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A number o f  5,5-diakyl and 5-alkylhydantoins have been detected i n  the  condensate 
water f r a n  t h e  g a s i f i c a t i o n  o f  I nd ian  Head (ND) l i g n i t e  i n  t h e  UNDERC slagging 
f i x e d  bed g a s i f i e r  ( 1  2). These cunpounds were character ized by extensive GCMS 
s tud ies ( 3 )  and q u a n f i i a i i v e l y  analyzed i n  samples o f  process water r e s u l t i n g  fran 
various sTages i n  a p i l o t  sca le g a s i f i e r  water treatment p l a n t  a t  UNDERC (4, 5). 
5,5-Dimethyl hydanto in  and 5-ethyl-5-methyl hydanto in  c o n s t i t u t e  the  major po r t i on  
o f  t h e  organic canpounds remaining i n  t h e  condensate water a f t e r  e x t r a c t i o n  w i t h  
d i i sop ropy l  e t h e r  and steam s t r i p p i n g  (2). Because o f  t h e i r  b i o l o g i c a l  a c t i v i t y ,  
they represent a po ten t i a l  hea l th  hazard i n  t h e  e f f l u e n t s  from a commercial 
g a s i f i e r .  Although hydantoins can be adsorbed on ac t i va ted  carbon ( 3 )  and 
degraded by a b a c t e r i a l  n i t r i f i c a t i o n  system (6). t h e  expense o f  removal f k n  t h e  
water j u s t i f i e s  an e f f o r t  t o  ga in  a better-understanding o f  t h e  format ion o f  
hydantoins i n  t h e  condensate water with t h e  goal o f  p r e d i c t i n g  the  extent  t o  which 
t h e  reac t i on  w i l l  occur under various condi t ions.  

The hydantoins do not  f o n  d i r e c t l y  i n  t h e  g a s i f i e r .  They were shown t o  be 
e i t h e r  absent o r  present i n  low concentrat ions i n  water samples which were 
co l l ec ted  from a s ide  stream sampler on t h e  UNDERC g a s i f i e r  and q u i c k l y  frozen. 
When t h i s  s ide  s t rean  condensed water was heated i n  a constant temperature bath a t  
4OoC, hydantoin concentrat ions increased i n  an approximately second-order 
manner. The format ion i s  be l ieved t o  proceed by t h e  Bucherer-Berg react ion,  t h e  
same r e a c t i o n  used i n  c a n m r c i a l  hydantoin synthesis, fran ammonia, carbonate, 
hydrogen cyanide and var ious ketones and aldehydes a t  a pH o f  8.5. 

A k i n e t i c  s tudy was undertaken t o  ob ta in  use fu l  r a t e  data f o r  t h i s  r e a c t i o n  
(2). Re l iab le  and reproducib le  concentrat ion data f o r  acetone and cyanide were 
impossible t o  o b t a i n  f o r  t h e  raw g a s i f i e r  condensate water because o f  t h e  presence 
of  reve rs ib le  a d d i t i o n  products o f  cyanide such as acetone cyanohydrin and 2- 
amino-2-methylpropanonitr i le as wel l  as l a r g e  amounts o f  s u l f i d e .  Thus a model 
system was inves t i ga ted  where acetone cyanohydrin was reacted w i t h  excess ammonium 
carbonate a t  concentrat ions approaching those obtained i n  the  condensate water, 
0.02OM and 0.25M, respec t i ve l y .  The r e a c t i o n  was s tud ied a t  50°, 70°, and 90°C 
us ing a c a p i l l a r y  GC (OV351 phase) f o r  t h e  ana lys i s  o f  5,5-dimethylhydantoin (DMH) 
us ing 4-methoxyphenol as t h e  i n te rna l  standard (4) .  

Linear second order  p l o t s  were o b t a i n e d f o r  t h i s  r e a c t i o n  a t  t h e  th ree  
temperatures. Table I gives t h e  ca l cu la ted  pseudo second-order r a t e  constants and 
l i n e a r  regress ion f i t .  

Table I. Pseudo Second-Order Rate Constants and Least Squares F i t  a t  Various 
Temperatures. 

50 

1 .86 

0.999 

70 90 

3.60 4.62 

0.998 0.997 
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, The in i t i a l  concentrations of acetone and cyanide were varied in order to  

determine t h e i r  effect  on the  ra te  of formation of DMH. When the  acetone 
I concentration was doubled, keeping the original cyanide, ammonia, and carbonate 

concentrations constant, the  ra te  of the reaction doubled a t  90°C. A decrease in  
cyanide concentration t o  one-half of i t s  original value decreased the rate by one- 
half. Table I1 gives the  values of the  i n i t i a l  r a t e s  of formation of DMH a t  90°C 
varying acetone and cyanide concentrations. 

I 
I 

Table 11. In i t ia l  Rate of DMH Formation a t  Varying Acetone and Cyanide 
Concentrations. hmonia and Carbonate Concentrations Were Held Constant a t  0.50M 

and 0.25M, Respectively. 

In i t ia l  Ra e Acetone Cyanide 
(mmles 8-Ihr-l) Concentration ( M )  Concentration ( M )  

I 

123 0.02 0.02 

I 220 0.04 0.02 

60 0.02 0.01 

I 

t 
I 

In  order to  verify tha t  the ra te  also depends on the concentrations of ammonia 
and carbonate, which were present in large excess in these experiments, the  90°C 
experiment was repeated using 0.02M acetone cyanohydrin and changing the 
concentration of ammonium carbo a t e  t o  0.20M. The expected pseudo second order 
behavior was ag in exhibited (r' = 0.998) and the  observed r a t e  constant was 2.8 
l i t e r s  mle-lhr3. for  0.8 times the concentration of ammonia 
and carbonate i s  2.9 l i t e r s  mole-phr-? 

This established tha t  the r a t e  of formation of DMH was f i r s t  order i n  a l l  of 
the  reactants as expressed by the  following equation: 

The value ex ec t  

Rate of formation of DMH = k [Acetone] [HCN] [NH3] CC02l 

This kinetic data i s  valuable i n  predicting the ra te  of formation of DMH in coal 
gasification condensate water, provided the model i s  applicable. The pH of the 
model solution and the condensate water remained constant a t  around 8.4, but t he  
e f fec ts  of small charges in pH on the r a t e  a re  not fu l ly  known. 

In the ea r l i e r  experiment with sidestream condensate water, i t  was noted t h a t  
the  concentration of acetone decreased by one-half a t  the endpoint when the 
hydantoin concentration no longer increased. This implies tha t  the limiting 
species fo r  formation of hydantoins in the  U N D E R  gas i f i e r  water i s  cyanide. The 
hydrogen cyanide peak in the GC analysis had also disappeared. When condensate 
water was analyzed from in i t i a l  runs of the Great Plains Gasification Plant which 
uses coal of the same Beulah-Zap seam as Indian Head coal,  negligible hydantoins 
and HCN were found. 

Similarly when Indian Head l i g n i t e  was used in the METC gas i f i e r ,  the 
condensate water contained negligible hydantoins and HCN. In b o t h  cases acetone 
and &butanone concentrations were significant.  

Data on actual HCN concentrations in the  raw gas and quenched gas a re  not 
available for these gasifiers.  A thorough study was reported by Anastasia on the 
HYGAS gas i f ie r  using I l l i no i s  No. 6 coal (8). Although 10% of the  nitrogen in the  
coal was converted t o  HCN,  only 1% of the  total  HCN entered the condensate 
water. Most of the  HCN (80%) remained in the gas phase (quenched gas) and the  
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r e s t  dissolved i n  t h e  o i l - t a r  phase. We expect t h a t  s i g n i f i c a n t  amounts o f  HCN 
a r e . a l s o  produced i n  t h e  g a s i f i c a t i o n  o f  l i g n i t e  and t h e  f a c t o r s  which determine 
how much o f  t h e  HCN ends up i n  the  condensate water a r e  o f  importance. 

One major f a c t o r  f o r  determining t h e  cyanide concentrat ion i n  t h e  condensate 
water  i s  how long  t h e  aqueous phase i s  i n  contact  w i t h  t h e  gas phase and o i l - t a r  
phase. D i f f u s i o n  of t h e  HCN a t  t h e  i n te r face  o f  t h e  aqueous phase with t h e  gas 
and o i l  phases and subsequent r e a c t i o n  wi th acetone and acetone imine over a long 
per iod o f  t ime  w i l l  b u i l d  up t h e  concentrat ion o f  cyanide add i t i on  products which 
r e v e r s i b l y  i n t e r c o n v t r t  and eventual l y  proceed t o  hydantoin. The residence t imes 
f o r  water i n  t h e  UNDERC spray washer (quench water system) and t a r - o i l - w a t e r  
separator a r e  several hours which can a1 low f o r  considerable d i f f u s i o n  bu i l dup  o f  
t h e  cyanide conjugates which form s i g n i f i c a n t  amounts o f  hydantoin. 
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