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OXYGEN INDEX - AN APPROXIMATE VALUE FOR THE EVALUATION 
OF COMBUSTION CHARACTERISTICS 

By: Chem.-Ing. I s o l d e  Zartmann, Dip1.-Ing. D i e t e r  Reinwardt 
and Dr.-Ing. Albrecht  Franke 

Report i s sued  by t h e  Minis t ry  f o r  t h e  Chemical Indus t ry ,  Depart- 
ment f o r  P r o t e c t i o n  a g a i n s t  F i r e  and Sea Damage, Karl-Marx-Stadt 

The oxygen index has  gained i n t e r n a t i o n a l  r e c o g n i t i o n  f o r  t h e  
de te rmina t ion  o f  combustion c h a r a c t e r i s t i c s  o f  p l a s t i c  m a t e r i a l .  

The amounts o f  oxygen and n i t rogen  were more a c c u r a t e l y  determined 
f o r  e x i s t i n g  t e s t  equipment i n  o rde r  t o  s p e c i f y  t h e  oxygen index  
as p r e c i s e l y  and as reproducib le  as poss ib l e .  

The s tudy  o u t l i n e s  parameters such as t h e  s i z e  o f  t h e  i g n i t i o n  
flame, i g n i t i o n  o f  t e s t  p ieces ,  t e s t  p i ece  s i z e s  and t e s t  temper- 
ature.  The minimum oxygen index was determined by t h e  dimension 
and d u r a t i o n  o f  t h e  f i r e .  The r e s u l t s  a r e  s u f f i c i e n t l y  a c c u r a t e  
f o r  f a c t o r y  o p e r a t i n g  condi t ions  and are a l s o  reproducib le . .  

1. I n t r o d u c t i o n  

It is necessary  t o  know t h e  combustion behavior  o f  p l a s t i c  m a t e r i a l s  
i n  o rde r  t o  process  them c o r r e c t l y  and without  danger, This  
r e q u i r e s  t h e  de te rmina t ion  o f  f l a m m a b i l i t y  c r i t e r i a  such a s  i g n i t i o n  
c h a r a c t e r i s t i c s ,  flame propagat ion,  h e a t  r e l e a s e  and smoke format ion  
which w i l l  g ive  a r e l a t i v e l y  good i d e a  o f  t h e  material 's combustion 
c h a r a c t e r i s t i c s ,  The oxygen index procedure s e r v e s  t o  determine 
t h e  i g n i t i o n  r e s i s t a n c e  o r  r e l a t i v e  f l a m m a b i l i t y  o f  an  organic  
ma te r i a l .  

The oxygen index procedure has gained wide r e c o g n i t i o n  f o r  t he  
p l a s t i c s  producing i n d u s t r y  as a r o u t i n e  t e s t  t o  check t h e  uni- 
f o r m i t y  o f  p r o p e r t i e s  dur ing  product ion and a l s o  f o r  r e s e a r c h e r s  
i n  developing f lame-re ta rdant  m a t e r i a l s .  
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The procedure i s  usable  f o r  d i f f e r e n t  shapes and s t r u c t u r e s  of 
ma te r i a l s .  Numerical r e s u l t s  ranging f r o m  e a s i l y  flammable t o  
p r a c t i c a l l y  non-flammable materials o f f e r  an e f f i c i e n t  and s imple 
check method s u i t a b l e  f o r  rou t ine  t e s t s .  

The oxygen index i s  a labora tory  value and not  d i r e c t l y  app l i c -  
a b l e  t o  a c t u a l  s i t u a t i o n s .  It does not  permit a f i n a l  and con- 
c l u s i v e  judgement o f  combustion behavior b u t  i s  regarded a s  a 
c h a r a c t e r i s t i c  value.  

2 .  Test  procedure 

The procedure i s  based on t h e  candle t e s t  as descr ibed by Fenimore 
and Mart in  (1 )  i n  1966 which s ince  then  has  been developed f u r t h e r  
and per fec ted .  It i s  genera l ly  used i n  t h e  p l a s t i c s  i ndus t ry .  

The p r i n c i p l e  i s  based on t h e  determinat ion o f  a minimum concen- 
t r a t i o n  of oxygen i n  a f l o w  of oxygen/nitrogen mixture  i n  which 
an upr ight  t e s t  piece i s  j u s t  capable o f  maintaining combustion 
from t h e  t o p  t o  t h e  bot tom. 

The t e s t  piece i s  f ixed  perpendicular ly  i n  a g l a s s  cy l inde r .  A 
predetermined mixture o f  oxygen/nitrogen f l o w s  upwards through 
the  c y l i n d e r  and surrounds the t e s t  p i ece ,  t h e  upper end o f  which 
i s  i g n i t e d  by a propane flame. If combustion i s  maintained then  
t h e  oxygen i s  gradual ly  reduced u n t i l  t h e  flame goes o u t  a t  a 
predetermined s e c t i o n  l eng th  o r  a f t e r  a predetermined t ime span. 
The p a r t s  per volume of oxygen found a t  t h i s  cond i t ion  i s  converted 
a s  per  

O 2  n (%)  = 100 
O2 + N2 

t o  t h e  LOJ value express ing  i t  as a volume percent  s ta tement .  

E f f o r t s  t o  s tandard ize  t h i s  procedure i n  t h e  GDR a r e  ou t l ined  i n  
Standard Proposal  TGL 25 253/01, 1975 ( 2 )  and i n  t h e  BGW Standard 
Proposa l  RS-4168, 1973 ( 3 ) .  

This procedure was standardized i n  1 9 7 0  i n  t h e  US s tandard ASTM 
D 2863.and revised i n  1976 (4) .  
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3. Test  equipment 

Devices f o r  t h i s  t e s t  procedure a r e  r e a d i l y  a v a i l a b l e  f rom s e v e r a l  
US and B r i t i s h  companies ( 5 ) .  Some DDR f a c i l i t i e s  have acqui red  
such devices ,  S e v e r a l  l a b o r a t o r i e s  a l s o  use devices  b u i l t  by 
themselves which main ta in  measuring p r i n c i p l e s  and dimensions as 
per  t h e  s tandard .  
q u a n t i t i e s  of oxygen and ni t rogen.  

There are d i f f e r e n c e s  when measuring f low 

Most o f  t h e  homemade devices  as  we l l  as  t h e  one o f  t h e  Michigan 
& Company measure both gases  v i a  c a l i b r a t e d  ro t ame te r s  which are 
then  mixed and conducted t o  the t e s t  cy l inde r .  The measuring 
s c a l e  and s e t t i n g  marks t h u s  give t h e  adjustment  and r e a d i n g  
accuracy o f  t h e  oxygen p o r t i o n  which ranges between 0.2 and 0.5 
% by volume. 
t h e  O2 p o r t i o n  a f t e r  admixture v i a  an  oxygen a n a l y s a t o r  which 
o f f e r s  an  adjustment  and reading accuracy o f  0,196 by volume. 

The device by the S tan ton  Redcroft  Company measures 

The measuring device a v a i l a b l e  a t  o u r  p l ace  was designed and m a d e  
by t h e  VEB Leuna works "Walter U lb r i ch t "  and can determine t h e  
LOJ va lues  i n  r e a l  l i f e  s i t u a t i o n s .  Flow q u a n t i t i e s  are c o n t r o l l e d  
v i a  a ro tameter  with a n  adjustment and r ead ing  accuracy o f  0.5% by 
volume. 

Following t e s t  t r ia l s  of t h e  device t e c h n i c a l  changes were made t o  
i n c r e a s e  t h e  measuring accuracy: 

Replacement of t h e  somewhat i naccura t e  needle  va lve  with a p r e c i s i o n  
va lve  as pe r  Prof .  Rossignol  i n  o r d e r  t o  e l i m i n a t e  f l u c t u a t i o n s  i n  
t h e  oxygen and n i t r o g e n  flow, 

Addit ion o f  an  a u x i l i a r y  a i r  c o n t r o l l e r  i n  t h e  n i t r o g e n  l i n e  down- 
s t ream o f  t h e  reducing  valve (measuring range 0...0.5 MPa, c o n t r o l  
accuracy 0.01 MPa). 

I n s t a l l a t i o n  o f  a l i g h t  source behind t h e  ro tameter  f o r  b e t t e r  
r ead ing  o f  i n d i c a t o r s .  

Improving t h e  t e s t  p i ece  clamping device  by i n s e r t i n g  a meta l  
c y l i n d e r  of  100 mm h e i g h t .  
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A b a c k f i l l  of 5 mm diameter g l a s s  beads produced a mixing capa- 
b i l i t y  as r equ i r ed  by t h e  S t a n d a r d  o r  t h e  Proposed Standard.  

Furthermore,  by t e s t i n g  a l a r g e  number o f  p l a s t i c  m a t e r i a l s  ( f o i l s ,  
foam, compact m a t e r i a l )  w e  were a b l e  t o  c r e a t e  comparative va lues  
and c r i t e r i a  between TGL s tandard 25 253/01 and ASTM D 2863-76 
which, when p rope r ly  app l i ed ,  w i l l  produce good and r ep roduc ib le  
r e s u l t s .  

Fig.  1 Schematic arrangement of t h e  t es t  f a c i l i t y  
"Oxygen Index" 

4.  Test  f a c i l i t y  

The t e s t  f a c i l i t y  was i n s t a l l e d  as p e r  t h e  flow schematic  shown 
i n  Fig.  1.  

The t e s t  device proper  c o n s i s t s  o f  a t e s t  c o n t a i n e r  as w e l l  as 
t h e  r e g u l a t o r  and measuring sec t ion .  

The t e s t  c o n t a i n e r  c o n s i s t s  of a g l a s s  c y l i n d e r  ( I )  wi th  a minimum 
diameter of 55 mm and a minimum h e i g h t  o f  400 mm. Glass  o r  meta l  
beads ( 2 )  o f  3 t o  5 mm diameter a r e  poured from a h e i g h t  o f  80 t o  
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100 mm t o  i nc rease  t h e  mixing c a p a b i l i t y .  A s t r a i n e r  (3)  i s  
placed above t h e  beads t o  catch burning c inders .  
ho lder  ( 4 )  guarantees  a perpendicular  s t a t i o n i n g  of f o i l s  and 
r o d s .  The two gas f l o w s  a r e  regulated by needle  valves ( 7 ) .  
Nitrogen and oxygen o f  a t  l e a s t  98% p u r i t y  i s  taken f r o m  gas 
b o t t l e s  (8). 

The t e s t  p i ece  

The t e s t  p iece  i s  i g n i t e d  by a propane flame ( 9 )  o f  a b o u t  10 mm 
l eng th  which comes o u t  o f  a nozzle (IO) o f  2.5 mm diameter.  The 
tes t  f a c i l i t y  i s  placed under an e x t r a c t o r  which i s  switched on 
during t e s t i n g .  

5. C r i t i c a l  parameters  and s p e c i a l  a s p e c t s  dur ing  t e s t i n g  

Evaluat ion based on t h e  aforementioned Standard and Proposed 
Standard shows a number o f  d i f f e rences  with r e spec t  t o  i g n i t i o n  
o f  t h e  t e s t  p i ece ,  i t s  s i z e  a n d  measured r e s u l t s .  

5.1 I g n i t i o n  o f  t h e  t e s t  piece 

A comparision o f  t h e  v a r i o u s  i g n i t i o n  parameters showed t h a t  they 
have a d e f i n i t e  i n f luence  on the t e s t  r e s u l t s  and m u s t ,  t h e r e f o r e ,  
be kept  as cons tan t  as poss ib le .  The t e s t s  were c a r r i e d  o u t  with 
a propane flame ( t e c h n i c a l  propane). 
h e a t s  t h e  t e s t  p iece  up t o  t h e  po in t  o f  i g n i t i o n .  The longer  t h e  
flame contac t  t h e  h igher  t h e  thermica l  i n f luence  on t h e  t e s t  p iece  
which means t h a t  t h e  r e s u l t  w i l l  show a low LOJ value.  It should,  
t h e r e f o r e ,  be e s t a b l i s h e d ,  p r i o r  t o  t e s t i n g  a new m a t e r i a l ,  a t  
what po in t  i n  time t h e  su r face  of t h e  m a t e r i a l  s tarts t o  burn a f t e r  
con tac t  with t h e  flame. 
uniformly t o  t h a t  p a r t i c u l a r  ma te r i a l .  

The t e s t  f lame the rmica l ly  

This time span m u s t  then be appl ied  

I g n i t i o n  t imes f l u c t u a t e  f o r  each type of m a t e r i a l  and a r e  u s u a l l y  
s h o r t e r  f o r  foam and f o i l s  than f o r  compact ma te r i a l .  
per iod  should be minimized and kept cons tan t  s i n c e  LOJ values  a r e  
a l s o  very much temperature-dependent. 
+ 2K p r i o r  t o  t e s t i n g  t h e  material, as wel l  as t h e  gases  and gas 
con ta ine r  must  not  be var ied.  Since i g n i t i o n  and burning h e a t s  

The i g n i t i o n  

The given temperature  of 2 3 O C  
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t h e  g l a s s  cy l inde r ,  it i s  important t o  l e t  t h e  u n i t  cool  down t o  
room temperature  before beginning a new t e s t .  
s e v e r a l  c y l i n d e r s  a v o i d s  unnecessary wai t ing  t ime between t h e  
t e s t s .  

Working with 

5.2 Test  p iece  s i z e  

Five t o  t e n  t e s t  p i eces  w i l l  be requi red  t o  t e s t  a p a r t i c u l a r  
ma te r i a l .  
only s o l i d  p l a s t i c  substances can be t e s t e d .  

According t o  t h e  proposed TGL 25  253/01 and RS 4168-73 

Test  p i ece  dimensions (mm)  : 
Width 10 2 0.5 
Thickness 4 - 0.5 
Length 80 t o  120 

+ 

ASTN D 2863-76 permi ts  a l s o  the  t e s t i n g  o f  foam and shee t  m a t e r i a l  
( f o i l )  which can be clamped i n t o  a frame. 

Test  p iece  dimensions ( m m ) :  

Width 6.5 2 0.5 12.5 2 0.5 52 2 0.5 
Thickness 3.0 2 0.5 12.5 - + 0.5 as a v a i l a b l e  
Length 70 t o  150 125 t o  150 140 2 5 

So l id  Foam F o i l  

The dimensions f o r  foam and f o i l  l i s t e d  i n  ASTM D 2863-76 have 
proved t o  be very s a t i s f a c t o r y .  S o l i d s ,  however, should f o l l o w  
proposed Standard 25 253/01 s ince  such dimensions a r e  a l s o  app l i c -  
ab le  f o r  o t h e r  m a t e r i a l  t e s t s .  

5.3 Determinat ion o f  t h e  minimum LOJ value 

The LOJ value r ep resen t s  t h e  minimum oxygen concent ra t ion  i n  t h e  
f l o w  mixture o f  oxygen and n i t rogen  which j u s t  maintains  combustion 
o f  t h e  t e s t  p iece  l i k e  a candle. I n  order  t o  f i n d  t h i s  po in t  one 
approaches t h e  problem f rom both s i d e s  by searching  f o r  t h e  concen- 
t r a t i o n  which l i e s  between the  dying-down and complete combustion 
of t h e  piece.  The two c r i t e r i a  a r e  used f o r  judgement s i n c e  from 
i g n i t i o n  t o  going o u t  a c e r t a i n  time span w i l l  have elapsed and a 



c e r t a i n  amount of t h e  t e s t  p iece  w i l l  have burned away. 
t o  ASTM D 2863-76 t h e  minimum LOJ value w i l l  have been reached 
when combustion ceases  as per  one of t h e  fo l lowing  c r i t e r i a :  

According 

F o i l  - Foam Solid p l a s t i c  - 
1. Length o f  burn (mm)  50 75 100 
2.  Durat ion c f  burning ( s )  180 2 3 180 2 3 - 
One of t h e  c r i t e r i a  w i l l  be exceeded f o r  t h e  next  O2 concent ra t ion .  

The next  lower  O2 concen t r a t ion  should no t  produce any o f  t h e  
c r i t i c a l  po in t s .  The t e s t s  should be repea ted  and must  be 
r ep roduc ib le .  

According t o  T G E E  25 253/01 the  minimum LOJ value w i l l  have been 
reached when t h e  t e s t  p iece  ex t ingu i shes  i t s e l f  a f t e r  a burning 
per iod  o f  180 - 3 s. The b u r n t - o f f  l e n g t h  i s  measured and recorded 
as w e l l  as o t h e r  observa t ions  such as d r ipp ing ,  cha r r ing ,  e t c .  
Based on a l a r g e  number of m a t e r i a l  t e s t s  we concluded t h a t  t h e  
burn l e n g t h  (mm) had t o  be used most of t h e  t ime as t h e  determin- 
i n g  c r i t e r i a .  This  proves t h a t  t h e  ASTPM D 2863-76 requirements  
a r e  w e l l  founded. 

+ 

This c r i t e r i a  should be incorpora ted  i n t o  t h e  proposed Standard.  
The combustion time, however, should always be measured as we l l ,  
s i n c e  i n  conjunct ion  with t h e  burnt-off  l e n g t h  i t  o f f e r s  a n  i n d i c -  
a t i o n  o f  flame propagation. Melting, d r ipp ing ,  s h r i n k i n g ,  c h a r r i n g ,  
e t c .  of t h e  t e s t  p iece  should a l so  be recorded i n  t h e  t e s t  r e p o r t .  
The p o r t i o n  of t h e  t e s t  p i ece  below t h e  r e fe rence  p o i n t  should i n  
a l l  cases  be undamaged. 

The devices  used a t  o u r  l abo ra to ry  had a r e g u l a t i o n  and adjustment  
accuracy o f  only 0.5% by volume. It may, t h e r e f o r e ,  be p o s s i b l e  
t h a t  a t  a p r e s e t  O2 concen t r a t ion  only such a r e a s  burned which were 
hea ted  by t h e  flame and then  ext inguished themselves a s h o r t  time 
a f t e r  flame 
i n c r e a s e  o f  
e s t a b l i s h e d  

removal. They might have continued burning by an 
0.5% by volume. The minimum LOJ value m u s t  t hen  be 
by averaging t h e  values.  
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The measuring accuracy depends on t h e  s e n s i t i v i t y  of t h e  f l o w  
measurement system and c a p a b i l i t y  of p r e c i s e  adjustment  o f  f l o w  
q u a n t i t i e s  o f  oxygen and n i t rogen .  The r a t i o  of oxygen i n  t h e  
mixture  also p lays  a ro l e .  

Tes t  devices  where i n d i c a t i o n  i s  given by an  oxygen a n a l y s a t o r  
have a measuring and reading  accuracy based on a s c a l e  o f  C.1 ... 0.2% by volume. Rotameters used by u s  only o f f e r e d  a s e t t i n g  
o f  1 rnm i n t e r v a l s  o f  f l o w  through l e v e l s  corresponding t o  an 
oxygen index accuracy o f  0.5% LOJ  value.  Repeat tests as wel l  
a s  equipment i n s p e c t i o n  tes ts  t o  check f o r  constancy and leak-  
age o f  t h e  complete system showed a divergence o f  measuring va lues  
as f o l l o w s :  

f o r  compact m a t e r i a l  and foam up t o  0.5% o f  LOJ value 
f o r  f l a t  p i eces  and f o i l s  up t o  1.0% o f  LOJ value.  

Reproduc ib i l i t y  and measuring r e s u l t s  can a l so  b e  nega t ive ly  
inf luenced  by inhomogenei t ies ,  d r ipp ing ,  bending and uneven 
burning marks o f  t h e  t e s t  piece.  If l a r g e  d ivergencies  a r e  noted 
then  t h e  average va lues  have t o  be c a l c u l a t e d  f rom repeated t e s t s .  

T a b l e  1 l i s t s  t h e  measuring d ivergencies  of  o u r  t e s t s .  Tests on 
f o u r  d i f f e r e n t  conf igu ra t ions  are shown i n  colurtms 1 and 2. This  
data i s  compared i n  columns 3 and 4 with  t h e  permit ted divergence 
f a c t o r s  as p e r  ASTM D 2863-76. 

A comparison o f  d ivergencies  from an  improved device i n  o u r  l a b o r -  
a t o r y  and devices  a v a i l a b l e  a t  t h e  ASTM f a c i l i t y  shows maximum 
f l u c t u a t i o n s  of  0.4% of  t h e  LOJ value (compare column 1 and 3).  
Comparing t h e  va lues  o f  s e v e r a l  l a b o r a t o r i e s  (compare column 2 and 
4)  showed l a r g e  d ivergencies  from t h e  ASTM data. We may, t h e r e f o r e ,  
conclude t h a t  t h e  e x i s t i n g  and improved device  a t  our  l a b o r a t o r y  - 
d e s p i t e  a n  i n f e r i o r  reading  accuracy - can achieve  a similar 
r e p r o d u c i b i l i t y  of t h e  measuring value.  
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Table 1. Comparison o f  known and c a l c u l a t e d  measuring d ive rgenc ie s  (%) 

Test  p i ece  Column 1 Column 2 Column 3 Column 4 

max.div.of meas.results Data f r o m  ASTM I) 2863-76 

i n  our  l a b  4 o t h e r  l a b s  max. div.  max. div.  
with same with d i f f .  i n  one a t  s e v e r a l  
device devices l a b  l a b s  

I S o l i  d body 0.5 0.25 0.5 0.1 - 0.3 0.4 
LOJ (21% 

0.7 - 1.4 S o l i d  body 0.5 0.5 - 1.5 0.1 - 0.3 
I LOJ >21% 

I 0.1 - 0.3 0.4 - 1.5 0.5 0.5 - 1.5 Foam 

I 0.5 - 1.4  
F o i l s  and 0.5 - 1.0 0.5 - 1.5 < 0.6 
f l a t  p i e c e s  
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