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The supercr i t ica l  ext ract ion of  l ign i te by n-P.entane, .n-hexane,
benzenl  and water  gave successively  increasing y ie lds tp t9
¿áii iuit ir" extraction. Thermal analysis showed that solvent
extract ion was not  an exact  dupl icat ion of  pyro lys is .

Introdt¡ction

ln order of increasing yield arid tonpera!9rg
the io lvent  ext ract ion of  coals has been speci f ied
¡r- tfre fol I owi ng categori es (1 ,2) : 1) No!:
ló"c i i i "  ext ract i -on,  2)-  speci f ic  ext ract ion,  3)
á l i tact ive d is integiat ión, '4)  ext ract ive chemica ' l
d is integrat ion.  Tñese categor ies are par t  of  the
macrsnoiecular model for bituminous coal solvent
extract ion wi th a metapl  ast  s tage which occurs
ear ly  in  pyro lys is .  The re lat ' ionship of  th is
modei to l ir initd is uncertain but a comparison has
been made between the residues obtained frqn the
suDercr i t lca l  ext ract ion of  Indian Head l ign i te by
using thermogravimetr ic  analys is  ln  an iner t  9as
at aimospherfc pressure. This on-90'lng study has
examined. the res idues obta ined over  a wide range
of  y ie lds possib ' te  upto -  ext ract ive
di  s i  n te l rat ion.  In  the case of  ext ract ive
dis lnteérat ion,  thennal  decomposi t ion and the
re lease-of  gases and volat i les becomes imPortant
above 200cC.

ExDerlmr¡tal

Chars ¡Ére prepared frqn a. North Dakota
l ign i te ( Indian Head mine,  Zap,  ND) by extract ing
thé l ig i i te  in  a sem' i -cont inuous supercr i t ica l
extraction system. The cr' lt ical parameters of the
solvents used and examples of the pertent
convers ions for  each are g iven in Table I .  Y ie lds
of  the resul t ing extracts are s l ight ly  less than
the conversions since sotne gaseous products v{ere
obtained in al I the experiments. Soxhlet
extractions using the same sol vents gave i
s igni f icant ly  lower y ie ld than thei r  supercr i t ica l
counterparts.

Figure I shows the effect increasing operating-
oressuie had on th€ conversions for a series of
iupercrit ical pentane experiments at a constant
temperature. Likewise, Figure 2 shows the effect
of increasing temperature at a constant
pressure. The effect of l ignite residence time
ior several supercrit ica'l water extraction

exDer ' lments is  presented ln F igure 3.  In  general ,
thó rates of 'convers ion were rapid up to the
maximum conversion. The aromatic content of the
extract  increased wi th increasing y ie ld.

The thermogravimetr ic  resul ts  of  carboniz ing
the res idues obta ined f rom supercr i t ica l  pentane,
benzene and water experirnents, which were
oerformed at the sarne reduced temperature and
b ressu re  (T r  =  1 .02 ,  P r  -  1 .50 ) ,  a re  d i sp layed  i n
F igu re  4 . '  F igu re  4  a l so  shows  TGA resu l t s  f o r  an
or ig inal  tñd ' ian Head 

' l ign i te sample.
Theinogravimetric analysis |,ere performed using
'25 mg samples wi th a 20oClmin heat ing rate.  The
resul is  have been corrected to a maf  basis  of  the
or ig inal  l ign i te to account  for  the weight  loss
tha[  occur ied dur ing supercr i t ica l  ext ract ion.
The results have been presented here as the
differentia'l weight loss versus tenperature so
that the area unáer the graph is proportional to
the tota l  weight  loss.

Di scussion

The convers ion shown in F igure 1 d isp lays a
maximun s imi lar  to  that  found for  South Afr ican
bi tumi  nous coal  s  in  supercr i t ica l  to luene (3) .
Hi ldebrand solubi l i ty  theory predicts  the maximum
iol ubi I i  ty wi I I óccur wtren the sol ubi I i  ty
parameterl of the solvent and the solute are
i dentical . Si nce the sol ubi 1 i ty parameter i s
pr imar i ly  a funct ion of  the solvent  densi ty  which
in turn is  dependent  on the operat ing pressure '
increasing the Pressure has caused differences
between the sbl vent and sol ute sol ubi 1 i ty
oarameters to occur. The observed minimt¡n i n
hi gure 2 was due to the decrease i n sol vent
deñsity that occurs with increasing temperature'
The s-ubsequent increase was due to increased
thermal efiects more than offsetti ng the decreased
solvent  densi tY.

The low extract yields and the waxy nature of
the extracts obta ined would c lass i fy  supercr i t ica l
pentane as a nonsPecific solvent even though at
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nr ft t¡lrEu¡r. TAELE I. EXAMPLES OF OPERATIONs PARAI,IETERS AND
REsuLTs FRor'r SUpERcRITIcAL RuNs pERFoRu¡b nr rHE
C0NSTANT REOUCE COI{DITIONS Tp=1.02, pn;i.S-O

Cri  t  i  ca l
Temp. ,  oC  196 .4

Cr i t ica l
P res . ,  ps ia  490

I  Convers ion,*
maf

f  Y ie ld
2 . 2

Extract ,  rnaf  L.z
Soxhlet  f  Y ie ld

Extract ,  maf  0.26

288.9 374.2

710 3210

6 . 7  9 0 . 3

3 .9  23 .8

0 . 7 5

234.2

431

2 . 3

1 . 0 .

0 .  l7

* fConve rs ion_=  v re igh t  l oss  o r  o r i g i na l  l i qn i t e  -
maf  I iqn i tg -  Taf  res idue

mat I  I  gn i te
t.¡ a.t a.t
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these extract ion temperatures the supercr i t ica. l
p9!!qne b-orders on the defined temperáture range(200"-400'C) for  ext ract ive d is inte i iu i idn.  This
ra ises the quest ion as to what  par t  

-of  
tne l ign i tá

!h"  pentane is  in teract ing i r i t t r  ( i¿. ,  i ;  i t
in teract lng r i th  the macromólecula.  ! t .uctu"e orjust with the resins and the *axes reil¿lri€ among
the coa¡  matr ix) .  Both the supercr i t ica l  Éenzené
and water  ane in the extracdive d is integrat ion
temperature range although there is some evidence
tnat  supercr i t ica l  water  a lso acts as a reactant
for the free radicals generated frqn the l igniie
9i t l9:e temperatures. It can also be seen frqn
the TGA curves that differences exist betyreen the
residual  chars and 

- the 
or ig inal  l lgn i te that  are

not  consistent  wi th whol ly  then¡al  d is integrat ion.
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