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M r .  Michae l  P e r l s w e i g  
D i v i s i o n  o f  F o s s i l  F u e l  U t i l i z a t i o n  
Room E-178 
U.S. Depar tment  o f  Energy 
Washing ton ,  D.C. 20545 

R e :  C o n t r a c t  #DE-AC-03-79SF10538 
Task #002 

Dear M r .  P e r l s w e i g ;  

W e  have  t h e  honor  t o  t r a n s m i t  t h e  t o p i c a l  r e p o r t ,  l l ~ d d i t i o n a l  
R e s e a r c h  on Advanced R&D i n  J a p a n f 1  a s  r e q u i r e d  i n  Task  002 unde r  
t h e  above. c o n t r a c t .  

A s  s p e c i f i e d  i n  S u b s e c t i o n  A o f  t h i s  t a s k ,  a  p r e l i m i n a r y  
r e p o r t  on "High Tempera tu r e  Gas T u r b i n e s  i n  J a p a n f 1  w a s  d e l i v e r e d  
on May 25 ,  1979. 

On J u n e  1 5 t h ,  a  l fRepor t  on F o r e i g n  T r a v e l "  w a s  f o r w a r d e d  i n  
c o m p l i a n c e  w i t h  t h e  t r a v e l  r e g u l a t i o n s .  An a d d i t i o n a l  copy  i s  . 

a t t a c h e d  h e r e t o .  

C o p i e s  o f  t h e s e  r e p o r t s  t o  you and t o  t h e  a d d r e s s e e s  s p e c i f i e d  
i n  t h e  c o n t r a c t  documents ,  c o m p l e t e  t h e  work u n d e r  Task  002.  

- RWS: j u  
Enc ls . :  A s  d e s c r i b e d  above.  ( 3  c o p i e s )  

cc: Coriservat iun D i v . i s i a n  ( 1 copy  ) 
San F r a n c i s c o  O p e r a t i o n s  O f f i c e .  

Mail & Records  D i v i s i o n  (1 c o p y )  
San F r a n c i s c o  O p e r a t i o n s  O f f i c e .  

M s .  K a t h l e e n  T h u r s t o n  (1 c o p y )  I 
San F r a n c i s c o  O p e r a t i o n s  O f f i c e .  ' 

M s .  M a r g a r e t  G a r c i a  (1 copy)  
San F r a n c i s c o  O p e r a t i o n s  O f f i c e .  

YIJLLYlMC" 

Neither the Uniled Swier Government mr any qenw Thereof. nor any of their emplWeR. makesany 
warranty. express or implied. or arrumn ony 1-1 liability or rsmnlibi l i ly for the armraw. 
mmnlelenss. of velylmes of  any information. IDparstul. orcduct. Or ProEeu disclored. or 
rcpresenu that its ua mu la  not ~nfrlnge urlmtrly vmtd riyht,. IlclcrcneC nclcln ro any cpwlllc 
mmmercial orcdun. praeu. or rervlce by tfOae Mme. t r3e ! iw> l .  rsunufactu~e~. or o ths rn i~ .  does 
001 nwnsr i ly  mnli i tuie or imply its endoiremenl. remmmendaibn. or tworing by the United 
Stat- Government or en" ewncy ihermf. The view and oinion, of authors expreued herein do not 



6 .  . Flu id . i zed  Bed Combustion 

6-1  I n t r o d u c t i o n  

6-2 L a b o r a t o r i e s  and S t a f f  members i.n cF,arge 

6-3 The l e v e l  o f  RGD o f  t h e  r e s p e c t i v e  1 a . b o r a t o r i e s  

6 - 4, P r o t o t y p e  p roduc t  i o n  p l a n s  

6 - 5  Commercia l iza t ion  p l a n s  

7 .  Fue l  C e l l  

7 - 1 I n t r o d u c t i o n  

7 - 2 .  S t a t u s  o f  R 6 D  i n  J a p a n  

7 - 3  Tb.in Film S o l i d  E l e c t r o l y t e  Fuel. C e l l  

Appendix 1? F n v i r o q n e n t a l  S t a n d a r d s  promulgated  

by J a p a n e s e  

Envi ronmenta l  P r o t e c t i o n  -4gency 

Appendix 2 ,  FO2 -4l;a.tement f o r  S t a t i o n a r y  Sources  

i TI ,Tapan 

Appendix 3 .  Operat ion.  r e s u l t  o f  IHT -CEEPfICC f l u e  g a s  

d e s u l f u r i z a t i o n  sys tem f o r  C o a l - F i r e d  

u t i l i t y  power s t a t i o n s  

Appendix 4 ,  D e n i t r a t i o n  o f  f l u e  g a s  f r o n  C o a l - f u e l e d  

F o r l e r s  



. . . .  I . . . . .  I .  

'\T'&~e'\'o:fq;~o.~e:~~.e.s 
t . - .  ; . \ . .  . ., . - . 

I n t r o d u c  
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Vethodology 

Summary o f  Conclus ion  

Survey o f  High ~ e r n ~ e r a t u r e  G a s . T u r b i n e  

I n t r o d u c t i o n  

What t y p e  of  b l a d e  c o o l i n g  system i s  p lanned?  

What k ind  o f  f u e l  i s .  p l anned  t o  be u s e d ?  

What measures  have been p lanned t o  c o n t r o l  NOx 

i n  exhaus t  g a s ?  

What p l a n  i s  t h e r e  t o  d e m o n s t r a t e  ' t h i s  t e c h n o l o g i e s  

o r  t h e  complcted eng ine?  

What a r e  t h e  c u r r e n t  s t a t u s  and f u t u r e  s c h e d u l e  

on t h e  development works 

Environmental  C o n t r o l  

Int:r(~cl.uct. i o n  

F l u e  g a s  d e s u l ' f u r a t i o n .  

F l u e  g a s  d e n i t r a t i o n  

F l u e  d u s t  demoval 

Dust washing c o l l e c t o r s  

Ti-ea tment of  S ludgc  
7 

I n s t r u m e n t a t i o n  and c o n t r o l  



1. I n t r o d u c t i o n  

Th i . s  t a s k  w a s ' o u t l i n e d  i n  a r e q u e s t  f r o m  DOE d a t e d  

~ ~ r i i  1 0 ,  1979.  The a s s i g n m e n t  w a s  c o n f i r m e d  by DOE o n  
. . 

A p r i l  1 7 ,  1979 .  

G a l a x y ' s  s e n i o r  p e r s o n n e l  h e l d  e x t e n s i v e  d i s c u s s i o n s  

w i t h  F o s s i l  F u e l  U t i l i z a t i o n  P r o j e c t  Managers  i m m e d i a t e l y  

t h e r e a f t e r .  T h e s e  c o n f e r e n c e s  d e f i n e d  s p e c i f i c  p a r t s  o f  

t e c h n o l o g i e s  i n  w h i c h  t h e r e  w a s  p a r t i c u l a r  i n t e r e s t .  

The r e q u e s t  w a s  t h e n  t r a n s m i t t e d  t o  Galaxy-NJM i n  

Tokyo. A G a l a x y  s e n i o r  s t a f f  m e m b e r  was s e n t  t o  Tokyo 

May 7 t h - 1 6 t h  f o r  c o n f e r e n c e s  w i t h  t h e  D r .  F u j i s h i m a  s t a f f  

a s s i g n e d  t o  t h i s  t a s k  and l ed  i n t e r v i e w s  w i t h  p u b l i c  

o f f i c i a l s  and c o r p o r a t e  o f f i c e r s  o f  c o m p a n i e s  i n v o l v e d  

i n  t h e  work u n d e r  s t u d y .  

The r e p o r t  was  p r e p a r e d  by  D r .  F u j i s h i m a  and h i s  s t a f f  

i n  Tokyo and t r a n s l a t e d  i n t o  E n g l i s h  i n  J a p a n .  

The r e p o r t  was  r e v i e w e d  and e d i t e d  by t h e  G a l a x y  s t a f f  

i n  Wash ing ton .  Where t h e  t r a n s l a t e d  u s a g e  i s  p e r f e c t l y  

c l e a r ,  b u t  n o t  i n  E n g l i s h  v e r n a c u l a r ,  no  a t t e m p t s  h a v e  

b e e n  made t o  c h a n g e  i t .  However, i n  cases w h e r e  it m i g h t  be 

u n c l e a r  t o  t h o s e  u n u s e d  tc  t r a n s l a t i o n s ,  i t  h a s  b e e n  c h a n g e d .  

The word " r a t i o n a l i z a t i o n n  a p p e a r s  r e p e a t e d l y  i n  t h e  

t r a n s l a t i o n s .  R a t i o n a l i z a t i o n ,  a s  u s e d  by  t h e  J a p a n e s e  

Government  and  i n d u s t r y ,  i s  a  s h o r t h a n d ,  mean ing  t h e  u s e  o f  



, . 

s c i e n t i f i c  p r i n c i p l e s  f o r  management,  p l a n n i n g  and  manu- 

f a c t o r i n g  a imed '  t o  o b t a i n  maximum p r o d u c t i o n  a t  t h e  l o w e s t  

p o s s i b l e  c o s t s  and  e m b r a c e s  e v e r y  s t e p  b a l a n c e d  t o  a c h i e v e  

o p t i m a l  r e s u l t s .  It a l s o  i n v o l v e s  t h e  J a p a n e s e  c o n c e p t  o f  

" c o n s e r ~ s u s " ,  meaning t h a t  e v e r y o n e  m u s t  a g r e e  b e f o r e  a  p r o -  

ject becomes o p e r a t i o n a l .  

A l s o  f r e q u e n t l y  u s e d  i s  t h e  name " M I T I " ,  w h i c h  d e s i g -  

n a t e s  t h e  M i n i s t r y  05 I n t e r n a t i o n a l  T r a d e  and  I n d u s t r y .  The 

Agency o f  ~ n d u s t r i a l  S c i e n c e  and  T e c h n o l o g y  i s  a d i v i s i o n  

o f  M I T I .  

I t  i s  o b v i o u s  t h a t  t h e  J a p . a n e s e  h i g h  t e m p e r a t u r e ,  h$gh 

p r e s s u r e  t u r b i n e  p rogram i s  c o n s i d e r a b l y  more a m b i t i o u s  

t h a n  t h e  p rogram now s c h e d u l e d  i n  t h e  U.S.A. A p r e l i m i n a r y  

e x a m i n a t i o n  o f  t h e  J a p a n e s e  h i g h  t e m p e r a t u r e  t u r b i n e  p r o g r a m  

w a s  carried o u t  b y  G.alaxy.  The p r e l i m i n a r y  r e p o r t  ( l l R e p o r t  

o f  F o r e i g n  T r a v e l v )  on t h i s  is  a t t a c h e d  h e r e t o  a s  Appendix  A 

and  h a s  p r o v e d  u s e f u l  i n  e v a l u a t i n g  t h a t  p r o g r a m ,  

D r .  F u j i s h i m a l s  t h o u g h t f u l  a n d  r e v e a l i n g  i n t r o d u c t i o n  

g i v e s  i n s i g h t s  i n t o  t h e  J a p a n e s e  a p p r o a c h  t o  t e c h n o l o g y  

d e v e l o p m e n t  and t h e  r o l e  o f  t h e  i n  g; iding t h e  

work.  

A s  u s u a l ,  G a l a x y  i s  p r e p a r e d  t o  f o l l o w - u p  i n  d e p t h  o n  

t h e  p r e l i m i n a r y  r e p o r t s  o f  t h e  F o s s i l  b a s e d  t e c h n o l o g i e s  i n  

t h i s  i n i t i a l  sweep ,  upon r e q u e s t  o f  DOE. 



2-1 Scope  o f  Work 

The Scope  o f  Work w a s  d e f i n e d  by t h e  F o s s i l  F u e l  

U t i l i z a t i o n  D i v i s i o n ' s  memorandum d a t e d  A p r i l  l o t h ,  o n  

Task  002 ,  as  f o l l o w s :  

" A ,  High T e m p e r a t u r e  Gas  T u r b i n e s  

I t  i s  o u r  u n d e r s t a n d i n g  now t h a t  J a p a n  i s  u n d e r -  

t a k i n g  a g r e a t l y  e x p a n d e d  u l t r a  h i g h  t e m p e r a t u r e  

g a s  t u r b i n e  program.  T h i s  p r o g r a m  i s  d e s i g n e d  t o  

p r o v i d e  a t e c h n o l o g y ,  c a u s i n g  l i t t l e  e n v i r o n m e n t a l  

effect  and v e r y  h i g h  e f f i c i e n c i e s .  I t  i s  r e p o r t e d  

t h e y  are a i m i n g  f o r  i n l e t  t e m p e r a t u r e s  f r o m  2 , 5 0 0  

d e g r e e s  t o  3 , 0 0 0  d e g r e e s  F,  W e  p a r t i c u l a r l y  de- 

s ire t o  be i n f o r m e d  as t o  t h e  basic c o n c e p t s  o f  

t h e  p rogram w i t h  e m p h a s i s  o n  t h e  f o l l o w i n g  items: 

1. W l i a L  Lype o f  b l a d e  c o o l i n g ,  w h e t h e r  

water 01. a i r  t r a n s p i l - a t i s n ?  

2. - Type o f  f u e l .  A r e  t h e  d e s i g n s  s u c h  t h a t  

t h e y  are t o  u t i l i z e  l o w e r  g r a d e  h e a v y  

f u e l s ,  t h e  tmklmm e n d s ,  o r  c o a l ?  



"3, What i s  t h e i r  app roach  f o r  c o n t r o l l i n g  

NOx? Is i t  c a t a l y t i c  combus t ion ,  s t a g e d  

r i c h  b u r n i n g ,  o r  e x h a u s t  g a s  c l e a n u p ?  

4. What. a r e  t h e i r  p l a n s  f o r  d e m o n s t r a t i n g  

t h e  t echno logy  o r  t h e  comple t e  e n g i n e ?  

5. What a r e  t h e  d e t a i l s  o n . t h e  s c h e d u l e  o r  

t h e  deve lopment  of  m a t e r i a l s ,  c o o l i n g  meth- 

o d s ,  p r o t o t y p e s , .  commercial  s i z e d  i n s t a l -  

l a t i o n s ?  

A s  t h i s  t echno logy  i s  o f  g r e a t  i n t e r e s t  t o  t h i s  d i v i -  

s i o n ,  w e  would a p p r e c i a t e  p r e p a r a t i o n  o f  a r e p o r t  i n  two 

s e c t i o n s .  T h e  p r e l i m i n a r y  r e p o r t  i s  t o  b e  d e l i v e r e d  on 

o r  b e f o r e  t h e  1st o f  J u n e  and w i l l  d e a l  w i t h  t h e  c o n c e p t s ,  

t h e  t e c h n i c a l  p roblems,  and i n  a  p r e l i m i n a r y  way, w i t h  

t h e  s c h e d u l e s ,  t h e  m i l e s t o n e s  and t h e  f u n d i n g  p r o f i l e ,  

T h i s  shou ld  be  f o l l o w e d  w i t h  a  more d e t a i l e d  r e p o r t  which 

shou ld  bc i n  o u r  hands  by t h e  end of , J l ~ l y .  

B, Envi ronmenta l  C o n t r o l  

I n  a d d i t i o n  t o  t h e  above items, w e  d e s i r e  d e t a i l s  

on t h e  s t a t e - o f - t h e - a . r t  i n  J a p a n  o f  c l e a n u p  o f  ex-  

h a u s t  g a s e s  from t u r b i n e s ,  p a r t i c u l a r l y  i n  SO2, NOy,  , . 
and p a r t i c u l a t e s  less t h a n  1 mic ron ,  i n s t r u m e n t a t i o n  

and c o n t r o l  f o r  s c r u b b e r .  



J a p a n  h a s  v e r y  t i g h t  e n v i r o n m e n t a l  s t a n d a r d s .  

W e  would l i k e  t o  h a v e  c o p i e s  ( i n  ~ n ~ l i s h )  o f  t h e i r  

e n v i r o n m e n t a l  s t a n d a r d s ,  as p r o m u l g a t e d  by  

J a p a n e s e  E n v i r o n m e n t a l  P r o t e c t i o n  Agency. I t  i s  

known h e r e  t h a t  J a p a n  p i o n e e r e d  t h e  u s e  o f  s c r u b -  

bers. W e  w o u l d ' l i k e  c o m p r e h e n s i v e  r e p o r t  o n  t h e  

s t a t e - o f - t h e - a r t  and p e r f o r m a n c e s ,  s p e c i f y i n g  

wha t  f u e l s  a r e  u s e d ,  t h e  s u l f u r  c o n t e n t ,  t h e  t r e a t -  

ment  o f  t h e  waste stream, t h e  r e m o v a l  o f  s u l f u r ,  

NOx, . p a r t i c u l a t e s  less t h a n  1 m i c r o n ,  i n s t r u m e n t a t i o n  

and c o n t r o l  o f  s c r u b b e r ,  t h e  p r o b l e m s  o f  m a i n t e n -  

a n c e ,  t h e  o n s t r e a m  a v a i l a b i l i t y ,  a n d '  d i s p o s a l  o f  

waste s l u d g e s ,  i n c l u d i n g  t h e  p r e v e n t i o n  o f  l e a c h i n g  

a t  d i s p o s a l .  T h i s  r e p o r t  s h o u l d  c o v e r  t h e  s ta te -  

o f - t h e - a r t ,  b o t h  i n  c l e a n u p  o f  c o m b u s t i o n  fo r  steam 

g e n e r a t i o n ,  and  i n  g a s  t u r b i n e s .  

F l u i d i z e d  Bed Combus t ion  

P r e p a r e  a p r e l i m i n a r y  r e p o r t  o n  t h e  s t a t e - o f - t h e - a r t  

i n  f l u i d i z e d  bed  c o m b u s t i o n ,  c o v e r i n g  t h e  p r e s s u r i z e d  

and  a t m o s p h e r i c  FBC i n  J a p a n .  The r e p o r t  s h o u l d  

c o v e r  t h e  a d v a n c e d  work g o i n g  o n  i n  J a p a n ,  ' I s  t h e  

work o n  l a b o r a t o r y  scale; are t h e  p r o t o t y p e  u n i t s  

b e i n g  s c h e d u l e d ;  i s  t h e r e  a s c h e d u l e  f o r  c o m m e r c i a l  

s i z e  t e s t ?  



D. F u e l  C e l l s  

The d i v i s i o n  is  n o t  aware of any advanced work 

i n  f u e l  ce l ls ,  beyond a  s u b c o n t r a c t  by t h e  

J a p a n e s e  f i r m  Toyo E n g i n e e r i n g ,  w i t h  UTC h e r e  

unde r  a s u b c o n t r a c t  f rom E P R I .  W e  would app re -  

c i a t e  a  p r e l i m i n a r y  r e p o r t  a s  t o  any deve lopmen t s  

i n  J a p a n  on advanced R D & D  f u e l  ce l l  work. 

The main o b j e c t i v e  o f  t h e  above t a s k s  i s  t o  r e p o r t  

Government and p r i v a t e  RD&D programs i n  t h e  a r e a s  o u t l i n e d  

and i d e n t i f y  t h e  t e c h n i c a l  d a t a  and e x p e r t i s e  which c o u l d  

b e n e f i t  o u r  d o m e s t i c  program. 
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A. Governmental Organization 

1. Agency of Industrial Science and Technology of MITI . 

Mr. Hiroshi Takahashi 

Director of Moonlight Projects 

Mr. ~atsuml Ueyama 

in charge of Gas Turbine 

Mr. Seiji Iwata 

in charge of Euel Cell 

2. Agency of Natural Resources and Energy of MITI 

Mr. Hikaru Hayashi 

(Fluidized bed combustion and other items) 

3. National Electrotechnical Laboratory 

Dr. Hiroyuki Sato 

(fuel cell) 

4. Prof. Kazuo Fueki 

Department of Industrial Chemistry 

Faculty of Engineering 

Tokyo University 

(fuel cell) 



National Research Institute for Pollution and Resources 

(fluidized bed combustion) 

.National Aerospace Laboratory 

Mr. Masakat su Mat suki 

(gas turbine) . 

National Research Institute for Metals 

Mr. Michio Yamazaki 

(gas turbine) 

Governmental Industrial Research Institutes. of T.okyo, 

Osaka, Nagoya, Hokkaido 

(all . items) . 



B. P r i v a t e  E n t e r p r i z e s  

a 
G a s  T u r b i n e  

1. C e n t r a l  R e s e a r c h  I n s t i t u t e  o f  E l e c t r i c  Power  I n d u s t r y  

D r .  T a d a s h i  H a t a n o  

2.  M i t s u b i s h i  Heavy I n d u s t r i e s  L t d .  

3 .  I s h i k a w a  j ima-Har ima  Heavy I n d u s t r i e s  Co. , L t d .  

4 .  Kobe S t e e l  L t d .  

5. H i t a c h i ,  L t d .  

6 .  K a w a s a k i  Heavy I n d u s t r i e s ,  L t d .  

E n v i r o n m e n t a l  C o n t r o l '  

1. I n d u s t r i a l  P o l l u t i o n  C o n t r o l  A s s o c i a t i o n  

2.  I s h i k a w a  j ima-Har ima  Heavy I n d u s t r i e s  Co. , L t  d .  

3 .  M i t s u b i s h i  Heavy I n d u s t r i e s  L t d .  

4. Sumi tomo S h i p b u i l d i n g  & M a c h i n e r y  C o . ,  L t d .  

• F l u i d i z e d  Bed C o m b u s t i o n  

1. H i t a c h i ,  L t d .  

2. K a w a s a k i  Heavy I n d u s t r i e s  L t d .  

3 .  M i t s u b i s h i  Heavy I n d u s t r i e s  L t d .  



Fuel  C e l l  

1. Cen t r a l  Research I n s t i t u t e  of E l e c t r i c  power Indus t ry  

2 .  F u j i  Heavy I n d u s t r i e s  L td . '  . . 

3. H i t a c h i ,  Ltd.  

4. The Tokyo E l e c t r i c  Power Company, Inc .  

5. Tokyo Gas Co. , Ltd. 



3. Summary and Conclusions 

Soaring price of petroleum is about to change the 

conventional values of existing technologies substantially. 

And the prediction of possible extinction of petroleum 

resources in future drives mankind to do. develop new 

sources of energy. 

Not awaiting the opportunity of the Tokyo Summit, the 

problem of future energy supply has ever been a serious 

matter of concern for Japan, and the development of new 

energies and save-energy technologies is an urgent im- 

portance for he.r, without's moment d$lay to be allowed to 

be lost. 

The Environmental Control technologies, the main 

theme of this survey have bcon achieved by industries 

through their every investigation and development in order 

to cope with the government's environmental requirements 

which are generally recogni-zed as being the severest in 

the world, as a countermeasure against the environment a1 

devastation which was brought about rapidly during Japan's 



e x p e r i e n c e  o f  h e r  h i g h  economy g r o w t h  u n t i l  t h e  o i l  

c r i s i s  o f  1 9 7 3 ,  g r e a t l y  a c c e l e r a t e d  by  t h e  f a c t o r  o f  ~ a ~ a n e ' s e  

t e r r i t o r i a l  o r  g e o g r a p h i c a l  n a r r o w n e s s . , O f  c o u r s e ,  t h e  

a c h i e v e m e n t  w a s  a t t a i n e d  by  i n t r o d u c t i o n  o f  v a r i o u s  t e c h -  

n o l o g i e s  d e v e l o p e d  i n  t h e  W e s t e r n  c o u n t r i e s  .and- a t  t h e  same 

t i m e ,  b y  p a r t i c u l a r  e f f o r t s  f o r  i m p r o v e m e n t  a n d  d e v e l o p m e n t  

t o  a d a p t  t o  t h e  J a p a n e s e  s p e c i f i c  e n v i r o n m e n t a l  c o n d i t i o n s .  

I n  f a c t p ,  J a p a n e s e  s k y  a n d  waters h a v e  r e g a i n e d  o l d  c l e a r n e s s ,  

b y  v i r t u e  o f  v a r i o u s  e c o n o m i c a l  t e c h n o l o g i e s  f o r  e m i s s i o n  

d e s u l f u r i z a t i o n ,  NOx r e m o v a l ,  waste w a t e r  t r e a t m e n t ,  h a r m f u l  

h e a v y  m e t a l s  t r e a t m e n t ,  etc.  T h e s e  had  b e e n  a d o p t e d  b y  

p r i v a t e  i n d u s t r i e s  a n d  a re  b e i n g  o p e r a t e d  w i t h  p r o b a b l y  

most a d v a n c e d  l e v e l  o f  t e c h n o l o g y  i n  t h e  w o r l d .  T h i s  

g o a l  h a s  b e e n  a t t a i n e d  t h r o u g h  h a r d  e x p e r i e n c e  a n d  o v e r -  

c o m i n g  t e c h n i c a l  d i f f i c u l t y  . 

T h e  R&D o n  t h e  t e c h n o l o g i e s  o f  t h e  a d v a n c e d  g a s  

t u r b i n e ,  f l u i d i z e d  b e d  c o m b u s t i o n  s y s t e m  a n d  f u e l  ce l l s  

h a v e ,  as  a p a r t  o f  t h e  S u n s h i n e  P r o j e c t  a n d  M o o n l i g h t  

P r o j e c t  of t h e  MITI ,  f i n i s h e d  t h e i r  bas ic  s t u d y  a n d  a re  



about t o  e n t e r  i n t o  a  s t a g e  of p i l o t  p l a n t  f o r  p r a c t i c a l  

purposes.  E s p e c i a l l y ,  t h e  F lu id i zed  bed combustion system 

and Fuel  c e l l  developments w i l l  h e r e a f t e r  r e c e i v e  in -  

c r ea s ing  a t t e n t i o n s  of t h e  government who would f a v o r  w i th  

investment of money f o r  t h e  d'evelopment, i n  cons ide ra t i on  

of t h e i r  p o s s i b i l i t y  of u t i l i z a t i o n  of c o a l  energy. 

  he fo l lowing  d e s c r i p t i o n s  a r e  conclus ions  on t h e  R & 

D s t a t u s  i n  Japan. 

1) The R 8c D of High e f f i c i e n c y  G a s  t u r b i n e  i s  one of t h e  

Japanese  b i g  p r o j e c t s ,  which s t a r t e d  i n  1978, w i th  a  d i s -  

cussed and then  agreed o b j e c t i v e  f o r  t h e  1st s t a g e  being 

55% i n  t h e  ove r - a l l  e f f i c i e n c y  but  does p l a c e  l i t t l e  em- 

p h a s i s  on u t i l i z a t i o n  of c o a l  gas nor heavy r e s i d u e  o i l  as 

f e e d i n g  m a t e r i a l .  Cur r en t ly ,  . . .:with: . . .  a: . . .!,cs,operat . i o n  of an  
. . . 

a s s o c i a t i o n  named "Engineer ing.Research Assoc ia t ion  f o r  

Advanced Gas Turbine" which i s  c o n s t i t u t e d  of governmental 

r e s e a r c h  l a b o r a t o r i e s  and 14  p r i v a t e  companies, such b a s i c  

s t u d i e s  as hea t  r e s i s t a n t  and co r ros ion  r e s i s t a n t  m a t e r i a l  

s tudy  and Structumval sCudy: .art  going on ~ t r e a m .  



In parallel with the said studies, the studies on 

various design parameters for a practical plant are also 

under way. The project. is scheduled such that a full-scale 

system designing will start in.1982 fiscal year (April, 1982 

- March, 1983), construction of demonstration plant be 

commenced in 1983 fiscal year and in 1984 the demonstration 

plant will be operational. 

2) Environmental Controls 

It is observed that as a result of the hard en- 

deavors by industries, Japanese technologies on environment 

preservation have almost come to stay,.on certain type 

industries. However, in future.when coal will 

be used as a substitute for petroleum, it would become a 

problem how the conventional, established unit technologies 

could be economically adapted into system operation. 

In desulphurization, currently the Lime Process, wet 

method is consid.ered most optimal. On the other hand, how- 

ever, the dry method also gets to be thought better of from 

the save-energy view point. As for denitration, the dry cat- 



a1yti.c r educ t ion  process  t o  use  N% a s  a  reducing agent  i s  

c u r r e n t l y  deemed t o  be t h e  most p e r t i n e n t  method,and f o r  

soo t  and d i r t  removal, t h e  bag f i l t e r  and t h e  e l e c t r i c  

c o l l e c t i o n  systems a r e  commonly employed. Col lec ted  

p o l l u t a n t s  a r e  t r e a t e d  by e i t h e r  being r ec l a imed( fo r  t h e  un- 

harmful), o r  cement - so l id i f i ed  ( f o r  t h e  harmf.ul metals) .  

A l l  .of t h e  sys t em of removing su lphur ,  n i t rogen  and 

s o o t s  and d i r t s  a r e  operated f u l l  au toma t i ca l l y .  

3 )  F lu id i zed  bed Combustion System 

Three k inds  of P r o j e c t ,  c l a s s i f i e d  by t h e  o b j e c t i v e s ,  

a r e  c u r r e n t l y  under way. One of them i s  a High c a l o r i e  c o a l  

g a s i f i c a t i o n  being developed by t h e  Nat iona l  Research I n s t i -  

t u t e  f o r  P o l l u t i o n  and Resources and H i t a c h i ,  L td ,  a s  a  sub- 

p r o j e c t  under t h e  MITI's Sunshine P r o j e c t .  Based on t h e  

3 r e s u l t s  of a smal l  exper imental  equipment of 50 m /day, a  

3 ~ 0 0 0 m  /day' p i l o t  p l an t  i s  now being cons t ruc t ed .  This  i s  a  

p r e a ~ u r i z i n g  f l u i d i z e d  g a s i f i c a t i o n  system of 30 kg/cm 2 

p r e s s u r e .  



The second project is a multi-purpose fluidized furnace 

which can treat wastes and regenerate of used activated 

carbon. This is still on laboratory scale in progress. The ' 

third project is a study by the National Research Institute 

for Coal Technology. This study does not belong to the 

MITI's Sunshine Project but is administered by MITI's Coal 

Bureau and is aimed at low calorie gas production, where 

common grade 'coal is first pulverized and added with air and 

steam of 10 atm. into a pressurized fluidized furnace wherein 

gasification is occurred. 

A 40 t/day plant is scheduled to commence construction 

in fiscal 1979 with cooperation of Mitsubi'shi' Heavy Indust- 

ries, expecting operation in 1979 fiscal year. After the 

operation for a year or two, it is planned that a 100 t/ - 
200 t/day verification furnace will be constructed. 

4) Fuel Cells 

Japanese Fuel ~ ~ l l  R & D is, as a part of the MITI'S 

Sunshine Project, being developed for utilizing the hydrogen 

energy. The focus of development is centered pi--incipally on 



the first generation Alkaline electrolyte Fuel cells and the 

third generation solid electrolyte Fuel cells. U.S. UTC's 

technical development in the first generation phosphate 

electrolyte Fuel Cells. is on stream much far ahead of 

Japanese development and it will b e  most ...probabie that Japan 
. . . .  . . 

will be ready to have the technical fruits of the U.S. Target 

Program and FCG-1 program introduced to Japan. 

(i . . .  . ,  . -  . . 

Among the basic studies of'solid elect'rolyte Fuel Cell, 

the promising results of the study by the National Electro- 

1: technical Laboratory are to be remarked for a future possible 
. . 

practical success in application but it appears still it 
.>  . 

would require a considerable time before realization of the 

practical applications will be successful. 

The R & D on the second generation molten carbonate 

electrolyte Fuel Cell is not yet conducted in Japan presently. 

However, it is very probable that this item, as a high effi- 

ciency dispersed power generation ,system technology, would be 

taken up to be involved into the MITI's Moonlight Project. 



A s  d iscussed above, much R & D i s  s i t u a t e d  on a 

t r a n s i e n t  s t e p  s h i f t i n g  from a  bas i c  s tudy  t o  a  p r a c t i c a l  

a p p l i c a t i o n  s tudy  and it i s  expected t h a t  wi th  a  p o l i c y  of 

government i n c r e a s i n g  t h e  amount of investment f o r  R &  D ,  

i t  would t a k e  l e s s  t ime than  scheduled before  t h e  aimed 

r e s u l t s  of t h e  r e s p e c t i v e  de.velopments. would be a t t a i n e d  

s u c c e s s f u l l y .  



A .  Survey of High ~ e m ~ e r a t u r e  G ~ S  Turbines 



4 .  Survey on High-Temperature Gas Turb ine .  

4 - 1  I n t r o d u c t i o n  

The d,evelopment o f  h i g h - t e m p e r a t u r e  h i g h - e f f i c i e n -  

cy  g a s  t u r b i n e  has b.ee'n be ing  p r o p e l l e d  by t h e  n a t i o n  

a s  p a r t  o f  "Moonlight P r o j e c t "  l e d  by MIT.Ifs Agency 

o f  I n d u s t r i a l  Sc ience  and Technology,  

E f f o r t  t o  work o u t  a  c o n c r e t e  p l a n  t o  develop  t h e  

system o f  t h . i s  equipment is. now b e i n g  e x e r t e d  by a  

group w i t h  M r .  S e i j i  I w a t a ,  R E D o f f i c i a l  i n  Moonlight  

P r o j e c t  O f f i c e  o f  t h e  Agency a s  i t s  l e a d e r .  

The n a t i o n a l  r e s e a r c h i n g  o r g a n i z a t i o n s  which 

have t a k e n  p a r t  i n  t h i s  development work a r e  5;  

i n c l u d i n g  S c i e n c e  and Tecb.nology Agency's  N a t i o n a l  

A e r o s p a c e  Labora to ry  (Dr iv ing  Mgchinery Depar tment ,  

whose manager i s  M r .  Masakatsu Matsuki )  and National.  

Resea rch  I n s t i t u t e  f o r  Meta l s  ( S t e e l  M a t e r i a l s  R e -  

s e a r c h i n g  Depar tment ' s  3 rd  S t e e l  Labora to ry  whose 

c h i e f  i s  Vich io  Yamazaki) and K I T I ' s  Agency o f  I n -  

d u s t r i a l  Sc ience  and Technology ' s  I ~ d u s t r i s l  and 

T e c h n i c a l  Research I n s t i t u t e  o f  Nagoya (5 th  Di.vis.ion 

whose manager i s  Yr . Hir0sh.i  Okuda) ,, I n G u s t r i a l  and 



Technical Research Institute of Osaka (Heat-Resistant 

Materials Researching Laboratory which is represented 

by its chief researcher Mr. Yasuo Hibata) and In- 
i 

dustrial and Technical Research Institute of Kyushu I , 
(Machinery 6 Metalic Materials Department which is I 

represented by its 1st section chief Mr. Kazuo Kobayashi. 

14 manufacturing firms also have taken part in this de- 

velopment work and organized "Engineering Research 

Association for Advanced Gas Turbines" on the ground 
of Paragraph 1 in Article 8, Mining and Manufacturing 

Technologies Researching Association's Law by MITI. I 

The 14 firms include Asahi Glass Company, Limited, 

Ishikawajima-Harima Heavy Industries Co., Ltd., 

Kobe Steel, Ltd., Daido Steel Co., Ltd. Kawasaki Heavy 
Industries, Ltd., ~fto Ceramics Co., Ltd., Central 

Research Institute of Electric Power Industry, Tokyo 
Shibaura Electric Co., Ltd., NGK Insulators Ltd., 
Hitachi Metals, Ltd., Hitachi, Ltd., Mitsui Ship- 

building 6 engineering Co., Ltd., Mitsubishi Metal 
Co., Ltd. ('s Central Research Laboratory) and 
Mitsubishi Heavy Industries, Ltd. 

Among the above organizations and firms, Central 

Research Institute of Electric Power Industry repre- 

sents users; 
Science and Technology Agency's National Aerospace 



Labora to ry ,  Ishikawajima-Harima Heavy I n d u s t r i e s ,  
0 Kawasaki Heavy I n d u s t r i e s ,  H i t a c h i ,  Mitsui S h i p b u i l d i n g  

6 Enginee r ing  and M i t s u b i s h i  Heavy I n d u s t r i e s  a r e  i n  

c h a r g e  o f  t h e  f i e l d  of  g a s  t u r b i n e  sys tem;  

S c i e n c e  and Technology Agency's  N a t i o n a l  Resea rch  I n -  

s t i t u t e  f o r  P e t a l s ,  Kobe S t e e l ,  Daido S t e e l  Co , ,  L t d , ,  

H i t a c h i  V e t a l s  and V i t s u b i s h i  M e t a l ' s  C e n t r a l  Resea rch  

Labora to ry  i n  c h a r g e  o f  t h e  f i e l d  o f  m e t a l l i c  m a t e r i a l s  

and M I T I  I s  Agency o f  I n d u s t r i a l  S c i e n c e  and Technology ' s  

I n d u s t r i a l  and Techn ica l  Resea rch  I n s t i t u t e  o f  Nagoya, 

same o f  Osaka, same o f  Kyushu, Asahi  G l a s s ,  Kyoto 

Ceramics,  Tokyo Sfiibaura E l e c t r i c  and NGK I n s u l a t o r s  

i n  c h a r g e  o f  t h e  f i e l d  o f  i n o r g a n i c  m a t e r i a l s ,  

The d e t a i l  o f  !'The Eng inee r ing  Resea rch  A s s o c i -  

a t i o n  for Advanced Gas Turb ines"  i s  ment ioned  i n  t h e  

f o l l o w i n g  i t e m .  



DESCRIPTION 

The Engineering Research Assoctation For 

Advanced Gas Turbines. 

-Association of High. Efficiency Gas Turbine 
. . .  

Technical Researchers 

A Outline of formation of the Associa'tion 

.I. Name, Engineering Research Association for Advanced 
( 1 
Gas Turbines. 

2. Establishmentr Sept. 29, 1978 

3. Objectiver The association has for its object researches 

and experiments by cooperative works of the 

Association members on Advanced Gas Turbines 

and other operations which may bring about 

a raise of technical level of the members. 

4. Membersr (Name,Address and ~epresentative) 

Asahi Glass Company, Ltd. 

2-1-2 Marunouchi Chiyoda-ku, Tokyo 

Hideaki Yamashita, President 



Ishikawajima-Harima, Heavy I n d u s t r i e s  Co. , Ltd. 

2-2-1 Otemachi, Chlyoda-ku, Tokyo 

H i sa sh i  Sh in to ,  P r e s i d e n t  

Kawasaki Heavy I n d u s t r i e s ,  Ltd. 

1 4  Hlgashi  Kawasaklcho 2-chome, Ikuta-ku,  Kobe 

Zenj l Umeda, P r e s i d e n t  
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B Outl ine of workings of t h e  Association 

1, Objectives 

(1) To undertake researches and experiments on Advanced 

G a s  Turbines f o r  t h e  members. 

( 2 )  To adminis ter  t h e  f r u i t s  of t h e  a c t i o n s  s t a t e d  i n  

(1) above f o r  t h e  members, 

( .3)  To und.ertake technioa l  guidance f o r  t h e  members. 

( 4 )  To allow t h e  members t o  use t h e  f a c i l i t i e s  f o r  t h e  

research and experimentation. 

(5)  To undertake environmental v e r i f  i c a t i o n  survey f o r  

combined G a s  and Steam power p l a n t s  and o the r  oper- 

a t i o n s  i n  connection w i t h  t h e  operat ions s e t  f o r t h  

i n  the  above paragraphs. 



2. The ob jec t ives  of t h e  research and experimentation. 

For our nat ion wherein a g r e a t  amount of energy 

i s  consumed, we a r e  responsible  t o  p o s i t i v e l y  promoting 

development f o r  save-energy technologies. For t h i s  

; purpose, it i s  necessary t o  make long s t r i d e s  i n  hea t  

e f f ic iency improvement of a heat  engine w i t h  which 

energy i s  t o  be converted. Considering t h e  f a c t  t h a t  

t h e  heat  e f f ic iency of t h e  current  hea t  engines f o r  

power generat ion has  a lready almost reached t o  i t s  

l i m i t ,  f u t u r e  heat  ef f iciency improvement should be 

achieved by gas-steam combined cycle  power p lants .  

In  the  l i g h t  oP t h i s  requirement, t h e  Association, a 

t echn ica l  research organizat ion,  w i l l  conduct research 

and development of a n  advanced high e f f i c i ency  gas 

tu rb ine  which i s  a nuleus of the  high .efflcency comblned 

cycle  system, and o the r  researches i n  r e l a t i o n  t o  t h i s  

a r e a  as well. 



3. Itemized o b j e c t i v e s  of t h e  research  and development, 

(1) R & D on super  high-temperature r e s i s t i v e  mate r ia l .  

( 2 )  8 & D on element technology of Gas Turbines. 

( 3 )  Tes t  making, v e r i f i c a t i o n  and o p e r a t i o n  study of 

Advanced high e f f i c i e n c y  Gas Turbines. 

( 4 )  A & D on op t imal  t o t a l  energy supplyin(r system. 

(5) General experiments and researches .  

4. P r a c t i c a l  research  scheme 

components 

components 

2)  & D on Gas ~ u r b i n e  element 

Compressor technology 

Combustor technology 

Heat exchanger technoloey 

Turbine c o o l i n e  t echnolopy 

Control  t e c h n o l o w  

R e l i a b i l i t y ,  Maintenance 

- . - .  - ..-- . 

). Advenoed. Gas--Turbine-. T r i a l  . - 

manufacture, V e r i f i c a t i o n ' t e s t ,  
Operat ion  s tudy I 

P i l o t  p l a n t  

Pro to type  p l a n t  

) Stiidy on 0 p t i m ~ l  t o t a l  energy 
s u p p l ~ i n g  systems 

Study on combined power 
genera t  i o n  system 

Study on t o t a l  energy supplyin 
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What t y p e  o f  b l a d e  c o o l i n g  system i s  p lanned 

Water c o o l i n g  o r  a i r  c o o l i n g  ? 

Both m e t a l l i c  and ce ramic  m a t e r i a l s  a r e  now i n  

p a r a l l e l  under  r e s e a r c h  and development t o  u s e  them 

f o r  t h e  t u r b i n e  b l a d e  which i s  t h e  h e a r t  o f  a  g a s  

t u r b i n e .  I t  i s  aimed a s  t h e  f i n a l  concep t  t h a t  

ceramic  m a t e r i a l s  would be used  i n  t h e  ho t  s e c t i o n s  

which need h i g h  h e a t - r e s i s t a n c e  and h e a t - r e s i s t a n t  

a l l o y s  would b e  used  i n  t h e  s e c t i o n s  which need 

b r e a k i n g  s t r e n g t h  more t h a n  h i g h  h e a t . - r e s i s t a n c e ,  

I n  s u c h  a  c o n c e p t ,  c o o l i n g  i s  t o  be  a p p l i e d  t o  . t he  

s e c t i o n s  made  o f ~ " ' m e t a 1 l i c  m a . t e r i a l s  .and n o t  t o '  be 

a p p l i e d  t o  t .he cer'amic s e c t i o n s ,  . 

T h i s  hyEr id  b l a d e  sys tem a s  above d e s c r i b e d  i s  

one o f  t h e  new t r i a l s  which fiave been proposed  i n  

"Moonlight Pro j e c t " .  Ceramic m a t e r i a l s  a r e  e x c e l l e n t  

i n  h e a t - r e s i s t a n c e  b u t  poor  i n  bo th  b r e a k i n g  s t r e n g t h  

and t o u g h n e s s ,  Such m e t a l l i c  m a t e r i a l s  a s  used  i n  

c o n v e n t i o n a l  g a s  t u r b i n e s  have problems r e l a t e d  t o  

h e a t  r e s i s t a n c e  which shou ld  be s o l v e d  i n  f u t u r e .  

However, t h a n k s  t o  t h e i r  good t o u g h n e s s ,  u s e  o f  such  

m e t a l l i c  m a t e r i a l s  f o r  moving b l a d e  would a l l o w  t h e  



s t r u c t u r e  where t h e  opening  between t h e  moving G l a d e ' s  

edge and t h e  c a s i n g ' s  i n s i d e  s u r f a c e  i s  minimized ,  

Even i f  c o n t a c t  shou ld  o c c u r  between t h e  moving b l a d e  

and t h e  c a s i n g ,  s a t i s f a c t o r y  o p e r a t i o n  would b e  s e c u r e d  

by t h e  good f l e x i b i l i t y  o f  m e t a l l i c  m a t e r i a l s ,  If 

ceramic  m a t e r i a l  were u s e d  f o r  a  moving b l a d e ,  t h e r e  

would be  a  f e a r  t h a t  damage may occur  i n  some p a r t  o f  

t h e  Glade when i t  c o n t a c t s  t h e  c a s i n g ,  because  o f  i n -  

s u f f i c i e n t  f l e x i b i l i t y  o f  such  m a t e r i a l ,  If  t h e  opening  
between t h e  ce ramic  moving b l a d e ' s  edge and t h e  c a s i n g ' s  

i n s i d e  s u r f a c e  i s  s e t  w ide r  t h a n  i n  t h e  c a s e  o f  u s i n g  

d e t a l l i c  m a t e r i a l  f o r  t h e  moving b l a d e ,  i t  would e l i m i n a t e  

such  a  f e a r  o f  damage but  r e s u l t  i n  more p r e s s u r e  l o s s  

which would r e d u c e  t h e  e f f i c i e n c y ,  I t  i s  t h e r e f o r e  

p l anned  t h a t  m e t a l l i c  m a t e r i a l  would be  used  f o r  t h e  

most  o u t s i d e  l a y e r  o f  t h e  s e c t i o n  of  t h e  moving b l a d e  

which may come i n t o  c o n t a c t  w i t h  t h e  c a s i n g  and t h a t  

ceramic  m a t e r i a l  would be used  f o r  t h e  i n n e r  c o r e  s e c t i o n  

which r e q u i r e s  h e a t  -resj ,s  t a n t  p r o p e r t y  most  , Bes ides  

f o r  t h e  moving b l a d e ,  ce ramic  m a t e r i a l  i s  p lanned  t o  be  

used  f o r  t h e  s t a t i o n a r y  b l a d e  (mainly a t  t h e  i n l e t  s i d e  

o f  tEc  t u r b i n e ) -  a l s o ,  



4 -  2 - 1  C0ncernin.g Blade Cooling 

To a t t a i n  a  h i g h  t u r b i n e  i n l e t  t e m p e r a t u r e ,  t h e  

m e t a l l i c  m a t e r i a l  used  i n  t h e  t u r b i n e  b l a d e  i s  r e -  

q u i r e d  t o  have enough h e a t - r e s i s t a n c e .  I n  a d d i t i o n ,  

t h e  h e a t - r e s i s t a n t  a l l o y  m a t e r i a l  f o r  a  g a s  t u r b i n e  

i s  needed t o  be improved abou t  t h e  c r e e p  r u p t u r e  

s t r e n g t h  a g a i n s t  h i g h  t e m p e r a t u r e  o f  combust ion g a s  

and t e n s i l e  s t r e s s  by c e n t r i f u g a l  f o r c e ,  t h e  r e -  

s i s t a n c e  t o  h i g h - t e m p e r a t u r e  s u l f u r i z i n g  c o r r o s i o n  

p o s s i b l y  caused  by combust ion g a s  and t h e  s t r e n g t h  

a g a i n s t  t he rma l  c y c l e  f a t i g u e  r e s u l t i n g  from r e p -  

e t i t i o n  o f  s t a r t - u p  and s t o p p a g e .  I t  i s  a l s o  r e -  

q u i r e d  t o  have enough per formance  i n  such  o t h e r  

p r o p e r t i e s  a s  the rma l  expans ion  c o e f f i c i e n t  and 

w e l d a b i l i t y  . 

These a l l o y s  a l s o  r e q p i r e  a p p l i c a t i o n  o f  such 

t r e a t i n g  t e c h n o l o g i e s  a s  d i r e c t i o n a l  s c l i d i f i c a t i o n  

and HIP (Eot I ' s o s t a t i c  P res s )_  t o  make improvement 

and r educe  v a r i a t i o n  i n  t h e i r  pe r fo rmances ,  

( D i r e c t i o n a l  S o l i d i f i c a t i o n  Method i s  a  p r o c e s s  

where met .a l  i q  c r y s t a l - l i z e d  with  it^ c r y s t a l s  o r i  

e n t e d  i n  one d i r e c t i o n .  T h i s  method has  r e c e n t l y  



been c o n s i d e r e d  promis ing  i n  p a r t i c u l a r  a s  a  

u s e f u l  method f o r  m a n u f a c t u r i n g  h i g h - t e m p e r a t u r e  

h e a t - r e s i s t a n t  m a t e r i a l s . 1  

Depending on t h e  s e c t i o n s  where t h e s e  a l l o y s  a r e  u s e d ,  

t h e y  sometimes need a l s o  a p p l i c a t i o n  o f  s u c h  c o a t i n g  

p r o c e s s e s  a s  pack ing ,  (which i s  a  p r o c e s s  where a  

l a y e r  o f  h e a t - r e s i s t a n t  m a t e r i a l  i s  a p p l i e d  o n t o  t h e  

s u r f a c e ,  plasma a r c ,  CVD, [Chemical Vapor ized  D e p o s i t ) ,  

PVD, p h y s i c a l  Vapor ized  D e p o s i t ) ,  e t c ,  and a r e  v e r y  

d i f f i c u l t  t o  i n c o r p o r a t e  i n t o  a cooling device. 

I n  p r i n c i p l e ,  a w a t e r  c o o l i n g  method i s  schedu led  

t o  be adopted  because  t h e  g a s  t u r b i n e  i s  i n s t a l l e d  a t  

a  f i x e d  p I a c e  on t h e  ground and can  b e  much l a r g e r  i n  

s i z e . a n d  weight  th:an t h a t  u sed  i n  a n  a i r p l a n e ,  

T h i s  c o o l i n g  method i s  composed o f  l e t t i n g  p r e s s u r i z e d  

wa te r  added w i t h  r u s t  p r e v e n t i v e ,  e t c ,  . p a s s .  t h r o u g h  

t h e  i n s i d e  o f  t h e  bl 'ade 'to. c o o l  i t ,  then r e c o o l i n g  the  

wa.ter by removing.  h e a t  t h ~ . o u g 6  a  h e a t  exchanger  and 

t h e n  send ing  t h e  coo led  water  back- i n t o  t h e  t? lade, ' s  

i n . s i d e .  However, development has  n o t  so f a r  been a t -  

t a i n e d  on t h e  t echno logy  t o  p r o v i d e  a  c a v i t y  f o r  w a t e r .  

p a s s a g e  t o  t h e - i n s i d e  o f  t h e  m e t a l ' b l a d e  which has  

undergone v a r i o u s  k inds  o f  s u r f a c e  t r e a t m e n t s  and com- 

p o s i t i o n  m o d i f i c a t i o n ~ .  ' I t  i s  n e c e s s a r y  t o  e s t a b l i s h  



a  m a t e r i a l  which would have no remaining  s t r a i n  i n s i d e .  

i t  even i f  it. undergoes such  t r e a t m e n t s  a s  HIP a.f.te.r 

having  been f a b r ' i c a t e d  t o  t h e  shape  o f  b l a d e  w i t h  a  

c o o l i n g  w a t e r  p a s s a g e  i n s i d e .  I t  i s  a t t e m p t e d  t o  

e s t a b l i s h  a n  o u t l o o k  f o r  s 'uch .a  te .chnica l  f e a s i b i l i t y .  

C u r r e n t l y ,  'development i s  under  way on t h e  m e l t i n g  

s t o c k  t o  a t t a i n  c o n t r o l  of  a l l o y  compos i t ion  a s  w e l l  

a s ' o n  t h e  p r e c i s e  c a s t i n g  t echno logy  f o r  l a r g e - s i z e d  

b l a d e s .  

I n  e v e r y  e f f o r t  above ,  i t  can  be c o n s i d e r e d  t h a t  

f o c u s  has  been p l a c e d  on t h e  r e s e a r c h  aimed f o r  "water  

c o o l i n g  method". 

Bes ides  t h e  w a t e r  c o o l i n g  method, t h e r e  a r e  some 

o t h e r  c o o l i n g  methods i n c l u d i n g  a i r  c o o l i n g  and s team 

c o o l i n g .  However, t h e s e  o t h e r  methods a r e  s t i l l  

o n l y  a t  a  s t a g e  where i d e a s  f o r  them a r e  d i . scussed .  

Though i t  has  been p lanned t h a t  r e s e a r c h  works 

c e n t e r i n g  on s i m u l a t i o n  s t u d y  a r e  conducted  a l s o  con-  

c e r n i n g  a i r  c o o l i n g  and s team cool . methods,  t h e  

f a v o r i t e  has  been t h e  w a t e r  c o o l i n g  method. I t  i s  b e -  

c a u s e  t h e r e  a r e  such  m e r i t s  t h a t  t h e  w a t e r  used  f o r  

c o o l i n g  can  be  r e u s e d  t o  p r e h e a t  wa te r  f o r  a  s team 

t u r b i n e  . 



The r e a s o n  why t h e  i d e a  o f  a i r  c o o l i n g  has  been d i s -  

c u s s e d  i s  t h a t  a  good r e s u l t  was o b t a i n e d  on t h e  

f a n j e t  eng ine  f o r  a i r c r a f t  which was developed a s  a  

l a r g e - s c a l e  p r o j e c t .  However, t h e r e  i s  no need t o  

u s e  a i r  f o r  t h e  h i g h - t e m p e r a t u r e  g a s  t u r b i n e  which 

i s  i n s t a l l e d  on t h e  ground.  Though r e s e a r c h e s  i n -  

c l u d i n g  t r i a l  p r o d u c t i o n  a r e  per formed a l s o  on a i r  

c o o l i n g  and s team c o o l i n g ,  t h e y  shou ld  be c o n s i d e r e d  

t o  be  done j u s t  t o  know t h e  p o s s i b i l i t y  o f  t h o s e  

methods.  The O u t l i n e  Report  p r e v i o u s l y  s u b m i t t e d  

s t a t e d  t h a t  t h e  r e s e a r c h e s  f o r  a i r  c o o l i n g  and s team 

c o o l i n g  would proceed i n  F i s c a l  1978 and 1979.  

However, a s  mentioned above,  t h e  b i g g e s t  emphasis i n  

r e s e a r c h  f o r  p r a c t i c a l  a p p l i c a t i o n  has  been p l a c e d  on 

t h e  wa te r  cooling. 



4-3 = a t  k i n d  of f u e l  i s  p lanned  t o  be  used  ? 

Low-grade h e a v i e r  o i l ,  r e s i d u a l  o i l  o r  c o a l  ? 

The development p r o j  e c t  f o r  t h e  h ig .h- tempera ture  

h i g h - e f f i c i e n c y  gas  t u r b i n e  has  been o f f e r e d  w i t h  t h e  

aim a t  e l e v a t i n g  t h e  f u e l  e f f i c i e n c y  o f  e x i s t i n g  

electric power g e n e r a t i n g  sys tems ,. I t  i s  c h a r a c t e r -  

i z e d  by a  d e s i r e  t o  i n c r e a s e . t h e  f u e l  e f f i c i e n c y  from 

a  l i t t l e  below 40% i n  a  most  u p - t o - d a t a  the rma l  power 

g e n e r a t i o n  p l a n t  and 20-30% i n  a  s i m p l e  power g e n e r a t e r  

t o  more t h a n  50$.wi ' th  same f u e l ,  Thus,  t h e  t a r g e t  by 
t h e  c'ombined cyc. le  power g e n e r a t i o n  h a s  been s e t  a t  

5 5 %  on t h e  c o n d i t i o n  o f  u s i n g  heavy o i l  a s  t h e  f u e l .  

When fund i s  s p e n t  w i t h  a  t a r g e t  s e t  i n  a  n a t i o n a l  

p r o j e c t ,  t h e  p r imary  o b j e c t  i s  e x c l u s i v e l y  t o  a t t a i n  

t h e  t a r g e t ,  If i t  shou ld  t u r n  o u t  i m p o s s i b l e  t o  a c -  

c o m p l i s h  t h e  aimed e f f i c i e n c y  by u s i n g  low-grade  o i l  

a s  t h e  f u e l ,  i t  would a f f e c t  t h e  p r e s t i g e  o f  Agency o f  

I n d u s t r i a l  S c i e n c e  arid Techno logy .There fo re ,  i n  t h e  

i n i t i a l  p l a n ,  t h e  r e s e a r c h  work has  been des igned  t o  

be c o n c e n t r a t e d  o n l y  on u t i l iz ing  distillates o i l  a s  t h e  

f u e l  and on deve lop ing  t h e  know-how f o r  s u c h  u t i l i z a t i o n .  

However, i n  v iew of t h e  a n x i e t y .  abou t  s e c u r i n g  energy  i n  

T h i s  i s  i m p o r t a n t  i n  J a p a n .  



t h e  f u t u r e ,  i t  o b v i o u s l y  can  n o t  be p e r m i t t e d  t o  r e l y  

o n l y  on heavy o i l  f o r  t h e  f u e l .  The most i m p o r t a n t  

f e a t u r e  f o r  a  gas  t u r b i n e  s h o u l d  b e  t h a t  i t  can  u s e  

whatever  k ind  o f  f u e l .  Thus,  i t  kou ld  be  n a t u r a l  

t o  c o n s i d e r  deve lop ing  s u c h  a  f e a t u r e .  

A s  t o  r e s i d u a l  o i l ,  t h e  p r e v a i l i n g  o p i n i o n  i s  

t h a t ,  s i n c e  t h e  demand f o r  t h i s  m a t e r i a l  i s  expec ted  

t o  remain l a r g e  a l s o  from now on i n  a p p l i c a t i o n  a s  

a s p h a l t  which has  so  f a r  been m a i n l y  used  t o  pave  

most r o a d s  i n  t h e  n a t i o n ,  t h e r e  would Ee l i t t l e  room 

f o r  t h i s  o i l  t o  be u t i l i z e d  a s  f u e l ,  On t h e  o t h e r  

hand,  u s e  o f  low-grade  h e a v i e r  o i l  i n v o l v e s  t h e  

problem o f  t h e  damage t o  t h e  t u r b i n e  b l a d e ,  c a s i n g ,  

e t c ,  which may p o s s i b l y  be  caused  by c o r r o s i v e  sub-  

s t a n c e s  c o n t a i n e d  i n  t h e  combust ion exhaus t  g a s  s i n c e  

t h i s  k ind  of  o i l  c o n t a i n s  a  l a r g e  c o n t e n t  o f  s u c h  

c o r r o s i v e  s o u r c e s  a s  s u l f i d e s .  A s  t o  s u c h  t e c h -  

n o l o g i e s  a s  improvement o f  s t r u c t u r a l  m a t e r i a l s ,  s i n c e  

t h e y  a r e  n o t  o f  t h e  n a t u r e  which can  be developed i n  

a  s h o r t  p e r i o d ,  t h e  s c h e d u l e  f o r  them has  Eeen d e s i g n e d  

on a long- te rm b a s i s .  Development works f o r  s u c h  

t e c h n o l o g i e s  a r e  p lanned t o  be  m a t e r i a l i z e d  a f t e r  

h-aving accompl ished  [l) e f f i c i e n c y  o f  5 5 %  and ( 2 )  u s e  

o f  o t h e r  a l t e r n a t i v e  f u e l s .  



The most  promis ing  a l t e r n a t i v e  energy  r e s o u r s e  

i s  c o a l .  A s  a  p r o j e c t  u s i n g  c o a l ,  a  h igF i -ca lo r i e  
3 ' 

g a s i f i c a t i o n  ( p i l o t ) .  p l a n t  w i t h  a  c a p a c i t y  o f '  7000  m / 
day has  been p u t  i n t o  c o n s t r u c t i o n  i n  t h e . c i t y  o f  Iwaki ,  

Fukushima P r e f e c t u r e  i n  n o r t h e a s t e r n  ~ a ~ a n  s i n c e  f i s c a l  

1979,  under  t h e  "Sunshine P r o j e c t " ,  M T T I ' s  Agency o f  

I n d u s t r i a l  S c i e n c e  and Technology has  p l anned  . to  u s e  

t h e  g a s  fr'om t h i s  p i l o t  p l a n t  a s  t h e  f u e l  f o r  the .  com- 

p o s i t e  c y c l e  power g e n e r a t i o n  and t o  adop t  t h e  h i g h -  

t e m p e r a t u r e  g a s  t u r b i n e  a s  t E e  g e n e r a t o r ,  I t  i s  

p lanned i n  t h i s  power generat.i.on system . tha ' t  , w i t h  . t he  

c o n f i g u r a t i o n  o f  c o n n e c t i n g  - the' h ig .6- tempera ture  g a s  
t u r b i n e  ' d i r . e c t l y  t o  t h e  c o a l  g a s i f i c a t i o n  p l a n t ,  t h e  

produced g a s  would, w h i l e  Fe ing  k e p t  h o t ,  .lie p u t  i n t o  

combust ion, .  t h e  g a s  t u r b i n e  would b,e r u n  by t h e  com- 

b u s t i o n  g a s  and a  s team t u r b i n e  would Ee . r u n  .by t h e  

s team o b t a i n e d  througl i  h e a t  exchange t o  u t i l i z e  t h e  

was te  h e a t  borne  by t h e  e x h a u s t  gas  from t h e  g a s  

t u r b i n e .  T h i s  d e s i g n  i s  expec ted  t o  r e d u c e  barmful  

s u b s t a n c e s  i n  t h e  e x h a u s t  g a s  and t o  f a c i l i t a t e  p o l -  

l u t i o n  c o n t r o l  and system m a i n t e n a n c e ,  

Bes ides  t h e .  above ,  t h e  p l a n  f o r  t h e  high-.temper- 

a t u r e  h i g ' h - e f f i c i e n t  gas  t u r b i n e  a l s o  i n c l u d e s  u s i n g  

k e r o s i n e  and g a s  o i l ,  n a t u r a l  g a s ,  b l a s t  f u r n a c e  g a s  

* A p r i l  1979 t o  March 1980. 



and coke oven g a s ,  However, t h e r e  has not  y e t  been 

any conc re t e  move taken about t h e s e  a l t e r n a t i v e . f u e 1  

sources .  



What measures  have been p lanned  t o  c o n t r o l  NOx i n  

exhaus t  g a s  ? 

Such a s  c o n t a c t  combust ion,  s t e p w i s e  p o l l u t i o n -  

e l i m i n a t i n g  combust ion and exhaus t  gas  c l a r i f i c a t i o n .  

I 
i P r o d u c t i o n  o f  NOx i s  unavo idab le  as long a s  I 

heavy o i l ,  k e r o s i n e ,  g a s  o i l  o r  n a t u r a l  g a s  i s  u s e d  

a s  f u e l .  I t  i s  expec ted  t h a t  such  f u e l  a s  g a s  from 

c o a l  g a s i f i c a t i o n  which i s  s m a l l  i n  n i t r o g e n  ( f u e l  N) 

c o n t e n t  w i l l  be used  i n  the f u t u r e .  However, even 

i n  such  a  c a s e ,  h i g h -  t e m p e r a t u r e  combust ion w i t h  t h e  

t u r b i n e  i n l e t  t e m p e r a t u r e  o f  1500°C would i n v o l v e  t h e  

problem o f  the rma l  N p roduc ing .  

The c o n f i g u r a t i o n  a s  shown i n  the .  sketches at tached ,  

has  been p lanned  f o r  t h e  h i g h - e f f i c i e n c y  gas  t u r b i n e  

hy MITI's Agency o f  I n d u s t r i a l  S c i e n c e  and 'Technology. 

I n  t h e  system by t h i s  c o n f i g u r a t i o n ,  h o t  g a s  a t  a  

L i t t l e  o v e r  1500°C i s  g e n e r a t e d  by combust ion o f  f u e l  

and a i r  p r e s s u r i z e d  by a  compressor  and i s  . j e t f e d  t o  

t h e  t u r b i n e  b l a d e s .  
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T h i s  combust ion manner i s  n e a r l y  same a s  t h a t  i n  t h e  

a i r c r a f t  j e t  e n g i n e .  When any of o t h e r  h e a v i e r  

o i l s  t h a n  k e r o s i n e  and g a s  o i l  i s  used  a s  f u e l  i n  

t h i s  combust ion sys tem,  f u e l  i s  f e d  i n t o  t h e  com- 

b u s t i o n  chamber a f t e r  having  been  p r e h e a t e d  i n  a n  

annexed chamber-  which i s  equipped w i t h  f u e l  n o z z l e s .  

Thus, t h e  e n t i r e  q u a n t i t y  o f  N O x  produced i n  t h e  g a s  

t u r b i n e  i s  d i s c h a r g e d  from' i t s  o u t l e t .  The e x h a u s t  

gas  i s  l i k e l y  t o  have t h e  t e m p e r a t u r e  o f  550°C and 

t h e  NOx l e v e l  o f  3 .0 -5 .0  kgs p e r  hour .  Through t h e  

loop  a s  shown i n  t h e  d iagram below, t h i s  e x h a u s t  g a s  

i s  f e d  t o  t h e  w a s t e - h e a t  t o i l e r  (which i s  a  h e a t  e x -  

changer )  t o  produce s team from wa te r  by h e a t  exchange 

t h e r e ,  T h i s  steam i s  used  t o  r u n  t h e  s team t u r b i n e  

f o r  a d d i t i o n a l  power g e n e r a t i o n .  

None o f  t h e  above d iagrams showsan N O x  c o n t r o l l i n g  

sys tem.  However, i n  t h e  c u r r e n t  program, it i s  p lanned  

t o  p r o v i d e  a d e n i t r a t i o n  equipment between t h e  was te  

h e a t  b o i l e r  and t h e  s t a c k .  T h i s  means a d o p t i o n  o f  t h e  
e x h a u s t  g a s  c l a r i f i c a t i o n  method. 



The r e a s o n  wh-y t h e  exhaus t  g a s  d e n i t r a t i o n  

method i s  t o  be adopted  i s  t h a t  t h i s  manner en-  

a b l e s  t h e  exhaus t  g a s  from combust ion t o  go ex -  

c l u s i v e l y  t o  t h e  s t a c k  and e l i m i n a t e s  a  f e a r  

t h a t  any p a r t  o f  t h e  exhaus t  g a s  may Ee d i s -  

cha rged  t o  t h e  atmosphere from any o t h e r  e x i t .  

S ince  t h e  c u r r e n t  d e n i t r a t i o n  p r o c e s s e s  u s u a l l y  

u s e  tF.e wet method, i n s t a l l a t i o n  o f  such  a  p r o c e s s  

p r i o r  t o  t h e  was te  l iea t  b o i l e r  would c a u s e  h e a t  

l o s s  which shou ld  be avo ided  t o  a s  much a n  e x t e n t  

a s  p o s s i b l e  i n  t h i s  e n t i r e  t r e a t m e n t  sys t em.  

There  i s  a  method of  e l i m i n a t i n g  p o l l u t i o n  step.- 

w i s e l y .  However s u c h  a method s t i l l  now i n v o l v e s  

a l o t  o f  problems i n  t h e  a s p e c t  o f  h e a t  e f f i c i e n c y .  

Thus, i t  has  been b e l i v e d  most  e f f e c t i v e  t o  remove 

bJOx from t h e  exhaus t  g a s  whose t e m p e r a t u r e  i s  below 

100°C wb-ere i t  would no l o n g e r  he a b l e  t o  Ee u t i l i z e d  

i n  any way. 



4-5. What p l a n  i s  t h e r e  t o  d e m o n s t r a t e  t h i s  t echno logy  o r  

t h e  completed eng ine  ? 

I t  i s  schedu led  t h a t  t h e  h i g h - e f f i c i e n c y  g a s  

t u r b i n e  w i l l  be  p u t  under  sys tem e n g i n e e r i n g  work 

from t h e  beg inn ing  o f  f i s c a l  1982 (1982.4-1983.3)  and 

i n t o  c o n s t r u c t i o n  i n  f i s c a l  1983.  Then, t h e  demon- 

s t r a t i n g  o p e r a t i o n  f o r  it i s  schedu led  t o  s t a r t  around 

J u n e ,  1984.  

I n  t e rms  o f  s t r u c t u r e ,  t h i s  t u r b i n e  i s  o f  t h e  

same k ind  a s  t h e  a i r c r a f t - u s e  f a n  j e t  eng ine  which i s  

now under  development a s  one o f  t h e  l a r g e - s c a l e d  p r o -  

j e c t s  by MITI1s Agency o f  I n d u s t r i a l  S c i e n c e  and Tech- 

no logy .  This a i r c r a f t  eng ine  i s  h i g h e r  i n  g r a d e  and 

s m a l l e r  i n  s i z e  t h a n  t h e  h i g h - e f f i c i e n c y  g a s  t u r b i n e .  

However, t h e  mechanism f o r  t h e  h i g h - e f f  i c i e n c y  g a s  

t u r b i n e  w i l l  h e  modeled a f t e r  t h e  f a n  j e t  e n g i n e .  

A s  t o  t h i s  f a n  j e t  e n g i n e ,  one  o f  commercial  s i z e  i s  

p lanned t o  be  d i s p l a y e d  by I sh ikawa j  ima-Harima Heavy 

I n d u s t r i e s  Co., L t d .  (more s p e c i f i c a l l y ,  i t s  Tanash i  

F a c t o r y )  i n  f i s c a l  1982.  Th i s  means t h a t  t h e  d i s p l a y  

i n d i c a t i n g  t h e  mechanism o f  t h e  g a s  t u r b i n e  i s  t o  be 

d i s c l o s e d  t o  t h e  p u b l i c  w i t h i n  f i s c a l  1982 (1982.4- 

1983 .3 ) .  A s  t o  t h e  g a s  t u r b i n e  i t s e l f ,  i t  i s  schedu led  



t h a t  t h r e e  w i l l  be completed l a t e  i n  f i s c a l  1983 

(by M i t s u b i s h i  Heavy I n d u s t r i e s ,  L t d . ,  Kawasaki 

Heavy I n d u s t r i e s ,  L t d .  and Ishikawajima-Harima 

Heavy I n d u s t r i e s  Co., Ltd). . D i s p l a y  t o  t h e  

p u b l i c  i s  p lanned t o  be  h e l d  i n  a  f a c t o r y  o f  

t h e i r s  f o r  t h e  b e s t  one among t h r e e  g a s  t u r b i n e s .  

4 - 6 ,  What a r e  t h e  c u r r e n t  s t a t u s  and f u t u r e  s c h e d u l e  on 

t h e  development works f o r  m a t e r i a l s ,  c o o l i n g  sys t em,  

p r o t o t y p e  p l a n t  and commerc ia l - sca led  p l a n t  ? 

For  t h i s  R 6 D program f o r  t h e  h i g h - e f f i c i e n c y  

g a s  t u r b i n e  which was s t a r t e d  j u s t  i n  f i s c a l  1978,  

the work i s  c u r r e n t l y  under  way t o  d e t e r m i n e  d e t a i l e d  

s p e c i f i c a t i o n s  and what f u n c t i o n s  shou ld  be a l l o t t e d  

r e s p e c t i v e l y  t o  t h e  f i r m s  t a k i n g  p a r t  i n  t h e  program. 
The amount Fudgeted f o r  t h i s  program i s  8450,000-00 

f o r  f i s c a l  1978 Cl978,4-1979:3) and$ l ,900 ,000 ,  f o r  

f i s c a l  1979 ,  Aboutg2,325,000, i s  p lanned  t o  be  de-  
manded f o r  f i s c a l  1980 a s  t h e  n e c e s s a r y  c o s t  t o  d e -  

v e l o p  h e a t - r e s f  s Laut  i n a t e r i a l s  and s ~ m p o n r t n t  s ,  

It i s  p r o j e c t e d  t o  inves t$69,000,000.00  f o r  t h e  7 

*First p a r t  of c a l e n d a r  1984, 

55 



y e a r s  i n c l u d i n g  and u n t i l  f i s c a l  1984. 

A s  t o  t h e  budget  f o r .  f i s c a l  1978 and 1979,  which 

has  been a l l o t t e d  f o r  R 6 D c o s t  and Resea rch ing  A s -  

s o c i a t i o n ' s  r e s e a r c h  p r o p e l l i n g  c o s t ; i t  i s  t o  s p e -  

c i f i c a l l y  c o v e r  t h e  fundamenta l  r e s e a r c h  aimed a t  a t -  

t a i n i n g  t h e  f o l l o w i n g  t a r g e t s :  

O v e r a l l  e T f i c i e n c y  . . . . .  55%.  

Composite power g e n e r a t i n g  c y c l e  ...... t u r b i n e  i n l e t  

t e m p e r a t u r e  1500°C and g a s  t u r b i n e  o u t p u t  100 MW 

l e v e l .  

U l t r a - h i g h  t e m p e r a t u r e  h e a t - r e s i s t a n t a 3 ' I ; o . y  . . c r e e p  

r u p t u r e ' s t r e n g t h s  o f  min. 3 ,  min. 5 ,  min. 11 and 

min. 26 kg/mm2 r e s p e c t i v e l y  i n  c a s e  o f  l o a d i n g  

f o r  55 hours  a t  1000,  900 and 800°C; h igh-  

t e m p e r a t u r e  f i x e d - s t r a i n  f a t i g u e  s t r e n g t h  of max 

0 .5% o f  e n t i r e  s t r a i n  w i d t h  (2500 o r  more c y c l e s ) ;  

and h i g h - t e m p e r a t u r e  s u l f u r i z i n g - c o r r o s i o n  r e -  

s i s t a n c e  o f  200 o r  more hours  i n  t ime  r e q u i r e d  f o r  

0 .1  mm t h i c k n e s s  o f  m a t e r i a l  t o  be, corroded,-under  

t h e  immersion t e s t  i n  h o t  mol ten  s a l t  (,25% Nacl + 

75% Na2S04, a t  900°C) 

U l t r a - h i g h  tejriperature h e a t - r e s i s t a n t  ce ramics  

( s i l i c o n ,  s i l i c o n  n i t r i d e  a n d  s i l i c o n  carbide).  



. . .  flexural strength by 3-point bending test of 
9 

min. 100 kgs/mmL at normal temperature and min. 
9 

60 kgs/mnL at 1500°C; high-temperature corrosion 

resistance represented by normal temperature 

flexural strength by 3-point bending test of min. 

50 kgs/mm2 after, having undergone air-oxidation 

for 1000 hours at 1500 OC; and creep rupture 

strength of min. 25 kgs/mm2 under loading for 

1000 hours at 1500°C. 

The following diagram shows the time schedule for thi's 

kntire . R  $ D program : 

1) technologies for 
ultra -high 
temperature 
heat-resistant 
materials and 
components 

2) trial production 
and operation 
of prototype 
plant (100,000 
kw class) 

I 

trvction 
operation 
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zons 
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I n  t h e  p re sen t  p l an ,  t h e r e  i s  no more d e t a i l e d  

conten ts  t h a t  have been determined o t h e r  than t h e  

above. Fur ther  d e t a i l e d  da t a  a r e  scheduled t o  b e  

formed a f t e r  t h i s  f a l l .  NJM-Galaxy w i l l  r e p o r t  on 

this i f  r e q u e s t e d .  



5. Environmental Control



5. Environmental Controls 

5-1. Introduction 

Stringency of requirements of the Japanese environ- 
. . 

mental standards is proverbial in the world. This is due 

to the fact that during the Japan's high economic growth. 

period which was ended by the first Oil Crisis (1973), 

industries were accused of increasing pollution in at- 

mosphere and waters and damages of living environments 

which went rapidly for the worse, and so, industries' 

technical R & D on waste gas/water :.treatment advanced at 
, . . . 

a rapid pace within a short time,' although the invest- 

ment was disadvantageous for the industries. 

The basic technologies which were covered by the 

said development works ranged over a great variety and 
. . 

actually, throughout Japan, currently many types of 

treatment method are conducted by numerous enterprises 

in removal of SOX, NOx and dust and dirt. 



Among t h e  most advanced and a l s o  economical techno- 

log ies ,  t h e  following p a t t e r n s  have s e t t l e d  a s  f o r  re-  

moving methods of po l lu tan t s .  Such common p a t t e r n s  a r e :  

f o r  SOX removal, Lime,process, wet method technology; 

f o r  .NOx removal, dry process f o r  reduct ion with NH3 and 

f o r  dust l e s s  than lp, e l e c t r i c  dust c o l l e c t o r s .  

Collected dust w i l l  be p r o c e s s e d  to e l i m f , n a t e  harm- 

f u l  heavy metals and undergo regulated respect ive  t r e a t -  

ments. The d e t a i l s  of these  t reatments ,  however, i s  

beyond t h e  scope of t h i s  survey and thus  mention i s  

omitted. 

A sentence i n  t h e  Scope of work of t h e  Contract 

a c t i n g  upon t h i s  survey, which says "It i s  known here 

t h a t  Japan pioneered the  use of scrubbers" may lead one 

t o  understand t h a t  a most advanced technology on 

Scrubber i s  required t o  be reported.  However, t h e  

w r i t e r  i n t e r p r e t s  t h e  matter i n  a broad sense,  so t h a t  

the survey w i l l  cnver general  removal technologies of 

SOX, NOx, SS and t h e  l i k e .  (This i n t e r p r e t a t i o n  i s  

derived from t h e  f a c t  t h a t  Dry reduct ion by NH3, t h e  



most advanced NOx t rea tment  p rocess  now, i s  n o t  

c a l l e d  a  scrubbing technology i n  Japan . )  

A i r  p o l l u t a n t s  i nc lude  su lphur  ox ides ,  d u s t , a n d  

d i r t ,  Nitrogen Oxides, e t c .  emit ted  from i n d u s t r i a l  

f i x e d  sources  a s  w e l l  a s  Carbon monoxide, dus t  and d i r t ,  

Nitrogen Oxides, e t c .  exhausted from automobiles.  I n  

t h e  t rea tment  of waste  gas  from l a r g e  s i z e  b o i l e r s  i n  

power p l a n t s  and chemical p l a n t s  and waste  gas  from gas  

tu rb , ines ,  it i s  important  t o  cons ider  t h a t  t h e  f u e l  

should be u t i l i z e d  a t  i t s  bes t  c apac i ty  ( t h a t  i s  t o  ob- 

t a i n  t h e  bes t  hea t  e f f i c i e n c y  of b o i l e r s  o r  gas  t u r -  

b i n e s ) ,  and then t h e  harmful p o l l v t a n t s  should be r e -  

moved of t h e  exhausts .  

I n  view of t h i s  p o i n t ,  convent ional  methods of 

burning f u e l s  have p re f e r ed  t o  use  low su lphur  heavy 

o i l ,  Kerosine,  gas o i l  o r  n a t u r a l  gas  which a l l  con ta in  

lower sulpl~ui- .  I n  f u t u r c  whcn f u e l s  of l o w  q11al.i t ,y ,  

con ta in ing  h igh  su lphu r s  have t o  be used,  desulphur i -  

z a t i o n  p r i o r  t o  combustion should be r e q u i r e d ,  es-  

p e c i a l l y  f o r  Gas t u r b i n e  use  wherein high temperature  . 



burning will subject turbine combustion parts to suffer 

corrosion. 

Current processes,,can afford to reduce NOx in 

waste gas down to 200 ppm: However, taking the matter 

of economy in-to account', to conform to furthermore. 

severe regulatory requirements would .be difficult and 

it is apparent that more in-depth studies will be re- 

quired. 

The most updated environmental standards regulated 

by the Japanese Environmental Protection Agency are shown 

in Appendix 1. 

There is a variety of treating process and systems 

in order to be able to conform to these standard require- 

ment s. 

Taking an example of the desulphurizing technology, 

it may well exceed 50 kinds of art, each'having respective 

features. A summary of desulphurizing technology i s  



discussed in Appendix 2 in detail which please refer to. 

Appendix 3 and Appendix 4 show Japanese instances 

of desulphurization and denitration of coal fuel burning, 

which would safely represent the present Japan's state- 

of-the-art of R & D in the field concerned. 

5-2 Fuel Gas Desulphurization (FGD) 

To desulphurize fuels, petroleum companies have 

hitherto installed themselves desulphurizing equipment 

for supplying users with low-sulphur heavy oil. The 

desulphurizing equipment so far installed before 1977 

by the oil companies amounts to 1,380,500 BPSD. 

On the other hand, f l u e  gas desulphurization 

apparatus installed in industrial areas by 1976, big or 

small in scale, so far registered 1,134 units in all, 

capable of 106,141,550 ~m'/h.   he installat ion of these 
equipment was af.fected by the time during which the fuel 



situation was changed, i.e.. increase of use of low- 

. sulphur oil, use of natural gas, etc. and thus it 

retrogressed, resulting in quitting of the manufacturers 

who have otherwise engaged in development of desulphurizing 

technology. currently, limited number of companies who 

are all heavy industrial machinery manufacturers wokk: in 

this area. The companies' names are: Mitsubishi Heavy 

~ndustries, Hitachi Corporation, Hitachi Shipbuilding, 

Kawasaki Heavy Industries, Ishikawajima-Harima Heavy 

Industries, Chiyoda Chemical Engineering & Construction 

and etc. 

Many types of desulphurizing technology are on 

stream in current Japan as shown in Appendices but 

actually the wet method is generally considered to be 

most economical. The above stated manufacturers prepare 

respectively 2 - 3 systems of wet method so that they 
could select and offer to potential users a systern most 

. . 

suitable to the user, based on the user's location 

conditions and required capacity for treatment. 



Taking an example of a specialized manufacturer, 

X H I ,  they have 3 systems as' fol.lows: 

System Absorbent Material Recovered 

(1) Calcium Process CaCo3 . (Gypsum 
( 

Ca(OH)2 (Calcium Sulfite 

(2) Sodium Process NaOH (Sodium Sulfite Bolution 
(and powder 
( 
(Mirabilite solution* 
(and powder 
( 
(~ii-abilit e solution effluent 

(3) Ammonia Process NH40H (Ammonium Sulfite solution 
' (  
(Ammonium Sulfate 

Depending on marketability of the by-products; 

Gypsum, Sodium Sulphate and Ammonium Sulphate, IHI 

recommends the users Calcium Process for larger projects 

and Sodium Process for smaller systems, and so on. As 

for Ammonia Process, due to its by-product or Ammonium 

*Glauberfs salt. 



Sulphate being low in value as well as some difficulty 

in technical phases, this process is not prevailing. 

As above-reported, wet method of desulphurization 

is dominant in use and settled in Japan, but recently 

needs for dry method have arisen and thus re-examination 

of dry method for development of economical technique is 

under way. 

The requirement involves desulphurization of waste 

gas exhausted from coal burning boilers of thermal power 

plants.. In conventional process, waste gas lowered to 

a temperature of about 350'~ is sent through a high 

temperature electric dust co.llector where dust is removed, 

then sent to a dry method denitration device at the 

temperature of about 350°c, where Nox is removed, and 

next, sent to a wet desulphurization system. However, 

the current wet desulphurization requires the gas to 

be lowered to a temperature of about 60'~. From the 

save-energy view paint, this proc.Pss i.s quite  a heat- 

looser, justifying to adopt a dry desulphurization system, 



and d r y  d e n i t r a t i o n  a s  we l l  a l l  t oge the r .  

Based on t h e  a fore -sa id  concept,  E l e c t r i c  Power 

Development Co., a s  a co re ,  I H I  and Sumitomo Shipbui lding 

& Machinery Co. a r e  coopera t ing  i n  R & D which i s  s a i d  

t o  be i nc lud ing  a  s tudy  of d i r e c t  removal of sulphur  

content  out of waste gas  of coa l  burning by a dry method, 

though i t s ' a c t u a l  d e t a i l  i s  not allowed t o  be pub l i c i zed ,  

according t o  ' t h e  s t a f f  i n  charge,  owing t o  a c o n f i d e n t i a l  

agreement among E l e c t r i c  Power Development Co. and 
*.. 

r e l evan t  manufacturers. 

Among t h e  themes of t h e  coa l  exhausts  t r ea tmen t ,  

t h e r e  i s  a  s tudy  on t rea tment  of p a r t i c u l a t e s  sma l l e r  

than 1 p, which i s  one of the p r i n c i p l e  s u b j e c t s  of 

t h i s  Survey. I n  t h e  a fore -sa id  systems,  removal of 

p a r t i c u l a t e s  l e s s  t han  1 )5 c a n n o t  be a c h i e v e d  w i t h  

t h e  convent ional  e l e c t r i c  dust  c o l l e c t o r s .  These 

under 1 p a r e  presumed t o  gene ra t e  when, i n  

dry method d e n i t r a t i o n  appara tus ,  reducing ammonia and 

SO3, has  resulted From ~ x i d a t i o ~  of SO2 i n  t h e  

*NJM-Galaxy h a s  b e e n  a s k e d  by DOE n o t  t o  i n c l u d e  s e n s i t i v e  

p r o p r i e t a r y  i n f o r m a t i o n  i n  t h i s  p r e l i m i n a r y  s u r v e y .  



exhausted gas,~aingtogether to form these particulates. 

Because the removal technology of these particulates 

is a must in order to comply with the emission requirements, 

it is expected that during this fiscal year, the solution 

of problems would be certainly completed, though no 

information is available ' at present. 

5-3 'Flue Gas Denitration 

Japanese environmental standard of NOx emission has 

been relaxed to 0.04 ppm - 0.06 ppm, a day average of 
hour values, since'July, 1978. However, during the 

period from 1973 to June, 1978, Japanese industry had 

invested a lot of money in development of flue Gas 

Denitration technologies under a severe, standard of 0.02 

ppm. Appendix 1 detailedly describes the Japan Environmental 

Protection Agency's reasoning of this revision of 

standards. 



Appendix 1 shows Japanese emission standards of 

Nitrogen oxides, but,there is no regul.ation for gas 

turbine emissions. As for boi.lers, the regulation 

prescribes 60 - 150 pprn for gas combustion, 
400 ppm for solid fhel combustion and 130 - 180 ppm 

for other kinds of fuel. In this case, solid fuel 

implies coal, and the regulation makes conditions 

according to various burning systems. 

Nitrogen oxides are produced in a form of NO in 

the course of High temperature combustion, and, after 

discharged and oxidized in the open air, they will 

change into NOZ. In the course of this reaction, 

participation of .ultraviolet rays and some sorts of 

hydrocarbon is considered to give a secondary creation 

of peroxides such as ozone, which, under some weather 

conditions, will form photochemical smog, and thus NOx 

will give impacts complicatedly and diversely to human 

body. 

In parallel with the development of denitration 



technology, the development of the suppressing technology 

to reduce NOx also have been undertaken with its principal- 

objects as follows: 

(1) To use fuels not containing organic nitrogen compounds, 

(2) To reduce Oxygen density in combustion zone, 

(3) To shorten residence time of burning gas in the high 

temperature zone, 

(4) To lower combustion temperature, especially eliminating 

local high temperature zones, and etc. 

According to the above concepts, fairly many NOx 

suppressing technologies have been made practical. 

However, it should be noted that trying too much to 

reduce NOx will bring about possibility of adverse increase 

of dust, soot, CO and other pollutants, and cares have 

been taken of this matter. 



Hereunder is a list of denitration proceseess so 

f a r  developed in Japan. As a matter of fact, majority 

of NOx to be produced by fuel combustion is consisted 

of NO which has low reacting potentiality, causing the 

removal of NOx technically difficult. A technology 

already settled and prevailed in Japan is the Catalytic 

reduction process to use NH3, which is one of the dry 

methods. 

Classification of Flue Gas Denitration 

Dry method Catalytic Reduction process Preferential 
Catalytic Reduction 
Process 

Non-Preferential 
Catalytic Reduct ion 
Process 

Non-catalytic Reduction Process 

Catalytic Decomposition Process 

Absorption Process 

Adsorption Process 

Electron Beam Radiation Process 



wet Method Alkali Absorption Process 

Acid Absorption Process 

Complex Absorption Process 

Oxidation Absorption Process - Ozone Oxidation 
Process 

Permanganat e 
Oxidat ion 
Process 

Liquid Phase Reduction Process 

Major manufacturers of Flue Gas Denitration apparatus, 

at the same time manufacturers of Flue Gas Desulphurizers, 

C '  
, .  include Mit subi'shi Heavy Industries, IHI, Hitachi, Lt d. , 

Hitachi Shipbuilding, Kawasaki Heavy Industries, etc. 

who all concentrate to the,Dry method of Denitration. 

Hereunder is discussed an outline of Dry method Denitration: 



, . 

(1 )  C a t a l y t i c  r educ t ion  process  

This  p rocess  reduces  NOx by adding a reducing agent  

t o  t h e  f l u e  gas  under t h e  presence of a  p r o p e r ' c a t a l y s t .  

Reducing agen ts  used i nc lude  ammonia, hydrocarbon, hydrogen 

and carbon monoxide. When oxygen c o e x i s t s ,  ammonia w i l l  

r e a c t  w i th  NOx s e l e c t i v e l y  but hydrocarbon, hydrogen and 

carbon monoxide w i l l  r e a c t  wi th  oxygen p r e f e r e n t i a l l y .  

1 )  P r e f e r e n t i a l  c a t a l y t i c  r educ t ion  process  

NOx i s  reduced by NH3 fo l lowing  t h e  undermentioned 

equa t ions  : 

A t  a  temperature  range of 350-400°c, t h e  

r e a c t i o n  i n  accordance wi-th t h e  equa t ion  ( a )  p rogresses  

p r e f e r e n t i a l l y .  

The c a t a l y s t s  used i nc lude  prec ious  meta l s  such 

a s  P t  ; A1203  supported on s u l f a t e s  of Cu, F e ,  e t  c.  ; 

i r o n  s u l f a t e  - Fe203; i r o n  s u l f a t e  - Fe203 - Ti02;  

V 0  -Ti02 and so on. C a t a l y s t s  a r e  used i n  g r a n u l a r ,  2  5 

c y l i n d r i c a l ,  s p h e r i c a l ,  r inged o r  honeycomb form. 
, 



The Pt-based c a t a l y s t  shows a  h igh  a c t i v i t y  

even. a t  a  r e l a t i v e l y  low temperature .  With t h i s  

t ype  of c a t a l y s t ,  d e n i t r a t i o n  e f f i c i e n c y  of 90% 

o r  more can be a t t a i n e d  a t  a  temperature  of 200-300'~ 

and even a  space v e l o c i t y  (SV, r a t i o  of hour ly  f l u e  

gas  f low volume t o  c a t a l y s t  volume) of t e n s  of 

1 thousands h- . However, i t  i s  not  a c t u a l l y  used 

because of '  i t s  v u l n e r a b i l i t y  t o  SOx, e t c  and i t s  

h igh  cost, .  

I n  g e n e r a l ,  among A1,03-, Fe203- and Ti0,- 
Y - 

based c a t a l y s t s ,  t h e  A1203 type  i s  most a p t  t o  r e a c t  

wi th  SO2, SO3 and O2 t o  produce s u l f a t e ,  r e s u l t i n g  

i n  lowered c a t a l y t i c  a c t i v i t y .  

The TiOZ type  i s  l e s s  a p t  t o  produce s u l f a t e  

and shows good a c t i v i t y  even a t  a  r e l a t i v e l y  low 

temperature.  

I n  a d d i t i o n  t o  t h e  degrada t ion  due t o  i t s  

r e a c t i o n  with t h e  i n g r e d i e n t s  of t h e  f l u e  gas  a s  

descr ibed above, c a t a l y s t  degrades i n  i t s  a c t i v i t y  

wi th  t ime,  due t o  depos i t i on  of dust  on i t .  

Deposi t ion of dust  on c a t a l y s t  w i l l  a l s o  en l a rge  

t h e  f low r e s i s t a n c e  i n  t h e  r e a c t o r .  



The f l u e  gas  i s  usua l ly  made f r e e . f r o m  dust  

wi th  an e l e c t r o s t a t i c  p r e c i p i t a t o r  before  e n t e r i n g  

i n t o  t h e  r e a c t o r .  .However, i t  i s  d i f f i c u l t  t o  

p e r f e c t l y  remove s u c h ' m a t t e r s  as f i n e  a l k a l i n e  fume 

which may be contained i n  some d i r t y  f l u e  gases .  

The c a t a l y s t s  .are ,  i n  gene ra l , .  used i n  a  form 

o f , f i x e d  bed. However, t h e r e  i s  another  way where 

c a t a l y s t  i s  used i n  a  form ofm~ving ' bed and t h e  

degraded o n e , . a f t e r  having.been f r e e d ,  w i th  s l e v e ,  

of dust  deposi ted on i t ,  undergoes t h e  . r ,egenerat  ion 

and then  t h e  regenera ted  one i s  recyc led  f o r  reuse .  

There i s  f u r t h e r  another  manner t h a t  c a t a l y s t  is  

charged i n  thin-plate-shaped con ta ine r s  made of 

wire  shee t  and t.hese con ta ine r s  a r e  placed a t  a  

c e r t a i n  i n t e r v a l  i n  t h e  r e a c t o r .  I n  aga in  another  

manner, c a t a l y s t  i n  r inged shape i s  used s o  t h a t  

dust  can be prevented from accumulating on i t .  

The d e n i t r a t i o n  e f f i c i e n c y  v a r i e s  depending 

on such parameters a s  kind of c a t a l y s t ,  temperature ,  

SV and' quan t i t y  'of added NH3. When base metal  

c a t a l y s t s  a r e  used, an i n i t i a l  d e n i t r a t i o n . e f f i c i e n c y  

of about 90% i s  obtained a t  a  temperature  of 3 0 0 - 4 0 0 ~ ~ ,  

S V  bf 3000-10000 h-' and NH3 a d d i t i o n  of 1.0-1.2 

( i n  t e r m s  of NH3/N0 molar r a t i o ) .  



An ou t l i ned  f low s h e e t . f o r  t h i s  p rocess  i s '  

shown under. 

f l u e  -gas 

. r e a c t  o r  

- 
NH3 

- - - t 
h e a t e r  - 

dus t  
c o l l e c t  ion* 

hea t  
exchanger f u e l  

Flow s h e e t f o r  p r e f e r e n t i a l  c a t a l y t i c  r educ t ion  process .  

Th is  process  i s  t h e  most advanced one among 

va r ious  d e n i t r a t i o n  processes  f o r  f l u e  gas .  However, 

i t  invo lves  t h e  fo l lowing  problems: 

a )  SOx and dust  conta ined i n  f l u e  gas t end  t o  cause  

degradat ion o f .  c a t a l y s t ' s  a c t i y i t y  o r  c logging  i n  

c a t a l y s t .  bed. 

b )  I f  t h e  q u a n t i t y  of added ammonia exceeds 1 .0  

( i n  terms of molar r a t i o ) ,  p a r t  of ammonia would 

l e a k  .out. i n t o  t h e  exha.ust gas  coming from t h e  

d e n i t r a t i o n  r e a c t o r  and,  when t h e  temperature  



becomes 'below about 250°c, r e a c t  wi th  SO3 t o  
. . 

produce ammonium aci-d s u l f a t e  (NH4HS04), which 

would depos i t  i n  t h e  hea t  exchanger, t h u s  causing 

co r ros ion  and inc reas ing  f low r e s i s t a n c e .  The 

content  of t h e  leaked ammonia i s  10-20 ppm i n  . 

genera l .  

To prevent  s u c h . a n  ill e f f e c t ,  t h e r e  a r e  

countermeasures such a s  of lowering t h e  r a t i o  of 
I 

N03/N0 t o  l e s s  than 1 .0  t o  decrease  l e a k  of , 

ammonia (though i t  w i l l  r e s u l t  i n  a lower ' den i t r a -  

t i o n  e f f i c i e n c y )  and of u s ing  ammonia decomposing 

c a t a l y s t .  

There a r e  a l s o  such o the r  ways a s  of applying 

enamel coa t ings  onto t h e  hea t  exchanger elements 

t o  prevent  co r ros ion  and of Pemoving t h e  depos i t  

by soot-blowing o r  water  scrubbing.  

c )  When t h i s  p rocess  i s  appl ied  t o  such lower- 

temperature f l u e  gas  a s  t h a t  fkom a b o i l e r ,  t h e  

h igher  r e a c t i o n  temperature i n  t h i s  p rocess  w i l l  

make it necessary t o  hea t  t h e  gas and, i n  t h i s  

case,  encrgy consumpti on wi, 1 1 he  large even i f  

p a r t i a l  hea t  recovery may be p o s s i b l e  wi th  a hea t  

exchanger. 



I n  o rde r  t o  s e t t l e  t h e s e  problems, developments 

have been under way t o  e s t a b l i s h  a c a t a l y s t  which 

have h igher  a c t i v i t y  a t  a r e l a t i v e l y  low tempera- 

t u r e  and hard t o  be poisoned by SOx, d u s t ,  e t c ,  a 

r e a c t o r  wi th  such a s t r u c t u r e  . a s  t o  cause no 

c logging i n  . t h e  c a t a l y s t  . due t o  dust  and 'a method 

t o  prevent  t r o u b l e  caused by ammonium ac id  s u l f a t e .  

There i s  a l s o  a method where H2S i s  used a s  a 

reducing agent  as fo l l ows :  

This  method i s  lower i n  r e a c t i o n  temperature  but 

invo lves  such problems a s  poisoning of c a t a l y s t  

due t o  s u l f u r ,  t h u s  having poor p o s s i b i l i t y  of 

p r a c t i c a l  use. 



2)  Non-preferent ia l  c a t a l y t i c  r educ t ion  - process  

The fo l lowing  equa t ions  show t h e  r educ t ion  

r e a c t i o n s  us ing  CH4 a s  t h e  reduc ing  agent : .  

4N0 + CH4 + 2N2 + C02 + 2H20 ( a )  

4N02 + CH4- 4N0 + C02 + 2H20 (b )  

CH4 + 202 + C02 + .2H20 (c  1 

The r e a c t i o n  v e l o c i t y  i s  s lowest  i n  t h e  equa t ion  

( a ) ,  wi th  i t s  order  of (b )  > ( c )  > ( a ) .  

Thus, r educ t ion  of NO w i l l  beg in  a f t e r  O2 has  been 

consumed. 

T h i s  p rocess  has been used f o r  t h e  purpose of , 

t r e a t i n g  t h e  f l u e  gas from n i t r i c  a c i d  manufacturing 

p l a n t s .  There have been some case s  where only t h e  

r e a c t i o n  (b )  (a deco' loring r e a c t i o n  from brown t o  

c o l o r l e s s )  i s  performed. 

M a t e r i a l s  based on prec ious  metals  such a s  P t  a r e  

used a s  c a t a l y s t  i n  most ca se s .  Oxides of base metals  

such a s  Co, N i ,  Cu and C r  can be used i n  some case s .  

I n  t h e  r e a c t i o n  by t h e  equa t ion  ( c ) ,  which i s  

a  g r e a t l y  exothermic o n e , , t h e  c o n t r o l l i n g  of tempera- 

t u r e  i n  t h e  c a t a l y s t  bed i s  a  c r i t i c a l  ma t t e r ,  f o r  



t h e . c a s e  of u s ing  Pt  a s  c a t a l y s t ,  because of t h e  

upper l i m i t  of .opera t ion  temperature  being about 

800'~ i n  t h e  c a s e ,  even i f  t h e  r e a c t i o n  s t a r t s  at  

about 400". 

It w i l l  be d i f f i c u l t  t o  apply  t h i s  p rocess  t o  

gene ra l  combus t ion . f lue  gase s  which a r e  h igh  i n  t h e i r  

oxygen con ten t .  

The.fol . lowing equat.ions show. t h e  r educ t ion  

r e a c t i o n s  u s ing  CO and H2 a s > t h e  reducing agent :  
.,. .. 

I n  a l l  of t h e  above ca se s  (d )  - ( j ) ,  l i k e  t h e  

c a s e  of us ing  CH4 a s  t h e  reduc ing  agen t ,  t h e  reducing 

agent  w i l l  be oxidized before  r educ t ion  of NO occurs.  

Thus, a l l  of them a r e  u n l i k e l y  t o  have a  f e a s i b i l i t y  

of p r a c t i c a l  a p p l i c a t i o n .  



( 2 )  Non-cata lyt ic  r educ t ion  process  

This  i s  a  p rocess  where NO is  reduced by ammonia, without 

us ing  any c a t a l y s t .  The r educ t ion  of NO by ammonia r equ i r ed  

coex is tence  -. . - of O2 and,  i n  appearance,  p rog re s se s  i n  accordance 

wi th  t h e  equa t ion  ( a )  i n  ( l ) ,  1 ) .  E l eva t ing  t h e  d e n i t r a t i o n  

e f f i c i e n c y  r e q u i r e s  a  longer  r e t e n t i o n  t ime ,  a  h igh  temperature  

of about 1000% and a d d i t i o n  of NH3 a t  a NH3/N0 r a t i o  of 2 o r  

f more. 

Addit ion of H2,, CO and hydrocarbon a long  w i t h  NH3 can 

' a c c e l e r a t e  r educ t ion  r e a c t i o n  and. the reby  decrease  r e a c t i o n  

i temperature  t o  about 700'~.  This  p roces s ,  which r e q u i r e s  no . . 

c a t a l y s t ,  can  e l i m i n a t e  some equipment r e l a t e d  t o  t h e  r e a c t o r ,  

t h u s  r e s u l t i n g  i n  a lower c a p i t a l  c o s t  a n d . , s u i t s  i n  p a r t i c u l a r  
I 

t o  d e n i t r a t i o n  of d i r t y  gas.  However, i t ' g i v e s  a  r e l a t i v e l y  

low d e n i t r a t i o n  e f f i c i e n c y  which seema t o  be about 50-60 percen t .  

If t h e  amount of added ammonia i s  increased  t o  e l e v a t c  t h e  

d e n i t r a t i o n  e f f i c i e n c y ,  t h e r e  w i l l  be a  f e a r  t h a t  leakage of 
I 

NH3 may i n c r e a s e  and t h a t  t h e  aforementioned problem of 

ammonium a c i d  s u l f a t e  may occur.  



( 3 )  C a t a l y t i c  decomposition process  

This  i s  n process  of decomposing NO i n t o  N2 and O2 

c a t a l y t i c a l l y  .. 

The v e l o c i t y  of t h e  decomposing r e a c t i o n  i s  very low. 
I 

' Various s t u d i e s  have long been done t o  i n c r e a s e  t h e  r e a c t i o n  

v e l o c i t y .  However, t h i s  process  s t i l l  remains low i n  NO 

decomposition e f f i c i e n c y  even a t  a  cons iderab ly  high tempera- 

t u r e ,  u n l i k e l y  t o  be put  i n t o  p r a c t i c a l  use .  

(4 )  Absorption process  

This  i s  a  p rocess  where f l u e .  gas i s  made t o  con tac t  

wi th  molten ca rbona te  of a l k a l i  metal a t  a  ' t empera ture  of 

400-450'~ and NO, i n  t h e  gas. i s  caused t o  r e a c t  wi th  t h e  

carbonate .  

This  proces s ,  o r i g i n a l l y  proposed i n  t h e  U. S . ,  however 

invo lves  a  l o t  of pr80blems i n  t h e  a spec t  o f i t s  f e a s i b i l i t y  

of p r a c t i c a l  use.  

(5) ' Adsorption process  

Act ivated carbon,  alumina., s i l i c a  g e l ,  molecular  s i e v e ,  

e t c .  a r e  used a s  adsorbent .  



Though NO2 i s  adsorbed,  NO i s  ha rd ly  adsorbed.  This  

p rocess  r e q u i r e s  coo l ing  of t h e  f l u e  gas  and removal of such 

obs t ruc tkve  i n g r e d i e n t s  a s  water  vapor and i s . l i t t l e  l i k e l y  t o .  be 

put  i n  p r a c t i c a l  use.  

( 6 )  Elec t ron  Beam I r r a d i a t i o n  

This  i s  a  p rocess  of i r r a d i a t i n g  f l u e  gas  w i th  e l e c t r o n  

r a y s  and thereby  conver t ing  NO, and SO, i n t o  f i n e  s o l i d  

p a r $ i c l e s ,  which a r e  removed i n  an e l e c t r o s t a t i c  p r e c i p i t a t o r .  

I n , t h i s  p roces s ,  t h e  . f l u e  gas ,  a f t e r  being cobled t o  a 

temperature  of 1 0 0 ~ ~  o r  l e s s ,  i s  added wi th  ammonia gas  and 

t h e n  f e d  i n t o  a  r e a c t o r ,  where i t  i s  i r r a d i a t e d  wi th  e l e c t r o n  

rays .  

I r r a d i a t i o n  l a s t i n g  f o r  one t o  s e v e r a l  seconds produces 

r e a c t i v e  r a d i c a l s ,  which conver t  NOx and SOx i n t o  f i n e  

p a r t i c l e s  of ammonium n i t r .osu l f  a t  e and ammon3.um s u l f a t e .  

The r e a c t i o n  mechanism has  not  y e t  been made enough c l e a r ,  

but  it has  tu rned  out  t h a t  t h e  OH r a d i c a l s  p l ay  an important  

r o l e .  

A p i l o t  p l a n t  t e s t  i n d i c a t e s  t h a t  both  d e n i t r a t i o n  and 

d e s u l f u r i z a t i n n  y i e l d s  i n c r e a s e  wi th  t h e  i n c r e a s e  i n  t h e  dose 

of e l e c t r o n  r a y s ,  reach ing  about 90% wi th  a  dose of 6 Wad.  



This  p rocess  has  m e r i t s  t h a t  d e n i t r o t i o n  and - desul-  

f u r i z a t i o n  a r e  a t t a i n e d  concu r r en t ly  i n  a  s h o r t  pe r iod  a t  . 

a lower temperature  and t h a t  t h e  r e a c t i o n  produc ts  a r e  

recovered i n  a  powder form. However, it i s  s a i d  t h e  p rocess  

s t i l l  r e q u i r e s  scal ing-up on a  l a r g e r  t e s t i n g  p l a n t  and c o s t  

r educ t ion  a s  we l l  a s  es tabl ishment  of a  method t o  t r e a t  

r e a c t i o n  produc ts .  



Flue Dust Removal 

Environmental standards that the Environmental Agency 

regulates on suspended particulate matter provide that "A 

day average of hour values should be less than 0.01 mg/m 3 

and maximum hour value is 0.20 mg/m3". The environmental 

standar.ds on maximum boiler emission that 0.2 g/Nm 3 

for coal burning emission, 0.8 g/~m3 for Coai (less than 

5,000 kcal) burning and 0.4 g/~m3 for Coal (more than 5,000 

kcal) burning. No provision is made on Gas Turbine exhausts 

now, because kerosine, gas oil or superior grade Heavy oils 

are used currently as fuel, so that the exhausts are not 

needed to be subjected to any regulations. 



5-4-1. Soot and dust  t rea tment  systems ' . 

Cur ren t ly  p r e v a i l i n g  t r e a t i n g  systems i n  Japan f o r  

b o i l e r s  of pu lver ized  coa l  combustion and Heavy o i l  combustion 

a r e  a s  fo l l ows :  
I 

a )  Pu lver ized  coa l  B o i l e r s  

I n  ca se  apparent  e l e c t r i c a l  r e s i s t a n c e  of t h e  dust  s t a y s  

w i t h i n  o rd ina ry  range ,  a  system i n  which an E l e c t r i c  dust  

p r e c i p i t a t o r  (EP) o r  dust  c o l l e c t o r  i s  placed i n  t h e  r e a r  of a .  

Multicyclone (MC) i s  g e n e r a l l y  used. This  i s  an 'MC-EP\ type  dust  

c o l l e c t i n g  system. I f  t h e  apparent  e l e c t r i c a l  r e s i s t a n c e  of 

t h e  dust  i s  i n  t h e  spark ing  range ,  s i n g l e  EP type'  o r  EP-MC 

type  c o l l e c t i n g  system i s  commonly used i n  o rde r  t o  h e l p  t h e  

dust  t o  be caught a t  c o l l e c t i n g  po l e s  p e e 1 , o f f  e a s i l y ,  and so 

t h e  r a t e  o f  c o l l e c t i o n  w i l l  not  d e t e r i o r a t e .  

b )  Heavy o i l  burning l a r g e  s i z e  B o i l e r s  

Ammonia i s  i n j e c t e d  t o  a  po in t  where t h e  temperature  of 

f l u e  gas  i s  l e s s  t han  1 4 7 ' ~ ,  p e r m i t t i n g  conta ined SO3 and H2S04 

t o  develop i n t o  Ammonium Sulpha te  and then  t h e  gas  i s  sub jec ted  

t o - a n  EP system, ' T h e  purpose of t h i s  Ammonia i n j e c t i o n  i s  t o  



prevent  co r ros ion  t h a t  i s  t o  occur a t  t h e  lower temperature  

p a r t  of t h e  appara tus  and a l s o  t o  prevent  Acid smuts from 

forming. Acid smut--(A snowflake-.like growth of combustion 

s o o t , , a s  a  c o r e ,  by absorbing s u l p h u r i c  'ac id  which was formed 

from su lphur  conta ined i n  f u e l ,  conglomerated a t  t h e  a c i d  

dew po in t  t empera ture ) .  Besides t h e  above p o l l u t i o n  prevent  i o n ,  
. . 

t h e  Ammonia i n j e c t i o n  has a  secondary mer i t  of i n c r e a s i n g  t h e  

dust  e l e c t r i c a l  r e s i s t a n c e ,  b r ing ing  it t o  t h e  o rd inary  range 

and t h u s  making dus t - s e i z ing  b e t t e r  and e a s i e r .  

The c h a r a c t e r i s t : i c s  of f l u e  gas  exhausted from a  pu lver ized  

c o a l  burning b o i l e r  of a )  above, vary s u b s t a n t i a l l y  depending 

on con f igu ra t i on  and c o n s t r u c t i o n  of t h e  b o i l e r s  and p u l v e r i z e r s ,  

q u a l i t y  of coa l  and cond i t i ons  of .combust ion and o p e r a t i o n ,  e t c . ,  
a 

but among o t h e r s  ash  con ten t  i n  coa l  w i l l  g i ve  a  g r e a t e s t  impact 

on t h e  c h a r a c t e r .  

20 t o  25% of t o t a l  d u s t  pz.oduced i n  a  fu rnace  w i l l  f a l l  

down on t h e  space between t h e  fu rnace  and t h e  a i r  p r e -hea t e r ,  

u s u a l l y  i n  such a  concen t r a t i on ,  a t  t h e  out1e.t g a t e  of t h e  

pre- l lea ter ,  a s  of about 20 g / ~ r n 3  f o r  h igh  grade c o a l  and about 

35-45 g / ~ m 3  f o r  low grade coa l .  The p a r t i c l e  s i z e  of t h e  

dust  i s ,  i n  t h e  ca se s  i n  Japan,  r a t h e r  very  much v a r y i n g ; ,  

between 15  pm and 35 pm. S p h e r i c a l l y  shaped dust  l e s s  t han  

44 pm which a r e  t h  be used a s  f l y  ash a s  one of t h e  cement 



ingredients, makes up 70% of the. total dust found at the 

air pre-heat er ' s outlet. 

The characteristics of flue gas exhausted from the 

Heavy oil burrling large s i z e  boilers of b) above, will vary 

depending on structure of the boilers and burners,' types of 

Heavy oil and combustion conditions but due to recen* uses 

of low-sulphur oils,. general emisslon of dust amounts about 

3 .  several tens mg/Nrn . 3 
(Earlier, ' it was 0.1-0.2 g/Nm ) 

compared with the particle size of dust from pulverized coal 

boilers, there is a much less variation of particle size 
8 .  

distribution which may depend on the difference of construc- 
1. 

tion of the boiler or, types of fuel. And the particulates 

mainly comprise of relatively big (more or less 20 pm) 7 ash- 

coke like porous particulates and very fine (about 0.02 pm) 

carbon black. 

c) Range o r  praac.ticali.l;y - of various dust collectors 

Depending on usages, various collecting systems of 

various manufacturers are being used. General characteristics 

of the collecting systems are as follows. 



C l a s s i f i -  P a r t i c l e  P re s su re  Rate of Equipment Operat ion 
c a t i o n  and s i z e  t r e a t -  l o s s  c o l l e c -  c a p i t a l  c o s t  
( t ype )  a b l e  (pm) (mm H7,0) t i o n  (%) r equ i r ed  r equ i r ed  

Gravi ta-  
I: iorial  . . 

c o l l e c t i o n  1000-50 10-15 40-60 smal l ,  smal l  
system 
( P r e c i p i t a -  
t i on  chamber) 

I n e r t i a  
f o r c e  
c o l l e c t i o n  100-10 30-70 50-70 smal l  smal l  
sy  skem 
(Louver 
con.f igl lrat ion).  . . 

Cen t r i fuga l  
f o r c e  
c o l l e c t  i on  100-3 50-150 
system 
(Cyclone 
con f igu ra t i on )  

Washing 
c o l l e c t i o n  100-0.1 300-900 
system 
(Vent u r i  
Scrubber ) 

Sound wave 
c o l l e c t i o n  100-0.1 60-100 
system 

F i l t e r i n g  
c o l l e c t  ion  20-0.1 100-200 
system 
(Bag F i l t e r )  

E l e c t r i c  
~ o l l c o t  ion  20-0.05 10-30 
system 

85-95 medium medium 

80-95 medium b ig  

80-95 medium medium 
& UP 

90-99 medium medium 
& UP & UP 

0 -  b i g  small-  
medium 



Also l i s t e d  below a r e  c h a r a c t e r i s t i c s  of major system of 

dust  washing c o l l e c t i o n  which i s  discuss.ed i n  5-5 i n  t h i s  

r e p o r t .  
. : .  

50% 
sepa ra t ion  

bas ic  Liquid/gas Pressure  p a r t i c l e  
flow r a t e  r a t i o  Pump Loss 'diamet e r  

System (m/s > (l/m3 ) pressure  (mm. H20) l i m i t  (pm) 

;: Spray 1-2 2-3 ' medium, 10-50 3.0  
tower 

Packed . 0.5-1 2-3 low . 100-250 
. . 

1 .0  
column 

Cyclone 1-2 0.5-1.5 medium 120-150 1 . 0  
Scrubber 

~ a i g e n  (300-700 0.7-2 low -50 - -150 , 0 . 2  
Washer rpm 

J e t  Scrubber 1 
10-20 10-50 high 0  - -150 0 .2  

Venturi 60-90 0.3-1.5 low ' 300 - 800 0 . 1  
Scrubber 



5-4-2. Removal of p a r t i c u l a t e s  l e s s  than  1 p 

Number of coa l  burning b o i l e r s  i n  Japan i s  much 
I 

l e s s  t h a n , t h a t  of t h e  U.S. and f u t u r e  d i r e c t i o n  of Japanese. 

development may be given t o  how economically t h e  coa l  com- 

bus t ion  exhaust t reatment  could be systemized; based on t h e .  

convent ional  u n i t  t echnologies  on r e s p e c t i v e  t rea tments .  

Removal of p a r t i c u l a t e s  l e s s  t han  1 p i s  mostly performed 

i n  Japan e i t h e r  by Bag f i l t e r s  ' o r . E l e c t r i c  dust  c o l l e c t i o n  

system (EP), 'whose cha rac t e r i - s t i c s  a r e  shown below: 

System P a r t i c l e  diameter 

Bag F i l t e r  l I-l 

High Temperature' 
(350°c.) 

l P 
0 .5  ) I  

EP 
Low Temperature 

. . l P 
(.150°c) 0.5 p 

Removal r a t e  

99.8% 

99.00/0 

99.7% 



The removal t echnolog ies  of submicron p a r t i c u l a t e s  i n  

both high temperature  and low temperature  exhaus t s  w i l l  

probably be developed i n  f u t u r e  by s o l v i n g  each ca se  t o  

occur. A t  t h i s  t ime ,  no d e f i n i t e  method t o  remove completely 

t h e s e  sub-micron p a r t i c u l a t e s  h a s .  been '  developed. 



The Scrubber  system i s  a  b ranch  o f  a p p l i c a t i o n s  

o f  d u s t  c o l l e c t i o n  t echno logy  and i t s  p r i n c i p l e  o f  

o p e r a t i o n  can  he rough ly  dev ided  i n t o  t h e  f o l l o w i n g  

a c t i o n s  : I 

(1) Dust p a r t i c u l a t e s  w i l l  impact  l i q u i d  d r o p s  and 

a d h e r e  SO t h e  d r o p s ,  

i 
( 2 )  d i f f u s i o n  o f  t h e  p a r t i c u l a t e s  a c c e l e r a t e s  t h e i r  

c o n t a c t  w i t h  l i q u i d  drops'., 

13)  moi.stenl-ng of .$as a s s i s t s  each  p a r t i c u l a t e  t o  
: - - . : -  Co.ng3'oserate.- t o g e t h e r ,  

(4 )  P..gglomeration i s  enhanced by c o n d e n s a t i o n  o f  
- .. -vapor;: i.nt@.. a- .drop '  with-.-.par t icnl .a : tes . -as  - a . . . core .  

(5) T h e  p a r t i c u l a t e s  w i l l  c o n t a c t  and a d h e r e  t o  
l i a u i d  f i l m  o r  a i r - b u b b l e s  d u r i n g  d i f f u s i o n .  

Embodiment of t h e s e  p r i n c i p l e s  i s  made by such  

methods as p r e s s u r e  w a t e r  sys t em,  s t i l l  wa te r  sys tem 
cr r o t a t i o n  svs tem.  Fc rukber s  a r e  u s u a l l y  o p e r a t e d  



under  t h e  p r e s s u r e  w a t e r  sys tem and i s  s u b - c l a s s i -  

f i e d  i n t o  t h e  V e n t u r i  S c r u b b e r ,  . l e t  Fcrubber  and 

Cyclone S c r u b b e r ,  

[I)-. V e n t u r i  Scrubber  

This  i s  p rov ided  w i t h  a  t h r o a t  which h e l p s  t h e  

d u s t  c o n t a i n i n g  g a s  r u n  r a p i d l y  t h r o u g h ,  where 

wa te r  i s  i n i e c t e d  m i s t y  and t h e  p a r t i c u l a t e s  impact  

t h e  m i s t  and conglomera te  t h e m s e l v e s ,  T h i s  sys tem 

p r o v i d e s  h igh  r a t e  o f  d u s t  c o l l e c t i o n .  

C a p a b i l i t y  o f  d u s t  c o l l e c t i o n  compares w i t h  

t h a t  o f  Bag F i l t e r s ,  a l l o w i n g  l e s s  f l o o r  a r e a  o f  

equipment .  With w a t e r  d r o p s  o n l y ,  SOX l i k e  a s  

S02, S03, e t c ,  can  h e  removed by a d s o r p t i o n  a c t i o n ,  

b u t  t h e  P r e s s u r e  l o s s  i s  g r e a t ,  and f u r t h e r ,  a  

s e r i e s  o f  was te  wa te r  t r e a t m e n t  must be conduc ted .  

Pinimum g r a s p a b l e  s i z e  o f  p a r t i c u l a t e  0 . 2 ) ~  

i n  d i a m e t e r ;  b a s i c  r a t e  o f  f l o w  60-120m/s; P r e s s u r e  
3 l o s s  300-800mm Ag; r e q u i r e d  power 0.14-0,35kg/m / m i n e ;  

3 C a p i t a l  i nves tmen t  8281.00-8296.00 p e r  m /min ,  of 
P 

t r e a t e d  g a s ,  



( 2 )  J e t  Scrubber  

T h i s  t y p e  produces  a j e t  s t r e a m  o f  w a s t e  g a s  

i n  which w a t e r  d r o p s  a r e  f l o a t e d ,  Adhesion 

between d u s t  p a r t i c u l a t e s  and w a t e r  d rops  t o g e t h e r  

i s  more e x c e l l e n t ,  and d u s t  removal r a t e  i s  b e t t e r  

t h a n  t h e  V e n t u r i  F c r u b b e r ,  Also  i t  a c t s ,  a t  t h e  

same t i m e ,  a s  a  gas  b o o s t e r .  Eowever, wa te r  i s  
used  more t h a n  10-  1/m3 and t h e  J e t  Scrubber  i s  n o t  

s u i t a b l e  f o r  a  system t h a t  r e q u i r e s  t r e a t m e n t  of  

l a r g e  amount o f  g a s .  

Minimum removable s i z e  o f  p a r t i c u l a t e  2 P ,  ; 
b a s i c  r a t e  o f  f low,  20-50 m/s ; P r e s s u r e  l o s s  O- 

3. . : . 
2 0 ~  Ag ;. r e q u i r e d  power 0 . 0 7 - 0 , 3 5  kg/m /mine  ; - 

3 C a p i t a l  investmkil t  ~ 6 , 0 0 o : $ 5 0 , 0 0 0  p e r  M /min ,  o f  

g a s  t r e a t e d .  

(3) Cyclon Scrubber  

T h i s  u t i l i z e s  t h e  s o - c a l l e d  C e n t r i f u g a l  f o r c e  

o f  c y c l o n e i n  a d d i t i o n  t o  d i f f u s i o n  and a d h e s i o n  

a c t i o n  and i.s e f f e c t i v e  f o r  c o l l e c t i n g  n o t  o n l y  

mists b u t  w a t e r - s o l u b l e  d u s t .  A t  t h e  P r e s s u r e  
5 l o s s  100-200 m d g ,  0 , s - 1 . 5  I / m  o f  wa te r  w i l l  be  

u s e d ,  so  t F i s  system i s  s u i t a b l e  f o r  a  b i g  quan- 

t i t y  t r e a t m e n r .  



Minimum removable s i z e  o f  p a r t i c u l a t e  5 .)I ; 

b a s i c  . r a t e  o f  f low 10-20 m/s ; P r e s s u r e  Loss 50- 
3 2Q0 mmAg ; r e q u i r e d  power 0 .03-0 .07  kg/m /min t  ; 

E R p ~ t a l c f n v e s t r e ~ t  Y12,00@-Y50;000 y3/min.  o f  

g a s  t r e a t m e n t .  

S c r u b b e r s  a r e ,  a s  d i s c u s s e d  above ,  d e v i c e s  

f o r  c o l l e c t i n g  d u s t ,  The most  d e s i r a b l e  d e n s i t y  

o f  c o n t a i n e d  d u s t  i n  e x h a u s t s  w i l l  Ee l e s s  t h a n  
3  10 g/Fh and d u s t  i n  s u c h  r a n g e  would he  removed 

$0-9C O F o  o f  t o t a l  d u s t  c o n t a i n e d ,  

Water s o l u b l e  g a s e s -  s u c h  a s  SOX can: be  . a l l  

t r e a t e d  by t h i s  m o i s t e n i n g  sys t em.  Also e f f e c t i v e  

i n  t rea ' tment  a r e  phosph-oric a c i d  m i s t ,  S u l p h u r i c  : 

a c i d  m i s t  and o t h e r  m i s t s ,  w a t e r  a b s o r b i n g  m e t a l s .  

such  a s  Sodium and Potass ium,  f l y  a s h ,  c o r r o s i v e  

s u b s t a n c e s , . m a l o d o r o u s  s u b s t a n c e s ,  p a r t i c l e s ,  and 

e t c ,  

I n  t r e a t m e n t  o f  b l a s t  f u r n a c e  g a s  of  1 4  18 
3 m /min. i n  Ohgishima Works o f  Nippon Kokan K , K , ,  

99 removal o f  d u s t  w a s  a t t a i n e d  from t h e  

exhaus t  which c o n t a i n e d  0.0882 g o f  p a r t i c u l a t e s  
p e r  1 2 ,  u s i n g  a s t e e l  CycloneScrl.lF?her of  366 cm 



i n  di 'ameter and 1 ,830  cm i n  h . e igh t ,  P r e s s u r e  

l o s s  a t  t h e  o p e r a t i o n  was 229-mrn (?rater column], 
3  r a t e  of  i n j e c t i o n  o f  water  be ing  2 ,28  l / m  , 

sp rayed  t h r o u g h  534 n o z z l e s  w i t h  p r e s s u r e  of 

5.25-516 ?.g/cm2; The b l a s t  f u r n a c e  g a s  c o n t a i n e d ,  

b e s i d e s  d u s t ,  SOX, vapored  m e t a l s  and c o r r o s i v e  

compounds, The above system c o u l d  remove abou t  

10 "/, o f  SOX whicE. was abou t  20 ppm d e n s i t y ,  

Fundamental ly ,  a s  f o r  d u s t  and wa te r  s o l u b l e  

g a s ,  t h e  system i s  c o n s i d e r e d  t o  be a b l e  t o  d i s p o s e  

then! w i t h  a  f a i r l y  good e f f i c i e n c y  and i s  a p p l i c a b l e  
t o  exhaus ted  g a s  from Cupo las ,  

1 

It i.s t h a t  s u l p h u r  c o n t e n t  would be 
a s  low a s  p o s s i b l e  i n  t h e  Scrubber dust-removing 

p r o c e s s ,  because ,  i f  t o o  h i g h ,  g a s  f lowing  r a t e  

shou ld  be reduced  and sp rayed  wa te r  r iust  be  incre$ed.  

As a fo re -men t ioned ,  r a t e  o f  f low f o r  V e n t u r i  

Scrubber  i s  00-120 m / s , f o r  J e t  Scrubber  20-50 m / s  

and ~ ~ c l o ~ ~ ~ c r u b b e r  10 -20  m/s. V e n t u r i  Sc rubber s  

p r o v i d e  b e s t  2Ox removal r a t e ,  w h i l e  t h e  s l o u - f l o w -  

i n g  CycloneScrubbers  a r e  mos t  advantageous  i n  

t r e a t m e n t  o f  b i g  q u a n t i t y  of g a s ,  

Another example was r e p o r t e d  t h a t  Sox. n f  more  

t h a n  50Cppm was s u c c e s s f u l l y  t r e a t e d  by a  Scrubber  

sys tem.  However, i t  shou ld  be under , s tood t k a t  

a c t u a l  c a p a c i t y  of  a  Scrubber  i s  t o  remove SOX o f  

20 ppm d e n s i t y  by abou t  20-30 "/,. 



I n  t h e  a t e v e  c a s e  of Ogishima P'orks of Nippon 

Kokan, 20 ppm SCx was r e p o r t e d  t o  have a lmos t  100 "/: 
been removed, bu t  i n  r e a l i t y ,  t h e  Dust c o l l e c t o r  

f i r s t l y  removed 20-30 "/, o f  SOX from exhaus t  g a s ,  
t h e n  a  f l u e  g a s  d e s u l p h u r i z e r  i n s t a l l e d  behind f u r t h e r  

removed s o  t h a t  t h e  removal r a t e  was enhanced u p t o  

95-98 " / a .  

The b a s i c  p r i n c i p l e  o f  t h e  S c r u t b e r  i s  t h a t  a  

V e n t u r i  t u b e  o r  s u c t i o n  d u c t  th rough  which exhaus t  

g a s  i s  drawn i n ,  i n t e r s e c t s  w i t h  a  s e p a r a t o r  which 

d i r e c t s  t h e  e n t e r e d  g a s  downward p e r p e n d i c u l a r l y ,  

and a t  t h e  same t ime  d i f f u s e s  t h e  gas  w i t h i n  t h e  

s e p a r a t o r ,  and a t  t h e  same t ime  wa te r  d r o p s  a r e  

showered o v e r  t h e  g a s  a t  a n  a p p r o p r i a t e  t u r n f n g  

p l a c e  o f  g a s  f l o w ,  S c r u b b e r s  a r e  c u r r e n t l y  u s e d  

v e r y  comnonly i n  such p l a n t s  a s  m e t a l  min ing ,  r e f i n -  

i n g ,  manufac tu r ing  aluminum, cement l i m e ,  phospha te  

t i e r t i l i z e r ,  c a r b o n ,  c h e m i c a l s , c e r a m i c s ,  d r y i n g  and 

h e a t - t r e a t i n g ,  c u p o l a ,  b l a s t  f u r n a c e ,  c o n v e r t k r , e t c .  
For  s m e l t i n g  f u r n a c e s ,  g e n e r a t e d  was te  g a s  ( a t  t h e  

p r e s s u r e  of  2 - 3  a tm, )  i s  d i r e c t l y  drawn i n  t h e  

ScruEber  where gas  i 3  t r e a t e d  by wa te r  showers and 

f u r t h e r  drawn i n  a n o t h e r  s c r u b F e r .  b4ul t . i -s tage 

Scrubber  sys tem o f  1-4 s t a g e s  i s  g e n e r a l l y  u s e d ,  

Although t h e  r a t e  o f  removal o f  P!Ox i s  a s  low 

a s  10 "/, , a l l  gas  i n c l u d i n g  SOX, NOx, m a l o d o r a n t s  



and p a r t i c u l a t e s  l e s s  t h a n  1 p a r e  t r e a t e d  by wa te r  

sE.awers and so  i n  t h e  w a s t e  wa te r  a r e  n a t u r a l l y  

c o n t a i n e d  a  l o t  o f  S and N c o n t e n t  b e s i d e s  d u s t ,  s o  

needing  a  was te  wa te r  t r e a t m e n t ,  

Because t h e  was te  w a t e r  i s  a c i d i c ,  PI-! a d j u s t m e n t  

t o  a round 7 . i s  f i r s t  made, p r e c j . p i t a t i ~ . g  v a r i o u s  i 

m e t a l s ,  a g a i n  add iag  some n e u t r a l i z e r , t h e n  removing 

S c o n t e n t  w i t h  ca l c ium compound and t h e n ,  c o n t e n t  

i s  d.ecomposed w i t h  a n a e r o b i c  b a c t e r i a , r e l e a s i n g  N 2  

gas  i n  tb.e open a i r ,  S ludge ,  a f t e r  p r e c i p i t a t i o n ,  

i s  dewatered  and s o l i d i f i e d  by means o f  f i l t e r  p r e s -  
. .  . , .  

s  i n g  . 

Proper  wa te r  f e e d i n g  i n t o  Scrubber  has  a  d i r e c t  

e f f e c t  on t h e  d u s t  c o l l e c t i n g  r a t e  and pe r fo rmance .  

So, r o u t i n e  i n s p e c t i o n  on p r o p e r  1i.quid-Gas r a t i o  i s  

r e q u i r e d .  If wa te r  i s  d r a i n e d  too  much. from t h e  

d r a i n  v a 1 v e ' a . t  t h e  bottom of  t h e  hopper ,  wa te r  l e v e l  

i s  lowered and was te  g a s  would p a s s  th rough  t h e  

Scrubber  wi thou t  undergoing  washing .  

I n  t h e  c a s e  o f  V e n t u r i  S c r u b b e r ,  t h e  n o z z l e  

( V e n t u r i  t u b e )  may ke rc logged  w i t h  d u s t ,  p e r m i t t i n g  

no s t a r t - u p .  During t h e  machines r e s t ,  c l e a n i n g  

s b o u l d  be r o u t i n e l y  and w e l l  pe r fo rmed ,  TO h i g h  

a c i d i t y  o f  t h e  was te  wa te r  may c o r r o d e  t h e  a p p a r a t u s .  



r 
S i n c e  s c r u b b e r s  canno t  make ad jus tmen t  o f  t h e  

s i z e  of  i t s  s e c t i o n  a r e a  o f  c o n t a c t s ,  ma in tenence  

and c o n t r o l  shou ld  be  g i v e n  i n  a  manner t h a t  i f  d u s t  

< o l l e c t i n g  r a t e  i s  lowered ,washing wa te r  amount i s  . 

i n c r e a s e d ?  

C u r r e n t l y  abou t  50 a p p a r a t u s  a r e  i n  o p e r a t i o n  

and abou t  i 0 - 2 0  new a p p a r a t u s  a r e  y e a r l y  required.  

R e p r e s e n t a t i v e  i n s t a l l a t i o n s  a r e :  

1. Smel t ing  f u r n a c e  o f  Asahi  G l a s s  Co. 

2 .  Sludge i n c i n e r a t o r  o f  raw sewage o f  Kawachi- 

Nagano town (Yao c i t y )  ( d u s t )  . 

3 .  COKE Oven o f  Hibino I n d u s t r i e s  Co. 

( l imes tone  d u s t )  

4 ,  B l a s t  - fu rnace  o f  Nippon Kokan, Ogishima v!or.ks, 

I n  c o n s i d e r a t i o n  o f  h e a t  l o s s  by water -washing ,  

t h o s e  energy  s a v i n g  minded i n d u s t r i e s  such. a s  gas  

t u r b i n e s ,  combined c y c l e  g e n e r a t i o n ,  e t c ,  do n o t  u s e  

t h e  Scrubber  sys t em,  A d r y e  t y p e  o f  d u s t  c o l l e c t o r s  

(mainly e l e c t r i c  d u s t  c o l l e c t o r s )  i s  g e n e r a l l y  u s e d .  



Dust c a u g h t -  i n  t h e  wa te r  i s  c o l l e c t e d  by p r e c i p i -  

t a t i o n  and th.en r'id o f  water  (down t o  a  w a t e r  c o n t e n t ,  

of 5 0 - 6 0  O / o )  t h rough  s u c h  a  measure  a s  a  f i l t e r  p r e s s .  

The r e s u l t a n t  d u s t  c a k e  i s  d i s p o s e d  i n  t h o s e  ways 
t h a t  k ~ y f y &  qp+ & $  $e?+p$. &? ~ Q ~ ~ ~ @ ~ ~  a.~f?.  harmless  

one i s  used  i n t a c t  f o r  l a n d  r ec lam-a t ion .  

R e c e n t l y ,  t k e r e  a r e  c a s e s  t h a t  s u c h  was te  s l u d g e  

i s  mixed i n  t h e  r e c l a m a t i o n  o f  was te  p 1 a s t i . c ~ .  



Burning of e i t h e r  kero.sene g a s  , o i l  o r  low s u l p l u r -  
/ 

cont .a ined  Heavy o i l  e m i t s  l e s s  s o l i d s  such  a s  f l y  a s h  

t h a n  c o a l  burn, ing.  I n  t h e  c a s e  o f  c o a l  b u r n i n g ,  on t h e  

c o n t r a r y ,  i n  a d d i t i o n  t o  t h e  p r o c e s s  o f  c o l l e c t i n g  

s o l i d s ,  when t h e  wet method ' i s  employed f o r  removal o f  

mx, i t  w i l l  become n e c e s s a r y  t o  per form comple te  

t r e a t m e n t  o f  was te  w a t e r  and d i s p o s a l  of  remain ing  

s l u d g e .  Accoid ing  t o  t h e  ~ a ~ a n e s e  s t a n d a r d s  on s o l i d  

w a s t e s  d i s p o s a l ,  tEe  r e s u l t a n t  s l u d g e  g e n e r a l l y  

c o n t a i n s  l e s s  a111ount o f  h a m f u l  m e t a l s  t h a n  r e g u l a t e d  
.f , 

and t h u s  r e a u j r e s  . .. no such  s t r i c t  d i s p o s a l s  . a s  by 

cemen't' S o l i d i f i c a t i o n .  

However, i t  i s  d i f f i c u l t  f o r  t h e  i n d u s t r i e s  t o  

f i n d  l a n d  f o r  r e c l a m a t i o n  o f  t h e  w a s t e s  i n ,  s u c h  a  

nar row coun t ry  a s  J a p a n .  Although t h e r e  a r e  many 

s t u d i e s  conce rn ing  how t o  d i s p o s e  w a s t e s ,  y e t  t h e y  a r e  

n o t  fundamenta l ly  enough t o  s o l v e  t h e  m a t t e r ,  t h u s  t h e  

ind .u ' s t r i e s  a r e  t o r t u r e d  w i t h  d i f f i c u l t y  .of  o b t a i n i n g  

t h e  p l a c e  f o r  r e c l a m a t i n n  o f  t h e  was te .  

Only a way o f  u s e f u l  d ispo .sa1  o f  F l y  a s h  which i s  

produced when c o a l  i s  used  a s  an  energy  s o u r c e ,  i s  t o  

s e l l  i t  t o  cement companies f o r  t h e i r  u s e  a s  a  cement 

a d d i t i v e ,  . . 



However, s i n c e  t h e  q u a n t i t y  t o  be  used i n t h i s  a r e a  

i s  l i m i t e d ,  i t  w i l l  become a problem t o  f i n d  o u t  

a n o t h e r  usage  i n  f u t u r e .  

RhD on a p p l i c a t i - o n  o f  F l y  a s h  a r e '  c u r r e n t l y  

under  way and a s  i n  t h e  c a s e  o f  r e s i d u e  s l u d g e  from 

w a s t e  wa te r  t r e a t m e n t ,  t h e  u s e  f o r  compost which 

may. be u t i l i z e d  a s  f e r t i l i z e r  o r  a  s o i l  c o n d i t i o n e r ,  

i s  cons idere 'd .  

D e t a i l s  o f  t h e  R6I) on t h i s  th.eme w i l l  be i n v e s t i -  

g a t e d  on r e q u e s t .  



A l l  o f  t h e  o p e r a t i o n  o f  d e n i t r a t i o n , '  d e s u l -  

p h u r i z a t i o n  and d u s t  removal i s  f u l l y  au tomat i zed  ' . 
. .. 

a s  chemica l  equipment ,  Des igning  c o n s i d e r a t i o n  
I i s  made on r e s ? e c . t i v e  equipment t o  d e a l  w i t h  any  

p o s s i b l e  problems i n  advance ,  and no d i f f i c u l t y  

may a r i s e  i n p a r t i c u l a r  d u r i n g  o p e r a t i o n  o f  t h e  

r e s p e c t i v e  equipment.. However, when new' t h o s e  

equipment a r e  i ) n t e g r a t e d  i n t o  a  sys tem,  t h e r e  

shou ld  be v a r i o u s  problems t o  occur. .  Appendix 3 .  

i n d i c a t e s  a n  example o f  oc .cur rence  o f  problems w i t h  

a  E o i l e r  o f  c o a l  bu rn ing  the rma l  power p l a n t ,  



6 ,  F1ui.d.j. zed E e d  Comhusti.on 



6. Fluidized Bed gasification. 

A brief survey on advanced studies of Fluidized 

bed gasification currently under way in Japan. 

The survey covers both the pressurizing system 

and atmospheric pressure system. 



During t h e  pe r iod  of J a p a n F s  h igh - r a t e  economic 

growth, t h e  domestic RGD e f f o r t s  f o r  t h e  t echnolog ies  

t o  use  c o a l  a s  an energy source  were q u i t e  s t a g n a n t ,  

g iv ing  i t s  s e a t  t o  those  f o r  t h e  t echnolog ies  t o  use  

petroleum, However, t h e  f i r s t  and second o i l  c r i s e s  

have s t imu la t ed  domestic energyse la ted  e n t e r p r i s e s  t o  

become much i n t e r e s t e d  i n  developing coa l  u t i l i z a t i o n  

t echno log ie s ,  One of t h e s e  t e c h n i c a l  approaches i s  

coa l  l i q u e f a c t i o n  and another  i s  coa l  g a s i f i c a t i o n .  

A s  t o  coa l  l i q u e f a c t i o n ,  u n t i l  around t h e  end 

of World War 11, i t  had been taken up a s  an important  

theme f o r  ob t a in ing  s y n t h e t i c  o i l  i n  t h e  m i l i t a r y  

r e sea rch ing  works by such government-run r e sea rch ing  

o rgan iza t i ons  a s  Nat ional  I n d u s t r i a l  6 Technical  

Researching I n s t i t u t e s  and Fuel Research I n s t i t u t e  

which i s  t h e  p recursor  of t h e  c u r r e n t  Nat ional  Research 

Tnstitute f o r  P o l l u t i o n  C o n t r o l  and Resources,  And many 

t e c h n i c a l  r e sea rche r s  i n  t hose  o r g a n i z a t i o n s  had 

devoted themselves t o  t h i s  theme and cont inued RGD works 

i n  t h e i r  r e s p e c t i v e  own manners. 



However, now t h a t  more t h a n  30 y e a r s  o f  b l a n k  

p e r i o d  h a s  e l a p s e d ,  i t  has  become n e c e s s a r y  t o  map o u t  

t h e  ReD p l a n  f o r  t h i s  theme q u i t e  fundamenta l ly  a g a i n .  

Under s u c h  c i r c u m s t a n c e s ,  b a s i c  development works 

have been  conducted  s i n c e  1974 under  programs such  a s  

Sunshine  P r o j e c t  by MITI 'S Agency o f  I n d u s t r i a l  

S c i e n c e  and Technology,  S i m u l t a n e o u s l y j  conce rn ing  t h e  

RED f o r  c o a l  l i q u e f a c t i o n ,  i t  has  s t a r t e d  t o  t a k e  p a r t  

i n  r e s p e c t i v e  p r o j e c t s  o f  two U,S, m a j o r  f i r m s  --Exxon 

and Gulf O i l - -  i n  t h e  hope f o r  i n t e r n a t i o n a l  c o o p e r a t k v e  

works ,  

A s  t o  t h e  theme o f  c o a l  g a s i f i c a t i o n ,  though enough 

s t u d y  h a s  s o  f a r  been done on t h e  f l u i d i r e h b e d  g a s i f i -  

c a t i o n  t e c h n o l o g i e s  developed i n  t h e  U.S, and Europe, 

t h e r e  has  been no c o n c r e t e  a t t e m p t  t o  p u t  t h i s  method 

i n t o  p r a c t i c a l  u s e  because  i t  i n v o l v e s  more problems 

conce rn ing  p r o f i t a b i l i t y ,  a d a p t a t i o n  t o  p o l l u t i o n  

c o n t r o l  s t a n d a r d s ,  e t c .  t h a n  t h e  methods based on p e t r o -  

leum and n a t u r a l  g a s ,  However, from t h e  s t a n d p o i n t  t h a t  
+l; L-.e - n h l e ~ !  of f u t u r e  e n e r g y  s o u r c e  c a l l s  f o r  en largement  

o f  c o a l  u t i l i z a t i o n ,  s u 6 s t a n t i a l  e f f o r t s  have r e c e n t l y  

bg'?commenced t o  develop  t e c h n o l o g i e s  a c c o r d i n g  t o  r e s p e c -  

t i v e  purposes, ,  conce rn ing  c o a l  1 i q u e f a c t i o n . a n d  g a s i f i -  

c a t i o n .  



Thris, a t  t h e  p r e s e n t  s t a g e ,  c o a l  g a s i f i c a t i o n  and 

c o a l  l i q u e f a c t i o n  a r e  schedu led  t o  be commerc ia l ized  

by 1990,  a s  n a t i o n a l  p r o j e c t s .  



6 - 2 .  L a b o r a t o r i e s  ( address  and t e l e p h o n e  No.) and s t a f f  

members i n  c h a r g e .  

(1) N a t i o n a l  Resea rch  I n s t i t u t e  f o r  p o l l u t i o n  and Re- 

s o u r c e s  o f  t h e  Agency of  I n d u s t r i a l  S c i e n c e  and 

Technology (MITI)- 

3 -1 -1  Kawaguchi, Kawaguchi, Sai tama P r e f  . 
(0482) 52-3101 

Hideo Kimura, Chief  o f  t h e  1 s t  Resources  D e p l t .  

(2) Government I n d u s t r i a l  ~ e v e l o ~ m e n t  L a b o r a t o r y ,  Hokkaido, 

of  t h e  Agency o f  I n d u s t r i a l  S c i e n c e  and Technology.  

41-2 E igash i -Tsuk i sappu ,  Toyohi ra-ku ,  Sapporo ,  

Hokkaido . 
(011) 8  51 - 01 51 . .. 

Hirosh i  Ni,shino, Re.search and d e s i g n  o f f i c i a l  
! . 

H i t o j i  I s h i h a s h i ,  Chief  r e s e a r c h  o f f i c i a l  o f  t h e  2nd 

D e p r t ,  

[3] Resea rch  I n s t i t u t e  f o r  Coal Technology 

2-10 Kanda Ji-nbocho, Chiyoda-k.u, Tokyo 

COS) 261-5472 

- R e i j i r o  Yamamura, D i r e c t o r ,  , , Chief  o f  Coal 

G a s i f i c a t i o n  Dep' t ,  



1 

6 - 3 .  The l e v e l  o f  R 6 D o f  t h e  r e s p e c t i v e  l a b o r a t o r i e s ,  

6 -3 -1 .  N a t i o n a l  Resea rch  I n s t i t u t e  f o r  p o l l u t i o n  and 

Resources .  

The s t u d y  o f  t h i s  I n s t i t u t e  r e p r e s e n t s  a  h i g h  

c a l o r i e  c o a l  g a s i f i c a t i o n  p r o j e c t  based  on t h e  

Sunshine  P r o j e c t ,  C u r r e n t l y ,  a n  a p p a r a t u s  c a p a b l e  
3 o f  h i g h  c a l o r i e  g a s i f i c a t i o n  o f  50 m p e r  day  i s  

und.ergoing t e s t s  f o r  b o t h  t h e  a p p a r a t u s  and sys tem 

pe r fo rmance ,  

With c o o p e r a t i o n  of H i t a c h i ,  L t d , ,  t h e  I n s t i t u t e  
haS a l r e a d y  e s t a b l i s h e d  a  d e f i n i t e  o u t l o o k  f o r  s c a l e -  

up ,  and Faas s t a r t e d  c o n s t r u c t i o n  o f  a. p i l o t  gTant  i n  

1wa.k.i C i t y ,  which w i l l  have '  a  d a i l y  h i g h  c a l o r i e  
3  g a s i d i c a t i o n  c a p a c i t y  of  7,000 Nm . The; I n s t i ' t u t e  

w i l l .  conduct  t h e i r  R 6 D u s i n g  t h e i r  l a b o r a t o r y  ap -  

p a r a t u s  i n  p a r a l l e l  w i t h  t h e  o p e r a t i o n  o f  t h e  7,000 
3  Nm p i l o t  p l a n t  which Hi tac-h i  t a k e s  ca.re  o f , ,  . 

3 
' The 7,000 Nrr! p l a n t  i s  based on a  Hybyid 
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P r e s s u . r i z i n g  f l u i d i z e d  g a s i f i c a t i o n  sys tem o f  c o a l  

and heavy o i l ,  and i t s  g a s i f i c a t i o n  r e a c t i o n  p r e s -  
2 s u r e  i s ,  expected  t o  b e  30 kgs p e r  cm . 

The c o a l  t o  be  used  w i l l  be what e q u a l s  to .  T a i h e i y o  

brand g r a d e  and t h e  heavy o i l  t o  be used  w i l l  be  

what i s  e q u i v a l e n t  t o  Gach Sa ran  based  vacuum r e -  

s idue  , 

Prepa red  i n  a v e r a g e  g r a i n  s i z e  o f  40-50 mm, t h e  

c o a l  w i l l  be mixed w i t h  t h e  heavy o i l  [Asphal t )  t o  

produce  s l u r r y ,  which w i l l  be p u t  i n t o  t h e  h y b r i d  

g a s i f y i n g  f u r n a c e ,  t o  produce  h i g h  c a l o r i e  g a s  o f  
3 t o t a l  exothermic  po tency  o f  5915 kcal/Nm [which 

c o n t a i n s  methane gas  occupying  25,87 weight  % ) .  
2 T h i s  system f e a t u r e s  t h e  30 kg/cm p r e s s u r e  which 

w i l l  enhance t h e  p y r o l y s i s  o f  f e d  m a t e r i a l  by v i r t u e  

o f  t h e  p r e s s u r e  and consequent  f l u i d i z a t i o n .  The 

f u r n a c e  i s  composed o f  a  p y r o l y i z i n g  f u r n a c e  and a 

p a r t  ox i .da t ion  f a r n a c e ,  i n  a n  u p - r i g h t  2 s t a g e  con-  

f i g u r a t i o n ,  

The f u r n a c e  i s  expec ted  t o  be completed d u r i n g  

t h i s  y e a r  and to undergo g a s i f i c a t i o n  t e s t  r u n n i n g ,  

I t  i s  f u r t h e r  p lanned t h a t  t h e  I n s t i t u t e  w i l l  embark 

*Middle  East grade. 



on - a s c h e d u l e , .  t o  g e t  t h e i r  s tudy  completed so 

t h a t  a  p i l o t  p l a n t  could be cons t ruc t ed  i n  f i s c a l  

1985 o r  so ; however, due t o -  budgetary hack-suppor ts  

unava i l ab l e  now, much u n c e r t a i n t y  i s  con jec tured  t o  

be e x i s t i n g  i n  t h e i r  such long-term p l a n ,  

According t o  ' t h e  r e s u l t s  of experiments made so 

f a r ,  .it i s  observed t h a t  a n : a r t  i s  being developed,  

wh.e.re alumina p e l l e t s  a r e  charged i n t o  a  Buartz 

furna.ce,  (which may f a c i l i t a t e  men to:. view r e a c t i o n  

i n  t h e  t r a n s p a r e n t  furnace,')-. and t h e  al'umina p e l l e t s ,  

being heated' upto t h e  temperature  of  about 1.,20.0°C 

and f l u i d i z e d ,  w i l l  con t ac t  w i th  r e a c t a n t s  l i k e  q u a r t z ,  

o rgan ic  waste and ac t iva t . ed  carbon,  . t o  e f f e c t  hydro- 

genat ing.  r e a c t i o n ,  

However, i t  i s  s a i d  t h e r e  a r e  s t i l l  ye t  

unsolved i n  t h e  phases of  t h e  speed of f l u i d i z i n g ,  how 

t o  cfiarge t h e  reac tan t ,how t o  d r a i n ,  a n d ' s o  on,  which 

suggest  f u r t h e r  n e c e s s i t y  of conducting b a s i c  s t u d i e s ,  

TIile I n s t i t u t e  makes it a s  a. s p e c i f i c  item of stud.y t o  

be devo.ted t o ;  



6 - 3 - 3 , \R&s+a;rc.h . - : & f i ~ ~ & ~ ' ~ ~ &  <f+pp ..C-&.l< . . ~ e & ~ o . ~ ' o : g y  , . ., . . ., . . . 

T h i s  I n s t i t u t e ,  under  s u p e r v i s i o n  o f  Coal 

Nin ing  A d m i n i s t r a t i o n  Department o f  c o a l  Mining 

Bureau o f  t h e  MITI ' ,  n o t  under  t h e  Sunshine  P r o j e c t ,  

is' s t u d y i n g  a  p r e s s u r i z i n g  .f l u i d i ' i e d  bed f o r  t h e  

pu rpose  o f  low c a l o r i e  c o a l  g a s i f i c a t i o n ,  

A G a s i f i e r  o f  5 t o n  p e r  day c a p a c i t y  i s  
a l r e a d y  i n s t a l l e d  i n  a  b ranch  o f  t h e  r n s t i t u t e ,  

l o c a t e d  i n  t h e  p remises  o f  Yubar i  Coal mine ( i n  

Hokkaido) ,  which has  e x p e r i e n c e d  a .  s u c c e s s f u l  

c o n t i n u o u s  o p e r a t i o n  f o r  120 hours  w i t h  i t .  

With t h e  1979. f i s c a l  y e a r ' s  s t a r t i n g ,  t h e  I n s t i t u t e  

has  s e t  o u t  i n  c o n s t r u c t i o n  o f  a  40 ton/day  p i l o t  

p l a n t  [which i s  e n g i n e e r e d  by M i t s u b i s h i  Heavy- I n -  

d u s t r i e s  L t d , ,  Nagasaki  DOCK), and i s  expec ted  t o  

comple te  i t  i n  t h e  f a l l  o f  1980 ,  A f t e r  b a s i c  ex- 
p e r i m e n t s  and a p p l i c a t i o n  s t u d y  f o r  a  y e a r  o r  two 

w i t h  t h i s  p i l o t  p l a n t ,  i t  i s  p lanned ,  a v e r i f i c a t i o n  

f u r n a c e  (100-200tons)  would b e  b u i l t .  

The f u r n a c e  i s  d e s i g n e d  t o  produce  low c a l o r i e  

g a s  o f  1200 K C a l  from s u c h  g e n e r a l  g r a d e  o f  c o a l  a s  

T a i h e i y o  g r a d e ,  which w i l l . b e  p u l v e r i z e d ,  and added 

w i t h  p r e s s u r e d  a i r  and s team a t  10 a t m o s p h e r i c  p r e s -  

s u r e  f o r  80% g a s i f i c a t i o n ,  [ t h e o r e t i c a l  r a t e  o f  

g a s i f i c a t i o n )  i n  a  2 s t a g e  p r e s s u r i z i n g  f l u i d i z e d  

f u r n a c e  . 



The s t r u c t u r e  of  t h e  g a s i f i e r  , inc , tudes  .of 

t h r e e  s t a g e  l o c k  hoppers  throu-gh which p r e - t r e a t e d  

Cpulver ized  and d r i e d ]  c o a l  i s  f e d  t o  t h e  upper  

f u r n a c e  ' o f  t h e  s e t  of  2 s t a g e  f u r n a c e ,  adding  t o  

it 10 a tmospher i c  p r e s s u r e  o f  a i r  and s team and 

c a r b o n i z e s  i t  ' a t  t h e  t e m p e r a t u r e  o f  600°C-800°C 

f o r  g a s i f i c a t i o n ,  

I n  t h i s  g a s i f i c a t i o n  r e a c t i o n ,  g a s  and c h a r  

Ccarbon) a r e  produced.  Take t h e s e  o u t  from t h e  
t o p  o f  t h e  f u r n a c e ,  remove d i r t  w i t h  a  c y c l o n e  

and s e p a r a t e  t h e  char from g a s .  The g a s  w i l l  

be p u r i f i e d  i n  a  d r y  d e s u l f u r i z e r  and s e n t  t o  

power g e n e r a t i o n  p r o c e s s e s .  

The cha r  s e p a r a t e d  from t h e  gas  w i l l  be 

f l u i . d i z e d ' i n t o  t h e  lower s t a g e  f u r n a c e ,  w i t h  

a i r  and s team blown i n t o  t h e  f u r n a c e . a t .  10  

a tmospher i c  p r . e s s u r e ,  Heated a t .  900°-1000°C, 

t h e  c h a r  w i l l  a g a i n  be g a s i f i e d ,  The f e a t u r e  

of  t h i s  f u r n a c e  l i e s  Sn t h e  c o n n e c t i n g  n o z z l e s  

l o c a t e d  between t h e  uppe.r and lower f u r n a c e s ,  

Through t h e s e  s p e c i a l  n o z z l e s  t h e  lower f u r n a c e  

commanicates w i t h e k e  upper  f u r n a c e  so  t h a t  a l l  

a f  t h e  c rea ted  gas i.n th.e lower  f u r n a c e  w i l l  
b e  drawn up towards t h e  upper  f u r n a c e  by means 

o f  t h e s e  n o z z l e s .  . . .  . 



In  t h e  s teady  running of t he  p l a n t ,  h igh p r e s -  

sured a i r  and steam i n j e c t e d  i n t o  t he  lower 

furnace a s  well  a s  i t s  thermal energy w i l l  f a c i l -  
i t a t e  gas i f i ca t i ' on  i n  t he  upper fu rnace .  



6 - 4 .  P r o t o t y p e  p r o d u c t i o n  p l a n s  i n  t h e  r e s p e c t i v e  r e -  

s e a r c h  i n s t i t u t e s ,  

There  i s  no p r o t o t y p e  machine completed a t  t h i s  

moment, 

The V a t i o n a l  Resea rch  I n s t i t u t e  f o r  P o l l u t i o n  

and Resources i s ,  i n  c o o p e r a t ~ i o n  w i t h  H i t a c h i , L t d , ,  
3 

cons t ru&ng  a  p i l o t  p l a n t  o f  7 0 0 0  m /day under  t h e  

Sunshine  P r o i e c t ,  According t o  t h e  Funshine Pro-  

j e c t ,  c o n s t r u c t i o n  of  a  h a l f  p r o t o t y p e  and h a l f  
v e r i f i c a t i o n / c o m m e r c i a l  p l a n t  i s  t o  be  i n a u g u r a t e d  i n  

1982 f i s c a l  y e a r ,  

The machine i n  t h e  Government I n d u s t r i a l  Develop-  

ment L a b o r a t o r y ,  Hokkaido i s  o n l y  a  l a b o r a t o r y - b a s e d  

machine. They have set i ~ y ,  a s c h e d u l e  t o  e x p e c t ,  

d u r i n g  1985 f i s c a l  y e a r ,  a  p i l o t  p l a n t  and d u r i n g  

f i s c a l  1987-1988 a  p r o t o t y p e  p l a n t ,  b u t  p r e s e n t l y  t h e y  

a r e  n o t  propped wi tF - ' a  budget  back ing ,  s o  t h e  s c h e d u l e  

w i l l  b e  v e r y  f l u i d ,  



The Research I n s t i t u t e  f o r  Coal Technology i s  

c u r r e n t l y  cons t ruc t i ng  a p i l o t  p l a n t  which i s  ex- 

pected t o  go i n t o  o p e r a t i o n  i n  t h e  f a l l  of  1980, 

Thoughthere a r e  many u n c e r t a i n  f a c t o r s  f o r  t h e  

f u t u r e  ou t look ,  i t  i s  planned t h a t  i n  t h e  end of 

1982 f i s c a l  year  o r  i n  1983 f i s c a l  year  a p ro to type  

fu rnace  wi th  h a l f  purposes of commercial and 

v e r i f i c a t i o n  t e s t  w i l l  be c o n s t r u c t e d .  

6 - 5 .  Commercialization p lans  i n  t h e  r e s p e c t i v e  r e s e a r c h  

i n s t i t u t e s ,  

As a n a t i o n a l  pr0.j e c t ,  c o a l  g a s i f i c a t i o n  and 

1 ique . fac t ion  ' a re  t o  be.  commercialized before  1990fs 

According t o .  th i ' s  schedule, '  . .it . would .be q u i t e  c e r t a i n  

t h a t  Narional  Research I n s t i t u t e  f ~ r  Pnllut i on  and 

Resources'-HitacEi, L td . ,  and t h e  Research I n s t i t u t e  

f o r  Coal Technology would tj0t.h 'akhi'eve thei:r com- 



merc i a l  s t a g e  t e s t i n g s  w i t h i n  t h e  above p e r i o d ,  

However, a t  p r e sen t  they a r e  s t i l l  i n  a p r i m i t i v e  stage 

of  development, thus  t h e i r  f u r t h e r  t e c h n i c a l  develop-  

ments and s o l u t i o n s  of problems would r e q u i r e  f l u c t u -  

a t i o n  of t h e  schedule ,  I t  i s ,  however, i n  t h e  broad 

sense ,  t h e  p rogress  w i l l  go t h e  pace a s  s e t  i n  t h e  

above item 6-d 
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7. Fue.1 C e l l o  

7-1 Introduct ion,  

The R & D works f o r  f u e l  c e l l s  i n  Japan have 

continued t o  be conducted s ince  1974 f i s c a l  year  a s  t h e  

"Hydrogen U t i l i z a t i o n  Projec t"  under Sunshine Program 

sponsored by M I T I 1 s  Agency of I n d u s t r i a l  Science and 

Technology. 

The purpose of these  works is  t o  a t t a i n  highly 

e f f i c i e n t  power' generat ion using hydrogen a s  i t s  f u e l  

when an economical hydrogen manufacturing technology 

has been es tabl i shed  i n  t h e  fu tu re .  The major themes 

i n  t h e  works have been focused on t h e  f i r s t -genera t ion  

f u e l  c e l l  mainly based on a l k a l i n e  e l e c t r o l y t e  and t h e  

'thirdzagcrieration f ~ ~ e l .  cell using s o l i d  e l e c t r o l y t e .  

Both of them have been researched on a laboratory 

s c a l e .  The work f o r  t h e  a . lka l i  . e l e c t r o l y t e  fue.1 c e l l  

has been j o i n t l y  conducted by F u j i  E l e c t r i c  C o . ,  L t d .  

and Central  Research I n s t i t u t e  of E l e c t r i c  Power Industry 



under a budget appropriated by MITIts Agency of Industrial 

Science and Technology, while the one for the solid fuel . 

cell. has been conducted by.Nationa1 Electrotechnical 

Laboratory under the same budgetary sponsorship. 

For the first generation alkali electrolyte cell, 

study has been completed on a system technology which 
. . 

would even make it possible to construct a power plant 

with a large capacity if only enough amount of budget 

can be appropriated;:. 

On the other hand, for the solid fuel cell, 

progress has been found in the R & D on basic technolo- 

gies, with successful results steadily being obtained 

on development of new technologies as mentioned in 7-3. 

Commercializing the solid fuel cell requires the re- 

search work with a large-scale pilot plant and is 

scheduled to be accomplished around the year of 1995. 

However, .such a time table is expected to be shortened 

by the acceleration of the R & D worlcs for alternative 

energy source utilization due to the second oil crisis. 



. Compared wi th  t h e  wide range of R & D works by UTC 

i n  t h e  U.S., t h e  works by J a p a n ' s  MITI 's  Agency of 

I n d u s t r i a l  Science and Technology have s o  f a r  cons i s t ed  - 

mainly of b a s i c  researches.  on t h e  f i e l d  of hydrogen 

energy.  u t i l i z a t i o n .  On t h e  o the r  hand, some domestic 

power and gas  f i r m s  have continued t h e  s tudy  from t h e  

s tandpoin t  of p l a n t  u s e r s .  Tokyo G a s  Co. , Lt d. and 

Osaka Gas Co., Ltd. have a l r e a d y  j o i n t l y ,  under t h e i r  

p a r t i c i p a t i o n  i n  t h e  UTC' s TARGET Program, c a r r i e d  out  

t h e  s tudy on a  11.5  kw demonstrat ion p l a n t  and been 

proceeding w i t h  t h e  p r e p a r a t i o n  f o r  s tudying  a  new 40 

kw f u e l  c e l l .  

Tokyo E l e c t r i c  Power.Company, Ltd. has  deci-ded t o  
. . 

purchase a t  a budget of about X5,000 m i l l i o n  ( o r  US $ 

23 m i l l i o n )  one s e t  of t h e  phosphate e l e c t r o l y t e  f u e l  

c e l l  power p l a n t  a l r e a d y  developed by UTC i n  t h e  U.S. 

and t o  adopt it f o r  d i spersed  power gene ra t i on .  

I n  ,Tapan, t h e r e  i s  no R & D work now under way on 

t h e  molten ca rbona te  e l e c t r o l y t e  f u e l  c e l l .  (A  b a s i c  



r e sea rch  w a s  conducted on t h i s  type  of c e l l  a t  Nagoya 

Univers i ty  i n  t h e  pas t  but has been suspended.) 

However, i n  o rder  t o  meet t h e  demand of switching 

energy sources  from petroleum t o  n a t u r a l . g a s  o r .  c o a l ,  

it i s  na . tu ra l ly  a n t i c i p a t e d  i n  gene ra l  t h a t  R & D work 

w i l l  be resumed a l s o  on t h e  f u e l  c e l l  u s ing  molten , 

carbonate  e l e c t r o l y t e  which can use  a wide range of 

hydrocarbon resources  as f u e l  i n s t ead  of u s ing  pure  

hydrogen and i s  h igher  i n  thermal e f f i c i e n c y .  

The cu r r en t  s t a t u s  on R & D works i n  Japan i s  

ou t l i ned  a s  fol lows.  



7-2 S t a t u s  of R & D i n  Japan 

7-2-1 Kinds of Fuel  C e l l  

The f u e l  c e l l  i s  a system t o  gene ra t e  e l e c t r i c  power 

by burning hydrogen. I n  gene ra l ,  water  and hea t  a r e  pro- 

duced when hydrogen i s  oxidized by oxygen while oxygen i s  

reduced by hydrogen. I n  t h e  f u e l  c e l l ,  such a r e a c t i o n  i s  

made t o  p rogress  e lec t rochemica l ly ,  Namely, t h e  h y d r o ~ e n -  

oxygen r e a c t i o n  i s  t h e  b a s i s  f o r  t h e  f u e l  c e l l .  There a r e  

va r ious  manners i n  which t h i s  r e a c t i o n  i s  advanced. Thus# 

t h e  f u e l  c e l l  i s  c l a s s i f i e d  according t o  such d i f f e r e n t  

manners of r eac t ion .  The fo l lowing  diagram shows how t h e  

f u e l  c e l l s  a r e  c l a s s i f i e d  by s e v e r a l  f a c t o r s 1  



Class i f icat ions  of f u e l  c e l l s  by reactant, e l ec tro ly te ,  
, 

c e l l .  operat ina temperature 'and fu'el ref  orminp temperature 

note:  represents e l e c t r o ~ y t e s ,  

represents f u e l  Ingredients resul t lna  
0 rr~m rerorming, 

.=>. 
Indicates processes which have been or 

much l i k e l y  t.0 be put  i n  practical  use,  



I n  t h e  diagram, v a r i a t  i ons  of o p e r a t i n p  temperature and 

f u e l  reforming temperature a r e  shown a long  t h e  v e r t i c a l  

d i r e c t i o n  and t h a t  of f u e l  m a t e r i a l  i s  a lonp  t h e  hor i -  

z o n t a l  d i r e c t i o n .  

, .  I n  Japan,  t h e  common name A f i r s t - g e n e r a t i o n  f u e l  

c e l l * '  i s  given t o  f u e l  c e l l s  u s ing  hydrogen as t h e i r  

f u e l  and phosphates as t h e i r  a s s i s t a n t  medium, t h e  name 

*s.econd-generation f u e l  c e l l *  i s  given t o  t hose  u s l n e  

hydrogen, carbon monoxide, e t c .  as t h e i r  f u e l  with a l k a l i  

metal  ca rbona tes  (molten carbona tes )  as a s s i s t a n t  medium 

and t h e  name Hth i rd -gene ra t ion  f u e l  c e l l N  i s  t o  those  

f u e l e d  by hydrogen and carbon monoxide with zlrconlum oxide 

( s o l i d  e l e c t r o l y t e )  as a s s i s t a n t  medium. 

I n  t h e  c a s e  of t h e  f i r s t - g e n e r a t i o n  c e l l s ,  r e a c t i o n  

i s  made a t  a lower temperature  of around 150°C but  power 

gene ra t ing  e f f i c i e n c y  i s  as low as 40%. I n  t h e  second- 

gene ra t ion  c e l l s ,  r e a c t i o n  temperature  i s  6 5 0 0 ~  and 

e f f i c i e n c y  i s  45%. For t h e  th i rd-genera t ion  c e l l s ,  e f -  

f i cency  reaches  as high as  50 - 55% a t  10003C. 

Among them, those  coming under t h e  f i r s t - g e n e r a t i o n  

and ene t h i r d - ~ e n c r a t i a n  have been ~ i .nder  R & D works i n  

Japan. 



F i r s t - q e n e r a t i o n  Fue l  C e l l  

The t ype  under development by Power Systems Diviskon 

of United Technologies Company i s  p r e d i c t e d  t o  become t h e  

f i r s t  f u e l  c e l l  power gene ra t i ng  system f o r  e e n e r a l  c i v i l -  

' I an  u se  t o  be put  i n t o  p r a c t i c a l  a p p l i c a t i o n  and i s  

considered t o  be most advanced i n  R & D a t  t h e  p r e s e n t  

p o i n t  of time. I n  t h i s  type  of f u e l  c e l l , ,  concen t ra ted  

phospho.ric a c i d  aqueous s o l u t i o n '  i s  used as e l e c t r o l y t e .  

Concerning t h i s  type ,  a n  on - s i t e  power gene ra t i ng  p l a n t  

( c a l l e d  'PC-11) w a s  developed i n  TARGET program (Team t o  

Advance Ressearch f o r  G a s  Energy Transformat ion) .  35U.S. 

gas  and power com?anies made a j o i n t  investment i n ' t h i s  

program. Tokyo G a s  Co., Ltd. and Osaka G a s  Co., Ltd. 

a l s o  t o g e t h e r  made a n  investment ( amounting t o  

$1,390,000) i n  it and imported 4 s e t s  of PC-11 o n - s i t e  power 

p l a n t  about  2 y e a r s  ago. Two of them were i n s t a l l e d  i n  

Osaka G a s  Co, 's c l u b  houses and t h e  2 n d  two ware used f o r  

an  ope ra t i ng  experiment i n  Tokyo Gas Co, , where a f i e l d  

t e s t  f o r  4000 hours  w a s  c a r r i e d  ou t ,  

Some r e s u l t s  have been ob ta ined  from those  such as 

a j o i n t  r e sea rch  between F u j i  E l e c t r i c  Co., Ltd. and. 

C e n t r a l  Eesearch I n s t i t u t e  of E l e c t r i c  Power Indus t ry .  



Third-generat ion Fuel  c e l l '  

Th is  type  of f u e l  c e l l  ts  a n t i c i p a t e d  t o  be pu t  i n t o  

p r a c t i c a l  u'se a f t e r  1990. I t  u s e s  zirconium oxide as 

e l e c t r o l y t e  t o .  t a k e  advantage of t h i s  subsance 's  p roper ty  

of bear ing  e l e c t r i c a l  co%ductivity.  f o r  oxypen ion when 

vacancy i n  c r y s t a l  s h i f t s .  

I n  overseas ,  t h i s  type  has  been being researched by 

Westinghouse E l e c t r i c  Co. i n  t h e  U.S.  and Drown Boveri & 

Cie A.G. i n  West Germany. 1n Japan,  it h a s  been under a 

t r ia l  product ion r e sea rch  by Nat ional  E l e c t r o t e c h n i c a l  

Laboratory of MITI 'S  Agemy of I n d u s t r i a l  Science and 

' , Technology. The Japanese c e l l  i s  same as t h e  t w o  over- 

s e a s  f i r m s '  units I n  t h e  a s p e c t  of using: zirconium oxide 

as e l e c t r o l y t e  bu t  somewhat d i f f e r s  from then i n  d e t a i l s .  

A s  t o  s o l i d  e l e c t r o l y t e  f o r  th i rd-genera t ion  f u e l  

c e l l ,  H i t ach i ,  Ltd. h a s  ob ta ined  a p a t e n t  on t h e  one con- 

t a i n i n g  cerium oxide as main ing red ien t .  However, t h e  

company has  "not y e t  s t a r t e d  a study of t h i s  type  of f u e l  

c e l l  



7-2-2 Research l a b o r a t o r i e s  e n n a ~ e d  i n  R & D of  F u e l  C e l l s  

.. First- ene era ti on hydropen f u e l  cel l ,  

F u j i  E l e c t r i c  Co., Ltd. 's C e n t r a l  Researching La- 

b o r a t o r y  (Address ,  2-2-1, Nagasaka, Yokosuka c ' i ty,  

Kanagawa-pref e c t u r e .  Phone a 0468 ( 56) 1191).  The relat-  

ed r e s e a r c h  works i n  t h i s  l a b o r a t o r y  i s  super in tended  by 

Mr, Ryoj i  Anahara, Chief Engineer  of  T e c h n i c a l  P l a n n i n p  

Department. C e n t r a l  Research I n s t i t u t e  o f  E l e c t r i c  Power 

I n d u s t r y ' s  Techn ica l  Labora tory  (Address :  Komae C i t y ,  
\ 

Tokyo. Phoner 03 (480)  2111).  The r e l a t e d  r e s e a r c h  works 

i n  t h i s  Labora tory  a r e  s u p e r v i s e d  by M r .  Machida, Manager 

of  Power System Department, ( C e n t r a l  Research I n s t i t u t e  

of E l e c t r i c  Power I n d u s t r y  began a j o i n t  r e s e a r c h  wi th  

. F U J I  E l e c t r i c  Co., Ltd,  a t  t h e .  beginning of F i s c a l  1978 
. . 

and completed it i n  March, 1979. c u r r e n t l y ,  a s m a l l s c a l e  

r e s e a r c h  i s  b e i n g  con t inued  by i t s  Power System Department) ,  

Th i rd -penera t ion  s o l i d  e l e c t r o l y t e  fuel c e l l  

Na t iona l  E l e c t r o t e c h n i c a l  Labora tory  .o f  Agency of I n d u s t r i ~ l  

Sc ience  and  Technology (Addressa 5-4-1, ~uka ld .a l -mach i ,  

Tanashi  C i t y ,  Tokyo. Phone,' O l ~ 2 L k  ( 6 1 )  21bcl), 



The r e spons ib l e  person f o r  t h i s  theme i s  M r .  Takeo Ozawa, 

Chief of B l e c t r o n i c a l  Chemistry Laboratory of Ma te r i a l s  

Department. 

7-2-3 Sca le .  of R & D works 

F i r s t -gene ra t ion  c e l l  

(1) F u j i  E l e c t r i c  Co., Ltd, 

This  company s t a r t e d  i t s  R & D work f o r  t h i s  s u b j e c t  

I n  1972, wi th  6  r e sea rch ing  persons  and a budget of 

~50 ,000 ,000 :  A s  a r e s u l t  from t h i s  work, they completed 

a hydrogen-oxygen f u e l  c e l l  power p l a n t  of 10 KW c l a s s  i n  

l a t e  1973. For t h e  per iod from F i s c a l  1973 t o  1976, t h e  

work w a s  c a r r i e d  ou t  by 6  persons  under a t o t a l  budget of 
* *  

Y 1~0 ,000 ,000 ,  

For t h e  per iod  from F i s c a l  1977 t o  1979, it has  been 

conducted as a j o i n t  r e sea rch  work with  Cen t r a l  Research 

I n s t i t u t e  of E l e c t r i c  Power Indus t ry ,  under a t o t a l  budpet 

c o n s i s t i n g  of X50,000,000 by F u j i  E l e c t r i c  Co,, Ltd. and 

y 50,000,000~ by Cen t r a l  Research I n s t i t u t e  of E l e c t r i c ,  

Power Indus t ry  as well  as with 10 r e s e a r c h e r s  composed of 6  

i n  l3-I ji E l e c t r i c  and 4 i n  t h e  s a i d  I n s t i t u t e .  



The t r i a l -p roduced  c e l l  of 10 KW c l a s s  has  a con- 

v e r s i o n  e f f i c i e n c y  of abou t . 60% and a n  ou tpu t  of D.C. 11,5V, 

9OOA. The e n t i r e  f u e l  c e l l  system i s  composed. of 3 kinds  

of modules--cell u n i t ;  hydrogen.& oxygen f eed inp  and c i r c u -  

l a t i n g  u n i t  1 and e l e c t r o l y t i c  s o l u t i o n  c i r c u l a t i n ~  u n i t .  

The c e l l  u n i t  i s  a n  a r r a y  of connect ing i n  s e r i e s  14 s roups  

each composed of 10 c e l l s  connected i n  p a r a l l e l .  The c e l l  

u s e s  m e t a l i c  p l a t e  of 1000 cm2 3s e l e c t r o d e  and raney a l l o y  

as c a t a l y s t .  ' I t  a l s o  u s e s  30% KOH ( p o t a s s i u n  hydrox1d.e) as 

e l e c t r o l y t i c  s o l u t i o n  and o p e r a t e s  at 6 5 0 ~ .  

( 2 )  Domestic work aonnected wi th  TARGET proeram. 

Tokyo G a s  Co. and Osaka Gas Co. t o g e t h e r  Imported 4 

s e t s  of on - s i t e  ' f ue l  c e l l  power p l a n t  und.er t h i s  prosram; 
1 

A t  t h a t  t ime,  Tokyo G a s  app rop r i a t ed  a b u d ~ e t  of X15,000,000 

with 4 r e s e a r c h e r s  and Osaka Gas d i d  a X8,000,000 budget 

wi th  3 r e s e a r c h e r s ,  where t h o s e  r e s e a r c h e r s  were devoted. t o  

d a t a  c o l l e c t i o n  and p l a n t  maintenance t o  s tudy f e a s i b l l i  ty .  

(1) Natinnal E l e c t r o t e c h n i c a l  Laboratory 



This  i n s t i t u t e  commenced i t s  R & D work f o r  t h i s  sub- 

j e c t  i n  F i s c a l  1976. The work w a s  i n i t i a t e d  wi th  a n a n n u a l  
1 

budget of Y20,000,000 and 3 r e s e a r c h e r s  belonging t o  i t s  

e l e c t r o n i c a l  chemistry labora tory .  I n  F i s c a l  1977, t h o s e  
2 i 

were increased  t o  Y50,000,000 and 6 persons  r e s p e c t i v e l y ,  

thanks  t o  occurrence of t h e  energy saving boom and increas -  

ed b r i skness  of t h e  Sunshine Program. Those f o r  F i s c a l  
3 

1978 were increased  t o  %60,000,000 and 8 persons  ( ,  2 of 

whom took charge of th i rd-genera t ion  f u e l  c e l l  and redox 

c e l l  concur ren t ly ) ,  fol lowed by t h e  i n c r e a s e  f o r  F i s c a l  
4 

1979 t o  ~ 1 0 0 , 0 0 0 , 0 0 0  and 10 persons. For  F i s c a l  1980, it 
5' 

i s  planned t o  demand Y200,000,000 - 300,000,000 and 10 

persons. 

7-2-11 A p ~ l i c a t l o n s  intended f o r  Fuel  C e l l s  

Developed 

The f u e l  c e l l  F u j i  B l e c t r i c  Cs. t e n t a t i v e l y  manu- 

f a c t u r e d  i n  1973 was one for demonstrat ion and has  been 

disassembled, The r e s u l t s  ob ta ined  from t h e  j o i n t  r e sea rch  

by Fuji F l e c t r i c  Co. and Cen t r a l  Research I n s t i t u t e  of 

E l e c t r i c  Power Indus t ry  have not  y e t  been made publ ic .  

(Th.ey a r e  scheduled t o  be r e l e a s e d  wi th in  1979.) T h i s  w i l l  
b e  f u r n i s h e d  a t  t h e  t i m e  of r e l e a s e .  
1. $ 92,-600. 
2. 232,000.  L 

3 .  278,000.  
4. 463,000. 
5 .  926 ,000  - $1 ,39O,OCp35  



Fuj i  E l e c t r i c  Co,, which i s  a power generator  manu- 

f a c t u r e r ,  considers  t o  u t i l i z e  i t s  f i r s t -genera t ion  

hydr,ogen-oxygen f u e l  c e l l  f o r  such uses  as a u x i l i a r y  power 

generation, viewing t h a t  I t  can be put i n t o  p r a c t i c a l  use  

e a r l i e s t  l n  t h e  f u t u r e  among many types of f u e l  c e l l s .  

They plan t o  e s t a b l i s h  a system where some number of car-  

t r i d g e s  each containing a  u n i t  c e l l  a r r a y  with r e spec t ive  

s i z e  of output can bei..connected together  i n  s e r i e s  t o  ob- 

t a i n  a des i red  s i z e  of t o t a l  output and "such c a r t r i d n e s  

can be added, removed o r  exchanged r e a d i l y  accordinp t o  

requirements, It i s  planned t h a t ,  when they can a t t a i n  

a scale,  of 30 - 50 KW per  c a r t r i d g e ,  . t hey  w i l l ,  through 

Central  Research I n s t i t u t e  of E l e c t r i c  Power Industry work 
I 

on power companies, asking them t o  adopt t h i s  system as a 

generator  f o r  peak load time, a t  the  i n i t i a l  s tage,  They 

a l s o  plan t o  market t h i s  type of f u e l  c e l l  system, as a 

s u b s t i t u t e  f o r  ex1sten.t a u x i l i a r y  genera tors  ( such a-s those 

using d i e s e l  engine and gas t u r b i n e ) ,  t o  primary i n d u s t r i e s  

demanding a l a r g e  quant i ty  of e l e c t r i c  power, including 

aluminum sme,%ting industry,  It  i s  aimed t o  be commer- 

c i a l i z e d  a.round 1981 - 1982. 

The c e l l  under R & D work by National Elec t ro technica l  

Laboratory Is cur ren t ly  a t  t h e  s tage  of i t s  basic  research, 



I t  i s  planned t h a t  t h i s  work w i l l  be continued till t h e  end 

of F i s c a l  1981 and t h a t ,  i f  t h e  r e s u l t  i s  successfu l ,  t h e  

work w i l l  be scaled up t o  a l a r g e  p ro jec t  under Moonlight 

Program. The s t a f f  of t h i s  laboratory s t a t e  mWe can plan 

i t s  app l i ca t ions  a f t e r  tak ing  it  up as a n a t i o n a l , p r o j e c t n .  

However, . the c e l l  under t h e i r  cur rent  R & D work i s  based on 

a n  idea of developing t h e  f u e l  c e l l  power p lan t  t o  replace  

t h e  e x i s t i n g  thermal power p l a n t ,  e tc .  They aim t o  develop 

a power p lant  which does not use  f o s s i l  f u e l  such as pe- 

troleum, under t h e i r  f o r e c a s t  t h a t ,  i n  the  f u t u r e ,  power 

generat ion w i l l  come t o  t h e  age of coexistence of power 

p l a n t s  using various types of energy sources includinp fos- 

s i l  f u e l ,  n u c l e a r ,  s o l a r  and geothermal energies ,  MHD and 

f u e l  c e l l .  Thus, t h e  longevity and high e f f i c i ency  have 

been main t a r g e t s  i n  t h e  current  t r i a l  production research 

f o r  t h e  ziroonium oxide-based s o l i d  e l e c t r o l y t e  which i s  of 

t h e  type s t a b i l i z e d  by a d d i t i o n  of g a l l c i a  and yttrium. 

More specif  i c a l l y ,  t h e  t a r g e t s  Include contlnuous operat ion 

f o r  100,000 hours. 



I n  view t h a t  t h e  f u e l  cel1:system i s  compact and, if 

t h e  c a r t r i d g e  Is a p p l i e d  t o  it, can be replaced e a s i l y ,  It 

i s  planned t o  put t h i s  system i n  a demonstratinu operat ion 

i n  such c o l l e c t i v e  housing as apartment complex, a t  an  in-  

i t i a l  s t age  of i t s  commercialization and then t o  enlarge 

t h e  s c a l e  of app l i ca t ion  gradually.  It  i s  a n t i c i p a t e d  t h a t  

t h e  f u e l  c e l l  system Is l i k e l y  t o  be put i n t o  p r a c t i c a l  use  . 

before 1985. 

. . 

7-.2.-5 R & D .works i n  f u t u r e  and comme~cial lz inp schedule. 

F u j i  E l e c t r i c  Co., Ltd. s t a r t e d  developine t h e  la ree-  

s i z e  c a r t r i d g e  system i n  F i s c a l  1979. They a r e  scheduled 

t o  complete a system of about 20 KW and put I t  under a 

demonstrating operat ion by t h e  end of F i s c a l  1980 and t o  

commercialize one of 30 - 50 KW during t h e  per iod of 1981 

t o  1982. National Elec t ro technlca l  Laboratory plan t o  

continue t h e i r  in-house R & D work till 1979 - 1980, then 

t o  s c a l e  up the  work t o  a la rge-s ize  p ro jec t  under Moon- 

l i g h t  Program I n  1981 - 1985 and then t o  develop a 

demonstration p lan t  i n  1985 - 1987. 

I n  Japan, t h e r e  IE no o r p ~ n i z a t l a n  known t o  have been 



researching t h e  second-generation f u e l  c e l l .  A s  t o  t h e  

third-generat ion f u e l  c e l l ,  it i s  .rumored t h a t  Hitachl ,  

Ltd., Matsushita Cel l  Co,, Ltd. and Tokyo Shibaura E l e c t r i c  

Co., Ltd. w i l l  e n t e r  i n t o  t h i s  f i e l d ,  i n  add i t ion  t o  

National Elec t ro technica l  Laboratory. Hitachi ,  Ltd. have 

a patent  on s o l i d  e l e c t r o l y t e  (cerium oxide).  However, 

t h i s  pa tent  Is jus t  based on a r e s u l t  which w a s  a t t a l n e d  

by one of the  researchers  i n  t h e i r  Central  Research 

Laboratory, and they a r e  cu r ren t ly  performinp no research 

work on the  f u e l  c e l l  i t s e l f .  They appear t o  intend t o  

start t h e i r . r e s e a r c h  i n  a more se r ious  manner i f  they f i n d  

necess i ty  while watching t h e  movements of o the r  firms. 

I t  appears t h a t  a ' f e w  a d d i t i o n a l  e n t e r p r i s e s  may an- 

nounce t h e i r  R & D p r o j e c t . i n  the  f i e l d  o f ' t h e  th!rd- 

generat ion c e l l ,  within one o r  two years.  



7-3 Thin Film Solid Electrolyte Fuel Cell Made by High 

Frequency Sputtering Process 

7-3-1 Introduction: 

The Solid Electrolyte Fuel Cell represents a high 

temperature type Fuel Cell in which electrolyte is 

..- .., 
.:;..:A. made of such oxygen ion conductor as zirconia, stabilized 

with Calcium, Yttrium and the like. 

It is generally understood that the operable 

temperature. of the Stabilized Zirconia Solid Electrolyte 

Fuel Cells is tolerated at about 1,000~~; however in 

consideration of the life of heat resistant material 

used, its economical view point and theoretical thermo- 

dynamic efficiency of the cells, lower temperatures 

are more desired. 

It is also generally purported that as a target 

value of a Fuel cell, output density is about several 

hundred mwcmy2 In order to achieve this 



value,  i n t e r n a l  r e s i s t a n c e  per un i t  a rea  of i t s  

e lec t rode  should be made l e s s  t h e  1 T? km-2. 

However, the  f a c t  i s  t h a t  i n  case of CSZ ('Calcium 

s t a b i l i z e d  Zi rconia) ,  t h e  r e s i s t a n c e  of t h e  s o l i d  

e l e c t r o l y t e  a t  t h e  temperature of 1 , 0 0 0 ~ ~  does r e g i s t e r  

80 f2 cm and even YSZ (Yttrium s t a b i l i z e d  Z'irconia) 

shows more than 10 fi cm. To reduce t h e  i n t e r n a l  

r e s i s t a n c e  t o  l e s s  than 1 R cm-2, t h e  thickness  of 

t h e  s o l i d  electro.l.yte i s  required to. be made t h i n n e r ,  

possibly 100 pm for'CSZ and 1 mm f o r  YSZ o r  l e s s .  

~ a ' k i n g  f u r t h e r  t h e  above des ' irable lower operat  ion  

temperature i n t o  cons idera t ion ,  t h e  thickness  of t h e  

s o l i d  e l e c t r o l y t e  would be more needed t o  be more 

th inner .  

Since t h e  r e s i s t a n c e  of t h e  CSZ and YSZ w i l l  

increase t o  10  t,imes when t h e  temperature lowered by 

200°c, operat ion temperature a t  8 0 0 ' ~  requ i res  t h e  

thickness  of t h e  s o l i d  e l e c t r o l y t e  be uut! Ceiith of 

t h e  thickness  a t  1 , 0 0 U o ~ .  



The National ~ l e c t r o t e c h n i c a l  ~ a b o r a t o r ~ ,  i n  

an e f f o r t  t o  develop a  f u e l  c e l l  with th inner  s o l i d  . ' 

e l e c t r o l y t e  f o r  operat ing a t  t h e  temperature a t  600 

- 8 0 0 ' ~  a s  a  t a r g e t ,  has ca r r i ed  on R & D on how t o  . ' . 

make t h e  s t a b i l i z e d  z i rconia  s o l i d  e l e c t r o l y t e  th inner  

a s  poss ib le ,  adopting t h e  High Frequency Sput te r  system 

which i s  an es tabl i shed  process f o r  preparing oxides,. 

f o r  a  thinning technology. Also severa l  Kinds of Oxide 

mater ia l  f o r  e lec t rode  have been s tudied.  f o r  t h e  purpose 

of obtaining t h i n  electrode.  

Apparatus 

In  production of t h e  t h i n  films, Dipole High 

Frequency Sput te rer  (Nichiden-Varian Co. product,  

Model FP-46, Frequency 13.56 MHz. Max. High Frequency 

output 1 KW) was used. ~ e c a u s e  t a r g e t  mater ia l  was 

used i n  t h e  forms of s in te red  p l a t e s  and powder, 

adopted was t h e  spuL;Le1--~1) system where t h c  t a r g o t  

electro.de was placed lower, and s u b s t r a t e  e l ec t rode  

was s e t  a t  upper pos i t ion .  



The thickness of the film was measured by both 

weighing method and interference method using an 

interference microscape. For determination of the , 

construction and composition of the film, a scanning 

electron microscope, an X-ray diffraction'device and 

an ion microanalyzer are used. An LCR meter (YHP Co. 

Model 42618) was used for conductivity determination. 

7-3-3 Economy of the Fuel Cell with Stabilized Zirconia 

Sputtered Film 

.- 

The economy of the Fuel Cell with stabilized 

Ziconia sputtered thin film was examined. 

Assuming the thickness of YSZ film being 5 )zm 

and the output density of the cell 0.2 w/cm2, a 

comparison of economical characteristics of 3 kinds 

of apparatus: apparatus used in this study, a High 

speed sp~it.tsri.ng apparatus in general use and a mass 

prnduction high speed sputterer in general use are 



shown i n  Table 2. The C a p i t a l  recovery w a s  c a l c u l a t e d  

based on t h e  l i f e  of equipment f o r  20 yea r s  and t h e  

r a t e  of i n t e r e s t  0.08 o/o pe r  annum. 'The p r i c e  of 

t a r g e t  m a t e r i a l  i s  c a l c u l a t e d  r a t h e r  low, on t h e  

assumption of a  mass product ion system us ing  a  small 

chunk of ma te r i a l .  A s  f o r  l abo r  c o s t ,  assuming a  man 

unde r t akes .5  dev ices ,  t h e  va lue  w a s  c a l cu l a t ed  t o  

' o b t a i n  one f i f t h .  Annual product ion was computed by 

t ak ing  i n t o  account t h o s e  f a c t o r s  as f i l m  product ion 

speed, a r e a ,  t h i ckness  of f i l m  and ou tpu t .  I f  assumed 

t h a t  t h e  high speed s p u t t e r e r  can achieve 3 t imes 

h igher  film-making r a t e  and t h e  mass-production appara tus  

10  t imes wider i n  t h e  a r e a ,  t h e  c o s t  comes t o  320,00O/KW. 

Reckoning wi th  f u t u r e  r educ t ion  of t h e  c o s t  a long  with  

j.mprovement of s p u t t e r i n g  technique and, cons ' ider ing 

fur thermore,  t h a t  t h e  cu r r en t  cons t ruc t ion  c o s t  of 
k 1 

thermal power p l a n t  i s  g100,OOO.- g150,000/KW, it i s  

judged t h a t  t h e  s t a b i l i z e d  z i r i c o n i a  s p u t t e r e d  f i l m  

Fuel  c e l l  i s  economically not  un feas ib l e .  



H i g h p e e d  Current  Study Utterer Mass-production s p u t t  e r e r  

Deposi t ing a r e a  100 cm2 100 cm2 100 cm 2 

C a p i t a l  recovery Y500,OOO . ' S800,OOO Y3'; OOO., 000 
($2,315.) . (83,704.) (.$I3 ,890. 1 

Target  m a t e r i a l  200,000 50,000 500,000 
:/I (8926.00) (8232.00) (82,315.) 

U t i l i t i e s  90,000 90,000 700,000' 
(8417.) ($417.) ($3.241.) 

Labors (1/5) 2,000,000 2,000,000 2,000,000 
(89,259.) ($9,259.) (89.259.) 

) 

Tot a 1  3,290,000 3 ,440,000 7,200,000 
(815,231,) ($15.925,) ($33.333.) 

. . Annual product ion 12.3 KW/year 36.9 LW/year 369 KW/year 

• Unit c o s t  Y267,OOO/KW V93,000/KW X20, OOO/KW 
($1.236.) ( $ 4 3 1 . )  (892,601 

Based on: Film t h i c k n e s s :  5 y m  

Out put  d e n s i t y :  0 . 2  W cmm2 

Table 2. Economy comparison of Fuel  C e l l s  

wi th  s p u t t e r e d  f i lm .  
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7-3-4 Conclusion 

By using the High frequency Sputtering process 

it has been found possible to produce stabilized 

Zirconia solid electrolyte thin film which has 

essentially. same structure and composition as starting 

substance (target material) ' originally has. Also it 

has been made possible to compose a fuel cell, using 

this thin film, in a structure of 3 layers of electrode- 

solid electrolyte-electrode. 

However, the common problem found in the thin 

film-making for solid electrolytes and oxides 

electrodes is that if' allowed t'o thicken the film, 

the film is apt to peel off, and is going to have 

uneven thickness. Especially in composing cells, 

solid eJ.ectrolyte is deposited in film on porous 

substrate and so, a smooth surface of the electrode 

is a must. 

Giving a thought to these points, currently 



f u r t h e r  inves t iga t ions  a r e  under way with a  concept 

of a  combined f u e l  c e l l  with bismuth oxide-based s o l i d  

e l e c t r o l y t e  which i s  of high e l e c t r i c  c o ~ ~ d u c t i v i t y ,  

but i s  unable t o  use i n  reducing atmosphere, together  

with t h e  z i rconia  e l e c t r o l y t e .  When it comes t o  t h e  

oxides e lec t rode  t h i n  f i l m ,  a  concept of composing 

f u e l  c e l l  based on t h e  funct ion  t h a t  an e lec t rode  

c a t a l y s t  gives  i s  cur ren t ly  being inves t iga ted .  

Unit c e l l s  which were test-produced f o r  using i r idium 

s in te red  e lec t rodes  a r e  s t i l l  undergoing continuous 

study on heated condi t ion (about 800 '~) .  




