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Pyrolysis is a most generally used technology for down-stream. processing and clean utilizations of coal. Pyrolysis of coal
produces three main products, i.e., light gases, tar, and char. Deep insight into the reaction processes during the coal pyrolysis
is cntlcal to develop this technology. Real-time analysus is & most eflective approach to explore the mechanisms of the
pyronSIS accurately, however, has not been sufficiently developed. In addition, the study on the detailed processes of coke
formation during the coal pyrolysis is an attractive subject to coke industry, and also an important topic to the community of
ihe low rank coal utilization, In this thesis, the author applies a series of off-line cl1m'acle|'izations to coal-to-coke, in order to
explore the chemical structural change of coal during the pyrolysis, and carries out the real-time quantitative analysis to
volatiles from the pyrolysis. )

Chapter 1 reviews existing technologies for the coal pyrolysis, real-time analysis, and also so for proposed models of
chemical structure of coal and iis pyrolysis.mechanism.

In order to study the chemical structural change of coal during the pyrolysis, in Chapter 2, the samples of caking coal (CC),
non-caking coal (NCC) and their cokes which were gotten from pyrolyzing coal at the temperature range from 400 to 900°C \
were evaluated by solid state "C-NMR, FT-IR, XPS and Raman, mspecﬁvely. Sizes of aromatic clusters with pyrolyzing
coal were estimated via “C-NMR. It was found that CC has less substituents, but higher aromaticity and condensation
degree than those of NCC. During the pyrolysis, NCC would be deprived more substituents and then produced more ‘gascs
than CC to evolve an aromatic structure similar to CC. Eventually, it was impossible to distinguish the coking products of
NCC and CC in terms of both aromaticity and condensation degree. Other three characterizations indicated that, compared
with CC, NCC contained more O-containing functional groups, in particular hydroxyl and ester groups, which were related
to the cross-linking reactions during the pyrolysis. It was also found that those reactions related to O-containing groups
mainly oceur before 500°C.

In Chapter 3, ld investigate the strict relationship between the substiluents or ﬁmcticﬁwi groups atlached to the coal
macromolecules and the generation of the voialilé products, e.g., CHs, HXO, CO; CO;, ele., during the coal pyrolysis,
quadrupole mass spectrometry, gas chromatography, and PC nuclear magnetic resonance were applied to real-time

monitoring the formations of volatile products, oftline quantitative determination of the total products from the pyrolysis of



NCC, and the changes of diverse substituents in the NCC along with coke formation, respectively. These measurements were
d]SO performed for the pyrolysis of CC to contrast NCC. Qualitative formation rates as a finction of temperature of gas
products were achieved, and then were deconvoluted and assigned 10 several peaks based on the possible reactions occurred
during the pyrolysis. These data revealed that, during, the pyrolysis, the functional groups related to the formation of CO, ie.,
ether, carbonyl, and anhydride, can directly generale CO via bond breaking, or take a detour of the formation of other

intermediates via condensation and recombination firstly. Moregver, the formations of CQz and CH4 were related to the direct '
removal of -COQ- and -CHj, respectively.

In order to reai-time analyze the formation of tar during the-coal pyrolysis, Chapter 4 describes a prototype device for Li*
ion-attachment mass spectrometry (IAMS) was developed for real-time quantitative manitoring of the lvapor produced from
thermochemical conversion.of coal. Simulated tar vapor containing a suite of aromatics a}nd the real vapor produced from the
pyrolysis of coal were monitored by IAMS with a Li* source. It was confirmed that both the simulated and real vapors are
ionized without undergoing fragmentation and the sensitivities of these detected aromatic molecules are similar to one
another. In addition, when the feeding rate of 1i1e coal sample was changed from 0.5 to 1.0 g/min, the peak intensities
increased nearly twice as much. These res;ults showed the possibility of applying IAMS 1o the quantitatively monitoring of
coal-derived volaties.

The general conclusions of this 1J1es;is are proposed in Chapter 5. First, during the pyrolysis, NCC was removed more
substituerts and then produced more gases than CC (o evolve a coke structure. The degree of erystallinity of NCC was much
lower than thal of CC, as well as their derivalivé cokes, Second, during the coal pyrolysis, the CO formation can be mainly
attributed to the cléavage of ether group, the removal of anhydrides, oxygen fiee radicals reaction, and cleavage of carbonyl
groups. The removals of carboxyl, ester, and anhydride groups were the main reasons for the CO; formation. The quantity of

. aromatic oxygen duﬁng the pyrolysis would temporarily increase due to some secondary reactions, as well as the quantity of
aliphatic oxygen. Third, the advantages (no occurrence of fragmentary ions) of Li*—IAMS enabled real-time qualitative
. analysis of the simulated tar vapor. Li'~1AMS performed weli 1o the quantitative analysis of the simulated tar vapor because
of its eqﬁivalent sensitivities of the aromatics with Li* aflinities above 1 eV. Moreover, the resulis of real vapor from the coal

pyrolysis monitored by Li'—|AMS coincided very well with those of the simulated tar vapor.





