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Introduction 

Cur ren t  research in coal  conversion has identified a number of 
processes t h a t  potentially could produce clean burning fuel  f rom coal.  
The shift ing of combustion sources  f rom oil t o  coal has  accen ted  t h e  
need fo r  a clean burning fuel  oil derived f rom coal. Scient is ts  have 
studied possible degradation of t h e  environment  by t racking t r a c e  
e l emen t s  in coal  burning power plants ,  in coa l  l iquefaction pilot  
plants of various sizes,  and in bench sca l e  units (1,2,3,4,5). A study 
made  of t he  Savannah River coal-  f i red power plant has given insight 
into t r a c e  element  buildup in t h e  environment surrounding t h e  plant  
(1). The Synthane (coal gasification) process was s tudied,  uti l izing 
isotope dilution Spark Source Mass Spectrometry (SSMS) (2). 
Determinat ion of t r a c e  me ta l s  in Solvent Refined Coal  by means of 
INAA (Instrumental  Neutron Activation Analysis) revealed much 
lower elemental  concentrat ions in t h e  SRC product than in t h e  f eed  
coal  (3,4). The t r a c e  e l emen t  studies of t he  Synthoil 1 / 2  ton per  day 
coal  l iquefaction Process Development Unit also showed t h a t  t r a c e  
e l emen t  concentrat ions a r e  lower in the  product oil (CLP) than in t h e  
f eed  coal (5,6). In order  t o  fu r the r  our knowledge of t h e  f a t e  of t h e  
t r a c e  me ta l s  in coal  hydro-liquefaction processes,  a study was  
conducted of t he  H-Coal Process Development Unit (PDU) located in 
Trenton,  N. J. 

Experimental  

In the  H-Coal process,  dried pulverized coal,  c lean oil tank mater ia l ,  
and hydroclone overflow a r e  r eac t ed  with hydrogen a t  pressures up t o  
3500 psig and t empera tu res  up t o  8 5 O O F  (7). The PDU is unique in 
t h a t  a substantial  amount  of t h e  liquid products are recycled t o  t h e  
slurry mix tank so equilibrium conditions can be maintained. The 
products of t h e  process a r e  t h e  atmospheric  overhead, which is a 
l ight dist i l late mater ia l ,  and t h e  vacuum sti l l  bottoms. The vacuum 
st i l l  bot toms is a viscous ma te r i a l  t h a t  becomes a semiliquid upon 
cooling. The severi ty  of t he  r eac to r  conditions de t e rmines  t h e  
relat ive <.nounts  of t h e  individual products made (7). The r eac to r  
design uses t h e  fluidized bed concept  (8). Since the ca t a lys t  is in 
cons t an t  motion, spen t  ca t a lys t  may be  ex t r ac t ed  and fresh ca t a lys t  
injected into t h e  r eac to r  while t h e  PDU is in operation. Figure 1 
shows t h e  flow diagram of the  HRI PDU 8130 unit. 

A sampling exercise  was conducted a t  t he  H-Coal PDU in Trenton, 
N.J., t h e  goal of which was t o  obtain representat ive,  uncontaminated 
samples  for t r a c e  e l emen t  character izat ion.  Fac to r s  considered in 
planning t h e  sampling of t h e  plant included t ransportat ion of t h e  
t r a c e  clean containers  t o  t h e  sampling s i te ,  t ransportat ion of t h e  
samples  back t o  PETC, environmental  conditions a t  t he  plant,  and t h e  
PDU design. The flow r a t e s  and process s t r eams  sampled a r e  l is ted 
in Table 1. The f eed  coal for  t h e  run sampled was Burning S ta r  
Illinois No. 6. 
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All liquid samples  w e r e  co l lec ted  in s o f t  glass conta iners  wi th  teflon 
lid spacers  where  required.  Coal  samples  were  taken  in polyethylene 
bags whose tops  were  sealed with rubber bands. The coal filled bags 
were  placed in t a r ed  one-gallon paint cans  t h a t  were then  sealed. 
Cleaning the  so f t  glass conta iners  was accomplished by de tergent  
washing, rinsing with distilled water ,  soaking in dilute hydrochloric 
acid,  rinsing wi th  deionized distilled wa te r ,  and a i r  drying. All liquid 
samples  were  drawn directly into t h e  hea ted  c lean  so f t  glass con- 
tainers.  Sample t empera tu res  of up t o  500oF were  encountered  when 
tak ing  some of t h e  liquid samples;  so t h e  conta iners  had to  be hea ted  
t o  prevent  cracking. The head spaces  of t he  precleaned sample  
conta iners  w e r e  purged with nitrogen t o  prevent exposure of t he  bulk 
samples  t o  a i r  a f t e r  t h e  samples  were  taken. 

Elemental  analyses per formed on  a wide variety of coals has  shown 
t h e  presence of over  half t h e  e l emen t s  in the  periodic t ab le  (10). 
Sample inhomogeneity (5) and complex  coa l  ma t r i ces  (2) play an 
impor tan t  role in t h e  precision of analysis. Atomic absorption 
spectroscopy, both f l ame  and f lameless ,  has  been employed 
successfully for  the  analyses of coal and coal by-products (11,12) and 
was therefore  se l ec t ed  fo r  th i s  study. To obviate possible matrix 
effects, t h e  method of s tandard  additions vias used, along with 
deuterium a r c  background correction. Small amounts  of s tandard  
solutions of t h e  e l emen t s  of in te res t  were  added t o  sepa ra t e  aliquots 
of t h e  sample  for  e a c h  e lement .  The to t a l  concent ra t ion  of each  
e l emen t  a f t e r  t he  addition was in no case  more  than th ree  t imes  the  
concent ra t ion  in the  original solution. Absorbance readings obtained 
f o r  t h e  sample  and t h e  th ree  additions were en tered  into a desk top  
calculator programmed t o  ca lcu la te  a correlation coef f ic ien t ,  an 
in te rcept ,  and  a slope by t h e  method of l inear least  squares.  
Concent ra t ion  levels in the  original sample  were ca lcu la ted  using 
these  values plus the  sample  weights,  volumes, e t c .  This method was 
used with all samples.  Method blanks were  car r ied  through all s teps  
of t h e  sample prepara t ion  with each  s e t  of samples.  

Analysis of 1 9  coals in one study (10) and 11 coals in another (13) 
showed t r ace  e l emen t  concent ra t ions  varied widely be tween coals 
f rom the  wes tern  and  the  eas t e rn  United S ta tes .  Details of sample 
preparation in the  de te rmina t ion  of t r a c e  e l emen t s  in coal and  coal-  
derived mater ia l s  have  been previously described (9). Briefly the  
sample  is ashed and ex t r ac t ed  with dilute hydrochloric acid or dilute 
nitric acid. Remaining residues a r e  dissolved using a fusion pro- 
cedure .  The dissolved a sh  is then  combined with the  acid ex t rac t .  
Four aliquots of t he  combined solution a r e  taken ,  standard solution is 
added to th ree  of t h e  aliquots, and t h e  solutions a r e  analyzed as  
described above. 

Experience has  shown t h a t  t h e  concent ra t ion  of chromium, copper,  
manganese,  and nickel in coal is usually g rea t e r  than one par t  per 
million. The e x a c t  concent ra t ion  of each  of these  e l emen t s  in a 
specific coal depends largely on the  geographic origin and  t h e  type  of 
coal. 

Cadmium is usually p re sen t  in coa l  a t  concent ra t ion  levels below one 
par t  per million (9). Lead concent ra t ions  a r e  normally much higher. 
Although f l ame  A A  is quite sensit ive t o  cadmium (0.025 ug /ml  for 
1% absorption), t h e  sensit ivity for lead is only 0.5 pg /ml  for  1% 
absorption. Solvent ex t r ac t ion  was used t o  increase  t h e  sensit ivity of 
t he  Pb de termina t ion  by increasing i ts  concentration. Iodide 
complexes o f  Pb and  C d  were  fo rmed  in ascorbic acid media, 
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followed by ex t rac t ion  into MIBK (Methyl lsobutyl Ketone).  Acidified 
MIBK was used t o  establish t h e  ins t rumenta l  base line. Blank 
solutions were car r ied  through all  s teps  of the  analytical  procedure.  

Discussion 

The recover ies  of t he  de te rmined  t r ace  e lements ,  a s  indicated by the  
ma te r i a l  balances around the  slurry mix tank  and t h e  product 
separa t ion  unit, demons t r a t e  the  success  of t he  sampling procedures 
and analytical  methods  employed in th i s  study. The t r a c e  e l emen t s  
en ter ing  the  PDU a r e  accounted  for  within t h e  precision of t he  da t a  
presented. Mater ia l  ba lances  (i.e., t o t a l  input versus to ta l  output) 
ranged from 69% t o  137% and a r e  shown in Table 11. Incomplete 
recover ies  of Cu, Cr, Mn, and  Pb may be indicative of an e lementa l  
buildup in the  process s t r e a m s  analyzed. S ta t i s t ica l  analysis of t he  
available d a t a  do not ind ica te  such  a buildup, although fu r the r  work 
may need to  be done in this area.  
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Table I. HRI PDU #130 PROCESS STREAMS A N D  FLOW RATES 

Process S t r eams  

Feed Coal  

Hydroclone Overflow 

Clean Oil Tank Material  

Slurry Mix 

Hydroclone Underflow 

Atmospheric Still Overhead 

Atmospheric Still Bottoms (COT) 

Injected Feed Water 

Sour Water 

\'acuum Still Overhead (COT) 

Atmospheric Still Bottoms (product) 

1 

Vacuum Still Overhead (product) 

1 Vacuum Still Bottoms 

Atmospheric Still Bot toms 
(hydroclone) 

Overhead Flash Material  

Makeup Oil 

PERIOD 1 4 A  

Lb/Hr* 

335.2 

359.3 

321.7 

1 , 0 1 6  

278.3 

49 .9  

250.7 

2.3 

33.1 

44.8 

8 .5  

1.0 

2 3 4 . 1  

6 0 . 0  

89.8 

34.8 

K9/Hr 
1 5 2 . 0  

163 .0  

1 4 5 . 9  

4 6 0 . 9  

126.2 

2 2 . 6  

113 .7  

1.0 

15.0 

20.3 

3 . 9  

0.5 

106.2 

27.2 

40.8 

1 5 . 8  

Nature  of SamDles 

Plant grind (98% through 
-50 mesh) 

Viscous oil held a t  500OF 
(ash  = 9.3%) 

Comb. of vacuum sti l l  
overhead & a tmospher ic  
still bo t toms 

Mixture of feed  coal,  
a tmospher ic  still  bottoms, 
vacuum sti l l  overhead, 
& hydroclone overhead 
(ash  = 7.2%) 

Viscous oil held a t  S O O O F  
(ash  = 13.7%) 

Light oil 

Liquid feed  to  the  clean 
oil t ank  

Tap water  

Comb.  of feed  wa te r  and 
wa te r  genera ted  in the  
PDU 

Liquid feed  to  the  clean 
oil t ank  

Sample s t r eam out le t  
used f o r  continuous 
sampling 

Sample s t r eam out le t  
used fo r  continuous 
sampling 

Product of run 130-88 
period 1 4 A  

Liquid f eed  t o  the  
hydroclone 

Very l ight oil 

Oil used when the  PDU 
is not a t  equilibrium 

*Feed Ra tes  a s  supplied by plant personnel. 
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Table 11. RECOVERIES OF TRACE ELEMENTS IN THE H-COAL PDU. 

#130 R U N  130-88  PERIOD 1 4 A  

(Weight in mg) 

cu 
Slurry M i x  Tank 

Inputs 2 ,900  

outputs 2 ,900  

% Recovery 102 

Product Separation Uni t  

Inputs 2 ,900  

outputs 2 , 9 0 0  

YO Recovery 97 

Complete Plant 

Inputs 1 ,400  

outputs 1,000 

YO Recovery 7 6  

Cr - 

6,100 
6 ,600  

109 

6 ,600  

5 ,909  

69 

2 !  90? 

2 ,300  

8 1  

ivl n - 

17 ,200  

21,000 
120 

21  , 000 

19 ,700  

94  

9 ,300  

9 ,800  

105 

Ni - 

3,500 

3 ,500  

100 

3,500 

3,500 

101 

1 ,600  

1 ! 400 

85 

Pb - 

3 ,300  

3 , 2 0 0  

98 

3 , 2 0 0  

2,900 

90 

1 , 7 0 0  

1 ,200  

69 

Cd - 

40 

46 

113 

46 

56 

122 

27 

36 
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Appendix 

TRACE ELEMENT ANALYSIS OF PROCESS STREAMS 

From H R I  PDU 1130 PERIOD 14A 

' PROCESS STREAMS: 

Feed Coal  

Hydroclone Overflow 

Clean  O i l  Tank k l a t e r i a l  

S l u r r y  Mix 

Hydroclone Underflow 

Atmospheric S t i l l  
Overhead 

ugfgm 

Cd - Pb - N i  - Mn - C r  - c u  

8.9 19 61 11 11 0.18 

8.4 20 48 12 9.6 0.08 

0.6 0.2 0.9 0.1 0.1 0.002 

6.2 14 45 7.7 7.0 0.10 

9.9 2 2  92 13 11 0.34 

0.036 0.022 0.015 0.017 0.003 0.04-2 

- 

Atmospheric S t i l l  1.1 0.2 0.8 0.1 0.068 SO. 01-' 
I Bottoms 

Vacuum S t i l l  Overhead 0.4 0.003 0.01 ~0.01-~ 0.019 s O . O l - '  
\ 

\ 
I n j e c t e d  Feed Water 0.028 50.006 0.007 0.001 _<0.001 0.01-2 

Sour  k 'a te r  1.2 0.029 0.021 0.032 sO.001 0.004 
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