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Petroleum and its derivatives are among the main organic marine water pollutants. Most oil spills result from 

petroleum industries, refineries and leakages in marine oil wells, harbor docks and reservoir cleaning of oil 

vessels. These spills are responsible for the annual pouring of 1 million tons of oil in waters from rivers, lakes, 

lagoons and oceans. The oil spreads over the water surface forming a compact layer which takes years to be 

absorbed, hinders water oxygenation, kills flora and fauna and alters the eco-systems. Oil/water emulsions are 

used for lubricating, cooling, surface cleaning and corrosion prevention in several manufacturing processes. 

Usually, effluents containing these emulsions are chemically treated with flocculants and polymers but this leads 

to metal (Fe, Al), contamination and thus to high operational costs. A separation process which is gaining wide 

attention due to its energy efficiency, easy operation and wide scale applications, among other advantages, are 

those that use membranes. The use of porous polymer membranes is steadily growing in areas such as filtration 

(i.e. micro, macro and ultrafiltration), reverse osmosis, gas separation, pervaporation, controlled release, etc. In 

addition to all of these applications, they can be used as supports for preparing porous ceramic membranes. The 

most widely used micro-porous membranes available are produced from hydrocarbon polymers (polyethylene 

and polypropylene), aromatic copolymers (polycarbonate), polysulfone and polyethersulfone, aliphatic 

polyamides (nylon-6 and nylon-66), and a few specialty polymers, such as polyvinyl alcohol and cellulose esters. 

Polyolefins, the most abundant and low cost polymers available, are attractive to be used as porous polymer 

membranes. Common techniques used to produce porous membranes from polyolefins are irradiation, extrusion 

stretching and, eventually, sintering, the latter being suitable to be employed to manufacture UHMWPE 

membranes. This technique consists of partially melting powdery materials with controlled particle size in a 

mould. The final membrane average pore size and porosity essentially depend on the material employed, its 

thermal characteristics, particle size, sintering temperature and residence time. The aim of this work was to 

investigate the influence of particle size distribution, sintering time and post-sintering compression on the 

performance of sintered ultra high molecular weight polyethylene (UHMWPE) membranes to be used in the 

purification of oily effluents. The mold was put in an air circulating oven operating at the desired sintering 

temperature (220ºC).Processing parameters were: a) sintering time: 90 minutes; b) particle size of the 

UHMWPE:  powder- fraction sieved through #200 mesh;  c) post-sintering compacting pressures – 0 and 6 

kgf/cm
2
. Membrane performances were characterized by water flux permeation and oil/water separation 

selectivity. Our data indicates that post-sintering compression led to significant reduction in permeate flux and 

that the membranes were capable to reduce the amount of oil in the water to values lower than 20ppm which 

means that this water can be used for oil well re-injection or even to be discarded in the environment.  
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1. INTRODUCTION  
 

Water, specifically potable water, is our most precious asset as life cannot exist without it. It is thought that 

water management and purification will be the greatest challenge for the next century. Concerns about our 

environment are an important topic nowadays as industrial activity has grown very rapidly and so has the amount 

of by-products ejected in the environment and in water resources. Many of these products are toxic and must be 

removed and carefully disposed off in order to minimize environmental damage. Legislation becomes stricter 

every year to counteract these problems.  

Petroleum and its derivatives are among the most important organic water contaminants, and nowadays are 

considered to be the main marine water pollutant.  Many of the sources of oil spills originate from petroleum 

industries in refineries and in leakages of marine oil wells as well as in harbors during oil transfer and tank 

cleaning.  These spills cause severe damage both fauna and flora (Rajeshwar e Ibanez, 1997) and tremendous 

environmental impacts. Therefore, treating these waters before reuse or discharge, is peremptory (Mulder, 1991). 
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Several kinds of treatments can and are being used to partially or completely purify water. Among those, are 

those membrane processes The reasons for the popularity and growth in the use of this kind of treatment is that it 

has several advantages among which are its energy efficiency, easy operation and scale-up and versatility as 

these processes can be used to concentrate, fractionate and to purify dilute solutions, particularly aqueous 

solutions. Membrane selectivity is a function of their constitution, pore size and pore size distribution as well as 

operating conditions. Therefore, with proper choice of membranes and operating conditions, the retention and/or 

passage of specific molecules, even in situations where the effluents are severely contaminated can be obtained. 

(Mulder, 1991). 

The aim of the present work was to investigate the influence of post-sintering compression on the 

performance of UHMWPE membranes to be used in the purification of oil contaminated waters.  

 
2.  LITERATURE REVIEW 

 

The last few decades, a considerable growth in industrial activity as well as the establishment of large 

industrial complexes has led to serious environmental problems as the vast majority of water pollutants are 

industrial by-products. The exact amount and composition of these toxic organic and inorganic substances, daily 

introduced in water resources, is essentially unknown. Petroleum and its derivatives are among the main organic 

marine water pollutants, as most oil spills result from petroleum industries, refineries and leakages in marine oil 

wells, harbor docks and reservoir cleaning of oil vessels which are responsible for the annual pouring of 1 

million tons of oil in water sources such as rivers, lakes, lagoons and oceans. The oil spreads over the water 

surface forming a compact layer which takes years to be absorbed. This hinders water oxygenation, kills flora 

and fauna and alters the ecosystems (Rajeshwar, 1997).  

A separation process which is gaining wide attention due to its energy efficiency, easy operation and wide 

scale applications, among other advantages, are those that use membranes as their separation principle. Pressure 

is widely used in membrane separation process to concentrate, fractionate and to purify dilute solutions, 

particularly aqueous solutions. The development and application of specific membranes, associated or not with 

other separation processes allows for the selective removal of explicit molecules, even in situations where the 

effluents are severely contaminated (Mulder, 1991). Membranes, as a rule, can be classified in two major 

categories - dense or porous - both of which can be further defined as isotropic or anisotropic, i.e., they will or 

will not have the same morphological characteristics along their width. The material employed in membrane 

manufacture as well as the operational conditions are fundamental whenever the main factor involved in 

separation is the penetrant/membrane affinity. On the other hand, membrane morphology (iso or anisotropic) is 

dictated by the preparation method chosen and is paramount for transport property optimization (Habert, 1997). 

Metals, ceramics and polymers can be used in membrane manufacture. Polymer membranes, despite drawbacks 

related to their thermal stability, are being increasingly used due to their availability and lower cost. Common 

techniques used to produce these membranes are irradiation, extrusion-stretching and sintering (Mulder, 1991 e 

Sanguanruksa, 2004). The use of polyolefins, the most abundant and low cost polymers, in the manufacture of 

porous polymer membranes is very attractive.  

Ultra high molecular weight polyethylene (UHMWPE) is considered as a very versatile polymer, and is being 

used to substitute metal components, with confidence and economy, in orthopedic implants (Kurtz et al., 1999) 

for ballistic applications (Harel et al.,2002) and also for membranes (Teoh, 1999).  UHMWPE is provided in as a 

powder. This polymer has very long linear chains and displays a unique set of properties such as high 

mechanical strength, very low friction coefficient and good chemical resistance (Mantuano and Gomes, 1994). 

The extremely high molecular weight displayed by UHMWPE is responsible for its very high melt viscosity, 

which makes it difficult to conventionally melt process this kind of polymer. Generally, this polymer is molded 

by RAM injection of by compression. Another characteristic displayed by UHMWPE is that this polymer can be 

sintered to yield porous membranes (Braskem, 1998).  

Sintering is one of the techniques employed for membrane synthesis and this is a technique which can be 

employed in the manufacture of both polymer and ceramic membranes. This technique consists molding a 

material by partial melting powdery materials with controlled particle size. The final membrane porosity and the 

average pore size depend, among others, on the material employed, its particle size as well as on sintering the 

temperature and residence time. In membrane separation processes, pore sizes must be carefully controlled in 

order for the membrane to be selective. The smaller the pore sizes, the more noble and more expensive, will be 

the membrane applications (Kingery et al., 1976). Pore sizes can be further reduced by compaction pressures. 

When a powdery material is compacted, pore volume is reduced by the following mechanisms: a) a reduction on 

the volume of the intergranular pores caused by the movement and rearrangement of the particles; b) a reduction 

on particle size caused by plastic deformation and/or destruction of the particle granules, which depends on the 

particles mechanical characteristics (Albaro, 2000). 
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3. EXPERIMENTAL 
 
3.1 Membrane preparation 
 

UHMWPE membranes were prepared by sintering, i.e., by incipient fusion of powders. The material was put 

into a steel mold with the following dimensions: 110.8mm height, 46.7mm external diameter and 9.9mm internal 

diameter. Membranes were prepared with UHMWPE powders which were sieved through #200 mesh sieve. The 

UHMWPE employed was provided by Braskem S.A. and consisted of UHMWPE grade 3041, i.e., with an 

average molecular weight of 3x10
6
 g/mol, intrinsic viscosity of 14.8 dl/g and average particle size of  74µm. 

After filling the mold with powder, it was submitted to a preliminary compaction by allowing it to repeatedly (10 

times) fall from a 5cm height to accommodate the powder and to remove the air. The mold was closed and put in 

pre-heated air-circulating oven with controlled temperature for pre-determined time of 90 minutes and 

temperature of 220ºC.  After that, the mold was removed from the oven and allowed to reach room temperature 

before the tubular membrane was removed from the mold.  

 

3.2 Compacting Pressure effects 
 

Immediately after sintering the heated mold, with membrane inside, was quickly placed in a pneumatic 

system where pressure of 6 Kgf/cm
2
 were applied. The system was maintained under pressure, at room 

temperature, for 90 minutes. The influence of compacting pressure effect on the performance of sintered 

UHMWPE membranes was assessed by measuring the permeate water flux as a function of time was determined 

by gravimetry and by selectivity tests. 

     
3.3 Membrane selectivity 
 

Membrane selectivity tests were conducted with a 1000 ppm oil/water emulsion. The oil concentration in the 

permeate was analyzed with an Oil Content Analyzer model OCMA 350. 

 
4. RESULTS AND DISCUSSION  
 

The influence of post-compacting in the water flux, oil/water emulsion flux and selectivity through the 

UHMWPE membranes produced are illustrated in Figures 1, 2 and 3 respectively. The Figure 4 illustrates the 

compacting pressure (0 and 6 kgf/cm
2
) effects on membrane morphology sintered.  
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Figure 1- Compression effects in the water flux through sintered UHMWPE membranes 

 

Our data indicates that flow reduction was achieved after membrane compression, which was attributed to an 

increase in the contact area between the particles, resulting in larger grain size and thus, a reduction on pore size. 
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Figure 2- Compression effects on the oil emulsion flux through sintered UHMWPE membranes 

 

The results evince that post-sintering compacting led to a decrease in permeate flux rates. The reason for this 

behavior is associated with a decrease on porosity and increase of the particle concentration in the interface 

membrane/solution. Post-sintering compacting caused further reduction in permeate flux rates which was 

estimated as 29.41m³/m²day.bar for non compacted membranes and as 23.95m³/m²day.bar with for those 

compacted with 6 kgf/cm
2
.  
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Figure 3 – Compression effects on the oil/water emulsion flow through sintered UHMWPE  membranes 

 

Since the basis of membrane separation processes is size exclusion and oil droplets are greater than water 

droplets, the smaller the membrane pore sizes, more efficient is the separation. Our data indicated that best 

oil/water separation performance was achieved with the compacted membranes.  

Figure 4 illustrates the compacting pressure (0 and 6 kgf/cm
2
) effects on membrane morphology sintered.  

 

                  
                    

(a)                (b) 

Figure 4 – SEM of UHMWPE membranes sintered at 220ºC for 90 min: (a) non-compacted; (b) compacted at 

6Kgf/cm
2
pressure right after sintering. 
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The micrographs evince that the polymer grains in membranes compressed after sintering were closer to each 

other and that sintering seemed to be more thorough. The micrographs also indicate that membrane compression 

led to smaller pore sizes. 

 
5. CONCLUSIONS 
 

Membrane performances were characterized by water flux permeation and oil/water separation selectivity. 

Our data indicates that post-sintering compression led to significant reduction in permeate flux and that the 

compacted UHMWPE membranes were capable to reduce the amount of oil in the water to values lower than 

20ppm which means that this water can be used for oil well re-injection or even to be discarded in the 

environment  
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DESEMPENHO DE MEMBRANAS DE PEUAPM PARA PURIFICAÇÃO DE 
EFLUENTES OLEOSOS 

 
O petróleo e seus derivados estão entre os principais poluentes do ambiente marinho. A maior parte do óleo 

derramado é resultado das indústrias petrolíferas, das refinarias, dos vazamentos em poços petrolíferos 

marítimos, em terminais portuários, em navios petroleiros. A limpeza de seus tanques também é responsável 

pelo despejo anual de 1 milhão de toneladas de óleo nas águas dos rios, dos lagos, das lagoas e dos oceanos. O 

óleo espalha-se pela superfície da água formando uma camada compacta que demora anos para ser absorvida, 

isto impede a oxigenação da água, mata a fauna e a flora marinha, alterando os ecossistemas. As emulsões de 

óleo/água são usadas para prevenir corrosão, lubrificar, refrigerar, limpar superfície e em diversos processos de 

fabricação. Geralmente, os efluentes que contêm estes emulsões são tratados quimicamente com floculantes e 

polímeros, mas este conduz ao metal (Fe, Al), à contaminação, elevando assim os custos operacionais. Um 

processo de tratamento que vem recebendo crescente atenção devido à sua eficiência energética, facilidade de 
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operação e vasta aplicabilidade, entre outras vantagens, são os que utilizam membranas de separação como 

princípio ativo de seu funcionamento. O uso das membranas poliméricas porosas é crescente em áreas como 

filtração (isto é micro, macro e ultrafiltração), osmose inversa, separação de gases, pervaporação, liberação 

controlada, etc. Além de todas estas aplicações, elas podem ser usadas como suportes para membranas 

cerâmicas. Dentre as membranas microporosas, as mais usadas são aquelas produzidas a partir de polímeros do 

tipo polietileno, polipropileno, copolímeros aromáticos (policarbonato), polisulfonas, polietersulfona, poliamidas 

alifáticas (nylon-6 e nylon-66), álcool polivinílico e ésteres de celulose. As poliolefinas são polímeros de baixo 

custo, abundantes e são atrativas para uso em membranas porosas. As técnicas comuns utilizadas para produzir 

membranas porosas a partir de poliolefinas são por irradiação, extrusão e eventualmente, sinterização, esta 

última pode ser empregada para manufaturar as membranas de PEUAPM. Esta técnica consiste na fusão 

incipiente de materiais pulverulentos de granulometria controlada. A porosidade final da membrana e o tamanho 

médio dos poros dependem, entre outros fatores, do material, da granulometria do pó, da temperatura, e do 

tempo de residência nesta temperatura. O objetivo deste trabalho foi investigar a influência da distribuição de 

tamanho da partícula, do tempo de sinterização e da aplicação de uma pressão de compactação no desempenho 

das membranas de polietileno de ultra alto peso molecular (PEUAPM) sinterizadas para serem usadas na 

purificação de efluentes oleosos. O molde foi colocado em forno com circulação de ar operando na temperatura 

desejada de sinterização (220ºC). Os parâmetros de processamentos foram: tempo de sinterização a): 90 minutos; 

b) tamanho de partícula do PEUAPM: fração do pó passante em peneira de malha #200; c) pressões de 

compactação após sinterização - 0 e 6 kgf/cm
2
. O desempenho das membranas foi caracterizado pelo fluxo do 

permeado da água e pela seletividade da separação do óleo/água. Nossos dados indicam que a compressão após a 

sinterização leva a uma redução significativa no fluxo do permeado, as membranas foram capazes de reduzir a 

quantidade de óleo na água a valores mais baixos do que 20ppm, o que significa que esta água pode ser usada 

para a reinjeção do poço de óleo ou descartada no meio ambiente. 

 

Palavras-chave: membranas, PEUAPM, sinterização, compactação, efluentes 


