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THE USE OF ORGANIC LIQUIDS AS FUELS I N  FLAME SPECTROSCOPY 

by 

B. W. Ba i ley  and J. M. Rankin 
Div is ion  of  L a b o r a t o r i e s  and Research 

New York S t a t e  Department of  Heal th  
New Scot land  Avenue 

Albany, New York 12201 

I NTRODUCTI ON 

Unt i l  t h e  p r e s e n t  t ime t h e  u s e  of  o r g a n i c  f u e l s  i n  flame s p e c t r o s -  

copy has  been r e s t r i c t e d  t o  t h o s e  f u e l s  which could be  presented  t o  t h e  

burner  i n  t h e  vapor  phase. The p o s s i b i l i t y  of i n t r o d u c i n g  o r g a n i c  

l i q u i d s  d i r e c t l y  i n t o  a burner  system a l lows  s imple a c c e s s  t o  a broad 

range of f u e l s  which h i t h e r t o  have not  been i n v e s t i g a t e d .  

The purpose of  t h i s  communication i s  t o  r e p o r t  t h e  r e s u l t s  of  a pre-  

l iminary  s tudy  i n  which a v a r i e t y  of o r g a n i c  l i q u i d s  have been examined 

w i t h  r e s p e c t  t o  t h e i r  a b i l i t y  t o  produce s e l f - s u p p o r t i n g  f lames and t o  

t h e  a p p l i c a b i l i t y  of  such f lames i n  atomic a b s o r p t i o n  spectroscopy.  

The method of product ion  of  f lames us ing  o r g a n i c  l i q u i d s  i s  r e l a -  

t i v e l y  simple. The organic  l i q u i d  i s  a s p i r a t e d  us ing  a s tandard  

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

a e r o s o l  i s  in t roduced  i n t o  a convent ional  burner  system and i g n i t e d  i n  

t h e  normal manner. However, i n  o r d e r  t o  i n t r o d u c e  a sample i n t o  t h e  

f lames so produced an a d d i t i o n a l  n e b u l i z e r  i s  needed. To accomplish 

t h i s  a dua l  n e b u l i z e r  system was developed i n  which t h e  o r g a n i c  l i q u i d  

i s  a s p i r a t e d  through one n e b u l i z e r  and t h e  sample t o  be  analyzed through 

t h e  o t h e r .  

159 
Copyright @ 1969 by Marcel Dekker, I n c .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
3
3
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



B. W. B A I L E Y  AND J. M. RANKIN 

EXPERIMENTAL 

Ins t rumenta t ion  - The b a s i c  ins t rument  used throughout  t h e s e  inves-  

t i g a t i o n s  was t h e  Perkin-Elmer Model 303 atomic a b s o r p t i o n  spectropho-  

tometer. 

w i t h  a dua l  n e b u l i z e r  a t tachment  ( F i g .  1 and 2 )  which was f i t t e d  w i t h  two 

Perkin-Elmer n e b u l i z e r s .  

t h e  o r g a n i c  l i q u i d  under i n v e s t i g a t i o n ,  t h e  o t h e r  t o  a s p i r a t e  s tandard  

metal  s o l u t i o n s .  A Boling t h r e e - s l o t  burner  head was used throughout  

because i t  was found t h a t  t h e  a i r - f u e l  mix ture  r e q u i r e d  f o r  s e l f - s u p p o r t -  

ing  flames was l e s s  c r i t i c a l  w i t h  t h i s  d e s i g n  than  w i t h  t h e  s i n g l e - s l o t  

burner .  

RESULTS 

The s tandard  Model 303 n e b u l i z e r  endcap was removed and r e p l a c e d  

One of  t h e  n e b u l i z e r s  was employed t o  a s p i r a t e  

Pre l iminary  i n v e s t i g a t i o n s  were accomplished by a s p i r a t i n g  t h e  

organic  l i q u i d  under c o n s i d e r a t i o n  through one of  t h e  n e b u l i z e r s  and 

-NEBULIZER SOCKET 
-INLET FOR GASEOUS FUEL 

1 DRAIN ,PENTON MIXING 
CHAMBER WITH 
LOCKING LUGS 
REMOVED 

----------I  - - - - - - - - - - - - -  
I - - -.I 
” ---I 0 

I - -------- 
-7 -IT - - - - -- I - - - -  
: I  1 1  L--- 

FRONT VIEW SIDEVIEW SHOWING MODE OF 
ATTACHMENT TO PENTON MIXING 
CHAMBER OF PERKIN-ELMER MOOEL 303 

FIG. 1 

Dudl nebulizer attachment. 
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ORGANIC FUELS I N  FLAME SPECTROSCOPY 

deionized  water  through t h e  o t h e r .  

holding a flame near  t h e  edge of t h e  burner  face .  

made on t h e  f lame produced. 

a s p i r a t e d  was c o n t r o l l e d  by r e g u l a t i n g  t h e  a i r f l o w  through t h e  n e b u l i z e r .  

The r a t e  of water  a s p i r a t i o n  was maintained a t  a c o n s t a n t  3.4 ml/min. 

Ext inguishing t h e  flame was accomplished by e i t h e r  removing t h e  a s p i r a t o r  

tube  from t h e  f u e l  supply o r  by c u t t i n g  o f f  t h e  a i r  supply t o  t h e  f u e l  

nebul izer .  

a l c o h o l s ,  ke tones ,  e s t e r s ,  a l i p h a t i c  hydrocarbons and aromat ic  hydro- 

carbons. The results obta ined  a r e  summarized below. 

The r e s u l t i n g  mixture  was i g n i t e d  by 

Observat ions were t h e n  

The r a t e  a t  which t h e  o r g a n i c  l i q u i d  was 

The organic  l i q u i d s  i n v e s t i g a t e d  f e l l  i n t o  f i v e  c a t e g o r i e s ,  

FRONT V I E W  

PENTON MIXING CHAMBER BODY 

DUAL NEBULIZER ATTACHMENT 

AIR FOR FUEL AIR FOR SAM 
ASPIRATION 

FIG. 2 

Dual nebulizer attachment assembled for operation. 
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B. W .  BAILEY AND J. M .  RANKIN 

Alcohols: I t  was found t h a t  none of  t h e  a l c o h o l s  i n v e s t i g a t e d ,  

inc luding  methanol, e t h a n o l ,  n-butanol ,  n-amyl a l c o h o l ,  were capable  of  

producing s e l f - s u p p o r t i n g  f lames under t h e  c o n d i t i o n s  descr ibed .  

Ketones: Acetone produced a q u i e t ,  l e a n ,  s e l f - s u p p o r t i n g  f lame;  

b u t  it was found t h a t  w i t h  methyl i s o b u t y l  ketone,  t h e  o n l y  o t h e r  ketone 

i n v e s t i g a t e d ,  t h a t  t h e  flame l i f t e d  o f f  s h o r t l y  a f t e r  i g n i t i o n .  

E s t e r s :  Nei ther  e t h y l  a c e t a t e  nor  amyl a c e t a t e  produced s e l f -  

support ing flames. 

A l i p h a t i c  hydrocarbons: n-pentane, n-hexane, and i so-oc tane  were 

i n v e s t i g a t e d .  A l l  of  t h o s e  gave q u i e t  s e l f - s u p p o r t i n g  flames. I t  was 

found t h a t  pentane,  due t o  i t s  l a r g e  nega t ive  h e a t  o f  v a p o r i z a t i o n ,  f r o z e  

i n  the  n e b u l i z e r  t i p  a f t e r  p e r i o d s  o f  extended a s p i r a t i o n ,  blocking t h e  

n e b u l i z e r  and causing t h e  f lame t o  e x t i n g u i s h .  Attempts a t  a l l e v i a t i n g  

t h i s  problem by h e a t i n g  t h e  n e b u l i z e r  a i r  supply were not  s u f f i c i e n t l y  

successfu l  t o  warran t  us ing  pentane  i n  f u r t h e r  i n v e s t i g a t i o n s .  

Aromatic hydrocarbons: Benzene, t o l u e n e ,  and xylene were i n v e s t i -  

ga ted .  Benzene produced a q u i e t ,  s e l f - s u p p o r t i n g  f lame b u t  both t o l u e n e  

and xylene showed a tendency t o  l i f t  o f f  a f t e r  burning e r r a t i c a l l y  f o r  

s h o r t  p e r i o d s  of  time. 

On t h e  b a s i s  of  t h e  above r e s u l t s ,  ace tone ,  benzene, n-hexane, and 

i so-oc tane  were s e l e c t e d  f o r  f u r t h e r  eva lua t ion .  As mentioned p r e v i o u s l y ,  

acetone produced a c l e a r ,  l e a n ,  nonluminous flame. With t h e  l a t t e r  t h r e e  

f u e l s ,  t h e  t y p e  of  flame produced could be v a r i e d  from f u e l - l e a n  t o  f u e l -  

r i c h  by c o n t r o l l i n g  t h e  r a t e  o f  a s p i r a t i o n .  

The a p p l i c a b i l i t y  of t h e  flames obta ined  wi th  t h e s e  f u e l s  t o  atomic 

a b s o r p t i o n  spectroscopy was a s c e r t a i n e d  by comparing r e s u l t s  ob ta ined  

f o r  t h e  de te rmina t ion  o f  copper  i n  t h e  v a r i o u s  f lames with t h o s e  obta ined  
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ORGANIC FUELS I N  FLAME S P E C T R O S C O P Y  

Hexane 

Acetone 

Benzene 

Iso-octane 

Acetylene 

Acetylene* 

using a i r / a c e t y l e n e .  A l l  measurements were made a t  t h e  32478 resonance 

l i n e  of copper u t i l i z i n g  a s l i t  width of 1 m i l l i m e t e r .  The ins t rument  

output  was d i s p l a y e d  on a 0-10 m i l l i v o l t  recorder .  

t i o n  of t h e  v a r i o u s  f u e l s  was a d j u s t e d  by vary ing  t h e  flow r a t e  o f  t h e  

nebul iz ing  a i r  t o  g i v e  a nonluminous flame. 

se t  with d i s t i l l e d  water  being a s p i r a t e d  and t h e n  t h e  absorbance o f  a 

s e r i e s  of  s tandard  copper s o l u t i o n s  (1-5 ppm) was determined.  

b r a t i o n  curves  so produced were a l l  l i n e a r  and passed through t h e  o r i g i n .  

The experimental  r e s u l t s  and t h e  c o n d i t i o n s  under which t h e y  were obta ined  

a r e  summarized i n  Table  1. 

t h e  s tandard  s i n g l e  n e b u l i z e r  and t h e  exper imenta l  d u a l  n e b u l i z e r  system, 

v a l i d  comparisons can o n l y  be made between r e s u l t s  ob ta ined  wi th  t h e  same 

system. 

a c e t y l e n e  flame a r e  g iven  f o r  both systems. 

The r a t e  o f  a s p i r a -  

Zero absorbance (100%T) was 

The c a l i -  

Due t o  d i f f e r e n c e s  i n  t h e  geometry between 

However, f o r  r e f e r e n c e  purposes r e s u l t s  ob ta ined  us ing  an a i r /  

2.4 

4.0 

2.1 

2.5 
- 
- 

TABLE 1 

A n a l y t i c a l  S e n s i t i v i t i e s  of  Copper i n  Air/Organic Liquid Fuel Flames 

I Fuel 
Fue 1 I Aspira t ion  

Rate ml/min 

Sampl? 
A s p i r a t i o n  
Rate ml/min 

3.4 

3.4 

3.4 

3.4 

3.4 

3.4 

Pg 
Cu/ml 

5 

5 

5 

5 

5 

5 

Absorbance 

0.37 

0.33 

0.32 

0.29 

0.15 

0.19 

S e n s i t i v i t y O  

0.06 

0.07 

0.07 

0.08 

0.13 

0.10 

W e f i n e d  a s  t h e  c o n c e n t r a t i o n  of copper i n  kg/ml necessary  t o  produce 1% 
a b s o r p t i o n  

M S i n g l e  n e b u l i z e r  system 
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B. W. BAILEY AND J.  M .  R A N K I N  

DISCUSSION 

From t h e  pre l iminary  d a t a  obta ined  i t  appears  t h a t  a n a l y t i c a l l y  

usefu l  flames can be obta ined  us ing  common o r g a n i c  l i q u i d s .  I t  i s  

f u r t h e r  seen t h a t  t h e s e  flames a r e  capable  of producing s e n s i t i v i t i e s ,  

wi th  c e r t a i n  e lements ,  t h a t  a r e  comparable t o  o r  g r e a t e r  than  t h o s e  

obtained wi th  a i r / a c e t y l e n e  f lames.  

One of t h e  major advantages of being a b l e  t o  u s e  o r g a n i c  l i q u i d s  

d i r e c t l y  a s  f u e l s  i n  flame spec t roscopy l i e s  i n  t h e  freedom i t  g i v e s  i n  

f u e l  s e l e c t i o n  wi thout  t h e  a t t e n d a n t  problem o f  bulky f u e l  t a n k s  and t h e  

a n c i l l a r y  r e g u l a t o r s  and flow meters  they  r e q u i r e .  I n  our  i n v e s t i g a t i o n s  

t h e  f u e l s  were contained i n  p l a s t i c  b o t t l e s  and a ro tometer  was used t o  

monitor a s p i r a t i o n  r a t e s .  

In  being f r e e d  from t h e  bulky a c c e s s o r i e s  normally a s s o c i a t e d  w i t h  

flame spectroscopy,  p o r t a b l e  atomic a b s o r p t i o n  spectrophotometers  r e q u i r -  

ing only  a small compressor t o  provide  a s p i r a t i n g  a i r  become a r e a l i z a b l e  

p o s s i b i l i t y .  

Fur ther  i n v e s t i g a t i o n s  covering t h e  a n a l y s i s  of a number of  o t h e r  

metals by atomic absorp t ion  spectroscopy i n  a i r / o r g a n i c  l i q u i d  f lames  a r e  

p r e s e n t l y  being undertaken and t h e  r e s u l t s  w i l l  be publ i shed  a t  a l a t e r  

d a t e .  

Received June 19, 1969 
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