






E l e c t r i c a l  c h a r a c t e r i s t i c s  o b s e r v e d  d u r i n g  s e v e r a l  t e s t s  w i t h  t h e  " f l i p  
c o i l "  s h o w e d  t h a t  t h e  c o i l  d id ,  i n  f a c t ,  r e d u c e  t h e  c u r r e n t  f l u c t u a t i o n  f r e -  
q u e n c i e s  i n  t h e  g a s i f i e r ,  b u t  t h a t  t h e  v a r i a t i o n  i n  c u r r e n t  m a g n i t u d e  w a s  
t h e  s a m e  w i t h  o r  w i t h o u t  t h e  f l i p  c o i l  i n  o p e r a t i o n .  

B e c a u s e  of  t i m e  c o n s t r a i n t s ,  f u r t h e r  t e s t s  u s i n g  h i g h e r  f l ip  c o i l  c u r r e n t s  
w e r e  c a n c e l l e d .  In  a d d i t i o n ,  H Y G A S  p l a n n e r s  d e c i d e d  n o t  t o  i n s t a l l  a f l i p  
c o i l  i n  t h e  p l a n n e d  2 - m e g a w a t t  u n i t  d u e  t o  t h e  a p p a r e n t  f a b r i c a t i o n  a n d  
i n s t a l l a t i o n  d i f f i c u l t i e s .  T h e  c o n c e p t  s t i l l  r e m a i n s  v a l i d ,  h o w e v e r ,  a n d  f o r  
f u t u r e  u n i t s ,  m e t h o d s  s h o u l d  b e  i n v e s t i g a t e d  f o r  l o c a t i n g  t h e  f l i p  c o i l  on  t h e  
e x t e r i o r  o f  t h e  b e d ,  a n d  f o r  o p e r a t i o n s  a t  m u c h  h i g h e r  c o i l - c u r r e n t .  T h e  
u s e  o f  a c r y o g e n i c  o r  s u p e r c o n d u c t i n g  c o i l  m i g h t  a l s o  b e  c o n s i d e r e d .  T h e  
p o s s i b i l i t y  s t i l l  e x i s t s  t h a t  t h i s  m e t h o d  c o u l d  r e c u d e  t h e  r e s i s t a n c e  f l u c t u a t i o n s  
o f  o f  t h e  b e d  to  a l o w  l e v e l .  T h i s  i m p r o v e m e n t  w o u l d  e l i m i n a t e  t h e  n e e d  
f o r  s p e c i a l  c o n t r o l s  of  t h e  p o w e r  s u p p l y ,  a n d  w o u l d  r e d u c e  c a p i t a l  c o s t s  
o f  t h e  p o w e r  s u p p l y  s e c t i o n  of  a c o m m e r c i a l  p l a n t .  

4 a .  1 . 9 . 6  A l t e r n a t i n g  v e r s u s  D i r e c t  C u r r e n t  

T h e  s e l e c t i o n  o f  d i r e c t  c u r r e n t  p o w e r  to  c o n d u c t  t h e  6 - i n c h  e l e c t r o t h e r m a l  
g a s i f i c a t i o n  p r o g r a m  w a s  b a s e d  on  d e v e l o p m e n t  of  a d v a n c e d  p o w e r  s y s t e m s  
a t  t h a t  t i m e ,  s u c h  a s  M a g n e t o h y d r o d y n a m i c  ( M H D )  g e n e r a t o r s ,  w h i c h  p r o d u c e  
d i r e c t  c u r r e n t  a t  h i g h  e f f i c i e n c y .  T o d a y ,  ( m i d - 1 9 7 4 )  t h e  M H D  c o n c e p t  l o o k s  
p a r t i c u l a r l y  p r o m i s i n g  b e c a u s e  t h e  r e s i d u e  c h a r  f r o m  t h e  e l e c t r o t h e r m a l  
g a s i f i e r  i s  a n  i d e a l  f u e l  f o r  t h i s  t y p e  o f  p o w e r  g e n e r a t i o n  w h e r e  l o w  h y d r o g e n  
in  t h e  f u e l  i s  d e s i r e d .  

The use of an alternating current power supply for concentric electrodes 
in electrothermal gasification leads to a number of constraints, the most 
serious of which is the requirement for maintaining a balance in the three- 
phase system, particularly at high power levels. This means that at least 
three reactor beds must be used at all times with a fourth bed on standby 
to avoid unbalanced operation should one reactor system require a shutdown. 
Further, noise filtering of an alternating current system is much more 
complicated and costly than on a direct-current system. 

U s i n g  a d i r e c t  c u r r e n t  p o w e r  s u p p l y  f o r  e l e c t r o t h e r m a l  g a s i f i c a t i o n  p r o v i d e s  
a m e a n s  f o r  d e c o u p l i n g  t h e  a l t e r n a t i n g  c u r r e n t  p o w e r  s y s t e m  f r o m  t h e  l o a d .  
I t  a l s o  i s  e a s i e r  to  c o n t r o l  t h e  r e c t i f i e r  o u t p u t ,  to  o n e  o r  s e v e r a l  b e d s ,  t h a n  
t o  t r y  t o  c o n t r o l  t h r e e  s i n g l e - p h a s e  b e d s  c o n n e c t e d  to  a t h r e e - p h a s e  a l t e r n a t i n g  
c u r r e n t  s y s t e m .  

4 a .  1 . 9 . 7  P o l a r i t y  

D u r i n g  o n e  t e s t  o f  t h e  6 - i n c h  d i a m e t e r  r e a c t o r ,  w h i l e  a t  s t e a d y - s t a t e  
c o n d i t i o n s ,  t h e  p o l a r i t y  of  t h e  c i r c u i t  w a s  r e v e r s e d  a n d  v o l t a g e - c u r r e n t  d a t a  
w e r e  t a k e n  f o r  c o m p a r i s o n  w i t h  d a t a  o b t a i n e d  p r e v i o u s l y  to  o b s e r v e  w h e t h e r  
s y m m e t r i c a l  o p e r a t i o n  w o u l d  b e  o b t a i n e d .  F i g u r e  4a .  1 - 2 4  i l l u s t r a t e s  t h e  
m e a n  V - I  c h a r a c t e r i s t i c s  o b s e r v e d  d u r i n g  t h e  p e r i o d  o f  r e v e r s e d  p o l a r i t y .  
T h e  c u r v e  a s  s h o w n  c o r r e s p o n d s  to  a p p r o x i m a t e l y  I - V  z, 9 c o m p a r e d  to  t h e  
I~V1 ,1° in  o t h e r  s u c c e s s f u l  t e s t s .  A l t h o u g h  t h e  d a t a  s h o w  t h e  c h a r a c t e r i s t i c s  
t o  d i f f e r  s o m e w h a t ,  it  i s  n o t  s u f f i c i e n t l y  e x t e n s i v e  to  c o n c l u d e  a s y m m e t r y  
i n  a r e v e r s e d  p o l a r i t y  o r  a l t e r n a t i n g  c u r r e n t  o p e r a t i o n ,  a n d  m o r e  t e s t s  
s h o u l d  b e  c o n d u c t e d  to  d e t e r m i n e  a l t e r n a t i n g  c u r r e n t  s y m m e t r y  in  a c o n -  
c e n t r i c  c o n f i g u r a t i o n .  

I -  

J 





T h e  e f fec t  of r e v e r s e  p o l a r i t y  was  not p u r s u e d  fo r  two r e a s o n s :  b e c a u s e  
of t h e  s u c c e s s f u l  o p e r a t i o n  of t he  300 k i lowa t t  e l e c t r o t h e r m a l  g a s i f i e r ,  
u s i n g  t h e  c e n t e r  e l e c t r o d e  as  the  h i g h - p o t e n t i a l  t e r m i n a l ,  and  the  r e a c t o r  
a s  t h e  low po ten t i a l ,  g r o u n d e d  t e r m i n a l ,  and  Z) b e c a u s e  of the m o r e  
c o m p l i c a t e d  e l e c t r i c a l  i s o l a t i o n  r e q u i r e m e n t s  shou ld  ~he r e a c t o r  be  u s e d  
a s  t h e  h i g h - p o t e n t i a l  t e r m i n a l .  
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N O M E N C L A T U R E  AND SUMMARY O F  EQUATIONS 
F O R . B E D  R E S I S T A N C E  

Area of bed 

Electric field intensity 

Current 

Current density 

Constant used in equation p = k$ n 

Constant used in equation V = k'l n + 1 

Length of bed 

Superscript related to the nonlinearity of the electrogasifier bed 

R a d i u s  

V o l t a g e  

Re  s i s t i v i t y  

M e a n  o r  a v e r a g e  r e s i s t i v i t y  

Subscripts 

I n s i d e  

Out  s ide  

Alternating current 

Direct current 

4a~1 .-41 











T a b l e  4a.  I--AI: P a r t  4.  O P E R A T I N G  CONDITIONS AND R E S U L T S  
O F  E L E C T R O T H E R M A L  GASIFICAT ION 

Run No. EG-Z4 l~.G-Z_... 6 EG-Z8 EG-Z9 EG- 34 

Feed Char FMC FMC FMC FMC Indiana Hydro- 
gas i f ied  C h a r  

Sieve  Size ,  USS --10+80 --10+80 --10+80 - -10+80 --10+80 

D u r a t i o n  of  T e s t ,  h r  2 . 5 7  Z. 28 2 . 8 7  3. q41 ~,. 6 

S t e a d y - S ~ t e  O p e r a t i n g  Pe r iod .  min  40 60 90 80 (~) 

Electrode Material 31b SS 316 SS 316 SS ~16 SS $1~, ,~q 

OPERATING CONDITIONS 

Bed He igh t  3 . 5  2 . 7 4  Z. 75 Z. 7~ ?.. I ~, 

R e a c t o r  P r e s s u r e .  p s ig  1040 10Z0 i024  I024 996 

R e a c t o r  Temp .  " F  
lncheB F r o m  Bot tom 

6 930 700 915 960 ~4s 

IZ 910 850 950 1090 -- 

18 1120 925 1195 1240 550 

24 IZ30 l 250 l 5Z5 1605 - - 

30 1390 1250 1470 1.100 = - 

36 1460 1440 1600 1670 - - 

39 1470 1400 . . . .  140,) 

42 1555 14.50 1710 I170 1820 

4 5 1650 1550 1670 1460 - -  

48 1680 1600 1700 - .  I B ~0 

51 1680 1690 1700 176O - - 

54 1770 1400 1715 1860 -- 

57 1780 1450 1710 1840 1870 

60 1800 16 cA) 1720 1840 ! 8 30 

7Z 1845 1730 1770 1760 - -  

96 1875 i6Z0 t780 1820 - - 

104 186===_5_5 1850 1770 164_.~0 - - 

A v e r a g e  ( t o p  3, 5 f t )  1677 1570 . . . . . .  

( t o p  2.75 ft) 17Z3 1600 17L5 ]765 1845 

S t e a m  F e e d  P a t e .  I b l h r  145 .0  I ~5.0 I=,5 145 12=, 

S t e a m  R e s i d e n c e  T i m e ,  m l n  0 . 2 4  O. 25 0 . 1 9  O. Z l  0. ZZ 

S team S u p e r f i c i a l  V e l o c i t y .  f t / s  0 . 2 Z  0 . 2 2  0 24 0.  ZZ 0.  Zl 

S t e a m / C h a r  F e e d  Ratio.  Ib / lb  I. 46  I .  01 I .  2 J 0 88  I.  06 

C h a r  F e e d  Race, l b / h r  ( d r y )  99.  3 I 33 .0  I ZS. 6 1 6 5 . 6  I lH ? 

C h a r  R e s i d e n c e  T i m e .  mln  I I ,  6 7.  I 7 . 6  6 .1  6 . 7  

N i t rogen  P u r g e  Rate,  S C F / h r  180Z 1594 647 $7=, 861 

Voltage,  V 235 ~ZZ 181 258 $61 

C u r r e n t .  A 438 34Z ~38 27 =, 211 

Power  Inp'~t. kW ]03  75 .9  61. i 7 1 , 0  8 t . Z  

Overa l l  R e s i s t a n c e ,  ohm 0 . 5 4  0 65 0. %4 0 . 9 4  I ,  57 

O P E R A T I N G  RESULTS 

P r o d u t t  Gas Pa te ,  SCF/hr ( d r y )  2447 1902 32Z8 1098 2160 

P r o d u c t  G a s  Yield. S C F / I b  c h a r  ( d r y )  2 4 . 6  14, ~ 2 5 . 7  1 8  7 lg ,  5 

l i y d r o g e n  Yield.  S C F / I b  l 1 . 7  7 , 0  | 2 . 0  9. I) 9.  l 

C a r b o n  Monoxide Yield, SCFIIb 7 8 5.0 6, 0 4 , 4  ~. 5 

Carbon  Ox ides  Yield,  S C F / I b  11 .2  6 . 4  I I. 1 7 .9  7 .4  

C h a r  G a s i f i e d ,  w t  ~* 17 .6  Z5 .4  49 2 37 .4  ~ 4 ' t  

Carbon  Gas i f i ed .  wt ~ 54. 3 Zg. ~ 57 .4  ~9 .6  17 Z 

L i q u i d  p r o d u c t s ,  l b / h r  7 8 . 5  8 6  6 6 1 . 6  ~7.4  ~8 7 

S t e a m  D e c o m p o s e d ,  I b / h r  66. 5 50 .4  9 1  4 KT. G f ~ l  9 

S t e a m  Conver s ion ,  wt % 4 5 . 9  37 ~ ~9.0  G0.4 5~. I 

O v e r a l l  M a t e r i a l  Ba lance .  ~; 102. =, 9 7 . 8  99, 4 q6.7 9 6 . 8  

Carbon  B a l a n c e .  % 1 1 1 . 6  lO0.O 99.  I 9 % 4  9r~ L 

H y d r o g e n  B a l a n c e ,  % 100 .0  100 .0  100 0 I00.0 I011.~1 

Oxygen B a l a n c e ,  % 9 8 . 0  97.0 lO0 ~ ~18. 5 99.4 

PRODUCT GAS PROPERTIES 

C o m p o s i t i o n .  m o l e  ". ( d r y }  ~ 

CO 3 1 . 8  3 5 . 5  Z} I Z t . 7  IK. I 

CO 1 I L l  9 0 1 9 , 8  18.4 22 1 

H z 4 7 . 6  49. I 46.6 414 0 I,I, '-, 

CH4 6 8 6.4 9 I 'I<R I l l  I 

ItZS 0 .~,.~ . . II . h  I t .  4 --=i~. 

T o t a l  100 .0  10o .0  1011.0 I l i l l ,  II 10o II 

Specif ic  G r a v i t y  {Air  = I . n 0 0  ) o. 584 0 =,49 t l .  hi 9 0 -9'1 ¢l. GO i 
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Table 4a. 1--AI: Part 5. OPERATING CONDITIONS AND RESULTS 
OF E LECT ROT HERMAL GASIFICAT IO N 

Run No. 

F~,ed Cha r  

Sieve Size ,  USS 

Dura t ion  of Tea t .  h r  

S t eady -S ta t e  O p e r a t i n g  Per iod ,  rain 

E l e c t r o d e  M a t e r t a t  

O P E R A T I N G  CONDITIONS 

Bed Helght ,  ft 

R e a c t o r  P r e s s u r e ,  p s ig  

R e a c t o r  Temp ,  " F  
Inches F r o m  Bot tom 

t9 

4Z 

45 

48 

54 

57 

60 
6~ 

72 

A v e r a g e  

S t e a m  F e e d  Pa te .  l b / h r  

S t e a m  R e s i d e n c e  T i m e .  ra in  

S t e a m  Super f i c i a l  Veloc i ty .  f t / a  

S t e a m / C h a r  F e e d  Rat io .  Ib / lh  

C h a r  Feed  Rate  ( d r y ) .  l b / h r  

C h a r  R e s i d e n c e  T i m e .  rain 

Ni t rogen  P u r g e  Ra te .  S C F / h r  

Vottage.  V 

Cur ren t .  A 

Power  Input. kW 

O v e r a l l  Res is tance,  o h m  

O P E R A T I N G  RESULTS 

P r o d u c t  G a s  Rate ( d r y ) ,  S C F / h r  

Produc t  Gaa  Yield  ( d r y ) .  S C F / l b  c h a r  

Hydrogen  Yield, S C F / I b  

Carbon  Monoxide  Yield, S C F / t b  c h a r  

Carbon  Ox ides  Yield,  S C F / I b  

C h a r  Gas i f ied ,  wt  % 

Carbon  Gas i f ied ,  wt ~;, 

Liquid  P r o d u c t | .  ] b ]h r  

S t e a m  Decomposed .  I b / h r  

Steam Convers ion .  wt ~ 

O v e r a l l  M a t e r i , l  Balance .  ~o 

Carbon  B a l a n c e  "/o 

Hydrogen  Ba lance .  ~'. 

Oxygen Ba lance ,  ~ 

PRODUCT GAS P R O P E R T I E S  

Composi t ion .  m o l e  ~;, 

CO 

COz 

I12 

CH4 

HzS 

To tM 

Specif ic  G r a v i t y  ( A i r  = 1 . 0 0 )  

E G -  3_..__7 EG -4.____6 EG-4........_7 EG -4_.__a 

- -  IIV B i tu rn lnous  Hydrogaa l f i ed  C h a r - -  

-10+80 -10+80 -I0+80 -10+80 

5,75 4 . 6 5  5.28 5 .62  

60 90 80 90 

316 SS 316 SS 316 SS 316 SS 

2 .75  2 . 7 5  2 .75  2 .75  

959 1008 1004 1010 

. .  1930 1950 2035 

1840 1805 1940 1850 

. .  1815 1935 1845 

- -  1945 1930 1900 

. .  1870 1960 1920 

. .  1890 1905 1900 

. .  1950 1880 1980 

1780 1910 1825 - -  

1800 . . . .  1880 

. . . . . .  191A 

1805 1889 1916 . 1914 

142 104 140 121 

0 . 1 9  0 . 2 2  0 . 1 7  0 . 1 9  

0 .24  O.ZO 0 . 2 8  O.Z4 

1.08 0 . 7 8  1 .22  [ . 4 5  

1 3 1 . 5  1326 114 .4  8 3 . 2  

6.2 % 3  6.1 8.8 

640 682 5~8 856 

288 213 285 235 

331 344 221 286 

9 5 . 3  7 3 . 3  63.0 67.2  

0.87 0 . 6 2  1 .3  0 . 8 2  

2271 2419 2294 2138 

17.3 18.2 20.1 25.7 

8 . 4  8 . q  10 6 13.1  

5 . 7  5 .9  4 . 9  7 . 0  

7 . 4  8 . 1  8 . 0  9 . 7  

30. 5 34 .0  33 .7  3 4 . 5  

3 6 . 3  41 9 ~3.0 4 7 . 0  

8 1 . 0  36.2 70 .4  ~ 7  0 

61 0 6 7 . 8  6 9 . 6  6 4 . 0  

4 3 . 0  6 5 . 2  4 9 . 7  c,Z. q 

9 7 . 4  97 7 95  5 9 8 . 8  

9 9 . 0  101 ,0  9 8 . 0  109 .3  

I 0 0 . 0  100 .0  lOO.O 100.0  

9 3 . 9  92.  Z 8 8 . 7  9 2 . 6  

32 .7  3 2 . 6  Z4.3 Z7. I 

9 . 9  1 1 . 9  15 .~  13 9 

4 8 . 7  4 6 . 5  53 .0  51. l 

8 . 7  9 . 0  . Z 7 7  

. . . .  - -  . .  

10O.0 100 .0  100 0 100.0  

0. 549 0.  578 0- 547 O. 553 
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Table 4a. I--A1 : Part 6. OPERATING CONDITIONS AND 
OF ELECTROTHERMAL GASIFICATION 

Run No. E G - 6 2  

F e e d  C h a r  F M C  

S i e v e  S i z e .  U SS  - 1 0 , 8 0  

D u r a t i o n  of  T e s t .  h r  4 . 7  

S t e a d y - S t a t e  O p e r a t i n g  P e r i o d .  m m  60 

E:  e r ; r o d e  M a t e r i a l  316 SS 

OPERATING CONDITIONS 

Bed Heigh t ,  ft  2.75 

R e a c t o r  P r e s s u r e .  p s l g  985 

R e a c t o r  T e m p e r a t u r e ,  * F  
I n c h e s  F r o m  Bottom 

6 1060 

12 1420 

18 1370 

~.4 1620 

30 1620 

33 1540 

36 154O 

39 1780 

42 1740 

4 5  1760 

48  - -  

51 1850 

1810 

57 1820 

60 1820 

63 1820 

72 1820 

78 -o 

A v e r a g e  ( t o p  2, 5 f t )  1800 a 

S t e a m  F e e d  Ra t e ,  l b / h r  117 .0  

S t e a m  R e l i d e n c e  T i m e .  m i n  0.24  

S t e a m  S u p e r f i c i a l  V e l o c i t y .  f t / s  0 . 1 9  

S t e a m / C h a r  F e e d  Ra t io ,  I b / Ib  Z. 1 

C h a r  F e e d  R a t e  ( d r y ) ,  I b / h r  55 .3  

C h a r  R e s i d e n c e  T i m e ,  r a i n  1 7 . 4  

N z P u r g e  Rate ,  S C F / h r  - -  

V o l t a g e ,  V 165 

C u r r e n t .  A 3~l 

P o w e r  Input .  kW 61 

O v e r a l l  H e , i s t a n c e .  o h m  0.46  

O P E R A T I N G  R E S U L T S  

P r o d u c t  G a s  R a t e  ( d r y ) .  S C F / b r  1525 

P r o d u c t  Gad Y i e l d  ( d r y ) .  S C F / I b  c [ ~ r  2 7 . 6  

H y d r o g e n  Yie ld ,  S C F / I b  c h a r  1 3 . 5  

C a r b o n  M o n o x i d e  Yie ld .  S C F / I b  c h a r  7 . 4  

C a r b o n  O x i d e s  Yie ld .  S C F / I b  c h a r  II 9 

C h a r  G a s i f i e d ,  % 54.8 

C a r b o n  Castf ied,  ~. 57 .0  

L iqu id  P r o d u c t s ,  l b / h r  76. l 

S t e a m  D e c o m p o s e d .  l b / h r  4 0 . 0  

S t e a m  C o n v e r s i o n .  ~'. 34. 5 

Over~tl l  M a t e r i a l  B a l a n c e .  ~, 9 7 . 4  

C a r b o n  B a l a n c e .  % 9 4 . 8  

H y d r o g e n  Ba l an ce .  ~. 100 .0  

O x y g e n  Ba l an ce ,  % 9 8 . 7  

PRODUCT GAS P R O P E R T I E S  

Composi t ion.  m o t e  % 

CO 27.1 

CO z 16.1 

Hz 4 8 . 9  

CH 4 7.7 

H~S O. 2 

T o t ~ l  100 .0  

S p e c i f i c  G r a v i t y  ( A i r  = 1 . 0 0 )  0.  585 

E G - 7 0  E G - 7 2  

F M G  F M C  

- 1 0 + 8 0  --10+80 

4 . 7  4 : 

30 I I I  

316 SS ( i n n e r )  116 ~ ( m n e r l  
430 SS (ou te r )  430 ~ ( o u ' o r s  

2.5 2.~ 

988 986.7  

1100 t 5 0 0  

560 410 

480 410 

750 I 500 

1300 1130 

1650 1700 

1650 1700 

1710 1620 

1710 1730 

1690 1730 

1740 1630 

1740 1750 

1750 1750 

1750 L690 

1750 1690 

- - ! 690 

1660 1690 

1630 1690  

1725 1700 

153 9 9 . 5  

0 . 1 7  0 . 2 6  

0 . 2 4  0 . 1 6  

1 . 2  0 . 8 6  

1 2 9 . 4  1 1 4 . 9  

7 , 4  8 .4  

375 1 575.0 

319 220 

225  281 

72 62 

O. 71 0 78 

1783 1268 

1 3 . 0  I I . 0  

1 3 . 8  5 6  

3 .9  2 . 8  

5 . 6  4 . ~  

3 2 . 0  23 8 

2 6 . 0  2 0 . 6  

I 0 0 . 1  6 3 . ~  

52 .0  37.8 

3 4 . 0  3 8 . 0  

93.  I 9¢~ 7 

90.0 95.4 

1 0 0 . 0  1 0 0 . 0  

94, 5 9 7  " 

28.5 25.3 

12.2 15.3 

50 .1  ~0.9 

9.2 8.3 

I00 o 1 0 o . o  

O. 547 O. c,61 

a A v e r a g e  T o p  2 . 7 5  ft.  

RESULTS 

B7506 1557~ 
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Table 4a. Z-I. THEORETICAL HEAT REQUIREMENT FOR DESIGN 
CASE OF THE Z. Z5 MEGAWATT ELECTROTHERMAL GASIFIER 

Reactor Conditions : 1900°F 
I000 Ib/sq in 
Figure 3 stream compositions 
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T h e  d e t a i l e d  t e c h n i c a l  s p e c i f i c a t i o n s  o f  t h e  t r a n s f o r m e r ,  r e c t i f i e r  a n d  
SCR s w i t c h  u n i t  a r e  i n c l u d e d  in  A p p e n d i x  4a .  2 - A  f o r  r e ~ e r e n c e .  

4a .  2 . 3 . 3  P o w e r  C o n t r o l  

A s  s h o w n  in  F i g u r e  4a .  2 - 7 ,  b o t h  an  a u t o m a t i c  d i g i t a l  c o m p u t e r - c o n t r o l  
m o d e  and  m a n u a l  c o n t r o l  m o d e  a r e  i n c o r p o r a t e d .  T h e  m a n u a l  m o d e  w a s  
i n s t a l l e d  a s  a b a c k - u p  c o n t r o l  t o  be  u s e d  w h e n  t h e  c o m p u t e r  c o n t r o l  m o d e  
i s  i n o p e r a t i v e .  B o t h  s c h e m e s  u s e  m a n y  c o m m o n  l o g i c  s y s t e m s ,  f a u l t  
d e t e c t i o n  a n d  a l a r m  c i r c u i t r y ,  b u t  t h e  m a n u a l  m o d e  a l l o w s  o p e r a t i o n  w i t h  
t h e  d i g i t a l  c o m p u t e r  r e m o v e d  f r o m  t h e  s y s t e m .  

4a .  2 . 3 . 3 . 1  M a n u a l  M o d e  

T o  o b t a i n  v a r y i n g  o u t p u t  v o l t a g e  l e v e l s ,  t h e  f i r i n g  of  e a c h  SCK i s  d e l a y e d  
in  t i m e .  F i g u r e  4a .  2 - 9  s h o w s  t h e  c i r c u i t ,  a l t e r n a t i n g - c u r r e n t  v o l t a g e ,  a n d  
r e s u l t i n g  o u t p u t  w a v e f o r m s  f o r  v a r i o u s  d e l a y  t i m e s ,  m o r e  f r e q u e n t l y  r e f e r r e d  
to  a s  r e t a r d  a n g l e s .  A n g l e  ~ of  F i g u r e  4a .  2 - 9 c  i s  t h e  r e t a r d  a n g l e .  I t  c a n  
be o b s e r v e d  t h a t ,  a s  ~ i n c r e a s e s ,  t h e  l e v e l  of  t h e  o u t p u t  v o l t a g e  b e c o m e s  
m o r e  c h o p p e d ,  a n d  d e c r e a s e s  i n  a m p l i t u d e .  T h e  m a n u a l  c o n t r o l  s y s t e m  p r o -  
v i d e s  m e a n s  to  c o n t r o l  t h e  a n g l e  0~ o v e r  t h e  r a n g e  0 ° to  120 °, a s  d e s i r e d  
and ,  w h e n  c o m b i n e d  w i t h  t a p - p o s i t i o n  c h a n g e s  o n  t h e  t r a n s f o r m e r ,  p e r m i t s  
a n y  v o l t a g e  b e t w e e n  0 a n d  1 1 8 5  v o l t s  d i r e c t  c u r r e n t  to  be  o b t a i n e d  a t  t h e  
r e a c t o r  l o a d .  

• T h e  c o n t r o l  c o n c e p t  f o r  t h e  M a n u a l  C o n t r o l  M o d e  i s  i l l u s t r a t e d  in  
F i g u r e  4a .  2 - 1 0 .  T w o  i n s t r u m e n t a t i o n  t r a n s f o r m e r  b a n k s  a r e  u s e d  to  
r e d u c e  t h e  a m p l i t u d e  ( w i t h o u t  s h i f t i n g  t h e  p h a s e )  of  t h e  m a i n  a l t e r n a t i n g  
c u r r e n t  l i n e  i n p u t  v o l t a g e s  to  l e v e l s  c o m p a t i b l e  w i t h  5 - v o l t  i n t e g r a t e d  
c i r c u i t  l o g i c  ( I C ' s ) .  T h e  i n p u t  t o  t h e  I C ' s  d u p l i c a t e s  t h e  m a i n  a l t e r n a t i n g -  
c u r r e n t  l i n e  v o l t a g e s ;  t h i s  i n p u t  i s  u s e d  to  e s t a b l i s h  t h e  z e r o  c r o s s i n g s  
of  t h e  a l t e r n a t i n g - c u r r e n t  v o l t a g e s  w h i c h  a r e  u s e d  a s  a r e f e r e n c e  f o r  f i r i n g  
t h e  s i l i c o n - c o n t r o l l e d  r e c t i f i e r s  ( S C R ' s ) i n  t h e  p o w e r  s u p p l y  s y s t e m .  

The transformer output voltages are transferred to a logic card whose 
function is to provide square-wave outputs in phase with the corresponding 
alternating-current line voltage. This is accomplished by using over- 
driven voltage comparators to establish the precise time when a given 
voltage changes sign (plus to minus, or vice-versa). The output signals 
of the zero crossing logic card are transferred to a second logic card, 
where the square waves are converted to several microsecond logic pulses 
(one shots) occurring at a time corresponding to the zero crossing of the 
alternating-current line voltages. These short-duration pulses are then 
transferred to a logic card designated the "Manual Retard Board." The 
function of this logic card is to output pulses delayed in time by the desired 
amount of firing retard; the firing retard is changed by varying the timing 
of logic pulses through the use of ganged potentiometers, one in each phase. 
From here, the firing-control signals are transferred to a Line Driver Logic 
board, where the signal level is increased and sent to the SCR £rigger pulse 
generators. 

¥ 





4a. Z. 3.3.2 Automatic Control 

The manual mode method for controlling the output voltage to the reactor 
load by delaying or retarding the conduction angle in the SCR's is a simple 
straightforward technique. However, high retard angles (Figure 4a. 2-9c) 
lead to low power factors and inefficient power usage. To prevent this 
occurrence, a control algorithm was developed that would allow conduction 
at low retard angles, and the average voltage was adjusted by omittil.g 
or skipping a number of conduction periods. This concept required the 
speed of a digital computer, programmed in "real time", to allow appli- 
cation of this control scheme. The computer control program contains 
necessary instructions so that a combination of load tap changing, retard 
angles, and non-firing of the SCR's can be utilized to achieve the control 
range desired. 

Two modes of automatic control are available, current and power. In 
the current mode, an operating current is specified at a main control panel 
and the digital computer program will automatically adjust conduction 
voltage to maintain the current setting. The current mode was installed 
primarily as a safety measure during shakedown and initial operation of 
the system. 

The power mode is the preferred automatic control. A power input to 
the reactor load is set and the computer program adjusts the voltage as 
the bed current varies to maintain a constant power input to the load (V x I). 

By using a finite number of skipping patterns, apse. do-linear load 
characteristic is achieved in the automatic control. The basic plan in- 
corporated has a fundamental firing pattern that entails ten sequential phase- 
voltage zero crossings with ten possible firing pattern combinations. Three 
patterns are used: eight firings and two skips: six firings and four skips: 
and four firings and six skips. Table 4a. 2-3 shows that, by using combina- 
tions of these basic patterns and holding the initial retard angle ~o ) and sub- 
sequent retard angles (cL) at a minimum, the power to the load can be con- 
trolled discreetly over a range 0. i01 unit power at each transformer tap 
setting. Figure 4a. 2-11 illustrates the direct current output voltage and 
line-to-line voltages for a skip pattern corresponding to four conduction cycles 
and six non-conduction cycles. As can be seen from Figure 4a '-Ii, the 
individual phase current are not balanced in each skip pattern, but over a 
period of continuous operation the overall current through the transformer 
is balanced to zero in order to maintain symmetrical operation. 

4a. Z. 3.4 Electrodes 

The center-electrode design was based on the configuration successfully 
tested in the 6-inch development unit and scaled to the dimensions of the 
larger reactor. Acting as the positive electrode in the circuit it had to be 
electrically isolated from the reactor structure as well as ~laced ~nto the 
vessel through a pressure-containing closure, A cut-away v1~ ~, of the 
upper portion of the center electrode is shown in Figure 4a -i2 Table 
4ao 2-4 lists the various components corresponding to Figure 4a. 2-12 and 
Appendix 4a. 2-i contains details of the various items incorporated in the 
f a b r i c a t i o n .  









Item 

I. 

Z° 

3. 

. 

. 

6. 

. 

, 

9. 

i0. 

Ii. 

IZ. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

Table 4a. Z-4. LEGEND FOR FIGURE 4a. Z-IZ 

316 S.S. Rod Connected to DC Power Supply. See Drawing No. 3 
For Details. 

Stud Bolts - 8, I-I/8" Diam with Hex Nuts. 

i/4"Thick, C.S. Retaining Ring. 15"O.D. x II"I.D. w/8 
1 -i/4" Diam Holes. 

Tef lon  G a s k e t ,  I / 4 " T h i c k .  1 5 - I / 2 " O . D .  x 1 0 " I . D .  w / 8  
1 - I / 4 "  D i a m  Holes .  

C.S. Blind Flange, Flat-Faced. 6"900 ib, ASA, Bored as Shown. 

Teflon Gasket, I/4"Thick. 15-1/Z"O.D. x4"l.D, w/8 
1-1/4"Diam Bolt Holes. 

C. S. 

to 5. 

C.S. 

C.S. 

C.S. 

C.S. 

Weld-Neck Flange, Flat-Faced. 6"900 Ib ASA, Bored 
189" I. D. 

Plate, l"Thick. 8.625"O.D. x 6.625"I.D. 

Coupling, I - I/2" Diam x Z" Lg. 

Pipe, 8"Sch. 40, A-53 Grade. 

Pipe, A-106-B. 6"Sch. 160 

Te~lon Sheath, 5. 375"O.D. x4"1. D. x 84"Lg. 

Grayloc Blind Hub 14 GR iZ0, 316 S.S. Bore to 5. 189"1. D. 
With 6.625"O.D. Offset l"Deep. 

Castable Refractory (Alumina) 12"O. D. x 4"1. D. x 23" Lg. 

Reactor Nozzle N-8. See Struthers-Wells Dwg. for Details. 

S.S. Tubing I/2"TYP 316, ZOGA, .035"WaU Thickness. 

Drill and Tap for I/2"NPT @ 75 ° . 

C.S. Coupling l-I/2"Diamx 7,,Lg. 

Teflon Tubing I-I/4"I. D. 
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The gas  s t r e a m  p a s s e s  t h rough  .another  v e n t u r i  (FR-818)  and i s  then  l e t  down 
in p r e s s u r e  to 75 pounds  p e r  s q u a r e  inch  (PV-815A and 815B). The s a t u r a t e d  
gas is w a t e r  q u e n c h e d  in  the ven t  gas  s c r u b b e r  (8 .06-0Z) ,  m e t e r e d  (FT-8Z3) ,  
a s ide  s t r e a m  is  con t inua l ly  ana lyzed ,  and then  is  sent  to the  HYGAS p lan t  
g a s - f l a r e  h e a d e r .  Cool ing  w a t e r  to the  v e n t - g a s  s c r u b b e r  i s  c o n t r o l l e d  by 
FIC-822 .  Water  d i s c h a r g e  is by l e v e l  c o n t r o l  (LIC-825) ,  and w a s t e  w a t e r  
is sen t  to the  p lan t  s e w e r  s y s t e m .  

A h i g h - p r e s s u r e  va lve  (FV-859)  is  l o c a t e d  in the  p r o d u c t  gas  l ine  be fo re  
p r e s s u r e  let:down for  e m e r g e n c y  "b lock ing  in" of the  h i g h - p r e s s u r e  s ide  of 
the unit .  It wi l l  a u t o m a t i c a l l y  c l o s e  in the  even t  of a p o w e r  f a i l u r e  or  a i r  
l o s s ,  and al~,m can  be m a n u a l l y  o p e r a t e d  by a b o a r d - m o u n t e d  hand  swi tch .  

4a. 2 . 5 . 2  F ina l  Ope ra t i on  

The pip ing and i n s t r u m e n t  d i a g r a m  of the  s y s t e m  for  the  i n t e g r a t e d  
o p e r a t i o n  is shown in F i g u r e  4a. 2 -20 .  The cha r  feed,  c h a r  d i s c h a r g e  and 
r e a c t o r  o p e r a t e  as in the  in i t ia l  o p e r a t i n g  phase .  The p r o d u c t  gas,  i n s t e a d  
of going into the  d e s u p e r h e a t e r ,  wi l l  be t r a n s p o r t e d  by- the j a c k e t e d  p ipe  
( s e c t i o n  4a. 2 . 3 . 5  Spec ia l  P i p i n g )  d i r e c t l y  to the  hydrogas i f i ca t io r~  r e a c t o r .  

A s t e a m  r ing  is i n s t a l l e d  in the j a c k e t e d  l ine  so that  add i t i ona l  s t e a m  
to the  h y d r o g a s i f i c a t i o n  s ec t i on  can  be added  t h r o u g h  FIC-880 ,  if  cond i t i ons  
r e q u i r e  add i t iona l  s t e a m .  Also  shown a r e  the v a r i o u s  coo l ing  w a t e r  and 
n i t r o g e n  f l o w m e t e r s  for  the  j a c k e t e d  pipe.  

4a. 2 .6  C o n s t r u c t i o n  

The co r t s t ruc t ion  p r o g r a m  was  d e v e l o p e d  fo l lowing  d e f i n i t i o n  of the  
p r o c e s s ,  and was d e v e l o p e d  in a c c o r d a n c e  wi th  the  d e t a i l e d  d e s i g n  of t he  
s y s t e m  c o m p o n e n t s  as d e s c r i b e d  p r e v i o u s l y .  Space had  b e e n  a l l o c a t e d  
in the  o r i g i n a l  p lo t  p lan  d e v e l o p e d  fo r  the  i n i t i a l  c o n s t r u c t i o n  p h a s e  of the  
HYGAS pilot: p lant .  L o n g - d e l i v e r y  i t e m s  w e r e  p l a c e d  on o r d e r  be fo re  the  
G u a r a n t e e d  M a x i m u m  P r i c e  (GMP) C o n t r a c t  was  e x e c u t e d  wi th  the sub-  
c o n t r a c t o r .  The s y s t e m  ves se l s ,  swi t ch  gea r ,  p o w e r  supply and a l loy  
m a t e r i a l  c o m p o s e d  the  bulk of t h e s e  l o n g - d e l i v e r y  i t e m s ,  and w e r e  p u r -  
c h a s e d  dur ing  the  s e c o n d  ha l f  of 1970. 

The s u b c o n t r a c t  wi th  the  f a b r i c a t o r  was  n e g o t i a t e d  in F e b r u a r y ,  1971 
a c c o r d i n g  to s chedu le .  It ca l l ed  fo r  m o b i l i z a t i o n  at  the c o n s t r u c t i o n  s i t e  
on A p r i l  12, 1971 and the  i n s t a l l a t i o n  to be c o m p l e t e d  the  w e e k  of N o v e m b e r  
4, 1971. 

Figures 4a. 2-21, -22, -23, and -24 compare the scheduled-versus-actual 
progress to completion of the engineering, purchasing, material received 
and construction phases of the program. 

No m a j o r  p r o b l e m s  w e r e  e n c o u n t e r e d  d u r i n g  the  c o n s t r u c t i o n  of the  
e l e c t r o t h e r m a l  uni t  but, b ecause  of conf l i c t s  in s chedu l ing  and t e s t i ng  n e a r  
the end  of co.ns t ruct ion,  the uni t  was  c o m p l e t e d  at y e a r - e n d  1971 i n s t e a d  of 
m i d - N o v e m b e r ,  1971. 

4a. 2-39 

















4a. Z-A1. General Description of Transformer and Rectifier 

The equipment will be used to supply electric power to an 
electrothermal gasifier. It is located at an altitude of 
less than 5940 feet. 

The following ambient temperatures are not to be exceeded, all 
temperatures in degrees, centigrade. 

I. Absolute maximum, 40°C 
2. Average 24 hour temperature 30@C 
3- Maximum water temperature 24=C (750F) 

This proposal covers dc power supplies, utilizing silicon 
rectifying devices designed to operate from a 12.00 KV, 3 phase, 
60 HZ system, utility system which is transformed through a 
5000 KVA, 3 phase, 60 HZ transformer to 4.16 KV. The trans- 
former has a minimum impedance of 5.86% on tap position i. 

The substation equipment covered by this proposal consists of 
a combination regulating rectifier transformer, silicon recti- 
fier with heat exchanger, a disconnect switch compartment and 
a set of unmounted control components. 

The regulation of the rectifier is based on a system which has 
an impedance of 2.79 ohms on a 12 KV base at the low voltage 
terminals of the stepdown transformers)(which corresponds to 
approximately 7600 amperes symmetrical 

w 

The regulating-rectifier transformer will have an impedance 
of 10% on a 4 MVA base with 4160 volts on the primary and the 
tap changer in the position of minimum impedance. 

The regulator will vary the voltage from 703 VDC at 3200 amps 
to I!85 VDC at 1900 amps. The load will be a constant 2.25 ~ 
over the range. 

The rectifier will be rated 100% continuous. This rating will 
apply with one diode out in any rectifier leg. 

The rectifier will be designed to provide a current output 
which oscillates between 0.5 and 2 times the DC average value 
corresponding to an average load of 2.25 MW when the voltage 
is in the range of 703 VDC to i185 VDC. 

4a. Z-A2 

























DIODE FUSIHG 

Proper application of the silicon diodes requires close 

coordination of the diode and series connected semiconductor 

fuse characteristics. The fuse selected must have (1) thermal 

capacity to enable the equipment to furnish its nameplate rat- 

ing without fuse failure, (2) current limiting ability compat- 

ible with the diode sho~t time rating and the available system 

short circuit currents, (3) voltage rating adequate for sup- 

porting the peak voltage to which it is subjected. The fuse 

selected for this application is consistent with the above 

re q ul rome nt s. 

Fuse failure indication will be accomplished by paralleling 

the fuses, with a neon lamp in series with a resistor. Diode 

fuse failure lamps are mounted on an insulated panel, are 

equipped with long creepage distance current limiting resistors, 

and can be easily viewed through the cubicle observation ports. 
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<..~.'.'.-" ~ A, ;C" .  TEST 

:: CC:.:Od,~.!O,q ~ a~ " . ~e~ specimen shall.be made from the s~me base ..,.,-,~c.r~.,'':- 
and co;'~ted ~.rith alumina in a manner similar to that of the ::or:-.. 
:.%,.ca:;. The companion specimen shall have the :.:a',nc d".,.;nr, c';,:'._" o,~ 
~.o~& "<.eecz. an~ a minimum coated !cnsth of ~....~," inchez. 

Th~ ccsz shall consist o £  heating and. cooling ~he companion 
...~ci~cn in a neutral atmosphere. The z~u'nace temperature .-,hal?. "., 

...,. -~-, 25OF. -,-;. , .  ~in~a'.no& ~ _ ~ 0 0  + The s~ecimen "" ~ ",- ' ; , : . , -¢~ ",~ , . , h a _ . , .  b e  . . . . . . . . . . . . . . . .  , . . . .  

o.# lO0°f/~':,~ held ~:or a minLmum of one hour_at 1900OF, and coole,. 
c~, ;:- re-ca of 200°F/~{r .. 

,o" r 
f.uv visible spalIlng of'the al,~nina coating shall be. con:-f.~?c:?cd :~ 
{'ai.ling and the work p-ieccs recoated. 
























