- T Tl T K ) ) \ \, "
BRI L  fmm ¥l oo,
S | g £ — N A

T s L ISSN DML

T REPORTS OF THE HOKKAiBO NATIONAL
N L INDUSTRIAL RESEARCH INSTITUTE

L ssso—% %zsﬁﬁrﬂ

- - LT ~a .- - . . R T
i : . e o R
- - L - - pr : Y
- Si. y . . s ) T - A - -
- ‘ . R .

[P
A
w

anD—Ban—Squ;?EﬁﬁztStsnm «Eaa#é E.FE(-.J:%&iHi?iﬁ%ﬁﬁﬁaﬂtﬁv

J

T : mm::&w#ﬂtm._; a-zyfwbﬁaa{tﬁvza) ST R

.\)

,ﬁ@ﬁ@ =H % wiy

s w e hY
Ty = - /
— - R
- . ~ -

TEEmE LoeTA e

7 . Z@Mtlﬁﬁ \..1 ........................... o (1) '

T e Bl % EPIH@EEﬂ B S -
R s /72%(&&65&%&\%@&86#&&3 I LTI E L
WRES BRI L — iﬁuﬁ?ﬁ& T e |
s ARHT lﬁiﬁiﬁﬂ “ﬂl iﬁ | ?ﬁﬁiﬂ@g B T

f?" e Hapld Pyrolysrs of GhmeseChadtWashing Mtddhng Coal ina Down-ﬂow Heac-—
ter and Combusnon ef Mmturedf Chmnd Sand in. an Up-ﬂow Reactor T -
N L S i engend (1 3) -
‘ Kumo HIROSAWA Zhufeng w Tgrmkl TAKAHASHI and Mikio- MORITA )
“\ﬁ Wiﬁ@ﬁﬁ% - ';.:l."—-.;..‘..;.; ‘ ,-(23) O
g ;] HIORE {ELU”@% Emﬁﬂu J:Jﬂﬁ'ﬁ’é: R -
/ FAEEM’J% N 4“: e . “




Li20-B203-Si02RH T X &ESisNe D “EDI" KRG
(C&IEESTHTHBRRILA T ROARE HEE

FEE ZEER, b Bex, B BEE*, LR sgx (edbilEmETEAT)
1. ¥% ] 2. % 5
173 v 7 20 LI TR L Li20 - 2xB203 + (2-3x)Si02+xSisN4—Li2Si205
EME L TH2 O FoleT I v 2 203 +4xBN (1)
BTN TWD, ol FoEEe LTk DRI & - TBNRIF % 58 L7=L 125120545 S 1k
Al203 + Zr0z, Si€C FZ OMEFEZBND $ 525t 20 53, R v 2 27

2 IR TOLREERIZSE BNEBgEET3) (&
WIROEEZE L THOBREFERH B Z &,

NERENDH L &, BIERREAVNE WD &
EnD, ZORTESH LTI v 7 ZOHE

BB F -5,
L LZORME, — RNt F%~ b
Ny 7 ZACE—IC T A EARETHDLH D

ERGHRFALELIES MY v 2 20 BEE*E
ETDHZEHDEI-HIE, BELKFIHES
v 7 REFERTHIERBLTLLES T
Vo HLOBERTFHELT I v 2 2T —8InFE
Befs (Ko P LR) X ->TEBN DA,
FETRRR 2 DB MR OBZ LIES
EWTET, ERHIEREFROS LN TF 2S5
LD ET BRI BN T2 E I’
LTLEI R EDTEELEL S,

AWRTIE, v b )y 7 2R FEE—IZS
M2, OSBRI L A EEEOMEY (KET
BIHDOFEOVESELT, Blsx&iri o X
ESiaNe DREM K EREISTRID, F¥F20
e b & B RS & BBNELF O#f B0 % BRI
ST, —TRETBNR T oSS H 5 2%
BT 5 Z & &RIIz, £z, BoNI-HEHT
WTZOBBIIEE ZA-, 5= iBN@Eﬁ‘IOD
T 2 HRT Db OEROERIC >V THET
Do

LioSie0swBAZHHIL, ZORMUEEMNE <
HoNTWAZE, #SZBNEETHL &,
1000 CRRE O BN EIR T da ik & B3RS aT8E
HDZEETHD, LRORENTELRIZ L{TL
To b ZIZEESAL A 7 AP DBNDEIEDENQ
BRU20%zmsL f;%ﬂﬁi@%ﬁﬂ%%h%‘ﬂA
O. Al, A2&R, F/HA0LAT XYY
B203% Swi%a @RIz &t k5 Al OB F N,
ZFNBO. Bl EMEREZ Lizd 5,

AIERROL12003, B0k £ USi0% 18 - B
f L. BeRic AN TEIFI200CTER L,
B LIZH L2 LCLi20-B203-Si0: 4 5 = % 5l
Lizeo #5228 L. STEEDB-SisNpE

(B, BN-B. AN E4d embl T, Fi5
KWES pm) Mz TE—V 3 L TUEEERS
Bl BoNI-BEE200MPad—iinE T
Ly MZEBI L=, EEKMFT3C nin
FAmEE T 800, 900ZF /=12 1000CE oz L,
2~ | QHFRIBERE L7 (BIEBEAS S . —HO
BUBEOBET, 7 AOMEREIZ X 58E
b, BHEKTCIZEA2NOERBLOH T 20k 5
RIZ X HLiaSi0s DI % FBFIZ T g5 &
ZER LI,

AMOBELTRL, N2 EURB OHEE
EHNDDIC, BERSE LR E S 2H T
wVIZHE AL, EE 800, 900Z7-131000C.
EF150MPa | REEEFM 1B DR TH I PAE
%ﬁo f:o

_1_



1.0
200°C
800°C
B-series
;n 1000°C
- 0.5 |~
+
K 800°C
=
m
- A-series
800°C
0 .
| [ ]
2 6 18
Time (hr)

Fig.1 Change of the relative diffraction intensity of BN
as a function of the sintering time. See text for the
definition of the coordinate.
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Fig.2 SEM micrographs of HIP'ed a)AO and (b)A1.
See text for the abbreviations of the samples.
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Fig.3 Change of the relative density of the specimens
as a function of the sintering time.
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Table 1 Properties of the resultant glass-ceramics

Specimen Relative RDI"® TEC** Young's Fracture
Density (%) (-3 {x10-7/K) nodulus (GPa) toughness (MPa-m'”?)
AD 100 - 98,0 60.9 1.8
Al 95. 4 .45 91. 4 89. 8 2.50
Al 98. 5 50 84.0 684.7 1.92
3o 100 - 113.0 59.0 1.6
Bl 100 0.67 99. 7 6§2.2 2.130
¥RDI +-+ relative diffraction intensity

¥¥TEC +-« thermal expansion coefficient
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Preparation and Properties of BN-dispersed Glass-Ceramics derived via in
situ Reaction of Li20-B203-SiOz2 glass and SiaN4

Hidero Unuma, Atsushi Kikuchi*, Toshiaki Nakagawa* and Tsuyoshi Yamamoto™
(*Hokkaido Institute of Technology)

Abstract: It has been attempted to preparel BN-dispersed lithium silicate glass-ceramics taking ad-

vantage of the in situ reaction of lithium borosilicate glass and silicon nitride powders. BN particles

were formed in the matrix of the glass-ceramics at temperatures around 800C. The amount of BN

particles increased with increasing sintering temperature and with elongating sintering time, although

it was not quan titatively completed. The thermal expansion coefficient, Young's modulus and frac-

ture toughness of the resultant glass-ceramics were affected by the dispersion of the particles.
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Fig.1 A schematic arrangement of the apparatus. 1 :
Pressure vessel, 2 : p-BN crucible, 3 : Heater, 4 :
Thermocouple, 5 : Encapsulant and 6 : Source
(ZnSe+Se)
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Fig.2 The liquidus curves of the Se-rich side of the Zn-
Se system. 1 : Sharma and Chang14), 2 : Fischer13)
and 3 : present study.
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Fig.3 A picture of an as-grown ZnSe crystal.
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Liquid Encapsulated Flux Growth of ZnSe Single Crystals from Se Solvent

Hideo Unuma, Jiro Nagao, Yuichi Yamakawa, Mikio Higuchi, Kohei Kodaira,
Yasunori Okano, Keigo Hashikawa, and Tsugno Fukuda |

In order to grow ZnSe single crystals free from twins, a solution growth method from Se solvent was
developed. The evaporation of Se solvent was effectively suppressed by utilizing a liquid encapsulant
of moloten fluorides and a gas over pressure. The liquidus curve of the Se-rich side in the Zn-Se
system was established. Crystals were grown at a temperature range from 1170 to 1050, where the
solubility of ZnSe to Se is high. The crystals were free from twins.
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Hd—-F 4TI PPN D_}‘E%E{J\%é:lﬁ—]*ﬁ
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Bz, INEEFHEKE LTHEARY, HRER
EEFRELTEA L, 50 LHBEZFF TN
LTHRW=T I3 HHH8IZ A, 1450CT1545
Rl L7z, ERMERICERE SR BT LS LT
3X1ox00mmDF 7 2 &8 %, 3¢ 680TC
CREUVCEIFRICE L THS L,

A7 2% 100C hr OEEET 800, 900, 1000
F/R1200CE THEL L, 12856 b & 27z,
i di s Cuk e &AW 7= XEEW TRZE L
2o fEARIEN T XA OB T, 750prn CHEER
THEFEImD N UL TORBITIIAFTEETH
DMED D THIMT L=, 0.98N, 10RMOBET
v h— X HEE L (BERUERMAE) |

Reagent $i0a Ala20,

Mg0 PboO MgF. Total

vt% 38.35 8.97

21.23 19.57 10.87 100.0
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D2 TA4r MeSi0) &7 VA NTA b
(Si0) A THT 2, ZLTEDOL I BBEITIEE
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Table 2 Crystalline phases in the Glass-Ceramics
Crystallized at Various Temperatures and their
Machinability.

DRETHEALIEL L, EBEZ V295 A F
RERkTARbVDIZaT—F + x5 A b
(MgaAl4Sis018) &bee-7 v Fo— N oEUES
(Mg10S14015F ) BT HIT H KD /e 520, Zh b
FERFC S BEORBEHEITHT L5, ZNITER(L
MrestrXHiESEcR v Eb s,
1T00CLL E &AL 2 -HAB TR LIAT
&ixlind, Thabb, HBOBENMELTE )
NONENREHCEA LS td, HATEAR
HEDETHEBEOHBEFFEOWIENED
Do

Crystallization

Temperature (°C)

Precipitated

(for 12 h) crystalline phases® Machinability
300 m(s), en(m), cri(m}, un(w) Good
9090 n{s), en(m), cri(m) Good
1000 n(s), en(m), cri(m) Good
1100 cor(s), bce-ch(s), un(w) Poor
*m:mica, en:enstatite, cri:ecristobalite, bce-ch:bcc-chondrodite like
phase, un:unidentified phase, (s):strong, (m):medium and (w):weak.

Fig.1 SEM micrographs of the etched surfaces of the
glass-ceramics crystallized at (A) 900Cand (B) 1100%.
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Fig.2 Vickers hardness of the glass-ceramics versus
crystallization temperature.
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Fig.3 Thermal expansion coefficient of the glass-
ceramics versus crystallization temperature.
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Improvement of Mechanical Properties of Machinable Glass-Ceramics
through Postmachining Heat-Treatments

Hideo Unuma, Koh Miura* and Kohei Kodaira*

(*Faculty of Engineering, Hokkaido University)

A method has been proposed to improve the mechanical properties of lead-fluorphlogopite-based
machinable glass-ceramics. A mica-based machinable glass-ceramics has been converted to a glass-
ceramics containing cordierite and body-centered cubic chondrodite-like phase through heat-treat-
ments at temperatures higher than that used for the crystallization of mica. The machinability is lost,
microhardness increases and the thermal expansion coefficient decreases with the change of the crys-

talline phase from mica to cordierite and chondrodite.
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Rapid Pyrolysis of Chinese Chaili Washing Middling Coal in a Down-
flow Reactor and Combustion of Mixture of Char and Sand in an Up-

flow Reactor

Kunio HIROSAWA, Zhufeng YU*, Tomiki TAKAHASHI and Mikio MORITA

*Beijing Research Institute of Coal Chemistry, Central Coal Mining

Research Institute, Hepingli, Beijing, China.

Abstract: To ascertain whether a coal pyroly-
sis-combustion combined system, which we
propose, can be applied to washing waste coal or
not, a Chinese Chaili washing middling coal was
rapidly pyrolyzed in a down- flow reactor and a
mixture of char and sand was burnt in an up-flow
reactor.It was effectively pyrolyzed to recover
gaseous and tarry products but blocked the reac-
tor because of its caking properties. The chars
produced were difficult to burn and generated
more NOx and SOx in the exhaust gases. These
suggest that some pretreatment of the coal is
necessary to reduce the caking properties and
some methods are needed to decrease NOx and

SOx contents in the exhaust gases.

1. Introduction

Rapid pyrolysis is a promising method be-
cause volatile matters in coal can be easily re-
covered in very short reaction time and is simple
technically, compared with other processes such
as the gasification and the liquefaction of coal.
There are many new processes such as COEDY,
Lurgi®, Garrett”,CSIR® and so on, to produce
gases, tar and chars simultaneouly from coal by
combining rapid pyrolysis and combustion.
However, in these processes a big problem exists
in how to use chars produced in large amounts.

Now, a new process, a coal pyrolysis-combus-

tion combined system, is proposed”; it is pos-
sible to produce gases, tar and electricity at the
same time from coal if all chars produced in a
rapid pyrolysis reactor can be burnt in a combus-
tion reactor, which is installed near by the py-
rolysis unit, to supply the heat necessary to
pyrolyze coal and to generate electricity by a use
of the surplus heat. This process gives us energy
resources such as gases, tar and electricity which
are more convenient to use than solid fuel. Also,
the gases and tar can be used as chemical re-
sources as well.

China has vast amounts of coal resources, the
deposits of which are estimated at about 10"
tons. So, not only Chinese but also Japanese
have to depend strongly on Chinese coal as en-
ergy and chemical resources in future. However,
from the points that the deposition of coal is lim-
ited and cause some pollution during use, coal
utilization processes need to be high energy effi-
cient and low polluting.

In China, the coal preparation plants produce
large amounts of washing middling coal every
year. They are usually used for combustion at
power plants. However, big prdblems both as
regards energy efficiency and air pollution exist.
Chaili washing middling coal is one of them.

In this paper, Chaili washing middling coal was
rapidly pyrolyzed in a down-flow type reactor

using sand as the heat carrier and the mixture of

_13_



chars and sand was burnt in an up-flow type re-
actor: changes for yields and properties of gases,
tar and chars with pyrolysis temperatures, and
relation between the combustion efficiency of
chars and content of SOx and NOx in the ex-
haust gases, and combustion temperatures were

investigated.

2. Experimentals
2.1. Coal preparation

Chinese Chaili washing middling coal was
pulverized to a particle size from 74 to 175 4 m
and dried before the experiments.
The properties are shown in Table 1. It has high
ash content (34.1%) and caking properties.

2.2. Pyrolysis experiments

An outline of a down-flow type rapid pyro-
lyzer is shown in Fig. 1.

N2 gas was fed at a rate of 0.5 I/min from the
top. After the pyrolysis reactor was heated to the
desired pyrolysis temperature, 200 g of a coal
sample was fed at a rate of 10 g/min from a coal
feeder and heated by a heat carrier preheated to
800 for pyrolysis from 550 to 700C (but 900TC
for the pyrolysis at 800C ). Sand was used as a
heat carrier(mean particle size: 363 4 m), which

was also fed from a sand feeder at a rate from 35
to 87 g/min(Table 2).The rapid pyrolysis of the
coal sample was carried out at 550,600,650,700
and 800C during the free- falling among the
heating section of about 130 cm. The pyrolysis
reaction time was supposed to be less than about
2 sec(depending on the pyrolysis temperatures),
based on the previous work®.

The volume of gas produced was measured by a
gasmeter. The char yields were determined from
the new weight of the reservoir. The tar yields
were calculated from the difference between the
coal weight and weight of the gases and chars
produced. The analytical methods of gases and

tar were the same as those in the previous work®.

2.3. Combustion experiments

An up-flow type combustor of the mixture of
char and sand is shown in Fig. 2.

The mixture of char and sand produced at the
pyrolysis temperature of 600C was used for
combustion experiments at 800 and 850°C. Prop-
erties of the sample char and the conditions of
combustion experiments are shown in Table 3
and Table 6, respectively. Air for the combus-
tion and the char-sand mixture were preheated at
about 450-550C and 550-600C, respectively,

Table 1 Properties of Chaili Washing Middling Coal (80-200 mesh)

Proximate { d.f.wt¥ )

Ash 34.1
Volatile 26.2

Rixed Carbon 39.7

Ultimate { d.f.wt¥ )

Ash 34.1
Carbon 52.8
Hydrogen 3.5
Sulfer 1.3
Nitrogen 0.5
Oxygen(diff.)} 7.8
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1) N2 gas inlet, 2) Coal feeder, 3) Carrier heater, 4) Carrier feeder, 5) Reactor, 6) Heater, 7) Reservoir, 8) Char,
Carrier outlet, 9) Condenser, 10) Tar reservoir, 11) Gas samplier, 12) Gas outlet

Fig.1 llustration of Pyrolysis Reactor and Example of Pyrolysis Temperature Distribution.

and fed from the bottom of the combustor to
burn chars during passing through 300 cm of the
combustion zone.

NOx and SOx contents in exhaust gases were
measured using of a Kitagawa-type gas reaction
tube, and CO2 and O2 were monitored and ana-
lyzed by a GC?. The other analytical methods

were the same as those in the previous work?.

3. Results and Discussion
3.1. Relation between product yields and

pyrolysis temperatures
Figure 3 shows a TG curve of the sample coal.

The weight decreased sharply from 380 to 600C
and was about 25 wt% during heating to 900T,
which is almost the same as the amount of the
volatile matter of the sample coal.

The results of the rapid pyrolysis of the sample
coal are shown in Table 2 and Fig. 4.

We found a problem at higher pyrolysis tem-
peratures (700 and 800C). Due to caking proper-

ties of Chaili coal, the particles agglomerated to
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Table 2 Results of Rapid Pyrolysis

Feed Ratel{g/min) Yield (ut®)
Pyrolysis Temp.{"C)

Coal Sand Char Gas Tar + H20
600> ca.ld 0 80.4 4.0 -
550 ca.l0 ca. 3D 91.0 3.6 5.4
800 ca.10 ca. 44 67.5 4.7 27.8
850 ca.lf ca. b8 65.5 5.3 29.2
700 ca.l0 ca. 87 43.0 7.8 49,72
800 ca.l0 ca. 87 50.1 10.3 39.4

Sand temperature is 800T in pyrolysis of 550 - 700T , but 900C in pyrolysis of 800¢C

*without carrier

9
o | ()
7 7 7 8
o (a)
o | B %
o 7
S (B)ré
7y 7N
N7
g (C)// <
[Te}
- i S 7|7
= s (D)f’
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/ = (E) /‘/2
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= ?% 2 1
XY I
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1) Screwfeeder 2) Preheater, 3) Air inlet, 4) Air preheater, 5) Combustor(22mm,ic) 6)
Heater(500mmx6), 7) Cyclone, 8) Gas sample, 9) Gas outlet, (A )-(J) = Thermocouples

Fig.2 lliustration of Combustion Reactor
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Table 3 Properties of Char and Combustibles in Char. Sand Mixture, produced at 600C

Char { d.f.wt¥ )

Char and Sand Mizture ( wt% )

Ash 45.3
Carbon 53.8
Hydrogen 2.7

Combustibles 5.1

each other and adhered to the wall of the
pyrolyser, even blocking it. So the chars pro-
duced could not be weighed accurately. It was
the main reason that char yields quick declined
at 700 and 800T: experimental values of the
char yields were evaluated to be less than the ac-

tual ones.

The gas yields increased with the increase in

pyrolysis temperatures while the char yields de-
creased. The tar yields could not be estimated
accurately and seemed to be less than 20 wt% at
pyrolysis temperatures between 600 to 650T.

‘Through the rapid pyrolysis experiments in a
down-flow reactor, it was found that high ash
containing coal can rapidly pyrolyzed but the
caking properties need to be reduced if it is cak-
ing coal. Pretreatment such as a mild solvent ex-
traction or preoxidation may be useful to achieve
this.

3.2. Gas products analysis

Gas yields with pyrolysis temperatures and
analyses of gaseous products are shown in Fig.4
and Table 4, respectively.

Gaseous products from the sample coal con-
sisted of H2, CO, CO2 and C1-Cs hydrocarbons.
The contents of H2 increased quickly as the py-
rolysis temperatures increased and reached
39.4% at 800C. C1-Cs contents were related to

the pyrolysis temperatures. Methane had its
maximum point of 36.3% at 650C. The contents
of paraffinic C2 to Cs hydrocarbons decreased as
pyrolysis temperatures increased, which led to a
decrease of the gas calorific value from 6275 to
4420 Kcal/Nm?.

These gaseous products have a high calorific
value, which can be widely used for town gases

and chemical resources.

3.3. Tar products analysis

Tar both in the condenser and tar reservoir was
washed with Tetrahydrofuran(THF). The in-
soluble parts(less than 5%) were mainly consid-
ered as chars (which also included small
amounts of heavy tar)

After removing THE by vacuum evaporation at
60C, the soluble parts were used for property
analyses.

Table 5 shows the results of ultimate analysis,
hydrogen distribution(measured by NMR) and
mean molecular weight(calculated by GPC
curves)of tar produced.

Figure 5 shows the gel permeation chromatog-
raphy curves.

Carbon contents of tar had a tendency to in-
crease whereas those of hydrogen and others
tended to decrease, as pyrolysis temperatures in-

creased. Considering the hydrogen distribution,
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Fig.5 GPC Curves of Tars produced at 600, 700 and 800C

aromatic hydrogen increased whereas aliphatic
hydrogen decreased, as the pylolysis tem-
peratures increased.

Mean molecular weight of the soluble parts of
tar decreased from 365 to 285 as pyrolysis tem-
increased from 550 to 800T.

Namely,there was a tendency in which the distri-

perature

bution of molecular weight became narrower at

higher pyrolysis temperatures.

3.4. Effect of heat carrier

The rapid pyrolysis of the sample coal without
using of a heat carrier was also carried out at 600
'C. Yields and property analyses of products are
also shown in Table 2, 4 and 5.

As a result of good heat transfer, gaseous and
tarry products were more recovered by using a

heat carrier than not by using one. The properties

of the products were also different. The pyroly-
sis results at 600C without a heat carrier were
somewhat similar to those at 550°C with it. These
suggest that a sand heat carrier has some cata-
lytic activity for the pyrolysis but further de-
tailed studies have to be done.

3.5. Char combustion

The char produced still contained appreciable
quantities of volatile matter and fixed carbons
(Table 3), which can be used as power plant fuel.

The results of the combustion of the mixture of
char and sand can be seen in Table 6.

After removing the gases and tar by rapid py-
rolysis, the char produced had almost similar
calorific value (5138 kcal/kg) to that of the
sample coal(5072 kcal/kg) because of the higher

carbon content.
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Table 4 Analysis of Gaseous Products

Pyrolysis Temp. Gas Composition ( mol % ) Q
() Ho | CO [ CHa | CO2 [Cola| CoHe | CaHs | CsHe | i~CaHie| n-CaHie| 1-Calle| 1-Cals|i-CsMiz n-CoHiz (Kcal/m?)
600 * 4.9]18.6( 32.7| 24.6| 6.8 3.5] 2.2| 3.4 0.2 0.4 0.8 0.7 0.6 0.7 6650
550 14.5|19.2]| 33.0f 17.7 5.3( 4.5| 1.3 2.5 0.1 0.2 0.4 0.5 0.4 0.8 8275
600 22.8 | 18.4] 34.3| 13.4] 4.5 3.8 1.Z| 0.3 0.1 0.2 0.3 0.5 0.3 0.2 5920
B50 23.2117.5] 36.3] 11.9; 0.9| 2.7 0.8 2.7 0.1 0.1 0.2 0.4 0.3 0.3 5510
700 23.7)15.2} 35.6{ 12.8] 4.7| 3.4] 0.8 2.8 0.1 0.1 0.2 0.5 0.1 0.3 6210
800 39.4|19.3} 31.7] 8.4 0.1} 0.4] 0.2| 0.4 tr. tr. tr. tr. tr. 0.1 4420
*without carrier
Table 5 Properties of Tars Produced
Pyrolysis Tenp. Ultimate Analysis (wt¥®) Hydrogen Distribution (atomic %) Mean Kolecular
""""""""" e Haiaieiieieink Iteiebdclhiel Aeeieieintel At Mt iedatel Weight
{C) C { H Others Ha Ha HA Hy| Hf Mn
800* 80.4 7.2 12.4 26.8 30.9 25.7 6.4 16.2 348
550 71.9 6.6 15.5 30.3 29.5 24.0 5.0 9.3 35
600 76.6 | 6.9 | 16.5 32.9| 32.3| 10.0| 4.5 11.3 365 -
650 50.0 5.8 44.2 14.4 41.9 15.1 0.9 21.7 321
700 78.8 6.1 14.3 45.5 29.5 14.1 0.8 10.1 310
800 85.6 5.6 8.8 58.8 18.8 13.5 3.4 7.5 285
*without carrier
Table 6 Results of Combustion of Char and Sand Mixture Produced at Pyrolysis of 600T
Combustion Temp. Ratio of Air | Combustion Exhaust Gas Composition
() {Blowed/Needed) | Efficiency 0:(%) CO0:{%3) NOx(ppm) SOx(%)
800 1.3 686.7 9.2 11.1 800 0.22
(9-10)
800 1.5 72.1 9.5 8.7 800 0.18
(11.5)
800 1.7 87.9 9.5 §.6 1000 0.17
‘ (11.5-12)
850 1.3 71.8 6.2 12.2 300 0.22
, {7.5-8)
850 1.5 75.2 1.6 10.3 1100 (.18
{10-10.5)
850 1.7 69.5 8.5 11.7 - --

Sample (char and sand mixture) feed rate is abogt 50 g/min.
Numbers in ( ) indicate those of the oxygen monitor.
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Table 7 Analysis of Ash of Chaili Washing Middling Coal

Sil: AlL0s

Felx Mg0

Ca0 Ke0 Naz0 Ti0e

0.3

13.4 5.5 0.2

.0 0.8 0.2 1.1

However, the 45.3% ash content was very
high, which led to the very low contents of com-
bustibles of 5.11% in the mixture of char and
sand. Combustion efficiency changed from 66.7
to 75.2% with the increase in the combustion
temperatures and air. They were lower than
those in the combustion of other chars from
brown coal”. This indicates that one factor for
the difference in the combustibility of chars was
whether they were produced from caking coal or
non-caking coal.

NOx and SOx contents in exhaust gases were
'800-1000 ppm and 0.17-0.22%, respectively.
CO could not be detected. These results were
due to the high total air ratio of 1.3-1.7, which
had to be set to attain high combustion effi-
ciency.

The high contents of NOx and SOx in exhaust
gases suggest to the applying some technique
such as denitration and desulfuration to the com-
bustion stage.

The sample coal was a washing middling coal,
which included large amounts of gangue, as
shown in Table 7. Si02 content in the ash reached
60.3%. The total content of MgO, Ca0, K20 and
Na20 was 2.2% of the ash. These minerals
would have an influence on the combustibity of
chars produced.

4. Conclusion

Rapid pyrolysis of Chaili washing middling

coal was carried out at 550-800C in a down-flow

type pyrolyzer, and the combustion of the mix-
ture of char and sand was investigated at 800 and
850C in an up-flow type combustor.

1. Chaili washing middling coal could be con-
verted to gases, tar and chars during the free-fall-
ing only in the pyrolyzing zone of 130cm. The
total amount of gaseous and tarry products was
estimated to be almost similar to that of the vola-
tile matter of the coal at the pyrolysis tempera-
tures of higher than 6507C.

2. Chaili washing middling coal blocked the py-
rolyzer because of the caking properties. Some
pretreatment is necessary to reduce it.

3. The yields and properties of products strongly
depended on the pyrolysis temperatures. Gas-
eous products had a calorific value of from
4420-6275 Kcal/Nm®. Mean molecular weight
of the tar produced was from 365 to 285.

4. The combustion efficiency of the char/sand
mixture in an up-flow combustor were 66.7-
75.2% at 800-8507C during flowing-up along the
300cm burning zone. Char from the caking coal
was more difficult to burn than the ones from
non-caking coal.

5. NOx and SOx contents in exhaust gases were
high. Some technique for the denitration and the
desulfuration has to be applied to the combus-
tion stage.

6. The system proposed was found to be able to
apply to high ash-content coal, but not to caking

coal without some pretreatments.

This work was performed under bilateral inter-
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national joint research between the Government
Industrial Development Laboratory, Hokkaido
and the Beijing Research Institute of Coal
Chemistry, and sponsored by the Science and
Technology Agency.
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Development of Gas-flow Type Thermobalance

Munehiro Yamaguchi, Sogo Sayama, Yasunori Nishikawa

(Hokkaido National Industrial Research Institute)
Mitsushi Kamide (Hokkaido Industrial Research Institute)

Hitoki Matsuda (Dept. of Chem. Eng.,

Nagoya University)

Three gas-solid reactions, i.e. (1) ignition of solid fuel, (2) carbonation of lime, (3) CO2 adsorptivity
of zeolite were studied by thermogravimetric analysis using newly developed gas-flow type

thermobalance.

The thermobalance could introduce reaction gas directly to the sample cell and the experimental con-

dition under the minimum gas-film resistance was possible. A sample cell, a supporting tube and a

weight sensor were linearly and vertically connected and a reaction gas was mtroduced to the lower

part of a supporting tube through a flexible tube. The flexible tube did not affect on the weight mea-

surement during gas-solid reaction.

The experimental result with the gas-flow type thermobalance was compared with that of conven-
tional thermobalance. Results were obtained as follows:
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(1) The ignition temperature of solid fuel was able to observe clearly.

(2) The reaction of carbonation of lime progressed faster in case of gas-flow type thermobalance

and two stage reaction was observed clearly around 400C.

(3) Two results of CO2 adsorption reaction of zeolite were nearly same but the initial reaction rate

was faster in case of conventional thermo-balance.
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