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Gaseous Pollutants Emissions from Coal Combustors
and Their Control Technologies in Japan

Toshimasa HIRAMA

About thirty percent of world's energy has been supplied by cecal, and this is expected
to increase in the future. Also in Japan, the amount of domestic use of coal, 120Mton
in 1993, will increase continuously, and increasing use of coal implies the requirement
of advanced pollutant control technology. This review specifically describes the present
status of control techniques of sulfur dioxide, nitrogen oxides and nitrous oxide from
coal combustors.

To date pulverized coal — firing boiler is commonly used in Japan, though commercial
use of fluidized bed boiler has rapidly been growing since 1980s. For the former type
of boiler, wet limestone,/gypsum system is usually used for flue gas desufurization.
Furthermore, both of advanced combustion technologies and selective catalytic reduction
system are applied for reducing nitrogen oxides.

Progress in combustion measures of fluidized bed boiler enables us tc operate the
plant without any flue gas treatment system. In the case, however, a new reduction
technology is required for the reduction of nitrous oxide which affects for both of

the green house and ozone destruction.
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Tabie 1 Compositions of coal use in Japan

as of 1993
field composition, %
"iron/steel making 50. 8
electricity ‘ 28.5
cement production 7.9
chemical industries 3.8
cokes and gas as fuel 3.8
paper,”pulp industries 2.9
others 2.3

(total use =120Mton,year)

(%) (766 GWh)
100,

(884 GWh)

{993 GWh)

nuclear

water

50k coal

F LNG

LPG
e

[ others

| petroleum

Fig.1 Energy sources for electricity?
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Table 2 Number and tyres of coal boiler
used in Japan as of 1990
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stoker 17¢ 1D 0
PCB** 42(21) 49
FBB*** 28C 8) 1 (after 1966)
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Fig.2 A schematic drawing of pulverized
coal-firing boiler plant
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Fig.3a Conceptual figure of bubbling FBB
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Fig.3b Conceptual figure of circulating FBB
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Fig.4 A flow diagram of wet limestone flue
gas desulfurisation system
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Fig.5 An example of SO, removal
performance in BFBB and CFBB
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Fig.6 NO, emission characteristics in PFB®
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Fig.7 An advanced low NO, burner for PCB"
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Fig.10 An example of NO, emissions

measured in CFBB plants”
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Simultaneous Determination of Copper (II) and iron (II) Using
8-Quinolinol by Solvent Extraction Flow-injection Method

Koichi NAKAGAWA, Kensaku HARAGUCHI and Toshio OGATA

An extraction system using 8-quinolincl was successfully applitied to a flow-injection
analysis for the simultaneous determination of copper (I} and iron (). The analiytical
system comprised two flow lines with a 100« 1 injector. 0.1 mol dm™® acetate buffer
(pH3.2) and chloroform containing 4.1 x 10® mol dm™® 8-quinolinol were passed at a
flow rate of (.8 ml min"!, respectively. The concentrations of Cu (I) and Fe (W) were
determined from the absorbance of the organic phase at 410 nm and 580 nm, respectively.
The determination range for both Cu (1) and Fe (W) is 1.0-10.0 ppm and the relative
standard deviation of 0.20% for Cu (1) and 0.25% for Fe (II) was obtained in 10 repeated
runs for 5.0 ppm of Cu (I) and Fe (m). Diverse ions such as Zn (o), Ni (1), Co (Il),
Cd (1), Mn (1), Pb (II), Al () and Cr (W) gave no effect on the determination of
Cu (@) and Fe (). 40 samples can be determined in 1 hour by the present method.
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Fundamental Studies on Red Mud as a Catalyst for Coal Liquefaction :

Studies on Active Components in Red Mud and Possibilities for
Improvement of Its Catalytic Activities

Ryoichi YOSHIDA, Shoichi IBARAGI, Sachio HARA, Shinichi YOKOYAMA,
Hideo NARITA, Tadashi YOSHIDA and Yosuke MAEKAWA

To elucidate catalytic activities of red mud for coal liquefaction and to improve its

catalytic activities, the change in its catalytic activities was investigated with the

addition of components costituting red mud. The results are summarized as follows :

D Regarding components costituting red mud, Fe components derived from FeO (OHD),
Fe (NO;)s;, FeSQ,, Fe (S0, (NH;),S0,, FeCl,, and FeCl; have higher catalytic activities
than original red mud.

® As to modified red mud, red mud catalysts modified with FeSO, and Ti, (S0,); have
higher catalytic activities than original red mud.

®In the presence of sulfur with modified red mud, the differences in catalytic activities
among red mud catalysts modified with Fe, Ti, Na, Ca, Si and Al components are
smaller than those without sulfur, and their catalytic activities are almost the same
or slightly lower than those with original red mud and sulfur. This is considered
to be the reason why iron sulfides formed with the addition of sulfur mainly dominate
catalvtic activities of modified red mud catalysts.

@ Moreover, these changes in catalytic activities of modified red mud may be considered
to be due to the change in the state of solid surface in red mud as a result of
the interaction between red mud and additives by the addition of components constituting
red mud and by thermal treatment. The change in the state of sclid surface in red
mud may induce the enhancement in chemical reactivities such as sulfurization of
red mud surface.
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Table 2 DTA peak temperature and DPA
for hydrogenolysis of Taiheiyo coal
with Fe-catalysts and modified red

mud catalysts

X Peak temp. -dp
Run no. Catalyst (Calcined at 5507TC)
(T) (kg/cm2)

043 Red mud 425 eX4]
046 FeO(OH) 402 2.2
045  [Fe(NO3)3 410 0.6
033 FeSO4 416 0.3
048  |Fe(S04)3(NH2)2504 418 0.4
047  [FeClz 417 0.1
044  |FeCl3 423
021 Red mud-S 400 2.3
053  |Red mud-FeQ(OH)-5 (Fe: 10wtd6) 399 2.4
054 Red mud-Fe(NO3)3-5 (Fe: 10wt%) 405 0.8
018  (Red mud-FeS04-S (Fe: 10wt%)| 402 1.8
055 |Red mud-Fe(S04)3(NH2)2504-5  (Fe: 10wt¥%)| 407 0.6
056 |Red mud-FeClz-S (Fe: 10wt9b) 405 1.3
057  |Red mud-FeCla-S (Fe: 10wts%)] 409 1.1

Table 3 Effect of calcination temperature
of red mud on DTA peak tem-
perature and DPA of hydro-
genolysis of Taiheiyo coal

ho. Catalyst PES™ | ()
032 | Red mud (original) 424 0.0
043 | Calcined red mud (at 550°C) 425 0.0
060 | Calcined red mud (at 700°C) 429 0.0
050 | Calcined red mud (ot 800°C} 430 0.0
049 | Calcined red mud(at 1000°C) 432 0.0
019 | Red mud-$ (original} 400 3.2
021 | Calclined red mud (550°C}-$ 400 2.3
061 | Calcined red mud (700°C)-$ 405 1.6

Table 4 DTA peak temperature and DPA
for hydrogenolysis of Taiheiyo coal
with modified red mud catalysts

Run na. Catalyst Peak temp. <P
) (kg/cm?2)
(Cslcined at 550T)
043 (Red mud 425 0.0
038 |Red mud-FeSO4 (Fe: 10wt) 420 0.0
039 [Red mud-Tiz(S04 )3 (Ti: 10wt36) 422 0.0
ozt [Redmads T w00 | 23
018 | Red mud-Fe504-§ (Fe: 10wto%6) | 402 1.5
022 |Red mud-FeS04-5 (Fe: 20wt%) 409 1.3
023 |Red mud-FeS0+S$ (Fe: 30wtd6) 403 1.5
027 |Red mud-NazS04-3 (Na: 10wt3) 400 1.9
029 |Red mud-CaS04-S {Ca: 10wt9} 401 1.8
017 |Red mud-8i02-S (Si: 10wt9e) 403 1.7
031 |Red mud-Tiz(S04)3-S (Ti: 10wt96) 407 0.8
025 {Red mud-Tiz(S04)3-S (Ti: 20wt3%6) 406 0.4
040 |Red mud-Tiz(S04)3-S (Ti: 30wt96) 401 0.8
030 [Red mud-Al2(S04)3-5 (Al: 10wtdt) 408 0.6
(Calcined at 680T)
058 |Red mud-FeS04-S (Fe: 10wt98) 401 1.5
059 |Red mud-Tiz(504)3-5 (Ti: 10wt96) 403 1.0
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Elution Behavior of Coal-derived Liquids
with Sephadex LH-20

Tadashi YOSHIDA, Hideyasu TSUCHIYA, Yoshinori NAKATA,
‘Shinichi YOKOYAMA, Yoshihisa HASEGAWA,
Susumu YOKOYAMA and Ryoichi YOSHIDA

The separation performance of Sephadex LH—20 for oil and asphaltene fractions obtained
by the liquefaction of Oyubari coal was investigated. The oil and asphaltene were
divided into four fractions, respectively, based on their elution curves and each fraction

was characterized by structural analysis.

The ultimate analysis and molecular weight

data revealed that Sephadex LH —20 had potentials for the separation of polar compounds
in the oil and asphaltene, except for paraffins. However, the elution behavior of oil
and asphaltene was greatly influenced by the molecular weights, chemical structure

and polarity of components.
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Fig.2 Elution curve of asphaltene from
Oyubari coal separated with Sephadex

LH—20
Table 1 Yields, elemental analysis and
molecular weights of o¢il and
asphaltene fractions from Oyubarl
coal
............... Elemental analysis (wi%)
Yield(wi®) ¢ [o} [ weight
on
‘Whole 8713 8.6 25 1.0 04 540
Fr-1 15.6 86.8 11.0 2.1 1.0 - 490
Fr-2 40.1 893 81 23 1.0 320
Fr3 167 B53 73 58 2.6 250
Fr4 2.0 8.4 -1 10.5 4.1 -
Recovery 744
Asphaltene
‘Whoie 8714 6.1 34 1.9 o4 810
Fr-1 514 86.7 59 39 2.0 - 1090
Fr2 296 84.1 63 38 23 490
Fr3 13.7 ™7 7.5 &1 29 330
Fr4 i.5 767 8.6 111 55 -
Recovery 96.2
Table 2 Structural parameneters of oil and
asphaltene fractions from Oyubari
coal
13C-NMR 'H-NMR
fa Haw/Cs Haw/Ca a (Ho'H a }+1
oil - . 0.92 027 3.1
Fr-1 0.44 0.89 0.91 0.54 58
Fr2 0.67 0.89 0.84 039 22
Fr3 074 0.50 0.95 038 18
F4 - - 1.15 0.55 33
Asphaltene - - 0.65 037 22
Fr-1 Q.77 0.90 0.63 033 24
Fr2 0.76 0.89 072 037 2.1
Fr-3 0.64 0.88 092 042 33
Fr4 - - 0.97 0.54 -
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Fig.3 '"C—NMR spectra of oil fractions from
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Characteristic of Activated Carbon Produced from Scrap. Tires
at Different Activation Temperatures

Toshio OGATA, Munehiro YAMAGUCHI!, Sogo SAYAMA, Hidehiko INOUE,
Kinya IWAMOTO and Yosiyuki OKA

Properties of activated carbons from scrap tires were discussed. Sample A and B
were activated at 850°C and 1100°C respectively. The BET surface area of A was 58lm®
/g and B was 198m?/g. The lodine Number of A was 47hmg g and B was 309mg~
g. The SEM observation revealed that particle A (10~30micron) formed aggregates while
that of B as fine powder. The apparent density of Particles measured as A :2.6gcc,
B:3.8g/¢cc.

Generally, the activation temperature of activated carbon from scrap tires is 85(0°%C.
The higher activation temperature made inferior activity, and the reason is discussed
as follows. Main raw materials of tire are SBR and carbon black. It is considered that
the following reactions took place during pyrolysis ; SBR-—o0il and char and carbon
black — char roughly. Therefore the carbon driven pyrolysis; SBR will be more reactive
than from carbon black. During the activation process of those two chars mixture,
SBR char produces high quality activated carbon, at the same time the fatigue of the
carbon proceeds by oxidation reaction. It is summarised that for the activation process
of scrap tire the optimum temperature is around 850°C. The higher temperature the

portion of carbon black increases in the product and the activity decreases.
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Table 1 Proximate analysis of activated
carbon (wt %)

Product A(8507T) B(1100%7)
Moisture 1.77 2.40
Volatilematter 2.52 2.38
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Sulpher 0.98 3.10
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Table 2 Chemical analysis of ashes (wt%)
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Table 3 Characteristics of activated carbon

Prodoct A (8500 B(1100%C)
Surface Area BET {im ~g) 581 198
lodine Number {mg./g) 475 309
Apparenl Density {(g/cc) 0.286 0.38
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Photo.1 SEM images of activated carbons
(a) activated 850°C, x 10000
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ENERGY SAVING SNOW MELTING SYSTEM

Munehiro YAMAGUCHI, Yasunori NISHIKAWA, Kenichi MIURA,
Sogo SAYAMA, Yoshimasa SUDO, Yoshio SAKAI
and Kinya IWAMOTO

Followings were summerized in the present paper for the effective energy saving in
the snow melting process.

(1) The insulation between the ground and the heater was very favorabie.

(2) The electric heater which has the the higher resistance and larger section area
was favorable for the efficiency of heating.

(3) The use of the higher resistance heater made it easily to design the smaller area
heating and the exact control.

(4) The adoption of sophisticaed relay system with timer made simple regulation possible,
selective various output powers 100, 66.5, 62.5, 50, 44, 33, 25 and 0%.

(5)From the actual ploof test it became clear that with this system the energy saving

level of 50—75% was possible.
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Fig.10 Cyclic operation with two heaters
(A,B) for 2¢
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Fig.11 Schematic diagram of control system
for two heaters
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Fig.12 Cyclic operation with four heaters
(A—D) for 2¢
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Fig.13 Schematic diagram of control system
for four heaters
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Fig.14 Cyclic operation with six heaters
(A—F) for 3¢
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Photo.1 Progress of snow melting
(a) before melting (b) on melting
(c) after melting (d) heating bloks

MLETH 5,

BETR

D gL, W, S, R, B e o Bk
#1155, p.42 (1992)

2) B, BN S, ERE EH ESEEhE
iy v BRYU Y LERICE, p.86 (1992

3) &, B, =idE, Rk, B dtmE o Tk
F12%7, p.47 (1993)

4) g, i, @@, =i, ARE B bl
DEKFEIFF, p.42 (1994)

5 KEF+Z=E, HEK, 4 — L, Jan (1994),
p.129

6) FHETHENL KT v 7, HEAERES(LHE
w® A97D

(REREA (19944 12H268)
(EFGSCE - 19954E 2 A28H)




%ﬁ"ﬂﬁ%:&ﬁﬁlﬁﬁﬁﬂﬁﬁi

‘3 3 011(857)8460

ﬁ\z@aﬁ:?ﬁ’ 1‘ 7’")




) 7 Tech’flﬂlogles- in Iaparl e v i,; r 7", :._,_,;. ‘_,' _._ ‘. - N R '-_- B

i ?Energy Savmg Snmv Melnng System

: ,j;‘ . ’REPORTS OF o - :

T THE HOKKAIDO NAT{ONAL f
: INDUSTRLAL RESEARCH INSTITUTE

“ L : Contents el

e . U= - -

- — (Re\?lew) —- e e T T T T
' *'fG&SEOUS*‘POHﬂtantS Emlssxons from Coal Combustors and Therr Contro} e

TGshLmasa HIRAMA

- (Screnﬁfrc Papers) -— LT T e e e T
N ermultaneeus Eetermmat;on of Copper (lI) and Iron (III) Usmg T R
T <8~ Qumolsmo;f By Solvem Extractlon Flow— mjeeuon Method u(l?)

Koichl NAKAGAWA Kensaku HARAGUCHI and TOShlo OGA’I‘A

e "Fundamental Btudles orr Red Mud a5 a’ Catalyst for Coal quuefactlon  "

:":Studres ﬁa Actwe Components m Red Mud and’ Poss1b111t1es for

7 Ryoz:hi YﬁSHIDA Sh01ch1 IBARAGI Sachlo HARA Sh1n1ch1 YOKOYAMA*'
Hldaof NARITA Tadashl YOSHIDA and Yosuke MAEKAWA T

YOKOYAMA, Yosl;uhrsa HASEGAWA Susumu YOKOYAMA and Ryomh: YOSHIDA

—:'—' (Techmcai Report) A Zf?ﬁff i " o :
. f‘f:Characterrstxc Of Act;vated Carbon Produced from Scrap T:res at leferent

.,_ K Actlvatﬁn ‘Temperatures N .:,./; i e ..‘.“.».r .................................. Mo voeae s dowie (26) "r

Toshlo OGATA, Muneh;ro YAMAGUCHI Sogo SAYAMA Hldehxke I”NOUE
} Kmya.; [WAMOTO anc} Yosryukl OKA B R

Munehxro YAMAGUCHL Yasunon NISHTKAWA Kemchl MIURA

Sogo S?XYAMA Y?)shlmasa SIJDO Yosh;lo SAKAI and Kmya IWAM@TO ,

,ImproVement of Tts. Catahytrc Actrvrtres"-'-;z',-‘é’-e. --------------------- S TR (16)_;‘ “ -

Pubhshed by
oo Hokkalde Natrenal Industnal Research Instltute -

- 2 17 Tsukasamu Htgashi.r’l‘oyohlrarku. Sapporo 062 Japan B

R Nusa - March 1995 s DT L

f?‘;?-Emtlon Behayrdr of Coal derwed\ L:qulds wath Sephadex LH 20--"; ----- Ta ~;;I(22) o
sl o ’Badashx -YOSHIDA, Hldeyasu TSUCHIYA “Yoshinori- NAKATA Sh,mrcm I



	表紙
	石炭燃焼装置からのガス状汚染物の発生とその抑制技術
	8-キノリノールを用いる抽出／フローインジェクション法による銅（II）、鉄（III）の同時分析法
	石炭液化における赤泥触媒に関する基礎的研究
	Sephadex LH-20による石炭液化油の溶出挙動
	賦活温度の相違による廃タイヤから製造した活性炭の性状
	省エネルギーロードヒーティング制御法
	奥付

