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FU!L _R_!SEARCH INSTITUTE OF SOUTH AFRICA 

REPORT NQ.,66 OF 1976 

INT_~RIM R[PORT_ON MI~LS IN COAL - THE DIRECT DETERMINATION 
qy:_x~-r~ M:g\ERP,.L ~TTE~ CONTENT IN SOME COAL PRODUCT SAMPLES 

* The mineral matter factors for some coal product samples determined by the 
method of radio,.frequency oxidation, compared with results from an earlier 
survey (Technical Memorandum No~21 of 1971), appear to have an acceptable 
precision., 

INTRODUCTION 

The inorganic or ash-forming constituents in coal are usually designated the 
mineral matter, although typically "organic" elements such as carbon and 
sulphur are also represented, viz. in the mineral carbonates, sulphates and 
sulphides., 

The practical importance of the nature and distribution of these inorganic 
constituents is linked with every aspect of the mining and utilization of 
coal. For example, the grindability of coal, its washing characteristics, 
behaviour on coking, g?.:J:~~+::i~~i:ttiJ)!l.11. and hydrogenation, tendency to spontaneous 
combustion and the production of d.ust, clinker, slag and flue gases are all 
related to the mineral matter characteristics of the coal concemed. 

The min.eral !M.tter as such, may also be of economic importance. Coal wastes 
and ash may be a future source of materials such as uranium, germanium, 
sulphur and alumina. Trace element enrichment in the mineral matter has in 
some instances in the Noz-thern Hemisphere resulted in the formation of tin 
and copper oreso 

* mineral matter% 
coal ash%·-
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In view of the lack of data relating to South Afr-lean coals, a s·urvey has 
been started on the mineral matter content ·of coal produce-d commercially in 
the Republic. This report deals with the radio-frequency ashing -of some coal 
product samples and the direct determination o,f the mineral matter content of 
coalo 

MINERAL MATrER IN COAL - A ,REVIEW 

Due to its relative ease in determination, a si-mple ash analysis is a popular 
measure of the inorganic matter content in coal. At the relatively high 
temperature at which ash analy-se·s are carried out, most of the original 
minerals in the coal are altered or destroyed viz. water of hydration is 
driven off the clay minerals and hydrated sulphates and the carbonate and 
sulphide minerals are decomposed. 

The ash content in coal is thus generally lower than the mineral matter 
content, with the mineral matter to ash ratios depending on ·the relative 
proportions of the minerals from -which the ash is derived. 

Indirect and direct methods have been used in the past to determine the 
mineral matter content o.f coal. By means of various formulae the ash content 
may be recalculated to the mineral matter content. However, certain variables 
must also be determined. The Parr (1928) relationship requires a total 
sulphur determination and the more elaborate King, Maries and Crossley (1936) 
formula, requires carbonate and chlorine analyses in addition to sulphur 
determinations. That results from these indirect methods are not accurate 
under all conditions, is reflected by suggestions for modifications in the 
formulae which occur from time to time viz. Brown, Caldwell and Fereday 
(1952), Pringle and Bradburn (1958) and Millot (1958) • 

For the acid digestion method (Iso· recommendation R 602 (1967)) the acid 
soluble fraction of the mineral matter is extracted by means of HC1 and·Hf,, 
the coal residue is ashed, and by applying various correction factors, the 
mineral matter content can be calculated. 

3/ •.. 
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By means of low-temperature (ca 37o0 c) combustion in air (Brown, Durie and 
Schafer (1959)), moisture losses for the clay minerals ate revenible, but 
pyrite and siderite (Feco3 ) are decomposed and have t :o be allowed for in 

the final calculation. 

However, developments in p lasn1a technology in the sixties made it poss·~b'ie 
0 . , ._.,: , ·. :, .. : .. ': 

to ash coal at an even lower temperature (ca 130-160 C) at which t~e. p~~ncipal 
minerals appear to be unaffected. By means of radio-frequency ashina· ft thus 
became possible to determine the mineral matter content of coal more directly. 

METHOD 

The low-temperature ashing was carried out in a commercially available radio-
frequency asher, Model LTA 505 of the LFE Corporation. 

Commercial grade oxygen is passed through a high energy electromagnetic 
field produced by a radio-frequency oscillator (frequency 13,56 mega Hz) in 
a partial vacuum. A plasma discharge takes place, the oxygen is activated 
and according to Gleit (1963) consists of a mixture of atomic and ionic 
species, as well as oxygen in electronically and vibrationally excited 
states. Combustion of organic material can thus take place at a relatively 
low temperature. 

Previous experience (viz. Report No .. 45 of 1975) indicated that the appearance 
of the low-temperature ash residue is not a reliable guide to the extent to 
which carbon has been removed. It is thus necessary to ash the residue to 
a constant mass. 

Some preliminary tests were carried out. A half gram to 8 g lots of a coal 
with a moderate ash content (New Clydesdale 15,4% of ash) were placed in 
each of the five chambers of the radio-frequency asher, and ashed at 200 Watt • 
and a 50 cc/min oxygen flow rate. The samples were stirred twice daily 
and weighed at 24 hour intervals, after allowing an hour for equilibrium 
with the laboratory atmosphere. Measurements of the infra-red radiation 
indicated that ashing occurred in the temperature range 130 - 160°c. In 
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spite of precautions, some ash was lost from the sample boats, as waa 
shown by the fine powdery deposits on the ashing chamber windows. 

Referring to Table 1, it is evident that the amount of coal placed in a 
sample boat strongly influences the ashing rate and the final result. For 
example, although 8 g of coal is easily accommodated in a sample boat, it is 
not readily ashed to completion. After 144 hours the 8 g sample still 
contained unoxidized carbon as shown by its high residue and residue to ash 
ratio of 19, 7% and 1.,28 respectively. The smaller samples required periods 
of time directly related to their size and the low end result for the 0,5 g 
sample (18,7% of residue and 1,22 residue to ash ratio) is probably due to 
some ash blow-over. 

These results are explained by the .nature of the ashing process. Active 
oxygen can only attack exposed carbon and the inert ash layer f~rming as 
oxidation proceeds, effectively prevents further access by the ~xygen and 
thus combustion. It is therefore probably not possible to remove all the 
carbon from the sample, but by following a standardized procedure, reasonably 
reproducable results are obtainable. As they still contain residual car•ffl;\ • 
the determined mineral matter contents may be expected to be toe high. 

RESULTS 

For the data in Table II the radio-frequency ashing method was standardized 
as follows:- 1,0000 g of coal, weighed in a sample boat was ashed at 200 Watt 
and a 50 cc/min oxygen flow rate; the samples were stirred twice daily to 
expose unoxidized coal and weighed daily after allowing an hour for the 
residue to come to equilibrium with the labo~a~ory atmosphere; the ashing 
was discontinued when the mass loss of the residue per 24 hour period was 
less than 1,0%. 

From the data in Table II it appears that there is no simple relationship 
between the ash content and the time required for ashing to a negligible 
mass loss, for example the first two samples given in the Table had a nearly 
identical ash content of 25CX but the CoalbrMk sample. required an average of 

SI •.. 
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8 days for ashing as against the 4 days required for the Kilbarchan coal. 
The type of mineral matter and the reactivity of the coal probably also 
influence the ashing rate. 

Bearing in mind that a period of 2 months elaps~d between the first 
determination and the duplicate determination for each sample, and that the 
radio-frequency asher broke down and had to be modified and repaired after 
a few samples in the first series had been processed, the reproducibility 
of the results is good. 

DISCUSS'!ON 

In Table III, some of the mean data from Table II are regrouped according to 
the different coalfields and are contrasted with earlier results (Technical 
Memorandum No. 21 of 1971) from the modified King, Maries and Crossley 
formula (IQ,IC), acid extraction (AE), low-temperature oxidation (LTO) and kaolin 
methods. Where more than one analysis per colliery was given in the memorandum, 
the analysis closest in ash content was selected for comparison. 

It is presumed that the mineralogical composition of the coal produced fr01D 
most of the collieries, over the interim:,, has not altered significantly and 
that a comparison is valid. 

Although some individual discrepancies occur, e.g. the radio-frequency 
oxidation mineral matter factor was rather lower for Wolvekr.ans, Tweefontein, 
New Clydesdale and New Largo and rather higher for Koornfontein and Utrecht 
coals, which could pose.ibly be explained as due to a variation in carbonate 
com.positions between the earlier and present coal samples, the overall agree-
ment appears to be good. 

On average (Table IV), the mineral matter factors determined by the radio-
frequency oxidation method are slightly higher than for the KMC and acid 
extraction methods and slightly lower than the low temperature combustion 
and kaolin methods. The maximum difference is 1,5% (acid extraction method) 
and KMC as well as kaolin methods give mineral matter factors which are nearly 
identical to the radio-frequency oxidation method. 

6/ ... 
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SUMMARY AND CONCLUSIONS 

By means of radio-frequency oxidation, it is possible to combust coal at 
130 - 160°c, which affords a method for the direct cleterminatidn of the 
mineral matter content in coal. 

Since only the surface carbon is attacked by the exygen plasma, radio-
frequency oxidation is a slow process requiring from 3 te 8 days to combuat 
1 g coal samples, with some residual carbon always remaining in the mineral 
matter. 

Comparing data from the radis-frequency exidatlen metbed with data f~• the 
modified fflC, acid extracti4n, low-temperature oxlcktlon and kae11n meth•ds 
given in Technical MelMrandum No. 21 of 1971 for an earlier aeries of samples, . 
the residual carbon does not appear to have an imp8rtant influence Ml the 
results. On average, mineral matter factors determined by the radie• 
frequency oxidation method are likely to fall between facto~• from the IMC 
and acid extraction methods on the one hand and low-temperature mddation 
and kaolin methods on the other hand. The maximum difference la 1, SI. 

J L GAIGHER 
SENIOR RESEARCH OFFICER 

PRETORIA 
16 SEPr. 1976 
JLG/ug 
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TABLE 1 

RADIO-FREQUENCY ASHING OF A COAL SA._MPLE 

Orig. Total Ashing Period (hours) 
Mass (g) 24 48 72 96 120 

Residue% 
0,5 19,0 18,9 18,9 18,9 18,8 
1,0 20,3 19,2 19,2 19,2 19,1 
2,0 36,9 20,0 19,3 19,2 19,1 
4 .. o 39,9 21,7 19,5 19,2 19,,0 
8,0 65,6 43,9 31,8 24,6 20,7 

* ratio Residue: ash 
o,s 1,24 1,23 1,22 1,23 1,22 
1,0 1,32 1,25 1,25 1,25 1,24 
2,0 2,40 1,30 1,25 1,25 1,24 
4,0 2,59 1,41 1,27 1,25 1,24 
8,0 4,26 2,85 2,07 1,60 1,34 

Mass loss i!er Ashing Peri()d % 
0,5 -81,o - o,7 - 0,1 + 0,3 - o,7 
1,0 -79,7 - S,2 - 0,3 + 0,3 - 0,9 
2,0 -63,1 -45,7 - 3,7 - 0,2 - 0,8 
4,0 -60,l -45,7 -10,1 - l,S - 1,0 
8,0 -34,4 -33,1 -27,S -22,6 -16,1 

* Note: Coal ash i.e. 15,41 

144 

18,7 
19,0 
19,0 
18,9 
19,7 

1,22 
1,24 
1,24 
1,23 
1,28 

- 0,3 
- 0,3 
- 0,2 
- 0,1 
- 3,8 
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TABLE Il 

* MINERAL MATTER AND MINERAL MATl'ER FActORS DETERMINED BY THE 
RADIO-FREQUENCY oxmATION METHOD 

! I DUPLICATES ! AVERAGE i 

** * t -,'(* * Sample Designation Ash Period m.m. m.m. Period m.m. m.m. 
ash -No• % ( dav s) . % (days}ii % ash 

75/45 A Coalbrook No 2 24,6 9 C•2. 30 1 7 1,25j 8 30,6 1,24 
7 30,S 1,24 

75/55 A Kilbarchan 24,7 4 -~ 29, 7f 1,2oj 4 29,3 v 1,19 
4 28,9 1,17 

75/144A Blinkpan 20,1 4 e-~ .... 2s,o I 1,24j 4 24,8 \/ 1,23 
3 24,S 1,22 

75/202A Vierfontein 30,1 10 35,6 \ 1,18j 9 35,2 / 1,17 
7 a ·'6-' 34, 8 1, 16 

75/38 D Delmas 19,0 4 23,6 ,. 1,241 4 23,4 1,23 
4 ~·~23,2 ; 1,22 

7S/128B T.N.C. 11,8 4 
0 

14,3 1,21j 4 14,3 V 1,21 
3 14,3 1,21 

75/136B Tavistock 10,7 3 13,3 1,2sj 3 13,3 V 1,24 
3 0 13,3 1,24 

75/208D Eikeboom 9,6 5 11,3 1. ,18j 4 11,4 1,18 
3 O•( 11,4 1,19 

75/U4B Union 13,0 s z..15,9 l,22j s 16,o v' 1,23 

f 75/310B 
4 0 16,1 1,24 

Utrecht 13,5 4 
f 

16,6 l,23j 4 16,7 J 1,23 
3 C' 16,7 1,24 

75/303B Ballengeich 16,1 3 
f 
18,8 1,16j 3 18,9 1,17 

3 (), 18,9 1,18 
75/504B Newcastle- 23,2 s 26,5 1. ,14j 4 26,S v 1,14 

Platherg 3 o 26,S 1,14 
8434 Aloe Anthracite 11,8 3 c:, ,i.,12,6 1,07j 3 12,7 1,08 

3 12,8 1,08 
I 

75/393A Cornelia 26,2 6 31,3 , 1,19j 6 31,5 ,./ 1,20 
Bertha I 5 6 ·~ 31, 7 1,21 

75/394B Cornelia 25,0 7 29,7 1.,191 7 29,8 1,19 
Bertha II 6 6 '1·29,9 1,20 

75/408D Greenside No 5 11,5 3 13,7 1,191 3 13,7 1,19 
3 t) I 13 ,6 1,18 

7S/414A New Clydesdale 15,4 3 c-~ 19 ,3 , 1,251 3 19,1 1,24 
3 18,8 1,22 

7S/418B Tweefontein 1,3,4 4 ,, 15,3 l,lSj 4 1s,3 v 1,14 
3 () v 15,2 1,13 

I 
I ! 
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Sample Designation 
No. 

7S/424A Springbok No 2 

75/425B Van Dyks Drift 

7S/427B New Largo 

75/428D Waterpan 

75/SSSB ICrlel 

75/572» South Wltbank 

7S/582A tcoornfonte:ln 

7S/589B. WOlvekrana 

7S/557B Sigma 

7S/559A Coalbrook 3 

75/S62A Springfield 
(Grootvlei) 

75/569B~aviga. tion 
oking 

75/S'IOB llx 

7S/574C Witbank Cons. 

7S/576B Albion 

75/SS3A Anglo Power 
(Kriel Sect.) 

75/586B ISpitzkop 

'11.tl'Vltfll • 
l."1.L.1:11, 

f 

* 

! 
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TABLE II (~~inued) 

' DUPLICATES 
I ** 0 * Ash Period m.m. m.,m. -i (davs) . % ash 

13,7 4 ,z_16,2 1,201 
3 C 16,4 1,19 

14,3 3 0 1736 1,23~ 
3 17,6 1,23 

20,6 4 ,2417 1,201 
3 0 ·1 24 6 1,19 , 

14,4 4 17,3 1,201 
4 C 17,4 1,21 

15,0 3 11,sl 1,191 s 0 ·~17,4 1,16 
20,2 3 24,3 1,201 

3 o·t 24,2 1,20 
12,4 3 

1
15,6 l,26~ 

3 C' 15, 1 1,27 
15,7 3 18,S 1,1si 

4 o·z.18,3 1,17 
30,2 7 ) 35,0 1,161 

7 0 34,7 1,1S 
33,4 6 41,3 1,24~ s ()•( 41,2 1,23 
26,8 s 32,1 1,201 s O·/ 32,0 1,19 
u.,9 4 13,4 1,121 

4 cP- 13,6 1,14 
14,8 4 17,8 l,20~ 

4 o·L. 1s,o 1,21 
21,9 4 26,2 1,201 

3 c, 26 2 I 1,20 
16,8 3 20,4 1,221 e-1 3 20,S 1.,22 
20,4 3 c,. ,25 ,3 1,241 

3 25,2 1,24 
13,2 3 16,0 1,21j 

4 O ·( 16,1 1,22 

AVERAGE 
** * Period •••• m.m. 

(davs) '1 ash 
4 ../ 16,3 1,19 

3 17,6 J 1,23 

4 24,7 J 1,20 

4 17,4 J 1.20 

4 17,6 
..,,,, 1,17 

3 24,3 / 1,20 

3 1S,7 1,26 

4 1814 v" 1,17 

7 34,9 V 1,15 

6 41,3 ,/ 1,24 

s 32,1 v 1,20 

4 13,5 
{ 1,13 V 

4 17,9 1,21 

4 1,20 

3 20,S v 1,22 

3 25,3 \/ 1,24 

4 16,1 1,22 



TABLB IV 

AVBBAGB DATA POil MDDAL MA'l'TEll FAC'JDlS 

Designation Number Ash ICMC AB LTO Kaolin Aah IFO 
of samples I I 

tHVAAL 
Witbank Bo. 2 12 13,45 1,206 1,205 - 1,223 14,37 1.212• 
Witbank Bo.4 3 22,6 1,21 1,20 1,22 1,21 20,9 1,21 
Heidelberg 1 19,3 1,21 1,17 1,25 1,24 26,8 1,20 

o,r .s, 3 27,3 1,17 1.11 1,18 1,1S 28,8 1,17 

NATAL 
IC11p lliver 3 20,6 1,17 1.13 1,17 1,17 22,7 1,17 
Utrecht 1 21,7 1,19 1,16 1,21 1,17 13,S 1,23 

** Average 17 19,47 1,197 1,182 1,208 1,201 20,481,200 

Overall Avery e 23 17,99 1,197 1,187 - 1,204 18,701,201 

* NODS Relative to lll'O •thod• 
** Excluding samples for which ao LTO data are glven. 

Difference I * 
IMC AB LTO Kaolin 

-o.s -o,6 - i0,9 
0 -o.s +o.s 0 

-t0,8 -2,S +4,2 +3,3 

0 0 ..0,9 -1,7 

0 -3,4 0 0 
-3,3 -s,1 -1,6 -4,9 

-0,2 -1,S -tO, 7 -t0,1 

~.3 -1,2 - +o,2 

... 
N 

I 
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TABLE 111 

MmRAL MA'!TEB. FACOORS OF TECHNICAL MEMORANDUM NO. 21 OF 1971 OOMPAIED WITH MINERAL MATTER 
FACTORS DETERMINED BY THE RAD!()..FREqJENCY OXIDATION METHOD 

'.!It~ 

Tec.hnical Memorandum No. 21 of 1971 lladiQ-frequency 
ec,1u.er1 Mineral matter factors Ox• m.m. factors 

Ash KMC AB LTO Kaolin Ash a;r .o. .,. i 
TRA.TiSVW.. b. t~- r<r· o 
Witbs'il<No., 2 Seam 
r-q.e;e,po-.......... 

Delx:1-ag 12,2 1,22-~1 1,2S ,t_1. 1!24_:L 19,0 1,231 We1vGk.:ans 14,9 l,20•n ,19-t-).. 1,19-t~ <.1.~z22_!~, 1S,7 1,17 
i w~,tt~cyJ;tt l4,.l l, 11 -s 1,16 '"'½ • 1,18 --2.. 14,4 1,20 
' ~f't1(i1i<,;;t,mt~in 1119 1,18 -+L-i 1,17 .+-1 - 1,18 -!if 13,4 i.,..r.ri l lb.r.~•txlx 13,8 1,18- \., 1,l9-ul.. .. 1,19 -l.. 14,8 ,21 
AlbtoYl 15,S l,23-ff 1,21-·I - 1,26 •'"tr 16,8 1,22 
Tav:;!.stock 12,6 1~22 -+-1.,- 1,25 -t I ... 1,2S -1 I 10,7 1,24 d-1 
li~W Clydesdale 1.3,3 1127 -f 1-, 1, 26 ·fl. 0.~0 6_J9 it> 1S,4 1,24 

rvl .. Na'-'1.gs.tion 14,9 1}120 -, 1,22 •r) - 1,22 H 11,s 1,21 
VSVJ. tyka Drift ?A,l 1,21-2. 1,20--3, 1,24 t' 1 1.23 6 14,3 1,23 
Spd.ngbok 12,8 l,l.8 - 1 1,19 o 1,19 D 1,19G) 13,7 1,19 
Kocmfcntein 11,3 11-~fr::-0 1 24 -2 1,22 -c, 1,23-~ 12,4 fl 1,21.J 

'-
, #,.· , -Witbank No., 4 Seam ""··--~ 

~~lit~~-'1 . • ---

l_,~Q -?:. 1,22-f t.19~ 1,21-2.. 1,237 ' BU.nlq>an 20,9 20,1 
tlew Largo 29,6 (l.!.~5~ 1,22..-2. ~-_1_2,~~-:..,tl 1,24"1''1 20,6 11 20 i •·l 
Witbank Consolidated 11,4 I,19 -1 1,17 ~;i .. 1s -1.. 1,19- f 21,9 1,20 

llit~1._~ ,.,-- ---··--:;. 
Gro'l>t".'l'lei. 19,3 1,21-t I 1,17 -, (l,25 -+ .:S) 1,24-t t., 26,8 l.d9-

'-..:_.-·-
ORANGE FllP..E STATE 
~~~-=-=reer:t 

ls.18 .. 'l.. 1,201 Bf~t'th.n m,., l 23,3 1,21~~ I 1,21.,. I 1,16,.o '-I 26,2 
Virarfootein. 29,l l,14 -3 1,15-'l.. 1,16 -, 1,14 -':., 30,1 1,17)/.17 
Sigma 29,4 1, l9 -+·" 1,150 1,16'f'i 1,16 -1 t 30,2 1,1s 

NATAL 
EITi~R!:{,!£ .,.-.....-:::, •. ,c•'" --, ....... ·., 

Ki 1.bardhen 24,0 1..~1 -2- ~~»-=f~ 1,17 =l.. 1,16-_!· 28,9 1,19 J Ballengia:1ch 17,6 l,:16 -/ vJ,11-,f,_,.. !_.l,l-.~ 1,16 1 16,1 1,17 
l?latberg 20,l ll,18 tt.i 1";14. ·o (~,19.-+_/~) 1,18 -t·'-f 23,2 1,14 
Utrecht 

l,19 -4 (1:·1;_Jl 1,21-2. 6:1,:9 ----:'V~l\¢\.,..";Jt 21,7 Utrecht 13,S 1,23 
---·- ··-~, ...... --• . 

tlOTES • KMC • King, Maries and Crosidey formula as modified by Millot (1958). 
AB = Acid Extraction method. 
LTO = Low temperature md.dation method. 

Kaolin • Indirect method assuming kaolinite to be the only clay mineral present. 
P.FO = ~adio-,f:rer.1uenev o:xidati.oo method. t' .• 

{IJ I> 1J (,;i>•i· ...,,.,_,-,..d_. ~:, ,._ -, "{. .t~ -
pt..,,. ,t;.~ ~-~'"""' - 'l tJ . 'f' ~H t;,O;J./,,, 0-0,..o~ Av..,"i'ot. I'\' r .., , 

• ,_ . • . . J . ... ,t;.;f~u -o. ottl.\ -o-oft# ~,t-fl i.v; lriJl·' 1i1 f• \ 

,; 
.-t·i 
0,01., 

fO'OOi 

t; '.;;. - · o• 05 11 .. 1, , 

.c. :> -, 
•)-~l-l 

+ 0 ,O'> 3 

o1 

lCMC AB LTO - -RF0 RF0 B.FO 

0,99 o,96 1.02 
1,03 1,02 1,02 
o,98 o,97 -1,04 1,03 -o,98 0,98 -1,01 o,99 -0,98 1,01 -
1,02 1,02 1,os 
o,99 1,01 -o,98 o,98 1,01 
0,99 1,00 1,00 
0,94 0,94 0,9S 

0,98 o,99 0,97 
1,04 1,02 1,01 
o,99 o,98 0,98 

1,01 o,98 1,04 

o,98 1,01 1,01 
o,97 0,98 o,.99 
1,03 1,00 1,01 

o,98 0,9S 0,98 
o,99 o,9S o,98 
1,04 1,00 1,04 

o,97 o,94 o,98 

Kaolin 
RFO 

1,01 
1,04 
0,98 
1,04 
0,98 
1,03 
1,01 
1,04 
1,01 
1,00 
1.00 
0,9S 

0,98 
1,03 
0,99 

1,03 

0,97 
o,97 
1,01 

0,97 
o,99 
1,04 

o,9s 
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