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W i t h  t he  growi ng concer n  of  f i res  or  explos ions 
resu l t i ng  f ro m  proce ss ing or  ha ndl ing ha zardous 
mater i a l ,  i t  i s  i m por ta nt  to  charac ter ize  the 
f lamm able  pro per t ies  of  that  mater ia l .   The 
f lammabi l i t y  prope r t ie s  of  fu e ls  have  bee n 
ex tens i ve ly  s t udied for  many years  a nd are 
re lat i ve ly  wel l  understood.   Esse nt ia l ly,  there 
are  three  e lem ents  requ i red for  a  f i re  or  an 
expl o s i o n to  o ccur :  a  fu e l ,  an  ox id izer,  and an 
igni t i o n  so urce.   Throu gh re moval  of  one  of 
these  req ui rements ,  a  f i re / explos ion wi l l  not 
occur.   H owever,  e l iminat ing the  igni t ion  source 
as  the  so le  m eans  of  f i re / explos ion preve nt  of 
hazardo us  chem ica ls  i s  not  a  pra c t ica l  means 
of  prevent i o n du e to  f la mma ble  vapors  hav ing 
ver y  low mi ni m um igni t ion  energie s  a s  wel l  as 
numero us  d i f ferent  igni t ion  sou rce s  (k nown and 
unk nown) .   Therefore,  other  me ans  a re  ne cessar y 
for  reduci ng  t he  r i sk  of  a  f i re / explos ion .  These 
revolve  aro und mode rat ing the  fu e l  and 
ox id i zer  co ncentrat ion  to  avoid  a  f lammabl e 
concent rat i o n  o f  ga se s/ va pors .

I n the  chemi ca l  indu str y,  proce ss ing and 
handl i ng  o f  chemica ls  cou ld  resu l t  in  the 
for m at i o n o f  a  f lamma ble  or  explos ive 
atmo sphere.   Fo r  l iqu id  chemica ls ,  th is  may 
occur  at  temperatu re s  other  tha n at  a mbient 
condi t i o ns.   Fi gure  1  shows the  re lat ionship 
bet ween t he  f lammable  proper t ie s  of  a 
combust i b le  chemica l  a nd how they  are  re l ated 
to  tem perat ure. 

A s  you increase  temperature  and move a long 
the  vapor  pressure  cur ve  for  a  f l ammabl e 
substance,  there  becomes  a  point  w here 
the  concentrat ion  of  the  vapor  i s  suf f ic ient 
for  producing a  f l ammabl e  mix ture.   Th is 
temperature  i s  commonl y  k now n as  the  Flash 
Point  (FP) .   I n  theor y,  the  l ower  f l ammabi l i t y 
l imit  (LFL)  shoul d  intersec t  the  vapor  pressure 
cur ve  at  the  f l ashpoint  temperature ;  as  a  resul t 
th is  temperature  i s  a l so  refer red to  as  the  Lower 
Temperature  L imit  of  Fl ammabi l i t y  (LTFL) . 
However,  these  t wo temperatures ,  FP  and LT FL , 
may not  a l ways  be  obser ved to  be  s imi l ar  wi th 
exper imenta l  data .   K now l edge of  the  d ispar i t y 
bet ween these  t wo points  w i l l  he l p  better  assess 
the  f l ammabi l i t y  hazards  of  a  spec i f ic  chemica l 
as  wel l  as  he l p  impl ement  the  proper  safet y 
precaut ions  dur ing handl ing. 

T o understand the  var iat ion  bet ween the  lower 
temperature  l imit  of  f l ammabi l i t y  and the 
f l ash  point ,  tests  were  per for med to  compare 
the  resul ts .   The  l ower  temperature  l imit  of 
f l ammabi l i t y  tests  were  conduc ted us ing AST M 
E1232 “Standard  Test  M ethod for  Temperature 
L imit  of  Fl ammabi l i t y  of  Chemica l s” modi f ied  to 
be  conduc ted in  a  5 .3-L  s ta in l ess  s tee l  spher ica l 
vesse l  us ing a  fuse  w ire  igni t ion  source  for  sa fet y 
and envi ronmenta l  pur poses.   The  cr i ter ion  for 
a  pos i t ive  igni t ion  was  a  7% pressure  r i se  above 
the  s tar t ing  pressure.   The  f l ash  point  tests 
were  per for med per  ASTM D3278 “Standard 
Test  M ethods  for  Fl ash  Point  of  L iquids  by  Smal l 
S ca l e  C l osed- Cup Apparatus”.   These  tests  were 
per for med on 4  d i f ferent  chemica l s  and thei r 
resul ts  are  summar ized in  Tabl e  1 .

 

Chemical Flash Point (oC) LTFL (oC)

Organosulfer Compound 89.5 81

Lactam Ring compound 81.5 79

Pyridine compound 1 100 92

Pyridine compound 2 137 119

T he deviat ion  bet ween the  va l ues  deter mined 
for  these  t wo tests  i s  a  resul t  o f  d i f ferences  in  the 
test  apparatus  and methodol ogy  used in  each of 
these  exper iments .  
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Figure 1:                                                                                                                   
Temperature Effects on a Combustible Mixture (Crowl, 2003)

Table 1:                                                                                                                  
Flash Point and Lower Temperature Limit of Flammability Results
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F lammabi l i t y  l i mits  are  inf lu e nce d by  nu merous  fac tors  and of fer  an  expl anat ion into  the 
d i f ferences  bet we e n the  t wo te st  re su l ts :

        1 .        Vesse l  s ize  and geometr y  –  As  the  s ize  of  the  vesse l  increases,  the  heat  l osses  to  the  vesse l 
                   wal l  become s  negl ig ib le.    Throu gh minimiz ing heat  l osses  to  the  vesse l  wal l ,  more  heat  i s 
                   t ransfer red to  the  combu st ion re ac t ion ,  therefore,  promot ing f l ame propagat ion .   Th is 
                   resul t s  in  a  wide ning of  the  f la mmabl e  region and combust ion can occur  at  l ower 
                   temperatu res .  

        2 .        Igni t i o n  sou rce  locat ion  –  A  lowe r  igni t ion  source  l ocat ion  in  a  vesse l  has  show n to  widen 
                   t he  f lammable  re gion a s  compa red to  a  centra l  igni t ion  source  l ocat ion  ( Van den S choor, 
                   No r m an,  &  Ve r pla etsen,  2006) .   With  a  l ower  igni t ion  source,  a  l a rger  percentage of  the 
                   co m bust ib le  mix tu re  pa r t ic ipates  in  the  combust ion reac t ion  w ith  minimal  heat  l osses  to 
                   t he  wal l ,  the reby,  re su l t ing  in  a  h igh pressure  increase.

        3 .        H o m o geneit y  of  mix tu re  –  S l ight  changes  in  the  vapor  concentrat ion  coul d  resul t  in  a 
                   mi x t ure  be coming f la mma ble  or  not  f l ammabl e.   I n  the  LTFL  tests ,  the  vapor  mix ture  i s 
                   s t i r red  to  provide  a  homoge nou s  mix ture  of  the  fue l  in  a i r  unl ike  the  f l ash  point  tests  where 
                   t he  vapor  spa ce  i s  not  s t i r re d  and thus  concentrat ion  gradients  my for m.   Fur ther more,  the 
                   LTFL  tests  provide  a  more  u ni for m heat ing of  the  vesse l  as  wel l  as  a  l onger  mix ing t ime to 
                   a l low t he  vapor  a nd the  l iqu id  to  reach equi l ibr ium.   A l l  o f  these  fac tors  w i l l  impac t  the 
                   co ncentrat ion  of  the  fu e l  in  the  vapor  space,  thereby,  in f l uencing the  f l ammabi l i t y  resul ts .

        4 .        F lam e propagat ion –  G e nera l ly,  the  f l ammabl e  region i s  w ider  for  upward f l ame    
                   pro pagat ion tha n for  downward f l ame propagat ion due to  f l ame buoyanc y.   Tests             
                   per fo r med in  the  5 .3L   ve sse l  measures  upward f l ame propagat ion as  compared to  the  f lash 
                   po i nt  tester  which  i s  measu r ing dow nward f l ame propagat ion (EU-Projec t  SAFEKIN EX) .  Th is 
                   wi der  range means   that  the  LTFL  wi l l  occur  at  a  l ower  temperature  than the  FP.

T he se  resul t s  demonstrate  that  i t  i s  imperat ive  to  fu l l y  charac ter ize  the  f l ammabi l i t y  hazards  of 
chem i ca ls .   The  use  of  the  f la sh  point  by  i t se l f  may  not  a l ways  be  suf f ic ient  in  provid ing proper 
safet y  precaut i ons  to  avoid  f la mma ble  temperatures  w hen assess ing the  hazards  of  f l ammable 
l iqui ds.   As  show n f rom the  LTFL  and FP  te sts ,  there  can be  l arge  deviat ions  bet ween the  t wo 
va lues.   Therefo re,  the  u se  of  a  safet y  margin  w ith  the  f l ash  point  va l ue  may not  a l ways  be  adequate. 
A  bet ter  appro ach wou ld  be  to  condu c t  a  LTFL  test  to  assess  the  temperature  at  w hich  there  i s 
suf f i c i ent  vapo r  for  f lame  propa gat ion .  
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