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HIGH PERFORMANCE LIQUID CHROMATO- 
GRAPHY ANALYSIS OF SUGAR CANE 

BAGASSE HYDROGENATION PRODUCTS. I .  
GROUP-TYPE SEPARATION 

Fernando M. LanCas 
Universidade de siio Paul0 

Instituto de Fisica e Quimica de Sir0 Carlos 
13.560, Silo Carlos (SP), Brazil 

ABSTRACT 

An H P L C  Group-Type  S e p a r a t i o n  was  d e v e l o p e d  f o r  t h e  
a n a l y s i s  o f  t h e  l i q u e f a c t i o n  p r o d u c t  o f  s u g a r  c a n e  wood 
f i b e r s  ( b a g a s s e ) .  F i r s t ,  a l i q u i d - l i q u i d  e x t r a c t i o n  technique 
was a p p l i e d  t o  s e p a r a t e  t h e  h i g h l y  p o l a r  a n d  p o l y m e r i z e d  
a q u e o u s  f r a c t i o n  f r o m  t h e  l e s s  p o l a r  o r g a n i c  f r a c t i o n . T h i s  
l a s t  f r a c t i o n  was t h e n  s e p a r a t e d  b y  HPLC i n t o  four  classifica- 
t i o n  g r o u p s :  t h r e e  h y d r o c a r b o n s  ( s a t u r a t e s ,  o l e f i n s  a n d  
a r o m a t i c s )  a n d  a c o m b i n a t i o n  o f  p o l a r  c o m p o u n d s .  

The  a p p l i c a t i o n  o f  t h e s e  e x t r a c t i o n  a n d  s e p a r a t i o n  
m e t h o d s  t o  t h e  a n a l y s i s  o f  B r a z i l i a n  s u g a r  c a n e  r e s i d u e  
l i q u e f a c t i o n  p r o d u c t s  was v e r y  p r o m i s i n g  s i n c e  t h e  m a j o r  
g r o u p  p r e s e n t  i n  t h e  e x t r a c t  i s  t h e  a r o m a t i c  hydrocarbons,  
s u g g e s t i n g  i t s  p o t e n t i a l  u s e  a s  c h e m i c a l  f e e d s t o c k ,  a s  
w e l l  a s  a p o s s i b l e  r e n e w a b l e  s o u r c e  o f  e n e r g y .  I n  a d d i t i o n ,  
t h e  m e t h o d  g e n e r a t e s  d i s c r e t e  a n d  " c l e a n "  f r a c t i o n s  f o r  
f u r t h e r  d e t a i l e d  c h a r a c t e r i z a t i o n  when d e s i r e d .  

Copyright 0 1986 by Marcel Dekker, Inc. 
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INTRODUCTION 

LANCAS 

S i n c e  1 9 7 4 ,  t h e  w o r l d  h a s  f a c e d  a c h a l l e n g i n g  

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

r e s o u r c e  f o r  e n e r g y  a s  w e l l  a s  a p e t r o c h e m i c a l  f e e d s t o c k  

i s  b e c o m i n g  s c a r c e r  a n d  m o r e  e x p e n s i v e .  T h e s e  f a c t s  h a v e  

m o t i v a t e d  many o i l  i m p o r t i n g  c o u n t r i e s  t o  s t a r t  u t i l i z i n g  

n a t u r a l  a n d  n o n - f o s s i l  r e s o u r c e s  a s  a c h e a p e r  a n d  more  

e f f i c i e n t  way t o  s o l v e  t h e i r  e n e r g y  p r o b l e m .  I n  c o u n t r i e s  

w h e r e  c o a l  i s  a b u n d a n t ,  s u c h  as t h e  U . S . A . ,  w i t h  a b o u t  

o n e  t h i r d  t h e  w o r l d '  s t o c k ,  a g r e a t  c o n c e r n  h a s  b e e n  

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

s o l v e n t  r e f i n e d  c o a l  ( S R C )  i n t o  p r o d u c t s  s i m i l a r  t o  t h o s e  

o b t a i n e d  by  c r u d e  o i l  p r o c e s s i n g  ( 1 ) .  On t h e  o t h e r  h a n d ,  

i n  c o u n t r i e s  w h e r e  c o a l  i s  n o t  t h a t  a b u n d a n t  a l t e r -  

n a t i v e  w a y s  a r e  b e i n g  i n v e s t i g a t e d .  B e c a u s e  o f  t h e  e a s e  

w i t h  w h i c h  l i q u i d s  c a n  b e  p r o c e s s e d ,  s t o r e d  a n d  u t i l i z e d ,  

a c o n s i d e r a b l e  p a r t  o f  t h i s  r e s e a r c h  i s  d i r e c t  t o w a r d s  

t h e  c o n v e r t i o n  o f  s o l i d  s o u r c e s  i n t o  l i q u i d  p r o d u c t s  

t h a t  a r e  e a s y  t o  h a n d l e .  

B r a z i l ,  a s  a n  e x a m p l e ,  h a s  b e e n  s u c c e s s f u l  i n  u s i n g  

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

a n  a l t e r n a t i v e  e n e r g y  s o u r c e .  I n  t h i s  c a s e ,  t h e  f u e l  

g e n e r a t e d  h a s  shown e x c e l l e n t  p e r f o r m a n c e  as a s u b s t i t u t e  

f o r  g a s  a n d  d i e s e l  t o  r u n  e n g i n e s  ( 2 ) .  I n i t i a l l y  t h e  

e t h a n o l  was  m i x e d  w i t h  g a s o l i n e  ( 2 0 : 8 0 %  by v o l u m e ) ,  b u t  

now p u r e  e t h a n o l  i s  u s e d  t o  r u n  more  t h a n  9 0 %  o f  t h e  new 

c a r s  ( 3 ) .  One a d v a n t a g e  i n  u s i n g  e t h a n o l  a n d  i t s  d e r i v a -  

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

I n  1 9 8 3 ,  B r a z i l  p r o d u c e d  m o r e  t h a n  8 b i l l i o n  l i t e r s  o f  

e t h a n o l ,  b y  f e r m e n t i n g  a n  e x t r a c t  o f  s u g a r  c a n e  wood.  

The  r e s i d u a l  f i b e r  ( b a g a s s e )  i s  u s u a l l y  e i t h e r  b u r n t  f o r  

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

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

t h a t  a r e  g e n e r a t e d ,  some m i l l i o n s  o f  t o n s  p e r  y e a r  ( 4 ) ,  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
1
7
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



SUGAR CANE BAGASSE HYDROGENATION PRODUCTS. I 219 

it is being used very inefficiently. Thus, is quite 

interesting to study the possibility of converting these 

fibers into liquid products that could be useful as 

fuels and more "noble" chemical products. 

Schuchardt and Matos (5) have recently studied the 

liquefaction of sugar cane bagasse with formate and 

water, while Cundy et al. (6) have discussed the combustion 
of bagasse. No chemical characterization of the chemicals 

obtained is presented in either cases. A extensive 

literature review on these conversions has also been 

presented (7). 

The present work is an attempt to develop an analytical 

procedure which permits the extraction of liquid products 

and their further fractionation into less complex groups 

similar to those obtained in coal ( 8 ) ,  SRC (9), shale 

oil ( 1 0 )  and asphalt (11) fractionation. The fractions 

generated can then be characterized by chromatographic 

as well as other analytical methods, such as GC/MS, 

already extensively used in the characterization o f  coal 

derived liquids (12). 

E XPE R I ME NT AL 

Apparatus 

The analytical instrument used in this study was a 

Varian 5020 HPLC (Varian Associates, Walnut Creek, Ca.). 

The detection was done using a UV detector fixed at 

254 nm in series with a differential refractomerter,both 

from Varian. The peaks were recorded on a dual-pen 

recorder, Varian model 5176, while the retention times 
and areas were calculated by a Varian CDS111 System. Two 

high pressure six-port Valco valves (up to 7000 psi)were 

utilized, one for injection and the other for backflush. 
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220 LANCAS 

Chemicals  

H y d r o c a r b o n  s t a n d a r d s  w e r e  o b t a i n e d  f r o m  P o l y s c i e n c e  

C o r p o r a t i o n  ( N i l e s ,  I L ) .  H e x a n e  (HPLC g r a d e )  was purchased 

f r o m  B u r d i c k  a n d  J a c k s o n  ( M u s k e g o n ,  M I ) ,  d r i e d  f o r  a t  

l e a s t  5 h o u r s  o v e r  m o l e c u l a r  s i e v e s ,  t y p e  5A ( A n a l a b s ,  

N o r t h  H a v e n ,  C T ) ,  p r e v i o u s l y  a c t i v a t e d  f o r  8 h o u r s  a t  

30OoC. T h e  h e x a n e  was t h e n  f i l t e r e d  i n  a 1.2 pm M i l l i p o r e  

s y s t e m .  O t h e r  s t a n d a r d s  were o b t a i n e d  f r o m  A l d r i c h  Chem. 

Co. ( M i l w a u k e e ,  WI) a n d  F i s h e r  Co.  ( F a i r l a w n ,  N J ) .  

Columns  

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

c o l u m n s  c o n n e c t e d  i n  s e r i e s .  The  f i r s t  c o l u m n 2 5 0  mm(L) x 

x 4 . 0  mm(1.D.) c o n t a i n e d  c y a n o p r o p y l  p h a s e  c h e m i c a l l y  

b o n d e d  t o  5 u m  s i l i c a  p a r t i c l e s  ( L i c h r o s o r b  CN-5, E . M .  

M e r k ) .  The p u r p o s e  o f  t h i s  c o l u m n  w a s  t o  r e t a i n  t h e  p o l a r  

c o m p o u n d s .  The g r o u p - t y p e  s e p a r a t i o n  t o o k  p l a c e  i n  t h e  

’ s e c o n d  c o l u m n ,  300 mm(L) x 4 . 6  m m ( I . D . 1 ,  o f  5 p m  s i l i c a  

( M i c r o p a c k  S i - 5 ,  V a r i a n ) .  1 0  p 1  o f  t h e  s a m p l e  were i n j e c t e d  

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

f r a c t i o n .  T h e  h y d r o c a r b o n s  w e r e  t h e n  f r a c t i o n a t e d  i n t o  

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

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

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

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

s i l i c a ,  i t  i s  p o s s i b l e  t o  e f f i c i e n t l y  s e p a r a t e  p a r a f f i n s  

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

b o n s )  c o e l u t e  w i t h  t h e  p a r a f f i n s .  T h e  s a t u r a t e d  f r a c t i o n  

( p a r a f f i n s  a n d  n a p h t h e n e s )  c o u l d  b e  f u r t h e r  c h a r a c t e r i z e d  

by  G C  ( 1 2 ) .  

S a m p l e  P r e p a r a t i o n  

F i g u r e  1 s h o w s  t h e  s c h e m e  u t i l i z e d  f o r  p r o c e s s i n g ,  

e x t r a c t i o n  a n d  s e p a r a t i o n  o f  t h e  s a m p l e s .  T h e  raw s u g a r  
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SUGAR CANE BAGASSE HYDROGENATION PRODUCTS. I 22 1 

m i  11 ing 

I 
dilution 

F r a c t i o n s  f o r  
Charscts-izatlsn f u r t h e r  

F I G U R E  1. S c h e m a t i c s  of t h e  A n a l y t i c a l  M e t h o d .  
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ELEMENTAL ANALYSIS (%)* 

C 4 5 , 3  

H 6 9 8  

S 0 9 3  

0 4 7 , 3  

N 0,2 

L 

TABLE 1 

PROXIMATE ANALYSIS (%) 

Fixed Carbon 3 6 , l  

Vola t i l e s  4 8 , 8  

Moisture 1 2 , 7  

Ash 2 . 4  

MAJOR CEARACTERISTICS OF SUGAR CAME BAGASSE 

LANCAS 

c a n e  i s  p r e s s e d  a n d  t h e  l i q u i d  f r a c t i o n  i s  u s e d  f o r  t h e  

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

s u g a r .  M e a n w h i l e ,  t h e  r e s i d u e ,  g e n e r a l l y  c a l l e d  b a g a s s e ,  

i s  h y d r o g e n a t e d  i n  a s t a i n l e s s  s t e e l  a u t o c l a v e  ( 1 4 ) .  F o r  

t h i s  p u r p o s e ,  t h e  b a g a s s e ,  w h o s e  m a j o r  c h a r a c t e r i s t i c s  

a r e  l i s t e d  i n  T a b l e  1, i s  m i x e d  w i t h  c r e o s o t e  o i l  ( 1 : 5  

r a t i o  w/w) a n d  t h e  r e s u l t i n g  s u s p e n s i o n  i s  h e a t e d  t o  

400°C u n d e r  a i n i t i a l  h y d r o g e n  p r e s s u r e  o f  1 5 0  a t m .  

F u r t h e r  d e t a i l s  a b o u t  t h i s  c o n v e r s i o n  a r e  d e s c r i b e d  

e l s e w h e r e  ( 1 4 ) .  The  d a r k  v i s c o u s  l i q u i d  o b t a i n e d ,  w h i c h  

l o o k s  l i k e  s h a l e  o i l ,  i s  f i l t e r e d  i n  a M i l l i p o r e  1 . 2  U m  

s y s t e m .  The f i l t e r a t e  i s  t h e n  e x t r a c t e d  w i t h  a ( 1 : l )  

h e x a n e - w a t e r  m i x t u r e  f o r  12 h o u r s  u n d e r  a n  i n e r t  a t m o s -  

p h e r e  ( H e l i u m ) ,  a t  a m b i e n t  t e m p e r a t u r e  a n d  w i t h  s t i r r i n g .  

The  a q u e o u s  l a y e r  i s  d i s c a r d e d  w h i l e  t h e  o r g a n i c  l a y e r  

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

d i l u t e d  w i t h  h e x a n e  i n  a 1 : l O  r a t i o ,  as i s  t h e n  r e a d y  

f o r  t h e  HPLC g r o u p - t y p e  s e p a r a t i o n .  
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AROMATICS 

Benzene 

Toluene 

Xylenes 

E t hy lbenzene 

?ropy lbenze- 
ne 

Butylbenzene 

223 

POLABS 

Phenol 

o-Chrophg 
no1 

Methyl A- 
n i  1 i n e  

Res orcinol 

Quino 1 ine 

Dimethyl 
Amine 
- - - - 

RESULTS AND DISCUSSION 

A l t h o u g h  HPLC g r o u p - t y p e  s e p a r a t i o n  h a s  b e e n  

e x t e n s i v e l y  u s e d  i n  t h e  c h a r a c t e r i z a t i o n  o f  l i q u i d  f o s s i l  

f u e l s  ( 1 5 - 1 8 )  i t s  u s e  i n  t h e  a n a l y s i s  o f  " b i o c r u d e s "  h a s  

n o t  b e e n  r e p o r t e d .  C o n s i d e r i n g  t h e  h i g h  c o m p l e x i t y  o f  

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

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

d i s c r e t e  f r a c t i o n s  f o r  f u r t h e r  c h a r a c t e r i z a t i o n .  

F i g u r e  2 s h o w s  t h e  s e p a r a t i o n  o f  a s t a n d a r d  m i x t u r e  

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

H P L C  g r o u p - t y p e  s e p a r a t i o n ,  w h o s e  i d e n t i t y  c a n  b e  f o u n d  

i n  T a b l e  2 .  

T e n  m i c r o l l i t e r s  ( 1 0  111) o f  t h e  s o l u t i o n  o b t a i n e d  

f r o m  b a g a s s e  w e r e  i n j e c t e d  i n t o  t h e  HPLC s y s t e m  i n  o r d e r  

t o  g e n e r a t e  t h e  f o u r  f r a c t i o n s ,  d i s p l a y e d  i n  F i g u r e  3 ,  

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

TABLE 2 

STANDARD MIXTURE FOR THE GROUP-TYPE SEPARATION 

PARAFTINS 

Heptane 

Nonane 

Unde cane 

Te t radecanc 

Pent adecanc 

Hexadecane 

OLEFINS 

Hexene 

Octene 

Undecene 

Dodecene 

Tetradecene 

Heptadecene 

NAPH"ES 

Methylcyclobutane 

Cyc lopen t ane 

Dimethylcyclopen- 
t ane 

Cyclohexane 

Cycloheptane 

Cyclooctane 
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u v  c 
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c 
I . . . . . . . . . J TIME ( m i n )  
0 2 4 6 8 10 

F I G U R E  2 .  HPLC Group-Type  S e p a r a t i o n  o f  a S t a n d a r d  
M i x t u r e .  
Columns:  Cyano Bonded S i l i c a  a n d  S i l i c a  i n  
S e r i e s .  
E l u e n t :  Dry H e x a n e .  F low R a t e :  1 . 0  m l / m i n  a n d  
3 . 0  m l / m i n  a f t e r  B a c k f l u s h  P o i n t  ( B F ) .  
D e t e c t i o n :  R e f r a c t i v e  I n d e x  D e t e c t o r  (RI) a n d  
U l t r a - V i o l e t  D e t e c t o r  (UV) f i x e d  a t  2 5 4  nm. 
I n j e c t i o n :  1 . 0  p l .  S h a d e d  a r e :  A r o m a t i c s .  F o r  
t h e  i d e n t i t y  o f  t h e  i n d i v i d u a l  c o m p o n e n t s  i n  
e a c h  g r o u p  r e f e r  t o  T a b l e  1. 
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N o t e  t h a t  t h e  " p o l a r  f r a c t i o n "  i s  e l u t e d  a s  a 

s i n g l e  p e a k  f r o m  t h e  c y a n o  p r o p y l  c o l u m n  when t h e  s y s t e m  

i s  b a c k f l u s h e d ;  t h u s  h e l p i n g  i n  i t s  c o l e c t i o n  a n d  c h a -  

r a c t e r i z a t i o n .  The ' ' a r o m a t i c s  f r a c t i o n "  i s  r e s o l v e d  f r o m  

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

s e v e r a l  p e a k s .  T h i s  i s  d u e  t o  t h e  f a c t  t h a t  a r o m a t i c  

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

t o  t h e i r  n u m b e r  o f  c o n d e n s e d  r i n g s  ( 1 9 ) .  T h u s ,  c o l l e c t i o n  

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

s i m p l i f y  f u r t h e r  c h a r a c t e r i z a t i o n  e m p l o y i n g  GC/MS (20) 
a n d / o r  o t h e r  a n a l y t i c a l  t o o l s .  Due t o  t h e  c o m p l e x i t y  

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

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

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

w e r e  t o  b e  d i r e c t l y  i n j e c t e d  i n t o  o n e  a n a l y t i c a l  s y s t e m ,  

s u c h  GCfMS, w i t h o u t  f r a c t i o n a t i o n .  

In t h i s  w o r k ,  t h e  g r o u p - t y p e  s e p a r a t i o n  p r o v e s  t o  

b e  q u i t e  h e l p f u l 1  i n  " c l e a n i n g "  t h e  s a m p l e  o f  t h e  p o l a r  

compounds  w h i l e  p r o v i d i n g  a p r e - s e p a r a t i o n  t h a t  w i l l  

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

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

s t u d y  a t  t h e  p r e s e n t  moment u s i n g  H i g h  R e s o l u t i o n  Gas 

C h r o m a t o g r a p h y ,  R e v e r s e - P h a s e  H i g h  P e r f o r m a n c e  L i q u i d  

C h r o m a t o g r a p h y  a n d  Gas C h r o m a t o g r a p h y f l l a s s  Spectrometry (20). 

CONCLUSIOU 

T h e  r e s u l t s  o b t a i n e d  i n  t h i s  w o r k  show t h a t  t h e  

p r o d u c t s  o f  s u g a r  c a n e  b a g a s s e  l i q u e f a c t i o n  c o n t a i n  a 

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

T h i s  s u g g e s t s  t h a t  t h e  f i b e r  r e s i d u e s  - w h i c h  a t  t h i s  

moment a r e  w a s t e d  a n d / o r  i n a d e q u a t e l y  u s e d  - c o u l d  b e  

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

T h e  r e s u l t s  o f  t h i s  w o r k  e n c o u r a g e  t h e  d e v e l o p m c n t  o f  a n  
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in-depth procedure to improve the conversion and product 
analysis. 

The method used for the extraction and fractionation 
of the sugar cane wood liquefaction products into 
compound classes seems to generate discrete sub-fractions 
which may be further characterized by chromatographic 
and non-chromatographic analytical techniques. 
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