§\\X€RS|”0FQZ’ ’ l‘\ )
(CN2 AT L 2
A iversity of Technology E S C C 2017

Effects of low molecular weight compounds on the
catalytic upgrading of coal gaseous tar

Lunjing Yan

June 12th, 2017

State Key Laboratory breeding base of Coal Science and Technology Co-founded
by Shanxi Province and the Ministry of Science and Technology
Taiyuan University of Technology
Shanxi province, China



Contents

Introduction



Introduction

High value—added
chemicals o

-

@ B: Benzene

@ T: Toluene
@ X: Xylene

@( (m, p-xylene,

@/ 0-xylene)

( )]C ) N: Naphthalene

\\ pesticide dye

plastic medicine




Introduction

hl"ﬂ.
H
el

P. Tromp, 1987




Introduction

E‘: >_ | Catalytic upgrading ﬁ ﬁﬂ
piH H"-..k : wh @ benzene toluene
E!"IE:- o " o % @E' '~
\ 467 | sgbey
LY o - G £o 1|
_’;/ P © ll‘.. (3) 7 xylene
H:ﬂ @:] ' %} by 'E:I ':H] ‘

‘ ; o g
S '
| gree radic?) m

naphthalene

P. Tromp, 1987




Introduction

(=]

o
°L, o [
O° |
o

ovey |

I N L e

catalyst I : y-
I

L= b L= [
[
[
[
[
[
[
[
[

pyrolysis

benzene toluene

Condensation ' : ‘:' 5 4 & < 3‘
: q a . : I !
volatile

© Xylene

naphthalene



Introduction

v
e kalve Aburdarce

® |
Ji00 =1 24

) kEBEGH O PEEFEE R . . =
REHRD ‘ Catalytic upgrading E -
W Tk o o EI R > 2

= a0
O mrdp e WA RA i

: =0
WA B WA SE R .
~& ® JGT

Role of low molecular compounds in coal on the catalytic
upgrading of coal gaseous tar




Experimental

v Coal samples

Table 1. Proximate and ultimate analyses of the coal samples used in the experiments

Proximate analysis (wt/%)

Ultimate analysis (wt/%, daf)

Samples
M. Ay Vot C H o* N S
Coal DA 11.7 15.3 46.5 69.0 4.3 24.7 1.2 0.7
Coal DB 0.5 9.0 22.9 86.1 4.7 7.1 1.7 0.4
Note: ad, air-dried basis; daf, dry and ash-free basis; *by difference
v" Extraction experiments
- wigh=—00x(M =Ma) 1500

mx(loo_Mad _A-\d)

it where m; and m, (g) was the weight of mineral-free coal samples before and

after pyridine extraction, and m (g) was the weight of raw coal, respectively.

Fig 1. Soxhlet extractor
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Experimental

v" Pyrolysis-GC/MS conditions

Fig. 2 The pictures of Pyrolysis-GC/MS

Pyrolysis conditions:
Pyrolysis temperature: 800 °C
Heating rate: 10 °C/ms
Residence time: 15s

GC conditions:
Column: DB-5MS (30mx0.25mmx0.25um)

Inlet temperature: 250 °C
Temperature program:

3°C /min

50°C(3min) —— 300 °C (1min)

MS conditions:
Carrier gas: He (>99.999%)
lon source temperature : 250 °C
lonization mode : El
Transfer line temperature: 310 °C
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Fig. 3 Sample placement of experiments (a: pyrolysis b: catalysis)
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Fig. 4 Schematic diagram of Py-GC/MS




Results and Discussions

> Distribution of pyrolysis products
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Fig. 5 The BTXN yield obtained from the pyrolysis of different coal samples

0’0

% Low molecular weight compounds can facilitate the formation of BTXN during

coal pyrolusis. However, this effect varies significantly among coals with
different metamorphic grades.
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Results and Discussions

> Role of low molecular compounds in the catalytic processs
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Fig. 7 The distribution of BTXN after catalytic reforming




Results and Discussions

» Structural analysis of raw coal and residual coal

Table 2. The chemical shifts of coal carbons in
CP/MAS 13C NMR spectra

Chemical shift(ppm) Functional groups Carbon functionality Symbols

0-25 Methy! f
25-50 84— Methylene o
50-67 [CHy0— Methoxy fo
¢ Oxy-methine ,Saccharide, )

67-90 o—C¢ fo
C) , [cHoH, [dhyon Alcohol, Ether a

H Aromatic atoms bound to 1

90-129 f,

hydrogen

Bridging ring junction )

1013 @0 _ f
O aromatic carbon é

137-148 CF Branched aromatic carbon f?
° 1

148-171 @ Oxy-aromatic carbon f;
171-187 —[CoRMH Carboxyl, Ester, Quinone fe
187-220 o Ket inine, Aldehyd fe

- etone, Quinine, Aldehyde
. oo Q y

Coal DBR / \ A
Coal DB

Coal DAR

Coal DA

200 150 100 50 0 50
BC chemical shift (ppm)

Fig. 8 The CP/MAS 3C NMR spectra of col samples

—— Raw spectrum
— Fitted spectrum
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Fig. 9 The fitted CP/MAS 13C NMR spectrum



Results and Discussions

» Structural analysis of raw coal and residual coal

Table 3. The distribution of different types of carbons

in raw coal and residual coal

Carbon type (%)
Symbols 1 2 ol 02 1 ol co
fal fal fal fal fa fa f
Coal DA 22.5 16.5 0.7 0.9 425 11.9 5.0
Coal DAR 18.7 19.7 — 0.7 53.8 5.7 1.5
Coal DB 13.1 14.1 — — 70.6 2.0 —
Coal DBR 12.0 12.7 — — 72.8 2.5 —
1 —tCH 1
al 3 fa

Aromatic carbon ratio
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Fig. 10 The aromaticity in raw coal
and their residual coal
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Results and Discussions

> Effects of low molecular weight compounds
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» Low molecular weight compounds could provide low molecular weight free
radicals for catalytic reforming of coal tar, thus contributing to the

stabilization of fragments and subsequently the formation of light aromatics.
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Fig. 11 PAHSs yield before and after catalytic reforming



Results and Discussions

> Effects of low molecular weight compounds
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Fig. 12 Components of low molecular weight compounds in Coal DA and Coal DB

/

% The effect of low molecular compounds on the formation of BTEXN is closely
related to their content and composition in coal.




Conclusions

v The BTXN vyield in Coal DAR and Coal DBR is 42% and 10% lower than
that in Coal DA and Coal DB, respectively, indicating that the extraction of
low molecular weight compounds results in a significant decrease in the
BTXN vyield.

v Low molecular weight compounds could provide low molecular weight free
radicals for catalytic reforming of coal tar, thus contributing to the
stabilization of fragments and subsequently the formation of light aromatics.

v Pyridine extracts accounts for 23.7% of Coal DA and 7.2% of Coal DB,
respectively. The low molecular weight compounds in Coal DA are
predominantly aliphatic compounds (72.7%) and O-containing aromatics
(21.9%), whereas that in Coal DB are predominantly naphthalene series
(33.1%) and condensed aromatics (29.4%). Thus, low molecular weight
compounds have a more pronounced effect on the catalytic reforming of tar
from pyrolysis of low-rank coal.
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