Send Orders for Reprints to reprints@benthamscience.ae

The Open Petroleum Engineering Journal, 2017, 10, 263-275 263
L3 o i .
A ENTHARPER The Open Petroleum Engineering -
Journal : \
@ CrossMark Content list available at: www.benthamopen.com/TOPEJ/

DOI: 10.2174/1874834101710010263

RESEARCH ARTICLE
Experimental Investigation of Polyvinylpyrrolidone for Application as
a Demulsifier for Water-in-Oil Emulsion
Mysara Eissa Mohyaldinn, Logeswuran Rammudo and Muhammad Ayoub’

Petroleum Engineering Department, Universiti Teknologi Petronas, Bandar Seri Iskandar, Perak, Malaysia

Received: June 06, 2017 Revised: October 08, 2017 Accepted: November 15, 2017
Abstract:

Introduction:

Emulsification of produced immiscible mixed liquid of oil and water is a problem frequently recognized in surface production
facilities in oil fields. The formed emulsions are required to be demulsified to avoid the negative consequences on piping and
processing equipment. Nowadays, chemical demulsification is a preferable method to avoid or retard emulsification during the
process of oil treatment.

Materials and Methods:

In the present study, Polyvinylpyrrolidone, poly-[1-(2-oxo-1-pyrrolidinyl)-ethylene] has been experimentally investigated as a
chemical demulsifier for water-in-oil emulsion formulated by mixing a crude oil with synthesized oilfield produced water. Oilfield
brines were synthesized by dissolving NaCl in deionized water to obtain salinity similar to the oilfield produced water. The sample of
water-oil emulsion was prepared by agitation process at the condition of controlled rpm speed, ambient temperature and
concentration of emulsifying agent. Stability of the emulsion was investigated using Turbiscan MA 2000 instrument.

Results:

The efficiency of the demulsification was screened using Bottle Test. It has been found that Polyvinylpyrrolidone, poly-[1-(2-oxo-1-
pyrrolidinyl)-ethylene] accelerates the separation of the emulsion as compared to blank ones (with no addition of PVP). A maximum
demulsification performance of the PVP was observed at an optimum concentration of 60 ppm.
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1. INTRODUCTION

Oil production and processing are always accompanied with undesired formation of emulsion. An emulsion is
formed as a result of dispersion of an immiscible liquid into another immiscible liquid [1 - 4]. There are numerous
factors governing the formation of emulsion. During petroleum production, the emulsion formation takes place mainly
due to the exposure of the produced fluids to continuous turbulence and agitation at different location along the flow
stream. This agitation may occur at subsurface components or at surface components such as process facilities,
transportation piping and refining facilities. In the recent decade, the presence of crude oil emulsion has been a
significant challenge that the oil and gas industry is facing right now [5] due to the depletion of many mature oil
reservoirs, and hence, increasing water production. The effect of this problem extends beyond the upstream operations
and becomes a major problem during oil transportation and refining [6, 7]. In general, emulsion is expected whenever
oil and water are concurrently pumped through the same pipeline [6]. Stable emulsion, however, will not form unless an
emulsifying agent is present in the mixture [6, 7]. The emulsifying agents are some organic or inorganic substances
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that contaminate the crude oil such as asphaltenes, resins and naphthenic acid. Resins are normally red coloured while
asphaltenes are black or grey coloured. Both resins and aspheltenes compounds are made up of relatively high-
molecular-weight, polar, polycyclic, aromatic ring compounds [7]. The asphaltene component is the most polar and a
primary factor for stabilizing water in emulsion [8]. Both asphaltenes and resins are interfacial active materials that can
adsorb on the surface of water droplets to stabilize water droplets in oil. This mainly happens due to the formation of a
firm film at the water droplet. The rigid film like structure will safeguard the droplet from rupturing [9, 10].

Depending on which phase is continuous (primary) and which one is dispersed (secondary), emulsions are classified
into water in oil (W/O), oil in water (O/W), or water in oil in water multiple emulsion (W/O/W). The majority of the
emulsions encountered in petroleum production belong to water-in-oil type. In the (W/O) emulsion, water is dispersed
in the form of droplets in the continuous oil phase. The presence of active polar molecules in addition to natural, creates
a strong attraction force between the water droplets with the oil phase resulting in stabilizing the water in oil emulsion
[11]. Water in oil mixtures can be grouped into four states which are stable, mesostable, unstable and entrained water.
Only stable and mesostable can be classified as emulsions [12].

During petroleum treatments, proactive measures have to be taken to treat emulsions. Following gravity-assisted
separation, mechanical and chemical demulsification methods are normally adopted to break an emulsion and make it
ready for water removal. Mechanical demulsification is normally done by utilizing equipment like water treater and
coalescer. In some instances, transformer electrodes for electrostatic treatment are used. Chemical demulsification is
performed using special chemicals that are able to display or weaken the emulsifying materials at the oil/water
interface. One of the chemical demulsifying materials investigated in the current work is Polyvinylpyrrolidone, (PVP).
The homopolymers of VP (Polyvinylpyrrolidone, PVP) is a chemical substance that is commonly used as an
emulsifying agent to stabilize emulsion mixtures for special purpose. In petroleum industry, however, PVP has been
argued to have a reverse effect on emulsion that it can act as demulsifier for water in oil emulsion. The demulsification
performance of PVP has been investigated by Hanapi Mat and his co-workers, who have examined the demulsification
efficiency of PVP (with a concentration of 10 ppm) on an emulsion formulated from water mixed with selected
Malaysian oil samples at 70 °C. Their experimental results showed increased oil separation from the water/oil emulsion
with time [13]. Another evidence of exhibition of PVP as demulsifier was reported by Razi and others as a result of
experimental investigation of many oil soluble chemicals including PVP [14]. The investigations have been conducted
on an emulsion formed by mixing of 20% water with medium either (868 kg/m®) or heavy (1006 kg/m’) crude oil at 800
rpm for 15 min. Their results, however, indicated that the demulsification efficiency is somewhat lower compared to the
other investigated demulsifiers.

2. EXPERIMENTAL WORK

The chemical material used for the preparation of synthetic formation water is sodium chloride (NaCl). Oilfield
brine was synthesized by dissolving NaCl in deionized water in order to obtain 30000 ppm salinity, which is similar to
the oilfield associated water (Hing, 1999). The brine water as shown in Fig. (1) has been synthesized by dissolving 30 g
of salt in 1000 ml of the solution. The crude oil used for this study is Castila crude produced offshore and located at 250
km southeast of Bogota. This crude oil is classified as heavy crude with low sulfur content blend. The crude is believed
to form a stable emulsion due to its interfacial active components. After the brine water was synthesized and the
emulsion was formed, Polyvinylpyrrolidone (PVP) supplied from Sigma Aldrich has been tested as a demulsifier.

2.1. Formation of Emulsion

Water in oil emulsion has been prepared by agitation of crude oil at 600rpm using a standard three bladed propellers
(Fig. 2). The emulsion formulation, instead of using a real emulsion, was followed in this work because the formulation
allows controlling emulsion properties, and hence, make it easier to analyse the effect of different parameters. In
addition, it is difficult to keep the real emulsion until conducting the experiments, as it will be affected by the history
which will change the original properties of the emulsion. The emulsion preparation has been conducted under ambient
temperature. Water was added to the oil gradually while the mixture was contiuously agitated to emulsify it.
Verification to ensure that the emulsion prepared was water in oil was performed using bottle test as well as Turbiscan
MA 2000.
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