
I ~~~ AD—A06 1 881 NAVAL RESEARCH LAB WA SHINGTON 0 C F~S 2t/~TIC EFFECT OF ICING IMIIBITOR ADDITIVES ON TI~~ FLASH POINT OF II CTC(U)
AUG 68 W A AFFENS. 6 W MCLAREN

uwc LAscxFrrn ______ Iii

~ “ a Ii ~
PJ!i_~~~~~~~~

0C



1.0
01.1

________________ I 8

______________ 

I .4

V ~~~~~~~~~~~~~~~~~ \ ~~~~~~



I i~!t!VI~L~L ~
/ 7’

Subj :  ( ~~‘~ iie E f f e c t  o f  Ic ing inh i bit o r  Md it i v es  on the Flash ,~~ 7/Point of Hydrocarbon Fuels  ~~ 
-
~~ 

-

R e f :  (a )  Ross , K . ,  “The Vapour Pressure of AvIation Turbine
Fuels  at Temperatures  Below 200°C” , Repor t  K. 175 ,
Thornton Research Centre , “S h e l l ”  Research L t d . ,
Ches ter , Eng land , March , 1968

(b)  MIL-J-5624F , M i l i t a r y  S p e c i f i c a t ion , Jet Fuel , Grades
JP-4 and JP-5 , 25 Sept 1962

(c)  M I L — I — 2 7  686D , M i l i t a r y  Spec i f i ca t ion, Inhibitor ,

© Fuel System Ic ing, II February 1963
(d)  A f fen s , W . A .  , ‘ F l a m m a b il i t y  P roper t i es  of Hydrocarbon

Fuels , Part 3 - Flammability Proper t ies of Hydr ocarbon
Solutions in Air” , NRL Report 6617 , 21 November 1967.

INTRODUCTION (I 
~A recent r ep or t  of research at  the  SAW! I Th~ rnton  Re.~ j i c i i

Centre in Chester England (re-f~ renee---(~~)) described some
interesting vapor pressure and flash point work for kerosene and
JP—5 type jet fuels. The Shell researchers measured the effect
of temperature , vapor/ liquid ratio (ullage), and icing inhibitor
additives on the vapor press ure and flash point of some jet fuels.
By means of a survey study of samples taken from the field , they

. 1 1  found that the average vapor pressure of fuels containing small
concentrations of ethylene glycol monotncthyl ether (methyl

~~~ cellosolve ) icing inhib ito rs was significant ly higher than those
fuels which did not contain the inhibitor . ~~

_____ There is a very important imp lication to flammability
hazard in these findings because an increase in vapor pressure
of a f ue l  m i x t u r e  would be expected to cause a corresponding
decrease in i ts  f lash point  t empera tu re .  Therefore , it was
decided to make an immediate (a l though l i m i t e d )  invest igat ion
of the e f f e c t  of this  addi t ive  on the f l ash  po in t  tempera ture s
of pure hydrocarbons , and a samp le of JP-5 jet  f u e l .  The She l l
work was not done on pure hydrocarbons , nor was the e f f e c t  of
icing inhibitor add i t ive  measured d i r e c t ly ,  i .e . ,  no con t ro l s
were used in their study.
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T u e  Mi! i t ary  Speci  h eat  ion s  fo r  JP — 4 and ~I’-5 j e t  f u e l s
(r ei~~r t n ~~ ( h ) )  r e q u i r e  the  use of t rout 0. 1 to 0 . 15’X. i c ing
i n h i b i t o r  add i live  iii J P — 4  , bu t  none is  p e r m i t t e d  lit JP—S . The
a d d i t i v e  con s i s t s  ( r e fe r en c e  (c)) of L ) I ) . 6 Z  ( v / v )  e t h y lene
g ty c o  I utonome th y I et h e r  and 0. 4 ( v/ v )  Gl y c e r i n e . We chose

o s t u d y th i s  e f f e c t  on J P — 5  j e t  t u e  1, ~si n e e  ot  the two f u e l s ,
on l y J 1’— 5 (which  is int ended  for u se  on aircraft carriers) has
a n i n i u n i m  f l a s h  p o i n t  r e q t l i r e l n e n t  ( 140°F ) .  Tt  wou ld  be i m p o r t a n t
L~’ ev a l uat e  the e t t e c  t o t~ the  addi t ive ii~ case i t  is cons idered
fo r  h u t  t i r e  u se  in J P — D  , or shoti Id i t  be Vr e s e n t  in ti t  is foe 1
u n i n t e n t i o n a l l y.

l:X P u:Ru~n:N ‘At

The f las t po i nt  de t e rmina l  ions were made by means of a Tag
Closed  CLI I ) Teste r  w i t h i n  the c o n c e n t r a t i o n  range of 0 to l~X.
ic ing in h i b i t o r  • / Because the  a d d i t i v e  has l im i ted  so lub i  l i t y  in
h yd rocarbon ft ie  is , i t  was found necessary (espec ia l ly at con—
c c i t t  ra t  ions above 0. 1 ~) to shake the m i x t u r e  of f u el  and icing
i n h i b i t  or a d d i t i v e  v igorous l y be fore measur ing the f lash  po in ts
in ~‘r dt  r to get  r epr oduc ii, Ic da ta.

RESULTS AND CON CLU S IONS
C

The r e s u l t s  ~~~ shown in Table  I and Figure 1. In the p lot ,
~~~~~ 1) the  depress ion  of f l a s h  p o in t  t empera tu re  wi th  increasing
add i t lye c o n c e n t r a t i o n  .~~~~~ ev iden t.  l t  is noted tha t  there  is
a r educt  ton  of f la s h  po’i’l~t t e m p e r a t u r e  of 5 to 6°F in bo th  curves
in  m i x t u re s  c o n t a i n i n g  0. 15 i n h i b i t o r  ( the  maximum a l lowable
c o n c e n t r a t i o n  fo r  JP —4 in the S p e c i f i c a t i o n ) .  It has been shown
(re  f er e i t c e  (d )  ) t h a t  h ydrocarbon so lu t ions  fo l low Raou l t ‘ s Law
in regard to vapor p ressure , and f l a sh  p o i n t .  The r el a t ive ly
la rge  dec rease  in f l a s h  po in t  t empera tu re  for  icing inh ib i t o r
a d d i t i v e s  in h ydrocarbon fue ls  is much g rea te r  titan expec ted
from c on s i de r a t  ion of Raou l t ’ s Law . The f~ ash poin t  t empera tu re
ol ti le a d d i tiv e  i l s,,’lf was b ond to be 113 F. Based on Raoult  ‘ s
Law , a h ydrocarbon of approximate ly  th i s  f l ash  poin t , and at
such a low con c e ntr at i o n , won id be expoc ted to  (Ic c reas e the
f l a s h  po in t  of the orig inal  hydrocarbon only a f r a c t  ion ci’ a
de~~r t e  ( r e f e r e n c e  (d) ) .

A l t h o u g h th is additive is not authorized for use in JP—5 

- 

/
~ L ’ t h u e  I •it th is time , if consideration is ever given to removing
t h i s  r e s t r i c t i o n, the e f f e c t  on the r educ t ion  in f l a s h  poin t  )
t t ’mpt ’r a tu r e  will h ave to be given serious cons ide ra t ion .  Ei t i t e r
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I t  t.’ t I t  It ~ I t t ’ s ’ . s S . I t V  t~t ’ t ’s 1.1. ’. 1 t i n t t 11W , t It. .- c i i e , i t t  i . i t  t . t t ; oI
, i . t , t l  1 ye s  i t e r i n i i t  .sl ‘, I .  I o w t t’ t l ie  i - i t t  I- ’ I I I I n u m u  

~~~~~~ 
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L it , ‘ ‘.
~~
‘, ,,‘ t t  t e . t t  i , ’it , ~iui . i  t l i i t ~ t t t , . ’ I , . t s e  t i t .  I 1 t t t t t . t t ’ t  I L v  I t . i : t i  .1

.11 l i i i ’ I t , ,  I O F  • Ot t  I he o t  t ie  i’ i t a i t t i  , I I I . I I  i t t  . t t  it  C he p rc~.t t t t  I I . t s i t
p . ’t t l t  i . t j t t  I rent . i u (  o l  C i t e s~’.e  i t  t e l l  I O t t  t o t  I t i e  I p h i s  ~t . td I t  I v .

lo t s  t o  . 1  l t d  t a t ;  i t t , ~ t h e  I hash ~‘ci i i i  ti t t it t itni n i b r  t h e  t ’ . t s  ft
t i l e  I i t  s. I I • . t t i , I  I t . ( ’ILl I ) S i t h ’  1 , 1 5 1  i t g  i t s  , ‘ c~~~t , j ii ,l , i t ’ , ’ i , t s  i 1 L 4

I t s  . I V . I t  l.il’ i I ( i v .

N. ’ t \ (t  Iaiu.it i .ut  ( c i ’  l i t  i s  p I te i t ~’nteit. ’t t . 511 h. e. i v c t t  \‘ .‘t
iI. ’wev . ’ t  • I t  ‘It .  I S  ~~~ i itt t U .st t o  s u l e c t i  h a t e , i t  i s  t t ’n tp t  ( h f .  t A
i l a ~~.lr.I .1 ~~t t . S S  as t o  wli ~’ t h e  I . ’ l ug  t i t h t i h i  i c i ’ h a s  such  a

i t t  l uc i te .  ‘ i t  C l ie I I t s i t  p0 ( i t t  I et t ip e r at  i t t .  • I I  I s  most  I t  Le I v
t o  t ’ , , t t t  w i t  It th at t ile t t d t t c t  ( o t t  L i t  I L i sh i  p o t i~ t e n t l t e t ’a t  t i r e
i s  ,Iu ,  I . ’ li t t i l e  t e as ,  L i i  ( l i e  t o t  a t  v . t l l A ’l u l l e s s t t t .  c i  ( l i e  i t i t x t  t i l e ,

1 1 .1ev I I  I O t t  I i• . ’i ti I.e Chat .‘ I (~ t ’ ’ Rt t  I c  ot t  I I anu ttah i L U  v c i
l i i  ~ t h i t . ’ . i i  c t  e t ’ eii~’ ,~ t, .fl ) , o r  h t i i .  i i  i’st , l e t  it s  ,‘ , ‘ i i s i & i t i w h a t
w ou l d  I t appe i i  i t  w h at  t s  i n v o l v e d  i s  S t i t a t  L e t  ot  t t t i t t i t . se  LI I I I (Iv

‘1 s ot  c c i t t  , I~ t W o  i t t t . t s e s  . 1 1 t  i , ’L’t iit ’,I • b ite  I 01.1 1 V . l i I A d t ’  l ’t ’~~~t t l t
w~ .t t  1.1 lie I t i e  sOm c I I he I t t t l e p t ’ ii . leut  v . ij i . ’ F t . s s t t t ’ . s  ~, ra t l i t  t’ I han
Ii. I F 11 .11 1 t a t  l i l ’t i s t i t t s  ‘) • aii.I I h e re  t o t  ,‘ W.’u 1.1 ii ,  I tt ,.lter . How ever

i i i  ou r  w . ’ i L  • t w o  d c l  ( ( t i l e  1ch ~iu e s  (a s i  t g h t t  .‘p.t h s . . i t .e  was
.‘hs , i ve . i  ‘I W er e  n ot  1~r o .h t tee l , nor  i s  t i t .  Fe a t t t ’ t . iL  i i i  t h e  c h i v e
(I ’  I d , • I ‘~ . ts woo h A t  he ,~~ j ’ c e  I e.l i t t  such  .t ease . Ii i  t s  es l i t c e l i t  i s
. 1  I . t . A ’ I  l is t  l u g  c i i .  and i s  w. ’ t t  liv o t  t o t  t i r e  s t u . l v.  A se . ’ A t t . I

~~~~~~~~~ 
l i i i  l i t  v I s  t h a t  t i e t ’ , I S  .1 ~~~~~ . lev  L . i C  ( O t t  I t o  i ,  Cl~~t t . 1  t . ’ t

Rut hi • • I t s . ’ I A ’ I I h i t s  Woo LI l e t ( t t  I t e  .1 k iis ’w I e . h t ~e c I c A t n I l i s lu I t  t c t t

. t t t . i  I I animsh i I I t  v I I n i t  1 s c C It e ~~~~~~~ i ’ pli.tst ’ o’c. U I t t .  1— a.1.I i t  i v .
h i t  \ I t i t ’ c ’S . A ( l i t ( t i  P’ ’ 5  ( I I I .  , \ Il I ~i i t . i t  I ot t  I s  I lie I . ‘ l n . t t  I s ’il c i  .1
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(a)
E f f ec t  of Ic ing I n h i b i t o r  on Fla sh point

of Ry dr ocarbons

~ 
(b)

t ’.” t :eu tra t ion of Fla sh point ( F) ( c )
Icing In h ibitor  (/ .  v /v )  N-Undec a n e JP -5

o 148 139

0.0188 147 -

0.0375 146 137

0 .0750 145 136

0.0990 144 135

0.150 144 134

0.200 141 133

0.398 134 128

0.498 132 -

0.596 - 123

0.695 126 122

0.892 123 120

(a) Phillips Petroleum Co. Icing Inhibitor ~~M3i
(Flashpoin t 113°F found)

(b) Tag, Closed Cup

( c )  JP -5 Jet Fuel , Samp le No. J-439
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