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Abstract 

During the 1999-2000 off-crop season, a Granular Activated Carbon (GAC) system with a 

reactivation facility was installed at Nchalo mill to replace the existing sulphitation process 

for sugar decolourisation. In 2001, a paper was presented at SASTA by Illovo on the 

operation and performance of the GAC Plant at Nchalo over its first season of operation.  

Over the next 14 years of operation the plant at Nchalo had been topped up by Chemviron 

CANECAL® activated carbon. Inlet colour to the activated carbon has risen due to poor crop 

quality in 2015 but the GAC system still performs above design at 73 % colour removal. 

Over the life of the plant there have been some modifications, such as refurbishment of the 

whole kiln and introduction of the kiln automatic control panel, to the design. 
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Introduction 

The Nchalo mill was installed in Malawi in 1966 with a phosphatation/sulphitation process. 

At the time it was difficult to produce a refined sugar product with a colour of less than 100-

200 ICUMSA because of the limits of the technology. 

To be more competitive in the market, both locally and internationally, it was identified that 

the high colour in the refined sugar would need to be reduced. The method chosen was a 

granular activated carbon system which was installed during the 1999-2000 off-crop season. 

It was decided that carbon be used rather than ion exchange as it was a zero liquid discharge 

process technology (ZLD). This is key for inland refineries that have no large water body into 

which to discharge the brines produced in ion exchange processes. The activated carbon was 

designed to replace the old sulphitation process which had been identified as giving 

inadequate colour removal. According to a paper on the first year of production (Debwe, 

2001), it was found that the granular activated plant exceeded the designed colour removal 

with 65 % reduction in colour achieved.  

After 15 years of production there have been some adjustments to the process, specifically to 

the reactivation of the carbon, and the refurbishment and automation of the kiln.  
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Description of the plant 

 

The GAC plant runs with five columns of its six columns online at all times in a 

configuration of three in parallel lead and two in parallel polish. The sixth column is under 

regeneration or standby mode. Figure 1 shows a schematic of the GAC plant and reactivation 

facility. 
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Figure 1: A simplified flow diagram of the Nchalo refinery 

 

When one of the adsorbers becomes exhausted with colour bodies, and the outlet colour 

reaches an unacceptable level, the polishing adsorber that has been online for the longest time 

replaces the oldest lead adsorber and the standby unit becomes a polishing column. The 

complete cycle for a column involves de-aeration, back-flushing, preheating, sweetening on, 

normal trailing mode, lead mode, sweetening off, carbon discharge, reactivation and carbon 

charging. 

 

The feed for the GAC plant from the phosphatation clarification stage is first filtered and then 

fed into a lead GAC vessel which holds 22 m3 of carbon. Each vessel is configured for 

downflow service and the pipework is such that any vessel can be connected in any position 

(lead, polish or standby).  

 

The sweetening on of the carbon is imperative in reducing the amount of water that has to be 

removed in the boiling process. Sweetening off is a critical procedure. If sucrose remains in 

the pores of the carbon this becomes char during the reactivation process and reduces the 

capacity for adsorption, especially for the removal of large molecules such as colour bodies. 

This is measured by the analysis of the carbon and reported as the molasses number.   
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Once the granular activated carbon is saturated it is recycled by thermal reactivation. The 

carbon is removed from the vessel by water fluidisation transfer. Reactivation involves 

treating the spent carbon in a high temperature reactivation furnace at 850 °C, at a rate of 150 

kg/h. Figure 2 shows the reactivation kiln during maintenance while the retort tube was being 

removed. During this treatment the undesirable organics on the carbon are thermally 

destroyed and the carbon is returned to a reusable quality. Some loss of carbon is normal and 

there is a requirement to top up with virgin carbon on a regular basis.  

 

 

 
 

Figure 2: Retort tube being removed from kiln during maintenance 

 

The CANECAL® activated carbon, as described in the product data sheet (Chemviron 

Carbon, 2003), was specially designed for the treatment of cane sugar liquors. It has a unique 

pore structure with a pH controlling ability as a result of the incorporation of magnesite 

bonded into the carbon granules. This is vital as it prevents a pH drop that results in sucrose 

inversion (Moodley, 1995). This carbon is made from bituminous coal by heating to remove 

volatiles and pyrolysis to give a high porosity. A further reaction with steam opens the pores 

of the carbon and increases the internal surface area.  

 

 

Changes and modifications 

 

The granular activated carbon plant was designed to receive an inlet colour of 800 ICUMSA, 

to produce an average outlet colour of 350 ICUMSA (colour removal of 60 %). During first 

year of operation the GAC plant received slightly lower than designed colours (768 

ICUMSA) and was able to achieve a higher than designed colour removal (65 %) on average.  

 

Like many other sugar producers in southern Africa, the Nchalo refinery has found that 

colour levels in the incoming cane have been trending upwards. Poor rainfall has been linked 

to excess nitrogen content in the sugar cane, directly affecting the colour levels of the raw 
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juice (S. Schubert, 1995). The average incoming colour was 1 441 ICUMSA and one would 

expect the outlet colour to lie above the design specification. The GAC plant still managed to 

perform excellently, with a colour removal well above design of 73 %.  

 

In the first year of operation some issues with high pressure drop were experienced and these 

were solved by the installation of deep bed filters ahead of the GAC plant.  

 

Table 1 shows the parameters at which the ion exchange plant has been run over the two 

years. The solids concentration has been decreased from the design due to pressure surges 

experienced across both the deep bed filters and GAC Columns whenever the A- Melt is 

allowed to go above 60 °Brix. 

 

Table 1: Ion exchange plant parameters 
 

 

Parameter 

2001 2015 

Flow rate (m3/h) 30  30 

Contact time (h) 3 3 

Solids concentration (°Brix) 65 60 

Temperature (°C) 70 70 

Inlet colour (ICUMSA units) 768 1440 

Outlet colour (ICUMSA units) 269 385 

Colour removal (%) 65 73 

 

 

The kiln used to reactivate the spent carbon was refurbished in May 2015. Various 

improvements were made to the existing system such as installing a new control panel, larger 

bus bars with a higher current rating and an upgrade of the cabling between element 

connections. A back-up system was installed in the form of a new DC motor. The 24 V DC 

alarm system was designed to control the changeover from main to emergency drive and shut 

down the kiln in an orderly fashion to keep the retort tube rotating until it was sufficiently 

cool to stop (Brits, 2015).  

 

The most notable improvement from the refurbishments completed is that there has been a 

reduction of the period taken to regenerate the carbon in the kiln to an average of 56 hours as 

opposed to 72 hours before the work had been completed.  

 

The kiln is still run under the same operating conditions as the design stipulated 16 years ago. 

The carbon is tested for iodine number and apparent density before and after each 

reactivation which gives an indication of the effectiveness of each reactivation. Samples are 

taken and sent to the carbon manufacturer in Belgium for analysis of molasses number which 

gives a more accurate reflection of the activity of the carbon. 

 

 

Results and discussions 

 

Two graphs are presented showing the years 2001 (Debwe, 2001) in Figure 3 and 2015 in 

Figure 4 with the performance of the GAC plant over those two years. It is immediately 
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obvious that the inlet colour is consistently higher throughout 2015 but that the removal of 

colour is still excellent. 

 

 
Figure 3: GAC Plant performance 2001 

 

 
Figure 4: GAC Plant performance 2015 

 

The activated carbon is periodically sampled and sent to the manufacturers, Chemviron 

Carbon, for check analysis and confirmation of carbon health. The results for 2015 can be 

found in Table 2. When compared to the specifications for virgin activated carbon the 

molasses numbers are lower, as expected after a number of years in service. The newest 

carbons are columns three and five, and show a good molasses number. The apparent 

densities are an indication of a build-up of char within the pores and therefore a high apparent 

density is an indication of poor carbon quality which can be seen in columns one, two and 

four. The mean particle diameter could be an indication of a build-up of fines within the 

system which can be seen specifically in the case of columns one and four. 
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Table 2: Analytical results for activated carbon (2015 samples) 
 

 

These results tie closely with the age of the carbon, as columns one, two and four were due 

for replacement or top-up at the time of sampling.  

 

 

Conclusions 

 

The GAC plant at Nchalo continues to produce good quality sugar after 15 years of operation 

in spite of high inlet colours. It is clear that the performance of the plant is dependent on good 

operating practice and adequate level of top-up virgin activated carbon.   
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Sample Molasses N° Apparent Density (g/cm³) Mean Particle Diameter (mm) 

Column 1 183 0.658 0.79 

Column 2  189 0.657 0.80 

Column 3  204 0.596 0.90 

Column 4  185 0.671 0.62 

Column 5  203 0.620 0.85 

Column 6  191 0.630 0.86 

Virgin CANECAL ® 230 0.480-0.500 0.9-1.1 
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