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Airborne Measurements of the'Size Distribution and 
' 

the Condensation and Ice Nucleating Ability of 

Particles Produced by AgI Containing Pyrotechnics 

and Acetone Solution Burners 

A. J. ~lkezween~l and I. F. Radke 2 

.' . 

. .. 

. . ABSTRACT 

Airborne measurements using two aircraft were made of the size distribution and 

nucleating activity of particles generated by both AgI pyrotechnic flares and AgI - NHql 
acetone solution burners. It was found that the pyrotechnic flares produced particles 

, . 
generally larger than 0.1 rn in diameter which were good cloud condensation nuclei. 

Particles produced by the AgI - acetone solution burners were less than 0.1 pm in 
diameter and, by comparison with the pyrotechnic flares in terns of mass of AgI consumed, 

relatively inefficient both as'ice nuclei and cloud condensation nuclei. 

l~attelle ~acif ic Northwest laborat6&es9 ~ichlann ~ a .  
. . 

. . . . 
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1. Introduction 
.. _. ' 

1t  dppears from both theoretical studies and experimental'measurements that the 
. .. . . . 

' 

ice nucleating ability of a particle is dependent upon its size and its ability to act 

. '  as a condensation nucleus in addition to other physical and chemical factors. Previous 
. . 

measurements of the size distribution have been conducted in the laboratory. However, 

the size distribution of aerosol particles produced by a generator mounted on an " 

aircraft might' be quite different. from that produced by a ground-based generator since 

the degree of coagulation depends on ventilation. In the case of generation from an 

aircraft the airspeed, mechanical turbulence, and wing tip vortices will dictate the 

.,. degree of coagulation. Previous workers have attempted to simulate these conditions, 
. . . . 

. ' . . in special wind-tunnels (Steele and Sciacca, 1966; Mossop and Tuck-Lee, 1968; Donnan, 

et al., 1971; and Gerber and Allee, 1972). However, D'ingle (1969) in measuring the ,' .Lp....:, : 
, ,. . _ . . I  

. . 
size distribution of pyrotechnically generated InCl particles found that the size 3 

distribution measured in a wind tunnel was significantly different from that measured 

behind the "prop-wash" of a stationary anchored aircraft. Therefore, to more completely' 

understand the nature of AgI aerosols produced from airborne genebators it is clear' 

that the size distribution .and nucleating activity of the particles should be determined 

'with airborne instrumentation. 

In this report, data are presented on the particle size distribution and CCN 

activity bf two different ice nucleus generators which'were mounted on an aircra,ft and . 

, . 
operated in flight. 

. . . . . . 
'2. The. experiment 

. . . .) . a '  .. ' .  

, The 'ice nucleus generatons were 'hqunted urider the wings of the Battelle Cessna i 
. . . . . . 

411 aircraft . One generator produced' ice nuclei by means of pyrotechnic AgI flares . .. 
. . . . . . , . .  . .. . . .  . . '  . . .. , . . 

I .  ' tco*eban inixtw?k 'CSP-009~)  and -theither generato'' was a AgI - NH f acetone solution 
. . 4 

: burner ( the . mixture . used was.. siiilaT to that described by Henderson, 1972, iee  able I). 
. . 

I .  . , . . 



, . 
. . 

., . . 

. . . .  ' ~easurements  on t he  e f f luen ts  from these  two sources were made 3rom the  Universi ty 

. . 

:'  he B-23 car r ied  its' normal s t a t e  parameter instrumentation (see  Hobbs., e t  a l . ,  I t 
. . -- f 

I 

. . 
1971) 'and a l s o  t he  following instruments f o r  aerosol  measurements: 

1 ' 

. " , o f  Washington's Douglas B-23 research a i r c r a f t .  The two a i r c r a f t  were flown i n  

I 

(1)  An automatic CCN counter (Radke and Turner, 1972) operated a t  
. . 

0.5 per cent supersaturation.  : , 
. t i 

, 
I 

(2)  A continuous i c e  nucleus counter (Mee Indus t r ies ,  1972) operated i 
i 

precision formation a t  constant a l t i t u d e  and airspeed separated by about 800 m.  Each 
, 

. , . , .  I 
. t 

' ( 3 )  An o p t i c a l  p a r t i c l e  counter (Royco, Model 220) with a sampie flow 

. . 
experiment was car r ied  out i n  a region of a i r  with a low and f a i r l y  s t a b l e  ae roso l  

content.,  . . 

. . .  . 1 .  

r a t e  of 0.5.L sec-' and capable 6f simultaneously s i z ing  p a r t i c l e s  
A \ \cczu-\07~) . -:i i 

. . i n  the  range of 0.3 t o  5 um diameter,, This counter was equipped with . . i 
I 

, .  . !  

a premixing chamber and d i l u t i on  system t o  prevent coincidence counting . . . I.. 1 
I. 

. , when measuring concentrated aerosols.  I 
,. (4). ' ' A  Whitby ae roso l  analyzer,  which was a commercial version of t h e  ion . I 
. . .  

. . . mobili ty analyzer described by Whitby and Clark, 1966 (Thermo Systems, . !  I 

. - 
'. Inc. , Model 3000). In  pri.nc.i.ple, t h i s  device is  capabie of measuring 

, . 
. . 

t he  aerosol  number spectra  from 0.015 - 0.5 .m diameter. -. 
. I 

( 5 )  An in tegra t ing  nepheloieter ( ~ h a r l s o n ,  e t  a 1  1969) which h i s  been . . . - ' . . 
~ h o A  by Ensor, e t  a le  , (1972) t o  measure t he '  t o t a l  l i g h t  s ca t t e r ing  

. , .. 3. '  
. , 

' . . 
of p a r t i c l e s  l a rge r  than 0.1 pm diameter. 

. .  It was found i n  preliminary experiments t h a t  t he  plume generated by the  pyrotechnic 

f l a r e s  at tached t o  t he  Cessna 411 was not mixed by thewing  t i p  vo r t i ce s  when t h e  two ' , '  

a i r c r a f t  were separated by up t o  1 km. The c ross  sec t ion  of t h e  plume was v i sua l ly  
, c .  

' estimated t o  be 2-3 m i n  'diameter which was far .  too  small f o r  t he  B-23 t o  remain , 
. . . . 

. . 
. . 



' centered i n  . f o r  t h e .  des i red  51 minute i n t e r v a l s .  - Colivolution o f  t h e .  plume by: . . 
. ,  . 
. , , : . . inhomogeneities . in . ,a tmospher ic  motions inc reas ing  t h e  d i s t a n c e  between t h e  

. . . . . .  . 
, . : : t v o  aircraft:"rnuch beyond 1 km. This  probl'em war i o l v e d  by applying lSO of c o n t i o l  

, s  , . . 

- .'. . ,:. f l a p  on. t h e  Cessna which r e s u l t e d  i n  a plume 'approximately 20 m wide a t  0.8 km 

. separa t ion ( t h e  Cessna wingspan is  1 3  m). Because t h e  plume from t h e  acetone burners  
. . . . 

w a s  almost i n v i s i b l e  it was assumed t h a t  it behaved i d e n t i c a l l y  t o  t h e  pyrotechnic 

plUme. . , 

, . 
/. . .. . : : 3. Resul ts  and discuss ion 

. . . .  .- . .  . 
The 'first, f u l l - s c a l e  experiment was conducted on September 28, 1972, a t  an 

. . a l t i t u d e  of 1,600 m MSL, j u s t ' e a s t  of  Dungeness, Washington. This loca t ion  is  west 

of most sources of c o n t i n e n t a l  p o l l u t i o n  and t h e  background concentra t ion of l e s s  than  

100 CCN cm-3 suggests  t h a t  t h e  a i r  was of e s s e n t i a l l y  marine o r i g i n .  The concentra t ion . 
\ ' I .  

I 
2 -1 

of p a r t i c l e s  l a r g e r  than 0.3 um diameter was very low,. l e s s  than 0..3 11 . Fig. 1 
. , . 

: , . shows t h e  concentra t ions  of,CCN a c t i v e  a t  0.5 p e r  cent  supersa tu ra t ion ,  t h e  a e r o s o l  . , . 

' ' 
' l i g h t  s c a t t e r i n g  c o e f f i c i e n t ,  and t h e  measurement o f  t h e  t u r b u l e n t  energy produced 'by : 

I 

. t h e  Cessna during a por t ion  o f  t h e  run. ,The background a e r o s o l  is seen t o  con t r ibu te  ,. 

, ., 

' 

less than 5 p e r  cent  .of the.  a e r o s o l  measurements . i n  t h e  plume from t h e  pyrotechnics.  
. . . .  

I . .  
' During p r a c t i c e  runs  behind t h e  Cessna with no p a r t i c l e ,  genera to r s  opera t ing . the . '  . , 
I ,  ' .  :. 

. ,exhaust aerosol was' found. t o  cauoe .only  a s l i g h t  inc rease  over t h e  background a 'erosol  
. ..: . , 

' . . . . concentra t ions .  These r e s u l t s  suggest t h a t  t h e  pyrotechnical ly  produced p a r t i c l e s  a r e  " . 
. .. 

. . . ': . both e f f e c t i v e  CCN and a s u b s t a n t i a l  of  'them a r e  l a r g e r  than 0.1 um. . . 

. . Fig. 2 shows s i z e  measurements of t h e  AgI p a r t i c l e s  produced by t h e  pyrotechnics 
. . , . 
i , .over  t h e  range of 0.015 t o  5 urn averaged over t h e  e n t i r e  sample. These d a t a  a r e  

' 

. ' .  , con t ras ted  with a pyrotechnic (LW-83) burned i n  a wind t u n n e l  and measured with a ' . ,.: . 
' 

similar instrumentat ion system (Grant, 1971). 'Since t h e s e  p y o t e c h n i c s  are no t  i d e n t i c a l  

and t h e  tunne l  d i l u t i o n  f a c t o r  i s  uncer ta in  t h e  comparisons are,  only suggest ive ,  but  . . . 
. . 

. . , they suggest ,  on t h e  b a s i s  of  s lope  a lone ,  t h a t '  t h e  pyrotechnic burned on t h e  a i r c r a f t , :  

may produce more smal l  p a r t i c l e s  and fewer p a r t i c l e s  l a r g e r -  than  0.3 um.diameter. ' 
. . 

. . . .'..; ' . 

I . . . , . . - .  . . .. . , . . . . . . . .. . 
' . . . .  . .  ( . .  . . .': . . ,' 



The second experiment was made on October 5 ,  1972, a t  2300 m YSL over t h e  San 

Juan I s l ands  i n  t h e  northwestern por t ion  o f  Washington S t a t e .  During t h i s  experiment 

' t he  AgI - NH,+I - acetone s o l u t i o n s  were burned first and then t h e  pyrotechnic  f l a r e s .  

The ae roso l  generated by t,he acetone burners. was v i r t u a l l y  i n v i s i b l e .  . The most p r a c t i c a l  

way of rem'aining i n  t h e  plume was by monitoring t h e  turbulence  i n d i c a t o r  and by t h e  , 

. . . . 
' 

, ."feel" of t h e  Cessna's turbulence  on t h e  B-23 c o n t r o l  su r faces .  Fig. 4 shows t h e  . 
. . , .  . 

' c6ncen t ra t ion  of   and and thO l i g h t  i c a t t e r i n g  c q e f f i c i e n t  dur ing  t h e  first p e n e t r a t i o n  . 
. ,. . 

. , '  .of t h e  1 per  cen t  AgI - acetone plume. A s  can be seen t h e  a e r o s o l  background was 
. .' 

. . ' 

somewhat h igher  than i n  t h e  experiment describe@ above. The i n t e g r a t i n g  nephelometer 
, . 

, . confirmed ow, v i s u a l ' o b s e r v a t i o n  of a nea r ly  i n v i s i b l e  plume a n d ' d i d  n o t  d e t e c t  it. 

. . , Simi la r ly  , the  Royco o p t i c a l  counter  showed e s s e n t i a l l y  no change with t h e  output  

. . ' .  remaining wi th in  t h e  instrument"s no i se  l e v e l .  These r e s u l t s  s t r o n g l y  suggest  t h a t  

. , v i r t u a l l y  a l l  o f  t h e  a e r o s o l  from t h e  AgI - NH,+I - acetone genera tor  were l e s s  than 

. . 0.1 um diameter.  However, d e s p i t e  t h e i r  small apparent  s i z e ,  they  a r e  moderately 

, '  efficient 'CCN. The CCN .concentrat ion approximately doubled dur ing pene t ra t ion  o f  t h e  

plume. . Simi la r  wind tunne l  measure.ments .using a .generator developed by Davis (Grant ,  

197.1) and .a s o l u t i o n  in termedia te  w%th ours  ( 3  pe r  cen t  AgI by weight)  shows very much' 
.. . , . .  .. . 

, ~ a & & ' ~ a r t i c l e s  with more than 30 pe r  cen t  of  t h e '  a e r o s o l  being l a r g e r  than 0 .1  pm . . , '  , 

. ,. 

' . . 'diameter. 
. .. . . 

. . f' 
Besides t h e  much smal ler  s i z e  and reduced a c t i v i t y  a s  CCN (pe r  gram of AgI ' 

. - 

dispensed)  the NH41  comp'lexed AgI - acetone s o l u t i o n  used i n  t h i s  experiment produced 

fewer a c t i v e  ice n u c l e i  a t  -20C. Since t h e  Mee ice nucleus counter  l a c k s  c a r e f u l  
. . 

c impara t iv i  documentation with o t h e r  ice nucleus counters  only t h e  r e l a t i v e  concen t ra t ions  

a 

p e r  'g&h.of A g l  a r e  give" i n  T a b l e l ;  The r e s u l t s  of  f o u r  experiments made between 
. . 

. .  . . 
. , ' ,1923 ,and 1522 .on October 5 ,  1972, a r e  l i s t e d .  

. These d a t a  show a very s a t i s f a c t o r y , d e g r e e  of  experimental  cons is tency between 

t h e  two pyrotechnic f l a r e  experiments and t h e  s u r p r i s i n g  result t h a t  t h e  pyro techn ica l ly  

produced AgI was approximately f o u r  times m o r e , e f f e c t i v e  as an ice nucleus a t  -20C ' .: 



t h a n  t h e  1 per  cen t  AgI s o l u t i o n  burner and &out 36 t imes  more e f f e c t i v e  than  t h e  
. . '  ,. . 

' same . . burner us ing an .acetone s o l u t i o n  conta in ing 10  t imes  a s  much AgI. ' The great ' ly 
. , , .  , . . 

reduced bu tpu t  from t h e  high concentra t ion  bgl s o l u t i o n  cannot be r e a d i l y  explained.  
. . 

P o s t f l i g h t  examination o f  the '  s t a i n l e s s  s t e e l  s o l u t i o n  t anks  suggested t h a t  p a r t  o f  

. .  t h e  explanat ion  might l i e  i n  the  r e l a t i v e  s t a b i l i t y  of  t h e  two s o l u t i o n s  s i n c e  t h e  

h igh concentra t ion  , tank . showed s i g n s  o f  s i l v e r  l o s s  t o  t h e  tank wal ls .  However, i t .  ' 

. . 
is doub t fu l  t h a t  t h i s  could account f o r  t h e  e n t i r e  d i f f e r e n c e .  0,ther workers a l s o  

. appear t o ,  have s u c c e s s f u l l y  ' ~ s e d ~ s i m i l a r  s o l u t i o n s  up t o . 2 5  p e r ' c e n t  by weight . , 

(St .  Amand, -- e t  a l .  , 1971), al though Davis and Zichleusener (1972) noted t h e  heavy 

f o r m a t i o n  of a  s i l v e r .  conta in ing p r e c i p i t a t e  i n  10  p e r  c e n t  s o l u t i o n s  after a per iod  

of s t o r a g e  i n  t h e  genera tor  t a n k s ,  
. . . . .  . . : . .  , 

The ,da ta  a l s o  show t h a t  t h e  CCN .production from t h e  f l a r e  experiments, 'when . 
. . . . 

. 'normalized f o r  t h e  amount o f  AgI consumed, was .about  a f a c t o r  of  10 .g rea te r  than  t h e  . 
.. , . .  > 

. . .. '1 p e r  cen t  AgI - acetone s o l u t i o n  t e s t s  (unfor tunate ly  a  power f a i l u r e  i n v a l i d a t e d  

t h e  CCN d a t a  dur ing  t h e  10  pe r  c e n t  AgI - acetone .experiment).  Since both genera t ion  

. . 
systems a r e  intended t o  produce e s s e n t i a l l y  $pure uncomplexed AgI ( t h e  pyrotechnic  AgI 

. . 

. . : ae roso l  a l s o  con ta ins  va r ious  amounts o f  f a i r l y  inso lub le  metal  oxides)  it appears 

' .  . probably t h a t  t h e  d i f f e r e n c e  i n  CCN a c t i v i t y  is l a r g e l y  due t o  t h e  r e l a t i v e  s i z e s  of  

' I .  . t h e  ae roso l .  

. . 4. Conclusions - 
. . 

From.the r a t h e r  l i m i t e d  s e t  o f  measurements descr ibed above a  number of  t e n t a t i v e .  . 

conclusions'  can be drawn concerning ' these  p a r t i c u l a r  p a r t i c l e  genera to r s :  

. ( 1 )  . The AgI p a r t i c l e s  produced pyrotechnica l ly  i n  t h i s  ' a i rborne  system . . 
.. . 

, . , . .  
. . . . . . . %  . a r e  on o r d e r  of 0 .1  vm . diameter,. . . .  . .  . 

. . . .. 

: ,./ ( 2 )  ' The AgI f l a r e  a6 roso l  is s u f f i c i e n t l y  l a r g e  t h a t  d e s p i t e  t h e i r  i n s o l u b l e .  
. .. . . 

composition a ' s i g n i f i c a k  por t ion  a r e  cloud condensation n u c l e i  a t  0.5 ' ,, 

per  cen t  supersa tu ra t ion .  This  r e s u l t  sugges t s  t h a t  many of t h e s e  ice 

n u c l e i  must a c t  as f r e e z i n g  n u c l e i  r a t h e r  than  as con tac t  o r  subl imat ion  , .  . 
. - <. ,, . . . . .. , - 

' nuc le i .  . . .. . . 



- '  . -  
. . ' ' .. 

. .  . 6 
. . 

. . . . 
. . . .. 

. . 
. . 

(3)  The p a r t i c l e s  :produced from the  combustibn of the  AgI - NH41 solut ion 

i n  acetone a r e  smaller than 0.1 pm diameter and the  number of CCN 
. . 

produced per of AgI consumed is about a t en th  o f  t h a t  of t he  . , 

kg1 pyrotechnic f l a r e s .  : 
. . 

. (4 , )  .. The. .par t ic les  . . . .  produced by the  AgI - N H , + I  - acetone generator d id  not a c t  ' ' 

' . : . .  . .  ' .  . ... . .  . .  , :'. .'. 
, . .  . . .  . , : ;  very e , f f idient  i c e  nuc le i  i n  t h e  the  ~ e e  i c e  nucleus countei .  
:.. , 

'. , ( 5 ) .  While the  s i z e  intercomparisons.between wind. tunnel and a i rborne 
. ,. . . 

. . 
measurements a r e  probably not. s t r i c t l y  va l id  due t o  d i f fe rences  i n  

' ,  burner design and pyrotechnic. composition they suggest t h a t  t he .  a i rborne 

AgI is substant i ,a l ly  smaller. than t he  aerosol  produced i n  
. 

wind tunn'els  desig&d t o  simulate airborne conditions. 
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*a\ 
A mixture i n  t h e  r a t i o  of 100 gm AgI, 31 gm NH I, 11 gm H20 a n d 1 3 . 5  L - ' .  

4 CH3COCH ( an approximately 1% s o l u t i o n  of AgI). 3 

. 

. . 

t ~ l l  propor t ibns  o f  above increased by 10  except  t h e  acetone.  &, . 

* 
Colspan Environmental Systems, Boulder, Colorado. Mixture CSP-OOSA, Type 

600-001. A mixture by weight of 17% AgI03, 50% NH4103, 15% Mg, 7% AP,  
5% Li  CO and 6% p l a s t i c  r e s i n  binder.  2 3 

. . 
. . . . . 

~xpeyiriient . , 

. . . . 

. , 

: . . . .  
. '  . 1 , 

2 ; ' . .  

. . 
. . . . .  

. . . 3  

4 .  

. , 

i 

. : . /  

. . 

Type of AgI 
'. ~ e n ~ r a t ' i o n  . 

. . 

. . 

P'otechnic 
>c. 

f l a r e s  

Pyroteshnic 
f l a r e s  

AgI s o l u t i o n  
burner (low *,,c 
concentra t  i o n )  

A ~ I  s o l u t i o n  
burner (high + 

concentra t ion  ) 

'Production 
, Rate 

. 16  gm/min. 

. . 
16 gm/min. 

33 gm/min. 

330 gm/min. 

~ e l a t i v e  Ice  NuCleus 
Concentra t ion 'per  

gm of AgI a t '  -20°C 

. . 37.5 

34.8 . 

8.3 

1.0 

. 
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