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Abstract

The coal-based microfiltration carbon membrane with low cost for the treatment of oily wastewater was prepared by carbonization of tubular
carbonaceous precursor obtained by extrusion method. The pore size of carbon membrane was controlled by adjusting the particle size of coal.
Effects of pore size of carbon membrane, transmembrane pressure and crossflow velocity on the filtration flux were investigated in the treatment
of oily wastewater. The results indicate it is feasible to treat oily wastewater by coal-base microfiltration carbon membrane. The carbon membrane
with pore size of 1.0 pm and the operation conditions of 0.10 MPa transmembrane pressure and 0.1 m/s crossflow velocity are recommended. After
treated by coal-based microfiltration carbon membrane, the oil rejection coefficients of oily wastewater are up to 97%, and the oil concentrations

of the permeate are less than 10 mg/L, which can meet the National Discharge Standard of China for wastewater.
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1. Introduction

Oily wastewater generated by various industries is the main
pollutant to environment. The conventional treatment methods
such as gravity separation and skimming, dissolved air flota-
tion, demulsyfing, coagulation and flocculation are frequently
not efficient enough to solve the problem, especially when the
oil droplets are finely dispersed and their diameters are less than
20 wm [1]. Therefore, some new technologies have been devel-
oped. Among them, membrane separation has been found to be
an effective method for the treatment of oily effluents because
of high oil removal efficiency, low energy cost, no chemical
additives and small space occupancy. In past years, many mem-
brane processes such as microfiltration [2,3], ultrafiltration [4],
nanofiltration [5] and reverse osmosis [6], are applied for treat-
ment of oily wastewater. The membranes used in these processes
mainly focused on polymeric membrane [7] and ceramic mem-
brane [8,9].
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Carbon membrane, as a new type of porous inorganic mem-
branes prepared by carbonization of various carbonaceous mate-
rials, is a good membrane material for treatment of oily wastew-
ater owing to their stability in aggressive (vapor or solvents, and
nonoxidizing acids or bases) and adverse (high temperature and
pressure operation) environments [ 10—12]. The objectives of this
paper are to prepare microfiltration carbon membrane by coal,
which is a cheap carbonaceous material and has an abundant
deposit in China, and to apply for treatment of oily wastewater.

2. Experimental
2.1. Materials

The coal used for preparing carbon membrane is Ningxia coal
from China, whose properties are listed in Table 1.

It can be seen from Table 1 that the Ningxia coal is an
anthracite with high carbon content, moderate volatile matter
and low ash content, which is a good material for preparation of
coal-based carbon membrane.

The process employed for preparing coal-based carbon mem-
brane is shown in Fig. 1. The coal is ground into fine particles
first, and then mixed with binder into a dough, which is extruded
into a tube of 10 mm external diameter by a hydraulic extruder
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Table 1
Analysis of coal sample

Sample Proximate analysis (%) Ultimate analysis (%)
Moisture Ash  Volatile Carbon Hydrogen Nitrogen
matter
Ningxia coal 2.34 3.13 15.70 87.25 1.06 3.54

at 2.5-3.0 MPa. After drying at ambient atmosphere, the tubu-
lar membrane is carbonized in Ar up to 900 °C at the rate of
3 °C/min and held for 1 h. The final product is cooled to room
temperature naturally.

2.2. Characterization of carbon membranes

The pore structure characteristics of coal-based carbon mem-
branes are measured by bubble-pressure method with wetting
liquid of isopropanol and porometry gas of nitrogen at room
temperature. The average pore size and pore size distribution are
calculated with the recommended method [13]. The porosity is
measured by the criterion method of China National Standards.
The surface morphology of carbon membrane is observed by
scanning electron microscopy (JSM-5600).

2.3. Treatment of oily wastewater with microfiltration
carbon membranes

The oily wastewater was obtained by mixing crude oil with
tap water for 10 min at a speed of 5500 rpm using a homogenizer.
The experimental apparatus is schematically shown in Fig. 2.
The oily wastewater is fed into the module by screw pump. Inlet

Coal

| Pulverization I

l

Mixing l

| Molding |

!

| Carbonization l

1

Carbon membrane

Binder

— |

Fig. 1. Preparation process of coal-based carbon membranes.

flow rate is measured by the flow meter. The transmembrane
pressure and the crossflow velocity are adjusted by means of
valves.

The rejection coefficient (R) for microfiltration separation is
calculated as a percentage according to the Eq. (1):

R=(1—Cp/Cp) x 100% (1

where Cy is the oil concentration in the feed and Cj, is the oil
concentration in the permeate.

The oil concentration of the feed and the permeate is analyzed
by UV spectrophotometry (UV7500). The size of oil droplets is
observed by XSP-2XC optical microscope.

3. Results and discussion

3.1. Preparation of coal-based microfiltration carbon
membranes

In the treatment of oily wastewater, the pore size of carbon
membrane has a great effect on separation performance. There-
fore, the choice of pore sizes of membrane is very important for
getting high oil removal efficiency. In the preparation of carbon
membrane, the pore structure of carbon membrane is formed by
evolution of small molecular gas produced by decomposition
of binder filled in the space among coal particles and volatile
in the coal during carbonization. The size of coal particle will
determine the pore structure and pore size of carbon membrane.
Therefore, the microfiltration carbon membranes with different
pore sizes can be prepared by controlling the coal particle size
in this work.

The samples with different particle sizes (4, 11 and 20 pm)
are used to prepare coal-based microfiltration carbon mem-
branes. The properties of resulting carbon membrane are listed in
Table 2 and Fig. 3. It can be seen that with the increase of coal par-
ticle sizes, the average pore sizes of carbon membrane increase,
pore size distributions become broad and their pure water flux
increase, but their porosities decrease. SEM micrographs of the
three carbon membranes (shown in Fig. 4) indicate that carbon
membranes have homogenous and smooth surface structure, and
with the decrease of coal particle sizes, the pore structure of car-
bon membrane is richer. Results obtained above also show that
coal-based microfiltration carbon membranes have uniform pore
structure with high porosity.

Table 2
the properties of three membrane modules prepared by different particle coal

Coal average
particle size (um)

Membrane properties

Pore size Porosity (%)  Area Water flux®
(um) (m?) (L/m? h)
4 0.6 45.63 0.0275 230.1
11 1.0 42.15 0.0275  450.7
20 14 39.94 0.0275 530.6

2 At 0.10 MPa.
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