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ABSTRACT

Emulsion will create a ot of operational challenges when separation failed to separate emulsion
and water effectively. 1 t will overloading of surface equipment ,increase cost of pumping wet
crude ,risk of corrosion and etc. Thus, effective separation of emulsion is crucial to reduce
operational challenges. As the objective of this Final Year Project(FYP) is to study of different
Inlet Diverters (ID) to the emulsion stability. Basically Plate TD, Half Pipe ID and Hydrocyclone 1D
are tested upon separation effectiveness. This FYP is about to set up an experiment for crude oil
mixture separation using gravity separator retrofit with Plate ID, Half Pipe 1D and Hydrocyclone
ID. In addition, this FYP also study on effect of different 1D at fixed flow rate, different operating
temperature and water cut towards emulsion stability. From the study conducted, the author found
that the most preferable ID for effective separation is Half Pipe ID. Some modification have to be
made for better improvement of the experimental result. The area of improvement includes more
sophisticated design of ID, material used to construct ID, and flow rate that can be representative of

actual field condition.
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Crude oil are complex mixtures of oil ,water,gas & even solids (sands,scale,silts called basic
sediment).Although,water can be of great importance in the reservoir ,it can be problem especially
when it reaches the surface.This mixture at surface usually forms water in oil (W/Q) emulsion after
passing through shearing environments & then stabilized by emulsifying agents presents in the
fluid. Figure below showing various agitation points where shearing action take place during

production.
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Figure 1 : Source of agitation during preduction

fror cinulsion o formulaic i has to fuifill 3 conditiions ,which aic

1) Two liquids forming the emulsions are immicible,
2) There must be sufficient agitation to disperse one liquid droplets in another

3) Presence of emulsifying agent to stabilize the dispersed water droplets.
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(0 scparaic cmuisions cificicntly can rosult in a nuimber of comimcicial & opcrational
challenges such as overloading of surface equipment,increase cost of pumping wet crude,

a1

iouiing,ubing pressuic build-up resuiting from high visoou

~ £
1

iuid, incrcasc vesscl hcating cost ,risk
of corrosion in export lines and poisoning of refinery catalyst.Currently, several methods are being

~

heatcis,clicinical applicaiion ,cloctricity and

uscd fo resolve cinuision probicin. Thore aic usc of

separation equipments.
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The main objective of this project are :

a)To set up an experiment for oil and water separation using gravity separator retrofit with HID,

s -

Fiaic iD & raii Cipo ib.

b)To study effect of different ID at fixed flow rate , different operating temperature and water

e

1.3) SCGEE

The scope of study for this project is to investigate the effect of HID, Plate ID & Half Pipe ID
towards the crude oil and water separation at different flow rate and operating temperature by

measuring the thickness of layers formed after the gravity settling.



LITERATURE REVIEW
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2.1.1 Introduction

Croduccd waiihcad fluids arc coimipivx mixiuics of dificrent coinpouiis of hydrogen and

carbon , all with different densities,vapour pressure and other physical properties.Pressure and

l.uulpuidtulu reduciion will occuricd as woll sircam stait {o flow ftom ihc hoi ulé,‘ii"piCSSI..ub Up w
the surface.The well stream will change in character and gas will evolve from liquids.Physical

scpatation of 6sC phascs is onc of the basic oporations in the produciion , processing and

treatment of oil and gas.

in cuircni oil and gas indusiry , scparator design play an hnipoiiaii roic w© incchainicaily
separate liquid and gas from hydrocarbon stream that coming from wellbore.Proper design is
cxiremiciy crucial bocause a scparaiion vossol is norially the iniiial processing vessel in any
surface facilities.Improper design of this process component can “bottleneck” thus reduce the

7&.]37\31 5 of cittirc 1 1auuu|.y-

When oil and gas are mixed together with some intensity an allowed to settle, a layer of
clean water will form at the bottom.Afler a range of three to thirty minutes , the change of water
height will be negligible. “Free water” is water fraction that obtained from gravity settling. This free
water is beneficial if separated béfore treating the rémaining oil and emulsion layers.Pressure
vgs.scls has been designed to separate and remove this free water from a mixture of crude oil and
water: “Three phase separator” and “free water knockout” are two terms that are suitable with
pressure vessels. “Three phase separator” genérally used when there is a large amount of gas to be
separated from liquid. “Free water knockout” is normally used when the amount of gas is small

relative to the amount of oil and water.

£ X
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Design of separation are greatly influenced by the flow stream.Several factors must be take

0 CONSIaOIation beioic aily scparaicr Gesigii 5

if.

iii.

vi,
vii.

viii:

" e

LErCa. i 6iCiC aic :

Gas and liquid flow rate (minimum , average , peak)

Operating and design pressures and temperatures

Shigging tendencies of feed streams

Physical properties of fluids such as density and compressibility
Designed degree of separation

Presence of impurities (paraffin ; sand ;scale)

Foaming tendencies of crude oil

Corrosive tendencies of liquids or gas.

[
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Recently , gravity separator widely used in oil and gas industry for separation of
hydrocarvon iiuid (ol and gas) and watcr by using gravity scitling.Scparator can be caicgonizcd
into two types which are :

~ .y ~ygv_ 13

SCparaiC gas ioin Oit i oiificids o gas

\

aj 1Two - phasc scparator i
fickds.
b) Three —phase separators to separate the gas from the liquid phase , and water from oil.

r

1 Waicr iioit gas

Gravity separator available in horizontal or vertical pressiire véssel with sepatation phasé , intérnal
components and control device as shown in the figure below
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Figure 2.1 : Horizontal and vertical separator
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Horizontal separator is more practical rather than vertical separator when it comes to three phase
separation.Greater interface area for horizontal separator enhanced phase equitibrium between oil

and water by gravitational settling thus provides more surface area for bubbles to escape.

Separator components:

=" 1- A

aj r Iundx‘y abpalduvu scction { inlct Diver torg - for buik aupdlauun fg 5 1TOfit Oil

b) Secondary separation section — intersection area above the liquid for gas by means of
gravity

¢} Mist extractor — to remove small liquid particles from the gas

Gj Liquid sciiling sociion , piovide an lnicrsection arca for water and oit io scitic by

gravitational settling and remove gas from liquids

44
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Cj Uas Cuiici
f) Oil outlet

BF Wallr Gunici

runcilici Of sCparaions

a) Make a primary phase separation of the predominantly liquid hydrocarbons from
those which are predominantly gaseous

b) Refine the primary separation by removing the entrainment remnant mist of liquid
hydrocarbons from the gas

¢} Further refine the separation by providing for the removal of entrained gas phase
bubbles from the liquid phase.

dY Assume prover control . bv devices which will provide for the removal of this
separated liquid phase from the vessel without allowing an oppurnity for re-

entrainment of one phase into other.
Separation Process Description :

pof gravity scpaiaior , HIGIiC aic 4 maiit SCUHon wiiich arc et Giveiicr,gravily SCitiing ,utist
extractor and liquid content. . Inlet diverter is a primary separation section which will control or

QT3S Ipaic e iy Of fiuiGs as I.ﬁ\.ay iCave HIOWILHG and Ciiicy vossci w Gl 1idiG Ioill Welibore cirter

the separator and hit an inlet diverter ,the change in momentum occurs.Change in momentum lcad

o glubb abpaldut}h U\JleUIi util.uu pildm. mni gd.: ]’Jilabu J.IJU l.li ﬂlblyiL Ul g,lci\v'ilj QCCULS atl giavuy

- settling section where liquid with lower density(gas) be on top of the liquid (oil and water) while

i iif{l,u{i suitps G mhic ui.iu:u uuﬂuu.uis scetiion at th

1C DOLOII i LIC SCParaio.30inc of e diops aic

such a small diameter that they are not easily separated by gravity settling section. A gravity settling

- [

R S - .
abbtl\)ii i:) 0 COSULC Liidl. tii'u Eaa dilu uqu:u uuw f&ICS arc arways wiixilu uu.r uia.’xuuuni dIiUWanU

superficial velocity limits which will allow adequate separation.Before gas leaves the vessels it

Y J U A enziod asrtpootioe s erialeoc i Soci i sl
passes iiii"di.i'gii d CLRIVOUHEE, SUCLIULL U 10 ilDl. Cxiracion A ISt CAALON U CUAICHUITEE SCCHION wiil

minimize turbulence in gas section.This section uses elements of vanes ,wire mesh or plates fo

§1G FCIove i C VITY sinail dr p‘i(f is o Iu.iu.iu iti ofic iinai aupaxauuﬂ before ihc gas icavcs

the vessels.At this coalescence section , 99 percent of droplets size more than 10 microns are

FCMOVET WHGH Hic Bas fiows Lih"‘ui.igll it. rmau_'y,[qum COftCiiH aypuva Pllll\.dpl G oi Cq”ulbuuxu it

15



PIOVIGCS ait iICrsCotion aica 1Uf Wailt aind Ol 10 53CWiC by gravilationai sCIiig aiid iCimove 2as

from liquids.Liquid collecting and removal section will prevents re-entrainment from separating

[ EECEN

Comparison of horizontal and vertical separator:-

HORIZONTAL VERTICAL
ADVANTAGES: ADVANTAGES:
-Greater control of turbulence | -Can handle farger quantity of sand or mud
-Better use of retention volume -Good surge capacity
-Easter to service and maintan -Can be cleaned easier
DISADVANTAGES: DISADVANTAGES:
-More installation space required -Expensive gas operation
-Not as good for handling sand or mud -Not good for foam

-Lower liquid capacity with high GOR

Table 2.1 :Comparison of horizontal and vertical separator

L.i.l DSEFARATIUN 1LIDURI

Stokes law
if WIC PatiCics &iC Iaiiiig il WIC VISCOUS Tiuid DY hCk OWN WCIZNt dus 10 gravity, 1icil a tefininai
velocity, also known as the settling velocity, is reached when this frictional force combined with
the buoyant force exactly balance the gravitational force. The resulting settling velocity (or terminal
velocity) is given by:

1‘}1:_2_( ?’_pf)gRE

9 n
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= ¥ is the particles' settling velocity (m/s) (vertically downwards if p, > pr upwards if p, < pr).
= g is the gravitational acceleration {m/s°),
»  p, is the mass density of the particles (kg/m°), and

. pris the mass density of the fluid (kg/m?).

= mm e eeamemamm e —aa ; The FBD in this figure lists three forces acting on the
here; Fb, Fd, and mg. The first two forces ari

buﬂyance sp and mg. The firs es arise

_ from the buoyancy effect of displacing the fluid

andfrom the viscous drag of the fluid on the sphere,

drag

respectively. Both forces act

upwards -- buoyancy tending to 'float’ the sphere (Fb)
and the drag force {(Fd)

resisting the acceleration of gravity. The only force
acting downwards is the body force resulting from

gravitational  attraction (mg).

Figure 2.2 : Force exerted on a particle

FEY R ) S
ANETCTEEEUFE 4 FITEE

To assure that the liquid and gas reach equilibrium at separator pressure a certain liquid storage is
required. This is defined as “reténtion time™ or the average time a molecule of liquid is retained in
the vessel assuming plug flow. The retention time is thus the volume of the liquid storage in the

vessel divided by the liquid flow rate.

rOf MUSL appiications iCCIiion Hines of DCtwoth 34 500onds and 5 nuiuics have poon found 1o oo
sufficient. Where foaming crude is present retention times up to four times this amount may be

HOUGAU.
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This section will briefly describe some of physical characteristics of well fluids handled by oil/gas
separalors.

= ~rm 1 e .

P Ea Y S I S VN DU R 2 . DY s msmtiioed Dex $leegied £
AUl . CiuldLv Ul DD a CULHPICGA THIAWIC UL HYGIUGARUUIES proaucCl il aGuia 1

oril.1hc AP
gravity of crude oil can range from 6 to 50° API and viscosity from 5 to 90000 cp at average

Gpcraiiig Coiditions. Viscosilics arc ncarly aiways smaller in thc rescrvoir.Color varics HiFCUEII

shades of green,yellow,brown and black.

Condensaie; Thiis is a iydiovaioon that may cxist in the produciig formwdion cithicr as a iiguid or as

a condensable vapour Liquefaction of gaseous components of the condensate usually occurs with

fcauction of wcil fiuid ICINpCraluic o sufiavs opot

ing oonditions.Giaviiics of thc condensced

liquids can range from 50 to 120° API and viscosities from 2 to 6 cp at standard condition.Colour

Jiigiit ycliow, or ligii biuc.

fay b waici-wi

Natural gas: A gas is a substance that has no shape or volume of its own.It will completely fill any
container in which it is placed and will take the shape of the container.Hydrocarbon gas,associated
with crude oil is referred as a natural gas and may be found as “free gas” or “solution gas”.Specific
gravity of natural gas may vary from 0.55 to 0.90 and viscosity from 0.01 to 0.024 cp at standard

condition.

R O - S, S, UL, S-S SO E B SO S T ST,
aiee gas, Ti0C gas i nydrgcainoil uidt CXISis il i gasious giiasc ai Oplraiiiig picssuit aiid

temperature.Free gas may refer to any gas at any pressure that is not in solution or mechanically

HCId i iUl Ayarodaivsit.

Solution gas:1t is homogeneously contained in oil at a given pressures and temperature.A reduction

in pressure and temperature may cause the gas to be evolved from oil.

¥

Waier: Waicr produccd with crude oil and natuial gas may be in e i

[y STV L I o T
il Ui vapoul Or duiid. 1 60

liquid water may be free or emulsified.Free water reaches surface separated from the liquid

1100 watct 15 diSpoersca as UFOPICES il 0 Ui Gyaiocairooii. i ne walcr can oc

fresh or briny in nature and may contain undesirable gases such as CO:.

&
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nitrogen,carbon dioxide,hydrogen sulfide and other gases that are not hydrocarbon in nature or

Ol’igiuﬁrf}ii fiuid ifidy aiso contalin nqulds SuCi: a5 WaiCh aii pai ratiins. J.HL-)( iasy aiso Contains

solids such as drilling mud,sand,silt and sait.

2.4.1 Forming Emulsion

EiIIUIblUH aic aLaUliiz_bu u_y uuulbumib [ bi.luaub abi.n-’\., agulm Ol auiidui.dllib) llial. u.;ilu o
concentrate at the oil-water interface where they form interfacial films.This generally leads to
iowering of the inicifacial tonsion (IFT) and piomotcs disposion and cmulsification of

droplets.Naturally occurring emuslifiers in the crude oil include higher boiling fractions,like

a.bpuau\.uua cuiu h..aliia, Uisdiih., dulua a.uu l}dbua These s.«Uil.i'}hJuuua aic i.'ri.«u\.a\f\a W UC

iniaii
constituents of interfacial films which form around water droplets in an oilfield emulsion.Other

P

suriactaiiis that ms ay be [iGSGIit arc from chomicals fhai arc ui_]ﬂfﬁ\iﬁ inio the formation or well boic
such as drilling fluids , stimulation chemicals ,injected inhibitors for corrosion , scale , waxes and

ASpLAICHcs C5 flave 1o o

much smaller than emuision droplets,collect at oil-water interface and are wetted by both the oil

aid watcr. 1haC Cikcciliveiicss of ihcse solids in sia

Aius uiliuibiUha uup\.,uu Qi ot Gf

such as particle size, particle interactions and the wettability of particlesEmulsion will exist when

4

HiGIc arc 1 iiulbduy iininiscibic iiqulua, aii L,Iiii.uau_yxus agcii aind sufiicnt dgli.duuli ) i.uapuiau

the discontinuous phase into the continuous phase.Qil and water are two immiscible fluids in oil

a0 w s

production iroin oiliicid. Smail solids particics , paraifins ,asphaliciies ,cic aic cmuisifying agonts

that always present in formation fluids.Fluid from well bore will go through tubing, up to surface

Y LT e . 1 +

CitokC thcn will cnfcr the scparator ,alonig the way iiwre arc sufficicnt agi

O 1iiar ]aGgs 1o

-

emulsion forming.

2.4.Z Eaiuision stability

From Thermodynamic point of view, an emulsion is an unstable system.This is because

natural tendency for liquid-liquid system to separate and reduce it interfacial area and hence its
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stability.Produced oilfield emulsion are classified into 3 main parts based on their kinetic stability:

ij Loose criuisions: Einuision that will Sﬁpdi&ﬁ? ifi @ icw nuingics. Thc

o
73]
&

i
8
[ ]
e

water sometimes refer as free water
vj Mcdiuimn cimulsions | Thosc that will scparaic in the maticr of ten ininuics.
¢} Tight emulsion : Emulsion that will separate in the matter of hours or even

Medoar Emulsion

Tight Emulsion

Lense Evratsion

s

Diistribution function

10

Uroplet diameter (microns)

13
Figure 2.3 : drolet size distribution of crude oil emulsion

1

Kinctic stabiiity is a conscqueice of sinall dropicts size and thc proscnce of an inici

iaciai il
around water droplets.This emulsion kinetic stability is achieved by stabilizing agents (or

CiHUISiticrs) whichi Could bC naturally occuiring in the crudce oil or aducd during produciioil.

Produced emulsion are stabilized by films that are produced around water droplets at oil-
water interface. This Interfacial Films results from adsorption of high molecular weight polar
molecules that are interfacially active. This interfacial films can enhance emulsion stability by
reducing interfacial tension or increasing interfacial viscosity, These films dre classified into two

catagories:

e Tat
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&) ;:\jgii:l or 3oiid il : This film ke insoluble skin on water mﬁpluia.x 1iCse iiimi plaj
significant role in hampering the drop coalescene process by providing a structural

varticr to dropici coaicscencs and incicasc cinulsion siabiliiy.

b) Mobile or Liquid Film: Formed when demulsifiers is added to an emulsion.They are

SRR, N I ,: -
W aiopict i3 CIHaics

LY e W VTS I S A
IS5 StaUIC LHIUS COAUCUCIIo0 U1 Wi

C
£

Factors affeciing emiision siabiiily

“Emulsion stability” is one of the crucial factor that must be considered when separating the

emulsified water from the oil.The more stable the emulsion is , more difficult to separate it from

fluid. As for emulsion stability , it depends on several factors :

¥

uy

24371

Density difference between oil and water phases : The greater the difference in density,the
HIore quickly watcr dropicis will sctiic from thc oii phasc.

Viscosity of 0il : As viscosity increases , more agitation required to shear water particles

PRIy

UUWu io aiudilbi bidu iu 'uu pua,au \\luuuuu aLychauUu;

Interfacial tension : Less interfacial tension needed for easier separation

P

Size of dispersed waier pariicies : Largor watcr pariicic will sciiic out fasicr of the oil phasc

Presence and concentration of emulsifving agents : When no emulsifier is present,

-

iniciiacial fcnsion boitweon oil an G W

aicr is Tgh, ius watcr particics coalcsconce casily
upon contact,

ucuvy yu:ur jr Gciion i cride ol Thcsc inciudc abpﬂd.ii.uuua,ibmim aiid oil s01ubic Crgaiiic

acids(e.g nepthenic,carboxylic,acids)& bases.These compound are main constituents of

iiloiiacial films surrounding thic waicr droplots that give the cmulsions thcir stability.

Solids:Fine solids present in the crude oil are capable of effectively stabilizing emulsion.

L S T ST .. SUNPRSIPU DEE S I TR
HIC. L villpforatle U Cali Broauy iniuciicod Ciliisioi Siaoilivy.

Temper

PH:pH of water have significant effect on emulsion stability (interfacial film).

S A P
LYpis Uil 1iliSivii

Two types of emulsion are readily distinguished in principle, depending on which kind of fiuid

L ]



= VWatei-in-oii (W/0j for water diopieis dispersed in oii

Water, the continuous phase

e
Oil, the discontinuous phase <—___

O/W emulsion

0il, the continucus phase
[ -

-

|~

—‘I” .
[Water, the discontinuous phass—__ |
e - o

W/O emulsion

Figuie L4 Typos ur s

Rule of thumb to determine the types of emulsion formed is component with smaller
iraction wili be dispciscd phasc and componcit with larger volume iraction wili be continuous
phase.In oil and gas industry, water in oil (W/O) are more common(most produced emulsion
coining irom this iypc) and therciore oii in waiei(O/W) arc somciimcs caiicd reverse”
elmulsion.Practical situation are not always so simple and one may encounter double emulsion that
is, cinuisions that arc oii-in-waici-in  0il{G/W/0) and waic-in-oii-in-waicr  (W/G/W).For
instance,0/W/O denotes double emulsion,containing oil droplets dispersed in aqueous droplets can
be quite large (tens of pm) and can contain many tens of droplets of the ultimate internal phase.

Viater-n-od emulsion

watter-in-cdn-walet emulson Emulsion with sokds ]

Figure 2.5 : Types of emulsion
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THCIC Cail Cveil DO IH0IC COMIPICK CHIUISION type. Tiiis Lypus Ui Ciiiuisivii is i0nincd
depends on number of factors.If the ratio of phase volumes is very large or very small, then
UiC phasc having a smaiicr voluimc is iicquciitly Uic dispeiscd piiasc.ii Ui ratio is Cioscr w
one,then other factors will come into place.Figure below show an example of a crude oil

e

WG W/G Ciniuisivi.

Figure 2.6 : W/O/W/O emulsion

Z.4.4 Characicrization of cinulsion
Appearance and Emulsion Type

Appearance is depending on the droplet sizes and the difference in refractive indices
vetween e phascs.Einuision cail be wansparcni if cither thic reiiaciive index of cacii phiasc is saiiic
or alternatively, if the dispersed phase is made of the droplets that are sufficiently small compared
willl Liic wavcicngii Of tic iiluminating iigii.

Texture

The wxiure of cinuision usually rcficcts that of cxicinal phasc.G/'W cinuision wiil icdi

“watery or creamy” while W/O emulsion will feel oily or “greasy”.
Mixing

An emulsion readily mixes with a liquid that is miscible with the continuous phase. For
example, milk (O/W) can be diluted with water while mayonnaise (W/O) can be diluted with oil.

-~
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Dyeing

Emulsions are most readily and consistently coloured by dyes soluble in continuous phase.

Conductance
UiW Citillision nave vory nigh spocific conGuctaice wiiic W/0 cmuisicin have vory iow

specific conductance
IvErsivi

If the emulsion heavily concentrated, it will probably invert when difuted with additional

internal phase.

AN ity Gttt sl
.0 DAl HEISIGE WGdEITICTIL

Failure to separate emulsion effectively can result in a number of commercial and operating

challenges such as:

i, Overioading of suiiact sCPaialion cquipimciii

ii.  Increase cost of pumping wet crude

iii.  Fouiiig

iv.  Tubing pressure build up resulting from high viscous crude
¥.  1iCivasc vossol ncaling cosi

vi.  Risk of corrosion in export lines

e Tre sty ot N s et
Vii. i umu;iulg UL fCLInNCTY Catdiysi

2.4.6 Destabilizing emulsion

Kinetic stability of emulsion comes from formation of interfacial films encapsulating in water

-~

1 L U S TP SCUNE S PO, S D N+ SO, SR
GIOPICEs. 1 G SCParaiC CHiuision G ol afid B3 , WU LLOU WO UGLSUUY HIGITacial il st ang uic

droplets have to be coalescence .The factor that enhance emulsion breaking are :

i LCICast wWinporatune
ii.  Reduce agitation or shear
i, incroasc reiciition tHinc
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iv. SUL TOIHIUYEL

v.  Controls of emulsifying agents

Zot7 VIGCHIAansin HVULVOU Quiiig QOIS Va0

Demulsification means breaking emulsion into its component phase.There are two mechanism

involved which are ;

Lo Flowcuianon @ The fust swp i demuisilicaiion is GUttulatuin o1 walcr Gropicis. 1 (@i ui
flacculation depend on water cut, temperature, viscosity of oil and the density difference
DUIWAGTE Uil aiidd gas.

it.  Coalescence : This is irreversible process that can reduced water droplets.Coalescence

B -

. - * . - = s o~ . L . s
Linlddive DY iUw  Uii VISLUSILY, LiigH  faie Ul LUCCUIaiiviL gl Wailll  Cuid  aiid 1iEgEiR

temperatures.

-

~ * z L L e T TILIE TESCITST itamii Sem cpsnoz e, -
LU TCUIVU U UICdRIEE L0 CiiUISUis , Sevlldl Widys dil oc Apypiia o

i.  The use of heaters ( to increase process temperature then reduce crude oil viscosity)
ii.  Adding chemicals (using demulsifiers)
iii.  Electricity( applying electrical field to promote coalescence)

iv.  Separation equipment.(reducing flow velocity that allows gravitational separation of oil

and gas)

As for this project which entitled “Comparative study of different inlet diverter to the emulsion

ks

T T e S e P g S BT DU T R . S SR
SEEDIEY  , WU WL Y 0 1C3GIVE Gif Uivdiding CHIUISIOIE Slaliiiy Uy iiicaii O Supdi atiuil C{URDIICIT {

Inlet Diverter).

-7 T

L T L T O - S SVUIIE B
RilY Sidi PIOGICiins He 0 SUpﬁiﬁiiUil Ul Uil diiid Bas .-

1. Delivery of stable oil into the stock tanks.

2. Clean gas available for gasoline plant and fuel.

3. If oil and gas mixture flow directly into stock tank without being separated,gas in leaving
the oil would carry lighter hydrocarbons along as a spray, which in the end would result in a

decreased volume and gravity of the oil.
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profit margin.

2.4.8 EFFECT OF TEMPERATURE TO EMULSION STABILITY

heat

|

way particle

- - - - L _®s . . L) ]

TRt T i e e e R i s e RS
Based on the Figure 2.7, we decided to choose a particle concentration which yields stable
CHUISIVES @l 10V WIHTIPUIaluic aiid v UsHEa wildl Happuiis W Uivil Suauiiily upuil ivivasiig uiv

temperature gradually. The question here was whether the coalescence stability was sensitive to

emulsions were prepared from a dispersion of 10 wt% of Microklear 418 or Aquawax 114
PaiiiCics il Uil @iid aii Cquai vOIUING O Walli Uy Nauu siakiig Ui £ il @i [0l WHipoiatuic.
Using a water bath, the temperature was increased in 10° steps to 95 °C, with the vessels being
H@iid SHARCii oiilly aild Wikii iiCid 101 i ii. dl Cadii Wilpuidiuic, DUWURii Casii HIpUiatiig, uiv iaw
of temperature increase was close to 2 °C/min, comparable to that in DSC studies.

CAUUISIVIL SI@ULILCS div PIULCU VEM @S WILPUIAluLC (il 101 DULLL WaA—>LaU1iduU Sy Siciiis.

THC UVGEAN WG [ DU 1D Gidl WIS SCUITIVINGELIUIL {Jo) afit CUBIUSWRIIVG {jw) CAICIIES HIVICESE Wil
temperature as particles are transformed from solid to liquid. The increase in sedimentation may
UG QUG 10l Palt W LIC UCCTGAsE 1L UIC VISCUSILY UL UIC COIILIIUOUS ULl PUESS Wil WHIPCTAWIG, WiliGii
falls by over a factor of three between 20 and 60 °C . This may be coupled to the increase in
CUGILSCLHLY @5 UIUPS UUCUIIG HIVIC CULICCIILIEICA. AS UIC SIADLISIIE WA Paitivics Degiil w it
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motecular species desorty iront thie gii-waler miteriace ad” disselve i the ott phase. Hhe drops
lose their protective armour and fusion between them proceeds. Phase separation is nearly
comipiete at 95 “C for Microkiear 418 emulsions {weil above the meiting rangej and 75%
complete for those of Aquawax 114 (below the end of the melting range). It can be seen that
sighitticant coalescence oocurs i a narrow tenrperatire range above 80.VC for Microkicar 318
emulsions, whereas it is more gradual between 50 and 95 °C for Aquawax 114 emulsions. This
ditterence isrelated o the reiatively narrow melting point range determined-earlier for the tormer
and the much wider range measured for the latter, suggesting that the dominant influence of

temperature in the emulsions is on the properties of the wax particles themselves.

1n

HE

WA

Foark,

L

14

" Xy Al e (U8 (A1K

Vempesaure £ 0
Figure 2.8 : Emulsion stabilty increased with increasing temperature

Microscope images of selected emulsions at low and high temperature are given in On
waraing the Mivevkicar 418 cimulsion, {4) and (B}, we notive ihal sume of e dsops become.aon-
spherical. This is a characteristic of particle-stabilised emulsions subjected to coalescence and is
nked o ihe breversibie nature. of pariicie adsorpiion. In the Aquawax 114 case, (¢} and (d),
although this shape change is less prominent, it is clear that particle aggregates at the surface of

GIops are more nUMmErous at the iow ternperature than at the high one..
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Figure 2.9 : Micronize picture of emulsion at low and high temperature



2.5 INLET DIVERTER-

2.5.1 Introduction

When fluid-with high flow tate enter the -separator , this flow stream will firstly hit Infet
Diverter that mounted in the separator. Change in momentum will occurred at the time of fluid
streaim hit Irdet Diverter. Momentany of incoming fluid-will be reduced deastically wherr it hit Tridot
Diverter. These change involve fluid flow distribution where gross separation of gas from fluid
“happened. The cocept of tnkel Diverter 1 to thange stream momentam thus enable tiquid droplet

to fall and gas bubble to rise.

2.5.2 Types of conventional Inlet Diverter

2l =)

et o s

]

1
1
1
I
1
1
]
P
1 ]
I

Plate Diverter Half Dipe vanelTyge \
| Cyclona

| |

| |

| N
— b Semee

As referred to Victor van Asperen et Al , there are four main function that an Inlet Diverter should

“perforni :

. Reduce the feed stream momentum to ensure good gas and liquid distribution.
Ineffective momentum change will lead to longer retention time and separation efficiency
are affected.
ii.  Separate bulk liguid.
Good bulk liquid separation will greatly reduced the load on the rest part of separator.
i, Desfoum ife nfcarrafﬁgﬁmd
Separation process will boost greatly if an inlet device can breakdown the foam.

. Prevewt re-erivainment of alveady separaied liguid -liguid shatiering



2.5.3 Comparison of conventional inlet diverter

| Inlet Device Functions Plate Half 1 ‘Vane i Cyclone |
, ]
> l
| Diverter | Pipe | Type |
! oSy st NN ol = " e | |
: 1) Reduce feed stream momentum. | Good- Good- | Good | Good
| !
[ Poor Poor % ;
| |

= S | S T S
| 2) De-foam mcommg ; fluid. Poor Poor E Ay em"e | Good
—_—— —_— ! ——

- 3) Bulk \q aration Poor1 Average . Good | Good
e S Sl i —— i TSI
4) Re-entramment prevention. Average- | Average i Good i Good

1
Poor , i
‘ el 1 |

Table 2.2: Cnmpansan of conventional inlet diverter

From this table, Cycione Inlet Diverter have outermost advantage as compared to Plate
diverter, Half pipe and vane type. As for this project, Plate diverter, HID, Half pipe will be

used and the emuision thickness which represent emulsion stability will be calcutated.

2.5.6 Plate Diverter design :

Materials to be used : Prospex

Figure 2.15 : Plate Diverter Design



Figure 6.12 : Plate Diverter

Z.5.7 & niaii Pipe liicl Diverier Desigii »

Material used: PVC Pipe

Figure 2.13 : Half Pipe Design.



Figure 2.14 : Half Pipe Inlet Diverter
2.6.7 Hydrocyclone Inlet Diverter Design:

Material to be used : PVC pipe , aluminium (previous model will be take into consideration)

Figure 2.15 CAD draw of HID
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Figure 2.16 : Previous design of Hydrocylcone inlet diverter

Figure 2.17: HID dimensions
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CHAPTER 3
METHODOLOGY
3.1 FINAL YEAR PROJECT MILESTONE

As for this FYP 1, the focus of this project is more on the feasibility study an research on the
principle of oil-water separation , types of inlet diverter and emulsion stability. An experiment
toward this project will be conducted in FYP 2 using a small scale separator, crude oil and also

ditferent types of inlet diverter (Plates , Half Sphere , and HID).

FYP1
JUL AUG SEPT |  ocT NOV DIS
PROJECT :
INDENTIFICATION
- ' PROJECT DEVELOMENT
CONTINUOUS RESEARCH
__UTERATURE REVIEW
PRELIM REPORT |
DESIGN & CONSTRUCT
PROTOTYPE
PROGRESS
REPORT
INTERIM
REPORT
FYP 1
PRESENTATION
EYp2 |
AN | FEB MAC APRIL MAY
- PROJECT DEVELOMENT
_ RUN EXPERIMENT
PROGRESS REPORT
FINAL REPORT
'FINAL PRESENTATION
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32 PROJECT PROCEDURES AND STRATEGIES

Review on previous experiment & design

¢

Perfornt literature review

F Y

Design Inlet Diverter

Ready for experiment

s 50% pump power [fixed
parameter)

Y

*  S0%WC50 %; T=35"C & T=45"C
e 7D%WC:30%; T=35'C & T=45°C

A 4

RUN TEST {Plate ID,Half pipe HiD)

Y

Experiment Observation {emulsion
thickniess)

|

Data analysis & evaluation of resuits

v

Conclusion & Recommendation —t
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3.3 DESIGN OF SEPARATOR

The objective of this project to investigate the design of conventional inlet diverter towards
emulsion stability.Emulsion thickness will be measured as representative of emulsion
stability.Greater thickness of emulsion formed indicates more stable emulsions.The design of
three phase gravity separator (horizontal separator) using Level Interface Controller will be
used.Dimension of this separator is scaled down to ration of 16. (ratio = 1:16).This separator can
obtain 20L fluid at a time.Perspex is used as main material in contructing the vessel wall because of
its cost feasibilty and also can resist the oil water mixture properties at certain temperature and

pressure.

Vessel dimension : 1.5 ft x 1 ft x 0.47 ft =0.705f* = 20L

Figure below are separator that has been used in the previous project .

Figure 3.1 : Separator retrofited with HID design



3.3.1 “Bucket and weir” separator design

This design eliminates the need for a liquid interface controller.Both oil an water flows over
weirs where level control is accomplished by a simple displacer float.The oil overflows the oil weir
into an oil bucket where its level is controlled by a level controller that operates the oil dumb
valve.The water flows under the oil bucket and then over a water weir. The level downstream of this

wier is controlled by a Jevel controller that operates the water dump valve.

The height of the oil weir controls the liquid level. The difference in height of the oil and
water weirs controls the thickness of the oil pad due to specific gravity differences.lt is crucial for
the operation of separation that the water weir height below the oil weir height so that the oil pad

thickness provides sufficient oi! retention time.

3.4 EXPERIMENT SET UP
) Pipe
Extarnal heater with —
stirrar CHF i
I Plate diverter
RPN B
j {0 )
Disgharge valve — _ o O Waste
. Cantainar
fump
— il niliia = S
Fluid mixture contalner

Figure 7.2 : Experiment Set Up
3.5 TOOLS REQUIRED

The main component and available substances to conduct experiment is shown in the

table below ; -
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Chemical Substances

Crude oil To be used as main fluid in this project.Act as
hydrocarbon fluid that need to be separated.

Water Mix with Hydrocarbon Fluid

Sodiuim Chloiide To be used as brine which contain 6f 1000ppm of salt in

1 liter of water

Mechanical Equipments

Table 3.1 Chemical Substances

Pump

To pump oil-water mixture to the separator

Waste Container

Contain oil-water mixture waste

‘External Heater

Supply heat to mixture

Power Supply

Provide electric power to pump

Small scale separator

Main equipment to conduct project

Tube pipe Act as pipeline to transport oil-mixture

Ruler To measure thickness of water,emulsion and oil formed
after gravity settling

Hand Glove Handle crude oil as safety precaution.

into consideration:-

Table 3.2 : Mechanical Equipments

To ensure safety during when experiment was conducted ,some safety precaution has to be taken

HAZARDS

SAFETY PRECAUTION

Electrical Equipment

* Use rubber glove as insulator

= Insulate all contact surface area

oil

Highly flammable crude .

Avoid any contact from heat source

+ Fire extinguisher that is ready to use
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e Avoid exposure to any electric circuit

Heater

e Avoid touching hot surface

Table 3.3: Safety Precaution

Discharge pipe

Different Inlet
. Daverter will be used

Separator Level Indicator

Pump

Figure 3.3 : Actual experiment set up
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CHAPTER 4
RESULT & DISCUSSION
4.1 Overview

The parameters or conditions for experiment are set up differently to investigate different factors

toward emulston stability by using different inlet divertes.All cases are tabulated as follows;

Fixed parameter is : 50% pump power which flow rate is 12.9 Limin,

" CASE WATERCUT  TEMPERATURE INLET
DIVERTER
1 50% 35°C Plate
2 50% 35°C Half?ipe
3 50% : 35°C 'Hydr_oclyclone
4 50% | 45°C ~ Plate
5 50% 45°C Half Pipe
6 50% . 45°C Hydrocyclone
7 70% 35°C Piate
8 70% 35°C Half Pipe
9 70% 35°C Hydrocyclone
10 70% - 45°C - Plate
11 70% 45°C Half Pipe
12 70% 45°C * Hydrocyclone

Table 4.1: Experiment Cases Overview
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4.2 EXPERIMENT RESULT

4.2.1 Casel

Thickness %

4.2.2

Thickness %

Plate ID : 50% WC;50% pump power;35°C

100%
90%

80%

70%

60% |
50%
40% -

30%

20%
10%

0%

Case 2

12 3% 56 789 10111213 14 15 1517181920
Time (min)

Figure 8.1: Column Chart for case |

0il
® Emulsion

» Water

Half Pipe: 50% WC;50% pump power;35°C

100%
90%
80%
70%
60%
50%
40%

30%

20%
10%
0%

Oil
® Emuision

m Water

1 2 34 56 738 9 101112 13 1415 36 17718 19,20

Time (min)

Figure 4.2: Column Chart for case 2
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423 Case3

HID : 50% WC;50% pump power;35°C
|

Oil

Thickness %
g8

® Emulsion

= Water

12 34567 8 9 10111213 14 15 16 17 18.19 20
Time (min)

Figure 4.3: Column chart for case 3
424 Cased

Plate ID : 50% WC;50% pump power;45°C

Oil

W Emulsion

Thickness %
wu
e

m Water

1 2 3456 7 8 9 10111213141516 1718 19 20
Time (min)

Figure 4.4: Column chart for case 4
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4.2.5

4.2.6

Case 5

Half Pipe: 50% WC;50% pump power;45°C

Thickness %

Case 6

Thickness %
g

1 2345 6 78 9 10111213 141516 171819 20

Time (min)

Figure 4.5: Column chart for case 5

HID : 50% WC;50% pump power;45°C

1 2334 5 6 7 89193131213 M 15:1617 18 19 20

Time (min)

Figure 4.6: Column chart for case 6
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4.2.7 Case?

Plate ID : 70% WC;50% pump power;35°C

100%

80%
70%
60%

0il

Thickness %
g

30% ® Emulsion

20%
10% -

» Water

1 2.3 &4 5 6 7 8 9 30713 12713 14 15" 16 171811920

Time (min)

Figure 4.7: Column chart for case 7
428 Case8

| Half Pipe: 70% WC;50% pump power;35°C

oil

® Emulsion

Thickness %
g

u Water

1 2 3 45 6 7§89 101112 1314 1512617 218 19 20

Time (min)

Figure 4.8: Column chart for case 8



4.2.9 Case9

80%
70%
60%

50%

Thickness %
g

| 30%
| 20%
| 10% |

HID: 70% WC;50% pump power;35°C

12 3 4 56 78910101 1213 1415 16 17 18°19 20
Time (min)

Figure 4.9: Column chart for case 9

4.2.10 Casel0

100%

70% -

Thickness %
&

30%
20%
10% -

0%

50%

Plate ID : 70% WC;50% pump power;45°C

123 456 7 8 9 1011121314151617 18 19 20

Time (min)

Figure 4.10: Column chart for case 10
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4.2.11 Casell

t
!
I

Thickness %

Half Pipe: 70% WC;50% pump power;45°C

1 23 4 5% 6 7 89 101112 13 14 15 16 17 18/19-20

Time (min)

Figure 4.11: Column chart for case 11

4.2.12 Case 12

Thickness %

HID: 70% WC;50% pump power;45°C

123456 78 91011121314151617 18 1920

Time (min)

Figure 4.12: Column chart for case 12
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43  Effect of different temperature

PLATE HALF PIPE HYDROCYCLONE
35°C 45°C 35C 45°C 35°C 45°C
Case 1 Case 4 Case 2 Case 5 Case 3 Case 6

OIL 28% 26% 38% 35% 26% 24%
EMULSION 34% 36% 24% 29% 42% 46%
WATER 38% 38% 38% 36% 32% 30%

Table 4.2 : Emulsion thickness after 20 min at different temperature

Comparing case respectively will resuit:

Comparison of different temperature cases

B WATER ™ EMULSION  OIL

28% 2% 35% : 26% '24’5
Case 1 Case 4 Case 2 Case 5 Case3 Case 6
35°C 45°C 35°C 45°C 35°C 45°C

PLATE HALF PIPE HYDROCYCLONE

Figure 4.2: Comparison of different temperature cases

By introduce more heat energy to the crude oil mixture, intermolecular forces that bind
molecules together will be reduced. Thus, this phenomenon allows oil and water easily mixed
together to visible as a single phase. Even before crude oil mixture being transferred into the

separator, oil and water itself forming thicker emulsion which create a major problem to separation.

As the temperature of oil mixture increased, fluid viscosity will be reduced. Sedimentation

will increase and then may proceed to increase of coalescene. Small droplets in crude oil mixture
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As for retention time for different inlet diverter:

RETENTION TIME(Min)
wC 50%WC 70%WC

ID.

HALF PIPE 16 8

PLATE 13 11

HYDROCYLCLONE i7 14

Table 4.6: Retention time for 50% WC & 70%WC

Generally retention time reduced when there is an increase in water cut factor.
Retention time is reduced from 16 min to 8 min for half pipe when water cut is
increasing from 50% WC to 70% WC. This is because more portion of the water
makes viscosity of the crude oil become lesser and this improve on crude oil

mobility.
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CHAPTER 5
CONCLUSION & RECOMMENDATION
5.1 Conclusion

From the result obtained, different Inlet Diverter performs differently towards emulsion
stability.We can see that emuision thickness is greatest by using Hydrocyclone, This is because
swirling effect of hydrocyclone introduce more agitation to crude oil mixture thus forming more
emulsion. As for Plate 10,it is suitable for phase difference,which means,good of oil and gas phase
distribution. In this experiment, crude oil mixture is used (liquid-liquid phase) and the use of Plate
1D provides ineffective separation. Half Pipe inlet diverter is most preferable for crude oil mixture.

From the experiment result, it emulsion stability is the lowest one .

The effect of increasing temperature of crude oil mixture gradually over 35°C had caused a
slight increase in emulsion stability{emulsion thickness) .This phenomenon happened because of
expansion of molecules and reduction of intermolecular forces, thus oil and water casier to mix

together.

In increasing water to oil ratio, Hydrocyclone ID resulting more stable emulsion instead of
Plate 1D and Half Pipe ID. Swirling effect of Hydrocyclone ID makes size of droplets become

smaller. Meanwhile, flow through Half Pipe could avoid swirling effect & reduction of droplet size.

As a conclusion, Half Pipe ID is better than Hydrocylone ID and Plate ID in terms of

emulsion stability. Some modification has to be made on Half Pipe design for better performance.
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5.2 Recommendations

As this project is being conducted, there are several limitation factors that affects the results of the
experiment which makes it have to be improved more because of it does not represent the actual field

operation and conditions. These limitations are:

1. Equipment Limitation
Experiment was conducted using lab equipment that may not represent actual condition of the field.
This is because small scale separator about 1:16 scale has been used in conducting experiment. The
temperature that had been set is low as compared to actual field temperature that can reach to more

than 160°C.

2. Flow rate
In this experiment, 56% pump power parameter is fixed. The flow rate for 50% pump power is
about 12.9 L/min which is very low as compared to actual flow rate of separator that can achieved
about 50000 bpd or 4062.5 L/min. Flow rate greatly give impact for Hydrocyclone 1D. According
to theory, oil supposed to exit from the top of Hydrocyclone, unfortunately during the experiment,
both oil and water exit at the bottom of Hydrocyclone, Higher flow rate would provide more

centrifugal force that might be enough for oil to exit from the top of Hydrocyclone.

3. Inlet Diverter Design
All three Inlet Diverter design constructed using simple tools. Thus, these prototype design of Inlet
Diverter are imperfect. For example, Plate 1D was constructed using simple prospex that cannot
withstand high pressure impact. Looking for Hydrocyclone 1D, the material:used in constructing
Hydrocyclone is just a simple aluminium. Leaking problem is one of the major failure of

Hydrocyclone design.

4, Pressure _
A pressure gauge can be installed at the conduit that transfer the crude oil from pump and separator

to investigate effect of pressure towards emulsion stability.

53



REFERENCES

1. http://www.wasanlab.com/pharm/emulsion.html

2. Emulsion, Foams and Suspension- Fundamental and Application (Laurrier L. Schram)

3. Surface Production Operations- Design of oil handling systems & facilities (Ken Arnold ,
Maurice Steward)

4. SPE Paper 6470 : Oil & Gas separation (Theory , Application & Design) by Leon
Katapodis.

5. SPE Paper77497: Crude oil emulsion: A State of the art review by Sunil Kokal, Saudi
Aramco

6. Facilitics & Construction Engineering.{ Kenneth E. Arnorld — Volume 3 : Chapter 2 Qil and
Gas Separators,Robert W.Chin,CDS Separation Technologies inc).

7. Modeling and Control of Three-Phase Gravity Separators in Oil Production Facilities by
Atalla F. Sayda and James H. Taylor

8. Gas-liquid & liquid-liquid separators by Maurice Steward & Ken Arnold.

9. hitp://www.ascomsep.com (cyclonic inlet diverter)

10. http://www.pipingguide.net

11. hitp://www.freepatentsonline.com/4299703. pdf

12. http://www.wipo.int/pctdb/en/wo. jsp? WO=2004060536-small efficient separator

13. http://www.fenixchemtech.in/pdf cat/intsep.pdf

14. Nasuha Binti Nazarudin (FINAL YEAR REPORT JULY 2009)

15. Nurizzatulshira Binti Buang (2009), Lecture Sides, “Separator : Principles
and Design.

16. htip://digital library.okstate.edw/oas/oas_pdf/vi1/p74_76.pdf

17. http:/iwww sciencedirect.com(Effects of temperature on water-in-oil emulsions stabilised
solely by wax microparticies)

18. The effect of turbulence on efficiency of rotational phase separator {(J.G.M Kuerten, B.P.M

van esch , H.P Van Kemenade , J.J.H Brouwers)

54



APPENDICES (crude oil material data sheet)

1. IDENTIFICATION OF THE SUBSTANCE/PREPARATION

PRODUCT: CRUDE OIL PETRONAS Carigali Sdn.Bhd.
PRODUCT #: I-CRUDE Level 24, Tower 1,
PHSD #: 90-1161000 PETRONAS Twin Towers,

KUALA LUMPUR CITY CENTER,
50088 KUALA LUMPUR

DATE OF ISSUE: July 1, 2008 EMERGENCY CONTACT NUMBERS:
Tel: +603 20513000
Fax: +603 20265011

2. COMPOSITION/INFORMATION ON INGREDIENTS

Ingredients present at or above 0.1 wt% (classified as toxic or very toxic)
or 1 wt% {classified as harmful, irritant or corrosive).

HAZARDOUS INGREDIENT APPROXIMATE CONCENTRATION
T Xn
Crude oil 100%
Contains >0.1% benzene
R 45
May cause cancer
R 65

Harmful: may cause lung damage if swallowed.

NOTE: May contain small amounts of
hydrogen sulphide

3. HAZARD TIDENTIFICATION

R 12

Extremely flammable

R 45

May cause cancer

R 65

Harmful: may cause lung damage if swallowed.

R 52 .

Harmful to aguatic organisms.

R 53

May cause long-term adverse effects In the aquatic environment

High concentrations of hydregen sulphide, a very toxic and potentially lethal
gas, can sometimes develop in confined or poorly ventilated spaces associated
with this product. The odour of hydrogen sulphide does not provide a
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reliable indicator of the presence of hazardous levels in the atmosphere.
Handling precauticons must be strictly observed
3. HAZARD IDENTIFICATION (Continued)

Agpiration of liguid into the lungs directly or a result of vomiting
following ingestion of the liquid, can cause severe lung damage and death.

4. FIRST AID

INHALATION:

In emergency situaticns use proper respiratory protection te immediately
remove the affected victim from exposure. Administer artificial respiration
1f breathing has stopped. Keep at rest. Call for prompt medical attention.

SKIN CONTACT:
Wash thoroughly with plenty of water; using soap if available.
If irritaticn occurs and persists, get medical attenticn.

EYE CONTACT:
Rinse immediately with plenty of water until irritation subsides.
If irritation persists, obtain medical advice.

INGESTION:

PO NOT induce vomiting since it is important that no amount of the
material should enter the lungs (aspiration). Keep at rest.

Get prompt medical attentioun.

5. FIRE~FIGHTING MEASURES

EXTINGUISHING MEDIA:
Foam, dry chemical powder, carbon dioxide.

FIRE AND EXPLOSTON HAZARDS:
Extremely fimmmable; high hazard. Liguid can release considerable vapour at
temperatures below ambient which readily form flammable mixtures.

Vapours setfle to ground level and may reach, via drains and other under-
greund passages, ignition sources remote from the point of escape.

Static discharge; material can accumulate static charges which may cause
an incendiary electrical discharge.
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5. FIRE-FIGHTING MEASURES (Continued)

SPECIAL FIRE~FIGHTING PROCEDURES:
Water fog or spray, to cool fire-exposed surfaces (e.g. containers) and

to protect personnel, should only be used by personnel trained in fire
fighting.

Cut off "fuel®™; depending on circumstances, either allow the fire to burn out
under ceonirolled conditicns cr use foam or dry chemical powder Lo extinguish
the fire.

Respiratory and eye protection required for fire fighting personnel
exposed to fumes or smoke.

HAZARDOUS COMBUSTION PRODUCTS:

Smoke; sulphur oxides; and carbon monoxide in the event of incomplete
combusticn.

€. ACCIDENTAL RELEASE MEASURES
PERSONAL PRECAUTIONS: See Section 8.

LAND SPILL:
Eliminate sources of ignition.

Shut off source taking normal safety precauvtions., Prevent ligquid from
entering sewers, water courses or low lying areas; advise the relevant
authorities if it has, or 1f it contaminates soil/vegetation. Take
measures to minimise the effects on ground water.

Recover by skimming or pumping using explosion-proof equipment, or
contain spilled liguid with booms, sand, or other suitable absorbent and
remcve mechanically into containers.

If necessary, dispose of adsorbed residues as directed in Section 13.

WATER SPILL:
Eliminate sources of ignitionr and warn other shipping te stay clear. Notify
port and other relevant authorities.

Do not confine in area of leakage.

Remove from the surface by skimming or with suitable abscrbents. Disperse
the residue in unconfined waters, if permitted by local authorities and
environmental agencies.
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7. HANDLING AND STORAGE

The design and operation of bulk storage and fuel systems must comply with
national legislation and recognised codes of good practice.

In smaller gquantities, containers such as drums should be stored in cool,
well ventilated surroundings, away from all sources of ignition.
Blectrical equipment and fittings must comply with local fire prevention
regulations for this class of flammable product.

LOAD/UNLOAD TEMPERATURE deg. C: Ambient to 40
STORAGE TEMPERATURE deg. C: Ambient to 40

SPECIAL PRECAUTIONS:
Ensure compliance with statutory requirements for storage and handling.

Use the correct grounding procedure.
Store and handle in closed or properly vented containers.

Prevent small spills and leakages te avoid slip hazard.

8. EXPCOSURE CONTROLS AND PERSONAL PROTECTION

OCCUPATIONAL EXPOSURE LIMIT:

For total hydrocarbons, ECI recommends 100 ppm (TWA, Bh-workday) (Bnalysis
according to US NIOSH Method 1500 or UK HSE Method 60; NIOSH Manual cf
Analytical Methods, 3rd Ed; HSE Methods for the Determination of Hazardous
Substances) .

For Hydrogen Sulphide, 10 ppm (14 mg/m3} (Analysis using Draeger or similar
detoctor tubej.

For Benzene, ACGIH recommends a TWA of 0.5 ppm (1.6 mg/m3), (skin), and
catregorizes it as a confirmed human carcinogen (Analysis acceording to
US NIQOSH Method 1501, NIQSH Manual of Analytical Metheods, 3rd Ed., or
UK HSE Methods 17, 22, 50, or 60, HSE Methods for the Determination of
Hazardous Substances).

PERSONAL PROTECTICON:
In open systems where contact is likely; wear safety goggles; chemical-
resistant overalls, and chemically impervious gloves.

Where only incidental contact is likely, wear safety glasses with side
shields. No other special precautionsg are necessary provided skin/eye contact

is avoided.

When concentrations in air may ezceed the occupational exposure limit, and
where engineering, work practices, or other means of exposure reduction are
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g. EXPOSURE CONTROLS AND PERSONAL PROTECTION (Continued)

not adequate, approved respirators may be required.

S, PHYSICAT AND CHEMTCAT, PROPERTIES

APPERRANCE / ODOUR:
Typically an opaque, brown to black liquid, odecur varies from mild petrocleum
to sour sulphurous.

DENSITY, g/ml: Data not available.

BOILING RANGE: Varies widely

VISCOSITY, mm2/%: < 7 at 40 deg. C Typically, varies widely
VAPOUR PRESSURE, kPa: at 20 deg. C Varies, typically >5 vol%
VAPQUR DENSITY AT 1 BAR (Air=1): Heavier than air

EVAPORATION RATE (n-butyl acetate=1): Varies widely

SOLUBILITY IN WATER: 20 deg. C Negligible

pH: Not Applicable.
FLASH POINT: < 35 deg. C METHOD: PMCC Typically, varies widely

FLAMMABILITY LIMITS IN AIR, % BY VOL:
LEL: 1.5 UEL: 8.0 Typlically, varies widely

AUTOIGNITICON TEMPERATURE: Data not available.

PARTITION COEFFICIENT n-octanol/water: Data not available.

10. STABILITY AND REACTIVITY

STABILITY (THERMAL, LIGHT, ETC): Stable

CONDITIONS TC AVOID:
Keep away from heat sources, open flames and other sources of ignition.
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10. STABILITY AND REACTIVITY {Continued)

INCOMPATIRBLE MATERIALS:
Avoid contact with strong oxidants such as liquid chlorine and concentrated

oxygen.

HAZARDOUS DECOMPOSITION PRODUCTS:
Product does not decompose at amblent Temperature.

11. TOXICOLOGICAL INFORMATICN
EFFECTS OF OVER EXPOSURE:

INHALATION:

In high concentrations and/or at elevated temperatures; vapour or mist
ig irritating to mucous membranes, may cause headaches and dizziness,
may be anesthetic and may cause other central nervous system effects.

avoid breathing vapours, mists, or fumes.
Hydrogen sulphide may accumulate in tanks and other confined spaces that

contain this material, Hydrogen sulphide may cause irritation, breathing
failure, coma, and death, without necessarily any warning odour being sensed.

SKIN CONTACT:
Low order of acute toxicity.

Prolonged or repeated contact may dry and defat the skin, leading to
irritation and possibly dermatitis.

Prolonged or repeated contact may also lead to more sericus skin disorders,
including skin cancer.

EYE CONTACT:
Slightly irritating, but does not injure eye tissue.

INGESTION:
Low order of acute/systemic toxicity.

Minute amounts aspirated into the lungs during ingestion or wvomiting
may cause severe pulmonary injury and death.

CHRONIC:
Contains benzene. Human health studies (epidemiology) indicate that
prolonged and/or repeated overexposures to benzene may cause damage
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11, TOXICOLOGICAL INFORMATION {Continued)

to the bklood producing system and serious blood disorders, including
leukemia. Animal tests suggest that prolonged and/or repeated
overexposures to benzene may damage the embryo/fetus. The relationship
of these animal studies to humans has not been fully established.

Contains polycyclic aromatic compounds (PACs)}. Prolonged and/or repeated
skin contact with certain PACs has been shown to cause skin cancer.
Prolonged and/or repeated exposures by inhalation of certain PACs may also
cause cancer of the lung and of other sites of the body.

TOXICITY DATA:

ACUTE:
Based upon animal test data from similar materials and products,
the acute toxicity of this product is expected to be:

Cral : LD50 > 5000 mg/ky (Rat)
Dermal : LD50 > 2000 mg/kg {(Rabbit)
CHRONIC:

Data not available.

i2. ECOLOGICAL INFORMATION

In the absence of specific envirconmental data for this crude oil product,
this assessment is based on information developed wlth various other crude
oils. Generally, crude 0il lmmedlately following a release inte the
environment will remain largely on the soil surface, and in water, will
remain largely on the water surface. Because of the range of components
which comprise crude oill, various fractions will begin to partiticn to
varying envirommental compartments (i.e. air, water, soil sediment)
immediately following a release. Generally, crude oil is harmful to
aquatic crganisms. Indirect toxicity to shoreline species may result
from physical fouling. Although crude oil is not readily biodegraded, it
is inherently biodegradable. Fractions of crude cil would be expected

to degrade rapidly while other fractions would be expected to persist.

13, DISPOSAL CONSIDERATIONS

This product contains hazardous ingredients listed in Section 2. Collect and
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13. DISPOSAL CONSIDERATIONS (Continued)

dispose of it at an authorised disposal facility, in conformance with
national and local regulations, and in accordance with EEC Direcgtives on
hazardous waste.

14. TRANSPORT INFORMATION
USUAL SHIPPING CONTAINERS:

Tankers, barges, rail cars, tank trucks, drums.
TRANSPORT TEMPERATURE deg. C: Ambient tco 40
IMO CLASS: 3
ADR CLASS: 3 Item no 3{(b) HIN 33

UN NUMBER: 1267

15. REGULATORY INFORMATICN

DANGERQUS SURBSTANCES/PREPARATIONS CLASSIFICATION:
Extremely flammable
Carcinogenic cat. 2

HAZARD SYMBOL:
F+
T

RISK AND SAFETY ADVICE:
R 12
Extremely flammable
R 45
May cause cancer
R 65
Harmful: may cause lung damage if swallowed.
R 52
Harmful to agquatic organisms.
R 53
May cause long-term adverse effects in the aguatic environment
S 18
Keep away from scurces of ignition - No Smoking
5 323
Avoid exposure - obtain special instructions before use
5 45
In case cof accident or if you feel unwell, seek medical advice immediately
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15. REGULATORY INFORMATION (Continued)

{show the label where possible}

5 62

If swallowed, do not induce vomiting: seek medical advice
immediately and

show this container or label

S 61

Avoid release to the enviromment. Refer to special
instructions/safety data

sheet

Refer to your national legislation implementing the EC Directive
G91/1585/kC

16. OTHER INFORMATION

PRODUCT TYPE / USES:
Petroleum refinery teed.

SCURCE OF KEY DATA:

The recommendaticons presented in this Material Safety Data Sheet
were

compiled from actual test data (when available), comparison with
similar

products, component information from suppliers and from recognised
codes

of good practice.

The information and receommendations contained herein are, to the
best of

PETRONAS Carigali knowledge and belief, accurate and reliable as of
the date

issued, but are offered without guarantee or warranty. They relate
to :

the specific material designated and may not be wvalid for such
material

used in combination with any other materials or in any process.

Conditions of use of the material are under the control of the user;

therefore, it is the user's responsibility to satisfy himself as to
the

suitability and completeness of such information for his cwn
particular

use.
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