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Abstract
Various types of clays (namely, yellow bentonite, brown bentonite, and Kaolin) of Iraqi Kurdistan

hale been used for decolorizing dark oils and compared u'ith activated China clay and Iranian clay called

(Rose); which are largely used for the industriai processing of mineral oils. Chemical analysis has been

made for all clay saniples for determination of their chemical compositions then different amounts

(percentage) ofeach clay (3-11%iviv) have been used lor the decolorizing process ofthe lubricant oil, that

manufactured at Sulaimani city'. at tixed temperature and particle size. Later, studies of different

temperatures (150,200.250,300"C) at fixed amount of clay have been carried out to show the temperature

effect on adsorption process. The decolorizing efficiency' of clays was found to be in the following order;

China cla,"-, Iranian clay. Kaolin. y,ellorv clay , brown clay. Also the effecl of acid has been studied to

activate and improve the adsorption process in the decolorization ol dark lubricant oil. The adsorption

isotherms data obtained rvere found to follow the Freundiich adsorption isotherm model.
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Introduction
The importanceof the application of for refining steam cylinder stocks[l]. The

adsorption process in the refining is for removal of asphaltic or resinous materials

the removal of undesirable, highly from lubricating oil stocks by acid

colored materials of an asphaltic or activated bentonite, fuller's earth and

resinous nature from petroleum fractiLlns. bauxite is still probably the most

This application is almost as old as the important commercial application of

petroleum industry itself. Bone char was adsorption refining 12,31 However,

used originally, first for the decolorizing bentonite is one of the abundant fypes of

of kerosene and finally for heavier oils, soil, its mining and processing is very

but was later displaced by fuller's earth simple. The mines are open pit and

which was found in i 893to be effective bentonite is crushed, dried, pulverized or
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screened for granular products, classified, mineralogical distraeting , specific area

and baggeci then loaded for many and specifrc micro pore-lneso pore

industrial applications [4,5). Bentonite volume try sulphuric acid activation '"ras

rvas used as low cost materials in Silica" studied by muserref [11].ft r,vas shown bv

crude oils and fats as they have drastic l.l.Yildiz,and A. Calimlif12]that structural

power to reduce the levels of colored changes rvere observed by treatment ol

pigrnents substances such as carotenoicies three T'urkish bentonite "7vi1fu |{42(Q'1 and

and chlorophyll, and also resiclues of lIzS0+ These changes showed diffbrences

phosphatides, soaps, traces of metais and depending on e,,changeable cations clay

oxidation products, These trace type and the ratio of additives. In addition

components can have a negative elfect on investigatic-rn of the surface acidity of a

the course of further processing and on the bentonite modified b1' acid activation and

quality of the final product. Dosage of also thermaltreatnent have been achieved

several aclsorptions agents shouid be by tuILrsertef and others [13]tlie' obtained

adapted to ensure the remcval of these result shou,ed that the variations in

specific substances t6] Holever. as a specific pi:re volume , specific surface

result of rvidespread use of clay the area and surlacc acidity are functions of

regeneration oL spent bleaching cla1, b-v the mass percent of the acid used in

heat treatrnent in a gas stream is possible actiyation .I{useyin Topaiiarf14]showed

ancl was perfonled in a thermogravimetric in his study on the bleaching of

analysis systern by SFIU - CIIEN IIOU sunt'louer- seed oil u'ith bentonite that the

U), and abdulhamid Boukerrou [S].in forces behreen the adsorbent and

order to search t-or- method of adsorbate appear to be Vatt der uaais

manufacturing better activated clay in an forses and the type of adsorption is

efflcient r,ay, attenipt was made to physical adsorption, it was shorvn that the

activate local samples of bentonite of Freundlich equation was more applicable

Garmian in the Kurdistan region of lraq. than the Langmuir equation to the

SUli KWANiSON[9,1 0]developed the experimentai adsorption isotherms.

useful data in deciding activation M.Razae[i 5]detenained the optimum

conditions. The efl"ect of acid activation bleaching parameters for decolorizing of

on some physicochemical properties of odible oils using acid activated bentonite

bentonite such as chemical composition, and show,'d ihat the acid concentration,

cation exchange capacity (CEC), activation tiine and ten'lperature affect the
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bleaching power. Nevertheless alkaline

activation of the montmorillonite i16]clay
has been studied and it has been shown

that sorption capacity of obtained samples

enhance with enhancing retention clay

time of activation and alkaline

concentration in activation solution.

Therefore the main object of this study is

that: three different local samples of clays

flom Kurdistan region of Iraq were used

for decolortzatran and were treated with

acids, HzSO+ and FICI, to enhance their

bleaching power in the process of
lubricant oil, u,hich is produced in

Sulaimani city of Iraq and also study the

isotherms model that fit the experirnental

tindings.

Experimental preparation
a. Oil sample: the oil sample u'as taken

directly from the cil refinery (Asia

company) after a stage of acid treatment,

the general properties of which were as

follows

Specific gravity at 15,6 oC : 0.8878

A.P.l gravity: 27.88

Viscosity at 100 oC/Cst= 
1 1.65

Flash point (c"o.c) oC: 230

Pour pointoC: 0.0

b. Kaoline 1,ellow bentonite and brown

bentonite were taken from Garmian beds

in Kurdistan crushed and screened. The

mesh sizes r.vere chosen to be 200um.

Instrurnents
a. spectrophotometer model Jenaway

6405 uv /vis" Single beam.

b, Flame photometer, Jenarvay PFP7,

model 9003.

c. Atomic absorption spectrophotometer

model. braic WFX - 120.

d. Stuart rotary evaporator RE 300.

UK. e. Stuart water bath RE 300B

/UK.

Chemicals and reagents

A1l chemicals and reagents used were

from Merck and Fluka and all are of

analytical grade: hydroflouric acid,

ammonium molybedate, quinoline,

EDTA, E.B.T, ethanol, ammonium

thiocyanate, ammonium ferric sulfate,

hydrochloric acid, sodiurn hydroxide,

sulphuric acid,

Calibration curves
Calibration curves have been obtained

for the deterrnination of chemical

composition using standard rnaterials

(GSB G 62020 - 9) and standard

international conditions for atomic

absorption [17] caiibration curve for Na

and K by flame photometer are with

R2:0.999 and by Atomic absorption

spectroscopy for Fe with R2 : A.9928.

Procedures:
a. Fixing l.maX : The dark oil was

diluted ten times with light naphtha and
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scanned in thespectrophotometer through

wavelength light (350 - 800)nm. The

spectrum ploffed, and the wavelength at

which maximum absorbance occurs

detected, as shorvn Fig (1).

b. CIay treatment : 100 ml. dark oil
was mixed with the adsorbent (3

1l%WA/) in a round bottom flask of the

rotary evaporator, the temperature of the

oil bath fixed at the study temperature

(150, 200, 250, and 300 "C).The vacum

puinp was connected and mixed at this

temperature continued for one hour and

the slurry was cooled to 90 - 100 oC,

filtered through a special cloth filter, the

filtrate was diluted with light naphtha ten

times, the absorbance was measured using

410 nm wavelength light.

c. Acid activation :l00grams of the

ground clay (dry basis, Il()oC ) rvere

placed in a one liter flask. heated by an

electrical mantle ,400m1 of 1:3.2(v/v)

hydrochloric acid (d:1 .16 g/ml,

%w/v(HCl):32) solution were added so

that the HCl concentration is fi% {wlv)
and the dry acid /clay ratio (w/rv) r,vas

0.40 kept for 24 hours then refluxed at 80

C' for 3 hours with constant stirring r.vhile

hot, the clay suspension was transferred to

a 5-liter beaker and washed by decantation

with distilled water for at least 5 times

until it is CI- and Fe'3'free (pH:3.5-4.0).

The acid activated was filtered in a

Buchner funnel, dried at 110 oC 
and

reground to pass No. 200 mesh sieve

(74mm)for the decolorization test.(the

same method repeated for 2lYoHCl ,1A94

and 2A%o H2S0j)+.

d) Oil and active clay treatment

:100m1 dark oil was nrixed with the active

clay (3-i lototvlv) in a round bottom flask

of the rotary evaporator the temperature of
the oil bath fixed at 150 oc.The vacuum

pump connected, mixing continued for

one hour and then the slurry.was cooled to

90-100 oC, filtered through a special cloth

filter.

The filtrate was diluted with light

naphtha ten times; the absorbance was

meastired using 41Onm wave length light,
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* (i) 40o ml of 1:1.6 HCI acid added to

100gm clay so that the HCI

concentration is 20%(w/v) and the dry

acidlclay ratio (rvirv) was 0.80.

(ii) H2SO4 =989/o r..i,iw HzSO+,d:1.84

400m1 of 1:10 acid added to 100gm

clay so that the H2SOq concentration is

iO%(rvlv) and the dry acid /clay ratio

(rvnv) rvas 0.40

(iii)100 ml of 1:5 acid added to 100 gm

clay so that the HzSO+ concentration is

2AYo(v,lv) and the dry acidl clay ratio

(wiw) was 0.80

Procedures for chemical
compositions anallrsis,the

procedures were adapted as mentioned

on ref [18].
a. determination of SiOz by

gravimetric method as (quiiroline silico

molybdate) .

b. determination of AlzO: : by

gravemtric method as (alurninr"rm

oxinate).

c. Determination of FezO: : (i) by

sepctrophotometric method as

(thiocyanate complexation) (ii) by

atornic absorption spe ctrophotometer .

d. Determination r:f CaO and MgO :

by titration rnethod (complexometric

titration rvith EDTA). Determination of
otal carbonate :as free carbonate ,

Results and discussion

The chemical compositions of all clay

samples used in this work are shown in

table (1). This table shows that the various

components of the chemical analysis are

between 99.12 and99.8% which indicates

the correctness of the analysis and the lask

of considerable content of other

components as occasionally observed in

clays. The analysis shorvs great difference

in Si0z, Al:0:, and CaC03 sontent of the

local ciays (brown clay" yellorv clay) in

comparison with Kaolin, Iranian elay and

China clay, that may be due to the

contamination of local clays with organic

substences in addition to their different

genesis composition, that brolvn and

yellow clays are dorninantly CaC03

content. The presence of the above could

effect on their decolorization abilities of

dark oils. The results shown in Fig (2)

indicate cleariy the efficierrcy of ctrays in

the decolorization in the following order:

China clay>Iranian clay>Kaolin clay>

yel1ow clay>brown clay' As SiOz and

AlzOcontent increase and CaCO:

decreases the efficiency ol decolorizing

incre ases. While the results shown in

Figiires. (3 - 7) indicate that, increasing

temperature causes to increase ihe

decolorizing abilities of the clays'

Chemically speaking the sPeed ol'

chemical reactions will double for every
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increase of ten degrees Celsius. F{owever,

the rate of oxidation of the oil is increased

approximately three times for each

increase of the same ten degrees Celsius

[19]. Hence, the oil temperature in the

process and operation should be kept at

optimum. Vacuum helps to prCItect the oil

tlom oxidation by contact with air at high

temperature.

OE
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Figure (2) comparison of adsorption on different clavs at 200 "c 0#here oe = X/m)
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Figure (3) Comparison of aclsorption by China ctay at dift'erent temperature(where Qe=x/m)

Table (1) The chemical comnosition of clav samnles.

Cdstltuents Brown clav Y6llow clav Kaolld clav lranian cfav china clav

sio, 16.8 7.46 47.07 557 53.42

3.33 386 35.05 1313 10.06

Totel CaO & &.34 8.81 !.J/ 3.77 10.18

0.28 0.57 0.1 0.3 a.12

Na,O 1.82 2 t.a 14 o.7

CaCO! 30.86 42.23

Fe,O. 10 57 8.81 134 134 3.58

Tio 4.27 4.21 1.1S 033 o.52

[.]ncombined
wate!'

4.37 0.08 15 77 11 79

Loss on icnition 19.5 21.3 744 9.4

TntEl 99.12 99.62 99.8 AY-ZZ 99 77
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Figure( ?)Comparision of adsorption by Brown clity at different temperature

(were Qe: Xlm )
The clays were appiied as powders of

200 mesh size and mixing was performed

either with the dry clay or as mud or pulp

with excess water, The last one is more

convenient as the sut-.sequent conversion

of the water to steam helps to prolect the

oil frorn oxidation by' air at high

temperature. Then cooied slurrl' was

mixed with light naphtha rvhich makes

easier ihe removal of spent clay by filter

or may the diluted mixture is sr-rbjected to

dewaxing process after removal of clay.

On lighter lubricating distillate SAE 30,

SAE 20 and lower the siurry was fiitered

without naphtha at a temperature of 90 -

100 "C. The time required for this

treatment is generally about half to one

hour and no great advantagc was

recognized for longer period treatment.

The clay treatrnent rvas often applied after

acid treatment, which serv'es to nei.itralize

and to decolorize at the same time. This is

useful because neutraiization of highly

viscons stocks containing the produots of

the reaction with sulphuric acid almost

impossible with aqueous alkali that

emulsify the stock contents.

Therefbre, different clays with different

level of acid activation were applied to

adsorb colored compounds in lubricant

oil. Decolorizing capaciry' is quoted here

as the quality criterion of the activated

products, as it is an important index to

evaluate the efficiency of the activated

clays in the decolorization. Figure (8) to

[10] show the improvement of the

efficiency of the activated clays using

10% and 2A%HCl and also results shown

through figure (11) to (13) indicate the

improvement of the efficiency of the

activated clays using lAa/o,and 20

%FIzS0+. However, the adsorption

capacity of the acid (FIC1 or HzS0+.)

activation of the clays rvas significant; As
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the intensity ol the acid treatment is

increased decolorizing abilit,"" fcrr a given

oil increases up to an optimum value, but

with further treatment there is a decline in

that abi1it1,. So in this an acid dependence

pH may enhances and latter inhibits the

sorpiirrn prccesses of adsorbate and in this

phi sicochemical proccss may accompanv

b: H- and c.ther caiions release in

t.. rredia. As a consequence of increasing

zcid Yo concentration, the exchangeable

cation between the 2:1 la5rer ieave first

and are replaced by the ll' ions: Since

only a smali quantity of cations }{g-:.Fe-r

and A1t3 leaves fi'oin the 2:1 laiers. the

change in the cornposition percentage of
oxide R1Oi9'. {RrO
:A120:-Fe.0:=\{g0}has been shonn

srnall[1i]before aciivation, but as the acid

concentration (HCl7o or H:S0+.%)

increases the cation dissolve easily frorn

the clay layers, so the clecrease in RxO.'%

is great and has asignificant effect. Again

it was observed the variation in specific

pore volume , specific aLea, and sitrface

acidity are rncditled by function of the

acid that is used in activation fl3lThe
variation of the metal cation exchange

capacity (CEC) by the RxO1,% was

studied also by Mu-erref Ii 1]and he

showed that, as the RyOr% decrease by

progressing aciivation. the CEC decreases

linear11,. Also the disappcarance of some

of the octahedron. whose in clay structure

N,lgo2 cations in their centers are dissolved,

leads to ihe disappearance of the excess

negative charge originating frorn them and

as a result tl'le CEC decrease as the

RxO-r% deereases.trn addition to chemical

composition and CEC, the specific surface

area and micro pore-Meso pore volume of

trentonite as important properties that rvill

vary by acid astivation and also vary ir1'

alkaline treatment 'fhe (BET) surface

are.as of bentonite sample show to decrees

[1 2-]with alkali l.JazC0: activation becaltse

Ca*2 ions were erchanged by Na" ion and

this caused a decrease in the micro pore

area and lorv surt-ace areas f'or Na:C0:

tleateci samples" r.,hile the surface areas

fcr acid H:S0+treated sample has been

shown to increase a,nd reach a maximum

and then decrease. This is in according to

the our experimental results which

indicates that the observed chemical

structural and composition change after

treatment with higher acid concentration

caused an alteration of the morphoiogy

and consequently the surface properties of

the local ciay samples.
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fig(l0) comparison of decolorization of Iube

oil by yellow clay before and after activation

by FICI at 150C'(were Qe = X/m)0e
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.-J*-*-

r'A/' I
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Fig(8) comparision of decolorization of

Iube oil by kaoline before and after

activaiton by HCI at 150C'(were QB =

X/m)
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Fig, (9) Comparison of decolorize lube oil by

brown rlay before and after activation by HCI
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Fig(ll) comparision of decolorization of lutre oil

by kaoline before and after activation by H2S04

at I50C'(were Qe = Xlm)
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Fig(I3) conrparision of decolorization of lube

oil by yellorv elay before and after activation by

H2S0. at 150'C (rvere Qe = XIm)

Adsorption Isotherm:
The experimental data have been

tested. for bleaching of lubricant oii on to

the Bentonite clays surface before

activation and after activation with %10

HCi , on the I-angnuir and Freunedich

isotherm models [71.

Langmuir:

Where X/m is the out of substance

adsorbed pre gram of adsorberit. C is

equilibration concentration for given

amount of substance adsorbed (residual

substance) and X. represent the maximurn

amount of adsorbed per amount of clay

(retention capacity of clay),

Freundich:

{ *kcn
rfi

lvhere K and n are Constants"

Since the absorbance measurements rvere

taken from experiments for the bleaching

process of colored solution the relative

amount substance adsorbed (X) and rhat at

equilibrium are obtained trom the

folior.ving equations (3 and 4):

v 4u -.1t {li
,4o

Al
X* * **-*i"X --_-___*({)

Aq)

Where Aq is the absorbance of
unbleached lube. oil and At is the

absorbance of bleached oil at time t"

Thus by, means of, ecluations (3 and 4)

and by ra,riting X. instead of
equilibrium residual substance C, the

equations (1) and (2) are rearranged as

following (la) :

Xl rn * K X *u ---*-- {fti

By taking the logarithm of eq. ( 6)

w'e get eq.(7)

log XJ*t =lo6K'rnlt]$ Xc

A plot of -versus X. and 1og Xlm

versus log X. should give straight

lines ancl the last squares analysis can

b'e used to calcuiated the parameters

(a, b, I() and (n) from intercept anci

sioprg of straight lines of the

isotherms. Ttrerefore the

experimental data wsre plotted

according to eqr.rations (5) and (7)

give the relations shor.vn at figs (14-

i5) which indicate very clearly,

J" I fel
-i... --l I ", tir.Y.tt a l.r1 -\"

{1i

t:)

t3'7
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according to the above interpretation waals forces between the adsorbent
that the adsorption process before and and adsorbate.

after activation are in accord with the Conclusion
Freundlich model more than Studies show that the local clavs
langmuur model (straight lines for (yellow clay and brown clay) have weak

freundich, but all points of the decolorizing power comparable with
Langmuir isotherm plot were present China clay and lranian clay so they need

randomly on the line). This means acid activation to improve their
that the Freundlich equation is more decolorizing ability. While Kaolin can be

applicable than the Langmuir used as good bleaching clay as its
equation to the adsorption isotherms decolorizing power was shorvn as to be

in the process of bleaching of lube oil efficient for bleaching lubricating oils,
with all three fypes of clay used under that is probably result tiom u,ell packed

our experimental condition. This structure that not easily break down
shows also that there are a physical during sorption process on the clay
adsorption of one Layer with Van der surface.
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