, E. A,
pluwaseyi, E. 0.

wn volume (250ml) of spent oil was poureq
“";Sﬂ'?m] bﬂ_a'kﬂ'[‘. and treated with 25m] of a8
centrated H2SOy. The mixture of spent oil
acid was stirred vigorously with magnetic
¢ at constant temperature of 50 °C for gg
stes. After which the mixture was transferred
separating funnel fixed to a retort stand and
R d for 48 hours to allow the acid
to settle. After 48 hours, two layers were
ned with the upper layer greenish in colour by
aot clear while the lower layer "sludge" which
thick and black. This process was repeated for
and HNO; acids.

val of Sludge

end of the acid treatment step, the acidic oil
owed to settle for at least 4 hours to form
at the bottom of the beaker known as
Beyond this period, the acidic-oil was
sedimented and was decanted into
500 ml beaker while the residue i.e acidic
the bottom of the beaker was removed

Treatment
e removal of the sludge, 50 ml of 10 %
was added 1o the oil to neutralize the acid.
to stand for 30 minutes after which an
phase formed at the bottom of the
funnel was removed and the oil was
sample bottle. The same process was
HCI and HNO;. After 48 hours of
for HCI, very large amount of sludgc
at the bottom compared to H,SO, and
’% NaOH was used to neutralize the
cycled oil sample after the sludge ha
d. While for HNO;, after agitating the
on the stirrer and poured into the
y large amount of sludge was
much as the sample treated with
0 % NaOH was also used t©
d in the recycled oil sample after
removed. The treated samples
‘sample bottles as well as the
¢ and taken for characterization
iscosity at 40 and 100
_point, pour point,
water content, sulphur
N) and metals present

Effects of Acig types on the Her:}tf.-hgﬂf Used |

-

ubricating Oif

of Kinematic Viscosities at

This process was carri

and a Water Bagh 1, ed out using Viscometer

this process, each sampl
SPent and  recycled was  poured in::; n:'

;ISCDmEfﬂT.ﬂnd placed into the Kinematic Water
ath Operating at 40 °C. The sample was drawn y
thtf tube until it reached the upper meniscus marE
USINg a pump, then the suction was released and
the time taken for the oil (o flow back to the lower
meniscus mark was noted. The same process was

used for water bath o rati %
Dits) perating at 100 °C (ASTM

2.5.2 Determination of Flash Point

20 tl:i] of each sample of spent and recycled oil
was introduced into a beaker and was placed on a
Heating Mantle, then a thermometer was inserted
into the oil sample. As the sample was heated,
flame source was brought at interval to determine
the temperature at which a flash is noticed on the
surface of the sample (Udonne, 2010).

2.5.3 Determination of Pour Point

20 ml of each sample of spent and recycled oil
was introduced into a beaker and chilled at
specific rate. Some paraffin hydrocarbons which
were in form of wax began to solidify and
separated out in form of crystalline. After further
chilling, the lube oil sample stopped to flow and
the temperature was determined (Udonne, 2010).

2.5.4 Determination of Specific Gravity at 40 °C

The Specific Gravity is the ratio of the density of
oil to the density of equal volume of water. It was
determined using hydrometer. The density was
ohserved at 40 °C and the value was documented

(Udonne, 2010).

1.5.5 Determination of Waier Content

60 ml of each sample spent ﬂrﬂm?cg::j :ﬁ
i into a round bottom ELS
iy i water collected was

istilled. The volume of :
Erj:.:zgjl-ded qnd water percentage in the sample was
ated using Equation | below:

volume af Water Traped x 100
jume of sample
4 (1)

calcul

Water Content (%) =
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2.5.6 Determination of Sulphur Content
Spectrophotometer was used to determine the
Sulphur analysis. A burette containing 10 ml of
each  sample was clipped to  the
spectrophotometer. After achieving the position,
the radiation bottom was allowed to emit it rays
from X ray tube. The output excitation effect
sobered as the bean was passed through the
solution was measured as its merged from counts
obtained from standard (Udonne and Bakare,
2013).

2.5.7 Determination of Total Base Number
Total base number determination invelves titrating
a sample of engine oil dissolved in a mixture of
titration solvent (chlorobenzene and glacial acetic
acid) with a titrant (perchloric acid in glacial
acetic). The engine oil sample tested was weighed
into a beaker and titration solvent was added in
the ratio 2g to 100ml and shake to allow mixing of
the sample engine oil with the solvent. The titrant
was titrated with 0.1N per chloric acid in glacial
acetic acid against the solvent and for visual
determination, two drops of para Napthal benzene
indicator was added to the titrant before titration
begins. The orange colour changes to green brown
green at end point of titration. A blank titrant was
then prepared by adding 10ml of titration solvent
into a beaker without any sample and titrated. The
total base number (TBN) was calculated using
Equation 2.

TNB = “’H‘”ﬂf“‘i N mgKOH/g) (2)

Where Vs = volume of titrant used for titrating
sample of engine oil Vs = volume of titrant used
for titrating blank N = normality of the titrant =
0.0641 Ws = weight of sample taken for titration

2.5.8 Determination of Metals Present

Metals content was determined using Atomic
Absorption Spectrometry. Each sample was
dissolved in water, digesting in the acid dissolved
it. A cathode lamp was used and the element
characteristic wavelength was selected with a
wavelength selector. Standard solutions of Zn, Pb
and Cu were prepared and their absorbency was
measured at selected wavelength against black
solution absorbency. The absorbency of the
sample in solution was given directly by the
instrument (Udonne and Bakare, 2013).
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3.0 Results and Discussion _

The result presented in Table 1 and 2 shows the
properties such as kmcmattc viscosity at 40 °c
and 100 ©C, viscosity index, flash point, pour
point, specific gravity at 15 C, water content,
sulphur content, total base no (TBN) and metals
present (Pb, 7n and Cu) of fresh, spent and treated
oil in this work and previous works. Meanwhile
Figure 1 shows the percentage yield of
regenerated lubricating oil. The properties of fresh
oil in Table 1 shows that there was no sulphur,
water and metals in the fresh oil, an indication that
the oil has not undergone oxidation, thermal
degradation, contamination, corrosion or shearing.
The effect of different acids types in this treatment
method on the quality and yield performance of
recycling used oil has been presented in this study.
The result of characterization of the spent oil and
recycled oil with different acids type namely
H,S04, HCI, and HNO3 is also presented in Table
1, while the yield of recycled oil with respect to
each acid type is presented in Figure 1.

3.1 Viscosity Index

The results obtained as presented in Table I
indicates that the viscosity index of spent ol is
91.2 which is lower than that of fresh oil (127)
indicating that it cannot provide the much needed
protection between the surfaces of its application
Increase in viscosity of used lube oil can occur
due to oxidation or contamination with insoluble
matter while its decrease can be caused by
dilution with light fuel, this might still be within
an acceptable range (Udonne and Bakare, 2013).
The viscosity index of lube oil will also change as
a result of: temperature changes, thermal
degradation leading to chain scission and dilution
with fuel amongst others. The low value of
viscosity of the spent oil was a result of oxidation,
contamination and temperature change on the
lubricant composition during usage with time
which subsequently affects the efficiency and life
expectancy of the lubricant. The results of
viscosity index obtained when iwaste oil Was
treated with different acids is also presented I
Table 1 which shows that, there was increase 1f
viscosity with respect to each acid but the best
improvement was obtained using sulphuric 46
treatment with viscosity index of 123 which 15
close to that of fresh oil (127) and slightly highe"
than that (120) obtained in literature (Eman &
Shoaib, 2012) as shown in Table 2. The result
obtained shows that it was much highef and
slightly lower than that obtained In Jiterature
(Udonne and Bakare, 2013; Hammaward €f al.




o B.; Abdulkareem, A. 5.; Afolabi, E. A,
' ?:gmmmmsevﬁ E.O.

45 shown in Table 2. The variation in the
ity index obtained with most literature
Jalues €an be linked to the type of feed treated
" method of treatment. Generally acid treatment
" ihod especially using sulphuric acid is the most
erms of greater viscosity index
recovery, an indication of better destruction and
subsequent removal of all products of oxidation,
Viscosity is @ temperature, pressure and density
function dependent. Inverse relationship exists

~ petween Viscosity and temperature and when the
erature  of the engine oil decreases the
viscosity increases and reverse is the case. The
measurements of viscosity testing can adequately
ict the presence of contamination in used
oil. The oxidized and polymerized
groducts dissolved and suspended in the oil may
ause an increase of the oil viscosity, while a
ase in the viscosity of engine oils shows fuel

2013)

fi‘..rﬂlll'ﬂd int

onlar ination (Hamawand er al, 2013).
xidation of base oils during use in an engine
pnment  produces  corrosive  oxidized

- products, deposits, and varnishes which lead to an
: 2 in the viscosity (Hamawand er al., 2013).
matic viscosity for different samples at two
measured for fresh, spent and
Yeled oil is presented in Table 1 and compared
Other values obtained in literature as shown
f"ﬁlﬂ 2. Results as presented indicates that
“: viscosity of spentoil are 115.8 and 2
L respectively at 100 and 40 °C which shows
3 treatment of spent oil with acid equall
L enced the kinematic viscosity of spent il
er, sample treated with H,SOy gave (he b
With kinematic viscosity at the 1o
"Perature levels of 40 and 100 °C (159.60
1) being closer to that of the fresh oil (171
iy _iD_St}. In comparison to other previon:
* values it shows that the kinciain
obtained for the recycle oil is lower (hin
Obtained at 40 °C by Hammaward ef o/
‘ﬂlﬂ greater than some other literature
at the two temperatures (Owolabi ¢/ !
maward et al,, 2013; Isah er al., 20!
Hah et al., 2006). The variation resulicd
1!* of different treatment app:-:umls._
Conditions and importantly the tvpe O
°rs in the extent of degradation.

Mperatures

fresh, spent and treated oil were
nd the result obtained is presented 17
It is an important property that
@ﬂﬁnhrmm.temperatu:e at which the
" will cease to flow. Most engine base 0113

Effects of Acid types on the
necycling of Used Lubricating o

contai
i aIn Waxes aﬂd_Pﬂrafﬁn's that solidify at cold
mperatures. Engine oils with b

paraffin ¢ ; : gh wax and
P ‘ mftent_ will have a higher pour point

TpeD highly affected by oil's viscosity
and engine oils with B :
characterized by havi : igh N M
pouF Pl of e: Vg hIE"‘ pour points. The
especially wh gine oil i an fmportant variabl,
weather Flt 15 E:: o~ bl
ablity o flow into e O pelm E KL

e oil pump such that it can be

]:-umpfed 1o the various part of the engine
especially at low temperatures. The result
obtained in Tables 1 indicates that the pour point
_nf the spent oil was higher than that of fresh oil an
indication that some materials added as additive
for the pour enhancement have degraded and
treatment with different types of acid resulted in
the decrease of pour point to -15 with H.SOgand -
18 using HCI and HNOs. The extent to which
each acid reduces the pour point of the spent oil in
Table 1 indicates that H,SO; has the strongest
effect in lowering pour point than all other acids
considered and the value obtained using H>S0q
was -15 closed to that of fresh oil (-12) which is
the reference point. Table 2 shows further
comparison with some literature values and the
result shows that the pour point of -15 obtained in
this work is higher than that of the most values
obtained in literature (Udonne and Bakare, 2013;
Hammaward ef al., 2013; *Shakirullah er al.,
2006). This indicates that the pour point can be
further improved when its paraffin and was
content can be further reduced. Also the variation
may be as a result of operating variables such as
rher:u:id to il ratio or the acid concentration.

3.3 Flash Point ne o
Flash point of engine oil is the minimum

(emperature to which the oil must_be h&aterfl under
specified conditions such that it can give nff
sufficient vapour required to form mixture with air
that can be ignited spontaneously ]:ry a sp:e.::ﬂ:ied
flame. Lubricants find most of 1its apg]:cauun
moving parts where there 1 heat
weneration and therefore, it should he able to
:sfthsmnd higher temperature _mndmms. Th;
flash point of engine oil determines the Bx[ffl‘l: ;f
the oil's contamination. A Very low flash |:;nf:n :
eneine oil is a reliable measure . :;s
contamination  with volatile products SUC o
oasoline. In the presence of = 3.5% fuel mb :]uw
:'-llﬂiﬂt‘ oils. the flash point may rcd!:jnc tti? oy
=5 oC. The flash peint provides identity OF :
B i roduct. The flash poin
particular petroleam P

hetween
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increases with increasing molecular mass of the
oil and decreases as a result of oxidation resulting
mto the formation of volatile components. The
reference in this case is the flash point of the fresh
oil shown in Table 1 which in comparison to that
of spent oil shows that there was decrease as a
result of contamination with volatile components.
However, treatment with different acids shows
that H:504 is the most effective followed by
HNOs. The flash point obtained in this work is
higher than that obtained in most literatures
(Udonne ahd Bakare, 2013: Hammaward et al.,
2013; Shakirullah et al., 2006) and lower than that
obtained by Shakirullah et al. (2006) in Table 2.
This differences could be linked to the used of
improved aluminium sulphate-sodium silicate acid
base treatment method resulting into the enhance
flash point. However, the variations in the flash
points in literature can also be linked to the
different feedstocks and treatment methods. The
improvement in spent oil flash point from 220 to
232 °C can be made better when the process
operating variables are optimized.

3.4 Specific Gravity

Specific gravity (specific density) parameter
evaluated for the fresh, spent and treated oil is the
ratio of the density of material to the density of
equal volume of water at a given temperature of
fresh oil, spent, and treated oil. The results
obtained for fresh and other samples (spent and
treated) are presented in Tables 1. Specific gravity
which is temperature dependent property was
measured at 40 and 15 °C for all samples and the
spent oil specific gravity at these temperatures
were 0.91 and 0.93. The difference in comparison
to that of fresh oil 1s as a result of sludge present
in the spent oil. Meanwhile, treatment with
different acids type gives results that are in close
range, though treatment with H>50, slightly gives
smaller value of specific gravity of 0.90, hence a
better spent oil treatment option. The specific
gravity of the feed oil is higher than the re-refined
oils in Table 1 and lower than the virgin base oil
(0.895). The results for the feed and re-refined oils
with H2S04, HCI and HNO; are 0.925, 0.90, 091
and 0.9070, respectively. The specific gravity of
contaminated oil could be lower or higher than
that of its fresh oil depending on the type of
contamination. If the used oil was contaminated
due to fuel dilution and/or water originating from
fuel combustion in the engine and accidental
contamination by rain, its specific gravity will be
lower than that of its fresh lube oil or the re-
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the fresh oil specific gravity during operation and
H.SO; has shown close pmxlmrtjfm‘ﬁheﬁﬁgm%’
followed by HCL In comparison to literature
results as shown in Table 2, the result of specific
gravity of the most recycled oils had specific
gravity lower (Hammaward ef al. 2013; Isah et al,
2013; Eman and Shoaib, 2012) than that of the
spent oil used in this work with exception of 0.932
obtained by Isah er al. (2013).

3.5 Water Content

Lubricants hygroscopic nature allows it to absorb
moisture from the air and formed emulsion or
suspended moisture which is a chemical
contaminant. The engine block is made of
aluminum, iron and lead, hence during
combustion of fuel in the engine chamber, the
wear of these metals in parts per million (ppm) are
found in the used oil (Eman and Shoeaib, 2012). In
addition, the wear of these metals is due to the
corrosion caused by the presence of water and
aided by fuel dilution due to bad piston rings
(Eman and Shoaib, 2012). The fresh oil analysis
result in Table 1 shows the absence of moisture in
the fresh sample and the spent oil of the same oil
brand had water content of 10.99 wt %. This
moisture content increase is as a result the
hygroscopic nature of the oil and possibly
combustion, oxidation, and neutralization of the
oil within its service period is what resulted mnto
the increase in the oil moisture content. The
different acid treatment reduces the moisture
content to virtually the same extent (< 10 % ) and
closely to that of fresh sample as 1.01, 1.04 and
1.02 wt % water using HSOs, HCI, and HNOs
respectively, The greater water removal and
observed higher sludge settlement in using HCl
indicates its greater potentials in freeing
impurities but the results of properties Of
recovered oil may favour sulphuric acid because
of its potentials to mop out any impurity. The
result obtained in comparison to previous works In
literature (Udonne and Bakare (2013) shows that
moisture content in the recycle oil in this work 18
the highest with some methods reported to have
completely remove all moisture (O olabi €f "I_I'
(2013). This could be attributed to the mOISWIE
content in the spent oil and the effectiveness of 4
method used and variation in operating variables
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Table 1. Properties of Spent and Treated Oil

Wmeter

Fresh rw ’ :., s
7 Kinematic viscosity @ 40 °C (cSt) 7000 ‘fﬁ.ﬂ y
2 Kinematic viscosity @100 oC (cSt) 1900 1200
3 Viscosity index 12700 9120
5 Pourpoint (°C) 1200 " doen
¢ Specific gravity @ 40°C 0.895 091 0885
0 Specific gravity '@ IS °C (after 3907 - (ggzs G
: correction factor) G
~§  Water content (wt %) - e
9 Sulphur content (wt %) ! mc?g; ﬂleﬁl T‘E%&E'] |
10 Metals present : 2y :
Lead (Pb) (ppm) y 0.401 15 e
=ik (2 (ppm) - 16.33 g',u%g gﬁ
~ Copper (Cu) (ppm) - 0930 « 041 e
: 1l Total base number (TBN)Mg KOH/g . 2.900 7.80 ] iﬂ o

36 Sulphur Content

The sulphur content of the fresh, spent and
I Ilr:.d oil samples were tested and the result
Oblained in Table 1 shows that the total absence of
_in fresh sample is an indication of the
ol satisfactory requirement in reducing
mla.u: emission during usage. The absence of
rin the fresh oil analysed sample could be
°d to the presence of inherent anti-oxidant.
: spent Oil sulphur content was 0.80 wt %, a
STl unacceptable as it can cause a
- ENgine wear and corrosion. The treated oil
fcontent was reduced to different wt %o
"8 on the acid type and the least sulphur
L was obtained using H>S0; followed by
With 0,05 and 0.20 wt % sulphur content
: I‘;'ltlr- This reduction did not fall within the
2€ limit of sulphur of 0.01 wit% in
8 Oils (Abdulkareem er al., 2014). The
1 Sulphur content in this work was
erar . - COMPArison to most reported values
4 ¢ (Udonne and Bakare, 2013; Eman and
) 8 shown in table 2. This can be

2 lo thh;‘tffecﬁveness of the method and
5 Ci

4
]

als Pregen

; mﬂﬂip;s in lubricating oil are usually
ke |

L% Pf:ad, iron, aluminum and
e IndJsct_'rminme disposal of these
Wtion, € environment could lead to the

&round water, The potentials of the
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method to remove these metals frc
also investigated and the result n Table
that contrary to that of fresh oil, the prese
metals in spent oil and the extent to whit

been removed using different acids
indicates the potentials of each
The metal content in the spen 1
picked by the oil dufing usage becaus
amount of these metals are available

meant function. Metals analysed
and recycled oil were lead, zine _
were found to be present in the spent oil &
16.33 and 0.93 ppm respectively. After sp
treatment, the metals were reduced mon

However, nitric acid removes’ more
HCI and this could be attributed to:
greatly oxidize the metals picked b

least metal content when
available literature (Eman
values in Table 2. Though,
reported values of metal content
lubricating oils. This indic
variables such as acid con
operating variables favoured more
these metals  to form
removed easily as contammants. b
3.8 Total Base Number (TBN) \

Table 1 also shows the result of (ol
(TBN) or neutralization num



power to neutrallzg th
combustion, it means oil
Meanwhile result presented fi

Table 2. Properties Comparison of Treated Oil

8/ Test Parameker Values
N

Qil
Kinematic  visoosity@ ;
40°C (cSt) 0
Kinematic
viscosity @100 e
(cSt)
Density (glem’)

Viscosity index

91.20
Flash point (°C) 220.0
0

Pour point ("C) -30.00
Specilic pravity @40
e 091
Spauﬁn gravity @ 15 0925
9C  (after comedion
factor)

Water content (wt %) 10,98

7

Sulphur content (wt %)

_ 0,80

Metals present

Lead (Pb) (ppm) 0401

Zinc (Zn) (ppm) 16.33

Copper (Cu) (ppm) 0830

Total base number 2900  7.80

{(TBNMg KOH/g
~ A-Udonne and Bakare (2013); B- - Owolabi
Shoaib (2012); H, 1&J- Shakirullah et al. (;




sueiman, B Abdulkoreem, A.S,; Afolabi, .4,
gnd Oluwaseyi, E. O.

aovid By
*«mymidaf traatgd oil samples in this work Wi
qlso determined and the result presented in Figyre -
|, The result further shows that sulphuric acid js
qhe best not’ _mﬂy interms  of par: &I’er
characterization but also interms of yield followed
ﬁby pitric acid -arld. lastly HCL. The yield obtain a5
for sulphuric acid was higher than 637 %

Sulphuric

vely, the result obtained entirely shows
‘!lPhl:lﬂc‘acid 15 the best in acid treatment of
'}ﬂbnﬂaan oil, however not all parameters
i ated in this work for the treated oil are
‘lely within the acceptable range but further
..f_ and probably co-acid treatment may
o ;‘““ﬂ the treatment efficiency. Also,
HCAIs the second best in terms of yield and
Parameter assessment expect for copper
*emoval which HC| was the best. The
: tge of HJSDq_can be linked to its greater
ol mi’:mp out impurities contained in the
> Suggests that the mopping potential
'C acid has greater influence than the
; Ity of the sulphuric acid in spent
8 0il recycling,

bn(';LUSIUN
thoq E;‘:'fa;:;:ﬂ Was treated using acid treatment
i of acid types on the qualities of
e 38 kinematic viscosity at 40 %
o .CW’“’ index, flash point, pour

%m"’ﬁy at 15 °C, water content,
L total base no (TBN) and metals

Hydrochloric
Acid Type

Figure 1: Effect of various acids on the yield of recycled lube ol

Mitrie

present (Pb, Zn and Cu) were 1oy
on the results obtained, acid
effectively improved the qus
Treatment efficiency of nsed'oil's
the best results compared 10 tha
HCI: this is evident by the 70 %
oil. The result obtained su
operating parameters and
effect of HCI and H>SO4!
the spent oil. The quality
adequately suitable for dire

most parameters fall within
additional treatment may |
improvement. -
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