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PREFACE

A national progrannne on coal research (NOK) has been developed, as well
as a prograntrne t,o locaÈe coal deposits outside the region where coal vras

mined until the late sixËies, to stimulate the re-introductíon of coal

in the energy supply of The Netherlands.

In this context the Netherlands Organízalion for Applied Scientific
Research (TNO) has set up and is r¿orking on a large number of research

and development projects and a major eoal exploration prograflrme. Moreover,

TNO is participating in research activities of third parÈies. Sorne of
these projects have been completed.

On the basis of the results obtained so far, ne\¡r research projects with
emphasis on the environmental aspects of the use of coal have been

formulated and are no\^r being carried out.

Many of the reporÈs containing the results of the above work are or will
be made available to third parties. This book has been written to
promote the useful application of the knowledge which TNO has acquíred

so far. I hope that it will assist you in finding the information about

the TNO work thaÈ may be of use to you.

Part of the infornation presented here has been obtained in
conjunct.ion with government departments, the Management Office for
Energy Research (PEO) and the Geologieal Survey Department

(Rijks Geologische DiensÈ).

The assistance of contributors from academia and indusÈry is
gratefully acknowledged.

I4I.A. de Jong

President

¿' ,-
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FTELD SEISMIC REPORT: BRUNSSIM, SOUTHERN LIMBURG TIIE NETHERLANDS

Author

Report No.

Date

Language

: N, de Voogd

: 8l-l
: March 8th, 1982

: English

ST]MMARY

A reconnaissance reflection seismic survey, usíng dynamite as energy
source, r¿as conducted in southern Líurburg, The Netherlands.
The program covered 20 kilometers of survey lines. Together with field
tests and experimenLal sectíons a toËal of 25 line-kilometers îras

measured.

The survey was first part of a local reconnaissance prograî of. 225 line-
kilometers thaË will be concluded in 1983. The object r¡/as to derive
fieldparameters and Èo collect data that will enable a definition of
major geologieal data, such as overburden thickness, but if possible
should also enable an evaluaÈion of the coal field itself.
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FIELD SEISMIC REPORT: SITTARD SOI'TTTERN LIMBURG THE MTHERLANDS

: J.A"C. Jacobs

282*1
: March l6th, 1983

: English

SI]MMARY

A continuation of the coal reconnaissance reflection survey \¡ras con-

ducted in SouËhern Limburg.

The program covered 27 kil-omeÈer of survey lines.
The survey was the second parÊ of a coal reconnaissance program of. 225

line-kilometers that will- be eoncluded in 1983.

The objeetive hras to collect data that will enable a definition of major

geological features, sueh as overburden thickness, faults and general

dip of coal seams"
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FIELD SEISMIC REPORT: VENRAY NORTHERN LIMBURG THE NETHERLANDS

Author

Report

Dat,e

Language

: J.A.C. Jacobs

282-2
: March I 6th, I 983

: English

SI]MMARY

A continuation of the coal reconnaissance reflection survey vras con-
duct.ed in Northern Lirnburg and the eastern part of Northern Brabant, The

Netherlands.

The program covered 24.5 kilometers of survey line.
The surVey \¡ras the third part of a coal reconnaissance program of 225

line-kilomeLers that will be concluded in 1983.

The objective Ì/as to collect data that will enable a definition of major
geological features, such as overburden thickness, faults and general
dip of coal seams.
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FIELD SEISMIC

Author

ReporË No.

Date

tanguage

: J.A.C" Jacobs

:82-3
: July 20rh, I 983

: English

BROEKSITTI\RD SOUTHERN LTMBURG TITE NETHERLANDS

SUMMARY

A continuation of the coal reconnaissance reflection survey was eon-
ducted in Southern Limburg.

The program covered 5 kiloneters of survey lines.
The survey r¡¡as the continuation of the second part of a coal recon-
naissance Program of.225 line-kilometers that will be concluded in 19g3.
The objective T¡ras Ëo collecË data that will enable a definition of major
geological featuresr'such as overburden thickness, faults and general
dip of coal seams.
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FIELD SEISMIC REPORT: HORST-AMERICA NORTHERN LIMBURG TÍIE NETHERLANDS

Author

Report No.

Dat.e

Language

ST]MMARY

: J.A.C. Jacobs

:82-4
: July 20Èh, I 983

: English

A continuation of the coal reconnaissance reflection survey r^ras con-

ducÈed in Nothern Limburg and the eastern part, of Northern Brabant, The

Netherlands.

The program covered 28. I kilometers of survey line.
The survey !'/a.s the fourÈh part of a coal reconnaissance program of 225

line-kilomeÈers that wiil be concluded in 1983.

The objective hras to collecÈ data that will enable a definition of major

geological features, such as overburden thickness, faulÈs and general

dip of coal seams.



iliËoII-6

FIELD SEISMIC REPORT: LOCHEM EASTERN GEI,DERLAND THE NETHERLANDS

Author

Report No.

Date

Language

SI]MMARY

: J.A"C. Jacobs

282-5
: July 20th, I 983

: English

A continuation of the coal reconnaissance reflection survey h/as con-
ducted in EasÊern Gelderland and the southern part of overijssel, The

Netherlands. The program covered 49.7 kíLometers of survey lines.
The survey \4ras the fifth parÈ of a coal reconnaissance program of.225
line-kilometers that will be concluded in 1983.

The objective T¡ras to collect data that will enable a definition of major
geological feaEures, such as overburden Èhickness, faults and general
dip of coal seams.
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FIE],D SEISMÏC REPOR.T: BERGEN-HELENAVEEN, NORTHERN LIMBURG, ffiE NETHERI,ANDS

Author

Report No.

Date

Language

SI]MMARY

: J.A.C. Jacobs

:83-l
: July 20Ëh, I 983

: English

A continuaEion of the eoal reconnaissance reflection survey \¡ras con-

ducted in Northern Limburg and the eastern part of Northern Brabant, The

Netherlands. The program covered 62.4 kíLometers of survey lines.
The survey I¡las the sixth part of a coal reconnaissarlce program of 225

line-kilometers thaÈ will be concluded in 1983.

The objective \^zas to collect data that will enable a definition of major
geological features, such as overburden thickness, faults and general
dip of coal seams.
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FIELD SEISMIC REPORT: LOCHEM-2, EASTERN LI}ÍBURG TITE MTHERLANDS

Author

Report No.

Date

Language

SI]MMARY

: J"A.C. Jacobs

283-2
: July 20th, I 983

: English

A continuation of the coal reconnaissance refl-ecËion survey \.ras con-

ducted in Eastern Gelderland and the souËhern parË of Overijssel, The

NeËherlands. The program covered 27.2 kíTometers of survey line.
The survey was the last part of a coal reconnaissance program of 225

line-kilometers that will be concluded in 1983"

The objective r^/as to collect data that r^¡ill enable a definiËion of major

geological features, such as overburden thickness, faults and general

dip of coal seams.



,tìIII_9

RESEARCII ON THE COAL BENEATH TTTE NETITERLANDS

Authors

Published in
Language

SI]MMARY

N. de Voogd

Chr. SÈaudt

Geologie en Mijnbouw

English
6t (1982), p. 3s9 - 366

A bríef description is given of the prograrme for coal exploration in
The Netherlands. The problem of detailing coal seams in Ëhe DuËch

geological environmenË is described. I,lith respect to resoluÈion and

lateral continuity promising results have been obtained usíng a field
technique with the following main features: single deep shot with
0.5 kg charges, l0 m receiver group interval, and six 50 HZ geophones

per group.
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THIN-LAYER RESPONSE AND SPECTRAI BANDI,IIDTH

N. de Voogd

H" den Rooíjen

Geophysics, vol" 48, No I (January 1983), p. l2 - lB

English

Authors

Published in
tanguage

SUMMÄRY

A derivaÈion is presented of the response of an embedded thin layer to a

vertically incident seismic pulse. The reflected pulse has the shape of
the time derivaËive of the incident-wavelet, and its amplitude is
proportional to the Ëwo-rrray traveltime in the thin layer and to a factor
depending upon Ëhe ratio of acoustic impedances. The influence of
spectral bandwidth on interface resolution and thín-layer response is
ínvestigated by means of zero-phase signals, and a filtering philosophy
is proposed which enables thickness esËimation either from atrplitude or
from peak-to-through time.



itiËo1r - 11

ITATIVE INTERPRETATIoN oF CoAI-SEISMIC A},ÍPLITUDES

AuËhors

Presented at

Date

Language

STJMMARY

H. Veltmeijer
N. de Voogd

The 46th meeting of Ëhe European Association of

Exploratíon Geophysicists at London

June 19-22, 1984

English

This investigation consíders the possibility of deriving lateral changes

in thickness of coallayers from meesurements of their reflection ampli-

tudes, starting from a calibration point.

Extensive use is made of Èhe proPerÈy of thín layers thaÈ, under some

assumptions, Lhe amplitude of a thin layer reflection changes linearly

vrith a change in thickness of the layer.

Synthetic seismograms are used to study Ëhe effects of different changes

in thickness in coal--laYers.

A consequence of large changes in thickness of a coallayer aPPears to be

that the transmitted wave Èhrough such a layer changes signifícantly in

amplitude. Thís introduces a dist,orting influence on the amplitudes of

Èhe reflections from deeper síËuated coallayers. This distorting in-

fluence can be corrected, however, by filteríng with the inverse of the

Èransmission response of the shallower layers.
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STATISTICAL DECO}WOLUTION OF NON-I,fi1ITE MULTT LAYER DATA

Authors

Presented at

Date

Language

ST]MMARY

R" Romijn

N. de Voogd

The 46th meeting of the European Assoeiation of

Exploration Geophysicists at London

June 19-22" 1984

English

The conventional sËatistical seismic deconvolution technique assumes

that the earth impulse respoRse has a r¿hite spectrum" This assumption is
ex."mined with a modelling technique"

It is shornm that an artificial trefleetivity functiont, made from a

borelog recording of a coal sequence in the Carboniferous in the Nether-

lands, is non-white, especially in the frequency range of interest. This

is attributed to shorË delay peg-leg multiples and explaíned by inter-
preËing the autocorrelation functions of cyclic layered sequences.

If a smoothed amplitude spectrum of the earth impulse response can be

estimated from, for example a borehole 1og, it is possible Èo overcome

the whiteness assumpËion in the staÈistical deconvolution and wavelet

estimation technique.

Wíth this wavelet estimation technique, various deconvolution filters
(especialLy zero-phase filters) are designed and their performance is
tested on synÈhetic and real seismograms of coal deposits. Thereby, it
ís concluded that it is not so much Êhe specific waveform, but rather
the bandwidth that determined the resoluÈion.
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Presented at
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FLUIDIZED BED COMBUSTION DEVELOPMENTS I^IITH TNO

Language

SUM}ÍARY

M.L.G. van GasselË

Symposium on "Development on AI'BC in the Netherlandsr',
October 7, 1982

"De Stoop" Spijkenisse and Shell Europoort (KIVI, KNCV,

NIRIA)

Dutch

The combustion of coal in a fluidized bed r¿ith limestone has potentials
as a ne\^r boiler concePt to meet acceptable emission standards for safe-
guarding Ehe environment from increasíng pollution.

However, mariy areas have Ëo be investigated to design a cofltmercial f.b.
boiler plant r¿ith clean and efficient combustion and high availability.
Therefore, a I m x 2 *, 4 *ah Atmospheric Fluidized Bed Boiler de-

velopment facility has been built at TNO to carry ouË a R&D program to
meet this goal. The AI'BB is a sophisticated R&D tool capable of tesËing
and evaluaÈing design options arising from industrial boiler development

efforts. It has, been proved during initial experimenËs that the emission
standards proposed by Èhe Ministry of Housing, Physical Planning and

Envíronment for nitrogen oxides, sulfur dioxide and dust are adequately
met.

The conrnissioning tests completed ín March 1982 are discussed and

further development options are presented.

Ëo
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TNO/STORK FLUIDIZED BED COMBUSTION DEVELOP}MNT

AuEhor

PresenÈed at

F. Verhoeff (Stork boilers)
M.L.G. van Gasselt

The 7th inÈernatíonal confereRee on fluidized bed

combustion, October 26, 1982

Philadelphia, Pennsylvania, USA

EnglishLanguage

SI]MMARY

In this paper a ne\r control system for industrial boilers with capa-

cities of up to 250 tonnes per hour of steam is presented. With this
control sysÈem the windbox under the fluidized bed is divided into one

main bed and eight control sections" Coal is introduced i.n the main bed

only, while the in-bed heat Èransfer tubes are located Èo a large extent
in the control sections. IdiÈh this control system turn-dor^m over a large
conËrol range is possible r¿ith only small temperature variations.
To check this eontrol sysËem a series of Ëests r¡¡ere carried out in the

4 MI,ü-- AFB Boiler of TNO, the Netherlands organisation for appliedLh
scientific research. A description of the test faciLity is given and

test results are presented. Future developmenÈs are ouÈlined.
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Presented at

III-3

OPERATING EXPERIENCE I^/ITH THE TNO 4MWth ATMOSPHERIC FLUID BED BOILER

FACILIH

Language

SUMMARY

H.M.G. Teurnink

Coal Technology Europe

3rd European Conference & Exhibition on Coal Utilízatíon
ll-13 October 1983, Amsterdam

Volume 2, 99-123

English

The purpose of the research with the TNO 4 M[,lth AFBB pilot-f aciliry is,
to est,ablish the parameters governing Ëhe fluid bed combustion of eoal-,

so that industrial plants can be buílt with good combustíon efficiency,
at the same time complying with the emission standards in the NeËherlands.

The research related to the 4 Ml^lth AFBB consisËs of four parts concerning:
l. The operat,ion of the boiler, íncluding maintenance, boiler charac-

teristics, load control, fly ash reeyclíng and other development

vrork, the supplier of the boiler, STORK BOILERS, cooperates in it.
This paper wíll deal with some aspects of this research.

2. The environmental problems assocíated \^lith the combustion of coal ,
including measurement of flue gas components, biological effects of
(PCA's in) ash from Èhe bag filter and from the stack (mutagenity,

teratogenity a.o.), reduetion of limestone consumption and removal

of fly ash from flue gas by means of an electrified bed filter.
3. Application of ash from fluid bed combustion of coal.
4. Chemical and physical characterisation of coal.

In this paper a revier¡ of the pilot-planË is given followed by the

results of the commissioning tests and a year of operation. Eventually
future research by TNO and Stork is discussed.

iriro
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ADVANCED FLUIDIZED BED COMBUSTION

Authors

Reference no.

File no.

Date

Language

SUMMARY

: A.G. Melman

M.E. Reinders

: 84-04 I 8

z 8728-10004

: March I 984

: Dutch

This report gíves a comparing survey of external circulating fluidized-
bed combustion (CFBC) systems usíng eoal and low-grade fuels"
The main advantages over Ëhe AFBC are: a beËt.er load following capa-
bility and a greater Ëurndovrn raÈio, due to the fact ÈhaË heat pro-
ducÈion and heat transfer are separated. Moreover, a CFBC has a greater
energy density and the number of feed points is smaller. Limestone
efficiency and combustion efficiency will be only s1íght1y berËer than
those of the AFBC of the second generation with improved performance.
A disadvantage of the CFBC is its greater eomplexity, which makes the
installation relaÈiveLy expensive. The higher capital costs could be

offset by scaling up and usíng cheaper fuel (low-grade coal and. waste).
Probably application of the CFBC is not the best solution for the Dutch
situation' as hle have t.o import. coal over long distances, which leads to
the use of a hígher-quality 

"o"i.
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TIIE ATMOSPHERIC FLUIDIZED BEE BOI],ER OF TIIE TNO COAI PROJECT

Author

Published in
Language

SUMMÄRY

: H.M.G. Tenmink

: Energiespect,rum, May/June 1984, 132-140

: Dutch

As a result of the options of the Dutch boiler industry to consËruct.

medium size up to very big atmospheric fluidized beds, r 4 Wth boiler
has been constructed. The choice of fluidized bed technol-ogy is based on

its advantages:

- the SO. emission can be Limited effectively and cheaply by adding
¿

limestone to the fluidized bed

- NO emission is lor¡er than from other combustion techniques as ax
result, of the lower combustion temperaÈure

- coal with high humidity and high ash conËenË can be combusted

wiÈhout problems

- ít is not necessary to grind the coal. Breaking to 6-9 urn is
sufficient

- Lhe heat transfer coeffecient is high, and, as a result, the boiler
can be compact.

The construction of the 4*an f luidized bed is discussed. Experiments

wíth this fluidized bed boiler have shown, Ëhat unatÈended continuous

operation and load control are possible without difficulties. The

requirements for the emission of SO2, NOx and dust (600 g/e.1, 300 g/c.f

and 20 S/C.t¡ respect,ively can be easily met.
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MASS-BALANCE HEAT BAI,ANCE AND EFFÏCIENCY OF THE TNO-AFBB

Authors

ReporE no.

File no"

Date

Language

SUMMARY

: A.If.M.B. van Haasteren

J.A" de Jong

: B4-01 2300

z 8726-1027l

: OcÈober I 984

: Dutch

The experiments described in thís report are made with the TNO aËmospheric

fluidized bed boiler. The combusÈíon effícíency nas investigated as a

function of the amounË of recircul-aÈed fly ash.

In previous experiments, the combustion efficiency riras measured as a

function of the amount of recycled cyclone ash. In these experiments,

ash collected in the cyclone as well as in the fabric filter r¡/as re-
cycled, using an improved recycling system. During Ëhese experiments the

SO^ and NO emissions were also measured"zx
The mass- and heat balances are calculated. From the overal balances the

balances over bed, freeboard and convection sections of the boiler are

derived. Process parameters as boiler efficiency, combustion efficiency
and carbon efficiency are derived from these balances made in five ex-

perimenËs wíth Virginia coal. The percentage of combusËion in the

freeboard is also measured..

A Sankey diagram is described.

Recycling 850 kg cyclone ash/h gave a combustion efficiency of 952.

Recycling of 850 kg/h of a mixture of cyclone ash and fabric-filter ash

gave a combustion efficiency of 97,17". l{ith an inereasing amount of

recycling the S0, emission increased at first, and decreased afterwards.

The observed increase of SO, emission can be explained by a decrease of

Lhe Or-concentraËíon and possibly by a CaSOO decomPosition inÈo SO, and

CaO as a result of the high temperature in the freeboard (970oC) 
"

Ttre NO* emission decreased, caused by the decrease of the 0, concen-

tration. During the experiments the bed heighE was 1.06 m and excess air
207".
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Author

PresenÈed at
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APPLIED RESEARCH INTO FLUIDIZED-BED COMBUSTION

H. G.M. Termrink

Symposium Schone

Language

SIJMMARY

(C1ean

January 16, 17,

NoordwijkerhouÈ

: Dutch

I,lithin TNO (Applied ScienÈific Research) the Project Coal Technology has

been started. This project has been devided in four sub-projects:
l. investigation into the optimaLízaEiot of rhe AFBC design,
2. biological investigation into the environmental effects of (flui-

dized bed) coal combustion,

3. investigation into the applicaËion of waste,

4. development of new charact,erization methods.

Tn this paper aËÈention is only paid to some aspects of the first sub

project: the combustion efficiency and the resulting SO, and NO*

emissions. A survey is given of the experiments performed and the
improvements made. The effect of the improvement of the efficiency on

the emissions of S0, and NO* is indicated. The measures to be taken for
furË,her improvement of Èhe combustion efficiency and emission control
are outlined.

Verbranding van Steenkool

Combustion of Coal)

I 985
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OPERATING EXPERIENCE T^IITII A 4 MI^IIh AFBB RESEARCH FACILITY

Authors J.P" Meulink, Stork Boilers
I1.G.M. Teumink, TNO

A"I^l"M"B. van lfaasteren, TNO

The Eighth International Conference

Bed Combustion "0pËions and Issues"
Paper 2. I

March 18-21, 1985

English

on

at
Fluídized
Houston,

Presented at

DaËe

Language

ST]MT{ARY

In December 1979, TNO, The Netherlands Organization for Applied Scientific
Researeh, awarded to Stork Boilers the order for the construction and

cormrissioning of " 4 Wth atmospheric fluidized bed research facility
for coal, gâs and oil firing.
After comuissioning and acceptance testing, Ehe facil-ity was transferred
to TNo in April 1982.

From that momenÊ, SËork Boilers and TNO have conduct,ed a joint research

program aimed at the design of industrial facilities up to steam rising
capacities of 250 tons/h. Thanks to Èhe experience Èhus acquired, Stork

Boilers obtained the order for the construction, corrnissioning and

testing of a 100 MI^Ith AFBB in December 1983.

AfÈer a general description of the boiler has been given, various

aspects of the research r^¡ith the 4 *an facility is dealt with:
* erosion protection of in-bed heaË transfer tubes,

- design and testing of Èhe grit refiring system,

- load-control system and possible use of velociËy turndorrrn,

adnissible stack temperatures in view of dew point corrosion and

NH,Cl fouling.
4
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EVAI,UATION REPORT FLUIDIZED-BED COMBUSTION NATÏONAL PROGRAM

COAI, RESEARCH

Reference no.

File no.

Date

Language

SI]MMARY

: 8 I 75-0365

: 8730-10269

: January I 985

: DuËch

In this report an evaluatíon is made of research at TNO into the flui-
ð,ízed bed combustion of coal duríng the past two years.
The research involves a) the operation and maintenance of the 4 MI^Ian

fluidized bed boiler and the experíments carried out on the boileï
performance and environnental polluËion and b) the development of
compo.nents. Much atÈention rnras also paid to the application and removal
of residues and the characterízation of coal and coal residues.

The 4 M!ü-, AFBB r¿as in operation for the benefit of industry and TNOËh
research for 3r200 hours during the period covered. Much attention had

to be paid to the erosion of the ín-bed heat Ëransfer surface. The

configuration of the tube bundles as well as the construction maÈerial
was varied. For the benefit of the load folLowing, experiments \dere

carried out to tesÈ the Stork control concept. At Ëhe same time it
appeared that load control by means of bed expansion was on1-y marginally
poss ible.
The combustion efficiency could be increased from 957" to 97.42 without,

further optirnalization by the combined reinjection of filter ash and

cyclone ash r¿ith a newly installed reinjection sysËem.

In all the experiments, the stack emissions r¡rere measured, whereby it
appeared Ëhat the emission standards for SO, and NO* could generally be

adhered to.
The 4 MI^Ith AFBB rras enlarged with a facility for testing flue gas

f il-ters. The f ly ash reinject.ion system was renern¡ed. The experience
gained during the cormnissioning of this system r¡ras extremely instructive
and showed once again how important it is to test such partial systems

on this scale.
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The sampling of flue gases and solids demands much cont.inuous attention
in order to be able to guaranÈee Èhe hígh reliability thaE is neeessary

for a correct evaluaËion of experiments carried out.

An important start has been made in the development of adeq,rat,e analysís

Ëechniques for the characÊerization of eoal, additives and residues. A

number of analysis techniques are already available while others need

further research.

IL became apparent that agglomeration of fly ash with conventional

equipment can be achieved satisfactorily, at the same time reactivating
the unused limestone. Reinjection of the agglomerates by means of the

coal feed system, renders a reinjection system unnecessary' improves the

combustion efficiency, and leads to a decrease in the limestone con-

sumption"

The laboratory experimenËs nor¡ have Ëo be verified in Èhe AIBB. A patent

application has been submitted for a limesÈone reactivation method in

r^rhich the water present in the coal supply is used.

Cold extrusion is useful as a continuous, well controlable feed system

for coal, coal-ash mixtures, and 1ow grade fuels, against high pressures

if desired.

AparË from a reliable feed system for AFBC and gasífication, exErusion

can be pre-eminently suited for application in the feed of the PFBC. The

prototype designed should be built and tested in practice.

The corrosion research of uncooled construcÈion materials has shown

considerable dífferences between the various prospective materials" Evert

the best materials will have to be replaeed regularly, unless suitable

coatings are found. Under cooled condiËions the 9/127" Cr steels appear

Ëo be clearly more resistant to erosion/corrosion than the lower alloys

and carbon steels.
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Using a cold model, freeboard internals were developed by which the
residence time of particles in the freeboard is extended and therefore
the chanee of complete combusËion increased. Two practical experiments

in smal1 fluidized bed boilers should give a decisive ansr¡rer to the

realistic gain in efficiency which can be achieved.

The development of a flue gas filter has 1ed to a model of an

electrostatic granular bed filter (EGB-filter). The efficiency of the

EGB-filter is equal to that of good fabric material. The gas velocity
is, however, higher and the pressure drop equal or lower. This can lead

to a compacÈ filter that at the same time is suitable for hígh tenpe-

ratures. All attention is focussed at the moment aË developing the best

cleaning method.

The electrostat,ic separation of fly ash in a fraction rich in earbon and

a carbon deficient fraction, using the equipment used in the coal

upgrading research, has not produced good results. As fly ash separation
is of great importance, not only for fluidized bed combustion but also

for pulverízeð coal boilers, in view of the application of the fly ash,

other separation methods rnrill have to be found.

A desk study showed Ëhat a heat exchanger of polprer material offers
promising perspectives for cooling the flue gases t.o below the acid- and

r,rater dew point, thus putting the heat produced to good use.

In the research into the application of AFBC residuals, a distirr"rion
r¿as made between possibilities for the short, medium, and long term. In
the short Èerm, applicaËion as an asphalt filling proved possible buË

there is not much demand. Also the application as a rar¡r material for
cement production offers good perspectives given a number of technical
and corrnercial conditions is fulfilled. For Ëhe application of AFBC

residuals in the medium term exploratory research has been carried out

inËo their possibilities in building materials. Thís showed that AI'BC

ash, with its typical high sulphate and residual carbon content, r,rill
not easily be used as a rar¡/ material for the traditional building
materials.
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Further research ¡,¡i11 have to be aimed at Ëhose building materiáls in
which the specific AFBC residual properties cari be used and where

lirnited competition from other \^raste product,s is to be expected.

For the application of AFBC residuals in the long Ëerm, research has

been conducÈed into the recovery of aluminium and aluminium products.
The Ëechnical possibilities have been shown on a laboratory scale. The

economic evaluaEion has shor¡n ÈhaÈ Èhe manufacture of aluminium

oxíde is not (yet) economically attractive but that the production of
aluminium sulphate looks promising.

In Ëhe context of research into the environmental effeeÈs of 1andfil1 of
AFBC residuals, aËËention r^ras especially focussed on the leaching of
ash" A conËribution has thus been made Èo the realizatíon of the stan-
dard leaehing proeedure.

From Èhe conducted PAI{ emission measuremenËs, iË was concluded Ëhat

fluidized bed combustion of coal can be a elean and environmentally
aeceptable process if the boiler installation is well designed. The

emissions are several times lower than Ëhose of small coal fired boilers
not based on Èhe fluidized bed principle, and comparable with those of a

pulverized coal boiler.

Using a number of biological ín vitro tesEs to determine the genoÊoxic

and cytotoxic activities, it has been possible to make a contribution to
the Ëoxicological characterisation of inhalable fly ash. The results of
the measurements should be seen as relative effects with comparitive
values "

Types of fly ash and their connected combustion techniques can thus be

distinguished as to their more or less positive properties for man and

t.he environment. In the same r^ray the influence of various process

conditions can probably be judged, but this has not. been adequately

inves tigated 
"

From a comparison of the toxic characËeristics in vitro of fly ash

emissions of four installations studied, it r,rould seem that the two

smal1 instal-lations compare very unfavourably with the fluidized bed

boiler and Èhe pulverized coal boiler, as far as their mutagenous
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emission is concerned. It has been shorn¡n

cytotoxic and mutagenous than filter ash.

when estimaËing the contribution of stack
lations to the already present mutagenous

(additional, or reinforcing, or weakening

priority should be given to the irunediate

installations with low stacks.

EhaÈ stack ash is far more

This is of special importance

ash from coal fired instal-
acËivity of ambíent air
by chemical conversions). High

vicinity of smal1 coal fired

It has furthermore been shoum that filter ash from some small boilers,
depending on the type of installation and combustion conditions, can be

less harmless than was until recenËly generally supposed. This aspect
deserves further at,tention from a point of view of labour hygiene. From

a point of vievr of environmental toxieity it is also of importance
because of possible leaching of mutagenous materials into the soil and

h/ater from landfill of fly ash.
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MICROSCOPIC AND X-RAY MICROAIIALYTICAL INVESTIGATIONS OF A NI]MBER

OF MATERIALS I^IIIICH HAVE BEEN EXPOSED DURING 3OO HOURS TO ]EMPERATURNS

OF SOOO-85OOc ITI THE 4 MIilth FLITIDTZED BED BOILER

AuËhors

Report No.

Order No.

Date

Language

SUMMARY

: J" van der Veer

J. C. van T,Iortel

P"L.F. Rademakers

: 83M/05961r^roR/SGE

z 6136.5.0043

: January 20, 1983

: Dutch

Seven heat-resistant materials have been exposed duríng 300 hours to a

EemperaËure of B00o-850oC in an atmospheric fluidízed bed combustor.
The results showed that all maËerials are covered with a duplex scale
consisting of:

a) An inner layer r¿hich has penetrated into the steel. This oxide
layer has been formed with oxygen and elements from the steel:
mainly Cr and in less degree Mn, Si and Fe. No characteristic

' differences in composition are found between the materials
exposed in Èhe bed, the splash zone and the freeboard. The

highest aÈtack oecured at the under side of the material
facing the fluidized-bed. In the freeboard, the atÈack was

more local than in the bed and the splash zone. Haynes Alloy
188 is aËËacked least (<30 Um), followed by AISI 446 ->

AISI 347 + AISI 310S + 253 I4A. Most severely aÈtacked v¡ere

Ilasteloy S and Al-loy 800H (max. abour 100 1im).

b) An outer oxide layer containing the elemenÈs from the fluidized
bed, mainly 41, Si, Ca and S. The composition of the oxide
layer in the bed, splash zone and freeboard r¡/as comparable.
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The toÈ41 scale (a + b) consisted of calcium sulphate, quartz, metal

oxides and complex silicates.
Most subsËraËe materials showed depletion of Cr and Ì4n.

Hardly any depletion is observed in AISI 446, AISI 347 and HA 188.

All maEerials shor¿ed some internal sulphidation, excepÊ HA 188 and AISI
446. Tll.e sulphidation r¡as most pronognced in the Ni-rich alloys Alloy
800H and llasteloy S. In the bed and in the splash zone the sensitivity
for sulphidation was significantly higher than in the freeboard, es-
pecially at the underside of the specimens. lwo kinds of sulphídes were

found: chromium sulphides and manganese-chromium sulphides. Nícke1

sulphides Ì^rere not present.
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coRRosioN/unosrox oF MATERTALS FoR FLrrrDrzED BED coMBUSTOR ArpLrcATroNS

Authors

Report No.

Order No.

Date

Language

SI]MMARY

: P.L.F" Rademakers

B.H. Kolster
: 82Ml0307 / 6t 3650043/RAD/JrB

:36.5.0043
: OcEober 14, 1983

: Dutch

Various aspects of the atmospheric fluidized
studied extensively at TNO for which a"o" an

boiler (4 tUWtfr) is used.

Part of the project deals with the exposure

fluidized bed maËerials.

bed combustion of coal are

aËrnospheric fluidized bed

and evaluat,ion of candidate

The first 300 hours exposure of uncooled rings were realised. Exami-

nation of Èhe dismounted rings revealed the following preliminary
results:

all specimens are eovered by a deposit whieh consists of calcium

sulphate, mixed oxides and complex silicates;
- erosion phenomena are not observed;

- aË all locaÈions (in bed, splash zorLe, free board) the maximum

attack occurred at the underside of the rings

- a preliminary ranking order of decreasing resistance against. the

attack in the combustor is I{A 188, AISI 446, AISI 347, AISI 3105,

253 MA, Ilast S, and Alloy 800.
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CORROSION/EROSION OF MATERIALS FOR AFBC APPLICATIONS

COST 501 PROJECT NL-9 progress Reporr No. I

Authors P.L"F. Rademakers

L. Bos

J. C. van l{ortel
83M/0r3687/RAD/SGE

6136.5.0t0r

December 1 983

English

Report no.

Order no.

DaËe

Language

SUMMARY

The program, part of r¡hich already started ín 19g2, comprises the
examination of uncooled rings and eooled tubes, which are exposed in the
4 wth Atmospheric Fluidized Bed Boiler (AIBB) ar Apeldoorn.
rn the progress reporÊ a description is given of the test facility, the
methods, materials and the test condiËions. Uncooled rings of several
high temperature materíals are exposed for various times in the bed, the
splash zone and in the free-board. The coal which is burned contaíned
01862 sulfur, and limestone is added as sorbent. The first resulÈs of
metallographic and micro-analytical examinations, carried. out afÈer
exposures of 300,700 and 1000 hrs, are described. Metal losses of 0.02
to 0.2 mm are observed, the attack in the free-board being more pro-
nounced than in the bed. All exposed materials showed internal sul-
phidation, and chromium and magnanese sulphides are formed.
Tests with uncooled rings are continued, and an additional period of
about 1500 hrs is reached.

cooled test tubes of ferritic boiler sÈeels are mad.e in addition.
These tubes are placed in Èhe bed and in the free-board., the test
temperatures being betr,reen 4000 and 6o0oc. The coored tubes reached
operatíon times of 1000 hrs. The Ëests are continued.
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CORROSION/EROSION OF FERRITIC TEST TUBES EXPOSED IN THE 4 MI^Irh AFBB

iti

FOR I260 ITRS

Authors

Report, no"

Order no.

Date

Language

ST]MMARY

: P.t.F" Rademakers

L" Bos

J"C. van trüortel

z 10287 Job 2"1"15

:36.5"0103
: May I 984

: English

uncooled rings and cooled tubes are exposed in the coal fired 4 wtt
Atmospheric Fluidized Bed Boiler (AFBB) ar TNO Apeldoorn.
This report, describes results of wa11 thickness measuremerits on lest
tubes from various ferritic boiler steels after a period of l260 hrs.
Low alloy steel (st. 35.8) and steels r,¡ith chromium contents of lZ, 2IZ,
97 and l2z are exposed, Ehe metal temperature lying between 4o0oc
(st. 35.8) and 560oc (127" Cx-sreel).
In the bed corrosion/erosion occurred. The wall thickness of the steels
conEaining 217" chromium or l-ess decreased with 0.56 to 0.73 urn, whereas
the 9 and 127. ehtomíum steels shornred values of O" l0 nm.

In the freeboard similar differences between the materials were ob-
served, albeit that the metal losses q/ere restricted to 0.3 rmr and O.07

Itrm.

The mechanism involved obviously concerns the fonnaËion of oxide, and

the sinultaneous removal of the oxide by the erosive acËion of particles.
Instead of a parabolic oxidation raÈe this may result in a high linear
rate. Under the conditions encountered the erosion/corrosion resistance
of the 92 and 127. ct.romium steels is signifieantly better, in comparison
with C-steel and low-alloy steels.
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HARDNESS MEASURN}ßNTS ON FBC-PARTICLES AND OXIDE/DEPOSITION SCALES

ON TEST TUBES

Author : J.C. van Wortel
Report no. : 84M/0l08Bt/wOn/Vlr
Order no. z 6136.50103

Dat,e : Augusr lOth, l9B4
Language : Dutch

SI]MMÄRY

several materials, which have been exposed in the fluidized bed com-
bustor are more or less eroded. There are indications that erosion of
the metal is not the only factor, and erosion of the oxide scale plays a

rule as well; so the process would be corrosion/erosion.
It is supposed, thaÈ the erosion velocity is not only influenced by the
shape, the size and the velocity of the particles, but by their hard.ness
as r¡el1 .

However, there is hardly any knowledge concerning the relation between
the hardness of the particles and the oxide scales. That is why the
hardness of the oxide scales is investigated in comparison to the
fluidized bed material.
It was found that various types of limestone showed significant hardness
differences, but all types investigated were relatively soft (max. l60
HV). In addition the FBC particles consisted of sílicates \,üith hard.ness
values of about 720 H\I, hard particles reaching 9oo HV and particles
r¿ith hard scales reaching l3OO I{V.

The hardness of Èhe various steels was relatively low (l3O IIV for carbon
steel , 240 HV for l2Z Cr steel). However the oxide scales reached values
of 635 HV resp. 700 HV. And high cr stainless steels exposed. at tem-
peratures of about 85OoC developed scales with values of 9OO I{V to I 000
HV. By eomparing the results it is expecËed Lhat oxide layers can play
an important role as a ttnaturaltt erosion resistant coating.
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CoRRoSION/TnosTou TESTs IN A 4 MI^TË' ATMOSPHERIC FIUIDIZED BED

BOTLER

AuÈhors P.L"F" Rademakers

t. Bos

J"C" van l,Iortel
B.Il. Kolster
3rd Int,ernational Conference Fluidised Bed

Combus tion
Is it Achieving its Promise?

London, l6/17 October 1984

The Institute of Energy

English

Presented at

Language

SUMMARY

The behaviour of candidate high temperature materials in a 4 Mt'Ian

Atmospheric Fluidized' Bed Combustor was investigated. The combustor,

which is a test facility, lüas operaÈed v¡ith rnedium sulphur coal and

limestone. Rings of stainless sËeels, nickel base and cobalt, base alloys
vlere exposed in the bed, the splash zone and the freeboard at tempera-

tures of 8500 to 9O0oC for periods up to 2825 h.

In addition cooled test tubes of different ferritic boiler steels were

exposed for I 260 h. The meÈal temperature varied from about 400oC, at
the C-steel end of the tesÈËubes, to about 56OoC for the l2Z chromium

steel. Metal losses ürere measured, and metallographic examinations r^rere

carried out. The results are evaluated and possible rnechanisms of attack
are discussed.
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cORROSIoN/¡nosTou OF MATERIA],S FoR AFBC APPLICATIoNS CoST 50I

PROJECT NL-9 Progress report rio. 2

Authors P.L.F. Rademakers

L. Bos

J. C. van I,üortel

8sv1/33 /0 r 23IRA_D/VLT

33.5.30r2
January I 985

English

Report no.

Order no.

Date

T,anguage

SUMMARY

Uncooled samples and cooled test Ëubes are exposed in a 4l,ttnlth Atmospheric
Fluidized Bed Boíler (AFBB) which is fed with low sulphur coal under

limestone addition.
Uncooled rings of stainless steels, nickel and cobalt base alloys were

exposed in the bed, the splash zone and the freeboard for periods up to
28lOh at temperatures of 820o to 90OoC. Metallographic examinations

revealed outer calciumsulfate containing scales and inner chromium rich
oxide layers. All materials showed internal sulphidation, and Èhe forma-
tion of chromium and manganese sulphides,
For all materials the attack was most severe in the freeboard, and was

most pronounced at the bottom of the rings. The best. performance \^7as

shornm by the maÈerials l6Cr5AlY, HA 188, AISI 310 and Alloy 800 H, and

253 MA.

Cooled t,est tubes of different ferritic boiler steels \^rere exposed for
l26}ih. The metal Ëemperature varied from abouË 40OoC, aË the C-steel end.

of the test tube, to about 56OoC for a 127 chtomium steel. Under the

applied conditions, in the bed, the steels containíng 217" chromium or

less showed erosion/corrosion. The 97" and 127" Cr-steels behaved signifi-
cantly bett,er. In the freeboard siuilar differences \rrere observed,

albeit that the material losses were much lower. The corrosion/erosion
mechanisms are discussed.

¡ri
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A TR.EEBOARD INTERNAL FOR COAL FIREE FLUIDIZED BED BOILERS

AuÈhor

Reference no.

lile no.

Date

Language

SUMMARY

: J.!ü" Pohlman

: B5-07 I

z 8726-10292

: January 1985

; Dut.ch

The combustion efficiency of a coal-fired fluidized bed boiler depends

among other things on the residence time of Èhe solid particles in the

freeboard.

TNO has developed a freeboard internal by which the residence Eime of

Ehe solid particles can be extended. The residenee Lime depends on the

height of the int,ernal, Èhe parÈicle síze, and the superfieial gas

velocity.
In an internal r¡ith a height of 2 meter the mean residence time of 100

pm particles increases with 0.9 seconds at a superficial gas velocity of

2.3 ml s.

This results in an increase of at least 2% of. the combustion efficiency

of a fiuidized bed boiler r,¡ithout reeycling.

The internal has a positive influence on the mixing of the various gases

and possibly on the velocity distribution, too.
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IMPROVED FLUID BED COMBUSTOR EFFICIENCIES THROUGH FREEBOARD INTERNÂLS

Authors

Presented at

DaËe

Language

SI]MMARY

A system of plates and baffles inclined
arranged in Èhe freeboard of an AIBC so

arrays of superimposed inclined plates
internals a prolonged residence time of

freeboard is obtained as r^¡ell as a more

tribuÈion.

L.M. RappoldÈ

M.L"G. van Gasselt

The Eighth InEernational- Conference on Fluidized
Bed Combustion "Options and Issues", Paper 3.2

March l8-21, 1985

English

with respect to the vertical is
that channels of two opposed

are obtained. I,trith this system of
elutriated particles in the

uniform freeboard flow dis-

In a cold model in which the internals have been developed the particle
hold-up has been measured to be two tirnes l-arger than in a freeboard

without internals. The real effects on combustion phenomena have been

measured in a 3 MI,rI smalL boiler unit. The inprovemenË of the combustion

efficiency of + 907" to + 957. with this prototype internal assembly is
very promising. The possibilities for further improvement are outlined.
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FLUIDISED BED COMBUSTION APPA3ATUS

European patent application

Inventor : M.L.G" van Gasselt

t.M. Rappoldt

Application no. : 84200196"8

SIJMMARY

A fluidised bed combustion apparatus in which in the free-board above

the bed aË least one system of plates or baffles inelined with respect
to the vertical is arranged so that at least one upwardly directed
channel having internall-y aÈ leasÈ orie group of two opposed arrays of
superimposed inclined plat.es is formed, which plaÈes at least alËer-
naËely extend obliquely downwardly from the outside to the inside and

are closely connected with the outer boundary of the channel.

Preferably aLL plates of each array extend obliquely dor,mwardly at an

angle with the vertical within 20o-50o from the outsid.e to Ëhe ínside
from a vertical wall defining said channel whereas the plates of the one

array are off-set over a distance "s" in the vertical direction r¡ith
respect Èo the plates of the other atîay"
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EXTRUSION OF COAL PART I & II

Authors

Report no.

Order no.

Date

Language

SUMMARY

: C.A.J. Bultínk
J.L. den Otter

z 2Ol /t 83

z 200 472 l1l
: August ll, l9B3

: English

The use of an extruder to feed combustion facilíties for heat production
is aËËractive for a number of reasons. Firstly ít is to be expected that
the conÈinuous feeding can be made insensítive to all kinds of con-
Èaminationslimpurities such as excessive moisture, pieces of rubber or
other dirt, and large variations of part,icle size in Ëhe run-of-mine
coal. rn addiËion all kinds of additives can, to some extenË, be con-
tínuously mixed with the coal. Obvious examples are: additives to limit
emission of so., (limestone), part of the ash for reburning and otherz
fuels such as sulphur contaminated oil, wood or paperhraste, plasric-
waste and so on. ExÈrusion would be particularly attractive for feeding
plants in which a reacËion takes place under elevated pressuïe, as in
gasification plants, because it enables continuous feeding under high
Pres sures .

ExËrusion of coal is a new technology, however, and the few experiments
that have been performed have shown that Èhe difficulties in maintainíng
a continuous troublefree operation are manifold. As a result, and

because a systematic trial and error investigation of extrusion is very
time-consuming, any investigation of extrusion of coal will be quite ex-
pensive. trrÎe therefore used systematic rheological measuremenËs Ëo

predict the extrusion conditions.
The maÈerials chosen for our investigation are the two coal types used

in the Netherlands in experimenËal atmospherie fluidized bed boilers
(AIBB), viz. Ëhe zolder coal from Belgium and a mixed coal of polish
orígin. An advant,age of this ehoise is that the two coals are very
different in nearly all respect,s.
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The most, at,tracÈive r¡ray of feeding an Atr'BB seems, at firsÈ sight, to be

extrusion at high temperature (< 40ooc), where coal behaves plastic.
Thís would enable us Ëo reach the high pressures obtainable in the
extrusion of plasËic me1Ës (up Ëo more than 1000 bar) and to mix Ëhe

additives inÈensively with the coal. The gases couíng from the degra-
dat,ion of Èhe coal can be burned separately or used oÈherwise. Ilot
extrusion proved possible with the Zolder coal, but not with the polish
eoal. trIe found that part of the conveying problems rnrith the Polísh coal
occurred in the feed zone, which is at a relat.ively low temperaÈure,
even in a hot, extruder. l,Ie therefore continued our investigation of
feeding problems at low temperaËures.

cold exÈrusion r^ras investigated on a 60 nun extruder, which is equiped
with the laÈest novelties in the field of single screhr extrusion, such

as grooved cylinders vrith various geometries. Under cold extrusion
conditíons the extruder is a solids-conveying pump. The exËrusion was

used to investigate cold extrusion as such, and the feeding problems

with hot extrusion. After initial difficulties, we finally succeed.ed to
obtain high outputs at room temperature with a reliable.and stable
outpuË, which could be sustained against a high pressure.
Because larger AFBBTs must be fed simultaniously from severaL nozzles,
we tried to use the extruder to feed pipes of various lengÈhs. This
proved to be difficult because aÈ high temperatuïes (hot extrusion) the
residence time of Èhe coal in Èhe pipes easily exceeds the Ëime the coal
remains stable. This problem has not yet been solved. At low tempe-
raËures (cold extrusion) "dry" friction in the pipe results in a very
unstable situaËion; this problem can only be solved by using lubricants,
such as oil-waste.
From our experiments r¡/e conclude that hot extrusion can be an attractive
solut.íon for feeding reactors and a possible solution for feeding small
scale installations, where long pipes are noË neeessary. Cold extrusion
offers an economie and reliable feeding system for Atr'BB-systems. As

compared to pneumatíc feeding sysËems the costs seem similar, but the
reliability ís betËer. The outpuË of the 60 urn exËrud.er was about l7O

kg/hour v/ith I^ret, Polish coal (water content 7.57"). More work is need.ed

Èo investigate the transport Èhrough pipes, since the difficulties seem

surmountable.

¡ti
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EXTRUSION OF COA,L - Part III Extrusion

Auhtors

Report No.

Order No.

Date

Language

SUMMARY

: C.A.J. Bultink
J.L. den OËter

z 201 /t 83

:200472101

: July 20, 1983

: English

Hot extrusion tests for feeding coal in its plastic state to a com_
bustion facility I¡/ere carried out on Polish and Belgian coal. In these
experiments, carried out on a 30 rnn and a 50 rmn single screvr extruder,
Belgian coal was extrudable at temperatures of about 5O0oC. The maximum
out,puÈ found on the 50 nm extruder at 60 rpm r¡ras about 90 gr/urin of a
foamy plastic coal. The process r¡ras not suitable for polish coal and for
extrusion at high pressures. on a 60 rrn single screr^r extruder the coal
extrusion process was further investigated.
cold extrusion tesËs for feeding coal in its solid state to a combustion
facility \¡/ere carried ouÈ on Polish coal. For stable extrusion of coal
it was necessary t,o use a ful1y grooved eylinder. rn these experiments
coal was extrudable against high pressures (about 20 bars) and with
additives such as limestone, r^/ater, oil and impurities like rubber and
wood. The output of 60 mm extruder at 150 rpm varied between 4000 gr/min
for dry coal and 2700 gr/min for wet coal (water conÈent 7,52). For
stable hot extrusion of coal in its plastic sËate it was concluded that
a single scre\¡r extruder should have a fu1ly grooved eylinder in those
parts of Ëhe extruder vrhere the coal is not plastic.
Scouting tests were performed for cold ext,rusion through pipes and for
Ëhe splitting of a coal sLream, coming out of the extruder, inÈo tvro
pipes.
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ELECTROSTATÏC SEPARATION OF TIIE ORGANIC ANE A}TORGANIC COMPONENTS

OF FLY ASH FROM COAL FIRED FLI]IDIZED.BED BOILERS

AuËhors

Report no"

Project no.

Date

Language

SI]MMARY

J. Bour¿ma

V.L. Vlasblom

345 I 84

200372106

September 14, 1984

Dutch

trüe have investigated the possibiliËy to separate fly ash, originating
from incomplete fl-uidized-bed combusEion of coal-, electrostatically into
carbon and mineral enriehed fractions. A method was used based on tribo-
charging of fly ash particles in a.stainless steel cyclone, and sub-

sequent deflecting in an electric field.
SËarting from unground coarse fly ash captured with a cyclone (cyclone ash,

approximat.e particle size range l0-400 pm), carbon enriched fractions of

fine parEicle size are colleeted at both electrodes. This separation

resulË is primarily due to Èhe different particle size of the fine
organic and the coarser inorganie constituenÈs, especialLy the added

calcium compounds" The coarser particles are hardly deflected" Sieving
(150 pm sieve) gives a similar separatÍon result: a coarse mineral and

calcium enriched fraction (20-252) containing less than 5Z organic

carbon is obtained.
The electrostatic separation of ground cyclone ash results in a carbon

enriched fraction eollected near the posiÈive electrode. The added

calcium compounds are, far more than the minerals, deflected to the

negaËive electrode.
For both unground and ground cyclone ash with 32% otganic carbon,

coneentrates with about 502 organic carbon are obtained containing about

607. of. the organic carbon present in the feed (i.e. a recovery of about

607"). I{e did not succeed in concentrating the organic carbon with a high

recovery (e.g. 807" or more) in a fraction with more than 802 organic

carbon, even not when using a second separation step. This is due to the
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insufficient separation of the organie and
calcium eompounds) matter, which probably
similar charging behaviour.

the mineral (not the added

is caused mainly by the

The very fine fly ash captured with a fabric filter (fabric filter ash-
approximatepartic1esizerangel-40uur)cannoto."ffi.
elecÈrostatic method used. Besides the reasons mentioned before, this is
probably mainly due to predominant interparticle conÈact charging, whieh
is less selective.
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COAL CLEA}TING USING ELECTROSTATIC SEPARATION

Authors : J. Bouwma

B.H.M. Kuypers

V.L. Vlasblom

A. van der i,laal

PresenËed at : rnternational symposíum: Electric and MagneLic

Separation and Filtration Technology,

Antwerp, 23-25 May 1984

Language : Engl-ish

SI]MMARY

Three methods for elecËrostatic cleaning of finel-y ground coal (ïOi( w/w-
200 mesh) have been investigated. The methods differ mainly in the way

of charging the coal partícles viz" tribocharging in a cyelone, contact
charging during fluidization and corona charging via a drum.

The cleaning processes are hampered by the fineness of the coal and by
the broad particle size distribution. The best cleaning results are
obtained using tribocharging in a cyclone. cleaning by this method

results for some coal types in about 907" reduction of the pyrite and Ëhe

ash contenÈ of the coal r¿hile the recovery of coal or calorific value
exceeds 802.
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ELECTROSTATIC SEPARATION OF COAL AND FLY ASH COMPONENTS

Author

Presented at

tanguage

SUMMARY

: J" Bouwma

: The IEEE/IAS Congress, Chicagor October l-4,1984
: English

Three methods for elecËrostatic cleaning of finely ground coal (802

wlw - 200 mesh) have been investigated. The methods differ mainly in the

way of charging Èhe coal partieles, ví2. tribocharging in a cyclone,

contact.charging during fluidization, and corona eharging on a drum.

The cleaning processes are hampered by the small particle size and the

broad partiele size distribution of the coal. The best cleaning resulËs

are obtained using tribo-charging in a stainless steel cyclone. Cleaning

by this method results for some coal types in about 902 reducËion of the

pyrite and the ash content r¿hile the recovery of coal or calorific value

exceeds 802.

ElectrosÈatic separation of mineral and maceral components of fly ash

using tribo-charging in a cyclone has also been studied. The fly ash

investigated results from atmospheric fluídized bed combusËion of coal.

OnIy moderate separation results are obtained due t.o the 1ow selectivity
of charging and, for rel-atively coarse-grained f1y ash, aLso due to the

low charge-to-mass ratio.
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WORKING SYSTEM AND EQUIPMENT FOR TITE COMBUSTION OF A FUEL I,{ITH

A FLUIDIZED BED

Patent. application

Inventor
Application no.

SUMMARY

: M.L.G" van Gasselt

: NL 8302112

A fluidized bed apparatus for the combustion of fuel, preferably eoal,
where the flue gas and the entrained parÈicles are conducted into a

space where the particles are separaÈed from the gas stream and recyeled
into Lhe combustor, charactetízed in that, next to the collection of the
parËieles from the flue gas, the carbon and carbon containing particles
are separated from the ash particles, and the coal (containing) par-
ticles are recycled exclusively into Ëhe fluidized bed.

l{orking sysËem accord.ing to this claim characterized in thaË the coal
(containing) particles and the ash particles are separated by condueting

the flue gas stream into a cyclone where the particles are separated and

be electrically charged by friction. The particles then go into an

elecÈrostatic precipitator, where the coal (containing) particles go to
one electrode and the ash part.icles leave the precipitat,or on Èhe side
of the other electrode. The coal (containing) particles are then re-
inËroduced into Ëhe combustor.
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CHEMICAI COMMINIJTION

Author

Reference No.

File No.

Date

Language

A. Ansems

82-Ot2t92

8722-50067

December I 982

DuÈch

SUMMARY

This report gives a survey of the knowledge relating to chemical com-

minution especially the conrninution of coal with a¡rnonia.

The purpose of t.his investigation r¡/as to find the optimum condiËions for
maximal dissolution of mineral matter from various kinds of coal for the
Dutch market.

Comparing chemical comninution with pulverisation, it is concluded that
more pyritic sulphur and almosË as much ash is disclosed by the chemical

conurinution method, thís at the same particle size afËer size reduction.
There is no eormlonly held opinion about the mechanism of chemical cormni-

nuËion.

The study of Syracuse Research Corporation shows that the velocity and

extent of comminution are dependent on:

- aumonia concentration

- pressure

temperature and

time of contaçË.

The "novelty" aspect of the investigation by TNO is that the optimal
process conditions for the conrninution of coals that are important Ëo

the DuËch-relaËed situation have been esÈablished. AtÈention has also

been given to comminuÈion with a maxi-mum liberation of minerals.
Apart from Ëhe Itsink-floatrr method as an applied cleaning technique it
should be possible to combine chemical corrninution with other cleaning
techniques.
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CHEMTCAI CoMMINUTTON (oPTTMALIZATIoN OF Tl{E PRoCESS)

Authors

Reference No.

File No.

Date

Language

A. Ansems

R. Bloebaum

83-08424

8722-50067

June I 983

Dutch

SI]MMARY

This report describes Èhe results of an investigation into the optimal
situations for the physical-chemical comninution of coal by means of
ammonia.

During penetration of arrnonia into coal, honding forces in the coal are

broken up and the coal breaks.

The result,s and conclusions of our o\¡rr1 research are compared with the
dat.a and resulLs of research carried out at Syracuse Research Corpo-

raÈion and Catalytic Incorporated.
The main conclusion of this investigation is that Èhe method is coal-
selective and Ëhat it is unattractive t,o Holland as a coal-importing
country to proceed developing eonrminution as an alt,ernative to pul-
verizing 

"

Some additional conclusions are:
it takes only some minutes to achieve courninution;

- particle size seÈs a limit to the comminut.ion process: under a

certain parÈicle size conrninution is no longer possible;

- the degree of conrminution decreases with an increase in volatile
contenÈ;

- there is (still) no relaËíonship between maceral analysis and the

degree of comnínution.



CHEMICAL COMMINUTION

Authors

Published

Language

SIJMMARY
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A. Ansems

R.K. Bloebaum

Powder Technology, 40 (1984), 265-268

Englísh

tn

Liberation of mineral componenËs of coal can possibly be achieved by
chemical couminuËion of coal. combined with a suitable separat.ion
process, this may eliminate the need for removal of sulphur and ash
during or after combusËion.

corrninuËion is affected by contacting the coal with a low-molecular
weighË substance. Ammonia has been chosen because ít is supposed Ëo be
the most effective conrrrinution agent. The coal used in Ëhese experiments
r¿as biËuminous coal.
Conclusions of this research were:

- The chemical cormninution method is coal selective and therefore
economically less attractive to be developed as an alternaËive for
mechanical cornminution.

- Although in the liËerature conclusions have been d.ravm concerning
the selective liberaÈion of mineral particles, ít is not proved
because of the lack of a suitable analysing technique.
The research conducted demonstrates thaË large lumps of coal can be
fractured.

- The degree of conrninution of I'medium volatile bituminous" and "high
volatile bituminous" coal increases r¿ith an increase in conÈent of
vitrinites and a decrease in contenË of exinites and inertites.

iri
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STUDIES ON THE ORGANYLATION OF COAL

H.A. Meinema

Internationale kohlenr¿issenschaftliehe Tagung

I t0-l t3
Düsseldórf, 7-9 September l98l
English

AuÈhor

Proceedings

Language

SUMMARY

In recent years reducËive alkylation has been found to be a relatively
mild procedure for breaking up the coal moleeular strucËure" In prin-
ciple both carbon and oxygen bonded alkyl groups are introduced. Re-

cenË1y LioÈta eÈ al. reported on an non-reductive highly selecËive

alkylation procedure by which O-acidic proËons in coal are specifically
exchanged for alkyl groups. This report contains some results of a

comparative study on a number of coals which have been methylated both

by a reductive and a non-reductive methylation procedure. FurÈhermore,

for the first time functionally substituted organic groups have been

introduced into the coal structure, resulting in the formation of a

h¡ater soluble coal product..
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COAL LIQUEFACTION - A TENTATIVE LITERATITRE STI'DY

Authors

Report No.

Project No.

Date

Language

SIJMMARY

: T.G. Meerbeek,

H.A. Meinema

: 83 /690 /4102-10288 /ryr/rH
: I 0288

: May 31, 1983

: Dutch

This report gives a short survey of recenÈ developments in the research
on coal liquefacÈion.
From literature data it can be concluded thaÈ aparË from economic

factors, insufficient knowledge of the chemical composition and reac-
tivity of the various kinds of coal is hampering the development of
comnercially applicable coal liquefactidn processes.

SubsequenEly the effects of Èhe various kinds of coal, solvenËs and

catalysts are discussed.

In recent years much work has been done on the catalysis of the minerals
in coal.
A short survey is gíven of the refining of crude products from coal
liquefaction Èo 1íquid fuels and chemícal base materials.
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METHOD AND DEVTCE FOR PREPARING A FT,UID;TÍYDROCARBON PRODUCT FROM COAT,

European patent appl-ication

ïnventor
Application

SUMMARY

J.L. den Otter
83200644.9RO

Coal is continuously fed into an extruder and reacts therein at elevated
pressure and. temperature and possibly in the presence of a catal-ysË with
hydrogen and/or hydrogen containing compounds added to the contenÈs of
the extruder on aÈ least one spot, siËuated at a distance of at least
Èhree t.imes Ëhe inner diameter of the exËruder in front of the end of
the screr¿" From the reaction product leavíng the extruder hydrocarbons

which are fluid under normal conditions are separated.

Part of these hydrocarbons which are liquid under normal conditions
may be recycled to the extruder.



,TËOIIT - 39

PARTIAL MICROBIAL OXIDATION oN PYRTTE FOLI,OI,TEE BY OIL-AGGLOMERATION

Author

Presented at

Language

SUMMARY

J. Doddema

The International Syrnposium of Biohydrometallurgy
Cagliari, May l-3, 1983

English

Oxidation of pyrite surfaces in coal may lead to enhanced pyrite re-
jection during oi1 agglomeration of coal. rn this study growth of
Thiobacillus ferrooxidans on pyriÈe, the partial oxidation of pyrite in
coal by Ëhis culture, and oil-agglomeration of Ëhe treated coal were
s tudied.
A mixed culture containing T. ferrooxidans shor¡ed irreproducable growth
on pyrite" only at very lor¿ ionie strength and pH appreciable quantíties
of pyrite are oxidized. At higher ionic strength and pH large quantities
of basic ferric sulphaÈes are deposited"
For Èhe partial oxidation of pyrite surfaees in coal the mixed culËure,
groh/n' on pyrite or sulphur, was mixed with a coal slurry und.er growth
conditions. All cells adhered. to the coal parËicles preventing recircu-
Iation of cells.
oil-agglomeration of the microbiologícally treated coals did not show
enhanced pyrite rejecÈion when compared rnrith untreated coals.
Based on the results obtained so far, partial microbial oxidation of
pyrite in coal followed by oil-agglomeration does not promise to be an
attracÈive coal cleaning process under practical conditions, with the
low pyritic sulphur coals used in this sËudy.
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MICROBIAL DESULPHURIZATION OF COAL: PARTIAL MICROBIAL OXIDATION

OF COAL FOLLOI{ED BY OIL_AGGLOI,IERATION

Author

Report no.

Order no.

Date

Language

SUMMARY

: H.J. Doddema

: 83/01 408 / 43s:2-s0052lHDIGK

z 4351

: October I 983

: Dutch

Oxidation of pyrite surfaces ín eoal may lead Ëo enhanced pyrite re-
jection during oil-agglomeration of eoal. In Ëhis study growth of

Thiobacillus ferro-oxidans on pyrite, the partial oxidation of pyrite in
coal by this culÈure, and oil-agglomeraËion of the treated coal were

s tudied .

A mixed culÈure containing T.ferrooxidans showed irreproducable growÈh

on pyrite. Only at very low ionic strenth and pH, appreciable quantities
of pyrite are oxidized. At higher ionic strength and pH, 1-arge quantities

of basic ferric sulphates are deposited.

For the partial oxidation of pyrite surfaces in coal the mixed culture,
groÌ¡/n on pyriÈe or suLphur, uras mixed vrith a coal slurry under growth

conditions" All ce1ls adhered Èo the coal- particles prevenÈing recircula-
Èíon of celLs. Oil-agglomeration of the microbiologically treaÈed coals

did not show enhanced pyrite rejection when compared with unËreaËed

coal.
Based on the results obtained so far, partial microbial oxidation of

pyrite in coal followed by oil-agglomeration does not promise to be an

attractive coal cleaning process under practical conditions with the 1ow

pyritie sulphur coal used in this sËudy.
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MICROBIAI COAL DESULPHURIZATION

Authors H.J. Doddema

T.F. Iluber

C.H. Kos

P" Bos

Coal Technology Europe

3rd European Conference & Exhibition on Coal

UËilization, ll-13 October 1983, A¡nsËerdam

Volume 3, 183-192

English

Presented at

Language

SI]MMÄRY

Desulphurizatlon of coaL by mícroorganisms can be done in two different
Ìrays: by the complete oxidation process and by Ëhe microbíal aggl-ome-

rat.ion process.

Comparing the two varieÈies of the microbial desulphurízatíon process,
one can conclude that although a detailed feasibiliÈy sËudy has not, been

made, the complete oxidation process offers more possibilities than the
microbial agglomeration process. The complete oxidation process is not
especially coal specific and high pyrite removal percentages have been

obtained.

Using oi1 agglomeraËíon only low removal percentages have been reached.
In the complete oxidation process some bottle-necks have been noticed.
First of all, the long residence times. These may be reduced by running
the process continuously because the lag phase of growth will be avoided.
Theromophilic pyrite oxidizing bacteria may also be useful in reducing
Èhe residence times. rn this context Detz and Barvinchak (1979) and

Kargi (1982) reporE the use of Sulfolobus species. Another problem is
the precipitation of jarosites in the coal. An improvement can be

achieved by using a lower pH and by minimizing the ionic strength of the

PTOCeS S \^raf ef .

Independent. of r^rhether microbial desulphurization processes v¡ill be

feasible, in coal technology vüe must. deal with microorganisms. Thio-
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baeillus ferrooxídans and related organisms will become active in every
sysËem trhere pyríËe, \,rater and aír are present. üIe may expecË the
oecurence in coal piles, especially where Ehe coal is finely dispersed.,
of analogous microbial processes to Èhose in some coal mines, which
result in a highly polluted drainage hTater with a low pH and rather high
concentrations of heavy metals (acid mine drainage v¡ater). Especially
when transport and storage of pulverised coal and coal-waÈer slurries
are considered Thiobacillus ferrooxidans r¿il]" offer a seríous envi-
ronmental and corrosion problem.

o
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PRELTMTNARY CALCULATToNS 0F THE SO2' SOOT' NOx AND CO CONCENTRATTONS

IN THE ATTVIOSPHERE IIIIEN CHANGING OVER THE GREENHOUSE IIEATING IN

''HET I^IESTLAND'I FROM GAS To coAI

Authors : C. Ifuygen

J. Hulshoff
C. VeldÈ

ReporË no. : CMP 82/03

Date : March l, 1982

Language : DuËch

SIJMMARY

Firing coal in stead of gas in the greenhouses of "the Ï,Iestlandttwill
resulÈing in a large decrease in air quality.
The MAC values for soot will possibly be passed and certainly those for
so, when no energy-saving measures are taken or the emissions are
reduced.
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TNOIS E}WIRONMENTAL PROGRAM ON FLUIEIZED BED COMBUSTION

Author

PresenÊed at

Language

P"J. van Duin

The IEA AFBC technical meetíng at Petten,
The Netherlands, May l9B2

English

SI]MMÀRY

TNo carries out an environmenËal research program on fluidized bed

combusLion of coal. Tests are executed with a 4 MI{ experimental aÈmos-

pheric fluidized bed boiler. To reduce the emission of sulphur dioxide,
coal is mixed with limestone. The linestone Lurned out to be used

partially, due to the formaËion of a calcium sulphat,e layer on the
surface of the limestone part.icles" The conclusíori r¡/as confirmed by X-
ray mapping. Fly ash was investigated on harnful properËies. I^lhen

eollected at low t,emperatures fly ash showed subsËantial genotoxicity.
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AIR POLTUTION FROM COAL

Author

ReporÈ no.

Project. no.

DaËe

Language

SI]MMARY

IV-3

I^I.A.M" den Tonkelaar

c 1236

7 .2.04 r 045-017

February I 983

Dutch

The consequences for the air quality are investigated by means of the
Calculating SysÈem Air Pollution when changing to coal combustion in a

fluidized-bed combustor or a chain grate in the Dutch heated green-

houses. The conclusion is ËhaÈ with a stationary background concen-

Ëration of the air pollut,ion the limits for S0r, NO*, NO, and soot v¡ill
not, or only locally, be exceeded.

Calculations of the increase of the annual average concentrations of
benz(a)-pyrene give in therrtr{esËland" higher values than the VDI stan-
dard when using the highest value of the maximum emission factor found

in the literature.
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AN ATR QUALITY MANAGEMENT SYSTEM AS A TOOI FOR ESTABLTSHING

A SO2- AND NOX-PoLICY

Authors : M" Bovenkerk

P"J.H. Buíltjes
S. Zwerver

Published ín : Atmospheric Environment, I8 (lgB4), 3, 519-529
Language : English

SI]MMARY

A description is given of Èhe development and use of an Air Quality
ManagemenÈ system (AQMS) directed ro Èhe support of policy decisions
made with respect to the conservation and improvement of clean air in
t,he Netherlands. The AQMS consists of three separate modules oriented to
economy, transmission and impaet assessmenË.

Application of the AQMS Ëo so2 has led to the construcËion of an en-
víronmental decision scheme, in which maximum acceptable emission levels
are given as a function of Èhe primary and secondary sor-air qualiËy
standard, the S import-export balance and acidifícation.
Together wíth information on the socio-economic impacts and the energy
options this formed the basis for the political decision to linit future
SOr-emissions in the Netherlands Ëo a value not higher than
50õ x lo6kg/year, in fact t,o establish a ceiling value for the emission
of SOr.

For NO* the AQMS is still under development, so at, the moment it is not
possible to formalize a complete NO"-environmental decision scheme. Up

till now Èhe emphasis has been on the development of the transmission
module of the AQMS for No*r i.e. the impact of domestic and foreign
emissions. The results of this module are presented in the paper.
The results of the AQMS-calculations point out the importance of long-
range transPort of NO* and photochemical precursors and products for the
eountrywide NOr-pattern. The results emphasize Ëhe need for Ëhe abaËement

of No* (and especially hydrocarbons (HC)) on a European seale. Also
abatement of automobile exhaust is need.ed in order Èo prevent violation
of the NOr-standard at sites with high circulation of traffic.
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PLI]ME DISPERSION MODELS OF COAL-FIRED POI^IER P],ANTS I^IITH RESPECT

TO CHEMICAL TRANSFORMATION AND DRY DEPOSITION

Authors

Report no.

File no.

Date

Language

SUMMARY

: P.J.H. Builtjes
G.L.H. Beugeling

J. Vijge
z 85-01234

z 8724-50055

: January, 1985

: Dutch

A chemical reactive plume model for Èall stacks directed to NO-NO,

conversion is díscussed and its results are compared v¡ith measured values
of power staÈion plumes.

The model predicts the NO/NO* ratio for 747" of the measuremenËs wíthin
the reliability range. At short distance from the source the prediction
is alternately too high and Loo low, at long distance too low.

The model is described and the found discrepancies are explained.
Calculations show that Èhe influence of the dry deposition on calculated
NO__-eoncentrations for tall stacks can be neglected for distances up tox
about 50 km from the source.

A very simple model, accounËing for only one Ëerminating reaction for
the NO-NO2 conversion, predicts the NO/NO_- ratio poorly and shows Ëhe

advantage of the .proposed model.
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LTMTTATTON OF THE NOX-EMrSSroN FRoM CoAI-FIRED FTUIDIZED-BED BortERS

AuËhor

Report No"

Date

Language

SUM},IARY

: F" Bergsma

z CL 79/68

: July 13th,1979
: DuÈch

A, literature invesÈigation has been made into the l"imitatíon of NO*-

emissions from coal-fired ínstallatíons, especially fluidized-bed
boilers. An investigation has been carried out in order to plan further
research with the object of liniting No -emissions"
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LIMITING THE NOX-EMISSION IN COAL-FIRXD FLUIDIZED-BED COMBUSTORS

Author

Report No.

Order No.

Cont,ract No "

Dat.e

Language

SUMMARY

F. Bergsma

cL 8r/r90
50025

4.351-2.1

December 29t}:', l98l
Dutch

As a result of a study of recently published literature the techno-
logical possibilities have been indicated of decreasing NO*-emissions

from fluídized-bed combustors. Some improvements have earl-ier been

proved to be effeeÈíve, like türo sÈage combusËion and fitting internals
(baffle screen). Other Ëechnologies the effectiveness of which has not
yèt revealed itself are: an improved coal feed and/or a separate feed of
char and volatile constituenÈs.
It is noË yet possible to make predictions by means of a calculatíon
model, although considerable progress has been urade with mathematicaL

descriptions of combusËion, Èransport and reacËions in fluidized-bed
combustors 

"

The Ëotal of the concentrations of NO, M3 and HCN should be minimal to
reach a maximal conversion of fuel-N into N^.
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ASATEMENT OF NO FROM COAL COMBUSTIONx

Author s F. Bergsma

Reportno. zP82/86
DaLe : November 25th, 1982

Language : Dutch

STJMMARY

The ehenical background of NO* abatement at Èhe combustion of coal is
described. The results so far obtained by reducing No* produced by
pulverized coal combust.ion and those originating from the combustion of
coal in fluídized bed combust,ors are analysed. The results are used to
make suggestions for furËher reduction of NO* emissions from fluidized
bed combustors.
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INVENTORY OF MEASUREMENTS OF NITROGEN MONOXIDE OXYDATION IN

STACK PI,I]I4ES

Author

Reference no.

File no.

DaËe

Language

SI]MMARY

: P.E.J. Vermeulen

: 83-01 620

z 8724-50055

: April I 983

: DuËch

Chemical-reaetive plume measurements are anaLyzed and inventorized.
The measurement,s considered were measurements on flue gas plumes of
electric por^rer plants. El-even tneasurements \.rere selected as test cases

for the evaluation of chemical reactíve plume models.
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ABATEMENT OF NO FROM COAT.x

IV - IO

COMBUSTION; CHEMICAI BACKGROUND AITD

PRESENT STATE OF TECHNICAL DEVELOPMENT

Author

Published in
Dat,e

Language

SUMMARY

: F. Bergsma

: Ind.Eng.Chem. process Des.Dev., 2! (1995), l, l_7
: January 1985

: English

The chenieal baekground of No* abatement aË the combustion of coal is
described. The results so far obtained by reduction of NO* emissions
from pulverízeð. coal combustion and those originating from the com-
bustion of coal in fluidized bed combustors (FBC's) were analyzed,. The
discussion is restricted Ëo process modificaEion teehniques " Flue gas
purification is not included. The results were used Ëo make suggestíons
for further reduction of NO from FBCÍs"x
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OPTIMIZING THE USE OF SULPHUR SOR3ENTS TN TÍIE FLUIDIZED BED

COMBUSTION OF COA],

Author

Report No.

Order No.

Date

Language

SI]MMARY

: D. Schmal

2 cL 82/77

: 50900

; July 6th, 1982

: Dut.ch

Within the seope of research on fluidized bed combustion of coal and iËs
environmental aspects the sorption of the sulphur dioxide rel-eased
duríng Ëhe combustion, has been studied so far. Aim of this research is
to optimize Èhe use of sorbents in such a Ìrray that their quantities
needed are minimal, that the sulphur dioxide sorption is maximal and

ËhaË the possibilities for application of the remaining waste are
optimal. Research of this kind is needed, because application of sulphur
sorbents enlarges the quantities of waste significantly. Besides, future
bottlenecks concerning the availability of suitable sorbents pray a
role. 0n the basí-s of a previous literature survey it has been decided
to carry out research on Èhe re-activation of the r,raste from fluidized
bed combustion. This re-activation consisËs of a treatment with water
vapor (or water in the liquid state) or possibly other gases, which
restores t.he reactivity of partly sulphated sorbents.
To get an insight into Ëhe processes taking place, at first a laboratory
research program v/as sËarted on the sulphation and re-activation of the
sorbenËs used. NexË, the same kind of research was started with the
waste from TNO!s 4 MI^Ith atmospheric fluidized bed boiler (AFBB). This
wasËe contains, apart form partly sulphated limestone, also ash and

unburned coal.
Apart from Ëhe results of these laborat,ory experimenËs, this reporÈ also
contains Èhe resulËs of the first experiments concerníng the sulphur
retenËion in the 4 MI{th AFBB. Furthermore, by means of experimental
data, an American ueËhod to predict the sulphur retention in.a f]uídízed,
bed combustor' on the basis of relatively simple laboratory experiments,
is discussed.
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From the laboratory experiments it can be concluded that, after re-
activat.ion, the conversion of sorbents r.rill be greatly enhanced. On the
basis of these resulËs and those of experiments still taking place, a

pilot plant re-activation uniË will be designed and buílt. Such a uniË

wíll be used t,o examine the technieal and economical feasibilities"
Reliable data for an unambiguous interpretation of the results con-

cerníng the first tests with the 4 MI4lth AIBB and that of the mentioned
prediction methodology for sulphur retention, are still lacking. The

efforts to obtain those data rnrill be contínued after further runs of the
4 MI^Ith AFBB.

It has, however, become clear for¡n these experiments that, even r¡ithout
special provisíons and with relaEively small quantities of sorbent, the
sulphur dioxide emissions can be restricted to such ari extent that Ëhey

do not reach Ëhe maximum (230 g S02/GJ) proposed in l98l by the Dutch

Mínistry of Housing, Physical Planning and Envíronment for new instal-
lations.
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IMPROVING THE ACTION OF SULPHUR SORBENTS IN THE FLUIDIZED BED COMBUSTION

OF COAL

AuËhor

ReporÈ No.

Dat,e

tanguage

ST]MMARY

: D. Schmal

z P 83/7

: March l9th, 1983

: English

As parË of an investigation into the fluidized bed combustion of coal

and its environnenËal aspects, TNO is studying the sorption of sulphur

díoxide as a combustion product. Special at,tention is being paid to
reactivation of fluidized bed ash by treatment. with \.rater or \,rater

vapour, followed by heating to fluidized bed temperatures.

A laboratory tesearch prograurme r^ras started on sulphation and reacÈí-

vation of sorbents ori Ëheir own and of sorbent containing ashes from

TNOrs 4 MI,¡th atmospheric f luidized bed boiler (AI'BB).

The experiments show that reacËivation can be a versatil-e method for
improving the effíciency of the sorbents.
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THE SULPHUR BINDING PROPERTIES OF AGGLOMERATED LTMESTONE

Authors

Report No.

Order No.

Date

Language

SI]MMARY

: P"J. van der Driest
D" Schmal

: R 82181

z 10274

: May llth, 1983

: DuËch

tr'or the sorption of sulphur dioxide in a fluidízed bed combustor nainly
either limesÈone or dolomite is used. So as to run a plant economically,
the necessary quantities of sorbent have to be restricÊed. The appli-
cability of the solid maÈter also plays a role in this process.

Under normal conditions only 15 to 30Z of the sorbent avail-able is used.

This is mainly caused by pore plugging effects of the calcium sulphate

forrned, which in turn is a result of its relat,ively large molecular

volume. The sulphur sorption can be enhanced by improvement of the pore

sÈructure, In this report the resulÈs are discussed of laboratory
research into the sulphur sorbing properties of limesÈone which has been

ground and agglomerated beforehand" For a comparison also Ehe properties
of the same limest.one, buË nor,¡ in its usual- forrn (broken), r¡ere studied.
From the experiments it can be concluded that aggl-omeration beforehand

will give mueh better sulphur sorption properÈies. Despite the higher

costs of agglomerated limestone, this can result in lower limestone

consumption and thus lower costs and a reduction in Ëhe quantities of

I^'ASte.

Because (the difference in) attrition properties of both types of

limestone (agglomerated and broken) are not known, a definitive assess-

menË can only be done after experimenÈs in a fluidized bed combustor of

an appropriat,e size.



IV _ 15

METHODS FOR THE REDUCTION OF THE QUANTITIES OF SULPHUR SORBENTS IN
FLUIDIZED BED COMBUSTION

Author

Presented at
D. Schmal

Coal Technology Europe,

3rd European Conference & Exhibition on Coal Utilízatíot,
ll-13 October 1983, AmsËerdam

Volume 2, 145-160

Englishtanguage

SI]MMARY

One of the main aspects of Èhe air pollution caused by the combustion of
coal is the fonnaÊion of sulphur dioxide. In view of the increasing use
of coal and the adverse effects of sulphur dioxide on the environment
and on human health it is necessary to prevent a substantial part of the
sulphur dioxide from escaping to the atmosphere. In fluidízed bed combus-
tion this is accomplished by adding sulphur dioxide sorbenËs, such as

limestone or dolomite to the bed.

owing to pore plugging of the sorbent parËicles, only soms tens of per
cenÈs of the available sulphur sorption capacity is used and therefore
several methods have been proposed so far to improve the sulphur sorpÈion
in order to restrict not only the quantit.íes of sorbents need.ed. but also
the amount of Èhe solid \^raste. so as to be succesful these methods

should be sírnple and cheap and wiÈhout adverse effects on the combustion
process. These eonditions severely restrict the choice of method.s.

Regeneration processes, for insËance, are relaÈively complicated and the
regerieration temPerature is higher than the temperature in the fluidized
bed combustor.

Our research is foeussed on tvro, relatively siurple, methods to rest.rict
the quantities of sorbents. One meÈhod is based upon reactivation of the
partially sulphated sorbenÈs. The other on the use of pulverízed and

subsequenÈly agglomerated limestone. In the experimenÈs the reactiviËy
of the limesËones and ashes Ëo sulphur sorption \¡/as determined with a

thermogravimetric ar.a1-y zer .
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IMPROVING THE ACTION OF SULPHUR SORBENTS IN TI1E FLUIDIZED BED

COMBUSTION OF COAL

Author

Published in
Language

SIJMMARY

D. Schmal

Ind.Eng.Chem.Process Des.Dev., 2! (1985), l, 72-77

English

As part of an investigation ínto the fluidized-bed combustion of coal
and its environmetal aspects, TNo is studying Ëhe sorption of sulphur
dioxide as a combustion product. speeial attention is being paid to
reactivation of fluidized-bed ash by treatment with water or T^rater

vaPor, followed by heating to fluidized-bed temperatures. A laboratory
research program'hras starÈed on sulphation and reactivation of sorbents
on their own and of sorbent-containing ashes from TNOts 4 Mt'I atmospheric
fluidized-bed boiler (afnn¡. The experiments show that reactivation can

be a versatile method for improving the efficíeney of the sorbents.

iliI
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A METIIOD FOR I,üATER TREATING SULPHUR BI}IDING ADDITIVES UPON BURNING

SOLID FUELS

European paËenË application

Inventor : D. Schmal

M.L.G. van Gasselt

Application no. : 84200379.0

SI]MMÄRY

In a fluidized bed combustion of solid fuels the efficiency of sutr-phur

dioxide binding addiÈives is improved by contactíng the partiaLLy

sulphated addiÈive with fuel to be burnt and including the required

amount of water"
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POLYCYCLIC AROMATIC HYDROCARBONS T'ROM COAL-FIRND INSTALLATTONS

AuËhor

Report No"

Order No"

Date

tanguage

SUMMARY

: A.C. Besemer

z CL 82/146

: 50053

: October 25, 1982

: Dutch

In Èhis report a survey is given of the literature dealing with enissions
of polycyclic aromaËic hydrocarbons (PAHf s) in flue gases of coal-fired
installations and Ëhe sampling methods and analytie methods used"

t.ogether with the problems involved. Measurements carríed out up to nor^/

have shown that big pulverised-coal fired installations contribute only
slighËly to the total emission of PAHfs; Èhe emission factor is about

0.01-120 mg PAJI/ton of coal combusted"

Smaller conventíonal installations ean give a relatively large con-

tribution Èo the total emission of PAH!s; the maximr:m emission factor
can be 1,100 mg PAHlton of coal combusÈed..
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rsoLATroN oF BENZ(a)ANTHRACENE-t4a O* BENZO(a)pyRENE ADSORBED ON

FLY-ASH BY MEANS OF LIQUID EXTRACTION

Authors

Report no.

Order no.

Dat,e

Language

SI]MMARY

A.C. Besemer

Th. Lems

R 84/76

10273

May 28rh, 1984

Dutch

Polycyclic Aromat,ic llydrocarbons are absorbed by fly-ash. The amount

absorbed depends of the charact.er of the hydroearbon. Benz(a)anÈhfacene
(4 rings) is less absorbed than benzo(a)pyrene (5 rings). The characrer
of the fly-ash plays a ro1e, too. As a result of these investigations iÈ

was found, thaÊ the absorpÈion increases with the amount of C in the

fly-ash. I^Ihen a solvent is added to the ash, it has been found that the
PAH divides between the solvent and the ash depending on the concen-

tration. There is a saturation of the fly-ash surface when big alrount.s

of PAH are added. The desorption behaviour of PAH from fly-ash was

investigated with the purpose to remove the PÆI as completely as possible.
The solvents hexane, cyclohexane, dichlormethane and acetone rnrere riot
suitable Lo remove PAH. However, good resulËs were obtained vrith toluene
and xylene.
I^Iith a load of 100 pg PAH/g fly-ash, the PAII "olf¿ be nearly quanti-
tatively recovered by ultrasone extïaction with xylene at 60oC. At a low

load (5 Vg/Ð 607" of the benz(a)pyrene \^ras recovered with 3 extractions
with toluene. It was found that the absorption of benz(a)anthracene is
rioÈ so sËrong as that of benzo(a)pyrene and, consequenÈy, Ëhe desorption
was easier.
The desorption is easier, too, when the C-content of the fly-ash is
lower. This means that quantitative recovery from FBC-ash with a high C

content is difficult.
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ENVIRONMENTAL ASPECTS OF COAI FIRING IN SMALL INDUSTRIAL INSTALT,ATIONS

Authors : J"A. Heil ECN

Language

ST]MMARY

P"T" Alderl-iesten ECN

F"C. Poot TNO

J. de Koning TNO

Symposium clean combustion of coal

teeuwenhout Congrescenter, Noordwijkerhout,
16, 17 January 1985

Dutch

A research program has been carried out at some coal fired drying
installations and heated greenhouses.

In this paper the following three aspects are discussed:

I " The eomposition of the ash produced in relation to the type of
coal fired.

2. The flue gas emissions regardíng:

- macrocomponents SO2, NOx, CxHy, CO

- dust particles, heavy metals and halogenes

- PAH in connectíon with boiler type, operation mode and coal type.
3. The cytotoxicity and mutagenicity of emitted fly ash and fly ash

collected.
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TOXICOLOGICAL PROPERTIES OF RESPTRABLE FLY ASH FROM VARIOUS

COAI-BURNING INSTALLATIONS

Authors : G.J" Vink
P"J. van Duin

P.B. Davis

R.N. Ilooftman

Reportno. ¿D84/114
Date : February 1, 1985

T.anguage : Dutch

SUMMARY

An investigation of the toxicological propertíes of captured fly ash an¿

stack ash oríginating from various combustion Ëechniques has been carried
out as parË of the DuËch National coal Research program. samples from
the following installations were invesËigated: a pulverízed coal combustor
(PCC' 120 MI^fe' an experimental atmospheric fluidized bed combustor
(AI'BC-E, 4 Wth) and two coal-fired installaÈions in use for greenhouse-
heating, an underbedfeeder (UBF, 3.8 Mlift) and an atmospheric fluidízed
bed combusËor (A¡'BC-G, 3.4 MI^I.).

This report sunmarizes and evaluates Ëhe results of Èhe investigations
carried out in the perioð. 1982 - 1984; more detailed ínformation is
presented ín several separate reports.

The toxic samples were investigated in tests for genoËoxicity (mutations
in the Ames Salmonella tesË and in a test in Paramecium, chromosomal

aberratíons in cHo cells) and cyt,otoxicity (survival and effecÈ on

phagocytosis in bovine alveolar macrophages). Some samples from PCC were

also investigated in single application tests for primary skin and eye

irritation, and for sensítization. Some environrnental toxicity tests
hrere carried out with aqueous or organic extracts of pcC fly ash. The

polycyclic aromatic hydrocarbons (PAH) and inorganic content of a number

of samples \^/as also investígated.
Organic extracts of stack ash samples r¡/ere genotoxic. Mutagenicity in
the Ames test (strain TA98s9, expressed as reverÈanËs per *3 flrr" g"r¡
was highly dependent on the installation. Low values \^rere found. for
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AI'BC-E (<20), intermediate values for Atr'BC-G (400-650) and PCC (780-

1160, in one case 12500) and very high values for UBF (20.000 under full
or partial load and 64.000 at low energy (and low flue gas) production).
The intermediate values are of the same order of magnitude as reported. in
literaËure for oÈher installations.
Organie" extracts of captured flyash from PCC and AI'BC-E were not mu-

tagenic in the Ames test, but samples from AI'BC-G (75 revertants/ng ash)

and UBF (1300) were highly muÈagenic. Only a small part of the mutagenic

activity (l-62) rnras emitted to the atmosphere from these latter two

installations; by far the greater part was recovered in the bagfilter-
ash.

Metabolic activation had generally 1ittle effect on the mutagenic

aetivity of bag filter or stack ash. About half of the mutageniciEy was

nitro-reduct,ase dependent, indicating that nitro-compounds are partly
responsible for the effects.
Samples from UBF and AIBC-G which r¡rere very mutagenic in the Ames test
caused a number of chromosomal aberrations in CH0-ce11s; sampl"es from

the other installations are sËill under investigaËion.
Captured fly ash from the electrostatic precipitators (ESP) from the
PCC. which showed no mutagenieity in the Ames test, appeared to be

mutagenic in Paramecium, an unicellular organism able to ingest fly ash

particles. This result índicates Ëhat inorganic compounds can probably
also be responsible for the effect.
Captured fly ash samples, from all four installations showed only slight
cytotoxic effects in bovine alveolar macrophages, free lung cells vrhich

ingest ínhaled viable and non viable particles. These effects were

comparable with those caused by inert maÈerial such as glass beads.

However the ash samples did contain a small percentage of fine particles
r¿hich were far more cytotoxic than the bulk ash samples. Stack ash from

PCC appeared to be more cyÈotoxic than ESP ash; stack ash samples from

the other installations have not yet been invesÈigaËed in the maerophage

test. The adverse effects of PCC stack ash are comparable with or even

higher Èhan those of ct-quarts. The adverse effects on phagocytic capacity
are generall-y more pronounced than those on cell viability.
The in vivo irrítat,ion test,s revealed thaË total PCC ESP ash, final zone

ESP ash (enriched in the smallest particles) eaused very slight skin and

eye irritation effects and that the corresponding stack ash caused

¡
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moderate eye irriËation. None of the samples gave rise to sensitization.
Irritation effects have never been demonstrated in workers with pCC fly
ash, and can probably be neglected.

tr{ith regard to Èhe environmental toxicity Èests ESP ash ext,racts from
the PCC appeared to be practically non toxie in Ëhe chronic Daphnia
test; slight effecÈs were found with exËracts of final zone ESp ash.
Slight effects were observed in a plant seed germínation/growth tesÈ
with the same ESP ash -"amples; this toxicity was probably caused by a

high boron concentration.
Chemical analysis revealed low carcinogenie PAII emission for pCC and

AFBC-E (lo-30 ngl*3) and high emission for AFBC-G and uBF (200-600 and
I

73.000 ng/m'resp.). The carcinogenic pAIl content of ESp ash from pcc

(F0.14 ne/ke) and bag filrer ash from AFBC-E (0.04-0.14 ne/kÐ are very
low. A morphologically ne\^r type of particle has been discovered in AFBC-

G bag filter ash; these parÈicles (earbonaceous cenospheres) contain aË

least 757" carbon as a smal1 membrane around a skeleton of minerals.
Calculations indicate that the toxic properties of PCC stack ash hardly
contribute to Èhe present mutagenieity of aerosols or to the elemental
concentration in ambient air. The smaller installations (AI'BC-G and UBF)

may be expected to make a significant contribution to the ambient air
concentraËions oTL account of their highly mut.agenic stack ash and the
small stack height resulting in low dilution of fluegas. This poinÈ
must' hor¿ever, sti1l be verified by investigaÈions in situ.
Health effects from handling of highly mutagenic capËured f1y ash, as

found at UBF and AFBC-G, cannot be excl-uded. More daËa on real exposure
of respirat,ory organs and bioavailability of f1y ash componenËs under
physiological conditions (in the lungs) are needed for betEer evaluation
of health risk of the smaller coal--burning installaÈions.
The resulLs for the samples from the experimental AI'BC-E indicate that
fluidized bed combustion ean be a rather clean process. The influence of
combustion conditions on the toxic properties of fluegas has yet to be

investigated.
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TRACE ELEMENT EMISSIONS FROM PULVERIZED-COAL FIRED POI^IER PLANTS

Author

Reference No.

File No.

Date

tanguage

SI]MMÄRY

: M.E. Reinders

: 82-03068

: 8728-40142

: April 28Eh, 1982

: English

Coal consists of minerals and organic matter (macerals) " Trace elements

like copper and cobalÈ are incorporated in the crystal grid of iron
sulphide. Clay compounds can likewise contain trace elements in their
cryst,al grid. During combustion of the macerals the minerals in the coal

melt and ash is fonned. The mineral droplets solidify during flue gas

cooling and leave the stack as fly ash. All S0, and NO* passes the

precipitator, and so does 707 of the mercury, and more than 902 of the

bromine. Some of the t,race elements show an increase in concentrat.ion as

a result of the transiËion from coal to precipitaÊor ash, and the

Ëransítion from coal Ëo fly ash, dependent on the volatility of the

trace elements.

During the combustion of coal radio-active eompounds are emitted, too.

The concentration of radio-active compounds ín the fly ash is higher

Èhan in the coal"
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TRACE COMPONENTS: EMISSIONS FROM coAI FIRED POI^IER PLANTS

Authors C. Veldt
C. Huygen

J.A. van Jaarsveldt
D. Onderdelinden

c 1251

March I 983

Dutch

Report no.

Date

Language

SI]MMARY

The purpose of the NoK project LUK-C3 "Background. concentration measure-
ments'r is to assess the present baekground. concentrations of organic as
well as inorganic trace components and to estimate a possible contri-
bution in future from the coal fired electric utilities. The environ-
mental significanee of this contribution is not considered in this
proj ect.

It has been found, that reasonable estimations were possible based on
coal composition and efficiency of the fly-ash co11ecËors. Some elements
are emitted quantitatively or for the main parË as a gas (8, Br, cl, F
and Hg). The emissions of the other elements can be estimaËed. by means
of the enrichment faetors. Elements with a greaËer volatility at the
temperature of the furnace (As, Cd, Gâ, In, pb, Se, InI, Sn, Zn, T1) have
an enrichment facÈor of about 5; the elemenËs with a smaller volatility
(Ag, Ba, Co, Cr, Cu, Mo, Ni, U, V, Ge, Li) have an enrichment factor of
about 3. Elements with a negligible volatility (A1, Be, ca, cs, Fe, Hf,
K, Mg, M'', Na, Rb, Sc, Sr, Ta, Te, Th, Ti, Zr, rare-earth elements) have
an enrichment factor of about l. Based on Èhese d.ata, Ehe data of the
coal combusËion, a dust collection efficiency for fly ash of 99 r77. and
an expected coal consumption of 3Oxl06 Ëons/year, the emissions expected
and t.he concentrations in flue gas have been calculated.
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It is more difficult to estimate Ëhe emissions of organic (trace)com-
ponents. This resulÈed in some more or less reliable data with a

eonsiderable variation. The PAH emission is Èhe best knovm from 1i-
terature. The scarce data indicate ËhaË the main part of the organic
emission consists of (not-identified) acíds. It can be concluded that
the emissions of organic compounds will not increase (wittr the possible
except.ion of organic acids), based on the comparison of the expecËed,

emissíons from the power plant,s with the total Duteh emissions. Ilowever,
it is possible thaË the emissions of some Lraee elements will inerease
sÈrongly: B, Be, HE, Sr, Ëhe halogens as well as 41, As, Co, Mn, Sb, Ti
and the other (earth)alkali metals.
The relative contributions to the annual concentrations at ground level
have been calculated r^rith two dispersion models, based on the present
siËuation of the po\^rer plants, and some other simplified proposiËions;
the results give only some relative indications 

"
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CAPTURE OF NaCl AEROSOL BY AN ELECTROF],UIDIZED GRANUTAR BED FILTER

Author

Report No.

Date

Language

SI]MMARY

: P.H. de Haan

2 333/t 82

: September 30, 1982

: English

The possíbility of the capture of submicron fly ash particles from flue
gas is an important condition for Ëhe use of coal burning installaËions.
I,rIe deËermined the capturing eff iciency of a granular bed filter elec-
trified with an external field. The filter has been tested using NaCl-

aerosol. The best results with the electrofluidized filter are obtained
when the aerosol is precharged with a corona charger. AÈ a certain air
flow velocity the efficiency is optimal.
This velocity depends on the grain díameter. At a flow velocity of v, =

0"35 m/s and sand grains of 0.5-0r6 mm the efficíency amounts Ëo

n > 997. for particles with a diameter Un t 0.35 pm. The pressure drop

across Èhe bed ís 620 Pa. The high effieiency for the capture of sub-

micron particles at the relaËively high flow velocity and low pressure

drop is encouraging for Èhe further development.

¡ÍËo
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COLLECTION OF FLY-ASH FROM THE FLUE GASES OF AN A1UOSPHERIC FLUIDIZED BED

BOILER BY MEANS OF ELECTRET FILTERS

Authors

Report No.

Project No.

Date

Language

SUMMARY

: P.H. de llaan

J.L.B. de Groot

z 145/83

z 145183

: May 18th , 1983

: DuËch

The greater part of the fly-ash formed with coal combustion is collected
from the flue gases by cyclones, electrost,aEie precipitators or by

fabric filters. The inhalable part of the fly-ash (pariele sizes from

0.2 to 2 Un) is hardly collected by these filters, however. To collecÈ
also this fraction new fi1Ëers are being developed.

In Èhis reporË a nr¡nber of experiments have been described for eoll-ecting
the inhalable fly-ash particles by means of electrostatic coll-ectors.
Most experiments have been carried ouË using a sand-bed filter; in one

experiment a fiber-bed filter has been used. The sand grains and the

fibers are polarized. by means of an electric field (E = 5 x 105 V/m).

The fly-ash partieles charged by a corona in front of the filÈer are

collected by the polarized grains of fibers with high efficiency as a

result of the strong electrostatic forces.

The filters have been tested r^rith flue gas originating directly from the

flue duct of a coal-fíred fluidized bed boiler. Flue gas with a very
high dust concentration (> lO g/n3) and flue gas with a low dusË concen-

tration (< l0 .g/*3) were used. The fiber bed was tested with the low

dust concentraËion only.
The collection efficiencyr l¡ r^ras very high: n > 99iå for particles of
0.2 pm and ¡ > 99.992 Lor particles of 5 pm, at a gas velocity of
0.15 m/s. The initíaL pressure drop was about 0.5 kPa.
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FILTRATION OF INHALABLE FLY-ASH PARTICIES BY AN ELECTRIFIED GRANULAR BED

FILTER

Authors

Presented at

P.H. de Haan

J.L.B. de Groot

Coal Technology Europe,

3rd European Conference & Exhibition on Coal Util ízaLíon,
ll-13 October 1983, Amsterdam

Volume 4, 149-160

EnglishLanguage

SUMMARY

To eapËure the inhalable fraction of fly-ash parËicles (0.2 - 2vn) from
coal burning installations efficiently, new types of filters are beíng
developed. In this paper some fíltration experiments are described with
a sand-bed filter. The sand grains are polarízed by a high elecÈric
field" The fly-ash parËicles, which are corona charged before the filter
bed, are efficiently captured because of the electrostatic forces
between the fly-ash partieles and the polarized sand grains.
Several bench-scale filters ürere tesËed with flue gas of Èhe Atmospheric
Fluidized Bed Boiler (AIBB) of TNo at Apeldoorn. The filr,ers were

eharged with flue gas both with a high (> 19 g/n3) and a low volume

concentration (r l0 ng/n3) of dust. The capturing efficiency, rì, is
high, ví2. \ > 997" for 0.2 pm particles and n > 99197. for 2 pm parËicles.
The face veloeity of the gas is 0. 15 m/s, and the initial pressure drop
over the filter about 0.5 kPa.

ilì[o
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EFFICIENCY AND PRESSURE DROP FOR TTIREE TYPES OF FILTER MATERIAT:

GLASS FIBER FELT. GLASS PA?ER ELECTRIFIED GRAI{ULAR BED

Author

Report no.

Date

Language

SUMMARY

: P"H. de Haan

: 169/ì 84

: May 17, l9B4

: Duteh

The effíciency and pressure drop during dust loading has been measured

of three differenÈ filter maËerials, namely glass fibre felt, glass
paPer, and an eleetrified fixed granular bed filter. In all cases a flat
clean sample of material has been used. The samples are loaded with
resuspended fly ash from a pulverized eoal combustor. The gas velocities
were 0.05 m/s and 0"2 m/s, and the dust concenËration about.

2
I g/^'
The initial pressure drops across the glass fibre felt and the granular
bed filter are approximately equal. The initial pressure drop across the
glass paper is a factor of 6 to I higher
The capture of dusÈ in the glass fibre felt is based on 'rcake filtra-
tion". The inítiaL penetration is high, but is reduced drastical-ly by

Èhe fornred dust cake.

In the glass paper filter, too, the deposition of dust occurs at the
surface of the filter, but the penetraÈion is low, also at low dust
loading. The increase of pressure drop is equal to that of the glass
fibre felt.
The dusË capture by the electrified granular filter ís based on in-depth
filtration. A surface layer of dust is hardly formed. The increase of
Ëhe pressure drop is less than in the case of the fibre filters and

independent of the gas velocity. The penetration for submicron part,icles
is hígher, but almost independent of the dusÈ loading of the filter. The

granular filter shows a somewhat lower filter efficiency, but also a

lower pressure drop than both the fibre filters.

itiËo
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AN ELECTRIFTED GRANULAR BED FILTER AS A FLY-ASH COLLECTOR FOR

COAL FIRED COMBUSTORS

Author : P.H. de Haan

Published in : Energiespectrum, 9 (1985), l, 23-29
Language : Dutch

SI]MMARY

coal contains l0-157" minerals which form for the greater part fly-ash
during combustion. There are indicat,ions Ëhat fine fly-ash particles
(0.2-2 Um) are dangerous for health. These parËicles are inhalable; they
can contain many toxic compounds. This is the reason that inhalable fly-
ash should be removed from the flue gas, before the flue gas is emitted
from the stack. Dust collectors now in use in coal combustors are
electrostatic precipitators, cyclones and wet collecËors. For the toËal
fly-ash, they have a collection efficiency of. 997", however, they have a
poor collecËion efficiency for fine fly-ash dust.
Fabric filters have a high collection efficiency. Disadvantages are
high pressure drop over the filter, low working temperaËure (< 2o0oc)
and the high cost of Èhe fabric maÈerial.
A nevr development for collecting small particles is the electrified
granular bed filter. rt has a small pressure drop. The dust parËicles
are electrically charged and then collected into a granular bed, which
granules are electrically polarized. By means of these elecÈrostat.ic
fields a high dust collection efficiency can be reached.
In this publication the results are discussed of an ínvestigation into
the possibilities to use this filter for collecring inhalable fly-ash.
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I^IIND.TI]NNEL INVESTIGATIONS INTO STORAGE YARDS FOR BULK MATERIALS

Author

Published in
Language

SI]MMARY

: G.Th. Visser

: PT/ProcesÈechniek, 37 (1982), 72, 29-33

: Dutch

Ilhen storing bulk materials in the open air, attenÈion should be given

to dust emissions as requirements by law are more and more severe. By

means of wínd-tunnel investigations the amount of dust can be measured

Ehe wind blows from the sÈorage piles as a funcÊion of a number of

factors of influence, such as wind velocity, and humidity of the stored

maËerial. The effect of dust reducing measures can be evaluated.

iliI,
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DUST EMISSIONS FROM STORAGE AND TRANSHIPI4ENT

AuËhors

Reference No.

File No.

Date

Language

L.A.M. Janssen

J. den BoefË

82-07 624

8724-30053

June I 982

Dutch

SI]MMARY

Investigations have been carried out inÈo the way of measuring emissions
and concenËraËions of coal dusÈ.

rn the r^rind Ëunnel and during field measuring, techniques have been

applied for determining concentrations and deposiÈs and investigated on

Ëheir praetieal applicabiliry.
From the results obtained concl-usions have been drau¡n with respect to
r¿ind velocitíes at which emissions can occur as a result of vrind erosion
under practical condítions.
Moreover an insight has been gaíned into the load levels in practice aÈ

low r¿ind velocities (< 7 m/s) on the basis of information obtained by
the measurements in the field.
The limited scope of these investigations does noÈ a1low an overall
impression to be obtained of the possíble load. levels of coal d.ust
caused by handling. Some recoumendations are made on the basís of the
results for furËher research.
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TRACER AEROSOL GENERATOR: FEASIBILITY STUDY PART ONE

IMLUENCE OF THE HETERODISPERSITY OF THE TRÁ.CER AEROSOL AND ESTIMATTON

OF THE_R.EqqIRED SCURCE STRENGTH OF THE GENERATOR

Author

Report no"

File no.

DaËe

Language

SIJMMARY

F. Oeseburg

PML I 984-C 7

x 3t09

AugusË I 983

Dutch

The effect of the het.erodispersíty of the tracer aerosol on the results
to be expected within Ëhe framework of the olrs-2. I-project (sampling
efficiency of instruments for the measurement of particulate matter) and

the project'rvalidation of models for the atmospheric dispersion of coal
dust, using tracer aerosols (TVS-project)" (stil1 to be programned) was

determined by means of a eomputer simulation" The required source
strength of the aerosol generaÈor was also estimated by using a simu-
lation"
During the simulat.ion process two particle size distríbutions were
handled Ëo describe boLh the regular particles and the satellites. These

distributíons were represented by "zero-order-logarithnic-distribu-
tionsr'. The transport of the tracer aerosol from Ëhe souree to the
measuring instruments \^ras described by means of a modif ied Gaussian
plume model, in which the deposition velociËy of the particles was taken
into account,. P::ovisional sampling efficiencies were used d.uring the
calculation of the masses collecËed by the instruments. These were
obtained from literature. Three instrument,s (high volume sampler (HVS),

sierra and sampling tube), forming a cross-section of the equípment

used, were considered wíthin the project OI{S-2. l. The rotorod was chosen
as a reference sampling instrument in both projects. The detection limit
of the method of (chemical) analysis, the blanks of rhe filter of the
instruments and the background concentration of the Èracer aerosol were
regarded as liniting factors during Ëhe calculation of the minimum

source strengËh of the aersosol generator. Bouncing of particles as a
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result of too high a loading of the rotorod was taken into account in
the calculaÈíons of the maximum source strengËh. For this purpose a

simple mechanistic model simulating the consequenees of bouneing was

developed. The required source strength was determined on the basis of
the mínimal and maximal values.
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SA]4PLING TECHNIQUES OF FUGITIVE COAI" DUST

AuËhor

Report no.

Date

Language

ST]MMARY

: I,rI.M. ter Kuile
z F 2ll7
: September I 983

: Dutch

A review and evaluation of the principal sampling Ëechniques for concen-
traËions measuremenËs of fugitive coal dust is given. The sarnpling
insËrument,s under evaluation in the "fugitive dust"-program, cover all
groups of dust sampling techniques suitable for either determinat,ion of
dispersion of (fugitive) coal dust in a short distance of the source or
health relaËed sampling (see ISO-TR770B-1983) of particle size fractions
of the coal dusË. The influence of atmospheric turbulence at prevailing
wind velocities on Èhe sampling efficiency will be determined as a part
of the BEoP-proj ect ori evaluation of dust sampling instruments for
ouËdoor measurement of fugitive coal dusË. The possible importance of
additíonal r¡indtunnelresearch will be considered there. since the
development of new dust samplers is running this revier¡ is limited to
Ëhe most relevant dust samplers at the moment.

Though it is expected that high windspeeds (hard to stormy wind) will
cause most annoyance by fugitive coal dust, probably representative dust
concentration measurements are riot possible under these circumsÈances

with coumercial available dust sampling ínstruments.
Based on frequency distribution of the windspeed at pLaces near the
border of the Netherlands it is recournended Ëo test the sampling effi-
eiency of fugitive coal dust samplers for windspeed up to 12 m s -l at
1"5 m above ground level..Hor¿ever, for wind velocities greater Èhan

l0 m s -l t.f"t"nce instruments for sampling eoarse d.usË will have to be

developed. The present study gives no reason to consid.er serious ehanges

in Èhe runníng projects of the "fugitive coal dust" program.
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TRACER AEROSOL GENERATOR: feasibility study pqrt 2, final report

Author : F. Oeseburg

Report no. : PML l9B4-C-38

Administr. no.: X3109
Date : October 1983

Language ; DuÈch

SUMMARY

A selecÈion of commercial available monodisperse aerosol generaËoïs with
source strenghts comparable with the required source strengths mentioned
in Reference 4 was made (projects: Sampling efficiency of instrumerits
for the measurement of particulate matËer (ol4TS-2.1); validation of
models for the atmospheric dispersion of coal dust using tracer aerosols
(TVS)). Suitable tracers were selected taking into account the critical
relative humidity and the solubility of the compound, the concentration
of Èhe background aerosol, the blank of the filter maËerial, the de-
teetion limit of rhe merhod of analysis (AAS) and the toxicity (TI,ÍA-

value). The feasibility of the Ëechnical concept, including the ge-
neration of a primary spray consisting of a solution of the Ëracer in
\^later and the subsequent evaporation of the spray, vras studied for both
projects (01^IS-2.1; TVS) by means of a theoreËical analysis. An eva-
poration model was developed for this purpose. Moreover an estimate of
the required power r¿as made and this estimate r¡/as compared with a

previously fixed 1imit. A concise descriptíon of the methods of analysis
of the tracer aerosol (mass concentration; parÈicle size) is given.
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SURVEY AND EVALUATION OF THE INTERNATIONAL STATE OT' TIIE ART CONCERNING

CONCENTRATION AND DEPOSITION LEVELS MEASURED IN THE VICINITY OF COAL

IIANDLING AND STORAGE FACILITTES

Author : R.trrl. Lanting
Reportno. :G1280
Date : January 1984

Language : Dutch

SI]},IMARY

Data on concentration and deposition 1evels measured in the vicinity of
coal handlíng and storage facilities as vre1l as on the physical and

chemical characteristics of fugitive coal dust were colleeted from
available reports and publications.

Fugitive coal dust consísts mainly of relatively coarse particles. From

Ëhe Èheoretical considerations supported by wind tunnel experiments it
is concluded that under dry condiÈions ,coal parËicles v¡ith diameters up

to 260 um can become air-borne. As the moisture content of the coal
rises, the fraction of coal susceptable to wind erosion decreases. For
some coals this fracEion can range from I to l0Z. For dry powdered coals
the mass fraction of particles smaller than 260 pm is higher (60-907.).

At several tens of metres from the source the mass median diameÈer of
fugitive coal dust is roughly 50-70 pn. The fraction of coal particles <

l0 pm in the total mass of wind-blown eoal dust is very small (<lT").

Owing to Ëhe rapid fall-out of hypermicron particles the eoncentration
levels of coal dust decrease rapidly with the distance (a factor of 6

within 100 metres).
There is a large conËribution of wind-blown soil dust to Ëhe concen-
trations of total dust (a11 particle sizes). Inlind erosion of stabilized
coal piles is only small eompared to oËher coal handling activities.
MosÊ studies presenting measuring results lack in providing clear-ouË
data on Èhe type of activities on the coal handling facility as well as

on the physical characteristics of the coal handled. Hence generalization
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of Ëhe conceritration and deposition leve1s measured is hardly possible.
At very short distance (0-5 metres) from the source peak concentration
levels of total dust amounting Ëo several tens of millig."*, p", *3
r^rere measured in dust plumes. The dust contained 60-g07. coal. At
distances ranging from 5 to l0O metres concenËration 1eve1s measured.
vary to a large extent, which is mainly caused. by differences in clima-
tologieal conditions, the type of coal handled, the type of activities
and the geometry of the stoek pile. The híghest values of total dust
measured are in the order of magnitude of several milligram" p"r *3.
on the average the dust contained 3oz coal. AË distances of 300-500
metres from coal handling facilities the emissions of coal d.usË contri-
bute only for I 0Z to Ëhe concentration levels of total suspended parti-
culate matter. At these distance violations of the EPA air quality standard
for toËal suspended partieulate matter are incidental and mainly caused.
by fugítive dust from unpaved roads.

Depositíon levels measured all indicate that deposition fluxes deerease
rapidly with inereasing distances from Ëhe source.
The coal dust content at dístance of l00-300 metres varies betr¿een
6 and 507. and is further reduced to approxímately lOZ at distances of
600- I 000 merres .

The largest particles occasionally found in deposi.tíon samples taken at
a distance of 50 metres from a source had particle diameters ranging
from 450 to 550 pm.

Resuspension of once deposited partícles rnight play a ro1e, however,
its contribution to deposition fluxes is unknornm.

tr^Iet depositions is of insignificant importarice. During rainfall the
source emissíons are reduced considerably. Besides, the mass fraction
of small coal particle which remain in susênsion for a long time and
are transported over long distances is only smal1.
Violations of air quality standard. for d.eposition fluxes occur occa-
sionally in industrial- environmenËs at distances up tp 750 meËres from
the source. However, under these circumstances the contribution of coal
dust is only sma1l (< l0Z).
Besides noise, soiling ís the most important nuisance aspect from coal
storage and handling facilities. Complaints about soiling occur when



deposition fluxes of black dust exceed values of I Eo 2 g.*-2.month-l 
"

Under vrell-conÈrolled handling operat,ions these values usually are not
exceeded at distances of 150 to 500 metres from the source. one case

is reported where during handling of cokes exceedance occured aL a
distance of I 000 metres.
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A SURVEY Al{D EVAI,UATION OF THE INTERNATIONAI. STATE OF THE ART OF

ili

SAMPLING AND ANAIYSTS OF FUGITIVE COAL DUST

Author

Report no.

Project no.

Date

Language

SI]MMARY

J. den Boeft

c l3t6
| 194t

May I 984

Dutch

I. SAMPLING INSTRI]MENTS

In Èhe liÈerature studied a large number of samples

instruments which have been used for concentrat.ion
ments of coal dust were found.

Despite their shortcomings in sampling efficiency,
like EPA llivol and dust fall buckets are still used

Depending on the measurement objectives a selecËion
made. Some instruments are not yet validated.

I. 1 ASSESSMENT OF EMISSIOMACTORS

Egigl_eg_d_lige_gggfSee (handling and haulrouds)

and direct reading

and deposition measure-

traditional samplers

on a large scale.
of instruments is

- Isokinetic samplers (¡ßI, pEDCo, MEDUSA, Filter packs).
Isokinetic tunnel and possibly also the fugitive dust sampler (TSI).
Rotating impactors ((modified) Rotorod, rotating coarse dust
sampler).

- Forward scattering cloud droplet spectrometer.
For the assessment of emission factors there is a need for a single
instrument which seperaËes the total particles size distribution
(0 - 200 ¡tm) on Ëhe basis of aerodynamic diameËer in seperate size
fractions.

Area sources (wind erosion and handling)

It is presumed that emissions due to wind erosion occur at windspeeds
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oveï I m.s-1. The selection of samplers should be eompatible with this
liniting facËor.

- Rotating impactors, like the modified Rotorod (hígh tip spees) for
coarse particles, and Ëhe rotatíng arnn collector for coarse and fine
dust. The last mentioned ínstrument also collects fine parËicles on

a filter.

I.2 DISPERSION AI{D DEPOSOTTON

Concent.ration measurements

Preferably concentraÈion measurements are made with omnidirectional
samplers heads.

- RoËating impactors (Rotorod and modified Rotorod) for Ëhe coarse
fraction.

- DíehoËomous samplers r.¡ith windspeed independent sampling heads

(Wedding inlet) for the fine fraction (d". < l0 Un).

lspesi gie!-Eeeesreses!s

- Sticky plates with a large effective area"

1.3 EFFECT RELATED MEASUREMENTS

Health

. ToÈal suspendend particulaÈe mat,Ëer

- EPA llivol or LIS/P-T,IB when air quality sËandards have to be met.
. Thoracic fraction

- Hivol with size selective inlet
- Dichotomous sampler with size selective inlet.

. Respirable dusË

- Samplers for respirable dust such as

- Píezobalance

- Siurslín

- ß dust monitor with preseparator
which have been developed for occupational hygiene applications
(mines).
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For quantitative measurements in the ambient air these instrument.s
are less well suited. However, for relative measurements such as
event deÈection during exposure profiling these instruments can be
used.

geilise

- Sticky plates with a large effective area.
There is a lack of sampling and analyt,ical techniques which are represen-
tative for soiling nuisance"

I.4 EVA],UATION OF SAMPLERS

In combustion with reference methods field experiment.s may give irnportanË
information on the sampling efficiency of dust samplers under real condi-
tions. Besides the meteorological variables influencing the sampling
efficiency can be identified. If these relevant meteorologieal variables
can be simulated in a windtunnel, this type of evaluation has the follo-
wing advant,age:

- evaluation at higher windspeeds;

samplers are tested under reproducible condíÈions.
Up Ëill now windtunnel studies on sampJ-er perfomance have not been made
in the Netherlands.

2. COAI ANAIYSIS

In literature no analytical procedure r^ras found which is specific for coal.
Gravimetric bulk analysis is most frequently used for the total sample as
r¿e1l as for aerodynamically fractionated samples.
Light mícroscopy is a usefull tool for identification and partícle size
measurements. This method is time consuming. Automatic image analysis
highly enhances the applicability of light microscopy. Like 1íghr
microscopy elecËron microscopy in particular scanning elecËron microseopy
ís a suitable technique.
Elemental analysis of individual particles can be performed by scanning
electron microseopy fitted with an energy dispersive x-ray analysis
(EDAX) system. However, as EDÆ( only detecÈs elemenÈs above atomic number
I I (sodium) coal cannot be identified positively. A recent development
is compuÈer controlled scanning electron microscopy (ccsEM).

lti¡
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SEM, EDAX and image analysis are compuÊer controlled. Particles can be

detected, sized and chemically characterízed automatically.
For source-orienÈed measurements total carbon analysis has been used as

a proxy for the coal content of a dust sample.

Analytically also a separatíon can be made betr¡een organic and inorganíc
carbon. The separation technique (thermal or ehemical) used determines

which fraction is organic or elementary carbon. For eoal dusL an aero-
dynamic separaËion during sampling can be made" The coarse dust fraction
d__ > 2.5 Um cont,ains predominantely coal dust whíle the fine dustae
fraction consists mainly of organic carbon and soot.

3. RECOMMENDATTONS

- Evaluation of isokinetic samplers based on the Hivol principle"
- Development and evaluaËion of a partiele size fractionating sampler

for total dust.

- For t.esting Ëhe performanee of samplers under reproducible conditions
during high windspeeds a urindtunnel is required"

- Development and evaluatíon of a deposition measurement technique

which is relevant for soiling nuisance.
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A SURVEY AND EVALUATION OF THE TNTERNATIONALLY AVAILABLE KNOI^TLEDGE

REIATING TO THE EMISSTONS AND EMTSSION FACTORS OF FUGTTTVE COAL DUST

DURING COAI HANDLING AND STORAGE

AuËhor

Reference no.

File no.

Date

Language

SUMMARY

: G.Th. Visser
: 84-01 340

2 8724-10384

: May I 984

: Dutch

rn this study a survey and evaluaÈion is given of inËernationally
available knowledge relating to the emissions of wind-dispersed coal
dust during coal handling and storage and the possible applicability to
the situation prevail-ing in the Netherlands of the emission factors
derived from literature hereon.
Both field measurements to deÈermine total emissions and emissions for
each particular activity or emission source and windtunnel and labora-
tory measurements are dealt with.
A short survey is also given of the value and reliability of emission
control effíciencies knornm from literaËure for the various emission
sources as the result of any emission-reducing measure.
It can be concluded from this study Ëhat there are hardly any reliable
emission facÈors for coal hand.ling and. storage thaE are applicable to
Dutch conditions, eíther for total emissions or with reference to the
various individual emission sources.
Thus, dependenÈ on the various quantíties of influence determing the
emission and the 1ocal siËuat,ion and management, values for total
emission are found. in the liÈerature ranging from I to 5000 vg/m2s. For
conditions obtaining in the Netherlands with damp coal the emission
level will probably be in Èhe lower half of thís range.
rt appears that in case studies always emissions for each emission
source are determined. Never the emission calculatíon is based upon
emission factors for total emissions.
The spread in emission facËor values for
is generally large, the documentation of

the different emission sources

the measurements often in-
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sufficienÈ, and in many cases essentíal data are lacking thaÈ are
required Eo appreciate the emission faetors and, íf necessary, extra-
polat,e them to different situaÈions"
The results of r¿indtunnel and laboratory measurements knor^m so far
maínly give qualitative infornation on the various relationships between
emissions and quantíties of ínfluenee, and the spread ín the few knornm

quantitaÈive measuring data is considerable"
The control efficiencies knor,m from literature are mainly based on

subjective estimates and are Ëherefore highly unrelíable. A relatively
small number of cont,rol efficiencies is based on measuremerits with coal.
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A SURVEY AND EVALUATION OF THE TNTERNATIONAL STATE OF THE ART REGARDING

DISPERSION AND DISPERSION MODELS OF FUGITIVE COAL DUST

Author : P.E.J. Vermeulen

Reference no. z 84-06399

File no. : 8724-10384

Date : May 1984

Language : Dutch

SUMMARY

This study deals with the aspects playing a part in the dispersion of
coal dusË blown up by the r¡ind during the storage and handling of coal.
It is concluded that the influence of aÈmospheric turbulence on the
dispersion of fine coal particles is similar to the influence on gaseous

contaminants, provided the part,icles are smaller than, sây lO0 pm.

. Moreover, under Èhe influence of gravity the particles fall to the
ground at a veloeity which, on an average, agrees with the velocity in
free faIl. Due Èo such factors as impaetion and filtration the particles.
are held to Ëhe ground. The overall transport to the ground is defined
by means of Èhe deposition velocity.
Deposition velocíty and velocity in free fall are not equal to one

another in general. Mathematical dispersion models should Ëherefore meet

the requirement that the influences of gravity and dry deposition are

individually nodelled, with free fall velociÈy and deposition velocity
as parameters.

For particles in excess of 100 prn the influence of atmospheric Èurbu-

lence is smaller for the larger particles.
Coal dusË blor,¡n up by Ëhe wind at storage and transhipment sites origi-
riat.es from any sources, with lornr emissions height in most cases.

Dispersion of the dust mainly takes place in currents that are influen-
ced by obstacles. It is therefore concluded that mathematical dispersion
models should be capable of accounting for Èhe influence of obstacles on

dispersion.
It is found that the emissíon conditions (source strength, emission

height) which are required as input parameters for mathemaËical models
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can only be tenÈatively estimat,ed.

It follows from an inventory of dispersion mod.els that variants of the
Gaussian plume model are available which are expeeted to be applicable
t,o calculations of the dispersion of dust partiel"es smaller than
100 pm.

Because of partical considerations also preference is gíven to a

socalled partial-reflect,ion uodel and to methods whieh have been derived
from soluÈions of the dispersion equaÈion for dust particl"es"
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SURVEY AND EVALUATION OF lHE INTERNATIONAL STATE OF THE ART CONCERNING

DEPOSITION AND RESUSPENSION MODELS OF FUGITIVE COAI, DUST

Author

Reference no.

File no.

Date

Language

SUMMARY

: P.E"J. Vermeulen

; 84-03759

z 8724-10384

: June 1984

: Dutch

The dispersion of coal-dust particles can only be calculated if the dry
deposition velocity is knor,m.

This velocity indieates to what ext,ent dust part,icles reaching the
ground are actually "retained".
On the basis of a survey of a number of methods for the determination of
the dry deposition velociËy, Sehmel and llodgsonf s method is recormnended

for use. This method is suitable for the determination of the dry
deposition velocity above relatively smooth terrain such as grassland

for example.

The dry deposition velocity above rough terrain such as high-growing
crops or r¿ooded counËry for example, cannot be ascerÈained accurately,
and further research on this subject is recormended Èherefore.

Coal dust particles can also be removed from a dusË plume by the actíon
of raindrops (wet deposition). It is concluded that for calculation of
the wet deposition of particles in excess of I Um reliable methods are

available.
Deposited coal dust parËióles can be dispersed by the wind at an other
point of time, which is frequently denoted by re-suspension. For the re-
suspension emission of dust particles from grassland an empirical corre-
lation has been drar^m up. It has been found that the re-suspension

emission from sites situated around a coal terminal is insignificant
under normal conditions. Incidentally, and in particular with strong

winds, this emission can be much higher, however. Thus, in carrying out

measuring campaigns on emission factors for example, due account should

be taken of re-suspension emissions, in particular with strong winds.
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A SURVEY AND EVALUATION OF THE INTERNATIÓNAI SITUATION CONCERNING THE

INFLUENCE OF FUGITIVE DUST FROM COAL STORAGE AND I1ANDLTNG ON THE

HEAITH OF PERSONS NOT OCCUPATIONALLY EXPOSED TO COAL DUST

Author : H.C.M. Mulder

Reportno. :D90
Project no. : 4"351

Date : June 1984

Language : Dutch

SI]MMARY

In the literature studies in the framer,¡ork of this review and evaLuation

no research r¿as found describing health effects on persons who are non-

occupationally exposed to fugitive coal dust"

Frour limit.ed data, conceriÈrations of fugitive coal dust occuring near

stock piles have been compared with existing standards for suspended

part,icles in general .

As the occuring concent.raËíons at distances of a few hundred meters from

Èhe source do not or hardly exceed the background concentTations of
suspended particles no health effects are to be expected at Èhis

distance.
At very short distances from Ëhe source (< 200 m) existing st.andards may

be exceeded, buÈ also here no health effects are to be expected.

The many times described diseases among mine-workers, like silicosis
and ehronic bronchitis evolved after exposures to coal dust that are not

comparable to exposures near stoek-pi1es of coal.
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A SURVEY AND EVALUATION OF THE INTERNATIONAL STATÉ OF THE ART CONCERNING

Ë,

THE INFLUENCE OF FUGITIVE COAL DUST ON THE BIOTIC AI{D ABIOTTC SYSTEMS

Authors

Report no.

Proj ect. no,

Date

Language

SI]MMARY

The following properties of fugitive
importance for the effects on biotic
- high deposition velociry (smaI1

d". a 2,5 pur), strong variations

: R.l^I. Lanting
H. Harssema (Agricultural UniversiËy, I^Iageníngen)

: G l3l4
2 tl94t
: June I 984

: Dut,ch

coal dust were identified to be of
and abiotie systems:

mass fraction of particles
in source strength both in time

and space;

low light reflection;
chemical propert.ies (content of sulphur, chloride and toxic metals);
adhesive properËies on smooth surfaces.

Noted effects occur on a loca1 scale. No large-scale effects are expected.
Soiling of objects r¿as found to be the most imporËant effect. Soiling
eomplaints occur incidentally and are always closely related to emission
everits.

Using indicative dose-annoyarì.ce relations for soiling co11ecÈed from
literature, a preliminary mathematic description of the r¿hole sequence

from emission to effect. seems to be feasible.
For the validation of such a model techniques for the measurements of
soiling in relation to deposition (e.g. lightreflection of receptorsurfaces)
are required.
Coal dust may play a role in the chemical deterioration (pit corrosion)
of aluminium.

For all other physical actions of coal dust on materials the properties
of coal dust are not significantly different from other particulaie air
pollutanËs. Preventive measures already taken are also effective for
coal dust. There are no large-scale effects of fugitive coal dust on
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visibility.

The effects on aquatie syst.ems are of minor importance.
on theoretical considerations the leaching of Ëoxic elements from
deposited coal dust seems to contribute only slightly to the polluÈion
of soils. Concerning the biotic envirorunent effects on vegeËation (e.g.
decrease ín yield of agrícultural crops in greenhouses) rnay be expected
at shorÈ disËances from the source. Dose-effeet relations are stíl1
laeking. The following gaps in knowledge are identified:
- The cleaning action of rain on adhering coal dust.
- Pollution of soils by toxic elements during long-term deposition of

coal dust.

- The effects of decreased lighttransmission due Èo coal dust de-
position on the cropyield in greenhouses and the efficiency of
solar radiation collectors.

¡
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A SURVEY OF THE AVAILABLE LITERATURE REGARDING FUGITIVE DUST DURING

HANDLING AND STORAGE OF COAI,

Authors

Reference

File no.

Date

Language

SIJMMARY

P.E.J. Vermeulen

G.Th" Visser
84-04s7

8724- I 0384

June I 984

Dutch

no.

This report LisLs the available literature regarding fugitive dust
during Ëhe storage and handling of coal.
This review is made using a literature data base, specifically developed
for the OIIS-I sÈudy.

It is concluded that most of the available references deal vrith the topics
ttemissionstt, ?tconcentration- and deposition measurementstr, ttnuisance/

Perception of coal dustrr and "abatement techniques for fugitive coal dust"

iti
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DEVELOPMENT OF A TRACER ANROSOLGENERATOR PART ONE:

PATICLE SIZE DISTRIBUTIONS OF SPRAYS GENERATED BY THE MICRO-IILVA

Author

Reference no.

Date

Language

SUM},IARY

: F" Oeseburg

: PML-1984-C83

: July, 1984

: DuËch

An aerosol generator for the generation of monodisperse solid aerosols
is being constructed within the framework sf the program "Fugitive
Dustrr. This device will be used in experiments to deËermine Èhe sampling
efficiency of a number of samplers for solid aerosols. Sprays consisting
of a solution of the solid tracer in water are generated by means of a

spinning disk (Micro-Ulva) which is an import,ant component of the tracer
aerosol generator. The solid aerosol ís ereated after evaporation of the
\^rater.

Particle size distribution of vrater sprays generated by means of the
Micro-ulva r^rere measured. sampling was carried out with the aid of
impaction rods which were drwan manually through Èhe spray (impaction
velocity circa 6 to l0 m.r-l). The rods rùere provided with a layer of
magnesium oxide in order to achieve fixation during sampling. The

analysis was carried out using a microseope. The I'Erue" diameters of the
particles were calculated using the spreading factor (0.85) reported by

May. Volume parËic1e size disËríbutions were calculated starting from
the measured number size distribution. Relevant parameters (mode,

relative standard deviation) of the disÈributions of both the regular
particles and the satellítes r¡rere estimated" The relaËive standard
deviation of the distributíons of the regular particles were compared

with the required value following from the feasibility study. It was

coneluded that the Micro-Ulva ín an appropríate aËomizer for the tracer
aerosol generator.
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SURVEY AND EVALUATION OF THE INTERNATIONAL STATE OF THE ART OF CONTROL

METHODS APPLTED TO FUGITIVE COAL DUST

Author

Reference no.

File no.

Date

Language

SUMMARY

: P"G. Eggels

z 84-02601

z 8722-10384

: July I 984

: Dutch

According to the number of reports and. articles published on this
subject, a considerable amount of thought has been given internationally
Èo the abatement of fugitive coal-dust along the route taken by the coal
from the time it is mined till the time of iÈs receipt by the user.
There is a lack of fundamental reasearch, however.

The control methods applied at one location oft,en comprise a number of
measures attuned to one another. A general characterisËic of such a

situation is that one or more sprayíng operations are resorted. and very
often some kind of enclosure is applied to the processíng installation.

There are various sources of dust-emíssion aÈ coal storage and shipmenË
locations' consequently the measures Ëaken at these locaËions differ in
nature and intensity for each of Ëhe sources.

In the matter of differences in the abatemenË method.s applied to comparable
emission sources, it can be couunenËed here that such differences can
often be attributed to differences in the extents of the areas occupied
for coal storage and/or transshípment, the type of coal involved, Ëhe

moisture-content of the coal and the influence exerted by the prevailing
climatic condiÈions.
In a number of cases, such differences in the control methods must be

based on the (environmenÈal) technical or economic assessment of the
problem.

I^Iith the staÈe of the technique as it stands at the present, it is of
Èhe general opinion that practically complete control of the fugitive
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coal dust problem can be achieved. At the present Lime however total
elimination of fugitive coal dust has hardly been achieved, this may be

due to the fínancial consequences associaÈed with the task.

There is a partial lack of reliable information in the relative líterature
concerníng the effectiveness of the control meËhods and whieh is necessary
in order to make an evaluation of the fugitive eoal dust control" Some

cost figures for an eeonomíc evaluation are not directly available
eíther.
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4 SURVEY -AND EVALUATION O

ANNOYANCE IN RESIDENTIAL AREAS FROM-COA], STOMGE AND HANDLING

Author

Report no.

Date

Language

SUMMARY

: J.E.F. van Dongen

:D82
: July I 984

; Dutch

In the literature studied in the framework of this inventarisation no
invesËigaËions have been found which give more than a rough insight into
the problem of annoyance from coal dust in residential areas near coal
stockyards and transhipment locations. A dose-(annoyance)response
relation with respect to coal dust cannot be d.eveloped yet. At bes¡ it can
be concluded that at a same deposition black dust from coal, soot, or fly
ash sooner cause annoyance than from other kinds of dust. However, some

dose-response relations of other kínds of dust are available.
Although from concentration and deposition measurements it appears that
the dispersion i¡f coal dust is limited to l5O0 m, a eonclusion that for
those reasons problems of annoyance aLso will be limited is premature.
Both on the dosis side and the effect side intervening factors play a

role, which insufficiently have been analysed with respect to the
annoyance. This concerns items as the frequency of special weather
conditions, the use of transport. routes, emissions from other dust sources
and the occurrence of other environmental effects like noíse.
There are indications that annoyance sooner appears in new than in
established situations.
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SURVEY AND EVAIUATION OF THE GLOBAL STATE OF THE ART RNGARDING FUGITIVE

COAI DUST: E}IITTED AT COAL HANDLING Æ{D COAI, STORAGE FACILTTIES

Author

ReporÈ no"

Fíle no"

DaËe

Language

SUMMARY

B. Stork
84-0r 3008

87 24- r 0384

October I 984

Dutch

The Dutch organization for applied seientific research TNO has carried
out ¡¿ithin the framework of the National Coal Reseach Prograrmre (NOK) a

revierø and evaluation of the international- state of Ehe art of all
aspects of fugitive coal dust occurring aÈ Èhe coal storage and hand-

ling" This report gives extensive results and conclusions extracËed from

15 subreports which have been issued up to no!,r.

The main conclusions are:

the problem is loeal and is restricted to distances no further than

l 15 km from the source;

- aRnoyance by contamination is the problem, health effecËs are not
1ikely to occur"

The report contains recortrnendations for emission faeËors, control
efficiencies, dispersion and deposition models to be used but staÊes at
the same time that much furËher research is required. in order to obtain
reliable figures/models/final conclusions i

Recorunendations for further rrrork are presented.
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SURVEY AND EVAIUATION OF THE GLOBAL STATE OF THE ART RNGARDING FUGITTVE

COAL DUST EM]TTED AT COAI HANDLING AND COAL STORAGE FACTLITIES

AuËhor

Reference no.

File no.

Date

Language

SI]MMARY

: B. Stork
:84-013019
:8724-12564
: November 1984

: English

The Dutch Minister of Economic Affairs has established a National Coal
Research Program (NOK) airning at the elemination of technical, economic
and ecological barriers to the re-introduction of coal as a main source
of energy. Industries, engineering companies, (technieal) universities
and other R & D organisatíons, such as the NeËherlands Organisation for
Applied scientific Research (TNo), are carrying out research projects
within the framework of this program.

Part of NOK is research into the ecological aspects of fugitive dusË

caused by the storage and handling of coal. one of the projects to be
carried out by TNO is a revier¿ and evaluation Ëo the international sËate
of the art of all aspects of fugitive coal dust.
The purpose of thís project is to provide scientifie support to the
other research projects in NOK concerning fugitive dust.
Such a review comprises the following items:
- sampling/registration techniques
- emission

- dispersion models

- concentrations

- deposition
- resuspension

- abatement techniques

- annoyance

effect.s on human beings, nature, agriculture, horticulture and

materials
- R & D programmes carried out in other countries.
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Up to 15 report,s have been issued on the above mentioned items" Both
these subreports and the final report of NOK-0I¡üS-l are written in Dutch.
In Èhis reporÈ an extended sur¡rmary in the English language is therefore
provided for those, interesËed in Èhe contents of the various reports.
Also Èhe conclusions of the final report are presented.

ilir,
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RISKS CONNECTED I^IITH THE MINING, TRANSPORT AND USE OF COAL USED FOR

ELECTRICITY PRODUCTION IN THE NETITERLANDS

Author

Reference Nb.

File No.

Date

Language

SI]MMARY

: G. Snellink
: 7B-04884/MSI^I

z 8713-3537

: March I 979

: Dutch

A desk study has been made into risk-analysis literature concerning coal
in its relation to the Dutch situation. The specific coal studies are
only partly applicable to the Netherlands. To find additional data use

has been made of other sources of information (data from the Netherland.s

Bureau of Statistics and Ëhe Netherlands Maritime Institut,e for example).
The results found for the Dutch-relaËed situation (up to 1985) shor¿ a

sËatistic value of circa I to 1.5 seriously wound.ed persons per 106 tons
of coal imported into the Netherlands. From these, 0.6 t,o 1.3 are
persons engaged in direct labour (mining and transport), whereas 0.3 to
0.6 are persons belonging to indirect labour sources (traffic acci-
dents). For the Netherlands part these figures relate to 0.07 persons
involved in direct labour and 0.12 ín indirect labour. The other fatal
accidenÈs occur for the greater part in countries r¿here the coal is
mined. The data so calculaËed are about 207" tríglrrer than Lhose quoted in
U.S.-studies, as a result of the extra transport over sea and in the
Netherlands. This study is limited to the use of coal for electrieity
generation in power plants with currently used equipment.
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A SIMPLE MODEL FOR THE SELF ITEATING OF COAT,

Authors : J.I^I. van Heuven

D" Schmal

J.H. Duyzer

z CL 82132

: 50009

:4.351-2.1
: March 29th, 1982

: DuLch

Report No.

Order No.

Contract No.

Date

Language

SUMMARY

As part of an investigation into the self-heating of coal piles, we have

developed a one-dimensional model describing the self-heating at re-
latively low temperaÈures (l-ess than 80-9OoC). The model aims to establish
a relation beËween laboratory measurements on coal and the behaviour of
eoal piles. In addition, it should be useful in esËablishing those
physical and chemical faetors Èhat play an important part in Êhe heating
of coal piles. Ì,Ie have f or the time being opted for a simple one-dimen-
sional model because it is yet unknov¡n which of several processes

contríbute to the complex phenomenon of self-heating.
The (non-stationary) model takes account. of the depleÈion of oxygen and

development of heat by chemisorption of oxygen to coal insíde a coal
pile, of transport of oxygen through diffusion and convection, and of
h"tt thtough conducËion 

"and 
convection. It consisËs of three diffe-

rential equaËions, namely an oxygen mass balarice, a heat balance, and a
reaction rate equation. For a number of simple cases, the equations can

be sol-ved analyËically. For non-stationary conditions, they can be

solved numerically. Calculations (by both meËhods of solution) on the
basis of pracÈical data yield results describing Ëhe seLf-heating of
coal piles ín a qualitative sense. If the model is to yield results thaË

are useful in a quantitaËive sense, more precise data will be needed of
the facÈors operating in the process of self-heating. These factors
include, firsË, the porosity of the coal- pi1-e and its ventilation rate,
which sÈrongly depends on porosity, and secondly, the reactivity of the

coal and those factors on r¿hich it depends.
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In its present form Ëhe model affords a satísfaet.ory qualitative des-
cription of the behaviour of a seLf-heating coal pil-e. tr{e therefore hope
that it can serve as a basis for more elaborate mod.els describing that
behaviour guantitatively.
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ROLE OF MICROORGANISMS IN THE DEVET,OPMENT OF SPONTANEOUS HEATING

Author

Report no.

Date

Language

SUMMARY

: H.J. Doddema

z MT 82/489/ßat
: December 31, .1982
: Dutch

In the framework of the research on Ëhe insidious tendency of some coals

to self-heating whil-e in storage' r¡Ie tried to count Ëhe number of

microorganisms on coal in coal storage-piles " Our aim $las to achieve an

impression of the oxidative capacity of microorganisms in coal and of

the resulting heat production by microbial activity as a contribution Ëo

the initial self-heating of coal.

Coal- from hot (600 - SOoC) areas in coal storage heaps was dried, milled

and sieved. Consequently the number of microorganisms r¡lere counÈed using

the Most, Probable Number Technique.

In all coals tested the numbers of mieroorganisms ¡¿ere so low

(nclOo per g) that it is unlikel-y thaË the microbial oxidation of

reacËive groups in coal will contribute significanËly to the self

heating of coal.
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HEAT PRODUCTION DURING COAT STORAGE

Author

Report No"

DaËe

tanguage

ST]MMARY

: A.H. Heemskerk

: PML 1982-ll2
: March 1982

: Dutch

The results of Lhe investigaÈion into the heaÈ generaËion of coaI, whieh

is caused by degradation, are reported.

Temperature as r¡e1l as moisture content play an important role during

the self-heating process. This role cannot be explained by physical
adsorption processes, but it is hoped that chemisorption processes ean.

During degradaLion chiefly carbon dioxide is formed. Even under oxygen-

poor circumstanees the producËíon of carbon monoxide is small.



ilixov-6

INVESTIGATION TNTO SOME }'IETHODS FOR TIIE DETERMINATION OF 1]ÏfE

TENDENCY OF SELF HEATING

Author

Report no.

Order no.

Date

Language

SUMMARY

R. Tadema I^Iiel"andt

R 83/10

50087

January 1 983

Duteh

lfhile carrying out work on the project "Calorific loss and spontaneous

heating in coal-piles" there appeared to be interesË ínto studying the

heating behavior of various Èypes of coal.

The purpose of the orientating research rüas to find a method by which

Ëhe Eendency of several sorLs of coal Êor,¡ards spontaneous heatíng can be

compared "

As the reactivity in oxidation reactions coul-d be seen as a measure for

the tendency towards spontaneous heating' a reactor r¡/as developed,

wherein coal samples could be quiekly oxidized vrith atomic oxygen. It

was ÈhoughË that the reaction could be followed by monitoring the

chemoluminescense emitted duríng oxidation,

By measuring the light reflection of the coal surface' iÈ was found that

t.he chemoluminescence pïocess occurred once Èhe surface of coal I^7as

almost completely ashed. The developed chemol-umínescence technique was,

therefore, found to be both too unsensitive and too urisPecific to be

used as an oxidation monitor.

From experiments carried out using Fourier-transform-infrared-spectros-

copy (ffIR), iÈ was found that this technique appeared to be more suitable

to specifically fo1low the fast oxidation process'
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A MODEL FOR THE SPONTANEOUS HEATING OF COA],

Authors

Report no.

Order no.

Date

Language

SUMMARY

: D. Schmal

J.H. Duyzer

J.W. van Heuven

: R 84/l6a
:10565
: January 25, 1984

: English

As part of an investigation into the sponÈaneous heating of coal piles,
r,re have developed a one-dímensional model describing the spontaneous

heating process at relatively low temperatures (1ess than about lOOoC).

The model aims at establishing a relation between laboratory measurements

on coal and the behaviour of eoal piles. In addition the model- should be

useful in establ-ishing those physical- and ehemical factors that play an

important role in the heating of coal piles in order to t,ake rational
measures against excessive losses ín caloric value. For Èhe time being

we have opÈed for a one-dimensional model.

The ultimate non-steady model described in this reporÈ takes into account

the depletion of oxygen and the producÈion of heat by chemisorption of

oxygen in the eoa1, the transport of oxygen via díffusion and convection

and the t.ransport of heat via conduction, convection and evapotation/

condensaÈion of coal moisture. It consists of four differential equat,ions,

namely equations for conservation of oxygen mass, of coal moisture and

of heaÈ and a reaction-rate equaËíon of oxygen with coal.

For some simple cases, the equations were solved anal-ytically. For non-

sÈeady condit.ions, they were solved numerically.

Calculations using data from laboratory and field experiments give

results that describe the process of spontaneous heating in a semi-

quantiÈative sense as it appeared from a comparison between the resul-ts

of calculations and those of measurements in coal pi1es.
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HEAT GENERATION DI]RING COAI STORAGE

Author

Report no.

DaËe

Language

STJMMARY

: A,H. Heemskerk

: PML 1983-107

: January 12, 1983

: Dutch

The resulËs of the investigations in 1982 into Èhe heat generation of
coal as a consequence of degradation, are reported.
The heat generations of trilo types of AusÈralian and Ameriean coaL have

been determined isothermally at several temperature 1eve1s. A direct
relationship between the oxygen concentration and the heat generation
has been established for oxygen concenËraÈions between l0 and lOoZ,

0n1y a narginal effect, of the particle size on the heat generation has

been found" The moisture balance in the coal- plays a vital role in the
self-heating process. According to adiabatic experiments the cool-ing
effect of evaporaËing moisture is cl-osely related to Ëhe varying
venËilation rate, while also Ehe rel-ative humidity of the air is
involved in the process.
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CALORIFIC LOSSES AND SELF-HEATING OF STORED COAL

Reference No.

File No.

Dat.e

Language

SUMMARY

: 83-0323

: 8722-50O09

: February I 983

: Dutch

The project I'Calorific losses and self-heaÈing phenomena in stored coal"
is jointly executed by TNO and KIMA. Research ín practiee is carried out

by KEMA, TNO undertakes invesÈigations in the laboratory. The calorific
losses are defined by the weíghÈ Loss of pure coal and the decrease in
the heating value. For the average weight loss of 15 batches of loose

dumped coal the result was: abouË 57" ín the first year and about 2iâ per

year in Ëhe following years. AbouË 27" decrease in heating value per year

r.las f ound.

In the laboratory the heat production \¡ras measured under similar con-

ditions as prevailing in coal piles. Self-heating sensiËive coal was

used. A heat producËion of 40-70 nl^I/kg was found for Australian coal and

of l5O ml,I/kg for US coal in air at 65oC. The activation energy of the

reaction beËïreen coal and oxygen was 70-80 kJ/mol. Above 107" oxygen Ëhe

reaction rate was proportional to Èhe oxygen concentration to the po\^ter

of 0.7. Humidity and partiele size gave deviations in heat production of

less than 207" and their influence on heaË produetiorl l¡ras therefore

s 1ight.
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SELF.HEATING OF SUB-BITTIMINOUS COAT-I}TVESTIGATION I 983'

Author

Report no"

File no"

Date

Language

SI]MMARY

: A"H" Heemskerk

: PML I 984-C35

: M 9189

: February 13, 1984

: English

The results of the invesÈigaÈion into the heat generation of coal are

collected in this report.
The relationship between the heaÈ generation and the partial pressure of

oxygen has been investigated for Low oxygen concentrations (0-2OZ O).
An unequivocal relaÈionship could be established, whieh is in agreement

with the observations at high oxygen concentraËions (10-1002 Où.
The loss in caloric val-ue and in Èhe activity of the coal has been

established with long-term storage experimenËs performed at 305 and 323 K.

It appears Èhat, the additíon of such chemicals as sulphuric acid and

iron salts that are frequently encountered in coal piles stimulate the

heat generation.

Adiabatic investigations reveal an equilibrium between the moisÈure in
the gas phase and in the solid phase, leading to an adiabatic saturation

temperature. This Èemperature is dependent on the flow rate and appears

to remain beÈween 348 and 363 K under normal sÈorage condiÈions.

It is evident from all experiments Èhat the entire process of self-
heating is determined by the chemieal oxidation process generating heat

and Ëhe physical process of evaporation consuming heat.
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SPONTANEOI]S HEATING OF COAI

Authors : D. Schmal

A.H. Heemskerk

A. Kok

J.trI. "van lleuven

: R 84/47

: I 0565

:4"351-2.1
z Ylarcl: 22, 1984

: English

Report no.

Oder no.

ContracË no.

Date

Language

SI]MMARY

In this report a review is given of the results and their evaluatíon of
investigations on sponÈaneous heaÈing of coal performed in 19g3.

The research progrartrne consists of Ëhree parts:
- field measurements;

- laboratory measurenents;

- development of a mode1.

A lot of information on the process of spontaneous heating was gained in
the course of the project" Methods were developed to estimate the
tendency of spontaneous heating and losses in calorific values of coal
piles on Ëhe basis of measurements on gas composition anð its flow
vel"ocities in the pile. Mean steam coal losses caleulated. frorn measu-
rements vary beÈween 0.1 and 47" pet year depending on storage conditions.
Local losses in calorific value in piles having temperatures of about
80oc can be as high as l5Z in one year. The making of an inventory of
these losses r¿i1l be continued.
Furthermore a method was developed Èo prediet the spontaneous heating
behaviour of a coal pile on the basis of laboratory EeasuremenËs and a

methematical model. As follows from a comparison of the calculating
results with those of field experiments, it now gives semi-quantitative
results" For a further quantitative verification, it is necessary to
perform experiments, under well-defined conditions, with coal piles in
various degrees of compaction.
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From this study it can be concluded that the most important parameters

in the process of spontaneous heating are: the porosity of the pile
(degree of compaction), Ëhe process of evaporation and condensation of
coal moisEure, temperature of the coal at the beginning of storage and

reactivity of the coal towards oxygen adsorption"

Ì{ith the knowledge obt,ained so far about the relative importance of the

different parameters, it is already possible to give general recoûmen-

datíons about storage conditions and measures t,o prevenË or delay

spontaneous heatíng for existing and new coal pi1es. The verification
mentioned above will give such recomnendations a more sol-id basis.
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A MODEL FOR THE SPONTANEOUS HEATING OF COAL

Authors

Publication
Dat.e

Language

SUMMARY

: D. Schmal

J.H. Duyzer
" J.I^I. van lleuven

no.: P 84/14

: April 5, 1984

: English

As part of an investigation into the spontaneous heaÈing of coal piles,
ne have developed a one-dimensional model describing the sporitaneous

heating process at relatively l-ow temperatures (less than about IOOoC).

The ultirnate non-st.eady model takes into accounË the depletion of

oxygen and Ëhe producÈion of heat by chemisorption of oxygen in the

coal-, the transport of oxygen via diffusion and convecËion and the

Ëransport of heat via conducËion, convection and evaporation/conden-

sation of coal moisËure. It consists of four differential equations,

namely equations for conservation of oxygen mass, of coal moisÈure and

of heat and a reaction-rate equation of oxygen with coal.

Calculations using data from laboraËory and field experiments give

results thaË describe the process of spontaneous heating in a semi-

quantitative sense as it appeared from a comparison between the resul-ts

of calculaÈions and those of measurements in coal piles.
The most imporËant pararieters in the process of sponËaneous heating

particularly for the time between dumping and spontaneous ignition are

the porosity of the pile (degree of eompaction), the initial temperature

of the coal and the evaporation and condensation of coal moisÈure. The

influence of other parameters (e.g. reactivity of the coal, heat con-

ductivity, etc.) is much less pronounced.
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A PREDICTION METHOD FOR THE SPONTANEOUS HEATING OF COAL

AuLhors D" Schmall

A.H. Heemskerk

J.hI. van Heuven

J.H" Duyzer

P 84/2s

4th European Coal Utílization Conference,

4-6 Septenber 1984,

Volume 1, l7l-183
10729

JuLy 24, 1984

English

ReporË no.

Presented at

Order no.

Date

Language

SUMMARY

When coal is sËored it suffers slow oxidation. This causes spont.aneous

heating, resulting in loss of calorific value and, possibly, in self-
ignition" The reintroduction of coal as a major source of energy in the

Netherlands and the important part played by Dutch harbours in the

transhipment of coaL have prompted a research prograrnme into the various

åspects of spontaneous heating. The prograume comprises three parËs,

víz"z
- laboratory studies of the effect of a number of variables on heaË

generation by (rnostly sub-bituminous) 'rsteam" coal

. measurements in coal piles of temperature, gas composition, gas

flow velocities, and loss of calorific value

- development of a mathematical model describing the process of

spontaneous heating in a coal pile.

A mathematical model that reliably predícts the heating behaviour of a

coal pil-e can be used to

- prompÈ measures to prevent (excessive) spontaneous heating

- calculat.e loss of calorific value

- reconstruct the course of evenÈs in a coaL pile (e"g. for insurance

purposes) .
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This paper presents a brief description of the model and the methods of

the laboraËory measurements. Some examples will highlight those variables

which play an importanË part in spontarieous heating. IE furÈhermore

discusses those aspects of the calculations which are important from a

practical viewpoint (reconmendations for storing coal piles etc.)
Results of field measurements illustraËe the importance of the

spontaneous heating process from an economic point of view: ealorific
losses in compacted steam coal vary between 0.1 ar.d 47" per annum. Local

losses in loosely stored coal were as high as 757 annuaLly, even in the

absence of ignition.
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DUST EXPT,OSIONS

AuËhor : J.P" Zeeuwen

Published in : PT/Procestechniek, 36 (1981), 9, 445-451

Language : Dutch

SUMMARY

Finely divided dust of many products mixed with air ean cause a dust

explosion. In this publication a survey is given of this phenomenon, and

als,o of the facÈors influencing the dust explosion. A revíew is given of

the preventíve and corrective measures.
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REVIEI^I OF CURRNNT RESEARCII AT TNO INTO GAS AND DUST EXPLOSIONS

Language

SI]MMARY

: J.P. Zeeuwen

: The international specialist meeting on fuel air
explosion.
November 4-6, l98l
Montreal PQ, Canada

: English

In this papeï a review is presented of the research into gas and dust

explosions, which is currently in Progress at the Prins Maurits Labo-

ratory TNO. Since most research is contract research, it is noÈ possible

Ëo go into details, but in order Ëo.highlight the areas of interest, a

few exampl-es of ongoing oT recenÈly finished research are given.

In the area of dust explosions emphasis is on recent hTork on the minimum

ignition energy requirement of dust clouds.

In the area of gas explosions in confined systems attention is paid to a

study of the coupling between acoustic vlaves and combust,ion in both

coupletely closed and vented large explosion vessels.

Flame propagation in the presence of repeated obstacles relevant to gas

cloud explosions, is illustrated for different degrees of confinement.

An example is given of numerical simulation of real unconfined gas

explosion experiments where the measured flame history is used as input

for blast calculation codes and the measured and simulated pressure

pulses are compared.
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AN ORIENTATING STUDY OF DUST EXPLOSION RISKS IIHEN HANDLING AI{D

PROCESSTNG COAL IN THE NETHERLANDS

Authors G"F.M. van Laar

J.P. Zeeuwen

D.J.c. van Dijen
J.P.J. Ruygrok

PML l 983-tl2Report No.

Administration
No.

Date

Language

SI]MMARY

: G 2180

: January I 983

: DuÈch

At the request of Project Office for Energy Research, BEOP, an orien-
taËing study has been conducted into the possible. (dust) explosion
hazards during transport, storage, ËranshipmenË, handling and use of
coal in the Netherlands. The study comprises a survey of the explosion
properties of coal dust, safety measures against explosions, and the

explosion hazards in the different systems of Ëransport, transhipment,
handling and use of coal. The present and the future situation are

described. This study concludes with guidelines and reconrmendations to
promote explosion safeÈy.
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COAI EXPLOSION HAZARDS

Authors J.P.J. Ruygrok

G.¡'.M. van Laar

J.P. Zeeuwen

Bulk Syst.Int., 5 (1983), 6, 5l-53' 55

English

The increasing uge of coal as fuel in the Netherlands has prompÈed

research into its safe Ëransport, handling and use. The Dutch goverriment

has sponsored an exËensive research progralllne eovering explosion l¡azards

in these â.reas, which is described in this articLe. Coal gas and coal

dust explosion phenomenology is deseribed, and dust control procedures

are included" Preventive measures are suggesLed.
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COAL AND EXPLOSION DANGER

Authors G.F"M" van Laar

J.P" Zeeurren

D.J.c. van Dijen
J.P.J. Ruygrok

PT/tr{erktuigbouw,Published in

language

SUMMARY

tq
39

(1983), 11, 7t-74
(1983) , 12, 51*53

: Dutch

An investigation is carried out into the (dust)expl-osíon risk caused by

the use of coal today and in Ëhe future. The result of this study ís an

inventory of the explosion characteristics of coal dust, and the ex-

plosion risks in the various kinds of sysÈems for transport and handling

and processing"

Explosions are possible in all kinds of equipment and duríng all pro-

cessing, but can be prevented by Ëaking adequaËe measures.
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INVESTIGATIONS INTO EUST EXPLOSIONS

G.F.M. van Laar

J.P. Zeeuwen

The TNO Symposium "Industrial Safety"
at NoordwijkerhouË

15-16 Deeember, 1983

Dutch

Authors

Presented at

Dat.e

Language

SI]MMARY

In this paper the phenomenon of dust expLosion is expLained. The prevention
of dustexplosions is discussed as well as the measures that can be taken

to reduce the effect of a dust expLosion. A survey is given of the research
into dust, explosions aÈ the Prins Maurits Laboratory since 1970.
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A PRACTICAL LOOK AT DUST EXPLOSION CTTARACTERISTICS

Authsrs

PresenËed aË

Date

Language

SUMMARY

J. P. Zeeur,r¡en

G.F.M" van Laar

The syrrposium "Explosion
at AnÈwerp

April l6-19, 1984

English

Protection in Praetice"

The main dust explosion charaeteristics Ëhat have to be used in the

design of prevenËive and protective measures are presented with a brief
outline of the test method.

The US Bureau of Mines classifícation scheme ("explosion index") is
described and reasons are given why its use is not recomnended anymore.

Dust explosion data from open 1iÈerature Sources aTe presented for
samples of various branches of industry to illustraËe the range of data

thaË can be encounËered in practiee"
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A SURVEY OF THE RESEARCT1 AT TNO IN TIIE DI]ST EXPLOSION FIELD

OVER THE LAST EECANE

Authors

Published

Language

SUMMARY

t_n

J.P. Zeeur,ren

G.F.M. van Laar

VDI-Berichre, 494 (1984), 81-86

English

In this paper Ëhe following items are discussed:

Influence of particle size and moisture conËent on such important

explosion properties of dusË-air mixtures as maximr:m explosion

pressure, maximum rate of pressure rise (Krt) and maximum ignition
energy,

Influence of blending ProPortions on these properties,

Explosion venting of a room partially filled with dust-air mix-

Ëures.

From the experiments performed the following eonclusions cari be drar,rn:

- The moisture content and particle size of a dusË sample only have a

large effect, on the minimum ignition energy of that sample. The

minimum ignition energy will drop appreciably with drier and

smaller particles.
- when Èwo products are mixed, the dust with the highe"t K"t and the

lower ignition energy tends to influence these explosion properties

of the mixture more than is Èo be expected on the basis of their
weight ratios.

: An exploding dust clouil partially filling an enclosure and situated

aË a considerable distance from the vent, behaves like an exploding

d.ust cLoud of a much larger volume than the actual cloud. This

means that in the case of a partiall-y filled enclosure the surface

area of the vent should be calculated on a nultiple of the volume

of the actual dust cloud.
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EXPLOSION RISK AND COAT, HANDLING

Authors : G"F.M. van Laar

J.?. Zeeuwen

Published in : PT/Proeesreehníek, 39 (t984) o 6/7, 37-41

Language : Duteh

SIJMMARY

A preliminary study has been made regarding Ëhe explosions risks when

transport,ing, storing and processing coal. Especially the aspects of
coal processing are discussed and the required condiÈions for dust
explosíons to oecur. The characteristics of pulverised eoal and fluid
bed boilers and coal preparation plants in relatíon to dust explosion
hazards are given"
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TTIE RADIO-ACTIVE EMISSIONS AND THE IMPACT ON TIIE PEOPLE IN THE

NEIGHBOURHOOD OF A 600 MI,üe COAI-FIRED POI^IER PLANT

AuLhors

Reference

File no.

Date

tanguage

SUMMARY

: L.A.M. Jansen

J.J. Broerse

no. : 80-014233

: B7l0-7579

: February l98l
: Dut,ch

The radiation impact from a coal-fired power plant (600 MtIe) with a

maximum fly-ash emission of 700.000 kg Per annum on.the people in Ëhe

neighbourhood has been calculated.

The Ëotal radiation impact on Ëhe ÈoËal human body was found to be 2

mrem per annum. This is primarily caused by Ëhe food. Radiation impact

on the bones has been calculated to be 4 mrem Per annum. These cal-
culated values can be considered as maximum possible values caused by

the emission of the fly-ash.
Additional irnpact of 2 mrem per annum can be considered as acceptable,

compared with the impact of natural radiation of about 100 mrem per

annum. The calculated impact is also small compared with the maximum

allowable impact according to the ICRP limit (160 mrem Per annum for the

total human body), which are also valid in the Netherlands.

The fact is emphasized that loweiing the fly-ash emission uP to the

1evel prescribed is a necessity. Application of the fly-ash requires

special attention as a resulÈ of the radio activiÈy of the fl-y-ash

collected.
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ARE PAT]ENTS SUFFERING FROM CHRONIC LUNG- AND BRONCHTAL TUBE

DISEASES MORE IN TROUBLE IÍTTEN COAL IS FIRED AGAIN IN THE

NETHERLANDS?

Author : P"E. Joosting
Published in : Project (1982), 3, 9l-96
Language : Dutch

SI]MMARY

The construction and function of our lungs and bronchial tubes are such

Ëhat air pollutants are eliminaÈed in several ways. rÈ depends on the
quantiÈy and kínd of air pollution whether health will be negatively
affected.
rt has been demonstrated, r¿hen fíring coal on a big scale, that people

suffering from asthma and bronchitis, have more troubles with their
disease. The author does not expect that the experiences obtained in
England will be repeated in the Netherlands as a result of the impro-
venent of coal-firing techniques.
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ENVIRONMENTAI TOÎICOLOGICAL RESEARCTI OF EXTRACTS FRoM TI^Io SAMPIES oF FLY

ASH FROM A PULVERISED-COAL COMBUSTOR

Author

Report No.

Order No.

Date

Language

SI]MMARY

: D.M.M. Adema

: R 83/59

. 10293

: April 5, 1983

: DuËch

Aqueous and organic extraeÈs from f1y ash samples originating from the
combustion of Polish coal in a pulverised-coal fired po\^rer plant (PGEM,

Nijmegen) r^¡ere invesËigated regarding some enviroruuental toxicological
properties. One sample r¡/as a mixture of Èhe zones I to 4 inclusive of
the electrostatic precipitaËor. The other sample was only from zone 4,
r¿here the smaller particles are collected. The Ëoxieity of the aqueous

extracts was determined by means of the crustacea Daphnia magna (morta-
lity, growth and reproduction), the hydro-polyp Hydra oligactus (growth
rate) and the plants Avena sativa and Brassica rapa (germination, gror¡rth

and leaf damage). The toxicity of the organic extracts r¡as determined by

means of the Daphnia test.
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LUNG MACROPHAGES, SOME GENERAL INFORMATION AND A LITERUTIJRX SURVEY OF

CYTOTOXICITY TESTS I^ITTH FLY ASH

Ar-rthor : R.N. Hooftman

Report No. : R" 83/89

Order No. z 14293

Date z Ylay 24, 1983

Language : Dutch

SUMMARY

Research has started into the possibl-e biological hazardous effects to
human beings and the environment of inhalable f1y ash. As an íntro-
ducÈion to this research this report gives general information on lung
macrophages and the results of tests with fly ash as far as they are
kno¡nm frorr literature.
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INVESTIGATION INTO TIIE PRIMARY SKIN AND EYE TRRITATION EFFECTS

IN RABBITS AND FOR SENSITIZATIONS IN GUINEA PIGS, OF FI,Y ASH

SAMPLES FROM A PULVERISED-COAL COMBUSTOR

Authors : G.J. Vink

L. van Beek

M.K. Prinsen

H.P. Til
D.C. Veldhuysen

: R 83/147a

z 10293

: August 10, 1983

: Dutch

Report no.

Order no.

Date

Language

SI]MMARY

The effect of three samples of fly-ash from a pulverisèd coal combust,or

(PGEM, Nijuregen, The NeËherlands), collected símu1Èaneously during
combustion of Polish coal, hrere investigated in single-application Èests

for primary skin and eye irritation in albino rabbits and for sensi-
tization in guinea pigs. The fl-y-ash samples \¡rere collected at the

combined final discharge of the four zones of the elecËrostaÈic preci-
pitators (filter-ash), at the discharge from zone 4 alone (filter-ash
E4) and in Èhe stack with a bagfilter at l2OoC (sÊaek-ash DF). In rhis
sequence of ash samples a decrease of partícle size and an increase of
concenËrations of heavy meËals and organics (e.g. PAH) can be expected.

Although small differences \ârere found, the three samples all appeared to
cause slight skin irriËation.
Both samples of filter-ash caused slight eye irritation. The lesions
cleared up compleÈely, however, during a seven-day observation period.
SÈack-ash DF caused moderaÈe eye irritation and Èhe lesions only re-
covered parÈly within seven days. Because of this observation stack-ash

DF is considered to be an eye irritant.
trIashing of the treated eyes appeared to be an effective remcdy against
irritation. None of the ash samples gave rise to increased hypersen-

sitivity (sensitization) .
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IN VITRO MEASUREMENT OF THE CYTOTOXICITY OF SOME FLY ASH SAMPLES

FOR LUNG MACROPHAGES

AuÈhors

ReporË no.

Order no.

Date

Language

SUI4MARY

: R.N. Hooftman

C.I^I.M. Arkesteijn
: R 83/182a

z 10293

: September 10, 1983

: Dutch

A number of f1y ash samples \¡rere tested for cytotoxicíty with bovine
lungmacrophages. The macrophages were lavaged from a lung lobe and

exposed to fly ash samples in tissue culture tubes. Viability and the
phagocytoËic capacity were used as Ëest paraÍieters. Macrophages exposed

to fly ash were invest,igated with the scanning eleetron microscope.
The fly ash samples investigated 'h/ere stack samples as well as samples

from electrostatic filters predominantly obtained from a pulverised coal
fired po\¡rer plant. A sample of the fluidised bed combustor at Apeldoorn
(Netherlands) was also investigated. The stack ash samples appeared to
be more cytoËoxic for bovine maerophages than the samples of the electro-
stat,ic filters. A fine fracËion (2.3 ym) of the electrostatic filter
ash, however, T¡ras far more cytotoxie Èhan the complete ash.

CyÈotoxic effects \¡/ere, however, found aË concentraËions higher than d¿-'

quartz, Ëhe tested model eompound of which it is knor"m that it causes

fibrinogenic reactions to man and animal.
The adverse effect on the main function of the macrophage, phagoeyÈosis,

was considerable for some stack ash samples. It should be noted that Ëhe

defense of the lung against inhaled particles and bacteria may be

end.angered by the decreasing number of phagocytosing cells.

r,
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A PRELIMINARY LITERATURE STUDY FOR A RESEARCH PROGRAMME ON HUMAN

TOXICOLOGICAL EFFECTS OF STACK EMISSIONS OF COAL-BURNING

INSTA],I,ATAIONS

Author

Report no.

Order no"

Date

Language

SUMMARY

: G.J. Vink
: R B4l57

: 10293

: May lst, 1984

: Dutch

A preliurinary study of literature daÈa on human toxicologícal aspects of

the sËack emissions of coal-burning installations has been carried out

for the Dutch "National Research Prograrmne on Coal Technology". The aim

of the study \¡/as Èo contribute to the formulation of a research pro-

graÍìme on Ëhe biological effects of these emissions.

The Dutch government, and the Bureau of Energy Research ProjecÈs,

inËend to start a prograÍtrne of research inËo the nature and the extent

of possible effeets of increased emíssions of coal combustíon products

resulting from increased use of coal for energy supply, for man and the

environnent.
The following subjects have been successively considered: the concept of
t'human toxicological research", the quantitaLively most important air
pollutants in sËack-emissions from coal combustion, the effects of these

components on man or mammals, the effects of total emissions and stack

fly ash on man, mammals or in-vitro test systems.

A survey of human toxicological research in the Netherlands on air
pollutants is also given.

Comparison of the expected concenÈrations of importanË emission com-

ponerits in the air with "maximum inmission concentrationstt (Mlc-values)

and the "lowest effect concentrations" (LEC) quoted in the liÈerature

leads to the following conclusions:

Coal use of. 20. 106 ton per year results in SO, and NO* concentrations

which probably remain below the MIC- and LEC-values. In the most un-

favourable case (high varlant, of conÈribuËion by coal combustion)

concentraÈions up to 507" of. the MlC-val-ues can be reached.
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Risks from these compounds may be expected to be highest where they are
found together r¿ith stack fly ash with absorbed trace elements and

polyeyclic aromatic hydrocarbons (PAlt) " Ilowever the expected conÈri-
buEion of stack fly ash and Ëhe PAH from pulverised coal-burning in-
sËallations is low, buÈ could be substantial locally around small
installations.
uncertainties with regard to possible synergístic actions of these
comporients in combinaÈion with fly ash form a problem for both short-
and longterm exposure, which requires further research and risk ana-
lysis.
The elements with the greatest expected concentratíon increase in the
air, A1 , As, B, Hg and Sr,.are (r^ritfr the possible exception of Hg) not
expected to shor¿ t,oxie effecÈs for humans; toxicological data for Sr

are, however, lacking"
No human effects are expected from (H)Cl or (H)F; (H)F can possibly
affect cattle.

Data on epidemiological research around eombusÈion installations are

scaree 
"

Data about in-vitro research of fly ash supplies useful additional
information on specific Ëoxic properties and reactions but Èhis must

evaluated for clear interpretation.
On Ëhe basis of these findings a prelirninary research progra¡rne has

formulated 
"

be

been
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SOME TOXOLOGICAL PROPERTIES OF FLY ASH IN RELATION TO PARTICIE

SIZE

Language

SI]MMÄRY

G.J. Vink
AshTech r84, Second International Conference on

Ash Technology and Marketing, Barbican Centre,

London, September 16-21, 1984

English

The toxicological properties of samples of fly ash of Polish coal from a

pulverised coaL combustor in the Netherlands were investigated. Studies

were earried ouL with samples of boÈh bulk fly ash, and fly ash from the

final zone of the elecLrostaÈic precipitators.

Results on cytogenic effects in bacterial and cel1 culture t,est systems'

on cytotoxic effects in a bovine lung macrophage, in vitro EesË system

and on prirnary skin and eye irritaËion effects in rabbits are presented.

Some eco-toxieological results concerning Èhe influence of fly ash in
Èest systems with plants and aquatic animals are gíven.
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RE-INTRODUCTÏON OF COAL ACCOMPANIED BY INVESTIGATTON INTO FLY ASH

AuÈhor

Published in
Language

SUMMARY

: P.B. Davis

: Proj ect ( I 984) , 393-395

: Dutch

It is possible to calculate the distribution of fly ash in the aËmos-

phere by means of mathematical models. It was found that Ëhe largest
coneentrations of fly ash were found at some kilometers north of the

chimney. (0.3 ug/*3 annual average). I,rlhereas Èhe back ground concen-

tration is 40 Ug/*3. This shows that a 600 MI^I por^rer plant will give no

noticeable addition Èo the genotoxicity of the dust in the atmosphere,

when there are no reactions giving an extra inerement of the genotoxicity
of the chimney ash.

Only when chemical reactíons should cause a hundredfold increase of the

genotoxicity of the chimney ash, the situaËion should be different. This

has to be measured in fuËure. Based on these measurements it will be

possible to judge over Èhe possible influence on human health" However,

at this moment there is no reason to be anxious about. It is also

necessary to investigate the neighbourhood of sma1l installations. They

have a low chimney and the fly ash has possibly a high specific muÈa-

genicity.
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CYTOTOXICITY OF COM3USTION PRODUCTS FROM SMALL BURNING INSTALLATIONS

FOR LUNG MACROPHAGES

Authors

Report no.

Order no.

Date

Language

SI]MMARY

R"N. HoofËman

P. Roza

R 84/194

10293

December 5th, 1984

Dutch

The cyt,otoxic properties of a number of bag filter ash samples and a

cyclone ash sample from small coal fired installatíons in De Lier and

Zeve¡htízen for lung macrophages r¿ere investigated. The bag filter ash

samples from De Lier and the cyclone ash sample from Zevenhuizen were

not, cytotoxic; the induced effects r¡rere comparable with those eaused by

inert material. The bag filter ash from Zevenhuizen caused a small

cytotoxic effect; both survival of the cells and fagocyËic capaciËy were

slightly affected.
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THE INDUCTION OF CHROMOSOME ABERRATIONS IN CULTURED MÆ4}4ALIAN CELLS

BY COMBUSTION PRODUCTS FROM SMALL COA], FIR-ED TNSTAI.LATIONS

Author

Report no.

Order no"

Date

Language

ST]MMARY

: R.N. Hooftman

: R 84/r95

z 10293

: December 5Ëh, 1984

: Dutch

The genotoxie properties of a number of combustion samples from smal-l

coal fired installaÈions were investigated. The samples came from two

installations used for heat,ing greenhouses in De Lier and Zevenhuizen.

Stack ash, bagfilter ash and (only in Zevenhuízen) eyclone ash were

sampled and Ëested for their ability to induce chromosome aberrations in
a genotoxicity test wiÈh a marmralian ce1l line (Chinese Hamster Ovary

cells). I^Iith the exception of the cyclone ash, all samples induced a

range of chromosome aberrat,ions. Application of metabolie activat,ion did
not inerease genotoxicity. The effeets agreed to a large extent with
those found in the Arnes test, although some differences r¡rere found. It
is likely that the effecÈs in the t\,Ío test, systems are induced partly by

different compounds on the f1-y ash.

It is belíeved that this is the first report of the induction of chromo-

some aberrations by fly ash. The results of the invesÈigation described

in this report rá/arrant Èhe iurmediat,e investigation of the ability of
other fly ash samples to induce chrouosome aberrations.
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THE MUTAGENICITY OF COMBUSTION PRODUCTS FROM SMALL COAL-FIRND

TNSTALLATIONS, MEASURED üTITH THE AMES TEST

Authors

Report no.

Order no.

Date

Language

SI]MMARY

P.B" Davis

H.A. Bakkeren

R 84/1e8

10293

January l5th, 1985

Dutch

The mutagenicity of extracts of fly ash from the cyclone, the bag filter
and the stack of Èr¿o small, coal fired installations was investigated in
Ëhe Ames test, a test for the inducÈion of mutations in specíal strains
of the bacterium Salmonella typhimurium.

Organie extracts of cyclone ash from a 3r4 MI^Ith atmospheric fluidized-
bed combusÈor in Zevenhuizen \^7ere not mut,agenic. Organic extracts of
both bag filter ash and stack ash from the same installat.ion, and from a

3,8 MWth underbedfeeder in De Lier r¿ere mutagenic.

The mutagenicity of the extracts of stack ash sampled r¡ith the instal-
lation under full or partial load was 400-600 reveïtant./r3 flrr" g""
(sËrain T498, without metabolic acËivation) in Zevenhuizen (= 140-230

revertants/u¡) and 2OrO00 revertants/m3 flue gas in De Lier (= llrOO0

reverÈants/MJ). The muËageniËy of stack ash sampled in De Lier r¿hen the

installation was tempered (low energy production) was 64r000 rever-
a

tants/m' flue gas (= 221000 revertants/MJ); coal consumption, and Èhus

also flue gas production, we.re low, however, under these conditions, so

that the emission per unit time was low"

The mutagenicity of organic extracts of Ëhe bag filter ash samples in
strain TA98 (without metabolic acËivaËion) was 75 revertants/mg (42r0OO

revertants/lt.l) in Zevenhuizen and 1300 revertants/mg (= 130.000-300,000

revertants/MJ) in De Lier.
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The emission of mutagenie compounds to the atmosphere in Zevenhuizen was

of the same order of magnitude as reporEed in Èhe literature for oÈher

installations. The emission Èo the atmosphere in De tíer is among Ehe

highest reporËed values. rn boch installations, however, only a small
parÈ of the mutagenicity (l-62) was emítted Ëo the atmosphere; by far
the greater part of Ehe mutagenieity was reé,overed in the bag filter
ash.

Metabolic activation had generally 1ittle effect on the mutagenicity of
bag house or stack ash" About half of the muÈagenicity in strain TA98

(wíthout metabolic activation) was nitro-reductase-dependent. Strain
T4100 was somewhat less sensitive than TA98 for the mutagenieity of
staek ash from both installations; this is in agreement, with earlier
results with stack ash from a pulverised eoal combusÈor; TAl00 was,

ho¡,sever, relaËively insensitive for the mutagenicity of the bag filter
ash, which may indicate that different compounds are responsible for (at
least a part of) the effect in the tlro types of ash" Heat,ed bag filter
ash was no longer mutagenic.

Aqueous extracËs of the bag filter ashes T¡rere not mutagenie.
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POSSIBLE APPLICATIONS OF T,IASTE FROM COAL BENEFICIATTON

Author

Reference No.

File No.

Date

Language

SUMMARY

: J. I. trlalpot

: 83-01 61 3

z 8722-50068

: March, I 983

: Dutch

In Èhe framework of an investigaÈion into the cleaning of coal prior to
combustion (XnV) by using physieal (HGMS and ESS) and biologieal pro-
cesses, a review has been nade of poÈential applications for the resi-
dual maÈerials resulting from Ëhese KRV-processes. Among other things

literature on coal f lotation \nrastes is used for this revíew.

ApplieaÈions offering the best prospects in this respect are:

- addition in pulverised coal eombustion;

- fuelsftaw materials in cement produeÈion;

- fuelsftaw materials ín brick manufacÈure;

- fuels ín fluid bed combustion.

Particularly with regard to the last quoted method of proeessing some

research work has stil1 to be carried ouÈ to find out r¡hether iÈ \^/i11

actually be possible to use the residual material-s resul-ting from coal

eleaníng (KRV) for Èhis application.
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APPLICATION OF COAL ASHES FROM FLIJIDIZED BED COMBUSTION

Authors J. I. T,Ialpot

B. Boesmans

B.G. ten Dam

4"0. Hansveit

Coal Technology Europe

3rd European Conference & Exhibition on Coal Utilization
1l-13 October 1983, Amsterdam

Vohure 4,31-55
English

Presented at

Language

SI]MMARY

More or less concurrently wíth the development of fluidized bed com-

bustion as an energy-conversíon technique, research is in progress with
TNO concerning the processing and applicaÈion of ashes from a 4Ml^lth

A-FBB-installation. One of Èhe most striking features of these ashes is
Ëheir particularly high carbon contenÈ.

The leaching characÈeristics of the ashes are almosË completely governed

by the presence of lime. No hazardous biological toxicíÈy/mutagenicity
has been shown to exist in the leachates.

The ashes are employed as filler material for asphalt, and their use as

a constituent of construction materials for building purposes is being

ínvestigated.
Laboratory investigaÈions and prelininary economic evaluatíon have shornm

future recovery of aluminium from AFBC ashes to be promising.
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APPLICATION OF FLUIDIZED BED COMBUSTION ASHES FROM COAL

Author

Presented at
B. Boesmans

AshTech r84, Seeond International Conference on Ash

Technology and Marketing, Barbican Centre, London

September 16-2l, 1984

Proceedings pages 677-683

EnglishLanguage

SI]MMARY

As a part of the TNO-programme on fluidised bed combusËion of coal

research is being executed into the possibilities of applying ashes.

Based on literature and analyses of ashes from the TNO-4MI^lth AFBB-

installation the research is focussed on applications as: bricks, con-

crete, arËificial gravel, cement, road filler and metal ore. The typical
problems and benefits of the utilizaEíon of fbc-ashes caused by the high
cont,ent,s of unburnt coal, calcium combinations and particle shape are

discussed. The possibilities and difficulÈies of market,ing fbc-ashes in
relation to its value and to the competition of pcc-ashes and other
recycling materials as demolition waste and gypsum have been set oút.
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LEACHING OF COA], ASH

Authors

Reference No.

File No"

DaËe

Language

SUMMARY

: R. GerriÈsen

J. I. trIalpot

:83-01610
: 8722-5Ci065

: February I 983

: Dutch

In the framework of fhe NaÈional Coal Research Progrartrne (NOK): fluid-
bed combusÈion of coal, research has been carried ouE into the long-
Èerm leaching eharacteristics of fabric-filter ash, the ash being
produced during operacion of the 4 MI^Ith AFBB installation" This research

has been carried out on the instrucÈions of the Bureau for Energy

Research Projects (BEOP) of the Dutch Energy Research Centre (ECN), a

foundation in the Netherlands.

Research has also been carried ouË on PCC-ash, to compare the properties
of ash produced by conventional pulverised coal installations r'¡ith those

of AFBC-ash"

To make the results suiÈable for application in actual practice, use has

been made of columns, the diameter, height and volumetric flow rate of
r¡hich have been chosen such that they have different values to assess

the influence of Èhese parameters on the leaching characteristics.
In addition to Ëhe column tesËs, so-ealled cascade shaking experiments

have been carried out, which are expected to yield a fair approximation

of the column test resulÈs, but in a much shorÈer time. In order to
determíne the degree in which the components can be leached from the

AFBC filter ash, leaching experiments have been carried out aL fixed pH-

values.
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POSSIBIL]TIES FOR THE RECOVERY'OF METALS FROM COAL-ASTI

Author

Reference No.

File No.

Date

Language

ST]M}.4ARY

: J.I. tr{alpoÈ

: 5060-300

: 80-01 1059

: September I 980

: Dutch

The metals arsenic, beryllium, selenium, aluminium, gallium, germanium,

molybdenum, nickel, scandium, uranium, vanadium, iron and tiÈanium have

been selected for an investigation into the economic feasibility of

Êheir recovery fronn coal ash, on the basis of data wíÈh respect to
envirorunental pollution, daÈa from literature concerning the recovery of

these meÈals from coal ash or their intrinsic value in coal ash. The

technological possibilities of recovery of the selected maËerials from

coal ash and from other sources have been invesÈigated, and a study has

been made of possible market developments.

The results of this investigation show that an economic recovery of

metals from coal ash is only possible for aluminium; the sane may apply

to iron, but this has not been proved so far, and the recovery of nickel
and selenium can be attractive in Ëhe near future.
The processes to be preferred for aluminium recovery from coal ash are

chlorination and lixiviation after sintering with a calcium-containing

additive.
From the point of view of environmental impact Ëhe latter process is
more favourable, with flue-gas desulphurization-sludge as a sinÈering

additive and sulphuric acid as a lixiviating agent. Among uetals re-
covered as by-products are: iron, titanium, uranium and manganese.



¡rìloVI-6

ALU4TNTUM RECOVERY FROM AI'BC ASr{ (PART ONE)

Authors

Reference No.

File No.

Date

Language

SI]MMARY

: J.I" lüalpot

R" Gerritsen
z 82-09263

z 8722-50063

: July I 982

; DuEch

For Ëhe purpose of carrying out research into the fluid bed combustíon

of coal (4 MI,fth-afbb) in the framework of NOK and in pursuance of the

results of a study of the possibilities of the recovery of meËals from

eoal-ash residues, tentative investigations have been made on Èhe

recovery of aluminium from afbb-filter ash.

These invesEigations have been based on a process comprising leaching as

a first step, and recovery of the final product from the solution by

further Ëreatment and purification"
This firsË stage of the research involved opÈimalisation of the leaching
process'. It has been found that the besÈ rnTay to effect leaching is with
moderately conceritrated su1-phuric acid (approximately 2.0 M) at, a tempe-

rature of approximately lOOoC for about half an hour.

A rough evaluation of the economics of the process has indicated that
there is a reasonable chance that the recovery of aluminium from afbb-
ash can compete with the aluminium recovery starting from bauxite as a

rarnr material.
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AilTMTNTUM REC0VERY FROM AI,BC ASH (PART Tr^rO)

Authors

Reference No.

File No.

Date

Language

ST]MMARY

: R. Gerritsen
J.I" TrlalpoË

: 84-03757

2 8722-10282

: March I 984

: Dut,ch

A continued investigation has been carried out into the possibility of
reeovering aluminium from fluid-bed ash originating from the 4 *rr,
AFBB-installation located aÈ TNO-MT, Apeldoorn.

Chapter I and 2 give the scope and objective of the research carríed
out; ehapËer 3 discusses the plan of Èhe experimenÈal investigations.
Chapter 4 deals with the results of the experimental research and. gives
a survey of the literaËure in Èhe field of alternative aluminium re-
covery Processes. It appears Ëhat about 702 of. Ëhe aluminium present in
Èhe ash can be recovered in one single extractíon step, and that the
major contaminants going into solution consist of iron, magnesium an¿

alkalí metals.
The results of the research have been used to draw up a process scheme

for the recovery of 25.000 tons per annum of aluminium from 160.000 tons
per annum of AFBC-ash.

rn chapter 5, on the basis of Ëhis process scheme, economy of the
process is compared with the economy of other processes for the recovery
of alumina. Moreover cost-price calculations have been made for the
recovery of 50"000 tons per annum of aluminium sulphate (14 aq) from
54.000 tons per annum of AIBC-ash.

Cost-profit analysis show Ëhe production of aluminium oxide from AI'BC-

ash to be much more expensive than that from bauxite, but the production
of aluminium sulphate can indeed be economically feasible.
Finally in chapters 6 and 7 conclusions are given and recouunendations

are made for further research.
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INVESTIGATION INTO THE DEMAND OF BUILDING },fATERIALS IN RELATÏON TO

TI1E STREA},Í OF COAI !üASTE TO BE EXPECTED

Author

Report No.

Order No"

Date

Language

ST]MMARY

: B.G" ten Dam

: B-81-l0l
: 60.5.0001

: May l98l
: Dutch

In this report the coumercial situation in the building materials trade

is outlined as far as it is imporÈant for the application of coal waste.

Attention is given Èo:

- logistics;
- trade limitations;
- momentary use of coal wasEe in the Netherlands and possibilities of

expanding markets;
* Èechnical limitations for the use of coal \.raste.
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POSSIBILITIES AND LIMITATIONS OF TI{E USE OF COAL I^IASTE IN THE BRICK

INDUSTRY

J"H. van der Velden

8 r -090s r

87 l r -50600-50-00

June 1981

DuÈch

General requirernents for eoal \À7aste for use in the brick industry are

diseussed. Attention is also given to the environmental effects of the

use of fly-ash in the brick industry.
This report also gíves a provisional and rorrgh estirration of the maximum

quanËity of fly-ash, whieh can be used by Èhe Dutch bríck industry in
future at a favourable cost price level of this material.
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APPLICATION OF AFBC COAL ASH IN CONCRETE ASPHAI.T FTLLER AND

ARTIFICIAI GRAVEL

Authors

Referenee no,

.t'rIe no"

Date

Language

SUMMARY

: B" Boesmans

R" Gerrítsen
: B3-09557

z 8722-10283

: August 1983

: Dutch

In this investigation attention was given into the application of A¡'BC

coal-ashes in concrete, asphalt filler and artificial gravel.

The investigation into the application of Atr'BC-ash in concrete has been
restricted to addit.ional analyses and considering Ëhe technical and

economic possibilities" Concluded was, that there are small-scale and.

large-scale possibilities.

Investigating the possibilities of AFBC-ashes as a:r asphalt filler, the
asphalt qualities were checked. It was found that the ashes were a good

fíller, buÈ the economic value is 1or,¡ and. the market is smal1 for
asphalt fillers.

InvesËigation into the application of AIBC-ash in artificial gravel was

carried out in a Process r¡rhere base materials as sand, pulverised-coal
fly ash and lime are granulated and hardened by heat treatment. It was

found that the granules, made in this way, could substituËe gravel with
a concrete qualiÈy B 22r5,
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THE USES OF FLUIDIZED-BED ASHES ÏN CONCRETE

Author 3 A.J.M. Siemes

Report no. : B-84-684/60.5.0001

Date : February 15, 1985

Language : Dutch

SI]MMARY

From the atmospheric fluid bed combusÈion ashes result for which a

useful application is looked for. In imitation of the use of conven-

Èiona1 fly ashes, the application in concreËe can be considered. The

composition of the fluid bed ashes differs from the convenËional f1y
ashes in respect to the part.icle síze" Ëhe absorption, the a¡rount of
pozzoLaníc material and the sulphate content¡

From literature hardly anything is known of the effects of fluid bed

ashes in concrete. For this reason a preliminary experimental inves-
tigation has been done witþ regard Èo:

- the need for \,zater of the morÈar;

- the air content,;

- the workability;
- the compressive strength of the concrete;

- the shrinkage;

- the earbonation;

- the frost- and de-icing salts resistance;

- t,he erosion resistance.

The concrete properËies are esEablished after different curing times to
get a good insight inËo the effects of tt.e puzzolanic reactions. For the
investigation three types of ashes have been used, a filter ash, a

cyclone ash and a bed ash.

Starting from a standard concrete composition Ëhe following functions of
the ashes are reviewed:
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the substitution of binder;
the substitution of the fine part of the sand;

the addítion of extra aggregate"

The compressive strength of the concrete is reduced., mainly d.ue to the
higher \¡rater content of the mix. For the filter and the cyclone ash this
reduction is becoming smaller in the course of time as a consequence of
pozzolaníc reactions. For the bed ash the reduction increases, probably
due to the forming of ettringite.
Based on the results of the Èests a survey is given of the concrete
strengths that are possible with the ashes in mixes \"rith different \^raËer

cement rat,ios" The higher this factor is, Ëhe lower the relative sËrength
wíll be. rn that respect replacing cement by ashes gives the highest
reducÈion. rn general however, it is possible to make concrete mixes
with aeceptable strength levels.
One of the mixes (A1B2C2) in r¡hich 50 kilogram (per m3 mortar) sand was

replaced and 50 kilogram exÈra ash was added, showed a remarkable good

result" After one year curing this mix had a compressive strength
comparable to the sËrengÈh of the unnodified concrete. This concrete mix
also showed good results in the tests for porosity, frost- and de-icing
salt resistance and erosion. Optimízatíon of this mix is advised.

The carbonation depth of the modified concretes is about Èhree Ëimes

higher than that of the urrmodified concrete. The applicability of ashes

in reinforced concrete is reduced because of this phenomenon. It should
be evaluated if Ëhe carbonation rat,e will reduce in the course of time
due to further hydration and pozzolanic reactions.

The resistance against frost, de-icing salt.s and erosion is lower for
the rnodified concretes than for Ëhe urnnodified ones. As mentioned
before the mix ALB?C2 gives a beÈter result,

Based on the Èest results an evaluation is made of the applicat,ions
whieh can be given to the modified concretes"
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INVESTIGATION INTO THN SULPHUR BOND IN COAL BY MEANS OF X-RAY FLUORESCENCE

SPECTROMETRY

Authors

Report No.

Order No.

Date

Language

SUMMARY

: P.M. Houpt

i'I.G.J. van der LeesÈ

I cL E0/91

z 5074

: September llth, l9B0

: Dutch

The possibiliÈy rnras investigated of def ining Èhe conceritrations of

various bond forms of sulphur in coal by means of the Kß- X-ray line.
This line is formed by Ëhe return of an electron from the M-shell to the

K-shell of the sulphur atom. Since the M-shell holds Lhe valence

electrons, Èhe bonding situation of the sulphur ¡¿ill influence Èhe

energy of the M,K-transition and Eherefore the extent of Kß-radiation.

The most frequently occuring bond in sulphur compounds in coal is an

organic one; sulphur bound as sulphaËe and sulphur bound as iron sulphide.

Model measurements have been executed on CaSOO; CS(NH2) 2i TeS, and S,

and on mixtures of CaSOO + FeS, and of CaSOO + CS(NHr)r.

From the results of measurements it is concluded that it is possible Ëo

distinguish betvreen the three individual bond forms of sulphur by means

of the SKß-line. Hor¿ever, in a mixture of several bond fomrs of sulphur'

only sulphate-bound sulphur clearly manifests itself via the Kß-l-ine

with the available equipment.
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INVESTIGATION INTO COAL BY MEA\TS OF SCREEN ELECTRON MICROSCOPY TOGETHER

I{IrrH x-RAy MICRo-ANALYSES (REM/RMA)

Author

Report, No.

Order No.

Date

Language

SUMMARY

N" van der Burgh

cL 8t/41

50750

April 4th, l98l
Dutch

samples from seams D and N of the Emil Mayerlichs coal mine, belonging
to the Eschr¿eiler Bergbauverein, r¿ere investigated by means of screen

electron microseopy combined with X-ray miero-analysis (REM/R¡,IA). By

investigating the fracture surfaces as well as the ground surfaces, data

were collected on the morphological construction of the coa1, the kind
of minerals in the eoals and the distribution thereof in the coal.
It was found that the minerals in the samples investigated were signi-
ficantly different.
In seam D the minerals were found to be present in the form of small

inclusions as well as very thin layers between the macerals. The mi-
nerals of layer N on the other hand mainly formed thin layers between

Ëhe macerals.

Inclusions of pyrite, iron oxÍdes or carbonates hrere found in seam D,

however hardly at all in seam N. In seam N, spherieal and eylindrical
inclusions of kaolinite were found.

Plant structures could be clearly observed in both samples"

The results of Ëhe invesÈigaËion into the ground surfaces r¡/ere processed

into dispersion diagrams. These diagrams clearly demonstraËe, that in
seam N there are more aluminium silícates than in seam D and thaÈ there
are also more dispersions in seam N than in seam D. In the diagrams of

seam D pyrite and other iron eompound dominate. IÈ has been shov¡n that
morphologic research wich REM and spatial analysis of fracture surfaces,

together with nUA of the ground surfaces can make an importanË contri-
bution to Èhe eharacterization of coal.
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MONITOR FOR THE SPECIFIC DETECTION OF NICKEL CARBONYL IN FLUE GASES,

BASED ON CHEMOLUMINESCENCE

Author

Report No.

Order No.

Date

Language

SUMMARY

: P"M. Iloupt

: CL 8l/112
: 50860

: September 288h, l9B1

: Duteh

The monitor described measures the int.ensity of the chemoluminescence

rays at 500 rrnn, emitted by the reacËion of nickel carbonyl with ozone

and earbon monoxíde. It is suitable for measurements on flue gases.

Apart from the detection unit, Èhe monitor contains a purification
system to clean Èhe carbon monoxide needed from the eonsiderable quan-

tities of impurities formed by nickel and iron carbonyls.

The detection lirniÈs for nickel carbonyl r^rith the monitor are I ppb

linearly up t,o some ppmts.

The inËerference of iron pentacarbonyl and nitrogen monoxide have been

eliminated by the appl-ication of opËieal and spatial separaÈion of the

chemoluminescence and by the correct choice of the pressure in the

reaction chamber.
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INVESTIGATION INTO THE BONDING FORMS OF SUTTPHIJR IN COAL BY MEANS OF

X-RAY ANAI.YSIS COMBINED I,IITIT SCREEN ELECTRON MICROSCOPY

Authors

ReporË No.

Order No.

Dat.e

Language

SUMMARY

: J.M. Tinmner

N. van den Burgh

z eL 82159

: 50750

: May 4th, 1982

: Dutch

In the first part of this research a number of standard samples has been

invesÈigated by means of a combination of screen electron microseopy and

X-ray miero anal-ysis (REMi RMA).

The object of this researeh is to determine what inforrnation this

technique can provide concerning the bonding forms of sulphur in coal"

The results have been compared with data from literature.
Attention has been given to the K0-, Kß- and L-speeÈra of sulphur

respectively. An investigation has been made into the relationship

betr¿een the nature of sulphur bonds and line displacements on one hand

and the occurrence of satellite peaks and peak widths at half height of

certain peaks on the other hand" The displacements of the Kq- and Kß-

lines as a result of Èhe bonding situations of sulphur have the same

trend as that mentioned in l-iterature, The values of these displacements

differ from the values quoted in literature' however, which for that

matter also shor¿ important mutual differences. There is a more or less

linear correlation between Èhe intensity relations of the Kßr-line and

the sarellite line SKß' (IKßl/fSfßt) and the degree of oxidation of
+

sulphur in the range of 0 to 6' .

The L-spectra on the contrary. do not give any useful informaÈion con-

eerning the degree of oxidation of sulphur, but o*yg"to,t" sulphur

compounds can be discriminated from elementary sulphur, organic sulphur,

and sulphides by means of Ëhese sPectra'
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Furthermore, sulphaÈes distinguish themselves from sulphides by a lower
ISI(G, /fSfcr^ value.t+J
The forrn in the L-spectra is more sensitive to differences in the

bonding situation of sulphur than thaE of the K-spectra. The optimal
acceleration voltage has been determined as being l0 kV for the exami-
nation of sulphur compouRds with the aid of L-speetra.
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A MONITOR FOR THE SPECIFIC DETERMINATION OF NICIGL CAR3OIIYL BASED ON THE

CHEMILUMINESCENCE RNACTION I{ITH OZONE AND CARBON MONOXIDE

Authors P.M. Houpt

A. van der tr{aal

F. Langeweg

Analytica Chemíea AcËa, 136 (1982), p" 421-424

Englísh

Published in
Language

STJMMARY

The chenil-uminescence, measured aÈ 500 nn., allows nickel carbonyl to be

measured ín the range 1 ppb to several ppm in combustion gases. Inter-
ferences from íron pentacarbonyl and nitrogen monoxide are eliminated by

optical and spatial discriminaËíon and by choice of the pressure in the
reaction chamber"



ilìIO
VII-7

OPTIMALIZATION OF THE ANALYSIS METITOES FOR COAI AI{D FLY ASH

Author

Reference No.

File No.

DaLe

tanguage

SUMMARY

: M. Ilissi-nk
: 83-031 7

z 8712-10297

: January I 983

: DuÈch

To support the experiments in the Atmospheric Fluidized Bed Boiler many

analyses of samples of fuel, additives and \n/aste are needed. Therefore

it r¿as necessary to obEain experience with regard to sampl-ing, sample

preparation and analysis of these materials.
For a correct interpretat,ion of the experiments in the AI.BB a knowledge

of the accuracy of the results of these analyses is essential. This

accuracy depends largely on the sampling method.

As a guide for the methods to be used Ëhe insÈructions in the relevant
ISO Standards have been follo\,üed usually. A description is given of the

procedures for sampling and analysis as well as of the equipment used.

The accuracy that can be expecÈed for the various results of analyses

has been established experimentally. It was found in general that the

requirements \^rere met.



¡tiËoVII_8

I}WEST]GATION INTO THE APPTICABILITY OF A METHOD DERIVED FROM MICRO_

ETEMENT ANALYSIS TO TI1E DETERMINATION OF THE TOTAL-SULPIIUR CONTENT

OF COAI PRODUCTS

AuLhors

Report No.

Language

G.J. Rotscheid

mrs" P. C.M. Staal
ll. J. Buis

83 / 04s4 / 1207 / r 0298/cR/CK

Dutch

SIJMMARY

The purpose of this investigatíon hras t,o check in how far an existing
analysis method in use in micro-eLement analysis could be used for
measuremenE of the total-sulphur content of coal produets, to improve

thís meËhod and to make it applieable to this kind of products.
The method is based on the principle of combustion in a tube, the sample

to be analysed being destrucËed oxidatively aÈ a high temperature in a

pure oxygen atmosphere in a quartz tube and as a result of which all
sulphur is oxidized to S0, and S0r.

For the final determination of the sulphur oxides formed, use has been

made of a \nret chemical oxidation of s0, to so' which reacÈs with water
to H,SO, after whieh the SOr 

2- L" deteruined by a precipitation ti-¿ 4' . ?+. 4
tration wíth Ba- l-ons.

It has been indicaÈed in this report what alÈerat,ions have been made to
existing equipment and working method with the purpose to find a quick,
simple and cheap meÈhoä for measurement of the total-sulphur content of
coal products with an accuracy whieh is at least eomparable with that of
the methods now forming part of the ASTM or ISO.

The investigations carried out so far have been mainly concerned with
Èhe conversion of sulphur in coal. The method of final determination
used in these investigations has certain limitations in that ít is less
sensitive with the measurement of low sulphur contents (< 0.27").
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APPLICATION OF SCANNING ELECTRON MICROSCOPY IN COMBINATION I^IITH

X-RAY MICROANALYSIS TO CHARACTERIZE COAL

AuLhors

Report no.

Order no.

Date

tanguage

SUMMARY

: N" van der Burgh

J.M" Tirmnner

: R 84/90

: I 2583

: June 17, 1984

: DuLch

In this reporÈ a survey is given of the work during the years 1981, 1982

and I 983 regarding coal characterization by means of scanning electron

microscopy in combination with X-ray microanalysis (SEM/)G.MA) .

Attention was paid to the following subjecÈs:

Composition of the coal as to minerals and macerals, apart from a

qualitative analysis of the minerals, a study having been made of

the way in r^¡hich the minerals and macerals are bound.

The quantitative analysis of the elements occurring in the mine-

rals, i.e.41, Si, Cl, K, Ca, Ti and Fe, by the side of the deter-

mination of the total sulphur content and the cont'ent of orga-

nically bound sulphur.

The chemical binding of sulphur.

Extensive subreports on Èhe subjects described were published in the

course of the period of investigation.
A list of these subreports forms part of this report.

l.

)

3.
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FULLY AUTOMATED MEASUREMENT OF ORGANIC SULPHUR IN COAL BY MEANS OF

SCANNING ELECTRON MICROSCOPY COMBINED I^IITH X-RAY MICROANALYSIS

AuËhors

Report no.

Order no.

Date

Language

SI]MMARY

J.M. Tir¡snner

N. van der Burgh

R 84/8e

r 2583

June 5, 1984

Dutch

Scanning electron microscopy combined ¡¿íth energy-dispersive X-ray

micro-analysis (SEM/XRMA) affords special possíbilities in the struc-
tural investigation and analysis of coal.

This paper describes a fully aut,omated version of SEM/XRIvÍA for Ëhe

determination of organic sulphur in coal. The values found by this
technique are in good agreement with those found by the usual classical
methods, provided the coal has a low content of pyrítes. For coals high

in pyrite, however, the classical- meÈhods give considerably lower

values of organic sulphur than SEM/XRMA does. In the classical analysis,
the values are obÈained by so called subtraction methods. The discre-
pancy is very probable due to the incomplete extraction of pyrite
inclusions in the wet analysis of coal. The resulE is a too lor^¡ value

for the pyrite conÈent, and consequently, a too high value for organie

sulphur.

Apart from primarily being a method for determining organíc sulphur, the

method presented affords addiÈional information; for example, ir may

enable one to conclude whether a sample of coal is uniform or a blend of

several types of coal.

An exploratory investigation inËo an improved r'ret-chemical method of

analysing pyrite and sulphate, described in the literature, gave no

satisf actory results. The method ínvolves ashing of the coal in a 1o¡,¡-

pressure oxygen plasma, the organic sulphur escaping as sulphur dioxide.

In contrast with the literature data, it is highly probable that some of

the eseaping sul-phur dioxide combined with ash constiÈuents to produce

sulphates.
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AUTOMATED DETERMINATION OF ORGANIC SI]LPHUR IN COAL; USE OF

SCANNING ELECTRON MICROSCOPY AND ENERGY DISPERSIVE X-RAY

MICROANALYSIS

Authors

Published

Language

SUMMARY

1n

J.M. Tirrner

N. van der Burgh

Fuel, 61 (l 984>, 12, 1645-1648

English

Seanning electron microscopy combined with energy-dispersive X-ray

mícroanalysis in fully automated form was used for the determination of

organie sulphur in coal. The values found by this technique are in good

agreement with those found by the usual classical methods, provided Lhe

coal has a low content of pyrite. For coals high in pyrite, hornrever,

SEM/XRMA gives considerably lower values of organic sulphur. The dis-
crepancy is probably due to the ineomplete extraction of pyrite in-
clusions in the wet analysis leading t,o a low value for the pyrite
conterit, and consequently, a high value for organic sulphur. Apart from

primarily being a method for the deËermination of organíc sulphur, the

meEhod presenËed affords additional information; for example, ít may

enable a differentiation to be made beËr¿een a single coal sample and a

blend of several types of coal.
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CHARACTERIZATION OF COA]- ASHES

Authors

Reference No.

File No.

Date

Language

SI]MMARY

: R. Gerritsen
I'I.M.A" Cox

J. I " I^Ialpot

:81-07014

:8707
: May, l98l
: Dutch

rn Ëhis report the results are given of the chemical and physical
characterization of various kinds of ash, like fly ashes, fluidized bed

ashes and ashes from coal gasifieation. FurËhermore, the results of the
chemical characterizaËion are compared with the limits gíven by the
Chemical trIáste Act. Arsenic in coal ashes in general, and non-convert,ed
sulphur sorbents (CaO) in fluidized bed ashes can give rise to serious
problems "

Fina1ly, f ive coal ash samples \^rere investigated tenÈatively on their
environmental impacÈ (as deposits) by means of leaching. rn the firsE
period (10 days), 1-eaching T¡ras carried out under similar eonditions; in
the second period these conditions v/ere changed according to our own

views independently of one another to gain optimal inforrnatíon from the
experiments. rn general it is not possible to obtain more than super-
ficial information, due to the interacÈion of various factors of in-
fluence. For more definite conclusions a better structural planning of
the experiments is necessary"
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INVESTIGATION OF FLY ASH PARTICLES I{ITH RESPECT TO MORPHOLOGY AND SURT'ACE

ENRICHMENÎ OF MATRIX AND TRACE ELEMENTS

Auhtors A.J. Gay

A.P. von Rosenstiel

P.J. van Duin

"Microbeam Analysis l98l",
Roy H. Geiss, editor

pages 229-236Published in

Language

SUMMARY

Proceedings of the I 6th Annual Conference of the

Microbeam Analysis Society, Vail, Colorado,

l3-17 July l98l

: English

In this investigation a fly ash was used originating from a U.S. bi-
tuminous coal of relatively high ash content (17.97") and low sulphur

content (1.522), burned in a pulverized-coal fired Pohrer plant. Four

sized fractions were obtained. The eighÈ most important matrix elements

(41, Ca, Fe, K, Mg, Y, Si, Ti) and sulphur, as well as fifteen ar-

bitrarely chosen toxic trace elements (As, B, Bê, Cd' Co, Ct, Cu, Mo,

Ni, Pb, Sb, Se, T1, V, Zn) were analysed in a received sample together

with four sized fraction samples by seanning electron mierosopy (SEM) 
'

energy dispersive spectroscopy (EDS), atomic adsorption spectroscopy

(AAS), emission spectroscopy (ES), and ínstrumental neutron acÈivation

analysis (INAA). Surface analysis and depÈh profiling were performed by

electron spectroscopy for chemical analysis (ESCA), Auger electron

spectroscopy (AES) and secondary ion-mass spectrometry (SIMS). Fur-

thermore, trace eLement concentraËions of individual single particles

vrere analysed by l-aser-microprobe mass ånalysis (LAMMA).

Morphologically the fly ash presents a standard apPearance of predomi-

nantly spherieal partieles with some irregular ones. There is remarkable

enrichment in S and C on Èhe smaller particles, with a more or less

const.ant composition for the other elements.
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The resulÈs from the elemental concentrations as obtained by ESCA and

after successive sputEer etching o.f 50 and 350 R show a high surface

concentration of S and C and an increase of the matrix element con-

centrations of 41, Ca, Fe and Sí wíth increasing depth.

Most remarkable are the nearly constanÈ surface concentrations for all
fractions, despite the large differences in bulk coneentrations. Fur-

thermore evidence was also found of Èhe presence of ?b and Cd in the

surface layer of the fly ash fractions, which means that these elemenËs

are present on the surface in concentrations of at least 12.

The AES spectra clearly sho¡^r the high surface concent.rations of C, S and

O. With increasing depth the C and S intensities decrease rapidly,
whereas Ëhe matrix elements Si, À1, Ca and Fe increase" DaËa by SIMS

show a thin surface l-ayer with a number of trace elemenËs such as As,

Ba, Cd, Cr, Cu, Mo, Ni, Pb, V and Zn"

Analysis by tAl"ll"lA shows largely differenË trace
of Ba, CÍ, Cu, V and Zn. Negative secondary ion

presenee of larger amounts of F, Cl, P and S as

ro' ror, ro;, so;, ru; and HSof.

element concentrations

LAI4MA spectra shor¿ the

well as hydrocarbons,
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CHARACTERISATION OF SAMPLES FROM AI'BB EXPERIMENT RUN OO2

AuLhor

Reference no.

.t'1Ie no"

Date

Language

SUMMARY

: J.I. I^IalpoÈ

: 82-0301 9

: 8722-50062

: Mareh, 1982

: Dutch

During a combustion experiment carried out with the 4 MI,Irn-afbb, which
lasted for a period of five days, samples were taken daily from the coal
and lime supplied to the installation and from the ashes produeed in
filter, cyclone and fluidised bed, for the purpose of testing the opera-
ting stability of the insrallarion. At the end of the resting period a

large sample of filter ash was kept. apart to make a further invesÈígation
into the possibilities of 1-eaching, the recovery of metals and the
preparation of useful products. Ash containers r^rere sampled for com-

parison of daily samples.

Physical and chemical charaeteristics of these samples showed filter ash

to be highly porous and toxic with respect to the "wcA (wet chemische

Afvalstoffen)" on account of its high content of calcium(hydr)oxide.
Reeirculat,ion of cyelone ash resulted in a better combustion of the
coal, although there were considerable differences in the extent of
combust,ion of the individual particles. This may probably be remedied by
choosing a more favourable distribution of the coal supply.
IË proved impossible to draw conclusions with respect to matters such as

operating stability of the installation and combustion- and sulphur
capture-efficiency because there were not sufficient data for drawing up

a (reliab1e) mass balance.
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A STUDY OF THE COMPOSITION AND MORPHOLOGY OF FLY ASH FROM

COAI_BURNING INSTALLATIONS

Authors

Report no"

Order no.

Date

Language

SUMMARY

: A.J" Gay

A"P. von Rosenstiel
z CL 82/55

z 20520, 50043

z ApxLL 22, 1982

: English

The composition and morphology of fly ash originating from the same sort
of coal (US biÈuninous), burned in two different processes (PCC and

FBC), has been investigated.
Morphological differences are discussed" Bulk analysis of sized frac-
tions has shovm that the concentration of some elements increases with
deereasing particle size. The increase is more marked in PCC fly ash

than in FBC fly ash.

Surface analysis has shown a very high concentration of some elements on

the surface of fly ash parÈieles. The elements are present in Èhe

surf ace Layer as oxides and sulphat.es.
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THE COMPOSITION AND MORPHOLOGY OF FLY-ASI{ FROM COAL BURNING INSTALLATIONS

(PCC AND FBC)

Authors A.J. Gay

A.P. von Rosenstiel

P.J. van Duin

Coal Technology Europe I 82

2nd International Coal Utilization Exhibition and

Conference, 22-24 September 1982

Be1la Center, Copenhagen, Denmark

Proceedings pages 241-155

English

Presented aÈ

Language

SUMMARY.

PCC fly-ash
For maËrix elemenÈs there is an increase in magnesium and a decrease in
tiËanium respecEively with a decreasing particle size. Other matrix

elements remain constant ¡¡ithin the lirníts of experiment.al error. There

is also an increase in coricentrat,ion of sulphur and a pronounced in-
crease of carbon with decreased particle síze.

FBC fly-ash (without limestone)

The behaviour of matrix elements is similar to that of PCC fly-ash'
excepÈ for the fact that there is no significanÈ increase in the con-

centraÈion of magnesium with deereasing particle size. Both sulphur and

carbon show a marked decrease in concentration with decreasing particle
size, however. For Èrace elements the trend is the same as for PCC fly-
ash, i.e. an increase in concentration with decreasing particle size,

although to a much smaller extend than is the case for PCC fly-ash.
Arsenic and sélenium (both volatile materials) show the most defiant

behaviour, i.e. an almosL constant concentraÈion, almost independent of

particle size. Berillium shows a greater increase with decreasing

particle size Èhan is the case for PCC fly-ash.
Silicon, íron and titanium shor¿ no enrichment in their content in

smaller particles. Magnesium shor.rs a marked enrichment with decreasing

particle síze, whereas in FBC fly-ash it shows the opposite trend except

for a slighÈ enrichment in the smallest fraction. Cal-cium shows a trend
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similar to that of magnesiurn, but its enríchment in PCC fly-ash is less
pronounced. Potassium shows a slight depleÈion in both types of fly-ash.
sodium shows a slight enrichment in PCC fly-ash and quíte a marked one

in FBC fly-ash"
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CHARACTERIZATION OF COA]- SAMPLES BY MEANS OF REM/RMA

AuÈhors

Report. No.

Order No.

Date

Language

SUMMARY

: N. van den Burgh

J.M. Timmner

: R 83/52

z 61162

: April 8th, I 983

: Dutch

The minerals of seven coal specimens r¡rere quantitatively analysed by

means of screen electron microscopy combined with energy dispersive X-

ray miero analysis (REM/RMA). These specimens were also characterized

like¡oise with the aid of REM/RMA and special attention was given to the

way in which the minerals and macerals are combined. There were sig-
nificant differences in Èhe relaËionship betr^reen macerals and minerals

ín the samples investigated.
Three different preparations \^rere used in this investígation. It r^¡as

concluded thaÈ it is sufficient to investigate one of these Èypes, in

this case polished cross-sections of 3 nnr samples, to obtain a good

average impression of the structure of coal specimens.
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CHARACTERIZATION OF TI^IO COAL SAMPIES BY MEANS OF SCREEN ELECTRON

MICROSCoPY COMBINED trIrTH X-RAY MICRo ANALySTS (REM/RMA)

Author

Report No"

Order No"

Date

Language

SI]MMARY

N. van der Burgh

cL 82/206

50680

June lst, 1983

DuEch

As part, of a 'rround robin" type of investigation comnissioned by the

Dutch CenÈre for Coal Specimens, two samples of coal, designated

16"001"000 (501 cB 28) and 16.002.000 (503 BE 33), were invesÈigaÈed by

scanning electron microscopy combined v¡ith X-ray micro analysis. The

results rnrere set against data on a sample (V7DE) which had previously
been investigated as part of a eoal purification projecE, and whieh had

shown promising purif iability"
In the samples eight elements from Èhe "mineral" fraction and sulphur

were determined quantitatively. The samples rdere then ashed in a current
of singlet oxygen generated by a high-frequency discharge ('rcold ashing"),
and the ashes where analysed likewise.
The structural relation of minerals and macerals in the samples was

estimated by morphologícal examination together with X-ray micro ana-

lysis of fractured as well as polished specimens. As regards the struc-
tural relation of minerals and macerals, samples 16.001.000 and 16.002.000

appeared to be very sirnilar.
The minerals we¡e found to be present largely as granules intimately
mixed with the macerals, not as layers beÈween them. Sample 16.002.000

contained much less ferrous sulphide than sample 16.001.000, but in both

samples the ferrous sulphide was present as inclusions in the macerals.

In this respect they differed widely from sample V7DE, r,¡hich has a

markedly layered structure that, allorirs macerals and minerals, including

ferrous sulphide, Èo be more or less easily separated, and is therefore

readily prepuríf iable.
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SAMPLING A\ID MEASUREMENTS ON BOILER 12 OF TI1E POIdER PLANT AT

NIJMEGEN

AuÈhor

Reference no.

.t, l le no.

Date

Language

SUMMARY

I,,I.F.M. Ilesseling

82-0s884

87 26-5003 I

May, 1982

Dutch

A sampling and measurement program was carried out at a pulverised-coal

boiler of the Nijmegen eLectric por¡rer plant. During the combustion of

Polish coaL, samples were taken from the coa1, pulverised coal, bottom

ash, fly ash and flue gases. During Èhe measurements and sampling Ëhe

por¡rer was about 105 Mr¿e, the average dust content of the flue gases 15

ng/m3 n.t.p., average flue gas temperaËure l2OoC, average NO* concen-

tration about 740 mg/m3 n.t.p. and the average coricentïation of SO,
a

about 1600 mg/m- n.Ë.p. The average concentraËion of CO in the flue gas

was lov¡er than lO mg/r3 n.t.p.
The samples \¡rere used in various TNO investígations.
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DETERMINATION OF THE INORGANIC MATRIX OF COAL ASH FROM AN

ATMOSPHERIC FLUID-BED BY FTIR ANALYSIS

Author

Published ín
Language

ST]MMARY

: R. Bosman

: Fuel, 6f (1983), 9, 1009-1012

: English

Three infrared methods for the quantitative determination of some

inorganic compounds in coal and coal ash are evaluated. AtËention is
focused on calcium compounds occuring in ash from an atmospheric flui-
d.ízed bed boiler. The IR measuring range qras exËended to 200 cm-l where

scatEering rnTas less a problem. A major difficulty ín quantitative IR
spectrometry remains Ehe preparation of satisfactory KBr or CsI discs.

Hor¿ever, Lhe results are diffieult to obtain otherwise"
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PYROLYSIS-GAS CHROMATOGRAPHY-MASS SPECTROMETRY OF COAL

AuÈhor

Report no"

Date

tanguage

SUMMARY

: E.Ch.Th. Gevers

z 84/ t6/ t2o7- I0303/EGltH

: February I 984

: Dutch

In this report an investigation into the usefulness of pyrolysis GC/MS

is described as a technique for the charaeterízatíon of coal. Samples of

known elementary composition purchased from the Pennsylvania State Coal

Data Base, \¡/ere pyrolysed aÈ a temperature of 750oC.

The pyrolysis temperature should be high enough to produce a sufficient
amount of volat,ile compounds, but not. too high lest a too far breakdovm

to undesirably small and unspecific molecules should occur. The actually

chosen Ëemperature, though not very critical, must be very well repro-

ducible.
The pyrolysis producÈs l^Iere analysed on Line by means of gas chromato-

graphy-mass spectrometry. Among the pyrolysis producËs approximately

forty different compounds have been identified: sma1l molecules like
H2S, COS, SO, and CSr; aromatic hydrocarbons like benzene, toluene,

xylenes and naphthalene; heterocyclic aromatics l-ike thiophenes and

furanes and further phenols, alkanes and alkenes.

On the basis of literature däta more than thirty pyrolysis products of

each coal species have been quantified. The results have been subjected

to chemomeÈric procedures as principle component analysis and clustering.

Comparison of Ëhe resulÈs leads t.o some conclusions regarding the

chemical composiÈion of the differenÈ coals.

In order Ëo gain more insight into Ëhe relationship between the pro-

perÈies that are relevant for the use of different coals as a fuel and

the composition of the pyrolysis products analyses of a larger anount of

coal species is an absolute necessity. Besides the applieation of a

novel technique like negative ion chemical ionisation mass spectrometry

for coal analysis looks promising.
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MORPHOLOGY AND CHEMICAL COMPOSITION OF SOME FLY ASII SA},IPLES FROM

A COAL FIRED POI4IER PLANT

Author

Report no"

Order no.

DaÈe

Language

SIJMMARY

A.J" Gay

R 84/9r

10293

June 19, 1984

English

Samples of fly ash collected from the electrostatic precipitators (ESP)

and from the stack of a coal-fired por^ter plant were analysed for morpho-

logy and ehemical composition.

Morphology \^7as studied by means of light and scanning electron micros-
copy. ConcentraÈions of major and minor elements (41, Ca, Fe, K, MB, Nå,

Si, Ti), sulphur and carbon as well as those of trace elements (As, Be,

Cd, Co, Cr, Cu, Mo, Ni, Pb, Sb, Se, V, Zn) in fly ash and coal were

d.etermined by various methods" Fl"y ash from the ESP shows morphological
and chemical composition Èypical for its kind. Fly ash from the stack

shows íncongruous values for some major elemenËs, sulphur and carbon, no

enrichment in trace eLements correspondíng to iÈs particle síze, and is
strongly contaminated r¿ith fibres from the filter and with iron oxide

from the sampler. This suggests the inadequacy of the sampling method

and apparatus used for this purpose.
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A COIWENIENT METHOD COMBINING TITE MORPHOLOGICAL AND CHEMICAL

ANA].YSIS OF COAL FLY ASH I^IITH PARTICLE SIZE DETERMINATION

Authors

Presented at

Language

ST]MMARY

A.J. Gay

P.J. van Duin

N. van der Burgh

Proceedings AshTech f84, 2nd International Conference,

SepÈember l6-21, London

English

Fly ash from a pulverised coal combustor (or any other combustor, e.g.
fluidised bed) is examined with a scanning electron microscope. Micro-
graphs Èhus obtained give information about the morphology of Ëhe fly
ash.

Microanalysis with an energy dispersive X-ray spectrometer and a special
compuÈer programme for ZÃT correction, in combinaËion with seanning

eleetron mieroscopy a1lows for a quick determinaËion of the concen-

trations of up to 8 rnajor elemenÈs.

From SEM micrographs the average particle size as well as its standard

deviation, the distribution curve and the distributíon histogram are

determined using an HP 85 compuËer - HP 91 lA Graphics Tablet combination.

In this way satisfactory chemical and physical characterisation of fly
ash can be performed in matËer of hours and the results stored for
further reference in the form of photographs and computer print-outs.
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MORPHOLOGY AND CHEMICAL COMPOSITION OF SOME FLY ASH SAMPT,ES FROM

THE TNOIS ATMOSPHERIC FLUIDIZED BED BOILER TEST FACILITY

Author

Report no"

Order ns.

DaLe

Language

ST]MMARY

A.J. Gay

R 84/ 139

10293

September ll, 1984

English

Samples of bag filter ash and of particulaÈe matter from the staek of

the TNOt s Atmospheric Fluidised Bed Boiler (A¡nn) test facility were

analysed for morphological and chenical composition. Morphology r^las

studied by means of light and scanning electron microscopy. Concen-

t.rations of major and minor elements (41 , Ca, Fe, K, Mg, Na, Si, Ti),
carbon, sulphur, nitrogen, hydrogen and chlorine, as wel-l as those of

trace elements (As, Be, Cd, Cr, Cu, Ni, Pb, Sb, Se, Zn) and several

polycyclic aromaÈic hydrocarbons (PAHs) were determined by various

methods. Samples of bag filter ash show morphological and chemical

composition typical for fiy ash from a fluidlsed bed combustor.

Samples of particulate matter from the stack cannot be, however' re-
garded as fly ash. They conËain large amourits of asrnonium chloride
(forrned in the sampler) and are highly contaminated by fibres from the

sampler filter and by material originating from the AFBB installation.
This questions the adequaey of the sampling method and apparatus used

for this purpose.

Concentrations of PAHs show considerable variations beÈ\.reeri runs. 0n the

whole they are mueh higher in the particulaËe matter from Èhe stack than

in the bag filter ash.
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STUDIES OF CARBONACEOUS CENOSPHERES FROM FLI]IDIZED BED COMBUSTORS

AuËhors

PresenÈed at

Published in

Language

SUMMARY

A.J. Gay

R.F. Littlejohn
P"J. van Duin

The 2nd International Conference on Carbonaceous

Particles in the Atmosphere, Linz, September 1983

"Ttre Science of the Total Environment'r, 36 (1984),

239-246, Elsevier, AmsÈerdam

English

F1y ash from fluidízed bed combustion of bituninous coals has been shown

to contaín carbonaceous cenospheres of several forms including thick
walled opaque, thin r¿alled with well defined skeletal strucÈure and

single ttballoons" r¿ith skeletons. the influence on cenosphere formaÈion

of factors such as particle size, temperature, raËe of heating, Petro-
graphie composition etc. is reviewed. The probability of cenospheres

surviving beyond the combustion zone is estimat,ed from calculations of

burn-out time for a range of conditions and the particular significance
for fluidized bed combustion is demonstrated.

Partieles from both experimental and industrial scale combustors have

been studied using scanning electron mieroscopy. Differences in chemical

eomposition between the th:ree principal types of cenospheres were

demonstrated by using SEM/EDS analysers.

The possible significance of cenospheres in the environment is dis-
cussed.
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THE FORMATION OF CARBONACEOUS CENOSPHERES DURTNG FLUIDIZED BED COMBUSTION

OF BITITMINOUS COALS

Authors A.J. Gay

R.F" Littlejohn
P.J. van Duin

Fuel 9? (1983) 10, 1224-1226

English

Published in
Language

ST]MMARY

The discovery of cenospheres in f1y ash from fluidized bed combustors is
report,ed and differences beËween the fluidized bed and more convenÈional

eombustors likely to affect cenosphere forrnation are indicated.

Morphological studies and qualiÈative chemical analyses obtained by

scanning electron microsopylenergy dispersive X-ray specËrometry (SEM/EDS)

techniques show dífferences in composiÈion between the "wíndow" areas of
cenospheres and their I'skeletons".

The formaÈíon of cenospheres from coal was first reported some sixty
years ago, but, so far none have been found among the parÈicles dis-
charged by conventional combustion appliances, However, Tecent studies
of particles carried in the off-gas from fluidized bed combustors

burning two bituminous coals have reveaLed the presence of many typicaL
coal eenospheres. The SEM micrograph shows some of those among the

particles that were fine enough to remain in suspension after the gases

had passed through a cyclone separator. They r^rere recovered by iso-
kineÈic sampling and col-lecÈion on a fine filter.

FacË.ors influencing cenosphere formaÈion are knov¡n to include heating
rate, parÈicle síze, surrounding aÈmosphere and peËrographic consti-
t.ution. This last was also seen in Ëhe presenE work where it was found,

that the proportion of cenospheres increases t¿ith the greater proportion
of vitrinite. It has also been shornrn that cenospheres ignite more

readily Èhan their parent coal, so that survival after fornation will
require either low temperaËure or a low concentration of oxygen.




