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ABSTRACT. As we presented in the first part of the paper, twelve pre-concentration 

procedures for residual carbon from bottom ash were tested. The average results are 

pointed out. By using the 8
th

 pre-concentration procedure, the fixed carbon content 

increased from 13.89% to 63.60% and the mineral mass decreased from 57.57% to 

17.39%. 
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1. INTRODUCTION 
 

In the first part of the paper we 

presented the schemes of the 12 

experimentally tested procedures for the 

pre-concentration of the char. To avoid 

contamination of the samples, the ash 

was subjected only to dimensional 

sorting, gravimetric separation, magnetic 

separation, and various combinations of 

these techniques. 

Regardless of the pre-concentration 

procedure, the separate samples were 

subjected to the technical analysis, 

aiming at the further concentration of the 

highest carbon content samples. 

Seven procedures result in fixed 

carbon content in the final sample of over 

40%, and for two of these, the fixed 

carbon concentration exceeds 60%. These 

two procedures will be described below. 

 

 

 

2.RESULTS  

2.1.Gravimetric Separation - Magnetic 

Separation Procedure (GS-MS) 

 

The GI sample was gravimetrically 

separated into a water container, resulting 

in sample SG1 composed of ash particles 

floating with a fixed carbon content of 

40,65% and SG2 composed of 

sedimentary ash particles with a fixed 

carbon content of 14,78%. 

Samples SG1 and SG2 were 

magnetically separated. 

 Following magnetic separation 

results: 

 from sample GI SG 1 - sample S DM 

1 (non-magnetic particles) and 

sample S DM 2 (magnetic particles) 

 from sample GI SG 2 - sample S DM 

3 (non-magnetic particles) and 

sample S DM 4 (magnetic particles). 
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The mass separation rate and the fixed 

carbon content for each of the samples 

were determined. The results are shown 

in table 1. 

Table 1. Results for GS-MS procedure

 
Sample Caract. 

RMS 

[%] 

CCF 

[%] 

MS 

Sample 
Caract. 

RMS 

[%] 

CCF 

[%] 

GI 

SG1 Float 52,61 40,65 

SG-SM 1 

 

nemag. 

 
46,07 60,95 

SG-SM 2 

 

mag. 

 
53,93 22,96 

SG2 Sink 47,39 14,78 

SG-SM 3 

 

nemag. 

 
54,76 17,20 

SG-SM 4 

 

mag. 

 
45,24 11,92 

 

 

2.2. Gravimetric Separation - Magnetic 

Separation – Dimensional Separation 

Procedure (GS-MS-DS) 

 

The SG-SM 1 samples, obtained by 

gravimetric separation followed by 

magnetic separation, were milled and 

sieved. 

After milling and dimensional sorting, 

the SG-SM-SD 1 (<0.125 mm) sample 

and the SG-SM-SD 2 sample (> 0.125) 

resulted. 

The mass separation rate and the fixed 

carbon content for each of the samples 

were determined. The results are shown 

in Table 2. 

 

Table 1. Results for GS-MS-DS procedure 

 
Sample Caract. 

CCF 

RMS 

[%] 

MS 

Sample 
Caract. 

CCF 

RMS 

[%] 

DS 

Sample 
Caract. 

CCF 

RMS 

[%] 

GI GI SG1 Float 

40,65 

 

52,61 

 

S GM 1 nemag. 

60,95 

 

46,07 

 

S GMD 1 

 

<0,125 

63,60 

 

23,95 

S GMD 2 

 

>0,125 

59,83 

 

76,04 

 

Residual carbon (char) samples were 

subjected to laboratory tests to perform 

the technical analysis and bulk density 

determination, dimensional distribution 

of granules (granulometric composition) 

and calorific value. 
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45 technical analyzes of different 

samples of residual coal, 16 

determinations for bulk density and for 

granulometric composition and 13 

determinations of calorific power were 

performed. 

The final pre-concentration product 

(SG-SM-SD 1 sample) obtained by 

applying procedure 8 and sent to the 

partners for graphitization is 

characterized by the following average 

values: 

• moisture 2.51% 

• fixed carbon content 63.60% 

• volatile content 18.33% 

• ash content 17.39% 

• bulk density 

˗ freely settled 0,407 kg / m
3
 

˗ tapped 0.586 kg / m
3
 

• granulometric composition 

˗     > 0.09 mm 16.14% 

˗    0,063 - 0,09 mm 17,12% 

˗     <0.063 mm 66.74% 

• calorific power 23,14 MJ / kg 

(5527.85 cal / kg) 

 

2. DISCUSSION 
 

The objective was to pre-concentrate 

the char from slag and ash to over 50% 

without using substances to contaminate 

samples. 

In order to achieve a high degree of 

char concentration, in the second stage, 

the slag and ash collected at 

Cogeneration Power Plant Govora, in the 

NOVENER project, was used. It had an 

average carbon content of 13.89% [1,2] . 

Taking into account the results of the 

first and second step tests, the slag and 

ash were dimensionally sorted and the 

fraction 2-4 mm was used to continue 

the pre-concentration tests. It has the 

highest fixed carbon content - 28.44% 

at an overall separation efficiency of 

16.65%. This fraction was called 

Govora Initial (GI). 

Some pre-concentration procedures as 

dimensional sorting, magnetic separation 

and gravimetric separation, were used. 

Laboratory experiments showed that each 

pre-concentration procedure had its own 

efficiency limits and to obtain a higher 

purity of residual carbon, nine 

combinations of the above pre-

concentration procedures were used. 

In total, 12 pre-concentration 

procedures were studied and were 

compared using four parameters: 

• the fixed carbon content - fig. 1 

• the overall separation efficiency - fig.2 

• the rate of char concentration - fig. 3. 

• the rate of char recovery - fig. 4 

By combining several pre-

concentration procedures, the highest 

residual carbon concentrations exceeded 

60% in the anhydrous state in two cases - 

procedures 7 and 8. These two 

procedures are the only ones that meet 

the requirements of the project 

coordinator, respectively the fixed carbon 

content of the final sample over 50%. 

Other 5 procedures lead to fixed carbon 

contents between 40 and 47% while the 

other 5 procedures result in fixed carbon 

contents below 33%, values close to the 

fixed carbon content of the GI sample 

(28,44%.) obtained by the initial pre-

concentration  

 

. 
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Fig. 1. Fix carbon content 

 

Analyzing the overall separation 

eficiency for each procedure, three 

procedures result in a value of over 12% 

and the other 9 procedures at values 

lower than 9.70% of the overall eparation 

efficiency. Procedures 7 and 8, whereby 

large concentrations of fixed carbon are 

obtained, have the smallest overall 

separation efficiency: 4.04% - procedure 

7 and 0.97% - procedure 8, respectively. 

The value of the overall separation 

efficiency is limited above the value of 

the initial pre-concentration procedure, of 

16,65%. 

 
CCF 31,29 29,42 28,73 40,21 40,65 40,87 46,52 43,16 31,42 33,01 60,95 63,60 

 
Fig. 2. Overall separation efficiency 

 

By using procedures 7 and 8, the highest 

pre-concentration values of the char, 

namely 4.58% and 4.39%, are achieved. 

Five procedures result in pre-

concentration values between 2.89 and 

3.35 and the other five at values between 

2.07 and 2.38, values close to the 

concentration obtained by the initial pre-

concentration of the GI sample of 2.04.
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Fig. 3. Rate of char concentration 

 

 

From the point of view of the recovery of 

char, 8 procedures lead to values ranging 

from 23.8 to 28.49%. Procedure 7 leads 

to a value of 17.97% and Procedure 8 to a 

value of 4.49% for the char recovery rate.

 

 
CCF 40,21 46,52 31,29 29,42 40,65 28,73 40,87 43,16 60,95 31,42 33,01 63,60 

 
Fig.4. Rate of char recovery 
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3. CONCLUSION 

 
Even if the individual ash particles 

would be completely removed from the 

samples, the existence of mineral matter 

encapsulated in the residual carbon 

particles prevents the further increase of 

the purity of the residual carbon by the 

procedures used. The "release" of 

residual carbon to such particles by 

grinding followed by dimensional sorting 

or magnetic separation has led to an 

increase in the fixed carbon content but 

also to a significant decrease in the 

overall separation efficiency. 

Using these procedures, the UCB 

team obtained the increase in the fixed 

carbon content from 13.89% to 63.60 and 

the decrease in the mineral mass in the 

tested samples from 57.57% to 17.39%, 

sufficient for the pre-concentration stage. 

Within the project, partners will continue 

focusing on samples sent by acid 

digestion.
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