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PREFACE 

Th i s  Technica l  Note was prepared a t  t h e  Fede ra l  Avia t ion  Adminis t ra t ion  (FAA) 
Technica l  Center ,  A t l a n t i c  C i t y  I n t e r n a t i o n a l  A i r p o r t ,  New J e r s e y  08405, under 
FAA P r o j e c t  T1702F and under P r o j e c t  Order No. F84-80, f o r  t h e  A i r  Force 
Engineering and Se rv ices  Center ,  Engineering and Se rv ices  Laboratory (HQ 
AFEsCIRDCF), Tyndal l  A i r  Force Base, F l o r i d a  32403-6001. 

The r e p o r t  summarizes t he  e v a l u a t i o n  of t h e  g e n e r a l  f i r e  suppress ion  concen t r a t e  
i d e n t i f i e d  a s  Pyrocap B-136 and manufactured by Pyrocap, Incorpora ted ,  6551 
Lo i sda l e  Court ,  S u i t e  400, Sprfngf i e l d ,  V i r g i n i a  22155-1845. Th i s  e v a l u a t i o n  w a s  
p a r t  of an  i n v e s t i g a t i o n  of s ta te -of - the-ar t  and new agen t s  f o r  use  a t  commercial 
o r  gene ra l  a v i a t i o n  a i r p o r t s  and h e l i p o r t s .  

The Pyrocap concen t r a t e  w a s  brought  t o  t h e  a t t e n t i o n  of t h e  Department of  
T ranspor t a t ion  (DOT) and t h e  FAA by Represen ta t ive  Curt  Weldon, Chairman of t h e  
Congressional  F i r e  Se rv i ces  Caucus. 
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INTRODUCTION 

PURPOSE . 
The p r i n c i p a l  o b j e c t i v e s  of t h i s  i n v e s t i g a t i o n  were t o  eva lua t e  t h e  Pyrocap B-136 
as a f i r e  ex t ingu i sh ing  and emuls i fy ing  agent  f o r  a v i a t i o n  f u e l s  and a s  a n  
ex t ingu i sh ing  agent  f o r  magnesium meta l  (Class  D) f i r e s .  

BACKGROUND. 

The heavy duty  s u r f a c e  a c t i v e  agen t s  have been known and employed i n  t h e  
petrochemical  i ndus t ry  f o r  many y e a r s  f o r  c l ean ing  t h e  ho lds  of petroleum t anke r  
s h i p s  and ba rges  whenever cargos  a r e  changed. More r e c e n t l y ,  l a r g e  o i l  s p i l l s  
from l eak ing  t anke r s  have claimed t h e  a t t e n t i o n  of o i l  companies t o  develop 
economical and e c o l o g i c a l l y  s a f e  methods f o r  minimizing t h e s e  p o t e n t i a l  
environmental  hazards.  Th i s  technology is  c u r r e n t l y  be ing  exp lo i t ed  i n  t h e  
development of a p o t e n t i a l l y  new c l a s s  of a u x i l i a r y  f i r e f i g h t i n g  a g e n t s  f o r  t h e  
c o n t r o l  and extinguishment of f u e l  s p i l l  f i r e s  and magnesium wheel f i r e s  a t  
a i r p o r t s .  

DISCUSSION 

EMULSIFICATION PROCESS. 

There a r e  f o u r  c l a s s e s  of 
s u r f a c e  a c t i v i t y  of water  
s u r f a c t a n t  molecule. The 

s u r f a c e  a c t i v e  agen t s  a v a i l a b l e  f o r  modifying t h e  
t h a t  a r e  dependent upon t h e  a c t i v e  moiety i n  t h e  
c l a s s e s  a r e  i d e n t i f i e d  a s  a n i o n i c ,  c a t i o n i c ,  nonionic ,  

and amphoteric.  Within each c l a s s ,  t h e  molecular  s t r u c t u r e  can  b e  v a r i e d  widely;  
and by proper  blending,  t h e  r e s u l t i n g  product  can be t a i l o r e d  t o  meet s p e c i f i c  
chemical and phys i ca l  requirements .  

The p r e p a r a t i o n  of an  o i l  i n  water  d i s p e r s i o n  r e q u i r e s  t h e  i n p u t  of mechanical 
energy i n t o  a simple mixture of o i l  and water .  I n  gene ra l ,  t h e  h ighe r  t h e  
shea r ing  s t r e s s  app l i ed  t o  t h e  system, t h e  sma l l e r  t h e  o i l  d r o p l e t s  become. 
Regardless  of t h e i r  s i z e ,  however, t h e  o i l  d r o p l e t s  w i l l  r i s e  r a p i d l y  t o  t h e  
water  s u r f a c e  and coa lesce  t o  reform a homogeneous l a y e r .  Therefore ,  t o  produce 
s t a b l e  emulsions,  it is  neces sa ry  t o  add a s u i t a b l e  s u r f a c e  a c t i v e  o r  emuls i fy ing  
agent  t o  t h e  water  phase p r i o r  t o  d i s p e r s i n g  t h e  o i l .  By t h i s  means, t h e  
i n t e r f a c i a l  t e n s i o n  between t h e  o i l  and water  phases i s  reduced t o  a l e v e l  which 
pe rmi t s  a f i l m  of s u r f a c t a n t  s o l u t i o n  t o  form around each o i l  d r o p l e t ,  thereby  
r e t a r d i n g  t h e  coalescence of t h e  o i l  d r o p l e t s  and subsequent  v a p o r i z a t i o n  of t h e  
o i l  o r  f u e l s ,  such a s  J e t  A, JP-4, and avgas ( J e t  A, kerosene f u e l ;  JP-4, 
kerosene and gaso l ine  f u e l  blend;  avgas,  a v i a t i o n  g a s o l i n e  f u e l ) .  

PHYSIOCHEMICAL PROPERTIES OF PYROCAP B-136. 

The p h y s i c a l  and chemical p r o p e r t i e s  employed t o  i d e n t i f y  t h e  Pyrocap B-136 agent  
were t h e  s p e c i f i c  g r a v i t y ,  v i s c o s i t y ,  and hydrogen i o n  concen t r a t ion  (PH). 
These v a l u e s  f o r  Pyrocap B-136, Batch No. 45 VA 299-910, a r e  provided i n  t a b l e  1. 



TABLE 1. PROPERTIES OF PYROCAP B-136 

SPECIFIC VISCOSITY CONCENTRATE 
AGENT GRAVITY CENTIPOISE a t  68 OF PH 

Pyrocap B-136 1 .03 573 8.15 

The v a r i a t i o n s  of the hydrogen ion concentrat ion with the  s o l u t i o n  concentrat ion 
a r e  presented i n  appendix A. 

The degree t o  which the  Pyrocap B-136 agent  modified t h e  physica l  p r o p e r t i e s  of 
water was measured i n  terms of the  surface  tens ion (ST) and i n t e r f a c i a l  tens ion 
(IT) between J e t  A, JP-4, and avgas f u e l s  a t  var ious  so lu t ion  concentrat ions.  
The spreading c o e f f i c i e n t s  (SC) ca lcu la ted  from these  values a r e  p l o t t e d  i n  
f i g u r e  1 a s  a funct ion of so lu t ion  concentrat ion.  
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SPREADING COEFFICIENT - Dynes 1 cm 
FIGURE 1. VARIANCE OF THE SPREADING COEFFiClENT WITH SOLUTION CONCENTRATION FOR 

PYROCAP 8-136 AGAINST Jet A, JP4 AND AVGAS 



According t o  c l a s s i c a l  theory  concerning t h e  spontaneous spreading  of i n s o l u b l e  
f i l m s  on l i q u i d s ,  i f  t h e  spreading  c o e f f i c i e n t  h a s  a va lue  g r e a t e r  t han  zero  
( i . e . ,  p o s i t i v e ) ,  t h e  aqueous phase can spread spontaneously upon o r  "wet" t h e  
f u e l .  A c o e f f i c i e n t  below ze ro  ( i . e . ,  nega t ive )  i n d i c a t e s  t h a t  I t  cannot  spread  
spontaneously.  When t h e  spreading  c o e f f i c i e n t  i s  ze ro ,  t h e  l i q u i d s  a r e  mi sc ib l e .  

A l l  s o l u t i o n  concen t r a t ions  of Pyrocap B-136 had nega t ive  spreading  c o e f f i c i e n t s  
a g a i n s t  J e t  A, JP-4, and avgas f u e l s ,  w i t h  avgas demonstrat ing t h e  g r e a t e r  
n e g a t i v i t y .  

EMULSIFICATION CHARACTERISTIC OF PYROCAP B-136. 

The emuls i fy ing  c a p a b i l i t y  of Pyrocap B-136 w a s  v i s u a l l y  a s se s sed  by b lending  
premixed water  s o l u t i o n s  (20 m i l l i l i t e r s ,  ml) of s e l e c t e d  concen t r a t ions  from 0.5 
t o  6 pe rcen t  and a t  30 pe rcen t  by volume w i t h  60 m l  of J e t  A, JP-4, and avgas 
f u e l s  and v igo rous ly  shaking each mixture.  Photographs showing t h e  q u a l i t y  of 
t he  i n i t i a l  emulsion obta ined  wi th  each f u e l  and t h e  degree  of phase s e p a r a t i o n  
wi th  t ime, a r e  presented  i n  appendix B f o r  J e t  A ( f i g u r e  B-1) , JP-4 ( f i g u r e  B-2), 
and avgas ( f i g u r e  B-3). 

EMULSIFICATION OF JET A FUEL. Appendix B ,  f i g u r e  B-1 (a )  shows v a r i o u s  s o l u t i o n  
concen t r a t ions  of Pyrocap B-136 below t h e  J e t  A f u e l  p r i o r  t o  a g i t a t i o n .  F igu re  
B-1 (b) shows t h e  degree of e m u l s i f i c a t i o n  ob ta ined  10 seconds a f t e r  a g i t a t i o n .  
The photograph i n d i c a t e s  t h a t  on ly  a very  s m a l l  q u a n t i t y  of f u e l  i n  s o l u t i o n  
(water) emulsion appeared on t h e  s u r f a c e  of t h e  J e t  A f u e l  a t  c o n c e n t r a t i o n s  from 
0.5 t o  3 pe rcen t  and t h a t  some f l o c  was p re sen t  a t  t h e  i n t e r f a c e  between t h e  f u e l  
and s o l u t i o n .  A t  a s o l u t i o n  concen t r a t ion  of 4 p e r c e n t ,  a v i s i b l e  f u e l  i n  
s o l u t i o n  emulsion developed on t h e  f u e l  s u r f a c e  and a uniform d i s t r i b u t i o n  of 
l i g h t  f l o c  appeared throughout t he  f u e l  phase. When t h e  concen t r a t ion  of s u r f a c e  
a c t i v e  agent  was f u r t h e r  i nc reased  t o  5 and 6 p e r c e n t ,  t h e  v i s i b l e  f u e l  i n  
s o l u t i o n  emulsion increased  t o  5.7 and 7.6 m i l l i m e t e r s ,  r e s p e c t i v e l y .  F igure  B-1 
(c )  shows t h e  f u e l  and s o l u t i o n  phase s e p a r a t i o n  a f t e r  5 minutes .  A t  s u r f a c t a n t  
concen t r a t ions  from 0.5 t o  3 pe rcen t ,  t h e  f u e l  i n  s o l u t i o n  emulsion w a s  
n e g l i g i b l e .  The emulsions formed a t  concen t r a t ions  from 4 t o  6 pe rcen t  remained 
s t a b l e  and inc reased  i n  depth wi th  agent  concen t r a t ion .  

A t  30 pe rcen t  concen t r a t ion ,  approximately 25 p e r c e n t  of t h e  aqueous phase 
remained a t  t h e  c y l i n d e r  bottom, whi le  t h e  remainder appeared t o  be evenly 
d i s t r i b u t e d  throughout t h e  J e t  A f u e l .  The mixture  of J e t  A f u e l  and water  
showed no tendency t o  form a s t a b l e  emulsion. 

Based upon t h e s e  experiments ,  t h e  6 pe rcen t  s o l u t i o n  of Pyrocap B-136 was 
s e l e c t e d  f o r  t h e  J e t  A pool  f i r e  t e s t s .  

EMULSIFICATION OF JP-4 FUEL. Appendix B, f i g u r e  B-2 ( a )  shows v a r i o u s  s o l u t i o n  
c o n c e n t r a t i o n s  of Pyrocap B-136 beneath t h e  JP-4 f u e l  l a y e r  be fo re  a g i t a t i o n .  
F igure  B-2 (b) shows the  degree of e m u l s i f i c a t i o n  ob ta ined  10 seconds a f t e r  
a g i t a t i o n .  Approximately 3.8 m i l l i m e t e r s  of emulsion w a s  formed on t h e  s u r f a c e  
of t h e  JP-4 f u e l  a t  Pyrocap B-136 concen t r a t ions  from 0.5 t o  4 pe rcen t  and 
va r ious  q u a n t i t i e s  of whi te  f l o c  remained suspended w i t h i n  t h e  f u e l  phase. The 
emulsions produced a t  s o l u t i o n  concen t r a t ion  of 5 and 6 percent  i nc reased  t o  
approximately 11.4 and 22.8 m i l l i m e t e r s ,  r e s p e c t i v e l y ,  and t h e  whi te  f l o c  
produced remained evenly d i s t r i b u t e d  w i t h i n  t h e  f u e l  phase. The 30 pe rcen t  
s o l u t i o n  of Pyrocap B-136 was d i s t r i b u t e d  w i t h i n  t h e  f u e l  phase w i t h  a l a r g e  
q u a n t i t y  of t he  agent  s e t t l i n g  t o  t h e  bottom of t h e  cy l inde r .  



Figure B-2 (c) shows the  phase separa t ion  a f t e r  5 minutes. Solut ion  
concentrat ions from 0.5 t o  3 percent  show well-defined emulsion l a y e r s  of 
approximately 3.8 t o  5.7 mil l ime te r s  f l o a t i n g  on t h e  su r face  of t h e  JP-4 f u e l .  
The emulsions produced a t  agent concentra t ions  of 5 and 6 percent  remained 
s t a b l e .  

A t  30 percent  concentrat ion,  t h e  d i s t r i b u t i o n  of t h e  Pyrocap B-136 w i t h i n  t h e  
f u e l  mixture did not  appear t o  have changed wi th  time. The mixture of JP-4 f u e l  
and water showed no tendency t o  form a s t a b l e  emulsion. 

No f i r e  t e s t s  were performed with JP-4 f u e l  s i n c e  i t  was not  a v a i l a b l e  i n  t h e  
quan t i ty  requi red  a t  the  t e s t  s i t e .  

EMULSIFICATION OF AVIATION GASOLINE. Appendix B ,  f i g u r e  B-3 (a) shows var ious  
s o l u t i o n  concentra t ions  of Pyrocap B-136 below t h e  avgas phase before  a g i t a t i o n .  
Figure B-3 (b) shows the  degree of emuls i f i ca t ion  obta ined 10 seconds a f t e r  
a g i t a t i o n .  The quant i ty  of emulsion produced by agent  concentra t ions  from 0.5 t o  
5 percent i s  shown a s  a t h i n  white band approximately 2 t o  3 mi l l ime te r s  th ick  
f l o a t i n g  on the  su r face  of the  avgas fue l .  A s  t h e  agent  concentra t ion  was 
increased t o  6 and 7 percent ,  t h e  emulsion band increased t o  5 and 6 mi l l ime te r s  
i n  depth. It is  a l s o  apparent  t h a t  a l l  of t h e  aqueous agent  phase between 1 and 
7 percent  i s  temporari ly contained i n  the  white f l o c .  A t  30 percent  
concentra t ion ,  the  Pyrocap B-136 agent  produced a f l o c  t h a t  was evenly 
d i s t r i b u t e d  throughout the  avgas phase. 

Figure B-3 (c)  shows the  rap id  s e t t l i n g  of the  f l o c  a t  soluti .on concentra t ions  
from 1 t o  7 percent;  however, a t  the  higher concentra t ions  the  aqueous s o l u t i o n  
phase was more f i rmly  bound i n t o  the  f l o c  during formation. 

A t  a concentra t ion  of 30 percent ,  the  f l o c  was s t a r t i n g  t o  show phase separa t ion  
a t  the  su r face  of the  avgas. The mixture of avgas and water showed no tendency 
t o  form a s t a b l e  emulsion when ag i t a t ed .  

Based upon these  experiments, the  6 percent  s o l u t i o n  of Pyrocap B-136 was 
se lec ted  f o r  the avgas pool f i r e  t e s t s .  

FIRE TEST PROCEDURES. 

THROW RANGE OF PYROCAP B-136. To e s t a b l i s h  t h e  most e f f e c t i v e  f i r e f i g h t i n g  
techniques t o  be employed during the  large-scale f i r e  t e s t s ,  i t  was expedient  t o  
know the  e f f e c t i v e  throw range and ground a r e a  covered by t h e  discharge.  These 
parameters would, i n  p a r t ,  be employed t o  e s t a b l i s h  t h e  nozzle e l e v a t i o n  and r a t e  
of t r a v e r s e  t h a t  the  f i r e f i g h t e r  would employ during t h e  f i r e  c o n t r o l  and 
ext inguishing operat ions.  

To e s t a b l i s h  s t a b l e  fuel-in-water emulsions, t h e  nozzle stream must be  plunged 
d i r e c t l y  i n t o  the  f u e l  su r face  a t  the  base of t h e  f i r e  plume. This procedure i s  
i n  d i r e c t  c o n t r a s t  with t h a t  requi red  i n  f i r e f i g h t i n g  opera t ions  employfng 
mechanical foam agents ,  such a s  aqueous f i l m  forming foams (AFFF). 

The f l u i d  ground p a t t e r n s  produced by Pyrocap B-136 discharged a t  100 and 230 
pounds per  square inch ( p s i )  a r e  shown i n  f i g u r e  2. I n  t h e s e  experiments, t h e  
throw ranges var ied  from 45 t o  7 2  f e e t  and widths from 11 t o  22  f e e t .  



PRESSURE-psi 230 100 

DISCHARGE RATE - 50 gallmin 

FIGURE 2. AVERAGE DIMENSIONS OF THE GROUND PATTERNS PRODUCED BY PYROCAP 8-136 



POOL FIRES. The f i r s t  t e s t  bed w a s  a 35-foot-diameter f i r e  p i t  which conta ined  
s u f f i c i e n t  water  t o  provide a smooth water  base  upon which t h e  J e t  A f u e l  (335 
g a l l o n s )  w a s  f l o a t e d .  A preburn per iod  of 45 seconds w a s  allowed a f t e r  complete 
involvement of t he  f u e l  s u r f a c e  was obtained.  

The f i r e  was approached from t h e  upwind s i d e  by a n  experienced f i r e f i g h t e r  
committed t o  ex t ingu i sh ing  t h e  f i r e  a s  r a p i d l y  as poss ib l e .  The e x t i n g u i s h i n g  
f l u i d  w a s  app l i ed  a s  a 6 pe rcen t  premixed s o l u t i o n  from a 50-gallon-per-minute 
s o l i d  s t ream, a i r - a s p i r a t i n g  nozz le  under n i t r o g e n  p re s su re  a t  230 pounds pe r  
square inch.  

P r i o r  t o  conduct ing experiments wi th  t h e  emuls i fy ing  agent ,  a s e r i e s  of t e s t s  w a s  
performed us ing  a 3 percent  type  aqueous f i l m  forming foam (AFFF) agen t  
conforming wi th  the  requirements  of MIL-F-24385C t o  e s t a b l i s h  t h e  b a s e l i n e  
c h a r a c t e r i s t i c s  of the  procedure. 

A f t e r  each f i r e  t e s t  employing t h e  fuel-in-water emuls i fy ing  agent ,  t h e  r e s i d u a l  
f u e l  was completely burned o f f  t h e  s u r f a c e  of t h e  f i r e  p i t  and t h e  wa te r  was 
pumped o u t  i n  p repa ra t ion  f o r  a f r e s h  charge of water  and f u e l .  

SIMULATED FUEL SPILL FIRES. For t h e  second t e s t  a J e t  A f u e l  s p i l l  f i r e  was 
s imula ted  i n  a 20-foot-square bunded a r e a  con ta in ing  750 g a l l o n s  of f u e l .  The 
f u e l  was preburned f o r  45 seconds a f t e r  f u l l  involvement of t h e  p i t  was obta ined .  
A 6 p e r c e n t  premixed s o l u t i o n  of Pyrocap B-136 was plunged i n t o  t h e  f u e l  s u r f a c e  
a t  the  r a t e  of 50 g a l l o n s  p e r  minute and 230 pounds-per-square-inch nozz le  
p re s su re .  

FIRE TEST RESULTS. 

POOL FIRES. The 6 percent  premixed s o l u t i o n  of Pyrocap B-136 c o n t r o l l e d  and 
ex t ingu i shed  the  962-square-foot J e t  A pool  f i r e  i n  18  seconds and 32 seconds,  
r e s p e c t i v e l y .  The es t imated  depth  of t h e  J e t  A emulsion l a y e r  was 118 inch .  I n  
t h i s  experiment,  some of t h e  emuls i fy ing  water  may have been de r ived  from t h e  
aqueous s u b s t r a t e  beneath t h e  f u e l  l a y e r .  The burnback t e s t  r e q u i r e d  160 seconds 
t o  break  the  emulsion and completely involve  t h e  f u e l  su r f ace .  The photographs 
presented  i n  appendix C show f o u r  c r i t i c a l  phases  dur ing  t h e  f i r e  c o n t r o l  and 
ex t ingu i sh ing  process  u s ing  t h e  Pyrocap B-136 a g e n t .  

A t  t h e  conclus ion  of t h e  burnback t e s t ,  a second a t tempt  w a s  made t o  e x t i n g u i s h  
t h e  f i r e ,  and c o n t r o l  and ext inguishment  were accomplished i n  17 seconds and 30 
seconds, r e s p e c t i v e l y .  No burnback t ime was recorded f o r  t h i s  experiment.  The 
r e s u l t s  of t hese  t e s t s  a r e  summarized i n  t a b l e  2. 

SPILL FIRES. The 6 pe rcen t  premixed s o l u t i o n  of Pyrocap B-136 a p p l i e d  a t  0.125 
g a l l o n s  p e r  minute pe r  square  f o o t  c o n t r o l l e d  and ex t ingu i shed  t h e  400-square- 
f o o t  f i r e  i n  28 seconds and 57 seconds,  r e s p e c t i v e l y .  The f i r e  burnback t ime was 
184 seconds. 

A t  t h e  conclus ion  of t he  burnback per fod ,  a second a t tempt  was made t o  c o n t r o l  
and e x t i n g u i s h  t h e  f i r e .  This  was accomplished i n  28 seconds and 52 seconds,  
r e s p e c t f v e l y ,  followed by a burnback per iod  of 103 seconds. 

An approximation of t he  depth of t h e  J e t  A fuel-in-water emulsion t h a t  was 
formed du r ing  t h e  f i r e  ex t ingu i sh ing  process  w a s  118 inch  f o r  t h e  c i r c u l a r  pool  



S o l u t i o n  F i r e  
Conc . Area 

Agents % f t 2  

Pyrocap B-136 6 962 

Pyrocap B- 136 6 962 

Pyrocap B-136 6 400 

Pyrocap B- 136 6 400 

Pyrocap B- 136 6 400 

TABLE 2. SUMMARY OF FIRE TEST RESULTS 

POOL FIRES 

S o l u t i o n  A p p l i c a t i o n  Cont ro l  Ex t i ngu i sh ing  Burnback 
Rate Densi ty  Time T i  me Time 
g Pm gpmlf t2  sec . sec . sec. 

SPILL FIRES 

5 0 0.125 

5 0 0.125 

5 0 0.125 

2 8 57 184 

2 8 52 103 

none none --- 

Fuel 

J e t  A 

J e t  A 

J e t  A 

Je t  A 

AVGAS 

*For comparison o n l y  



f i r e  w i th  t h e  water  s u b s t r a t e  and 3/16 inch  f o r  t h e  s imula ted  f u e l  s p i l l .  f i r e  
without  t he  water  s u b s t r a t e .  The l a r g e r  q u a n t i t y  of Pyrocap B-136 s o l u t i o n  used 
pe r  squa re  f o o t  of f i r e  s u r f a c e  i n  t h e  f u e l  s p i l l  s imu la t ion  t e s t  w a s  r equ i r ed  
t o  provide  an adequate depth of t h e  fuel-in-water emulsion t o  s e c u r e  t h e  f u e l  
s u r f a c e  from vapor pene t r a t ion .  

I n  a t h i r d  s imula ted  s p i l l  f i r e ,  500 g a l l o n s  of avgas was employed i n  t h e  400- 
square-foot bunded p i t .  The 6 pe rcen t  premixed Pyrocap B-136 s o l u t i o n  
d ischarged  a t  50 g a l l o n s  pe r  minute and 230 pounds pe r  square  inch  nozz le  
p re s su re  was no t  a b l e  t o  emuls i fy  t h e  avgas. The s o l u t i o n  d i scha rge  s t r eam w a s  
v a r i e d  from d i r e c t  plunging t o  a g e n t l e  a p p l i c a t i o n  wi thout  succes s ,  and t h e  f u e l  
continued t o  burn wi th  undiminished i n t e n s i t y  u n t i l  i t  was a l l  consumed. The 
r e s u l t s  of t h e  s imulated s p i l l  f i r e  t e s t s  a r e  summarized i n  t a b l e  2. 

The f a i l u r e  of t h e  JP-4 f u e l  t o  produce s t a b l e  fuel-in-water emulsions w i t h  
Pyrocap B-136 under t h e  e s t a b l i s h e d  f i r e  t e s t  c o n d i t i o n s  i s  a t t r i b u t a b l e  i n  p a r t  
t o  the  h igh  v o l a t i l i t y  of t h e  f u e l .  A l l  a v i a t i o n  f u e l s  a r e  b l ends  of many 
i n d i v i d u a l  hydrocarbons, each of which has  i t s  own vapor p re s su re  and b o i l i n g  
range. The kerosene-type f u e l s  ( J e t  A) a r e  comprised p r i n c i p a l l y  of t h e  h ighe r  
b o i l i n g  range f r a c t i o n s  and t h e  g a s o l i n e  types  (avgas) ,  t h e  lower b o i l i n g  range 
f r a c t i o n s .  Since t h e  m i l i t a r y  f u e l  (JP-4) i s  a blend of bo th  t h e  kerosene  and 
g a s o l i n e  types ,  t h e  d i s t i l l a t i o n  curve l i e s  somewhere between t h e s e  two extremes. 

An a n a l y s i s  of t he  d i s t i l l a t i o n  p r o f i l e s  f o r  t h e  t h r e e  a v i a t i o n  f u e l s  ( f i g u r e  3) 
shows t h a t  t h e  s t a r t i n g  v a p o r i z a t i o n  tempera tures  a r e  154 OC,  65.65 OC and 48.55 
OC f o r  J e t  A, JP-4, and avgas,  r e s p e c t i v e l y .  S ince  t h e  d i f f e r e n c e  i n  t h e  i n i t i a l  
d i s t i l l a t i o n  temperature between JP-4 and avgas is  only  17.1 OC, i t  is  specu la t ed  
t h a t  t h e  e f f e c t i v e n e s s  of Pyrocap B-136 would be  s i g n i f i c a n t l y  lower a g a i n s t  JP-4 
f u e l  f i r e s  t han  J e t  A f u e l  f i r e s  under t h e  e s t a b l i s h e d  f i r e  t e s t  cond i t i ons .  
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FIGURE 3. TYPICAL DISTILLATION CURVES OF AVIATION FUELS 



MAGNESIUM FIRE EXTINGUISHING EXPERIMENTS. 

I n  a d d i t i o n  t o  the  a i r c r a f t  f u e l  emulsifying p r o p e r t i e s  exhibi ted  by Pyrocap B- 
136, t h e  manufacturer claimed t h a t  a 30 percent  concentra te  of t h e  agent  was a l s o  
e f f e c t i v e  i n  ext inguishing magnesium metal  f i r e s .  

Accordingly, experiments were performed using two segments of a C-130 a i r c r a f t  
nose wheel assembly. The 30 percent  premixed Pyrocap agent  was dispensed a t  t h e  
r a t e  of 2.5 ga l lons  per  minute from a 2.5-gallon por tab le  water f i r e  ex t ingu i she r  
pressur ized  t o  90 pounds per  square inch by means of an ex te rna l  carbon dioxide 
c a r t r i d g e .  

The r e s u l t s  of these  experiments a r e  summarized i n  t a b l e  3, t e s t s  1 and 2.  
Photographs showing c r i t i c a l  phases i n  t h e  extinguishment of the  magnesium wheel 
f i r e s  a r e  presented i n  appendix D.  



TABLE 3. MAGNESIUM FIRE EXTINGUISHING EXPERIMENTS 

Test  A r t i c l e :  One-half of a 
Wefght: 18.5 
Height: 18.5 
Width: 6 

TEST 1 

C-130 magnesfum 
pounds 
inches  
inches  

nose wheel. 

F i r e  Extinguisher: Badger 2.5 ga l lon  water ext inguisher  pressur ized t o  90 
pounds per square inch with an  e x t e r n a l  carbon dioxide 
ca r t r idge .  Discharge r a t e  2.5 gal lons  per minute. 

Extinguishing Agent: Pyrocap B-136 
Solut ion concentrat ion:  30 percent  by volume 

Log of Events 

Time (min: sec)  Event 

0 : 00 Heat appl ied  t o  wheel with acetylene  torch.  

4:25 Magnesium i g n i t e d  a t  bottom of wheel. 

15: 37 Large a r e a  of lower wheel burning. 

20:OO I n i t i a l  app l i ca t ion  of Pyrocag B-136 t o  the  burning metal  
caused a l a r g e  f l a reup  and a shower of sparks. Continued 
app l i ca t ion  of f l u i d ,  i n  s h o r t  b u r s t s  on and around t h e  
burning meta l ,  control led  t h e  f i r e .  A l a r g e  quan t i ty  of 
molten magnesium & s l a g  (thermo- p i l e )  continued t o  burn on 
the ground under the  wheel, which was secured by t h e  agent. 

23: 15 F i r s t  ext inguisher  emptied; no burning magnesium v i s i b l e .  
The thermopile was glowing red i n  t h e  cen te r  under t h e  wheel. 

25 : 00 No s igns  of magnesium burning, but  smoke (MgO) emanated from 
the glowing thermopile. 

32:OO Thermopile f l a r e d  when probed and increased i n  i n t e n s i t y .  

32:57 Second 2.5 ga l lon  ext inguisher  applied on thermopile. 

36 : 00 Second ext inguisher  emptied; wheel f i r e  extinguished;  some 
low hea t  emanated from t h e  thermopile. 

Quantity of agent used: 5 ga l lons  of 30 percent  Pyrocap B-136. 



TABLE 3. MAGNESIUM FIRE EXTINGUT SHING EXPERIMENTS 

TEST 2 

Test Ar t ic le :  One-half of a C-130 magnesium nose wheel. 
Weight: 18.5 pounds 
Height: 18.5 inches 
Width: 6 inches 

F i r e  Extinguisher: Badger 2.5 gal lon water extinguisher pressurized t o  90 
pounds per square inch with an ex te rna l  carbon dioxide 
car t r idge.  Discharge r a t e  2.5 gal lons  per minute. 

Extinguishing Agent: Pyrocap B-136 concentrat ion premixed to  
30 percent by volume. 

Log of Events 

Time (min: sec) Event 

0:OO Heat applied t o  wheel with acetylene torch. 

Surface burning of magnesium appeared on wheel. 

Major burning of wheel s t a r t ed .  

Approximately 25 percent of wheel involved. 

External heat  appl icat ion stopped. 

Application of Pyrocap B-136 agent;  s t a r t e d  using gent le  
appl icat ion.  

Gentle appl icat ion was e f f ec t i ve  i n  cooling non-burning 
magnesium metal. 

Pyrocap agent coated the  metal surface  and bo i l i ng  occurred 
over the thermopile, which was glowing red. 

En t i re  r i m  covered with Pyrocap agent and bo i l ing  continued 
over the  thermopile. 

F i r s t  2.5 gal lon extinguisher exhausted. 

Second extinguisher brought i n t o  play. 

Pyrocap agent covered the  wheel, but  t he  thermopile continued 
t o  b o i l  and glow. 

Second extinguisher exhausted; a l l  burning under control .  



TABLE 3. MAGNESIUM FIRE EXTINGUISHING EXPERIMENTS 

TEST 2 (CONTINUED) 

Loe of Events 

Time (min: sec) Event 

34:OO Small emission of magnesium oxide from thermopile; no other  
v i s i b l e  burning. 

45: 30 Minor burning of i n t e r i o r  of t he  thermopile when t he  s l a g  was 
probed. 

Third extinguisher act ivated.  

Small emanation of magnesium oxide from thermopile. 

Application of Pyrocap agent stopped; complete 
extinguishment . 

Quantity of agent used: 6.5 gal lons  of 30 percent Pyrocap B-136. 



SUMMARY OF RESULTS 

The r e s u l t s  obtained from laboratory experiments and large-scale f i r e  t e s t s  
employing the  general f i r e  suppression concentrate i den t i f i ed  as Pyrocap B-136 
a r e  : 

1. Aqueous solut ions  of Pyrocap B-136 show negative spreading coe f f i c i en t s  when 
measured against  J e t  A, JP-4, and Avgas av ia t ion  fue l s .  

2. The r e l a t i v e l y  high v i s cos i t y  (573 cen t ipo ise  a t  68 OF) of Pyrocap B-136 may 
require  modification of some f i e l d  dispensing equipment t o  obtain proper 
proportioning of the agent. 

3. Pyrocap B-136 is  a strong emulsifying agent toward J e t  A, JP-4, and Avgas 
av ia t ion  fue l s  a t  ambient environmental temperatures. 

4. A so lu t i on  concentration of 6 percent by volume of Pyrocap B-136 con t ro l led  
and extinguished a 962-square-foot J e t  A pool f i r e  a t  the  low so lu t i on  
app l ica t ion  r a t e  of 0.052 gal lons  per minute per square foot .  

5. Six percent concentration of Pyrocap B-136 produced s t ab l e  J e t  A f u e l  i n  
water emulsions which r e s i s t e d  rapid burnback of the  emulsified f u e l  i n  large- 
sca le  f i r e  t e s t s .  

6. The 6 percent so lu t ion  of Pyrocap B-136 required approximately one and one- 
half times longer t o  achieve f i r e  con t ro l  and extinguishment of t he  400-square- 
foot  simulated J e t  A f ue l  s p i l l  f i r e  than i t  did the  962-square-foot pool f i r e  a t  
the  same discharge r a t e  (50 gal lons  per minute). 

7. Pyrocap B-136 was not e f f ec t i ve  i n  extinguishing highly v o l a t i l e  hydrocarbon 
fue l  f i r e s  such as  avgas. 

8. Thir ty  percent aqueous so lu t ions  of Pyrocap B-136 demonstrated progressive 
control  and extinguishment of a i r c r a f t  magnesium wheel r i m  f i r e s .  

CONCLUSIONS 

Based upon the  r e s u l t s  of preliminary laboratory and large-scale f i r e  t e s t  data ,  
i t  is concluded t ha t  the general f i r e  suppression concentrate i den t i f i ed  a s  
Pyrocap B-136 is worthy of continued t e s t i ng  and evaluation a s  a candidate 
aux i l i a ry  agent f o r  use a t  a i rpo r t s .  





APPENDIX A 

VARIATION OF HYDROGEN ION CONCENTRATION (pH) 
WITH SOLUTION CONCENTRATION OF PYROCAP B-136 



Manufacturer: Pyrocap, Ine. 
6551 Loisdale Court 
Suite 400 
Springfield, Virginia 22155-1854 

General Fire Suppression Concentrate 
Batch No. 45 VA 299-910 
FAA Contract Order No. DTFA03-90-P-00479 

LAB TEST RESULTS 

Pyrocap pH Level 
Concentration Test 1 Test 2 Test 3 Averase 

Eauipment Used: Beckman 
zeromatic I1 pH Meter 
86-R pH Electrodes 



APPENDIX B 

EMULSIFICATION CHARACTERISTICS 
OF PYROCAP B-136 
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APPENDIX C 

EXTINGUISHMENT OF J E T  A POOL FIRES WITH 
PYROCAP B-136 



(a) Time of Discharge 6 Seconds 

(b) Time of Discharge PO Seconds 

FIGURE C-1. FIRE EXTINGUISHING SEQUENCE (4 PHOTOGRAPHS) SHOWING 
THE DISCHARGE OF PYROCAP B-136 ON THE 35-FOOT DIAMETER 
JET A POOL FIRE (P of 2) 



(c) T i m e  of D i s c h a r g e  18 S e c o n d s  C o n t r o l l e d  

(d) T i m e  of D i s c h a r g e  3 2  S e c o n d s  E x t i n g u i s h e d  

FIGURE C-1. FIRE EXTINGUISHING SEQUENCE (4 
THE DISCHARGE O F  PYROCAP B-136 
J E T  A POOL F I R E  ( 2  of 2 )  

PHOTOGRAPHS) SHOWING 
ON THE 35-FOOT DIAMETER 





APPENDIX D 

EXTINGUISHMENT OF MAGNESIIIM WHEEL 
FIRES WITH PYROCAP B-136 



(a) Sustained Magnesium Burning 

FIGURE D-1. FIRE EXTINGUISHING SEQUENCE ( 4  PHOTOGRAPHS) SHOWING 
THE DISCHARGE OF PYROCAP B-136 ON THE BURNING 
MAGNESIUM WHEEL (1 of 2) 



(d) Magnesium Fire Secured With Slag and the Pyrocap B-136 Agent 

FIGURE D-1. FIRE EXTINGUISHING SEQUENCE (4 PHOTOGRAPHS) SHOWING 
THE DISCHARGE OF PYROCAP B-136 ON THE BURNING 
MAGNESIUM WHEEL (2 of 2) 








