Membrane Filtration Applied to Clarifier Sludge 

MEMBRANE FILTRATION APPLIED TO CLARIFIER SLUDGE

Ir. Mukhtiar Singh Gill and Sirjit Singh*
11/11A, JLN. Pemuda Baru III, MEDAN, Indonesia

*FIL-TEK, 48 Tooth Avenue, Paddington, QLD.

Queensland Centre for Advanced Technologies, Brisbane

[Presented at the OFIC 2000 Conference, Sept. 4, 2000, Kuala Lumpur]
Abstract: The objectives of the initial tests were to see if membrane filtration was capable of separating the palm oil from the water, produce a clean permeate for reuse and operate continuously without membrane fouling. The tighter membrane G-50 had lower flux rates than the more open G-80 membrane. Both produced clear and low conductivity permeates. Little fouling was evident on both membranes over a short 2-3 hour test period. The G-80 membrane was selected for the flux curve trial, and appeared to perform well if the temperature of the feed was kept above 40(C. It is recommended that the V-SEP process be used to concentrate this oil (e.g. to 20-30% oil concentration with up to 80-90% water recovery), and then recycle this concentrate back into the earlier stages of the palm oil process, for recovery.

Background

In palm oil processing, considerable quantities of palm oil is lost with the water during centrifuge recovery. Even though the oil concentration in the effluent water is only of the order of 1-3%, this gives the effluent a considerable BOD load. Some of this oil may have become emulsified during the digestion process, and this makes it difficult to recover on the centrifuges. The effluent is normally discharge to ponds for aerobic/anaerobic treatment. The effluent tends to degrade quickly and stink in the warm humid environment in Malaysia, and the treated effluent from the ponds still has to be cleaned before it can be discharged into rivers and other waterways.

Aim

To test the palm oil sample in order to:

a) Screen a couple of suitable membranes for removing and concentrating the oil from the water stream

b) Measure any short term fouling potential and decline in flux

c) Obtain indicate initial design flux rates and curve 

d) Estimate the equipment costing

e) Collect the permeates for testing

This test work was conducted to see if the V-SEP layout below could be used to separate and concentrate the oil fraction, and also produce a clean permeate suitable for reuse or discharge. 

A palm oil sample was flown in from Malaysia, chilled to prevent degradation and tested within 2 weeks. These tests were carried out at the CSIRO laboratory in Brisbane, Australia.
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Figure 1. Typical flow sheet of the Palm Oil process with V-SEP

The effluent has the following composition:

Table 1. Effluent composition

	Component
	Amount (mg/L)

	BOD

COD

TS

SS

TVS

AN

TN

O&G
	25,000

50,000

40,500

18,000

34,000

35

750

4,000

	Conductivity
	

	PH
	4.7


It was proposed that this oil effluent be recovered using the following single stage V-SEP process:



Figure 2. Proposed V-SEP testing flow sheet

Procedure

The chilled palm oil feed was shaken up and 30 litres of a 1% (approx) oil solution made up using warm water. No degradation of the feed was observed. The mixture was shaken and mixed thorough before testing. The starting feed oil concentration was determined by sub-sampling and drying in an oven at 95(C. The warm feed sample was then tested at around 40(C. 

The sample was tested using a Series L V-SEP unit. In this equipment the feed in pumped across the membrane and then recirculated into the feed tank. Permeate is withdrawn continuously and monitored during the trial.

Membranes:

The following ultra-filtration membranes were screened:

G-50 membrane

- between 150 - 300 psi

G-80 membrane

- between 150 - 300 psi

Both these membranes are suitable for the feed temperature and pH conditions. The feed was continuously recycled until the measured flux rates stabilised and levelled out. The permeates were left to stand to see if they contained any oil, and their conductivities measured. The G-80 membrane which

Figure 2a. Series L V-SEP unit

gave the higher flux rates, was selected for the flux curve tests. 

For the flux curve tests, approximately 60 kilograms (or litres) of feed liquor at 1.2 % oil (by weight) was placed in the feed tank and progressively concentrated. The permeate was collected and weighed continuously. Periodic samples of the oil concentrate were taken and placed in an oven (at 95 (C) and the water concentration determined from the weight loss. Full flux rate versus concentration data was collected. 

Some degradation of the feed sample was observed if tested over an 8 hour period. This is expected to affect the filtration results.

Results & Discussion

Both membranes gave a clean separation of the oil from the water phase. The G-50 is a tighter membrane and had a slightly lower flux rate (20% less) than the more open G-80 membrane. Both appeared to have low fouling potential over the 3-4 hour test period if the temperature was held above about 40 (C. The properties of the feed appear to change below this temperature, and severely deteriorated the flux rate. The reason for this is unknown. 

Screening tests were conducted at the following conditions:


Vibration amplitude = 1/2 inch 

Feed temperature = 42 (C


Feed pressure = 150-300 psi


Testing period = 3 - 4 hours


Feed concentration = 1 - 2 % oil concentration

Results were as follows:

The results of the membrane screening tests were used to select the G-80 membrane for the flux curve tests. All the permeates had low conductivity - and it is believed that the values measured were primarily due to the Brisbane water used. It has some salts and has a conductivity of around 250-350 microSiemens/cm (μS/cm). This would have contributed to the measured result of around 375 μS/cm.

Figure 3. Membrane screening tests
Note: Flux was converted from litres/min to GFD (US gallons/ft2/day) and corrected or temperature.
Table 2. Membrane screening tests

	Membrane

Type
	Pressure in

(psi)
	Pressure out

(psi)
	Temp

(deg C)
	Vibration

(inch)
	GFD

(gal/ft2/day)
	Conductivity

(μS/cm at 32(C)

	G-50
	150
	130
	42
	0.5
	140
	389

	"
	200
	170
	43
	0.5
	169
	380

	"
	250
	230
	41
	0.5
	185
	370

	"
	300
	275
	43
	0.5
	200
	375

	G-80
	150
	130
	42
	0.5
	160
	365

	"
	200
	170
	41
	0.5
	182
	375

	"
	250
	220
	42
	0.5
	205
	389

	"
	300
	220
	44
	0.5
	220
	402


Note: The permeate conductivities were measured. The high temperature reflects the fact they were measured soon after collection.

The flux curve using the G-80 membrane was as follows: 

Figure 4. Flux rates at increasing oil concentrations

According to information, this effluent feed will be at 38(C. However because these laboratory tests were conducted at room temperature, the feed was allowed to heat-up during the filtration run. The effluent feed temperature varied from 22 - 43(C. The data was then normalised to 38(C using water viscosity factors. All the raw data collected during the trial is presented as Table 2 above.

The test was stopped at 37% oil concentration due to laboratory equipment limitations. The lab filter system has a holdup volume of a few litres and low levels in the feed tank lead to feed pump cavitation and aeration problems. It is not known whether the oil concentration could have been increased beyond this level. A constant and significant decline in flux was observed from around 5% to around 27% oil concentration. The filtration rate then appeared to stabilise at a low level of around 20 GFD. 

The water recovery was then calculated and plotted. The flux curve for this was as shown below:


Figure 5. Flux curve at increasing water recovery

Figure 6. Design flux curve (at 200 psi, 1/2 inch vibration, 42(C, starting feed conc. 1.2%)
The flux rates are relatively high till the water recovery exceeds about 85%. This means that up to 85% of the water in the feed can be removed relatively easily before the flux rate starts to fall dramatically i.e. from around 90 GFD to 15 GFD. It will be more economic to leave this water in the concentrate and recycle this back into the palm oil refining process for recovery. As most of the proteins in the feed are also likely to be retained in this concentrate, this processing route will also enable them to be washed out of the oil concentrate. 

Design flux curve:

The average flux rates (i.e. those used to calculate the membrane area needed to go from 1.2% oil concentration to whatever conc.) are shown in the Fig. 6.

The membrane area required is calculated by deciding at what concentration you want the separation to stop, and then determining the average flux rate to get to this concentration from the average flux rate curve. For example, to get to 20% oil concentration the average flux rate to use is 100 GFD (Fig. 6).

Budget Design & Costing

This can be calculated as follows:

To process 10m3/hr, 

(or 2645 US Gal/hr) ( 63492 US Gal/day,

Therefore, at 100 GFD average flux rate, 

Need 63492/100 (635 ft2 of membrane area

A 600 ft2 V-SEP unit will do this duty.

Using the same procedure, all sorts of processing options can be calculated based on the average flux curve (Fig. 6).

· Capital costs (for 30T.FFB/hr and Effluent Flow of 20m3/Hr.)

V-SEP System (estimated)
RM2,780,000
· Operating costs
Vibration motor
15 KW -- power cost 

Feed pump 
2 KW --- power cost

Cleaning chemicals
Allow
RM 4000/yr.
Membrane costs
Allow replacement cost of US$ 36000 every 3 years for the 600ft2 unit. 

Therefore allow 
RM45,600/ yr.

GAINS
Oil Recovery
1.5kg.(0.75% oil loss)x 30 T. FFB/Hr.x 4800 Hr./ Yr.x RM

0.9/kg. oil giving
RM 197,640
Solids
28kg.x 30 x 4800 x RM 0.2/ kg solids
RM 806,400

This gives a simply calculated ROI of about 2.75 years. 

This does not take account of about of 16 tons of clean recyclable water per hour.


Conclusions & Recommendations

Water can be easily extracted (or filtered) from a palm oil mixture using G-50 and G-80 polyimide membranes. These membranes will be suitable for use if the feed temperature is controlled between 40(C - 50(C. The oil didn't appear to stick (or adhere) to these membranes during the trials. Some membrane fouling was evident during the trials which ran over 8 hours.

Both membranes produced clear and low conductivity permeates that maybe suitable for recycle (e.g. as boiler feed water) or for discharge. The conductivities of these averaged around 375 μS/cm - and it is believed that most of this was due to the Brisbane water added to make-down the feed solution before testing.

Maintaining the palm oil feed at ( 40(C (but below 50(C) improved and maintained the filtration rate quite significantly. Flux rates averaged around 180 GFD at 1% oil concentration to 22 GFD at 27% oil concentration. These flux rates appeared to start declining rapidly after about 5% oil concentration is reached. An in-line cleaning system will be needed to clean the membrane and control any decline in flux.

The V-SEP can be used to concentrate the effluent oil stream from 1% oil to about 20-30% oil concentration. This implies that up to 85-90% of the water in the feed can be recovered. The oil concentrate can then be recycled back into earlier stages of the palm oil process for recovery and cleaning. This is especially important because most of the proteins in the feed will tend to concentrate with the oil during V-SEP filtration - and sending this back into the process will help wash them out. 

In order to get more accurate data and costing information, it is highly recommended that a pilot V-SEP unit be hired for on-site testing and optimisation trials. This will produce more accurate data for design, lower the risk for customers and may also result in lower overall budget costs. 

These trials should interface with the prospective customers, and help manage this on-site testing. They should also customise this report with local cost-benefit numbers before presenting any results to potential customers. FIL-TEK will help with this, and also with the setting up of the lab-pilot unit for the on-site tests.
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Figure 7. The V-SEP unit proposed for the application
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