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How the Advanced Structural
Characterisation of Coal has Benefitted
Utilisation
The challenge of  unraveling the highly heterogeneous structure of
coal and its impact on utilisation has meant that coal science has been
at the forefront for understanding complex organic matter

Acknowledge Biomass & Fossil Fuel Research Alliance (BF2RA) for organising event with
sponsorship from:

the British Coal Utilisation Research Association (BCURA)

Coal Research Form (CRF),

IEA Clean Coal Centre

Royal Society of Chemistry (RSC)

Energy Sector and the Energy Generation and Supply Knowledge Transfer Network

To o o To I



The University of

) g

- - Nottingham
My Career In Coal SCIence UNITED KINGDOM - CHINA - MALAYSIA
,§§"
ﬁ Univ. of Strathclyde
Glasgow (1987 -2000)
D
S Sunderland (1953 -71)
@5:559 A \ / Durham coalfield
K 7 Univ. of Leeds
(S0

‘ (Ph.D, 1977 -81)
o~ N

- Univ. of Nottingham,
o YN 2000 -present

Ce— Jg Coal Research

Establishment, Stoke
fo) Orchard, 1974 -87




AHow the Advanced Structur al WW@"{HS%}P1

Coal has Benefitted Ut i | uoSodd w0

Lecture Outline

A The Early years (Coal Research Establishment)
A structure  of coal i understand pyrolysis and liquefaction

A The Middle Years (University of Strathclyde )

A applying knowledge on coal to other fields I biomass & polymers, oil
exploration.

Ve

A carbonisation , understanding fluidity development from a fundamental
standpoint, impact on coke properties

A Pollutants i Polycyclic aromatic hydrocarbons ( PAHS), source
apportionment, Hg control

A The Later years (University of Nottingham)

A Combustion i oxyfuel , catalysis
A Biomass co -firing , utilisation
A CCS

A Does the UK have a future for coal?
I T technology and the best available young talent.
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Easington Colliery

Hawthorn Mine
and Coking Plant

Fathers side of the family, Easington
Grandfather moved to NE from South Yorkshire in
1880s.

A Great, great grandfather (born 1788) traced to
Eckington , North Derbyshire.

Get Car t e rHordeh fiB2,a c h


http://www.btinternet.com/~ms.dear/carterimage.htm

AYou wont get me IﬁnIN'“Qa"r
Uni o nStrawbs 1973)
AYoudOve got me because my dad 1 s

mi | it ant i n the Durham NUMO

A My father was not in part of the Durham Wi n d e r mAsmodgiation, a
separate entity within the NUM and somewhat less militant.

A oil price rise 1 coal liquefaction would meet future needs.
A Chemistry/ Analysis and Basic Studies Sections.

A Bill Ladner, Derek Williams, Geoff Kimber , Terry Martin, Dick James.
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Low -severity coal liquefaction products
detailed insights into coal

provide
structure

NCB developed supercritical gas extraction and two
donor solvent liquefaction processes, the latter operated at 2 t/d

of Ayr.

A Euel, 1979, 58, 413
thesis

A Key technique is 13C NMR spectroscopy
A Optimise conditions for quantification

Structural analysis of supercritical-gas extracts
of coals

Keith D. Bartle*, William R. Ladnert, Terence G. Martint, Colin E. SnapeT and
Derek F. Williams?

*Department of Physical Chemistry, University of Leeds, Leeds LS2 8JT, UK

tNational Coal Board, Coal Research Establishment, Stoke Qrchard, Cheltenham, Glos. GL52 4RZ,
UK

{Received 16 September 1978}

The chemical structure of two extracts prepared by supercritical extraction of low-rank coals with
toluene, with and without hydrogen, have been determined using solvent and chromatographic frac-
tionation followed by ultimate analysis, TH nuclear magnetic resonance (n.m.r.) spectroscopy, mole-
cular weight and OH measurements. 13C n.m.r. and i.r. spectroscopy have been used to obtain con-
firmatory evidence. The extract obtained in the absence of hydrogen, which amounted to 27% of
the coal, was found to contain aromatic structures linked by ring-joining methylene or heterocyclic
groups. The hydrogen-assisted extract (47.5 wt % coal} was more condensed and contained mare
smaller molecules, apparently as a result of the cleavage of heterocyclic groups in the coal. It also
incorporated more hydroaromatic substituents. 13C n.m.r. showed that virtually all the non-phanolic
oXygen was present as aromatic ether.
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Figure 2 13C decoupled spectra of coal extract.
(a) No gated decoupling or chromium acetylacetonate.
(h) Gated decaupling with 4 < delay and 100 mg of chromium acetylacetnnate
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- slow relaxiation of 13 C aromatic nuclei,
accelerate with a paramagnetic reagent
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Application of quantitative “°C nuclear -
magnetic resonance spectroscopy to —
coal-derived materials Time
William R. Ladner and Colin E. Snape >
National Coal Board, Coal Research Establishment, Stock Orchard, Cheltenham, Glos. GL52 4RZ, UK
(Received 16 March 1978) Frequency
e difficulties associated with obtaining quantitative resu rom '3C nuclear magnetic resonance . . . . . .
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W.R. Ladner and C.E.  Snape , Application of quantitative 13C NMR spectroscopy to coal -
derived materials, Fuel, 1978, 57,658 -662.



High yield coal extract structures

High volatile bituminous and
low -rank coals contain:

A Small aromatic nuclei.

A Little naphthenic/
hydroaromatic aliphatic
structure

A Short alkyl chains
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But, results not entirely consistent ft”"“'"g“a"‘
with coal models proposed

Tar from Primary Pyrolysis
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Primary Pyrolysis

Secondary Pyrolysis;

A These models generally displayed low aromaticities and to
compensate for this, high proportions of naphthenic (cyclic)
aliphatic structures.

A Only answer was to move from solution state measurements on

extracts to solid state 13C measurements on coals and individual
macerals .
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Quantitative solid state 13 C NMR X | Ningham
I carbon skeletal parameters to define coal
structure model thermal conversion
AEasy to do badly, but painstaking to do well!
Cross - polarisation. Fast, but Single pulse excitation, slow and less
inevitably non -quantitative T not sensitive, but quantitative i allthe C
all C observed, discriminates observed.
against aromatic C.
90 Spin Lock with decoupling power Ch;:lncl ‘ .
'H Channel |V :
gAcquire "
gcontaCE dReesZﬁ:;ng on Clll;ﬁ;lcl
13C Channel TV\;\WUAV T, i i E
Dead - '
Time Decad time Acquire Reeyele depending on T

AProven for coal then applied to all insoluble organic matter

I polymers, petroleum source rocks, catalytic cokes (FCC), semi -cokes.
ASPE - higher aromaticities and more non -protonated aromatic C.

K.J. Packer, R.K. Harris, A.M. Kenwright and C.E. Snape, Fuel, 1983, 62,999 -1002.

C.E. Snape, D.E. Axelson, R.E. Botto, J.J. Delpuech , P. Tekely, B.C. Gerstein, M. Pruski, G.E. Maciel and M.A. Wilson,
Fuel, 1989, 68, 547 -560.

J. Franz. R. Garcia. G.D. Love. J. Linehan and C.E. Snape, Energvy & Fuels. 1992 . 6, 598 -602 .
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SPE 13 C NMR gives
accurate aromaticities
for coals

Energy & Fuels 1992, 6, 508-602

Single-Pulse Excitation 3C NMR Measurements on the
Argonne Premium Coal Samples

J. A. Franz,"* R. Garcia,} J. C. Linehan,! G. D, Love,! and C. E. Snape*?!

Department of Pure and Applied Chemistry, University of Strathclyde, Thomas Graham
Building, 285 Cathedral St., Glasgow GI 1XL, UK, and Pacific Northwest Laboratory of the
Lr.8. Department of Energy P.0O. Box 983, Richland, Washington 99352

Received February 19, 1992, Revised Manuseript Received May 27, 1992

In view of the results of this study and the well-documented inherent problems with cross-polarization
{CP) Y"C NMR concerning quantification for coals, it is now clear that the more time-consuming
single-pulse excitation (SPE) or Bloch decay measurements are essential for obtaining aromaticities
and other carbon skeletal parameters for coals. SPE "C NMR has been carried out on the Argonne
Premium Coal Samples at both a low and a high field strength (25 and 75 MHz, respectively),
high-speed magic angle spinning (13 kHz) being used to suppress spinning sidebands at the higher
field. Aromaticity values measured by SPE at low and high field were generally in excellent agreement
and were consistently higher than those from CP, the greatest differences being found for the two
low-rank coals in the Argonne suite. The use of tetrakisitrimethylsilyl)silane as an internal standard
in the low-field measurements indicated that, in general, over 75% of the carbon in the coals is
typically ohserved by SPE.



Two groups, different field strengths

nearly perfect agreement

Table IT. Aromaticity Values Derived from SPE Specira

of the Argonne Coals
aromaticity (all up’ u-rl:m}
o iﬂ-MH: % of O
dmmf 5 this ref obad &t
sample C MH:z study A 25 MH
Morth Dakota fgnite 73 0.77 076 (.74 Al
Wyodak subibit. 75 0.78 078 0,66 ab
Ilinals Na. & &0 0,72 i 0,72 L
0755+ 100#
Pittsburgh MNo. B Bl .75 i .75 20
Blind Canvon Bl Q.67 0.7 Q.65 Th
Lewis-Stockion 4 .77 078 0,71 Th
Upper Fresaport a8 0, B} 081 0.63 T3
LR £
Pocahontas =) | .88 080 0.B5 A

® Initial samples. ® = 100 & delay. * After demineralization, © Thia

ptudy; £5%.
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L] L]
Figm 1. 26- MHa SPE Ep-ectmctt’ (top to h-utmm} (&) Wyodak,
(b} Upper Fresport, and (c) Pocahontas coals.
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Figure 2. 75-MHz SPE spectra of (a, top) Wyodak, (b, middle)
Upper Freeport, and (¢, bottom) Pocahontas coals.
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Accurate structural parameters and I Nottingham
variations about the mean
T medium volatile bituminous coal
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Hydropyrolysis I historical perspective )
Aifrom sledgehammer to controlled bo

A 1950 -70s Direct coal hydrogenation to BTX and SNG
- 800 °C and 300 bar pressure, ultra high - severity.
A Late 1980s Lower pressures with catalysts, higher liquid yields with
lower gas yields 1!
A 1990s Gordon Love 2, Stuart Mitchell 3, first analytical hypy PhDs
Organic S groups, quantification from H ,S release profiles 3

Control

e High pressure thermocouple

hydrogen

----- 16.5cm

Reactor
tube

Sample

Steel wool

,,,,,,,,,,,,,,,,,

Catalyst —»

Metal ring bed

Fitting nd

1. C.E. Snape, C. Bolton, R.G. Dosch and H.P. Stephens, High liquid yields from bituminous coal via

hydropyrolysis  with dispersed catalysts, Energy & Fuels , 1989, 3,421 -425.

2.G.D. Love, C.E. Snape, A.D. Carr and R.C. Houghton, The release of covalently -bound alkane biomarkers in
high yields from  kerogen via catalytic hydropyrolysis , Organic Geochem ., 1995, 23(10) , 981 -986.

3. S.C. Mitchell, C.E. Snape, K. Ismail, R. Garcia and K.D. Bartle, Determination of organic sulphur forms in some

coals and kerogens by high pressure temperature programmed reduction, Fuel, 1994, 73,1159 -1166.

BASE
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Hydropyrolysis oll yilelds by B | Rt
kerogen type

A !
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A Conversions > 90% TOC for Type | and II kerogens , only inertinite
remains for high volatile bituminous coals( type Ill kerogens ).

Ve

A Optimal pressure for all applications is 150 bar

C. Bolton, C. Riemer . C.E. Snape, F.J. Derbyshire and M.T. Terrer , Effect of low temperature hydrogenation on pyrolysis

and hydropyrolysis  of a bituminous coal,  Fuel, 1988, 67,901 -905.

M.J. Roberts, C.E. Snape and S.C. Mitchell, Hydropyrolysis : fundamentals, two  -stage processing and PDU operation, pp
277 -294 .

C.E. Snape, C.J. Lafferty, G.  Eglinton , N. Robinson and R. Collier, The potential of hydropyrolysis  as a route for coal
liquefaction, Int.J. Energy Res. ,1994, 18,233 -242




Hydropyrolysis i a versatile analytical I | Nottingham
pyrolysis technique R
A Applications include: -
- quantifying black or pyrolytic -
carbon in environmental matrices _?'_
- understanding the earliest life forms ™o |
from severely altered organic material -
i fingerprinting biodegraded oils and aa
over mature petroleum source rocks. 3 l
A The Engineer 2008 award winner for DO | seep
collaboration with Strata Technology. ol ®
A 7 systems including  Petrochina , Curtin 1

and James Cook Universities.

1.P.L. Ascough , M.l Bird, F. Brock, T.F.G. Higham , W. Meredith, C. E.  Snape and C.H. Vane. Hydropyrolysis as a

new tool for radiocarbon pretreatment and the quantification of black carbon. Quaternary Geochronology , 2009, 4,
140 -147.

2. W. Meredith, P.L.  Ascough , M.I. Bird, D.J. Large, C.E. Snape, Y. Sunand E.L. Tilston , Assessment of
hydropyrolysis as a method for the quantification of black carbon using standard reference materials, Geochim
Cosmochim Acta, 2012, 97(15) , 131-147

3. G.D. Love, E. Grosjean , C. Stalvies , D.A. Fike, A.S. Bradley, A.E. Kelly, M. Bhatia, W. Meredith, C.E. Snape,
Fossil steroids record the appearance of Demospongiae during the Cryogenian Period, Nature , 2009, 457, 718

721.



