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Forawom 
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z t e  a r o u t i n ?  pmgr?m of  Select ivr-  Dissemination o f  Information (SDI )  to 
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PREFACE 

I n  t h e  a n a l y s i s  o f  l i g h t  water  r e a c t o r  a c c i d e n t s ,  t h e  e x i s t e n c e  

of p a r t  of  t h e  r a d i o i o d i n e  i n  a p e r s i s t e n t ,  v o l a t i l e  form, which has 

been i d e n t i f i e d  a s  methyl iodide,  has been found t o  l i m i t  t,he c f f e c t i v e -  

ness of  iod ine  t r a p p i n g  systems. While c a r r y i n g  ou t  a r e s e a r c h  a n d  

development program on containment s p r a y  technology,  I .became aware 

t h a t  a r a t h e r  l a r g e  body of publ ished infortnation about methyl i o d i d e  

ex is t s  e This inc ludes  many r e s e a r c h  r e s u l t s  on i t s  chemical I-~ehavioi- 

and on t h e  e f f e c t s  of  l i g h t  and ionizing r a d i a t i o n  on it. Also t h e . x  

i s  a s u b s t a n t i a l  and growing body of d a t a  on t h e  occurrence of  methyl 
i o d i d e  under rea l  or  simiilated a c c i d e n t  c o n d i t i o n s .  This  report br i cgs  

t o g e t h e r  and surnrnarizes t h e  publ ished m a t e r i a l .  
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The writer has been helped i n  many ways by a nurnber of people i n  

assembli1.g t h i s  vio1.k. G .  W .  Ke i lho l t z  o€ t h e  Nuclear S a f e t y  Information 

Center  has  been most h e l p f u l  i n  p rov id ing  a search of tile NSIC files 

and. i n  f u r n i s h i n g  a nurnber o f  t h e  open 1 i t e r a t u r . e  r e fe rences .  H? a l s o  

c o n t r i b u t e d  i n  s e v e r a l  u s e f u l  d i s c u s s i c n s .  D r .  E. ,J. Hoffmann o f  t h e  

D i v i s i o n  of Technical  Information Extension, USAEC, fu rn i shed  a print- 
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ABSTRACT 

A n  ex tens ive  anno ta t ed  b ib l iog raphy  on methyl i o d i d e  i s  presented 

thilt; covers phys ica l  and chemical properties, chemical r e a c t i o n s ,  behav- 

ior under r a d i a t i o n ,  abso rp t ion ,  and t r a p p i n g .  The occurrence of mi?thyl 

i od ide  i n  containment experiments and a c c i d e n t s  is discussed. 





1. INTRODUCTION 

Among t h e  f i s s i o n  products  expected t o  be r e l e a s e d  from nuclear 

power r e a c t o r  fuel i n  t h e  u n l i k e l y  event  of a major l o s s -o f -coo lan t  

a c c i d e n t ,  r ad io iod ine  i s  of most concern because i t  i s  hfgkily v o l a t i l e  

and i s  rea .d i ly  taken up by l i v i n g  organisms. E a r l y  s t u d i e s  of t h e  behav- 

i o r  o f  i od ine  i n  containment b u i l d i n g s  i n d i c a t e d  tha. t  i od ine  e x i s t e d  i n  

s e v e r a l  fomis i n  t h e  containment atmosphere. One form, which remai-ried 

a.irborrie for long p e r i o d s  of time and was d i f f i c u l t  t o  remove f r o m  t he  

atmosphere, w a s  i d e n t i f i e d  a s  methyl i od ide  by Eggleton and Atk ins .  2 

13eca.use it p e r s i s t s  i n  t h e  contai.nment atmosphere and t h u s  reaiai ns  

a v a i l a b l e  t o  l e a k  t o  the environment, methyl i o d i d e  becomes t h e  l i m i t i n g  

factox, i n  determining t h e  dose r educ t ion  a t t a i n a b l e  by some erigirieered 

safety- systems. If some f m e t i o n  f of t h e  iod ine  r e l e a s e d  i n t o  a tori- 

tninmerit b u i l d i n g  i s  converted t o  methyl i od ide  and i f  t h e  methyl i od ide  

cannot be removed a . t  a s i g n i f i c a n t  r a t e ,  t h e  maximum dose r educ t ion  

a t t a i n a b l e  i s  l /f - ( t h e  actu.al. dose r educ t ion  w i l l  be  l e s s ,  s i n c e  t h e  o'cher 

iod ine  forms a r e  removed at; a. f- ' iriite r a t e ) .  Thus both t h e  y i e l d  of methyl 

i od ide  and t h e  p o s s i b i l i t y  of reriioving it, a t  a s i g n i f i c a n t  r a . t e  are ol" 

concern t o  r e a c t o r  a c c i d e n t  a n a l y s t s .  

- 

In t h e  course of studying t h e  behavior  of methyl i o d i d e  in coririt3ctior! 

w i t h  the  r e a c t o r  cont,aicment spray iechnology program, 

that,  methyl i od ide  had been s t u d i e d  extensj .vely by workers o u t s i d e  {;he 

f i e l d  of r e a c t o r  s a f e t y .  Although it seem;; t o  be pi-a.ctica1ly s t a b l e  i n  

coctainment experiments,  methyl i od ide  i s  r e a c t i v e  er~ough f;o be a u s e f u l  

ma1;:~rial f o r  fundamental chemical k i r le t ic  s t u d i e s .  It i s  a l s o  a f f e c t e d  

by l i g h t  m d  i o n i z i n g  r a d i a t i o n ,  and i t s  pho-tolysis  and r a d i o l y s i s  have 

beer1 s tud ied  e x t e n s i v e l y .  We also discovered tha. t  wherl a l l  t h e  da t a  weri  

assembled, t h e r e  was an impressive l i s t  of obse rva t ions  on t h e  occurrence 

of triethyl i od ide  i n  f i s s i o n - p r o d u c t  r e l e a s e ,  t r a n s p o r t ,  and cont,ainment 

experiments.  

we bccame aware 

Seve ra l  reviews have beer, published on the behavior  of  methyl i od ide  

t h a t  are  l i m i t e d  to rea .c tor  sa€ety a s p e c t s .  4-6 

up to 1966, and C e j n a r 6  p re sen ted  a bri.ef summary of work up t o  1369. 
Mishima4' reviewed work 
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The p resen t  work wa.s undertaken writh t h r e e  goals i n  ini.nd: 

1. To draw a t t e n t i - o n  t o  t h e  ex tens ive  knowledge of methyl i o d i d e  

represcnted by the  m a t e r i a l  publ ished i n  t h e  open 1 - i t e r a t u r e  and t o  i n d i -  

c a t e  t h e  con ten t  of  t h i s  material..  

2. To assemb1.e and make convenient ly  a v a i l a b l e  d a t a  on t'ne chemical 

and  p h y s i c a l  properb-ies of methyl i od ide .  

3. 'To assemble a l l  known d a t a  on t h e  occurrence o f  methyl i o d i d e  i n  

f i s s i o n - p r o d u c t  r e l e a s e ,  t r a n s p o r t ,  and containmeLit, experimen-ts and i n  

r e a c t o r  a c c i d e n t s .  

The r e p o r t  d i s c u s s e s  p h y s i c a l  and physico-chemical p r o p e r t i e s  of 

methyl i o d i d e  (Chap 2), chemical r e a c t i o n s  of methyl i o d i d e  (Chap. 3 ) ,  

e f f e c t s  o f  racii-ation on methyl i.odide (Chap 4 ) ,  mef;iiyl i o d i d e  abso rp t ion  

and t r a p p i n g  (Chap 5 ) ,  and i d e n t i f i c a t i o n  and o c c i r r e n c e  of methyl ioiii.de 

(Chap 6 ) .  

f o r t h .  

These d i scuss ions  are t h e n  summarized and concl.usi.ons aye se t  
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2 .  CHXMICAL AND PHYBICO-CTfE&lICAL PROPEF.TLFS OF METICYL I O D I D E  

Most chernica.1 and physico-cherniea.1 p r o p e r t i e s  of methyl i od ide  have 

A sixnmargi- of the been measured a.nd can be f o u n d  i n  standa,rd  source^.^,^ 
prop? r i ; i e s  of methyl. i o d i d e  i s  given i n  T a b l e  2 . 1  (Refs. Id), and the 

vapor p r e s s u r e s  a re  listed i n  Table 2.2 (Refs. 5 ,6) .  
Severa.1 measurements and ca leu la , t ions  of therrnodynainic properties of 

methyl i o d i d e  have been r epor t ed ,  and a t a b u l a t i o n  of p r o p e r t i e s  calcu- 

l a t e d  'vy Gel les  arid P i t z e r 7  i s  given i n  W b l e  2.3 (data  frorri Refs. &IO). 

Morgan and Lielmezs'' and Kennedy and Lielrnezs12 hav-e publ ished values  

covering t h e  range 1-00 t o  600°K t h a t  agree with t h e  da t a  of Table 2.3.  
Li and Rossini  hrive r epor t ed  constants f o r  t h e  Antoiiie ecpation f o r  cal- 

cul.ating vapor p r e s s u r e  for R number of organic h a l i d e s ,  including methjil. 

i o d i d e .  l3 Thompson and L i n n e t t  have r epor t ed  vapor pressures  for. sev3ra.l. 

ccmpounds, i nc lud ing  methyl i o d i d e .  They recornmnd t,he equat ion 

1475 
log p = - - + 7.56 10 mm T 

R number of workers have r e p o r t e d  the h e a t  of formation of met;hyl 

i o d i d e  in the gas phase. 

values, w i t h  t h e  mos-t r e c e n t  be ing  3.6 kca.l/mole for A H  

9,14,1..5), 
the u n c e r t a i n t y  i n  t h e  h e a t s  of formation of CH, ,  I2 ( g ) ,  mid I i I .  

and Benson 1 7 , 1 8  r e p o r t e d  3.28 k 0.1.6. 
and his associates  l 5  to calcul.ate the energy of t h e  I-CII, bond. 

3 

Carson and hi.5 co-workers reported s e v e r a l  

(Refs. 8, 298.16 
Goy and P r i t c h a r d 1 6  reported 3.1~0 t !0 .05  + x), where x i s  

Golden 
.3 

Longlg used the d a t a  of Carson 

Swain and 'l:'bornton2 have reported t h e  thermodynamic q u m t i t l e s  

for. the r e a c t i o n  

C H ~ I  (gas) -+ C H , ~ I  ( s o l u t i o n )  , 

'Thi--sc a r c  given i n  Table 2-4 ( d a t a  from Ref'. 31) .  

Spencer and Flannagan have r epoy tnd  the  following equa t ion  for the 

heat c a p a c i t y  of  y?eti.lyl i o d i d e  for t k i ~  t emperature  range 298.1 to 6 0 0 " ~ : ~ ~  

C" = /+.lo5 + 24.L+8? x LIT3T - 9.733 x 10' T2 , 
P 

where C "  i s  in csl/rnoJ.e'°K. 
P 
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Table  2 .1 .  Physical Cons tan t s  of Metkyl Iodide 

References  

Forrnula C H j I  

A l t e r n a t e  names 

Mole( -u la r  weight 

Form and color 

sp,- * i t i c  g r a v i t y  a t  2@"C 
r e l a t i v e  t o  6°C 

Freez ing  p o i n t ,  "C 

B o i l i n g  p o i n t ,  "C 

Critical t empera tu re ,  "C 

Iodome thane  ; metlmne, 

J41.95 1 

C o l o r l e s s  l i q u i d  1 

iodo- 

2.279 1 

-64.4 

42.1, 

2 5 5  

1 

1. 

1 

C r i t i c a l  p t y s su re ,  a t n  54.6 1 

S o l u b i l i t y ,  g/lOO g 

lda te I' at 

2n0c 
?2"C 

2.. 4 2  
1.38 

Ethaqol Inf i n i  t e  

E the r  Ir.: i n i t - .  

S u r f a L i .  t e r s i o r  a t  ?n"C, 3ci.ll+ 

LTiscosity a t  2?"c, cp C.46 

dyne 2 / cm 

Table 2.2 .  Vapor P r e s s u r e  of Methyl 1odi.de (From Ref. 5 )  

~ 

B e l o w  Atmospheric P r e s s u r e  Above Atmospheric P r e s s u r e  
__ 

P (1m) T ("C) P ( a t d  T ( " c )  
1. S o l i d  1 12.4 

5 - 5 5 . 0  2 6 5 . 5  

10 -45 .8  5 101.8 

23 -35.6 10 138.0 

40 -2L .2  20 176.5 

6 0  -16.9 30 206. C 

1OC -7.0 40 228.5 

20- c8.C 50 248.0 

4 c c  25.3 66 .3  255a 

7 6 -  42 .4  
_rn 

aFrom R c f .  6 .  
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'Table 2.3. T'hermodynamic P r o p e r t i e s  of Methyl Iodide  
(From Ref's. S10) 

100 

150 

200 

250 

298.16 

300 

400 

500 

600 

7 00 

800 

900 

1000 

1100 

1200 

1300 

1400 

1 5 00 

8.01 

8.34 

8.94 

9. '/I 

10.55 

10.58 

12.36 

13 - 35 
15.31. 

16.43 

1'7.51 

18.40 

19.20 

19. E19 

20.50 

21 .or, 
21.50 

21.93 

0.796 

1.203 

1 e 634 

2.100 

2. w/ 
2.607 

3.754 

5.072 

6.53'7 

8.128 

9.1328 

11.63 

13.51 

15.46 

17.48 

13.>6 

21.69 

23.86 

42.88 

46. II 
48.44 

50.29 

51.79 
51.84 

54.44 
56 61 
58.44 

60.27 

61- * 95 

63.34 

64 -73 

65. 05 

67.29 

68.48 

69.51 

70.69 

50.84 
54.14 

56.62 

5g. 69 

60.47 

60.53 

63 83 

66 -'/6 

69.':2 

71.813 

74.15 

76.24 

'18.24 

80.10 

$1.86 

83.53 

85.10 

86.60 

a At s t a n d a r d  c o n d i t i o n s  of' i-deal gas at 1 atrx pr!?ssure. 

CII T-J?*0 3' 
CH31-H2O 

AF:<3.430,  cal./mole lll9*4 F 2.8 1118.6 k 6.2 

AH;9. W + O .  3 ' ca 1 I mole -5,'316 k 80 -5547 f 179 

AS;9.g30, c n l / m o l e -  "K -23.25 t 0.27 -22.22 i 0.61 
- 
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Lapidus,  Seifer ,  and N i s e l ' s o n  have r epor t ed  c a l c u l a t i o n s  o f  t h e  

hea t  capac i ty  of methyl i od ide  vapor  over  the range ~ P O O  ti, 1000°K.23 

Heukelom c a l c u l a t e d  the c r i t i c a l  cons t an t s  f o r  a number o f  sub- 

s t ances ,  inc luding  methyl i od ide .  He g ives  

C r i t i c a l  temperature ,  "K 528 

Cri t ica l  p re s su re ,  a t m  66.3 

C r i t i c a l  volume, cm3/mole 171. 

Heat of  vapor i za t ion  a t  normal 
b o i l i n g  po in t ,  c a l / r o l e  

Calcu la ted  6560 

Observed 6510 

These d a t a  are  quo-Led by Seifer ,  N i se l ' son ,  and Lapi-dus. 2 5  

A t a b u l a t i o n  by O'Hara and Fahien inel-udes t h e  l a t e n t  h e a t  of vapori-  

z a t i o n  o f  methyl i o d i d e  over a range of temperatures .  26  

Voge12? has  r epor t ed  va lues  o f  su r f ace  t e n s i o n  and parachor ,  P, as 

g iven  i n  Table 2.5.  Parachor" i s  de f ined  as 

where M i s  mo1.ecular weight,  y i s  s u r f a c e  t ens ion ,  pL i s  l i q u i d  dens i ty ,  

and p i s  vapor d e n s i t y .  
4- l - 3 -  G 

Margrave h a s  r epor t ed  the  appearance p o t e n t i a l s  o f  CH3 , CH2 , CH , 
and ci f rox  C H ~ I .  21 He hzs a l s o  shown tha'i. h e a t s  o f  formation c a l c u l a t e d  

€rax  appearance poken t i a l s  agree  w e l l  w i t h  those  from thermochemical 

da t a .  

Dyson and Li t t lewood made measurements o f  t h e  e f f e c t  of organic 

vapor molecules on t h e  v i s c o s i t y  o f  H 

determine t h e  co3.lision diameter  of  t he  o rgan ic  molecule .  They have 

repor ted  t h e  c o l . l i s i o n  d iameter  o f  C H  I a s  5.73 A .  The c o l l i s i o n  dj-ame- 

ter i s  used i n  c a l c d a t i n g  t h e  d i f f u s i o n  c o e f f i c i e n t .  

and H e .  lo From t h e s e  they  coifid 2 

0 

3 

Holland and Moelwyn-Hughes have repor ted  t h e  p a r t i a l  molar volumes 

The i r  r e s u l t s  a r e  presented  i n  Table cf  t h e  methyl halj.des i.n water. 2 9  

2 .6 .  

because t h e  hydro lys i s  r e a c t i o n  became fas t  enough to  i n t e r f e r e .  

The measurements could not  be made a t  tempera tures  above 35°C 
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Table 2.5. Su r face  Tens ion  arid Parachor  
for Methyl i o d i d e  (From Kef. 2 ' 7 )  

Surface Tension Parachor Temperature 
( "c) ( dynes/ CUI)  

16.5 31.38 146.8 

22.9 30.59 146 e 6 

Table 2.6.  Partial Molar Volume 
of CH31 i n  Water 
(From Ref. 29)  

Tempera t \Ire 
( "a Pa r t i a  1 Mola r Volume 

( ern3/ g. mole) 

0 

5 

15 

25 

35 

64.0 5 0.2 

63.1 

60.1 

63.7 

63.1 

One of the most jmportant  p r o p p r t i e s  from t h e  s t andpo in t  o f  gas  

abso rp t ion  c a l c u l a t i o n s  i s  t h e  p a i t i t i o n  coe f f i c i en t , .  Ideasurements of 

t h i s  have been r epor t ed  by Glew and Moelwyn-Hughes, 3 0  Hasty, 31 Postnia, 

and Nishizawa and h i s  co-work?rs. 

3 2  

3 3  

G l e w  and MoelTqn-Hughes recornmeEd t h c  following equakion Yor calcu- 

l a t i n g  t h e  s o l u b i l i t y  of methyl i o d i d e  i n  water:  

loglo (C ) = -110.278 + .37.621 log s a t  10 T f 4823JT , 

where C i s  i n  rnoles/ l i ter  and T i s  i n  OK. From t h i s ,  p a r t i t i o n  c o e f f i -  

c i e n t s  can be calculated f o r  s a t u r a t p d  solutions i f  the vapor i s  con- 

sidered t o  be a n  i d e a l  gas .  
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Hasky  measured t h e  p a r t i t i o n  c o e f f i c i e n i  over the  range 4.8 t o  

68.5"C, He recommends the equa t ion  

H = -4 .82 t- 1597lT , loglo 

where H i s  t h e  p a r t i t i . o n  coe f f i c i . en t  (d imens ion le s s )  and T i s  in "K.  

found t h a t  t h e  r a t e  of  hydro lys i s  o f  methyl iodide was too high  t o  permit  

a ccura L E  measurements a t  h ighe r  tenipperatures . 

He 

Postma repor ted  a va lue  o f  approximately ]..I a-L 121°C. He is pre- 

pa r ing  a report d e s c r i b i n g  t h e  technique and r e s u l t s .  His va lue  i s  c v e r  

s i x  times t h a t  which wou1.d be obta ined  by e x t r a p o l a t i n g  Has ty ' s  data 

but agrees  r a t h e r  well w i t h  r e s u l t s  from Glew and Moelwyn-Xughes. 

Nishizawa and h i s  a s s o c i a t e s  'nave r epor t ed  p a r t i t i o n  c o e f f i c i e n t s  

for methyl i od ide  a t  25, 50, and 80°C. Thei r  va lues  a r e  given i n  Table 

2 .7 .  They i n d i c a t e  a s l i g h t  concen t r a t ion  e f f e c t ,  and they  agree  more 

c1oseI.y with values  c a l c u l a t e d  from t h e  s o l u b i l i t y  da t a  of  Glew and 

M o e l ~ y n - I l i i g h e s ~ ~  than  w i t h  va lues  c a l c d - a t e d  w i t h  t h e  equatj-on recom- 
mei?i.ied by Hasty. 3 1  

'Table 2 . 7 .  Gas-Liquid P a r t i t i o n  C o e f f i c i e n t  f o r  
Methyl Iodide (From Ref.  33) 

Temperature CL, Concentra- CG, Concentra- Pa r t iZ ion  
t i o n  i n  Water t i o n  i n  Gas C o e f f i c i e n t  

( i - l g / l i t e r )  ( p g / l i t e r )  ( c,/ CG) ("C)  

25 0.58 
3.8C 
396-423 

50 2.93-3.30 
1.96-37 8 

80 C .3&0.24 
1.9-1.4 
16.2-10.2 

C. 089 
0 . 7 95-0 .7 7 0 
88.6-88.7 

I .43-1.31 
11 0-1.1.5 

9.21-C.13 
1 .?5-0.97 
15 .  ,Q/ .8 

6.5 
4.7@+.93 
4 , 4 7 4 .  -7 

2.35-2.52 
1.96-3.29 

1.4-1.8 
1.1-1.4 
1. C4-1.31 
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,Japanese; Eng l i  sh  t r a n s l a t i o n  a v a i l a b l e  a t  Oak Ri 'ge Nat iona l  Labora- 
t 0 P J .  



1.2 

3. CHEMICAL iREAC'1'IONS OF METHYL I O D I D E  

-4lt<hough it h3s appeared t o  be almost  i n e r t  i n  many containment 

experiments,  methyl i od ide  i s  a r e l a t i v e l y  r e a c t i v e  subs tance .  It i s  

known as a methyla t ing  agen t  i n  o rgan ic  chemistry, '  and it has been used 

i n  a v a r i e t y  of  fundamental chemical s t u d i e s .  Both d e s c r i p t i v e  and 

k i n e t i c  s t u d i e s  of t h e  chemical r e a c t i o n s  of  methyl i od ide  are d j scussed  

here.  The e f f e c t s  of l i g h t  and i o n i z i n g  r a d i a t i o n  on t h e  r e a c t i o n s  a r e  

d iscussed  i n  l a t e r  s e c t i o n s .  

Gas-Phase React ions 

The gas-phase r e a c t i o n s  of methyl i od ide  are of i n t e r e s t  i n  explain-  

i ng  i t s  formation i n  r e a c t o r  containment systems. 

Ogg s t u d i e d  t h e  gas-phase reac t io l i  between CH P and H I  a t  tempera- 

t u r e s  o f  270 t o  3 2 0 ° C  and fciind t h a t  thermal  decomposition was neglFgib lc .2  

He proposed t h e  fo l lowing  mechanisms : 

3- 

C H 3 1  -t- H I  CH4 I- I2 4- 16 k c a l  (1) 

CH3. -t- H I  -9 CI14 I- I. 4- 24 k c a i  ( 3 )  

CH3. + T2 -+ CH3T C I. 4- 8 kea1  (4  

S u l l i v a n 3  and Bensor. and O'Neal" publ i shed  r e i n t e r p r e t a t i o n s  of  

Cgp's d a t a .  They s t a t e d ,  on  t h e  b a s i s  of  more r ecen t  da t a ,  t h a t  Ogg's 

valuz  of 43 kca l  f o r  r e a c t i o n  ( 2 )  was too l o w .  I n s t ead  they  propose 
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Flowers and EPnson r e i n v e s t i g a t e d  the k i n e t i c s  ove r  t h e  ternl;erature 

range 260 t o  316°C.5 They used t o t a l  pressures ( i n i t i a l  CB 

1 0  to  2CO mm and CH 1 :HL r a t i o s  r m g i n g  from 0.5 t o  3 .  They g e n e r a l l y  3 
agreed w i t h  t h e  above model, and found that t h e  A- fac to r s  i n  

+ HI) of 
3 

-E/RT k = Ae 

we.re i n  excess c2.P c o l l i s i o n  f r equenc ie s  f o r  the  iodine-atom r e a c t i o n s  

[forward r e a c t i o n  of ( 7 )  and r e v e r s e  r e a c t i o n  o f  (E?)]. Thi.s i s  s t a t e d  

t o  i n d i c a t e  t h e  formation of ve ry  unique t r a n s i t i o n  s-Late complt 'xes 

and to be unique f o r  i o d i n e .  

Benson and h i s  co-workers have c a r r i e d  o u t  exkensive s t u d i e s  of 

t h e  gas-phase reactiolis of i o d i n a t e d  me-thanes. Golden, Walsh, and 

Benson6 and Goy and P r i t e h a  rd12 publ ished measurement2 on the  equ i l ib r ium 

at almost the same t ime.  The i r  data f o r  the equi l ibr i i i tn  cons t an t  are 

i p h i c a l l y  i n  Fiz. 3,l. and appea r  t o  be i.n good agi'eemfit. 

Attainment o f  equilibi.iu.rri i n  t h e s e  experiments was slow and reqdi.red 

s e v e r a l  hours.  Tht? other r e a c t i o n s  a r e  not of  s i g n i f i c a n t  i n t e r e s t  

w i t h  r e s p e c t  to methyl i od ide  formation b u t  a r e  intli.ca:ive of  the 

timroughness w i t h  which t h e  r e a c t i o n s  c;f t h e  iod j -na ted  methanes have 

been i n v e s t i g a t e d .  

Barnes and h i s  associates conducted a program of  s tudy  o f  the f o r -  

mation of  methyl iodicie under postulated i luclear r e a c t o r  a c c i d e n t  condi- 

t i o n s .  13-16 

experiments we r e  donn on formation or" methyl i od ide  by ir.ra(!i.ati.on of 

rnixtuyes of methane and  i.odiiie. The c a l e u l a t i c r s  showed tha , t  chemical 

e y u i l i b r i u m  i n  the  system ca rbon-~1Srtlu.o~:en-~xyger- i od ine  could not accoimt 

f o r  L h c  carLcentrati0iiS Of methyl iod ide  observed in coctninment 

This  was l a r g e l y  a t h e o r e t i c a l  study, a l though  a few 
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experiments .  The c a l c u l a t e d  e q u i l i b r i u m  concen t r a t ions  were s e v e r a l  

o r d e r s  o f  magnitude lower t h a n  the l e v e l s  r epor t ed  f o r  experirmnts .  

Accordingly c o n s i d e r a t i o n  was gj-ven t o  k i n e t i c  effic:cts, and it was shown 

t h a t  f a i r l y  high maxinium methyl i od ide  coricentrat ions could be calcu- 

l a t e d  a t  e1evated temperatures  ( e  .E., 800'~). 

The experiments were c a r r i e d  o u t  w i th  CH -1 mole r a t i o s  rangling 
4,. 2 

from 87 to 490. 

1. pprn ( 4 . 5  x l o m 8  mole/liter) of  methane, a n d  t h e  expected iod ine  con- 

c e n t r a t i o n  i n  a lOOO-r.1w( e )  PdR containment v e s s e l  fol lowing a loss -of -  

coolalit a c c i d e n t  a t  end of core life is of the o r d e r  o f  2 x l o v 7  
m o l e s l l i t e r  (based on TID-14844, Ref. 1 '7 ,  assumptions) .  The experiments 

showed t h a t  u n d e r  t h e  cond i t ions  used, CH I w a s  formed. 

r a t i o  of  490, over  50% conversion of 1 t o  C 
of 5 x l o 7  rad. 

r i u m  Concentrat ions of  C H . 1  being a t t a i n e d .  A few experiments were done 3 
on the e f f e c t s  of d i l u e n t s  (a i r ,  
draw any conclusions.  

These a r e  high, s i n c e  t h e  s t anda rd  atmosphere con ta ins  

A t  t h e  CIS :I 3 k+ 2 
I had occurred a t  a dose 2. % 

A t  lower r a t i o s ,  t h e r e  were i n d i c a t i o n s  of 3 2  e q u i l i b -  

H 0)  h u t  probably no t  enough t o  O2' 2 

Tang ar;d CastLemanlR and Zi t tc l . lg  have r epor t ed  .the decomposi-Lior? 

of methyl i od ide  by r a d i a t i o n .  

e i t h e r  t h e  formation o r  d e s t r u c t i o n  of' ae-thy1 iodide,  depending on t h e  

r e l a t i v e  concentmt.i .ons of the several .  r eac t an t i s  and products .  

It, appears t h a t  r a d i a t i o n   cat^ prortiotc 

Kassmann an? Martin c a r r i e d  o u t  eicpe:rimerits or?. t h e  exchange o f  

i od ine  between CH I and I*, using '.311 t r a c e r ,  a t  temperatures  of 870 
to 1105°K i n  t h e  hope c;.f i?limiiiat?'..ng i n t e r f e r e n c e  by s u r f a c e  r e a c t i o n s .  2 0  

'They reported t h a t  Lheir  results a r e  CCjnSiSterlt with t h e  model proposed 

by Sellson and h i s  co-workers. 4-9  

t o  s tudy  t h e  s a x  r e a c t i o n  a t  much lower. temperat,u.res by usirig o rd ina ry  

3 

Clark and h i s  a s s o c i a t e s  had attempted 

thermal. r e a c t i o n  methods a n d  had found a dorninant s u r f a c e  e f f e c t  - a d d i a g  

packing, which was estirnated t o  i n c r e a s e  t h e  s u r f a c e  by a facior of  8, 
i r .creased t h e  r e a c t i o n  r a t e  30-fold. 2 1  

Schmied and Fink also s t u d i e d  the exchange cf i.odine between "lI- 

l a b e l l e d  1 and CH They found that t h e  r e a c t i o n  was s u r f a c e  

catalyzed and  t h e r e f o r e  s e n s i t i v e  t o  t h e  na tu re  and  condit.i.on of t h e  

surface of  tile react ior i  v e s s e l .  The experiments were done i n  t h e  d a r k  

t o  e l i m i n a t e  p o s s i b l e  ptiotmchemical. e f f e c t s  . 

2 3 



1.6 

Chararnathieu and h i s  associ .a tes  have r epor t ed  r e s u l t s  of f i v e  ex- 
2 3  

(approximat*cl j  

pcriments op, t h e  e f f e c t  of r ad iab ion  oil methyl i od ide  format ion .  

All. experiments were conducted w i t h  7 x lT5 g/cm3 o f  CH 

4 x l!T3 mole CH I / l i t e r ) ,  and lo-'' t o  1C8 g/crn3 o f  I2 (0.1-10 mp/x3 

ot' v e s s e l ) .  g / cz3  of H CI was al.so present .  

A i r -  was exclisded from t h e  ampoul-es. The r e s u l t s  are p rese r t cd  i.n Table 

3. j., which shows t h a t  some conversion t o  methyl iociiae occlsrred. i n  a l l  

cases  and t h a t  t h e r e  was soCe enhancement; due -to j . r r a d i a t i o n .  The 

authors e q r e s s e d  some concern over the methyl i od ide  conversion found 

i i i  t h e  c o n t r o l  ampoules and sugges t  t h a t  c racki r ,p  of' .the methane may 

have iccurr-ed when t h e  ampodes were  scal.ed. S i cce  t h e  methan? concen- 

t r a t i o n s  a r e  rni;ch h ighpr  ilia' should ex i s t  u.nder r e a c t o r  c o r d i t i o n s ,  t h e  

results a r e  not  d i  r e c t l y  a p p l i c a b l e  t o  conh inmen t  s t r u c t u r e s .  

4 

3 
12 one experiment 7 x 2~ 

Vilenchich ar.d V ~ n t e r ~ ~  and Vi lcnchlch  and Hodgins" publ ished 

r d n t e d  papers  on (;axma i r r a d i a t i o n  of methane-iodine mixtures .  The 

f i r s t  paper  deals  w i t h  t echniques  f o r  de.termining t h e  composition of  

t h e  product  mixture  from iiLtra.vi.olpt a b s o r p t l o n  data, whi1.e t h e  second 

r e p o r t s  t h e  resu1 . t~  f o r  t h e  r a d i a t i o n -  inauced reac t ior i s .  The z x p e r i -  

iri:?n-cs were done t o  demonstrate  p o t * n t i a l  commercial pmduc t ion  of  

i od ina ted  methanes by t h i s  process .  The starting mixture contair ,ed I 

and CH on ly  (no a i r ,  e t c . ) ;  the pressure was 1200 m Hg; CH4:12 r a t i o s  

of 1 to 6 were usea; temperatures  were va r i ed  from 50 to 230°C. 

x e r e  folund to '  be v e r y  high (7 x 1.C' f o r  methyl i od ide  s r L d  1.4 x 1.08 Yor 

methy-lere ioc'ide w d e r  optirr.um process  c o n d i t i o c s ) .  

6@ wt. $ c.ethy1 iodi-de werz ob ta ined .  

2 

4 
2-values 

Yie lds  o f  up t o  

A nutiber of si;udtcs 3f t h e  r e a c t i o n  of methyl iodide w i t h  alkali. 

met;tls i n  c rossed  molecular beams have been repor ted .  2 6 - 2 9  

nique enables  t h e  ene rg ie s  of -the yeac t ing  molecules and t;he o r i e n t a t i o n  

of the s s p i i e t r i c  CH I molecu1.e t o  be controll .ed.  Thus t h e  e f f e c t  of 

energy aria oI-,ientatiori on t h e  probability that a C o l l i s i o n  w i l l  r e s u l t  

i n  a r e a c t i o n  can  be eva lua ted .  

This  tech- 

3 

S t e a r i e  and McDonald have repcr ted  measurements of .the thermal  

decorrqosi t i o r ,  c:i' rr,ethyl i od lde  i n  a Pyrp:x tiu?_b a t  t e r -pe ra tu re s  of 4-00 

t o  ' S ~ L O ' C .  ", 31 ?hey fatirid t h a t  rneasurahle r e a c t i o n  occurred only  a t  



T z b l r  3.1.  E f f e c t  o f  h d i a t i o n  on Methyl Iodide  Formation 

Percentage  Conversioc 
CHL H 2 0  C I i 3 I  i n  of I 2  Due t o  c % : I ~  I;? Crys ta l  Mass Of I r r a d i a t i o n  Haaiatio.  Iodine 

Ampoule Converted t o  -?adiation Mixture Time Dose Coriceritration Concentrat iur j  Present  Moie Temperature 

(d ~ 1 1 ~ 1  ( 4 )  ( h r )  ( rad 1 ( t r /  cm3) (?'! c.3j (d cm3 1 F a t  i o  ( " C )  

I2 f C X L  0 c; 1 x 10-8 '/) x lcr '  5.5 l o 4  -35 7.6 x lW8 1.6 
b i  3 x 106 1 x 1 0 8  7 1 ~ 5  -35 1.89 1c7 3.95 2.35 * 
128 6 x 13" 1 x 13-2 ' i  1r5 - 3 5  2.06 x IF7 4.33 2.73 

I2 + CH4 0 0 5 1rr9 1,' x 1r5 7.5  x l C r 6  2.'7 x 105 -35 2.45 x l c T 8  1 
t-' 
-4 64 3 x 106 5 x 1cr' '1 1(r5 7.5  x 1cr6 -35 2.62 x 10' 1.22  0.22 

125 6 x io'' 5 x 10- ,! x 1T5 '1.5 x 16-6 -35 3.15 x 1 . 3 1  0.31 t H20 

5.5 l o 4  - 3 5  2.3 x l Z g  0.48 
-35  3.'/ x 1Ffi 0.77 3.29 
-35 6.7 x l T E  i . 4  0.92 

- 54 1.13 x lir7 26.6 21.6 
- 54 7 .9  x 16.4 12.6 

3.8  1.3 x l u - 8  5.5 x 105 - 5 4  

I2 t CH4 rj 0 1 x i:rl" r, 7 I 7 .I 5 5.5 x izo -7 2 1 .6  x 1U' 37 
64 '. x 1,ZIt '  1 x i'T1" '/ 1 7 5  -72 2.95 x l T 8  61.4 24.4 

22 2.85 x 1TS 59 1213 6 x 10' 1 x lT1" 7 x Icr' -72 
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1150°C aild above i n  an  empty bu.lb, b u t  i f  t h e  bu lb  was packed wi th  powdered 

rvrex, rncasurable r e a c t i o n  was observed a t  400°C. They s t a t e  t h a t  t h e  

r e a c t i o n  was t o o  complicated ’GO be of value i.n k i n e t i c  s t u d i e s .  

B u t l e r  and P ~ l a n y i ~ ~  used a flow method f o r  s tud3ing  p y r o l y s i s  o f  

me’ihyl iodl:.de, I-a’cher t han  t h e  s t a t i c  method used by Ogg. They claim 

tha-t t h i s  permits  a l o s s  complex process  to be s t u d i e d .  They r epor t ed  

f i v e  measurements on t h e  decomposition of methyl iodi.de i n  n i t r o g e n  a t  

493 t o  495”C, t o t a l .  p re s su res  of 5 t o  7 mm Hg, and methyl i o d i d e  partial. 

pres su res  o f  0.003 t o  0.012 mm Hg, They found t h a t  methyl i o d i d e  decom- 

posed about one - th i rd  a s  f a s t  as ethyl i o d i d e  hu t  d i d  not  o b t a i n  repro-  

d u c i b l e  r e s u l t s .  

Horrex an(? Lapage have r epor t ed  work on tile nitrogen-methyl.  iotli.de 

system ‘Vii’ih t o l c e n e  aridec! as a r a d i c a l  accep to r .  33 They conclude t h a t  

t h e  r e a c t i o n  becomes second-order a t  low t o t a l  p re s su res .  T’nat i s ,  i f  

a CB I molecul.e 7is t o  decompose it must f i r s t  b e  a c t i v a t e d  e i t h e r  by a 

collision wi th  a n o t h e r  CH 1 molecule or by one wi th  an  N mo1eci.de. A t  

603-m Hg t o t a l  p:wssure, they s h t e  t h a t  CH 1 decorriposition i s  f i r s t -  

o rde r .  

3 

3 2 

3 

Liquid -Phas e Reactions 

Reactions of methyl iod-ide i n  t h e  l i q u i d  phase ai-e i m y r t a n t  in i t s  

a b s o r p t i o n  by sprays,  e t c .  For convenience, we have divi:ietl t h e  1iqui.d- 

phase r e a c t i o n s  i n t o  t h e  followi-ng groups: (1) bimolecular  nuc leoph i l i c  

s u b s t i t u t i o n s ,  ( 2 )  hydro lys i s ,  (3) e l e c t r o p h i l i c  subst-i Lutions, and 

( L )  o t h e r s .  

dimolecular Nucleophil-ic S u b s t i t u t i o n  (S 2 )  Pi- 
Reactions of Methyl Iodide 

An important c l a s s  of r e a c t i o n s  i.n which metlhyl i od ide  p a r t i c i p a t e s  

i s  known a s  the bimo1ecu.la.r n u c l e o p h i l i c  s u b s t i t u t i o n  (or displacement)  

r e a c t i o n . 3 4 - 3 7  

of %lies iype.  

The a b b r e v i a t i o n  S. 2 i s  o f t e n  used t o  d e s i g n a t e  r e a c t i o n s  N 

The r e a c t i o n s  are  of t h e  form 

N - I  R-S + R-N -1-  S , 



where N i s  t h e  nuc leoph i l e  and R-S i s  c a l l e d  t h e  s u b s t r a t e .  

e l e c t r o n  donors (Lewis b a s e s )  and R i s  a n  e l e c t r o n  a c c e p t o r  ( L e w i s  a c i d ) ,  

so S 2 r e a c t i o n s  are o f t e n  viewed a s  g e n e r a l i z e d  acid-base r e a c t i o n s .  

N and S are 

rT 
S i g n i f i c a n t  sys t ema t i c  studies of t h e  r e a c t i v i t i e s  OP nuc leoph i l e s  

toward v a r i o u s  s u b s t r a t e s  have been made. The f i r s t  paper of importance 

was t h a t  of Swain and S c o t t ,  who proposed t h e  equat ion 

log ( k / k o )  = sn  

where k i s  t h e  r e a c t i o n  ra te  of  the s u b s t r a t e  w i t h  t h e  nuc leoph i l e ,  ko 

i s  i t s  r e a c t i v i t q  w i t h  water ,  n i s  a measure of t h e  n u c l e o p h i l i c  reac- 

t i v i t y  of N, and s i s  a measure of t h e  d i s c r i m i n a t i o n  of S among d i f -  

f e r e n t  N r eagen t s .38  

r e a c t  i ons .  

This  r e l a t i o n s h i p  was found t o  c o r r e l a t e  47 

Subsequently Edwards proposed a r e l a t i o n s h i p  o f  t h e  form 

log (k/ko)  = CUP + BH , 

wheic 3' i s  a measure of t h e  p o l a r i z a b i l i t y  of t h e  molecule and H i s  a 
measure o f  i t s  b a s i c i t y .  39 

t h a t  r e a c t e d  a t  r a t e s  i n v a r i a b l y  h ighe r  t han  clan be accounted f o r  by t h e  

above. 3 5 ,  " 

where N i s  t h e  n u c l e o p h i l i c  atom and Y i s  a n  e l e c t r o n e g a t i v e  atom t i la t  

cant ,a ins  one o r  more p a i r s  o f  unshared e l e c t r o n s .  Examples a r e  NH OH, 

C l O " ,  and R2C=T\JU. 

t o  t h e  unshared e l e c t r o n s  on the alpha atom. 

However, a g r u q  o f  nuc leoph i l e s  was €ound 

These nuc leoph i l e s  can  be r ep resen ted  by t,he formula YN, 

2 
This i s  known a s  t h e  "alpha e f f e c t "  by r e fe rence  

Davis  suggested a modified equat ion:  

log (k/k ) = UE +- BH, 0 

where 3: i s  t h e  o x i d a t i o n  p o t e n t i a l . 4 1  

t h e  oxibase s c a l e .  

He a l s o  suggested t h i s  be callcd 

Davis and h i s  co-workers have published a s e r i e s  of papers  on t h e  

a p p l i c a t i o n  of the oxibase s c a l e .  The most r e c e n t  cliscusscs t h e  r e a c t i o n  

of  methyl i od ide  w i t h  me reaptoethylamine (MEA) a 4 2  

t i o n  3 s  ar? a n t i r a d i a t i o n  drug;. 

MEA i s  imder coiisidc ra- 



Pear'son groups Lewis a c i d s  and bases i n t o  two groups: "hard" and 

" s o f t .  

bases  a r e  "hard. I '  

o x i d a t i o n  s t a t e  as f e a t u r e s  l e a d i n g  t o  hard behavior .  S o f t  behavior  tends 

t o  be a s s o c i a t e d  wi th  low oxida-Lion s t a t e  and l a r g e  s i z e .  Be s ta tes  t h a t  

hard a c i d s  a s s o c i a t e  preferentia1.l .y w i th  hard bases; soft acids wi th  s o f t  

bases .  

Rases which are e a s i l y  p o l a r i z a b l e  a r e  " so f t " ;  nonpolar izable  

For scid.s he points out  s m a l l  s i z e  and hi.gh p o s i t i v e  

A number of r e a c t i o n s  between nucleophi les  and methyl.. i-odide i n  aque- 

ous s y s t e m  have been i n v e s t i g a t e d .  4 2 - 6 2  

Tables 3 . 2  and 3 . 3 .  Table 3 . 2  l i s t s  r e a c t i o n  ra- tes  obtained wi.i;h 16 

nucleophi les  of va r ious  Lypes, while  'Tahle 3.3 p r e s e n t s  r e s u l t s  for t e n  

amines. Seve ra l  of t h e  r e f e r e n c e s  (47, 49, 52-54, SO) r e p o r t  on t h e  

e f f e c t  of 7-sotope mass ( e .g . ,  deuterium vs hydrogen) on t h e  r e a c t i o n  rate.  

The y e s u l t s  a r e  summarized i n  

Table 3 . 2 .  Reaction Rates of CH3I wi th  Nucleophiles 
i n  Aqueous So lu t ion  a t  25°C 

iVucleophj l e  k2  ( l i t e r s / m o l e .  s e e )  References 

Mereaptoethylamine 1 x -LO3 to 2 x loo ,  depends o n  pH 4 2 

48 so3-- 3 . 9  x 1Oc2 

( cx3 ) 3N 3 x lo-* 43 

( CH3 ) 2NH 

s2c3-- 3.15 x lo2, 2.81+ x lo-*, 3.31 x 45,46,48 

43 9.4 x 

CH NH 3 2  
K2HjOh 

CIS 

' i- 

s c1;- 

3 >J H 

O H  

3 r- 

C1- 

E' 

43 

5 1  

2.25 1 r - 3  

1.1 x 

5.76 10--~, 5 .9  6.03 m i  44,47,52 

4 .71  x IT/', 4 .85  x l V 4  

3.58 1 ~ 4  

1 x IO-& 

6 . 5 2  x lC5,  6.36 x 1T5 

4.95 4.16 

7.08 x 1!T8 

55,57 

56 

43 

45,57 

55 

55 

55 

3.30 x 

57 1.41 x 7 . 3  x IO-* H2° 
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Table 3.3. Second-Order Rate Constants f o r  t h e  
Displacement of Iod ide  Ion from Methyl Iodide 

at 30°C (Frcm R e f .  58) 

Amine 

Methylamine 

Glycine 

Hydrazine 

Glyc i n e e t h y l  es te r  

Hyd .e oxyla m i  r?e 

T r  i f luo roe thylamine 

Methoxylamine 

P i p e r i d i n e  

Mo r p  hol i n  e 

Methyl hyd ra z i. ne 

10.62 

9.63 

8.11 

7.75 

6.05 

5.63 

4.85 

11.10 

8.59 

8.14 

p& i s  t h e  nega t ive  l c g a r i t h m  o f  t h e  d i s -  a 

s o c i a t i o h  constant. 

Freq-uently, on ly  r e l a t i v e  rates a r e  r e p o r t e d .  Such data a r e  not included 

i n  t h e  tables. 

Soldano and Ward i n v e s t i g a t e d  the e f f e c t  of several  a d d i t i v e s  on .the 

r e a c t i o n  o f  CH I w i t h  Na2S203. 
3 

f i r s t - o r d e r  r e a c t i o n  r a t e s  were reported.. 6 1  

I n c r e a s e s  of  up t o  35$ i n  t he  pseudo- 

Adanis, Bennett, and Slusher measured t h e  r a t e  of r e a c t i o n  of borax 

and borax-sodi-un thiosuls"at;e alone and wi th  va r ious  combinations o f  PEI- 

lOOO* and H C H 0 . 6 2  The a d d i t i v e  caused an i n c r e a s e  i n  t h e  r e a c t i o n  r a t e .  

Table 3.4 lists parameters for t h e  Arrhenius r e a c t i o n  r a t e  equat ion 

f o r  s i x  of the r e a c t i o n s .  Fyom t h e  d a t a  of Tables 3 .2 ,  3.3, and 3.L, it 
appears  t h a t  s u l f i t e  ion might be R good addi t i .ve  for methyl i o d i d e  re- 

mo v-al.. 

Because of t h e i r  importance, t h e  r e a c t i o n s  of methyl. i o d i d e  with 

water  and w i t h  hydroxyl i o n  have been considered s e p a r a t e l y  from the o t h e r  

*PEI-1300 i s  a tradernark of Dow Chemical Company. 
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Table 3.4. Arrhenius Constants f o r  Some Reactions of 
Methyl Iod ide  i n  Aqueous Solutiona 

firrhenius Constants 

Reaction A, Frequency E, Energy of  References 
Factor Aeti-vat i on  

(I.iters/mole. s e c )  (cal/mole ) 
.--_ 

CH3I + OH- * CH30H + I- 

-- 
CH,I + S,O, I CH~S,O,- + I- 

1.74 x 101‘ 22,220 i 230 45 

2.01 x 1012 18,880 45 

2.73 x 101L 20,380 49 

5.6 X 1012 19,400 i 900 48 

2.79 x 101‘ 18,880 46 

C H 3 i  -!- CNS- r CH3CNS + I- 1.49 x 1011 19,950 ? LO0 56 

CHjI + CN- + CH3CN + I- 6.31 X 10” 19,200 
5.1 X 10” 21,750 

52 
L? 

CH31 + N2HL + OH- + CH3NHNH30H + I- 1.‘i x 1 0 1 ~  20,200 51 -- 
CH~I + so3 + C H ~ S O ~ -  4- I- 2 x 10” 16,603 i- 600 48 

a. -E/RT 
K fie 

‘i‘able 3.5.  Bimolecular Ve loc i ty  Constants r^or the 
React ion Between Methyl Iodide and Hydroxyl Ion 

i’emperature ( OK) k ( l i t e r s / m o l e .  s e e )  Refererces  

288.16 1.34 x l C i e 5  60  

298.16 5.8 10-5 60 

2 

303.00 1.16 x 1FLt 39 

312.23 3.45 x lcrl+ 39  

313.16 /+.(I9 x 60 

314.79 4.52 x L5 

322.03 J-. 06 x io- 45 

333.03 3 .21  x l E 3  4 5 

342.83 8.54 x l oe3  4 5 

333.16 3 .4  x 1T3 65 

347.96 l L . 5 2  x 6 5  

. 
S 2 reactioiis  o f  methyl iod ide .  A number of workers have i n v e s t i g a t e d  

t h e s e  r e a c t i o n s ,  6 3 - 7 5  and t h e  rcpor’ced exper imenta l  r e s u l t s  are  swnmarj Led 

i n  Tables 3.5 and  3.6 and are presented gaph ica l . l y  i n  Fig,  3 . 2  ( f r o m  

N 
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Table 3.6. E'irst-Order Reaction Ve loc i ty  
Constant fo r  the Hydrolysis of 

Methyl Iod ide  

Temperature ( O K )  k (sec- l )  References 

303.19 
308.87 
313.26 
321.23 
323.20 
323.32 
323.69 
328.18 
328.72 
333.11 
333.16 
333.88 
338.16 
342.92 
343.16 
343.66 
348.17 
353.16 
353.38 
358.17 
363.00 
363.16 
366.17 
36R. 10 
3'71.16 
372.72 
3'73.19 

1.73 x l V 7  
3.43 10-7  
7.84 1 0 - 7  
1.93 x 1cT6 
2.63 x l c T G  
2.92 x 1Cr6 
2.70 x 1cT6 
4.92 x UT6 
4.81 x 1Cr6 

8.90 x UT6 
8.72 x 1Cr6 
1.60 x l(r5 

9.0'7 x lrG 

2.49 1u-5 
2.77 10-5 
2.135 10-5 
4.78 1u-5 
7.97 10-5 
' I .  $4 1 u - 5  

1.80 x 10-4 
1.30 x l T 4  

2.09 x U T 4  
2.79 x l T 4  
3.31 x l T 4  
4.30 1cr4 
4.31 1u-4 
5.15 1cr4 

6 7  
63 
6 7 
63 
68 
6 7 
63 
68 
63 
67 
68 
63 
68 
63 
68 
67 
68 
68 
6'7 
68 
63 
68 
6 ' I  
6 8  
58 
63 
68 

Refs. 63, 68, and 76). 'The d a t a  show tha t  sp rays  should remove methyl 

i o d i d e  at a measurable ra te  as a r e s u l t  OS hydro lys i s ,  a l though t h e  r a t e  

i s  expected t o  hc t o o  slois t o  produce a s i g n i f i c a n t  2-hr dose-reduct ion 

, f a c t o r .  

S 2 Reactions i n  So lven t s  Other t h a n  Water -3!J 

Marly i n v e s t i g a t i o n s  of  S 2 r e a c t i o n s  invo lv ing  methyl i o d i d e  i n  non- N 
aqueous systems have been r epor t ed  (Refs. 63, 65, 63-121). These r e a c t i o n s  

p e n e r a l l y  are of less  d i r e c t  i n t e r e s t  t o  workers i n  t he  s a f e t y  f i e l d  than  

r e a c t i o n s  i n  aqueous solut , ions.  However, t h e y  a r e  o f  value i n  ach iev ing  

a n  understanding of t h e  r e a c t i o n  mechanisms. 
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F i g .  3.2. Expcrimental ly  Determined Hydrolysis  Rate Cons tsn ts  f o r  CH,I. 

Davies and hi.s co-workers have r epor t ed  r e a c t i o n s  of  methyl i o d i d e  

wi-Lh va r ious  te r -Liary  n i t rogen ,  phosphorus, and a r s e n i c  bases (amines,  

phosphines, and a r s i n e s  ). 7 7 - 7 9  

between mesi tyldimethylphosphine w a s  0.89 l . i t e rs /mole~  n i n  i n  ethanol. s01.u- 

t i o n  a t  25"c.''' 

u:re by t h e  method used. 

'They r epor t ed  t h a t  t h e  yate of r e a c t i o n  

The r a t e  i n  acetone-watey mixti&-es was too f a s t  t o  mens- 

The correspondj-ng a r s i n e  r e a c t e d  much more s l o ~ l y .  

Render and Hoeg have d i scussed  t h e  I 4 C  k i n e t i c  i s o t o p e  e f f e c t  i n  S 2 rs 
reac t ion , ;  and have r epor t ed  on t h e  r e a c t i o n  o f  l4CH3T 7hii.th t r i e t h y l a q i n e  

i n  benzene hydroxyl- ion i.n 50s dioxane, pyrri.dine i n  henzeiie, and sil.ver 

i o n  i n  71J$ alcohol .80 The k i n e t i c  i s o t o p e  e f f e c t s  (k /k_ ) were 1.3.0, 

1.14, l.09, and 1.39, r e s p e c t i v e l y .  
12 .l.4 

Smith and Winstein have descri-bed a r e a c t i o n  o f  methyi i od ide  wi th  

d imethylsu l foxide  (EMSO),  81 and Murto has d i scussed  t h e  a l k a l i n e  hydrol-  

y s i s  and a l c o h o l y s i s  of methyl  i o d i d e  i n  dimethylsulfoxide-water  and 

dimethyl-sulfoxide-alcohol  mi-xtui-es. 7 0  The rat;es i n c r e a s e  w i t h  i n c r e a s i n g  
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percentages of DN90 i n  t h e  s o l u t i o n .  

5 X 10' times as f a s t  i n  pure INSO as i n  water a t  25°C. 

The r e a c t i o n  wi th  OH" i o n  i s  about 

Pa rke r  and v a r i o u s  eo-workers have i n v e s t i g a t e d  a number of t h e  S 2 

r e a c t i o n s  of methyl i o d i d e  i n  a v a r i e t y  o f  s o l v e n t s .  8 2 - 9 0  The i r  concern 

has l a r g e l y  been w i t h  s tudy ing  t h e  r e l a t i o n s h i p  between s o l v a t i o n  of t h e  

nuc leoph i l e  and i t s  rate of r e a c t i o n  wi th  methyl i od ide .  

N 

Leffek has r e p o r t e d  on t h e  deuterium i s o t o p e  e f f e c t  on t h e  r e a c t i o n  

between a l k y l  bromides and sodium t h i o s u l f a t e  in 508 e thano l . ' l  

p e c t e d l y  it w a s  found t h a t  $ i s  g r e a t e r  t han  k 

i o d j d e  i o n s  i n  e thano l ,  propanol, and acetone.  9 2 G 9 4  

a t t r i b u k e d  t o  s o l v a t i o n  of t h e  ions .  

Unex- 

f o r  t h i s  r e a c t i o n .  D 
Beronius has r e p o r t e d  on s t u d i e s  of i o d i n e  exchange between CH I arid 3 

Solvent  e f f e c t s  are 

Vir t anen  has r epor t ed  t h e  a c t i v i t y  c o e f f i c i e n t s  and k i n e t i c s  of 

hydro lys i s  o f  methyl i od ide  i n  water-dioxane and water-dimethylsulfoxide 

mixtures .  9 5  The f i r s t - o r d e r  r a t e  cons t an t  for hydro lys i s  dec reases  wi th  

increa.s ing o rgan ic  con ten t  ir, water-dioxane mixtures  b u t  increases i n  

water-DrJISO mixtures .  The e f f e c t s  are r e l a t e d  t o  s o l v a t i o n  of t h e  t r a n s i -  

t i o n  s t a t e .  

Lassau and Jungers  have r epor t ed  on t h e  r e a c t i o n  between methyl 

i od ide  ar!d t e r t i a r y  amines i n  a l a r g e  number of so lven t s .96  

elude t h a t  the  r e a c t i o n  r a t e  depends on bo th  t h e  p o l a r i t y  and t h e  po la r -  

i z a b i l i t y  of t h e  s o l v e n t .  

They cor;- 

Toinrri l la and R i r o  have s t d i e d  t h e  r e s c t i o r ;  between methyl iurlj.de 

and cyanide ion  i n  dimethylsulfoxide-water  and acetone-water mixtures .  O7 

'The r e a c t i o n  r a t e  i nc reased  w i t h  i n c r e a s i n g  o rgan ic  con ten t  wi th  bo th  

o rgan ic  s c l v e n t s ,  b u t  more w i t h  DMSO t h a n  w i t h  ace tone .  Hates i n  pure 

DM39 a r e  ~oiughljr l o 5  times those in water .  

Ca.i-lsson and hLs a s s o c i a t e s  have r epor t ed  r a t e s  of  r e a c t i o n  of 

o rgano- t in  and organo-germanium hydrides  wi th  methyl i od ide  i:n cyclo- 

hexane . 98-100 
and are r e l a t i v e l y  f a s t  ( o r d e r  of  l o9  l i t e r s / r n o l e .  s e c )  . 

 he r e a c t i o n s  occur by a f ree- . rad ica l  cha in  mechanism 

Anderson and h i s  eo-workers have r epor t ed  r a t e s  of r e a c t i o n  o f  

CH I w i t h  methoxide i n  methanoldioxan mixtures .  lo' The r e a c t i o n  r a t e  

i n c r e a s e s  w i t h  dioxan con ten t  of t h e  s o l v e n t .  
3- 
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Pearson, Sobel, and Songstad have r epor t ed  t h e  ra tes  of  r e a c t i o n  of 

58 r.uc1.eophiles toward CH I i n  m e t k n o l . l 0 '  

t e s t e d  (C H,S- and C H S e - )  r eac t ed  f a s t e r  w i t h  methyl i od ide  t h a n  d i a  

Li i iosulfate .  They also t a b u l a t e  t h e  nuc leophi l fc i .  Ly of 67 nucleophi les  

toward CB 1. 

(C,H ) Sn 0 5 3  
h i g h e r  than S 0 

Only two o f  t he  subs tances  
3 

6 ,  6 5  

Only f o u r  of  t hese ,  t h e  two above and (C H ) Gel and 3 6 5 3  - 
(va lues  for khe l a t t e r  were ca l cu la t ed ,  no t  experimental) are  

-- 
2 3  * 

Jackson  and Leffek have i n v e s t i g a t e d  t h e  d e u t e r i > m  i s o t o p e  e f f e c t  - -  
on t h e  r e a c t i o n  between S 0 

r e a c t i o n  was about  6$ sI.ower when deu te ra t ed  methyl. i od ide  was used. 

and methyl  i o d i d e  i n  5076 e t h a n o l . l o 3  The 
2 3  

Farhat-Aziz and Moelwyn-Hughes have r epor t ed  t h e  k i n e t i c s  o f  t h e  

r e a c t i o n  between methyl c h l o r i d e  and l i t h i u m  iod ide  i n  ace tone .  They 

concluded that t h e  r eve r se  r e a c t i c n  w a s  about  4000 t imes as f a s t  as t h e  

d i 1.e c t rea c t i.on . 
Davies has repoi-ted t h e  r a t e s  of  r e a c t i o n  o f  methyl i od ide  w i t h  9 

p-alkyldiv.ethy1 a n i l i n e s  in a 90% ace.tor,e-water mixture .  lo5 

t h e  o r d e r  of 1C- l i t e r s / m o l e .  s e c  a r e  r epor t ed .  

R a t e s  of' 

Chanon and h i s  a s s o c i a t e s  have r epor t ed  r e a c t i o n s  of methyl i od ide  

w i t h  th i -azoles  i n  ace tone  .lo6, lG7 The th iazol i -ne th iones-2  showed 

r a t e s  o f  t h e  order of 10- '' l i t e r s / m o l e . s z c ;  methyl thio-2 t h i a z o l e s  gave 

rates o f  t h e  o r d e r  of  l i t e r s / m o l e . s e c .  

4- 

De La Mare acd h i s  a s s o c i a t e s  have publ i shed  a ser ies  of papers  i c  

which they  d i scuss  t h e  F i n k e l s t e i n  reac-Lion ( h a l i d e  replacement i n  a l k y l  

ha l ides  by a t t a c k i n g  h a l i d e  i o n ) .  108-112 

t h e  mechanism of  t h e  s u b s t i t u t i o n  r e a c t i o n  and t h e  s t r u c t u r a l  f a c t o r s  

i n f luenc ing  t h e  r e a c t i o n  r a t e .  

Thei r  concern i s  3.n examining 

Hawthorne, Hammond, and Graybi3-3. have r epor t ed  measurements of  t h e  
113  r e a c t i o c  ra te  o f  cyanide wi th  methyl i od ide  i n  SO$ aqueous dioxan. 

The r a t e  a t  room temperature  i s  o f  -the o r d e r  of l i t e r s / m o l e . s e c .  

L e f f e k  arid MacLean examined t h e  deuterium i s o t o p e  e f f e c t  on react iof is  

between methyl arid methyl-a iod ides  i n  benzer,e. '14 

l r3  to 10"' l i t e r s / m o l e . s e c  were obta ined  a t  50°C f o r  s i x  a i i ' f e r en t  

arrii,es. 

all cases .  

Rates  r a r g i n g  from 
3 

Methyl i od ide  r eac t ed  about  88$ 3 s  fas'ii a s  methyl-d iod ide  ir. 
3 



K a l l i o r i n n e  arid Tommilla s t u d i e d  t h e  r e a c t i o n  between p y r i d i n e s  and 

methyl i od ide  i n  benzene-nitromethane mixtures .  .They found t h a t  reac-  

t i o n  r a t e s  i nc reased  wi.th nitromethane contefit of t h e  s o l v e n t .  Rates 
we-re of tile o r d e r  o f  IO-' liters/mole.sec i n  pure nitromethttrie. 

Brown and McDonald i n v e s t i g a t e d  secondary i s o t o p e  e f f e c t s  i n  t h e  

r e a c t i o n s  of methyl-d p y r i d i n e s  wi th  a l k y l  iod ides  i n  ni t robenzene 

solution.116 The r e a c t i o n  w a s  f a s t e r  for t h e  d e u t e r a t e d  foriris. 
3 

Brown arid Cahn have r e p o r t e d  r a t e s  of r e a c t i o n  of methyl i od ide  

w i t h  a l k y l p y r i d i n e  j.n ni t robenzene s o l u t i o n .  '17 

c o n s t a n t  a t  30°C 
pyridir ie .  

The f a s t e s t  rate 

l i t e r s / m o l e .  s e c )  was observed wiLh 3 - t - b u t y l  

McCabe, Grieger ,  and Eckert  determined t h e  partial molal volumes 

o f  t h e  t r a n s i t i o n  s t a t e  o f  t h e  Menschutkin r e a c t i o n  between p y r i d i n e  arid 

methyl i o d i d e  i n  s i x  solvents.  '18 T h e i r  r e s u l t s  a r e  useful i~-! t h e  ini;i:r.- 

p l 'e ta t ion of t h e  s t r u c t u r e  of t h e  t r a n s i t i o n  s t a t e  and i t s  interrrolecLdzr 

i n t e r a c t i o n s  i n  s o l u t i o n .  

nessy,  pokfi, and  King measured r a t e s  of r e a c t i o n  of s eve ra l  transi- 

t i o n  el.ernen'L and main-group-derived an ions  wi th  a l k y - l  h a l i d e s  ir! glme 
(glyccldimethgrletber)  . lSg 

CH31. 

mole. s e e .  

They have l i s t e d  nine r e a c t i o n s  involTiing 

The fas tes t  was w i t h  Ph Pb-. The r a t e  c o m t a n t  was 490 l i t e r s /  3 

Abrahaa12' commented on  t h e  resiiLts of Ohnmoto, Firkiu,  ailti :jkii.ngu 4 3  

a n d  concluded khat  t h e  !.mexpectedly small  r a t e  d i f f e r e n c e  in the  r e a c t i o n  

i n  bcnzcne acd water  solu-i;j.on ( t h e  r e a c t i o n s  are  about f o u r  t.i.riies a s  f a s t  

i n  water R S  i n  benzene) can  be accounted Tor because the  t r a n s i t i o n  s t a t p s  

hav? t h e  same h ighe r  free energy i n  water  a s  i n  benzene. 
Pa rke r  has reviewed t h e  s o l v e n t  e f f e c t s  of n g r e a t  rnmy reactions.  88  

Twelve r e a c t i o n s  of methyl i od ide  a r e  included i n  the 56 r e a c t i o n s  examined. 

Swart and LeZoLLy examined t h e  exchange r eac t ion  between iod ide  i o n  

and methyl i od ide  i n  f i v e  solvent,s - 12' 
;<.ate was approximately i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  c l i e l e c t r i c  cons t an t .  

They concluded t h a t  Lhe r e a c t i o n  

Evans, Watson, and W i l l i a m s  have report.eid measurements of -the k i -  

n e t i c s  o f  t h e  formatior: of aryltrimetLiyLammoniiirri i od ides  i n  methanol 

s o l u t i o n s .  12* J~~~ 

a n i l i n e s  and methyl i o d i d e .  

The r eagen t s  used were v a r i o u s l y  s u b s t i t u t e d  dimethyl- 
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Uguag l i a t i  and h is  a s s o c i a t e s  have d i scussed  t h e  r e a c t i o n  o f  methyl 

i od ide  Tniith a rhodium complex. 124 

Hinshelwood, 12r' and Evansx2' have d i scussed  t h e  k ineb ic s  o f  several .  re- 

a c t i o n s  involv ing  methyl i od ide  i n  nonaqueous so lven t s .  Brown and Mihm 

have d iscussed  t h e  e f f e c t  of  s t e r i c  strains i n  displacement  r e a c t j o n s ,  

and Anderson and h i s  co-workers have d iscussed  s o l v e n t  e f f e c t s  on nucleo- 

p h i . l i c  r e a c t t o n s .  lo' 

r e a c t i v i t y  cons t an t s  f o r  s e v e r a l  r eagen t s  i n  nonaqueous systetris . 

Wool.f, 125 L a i d l e r ,  3-26 Raine and 

129 

Radhakrishnamurti  and Pan ig rah i  mea.siired nuc leoph i l i  c 
130 

Kacsgr used da ta  on s e v e r a l  methyl i od ide  r e a c t i o n s  tn developing 

an equat ion  f o r  the " e f f e c t i v e  shape" of a p o l a r  molecule i n  t h e  f i e l d  

of' an ion. 

m e  char. i s m  . 
'This method can be a p p l i e d  -to he lp  understand t h e  r e a c t i o n  

Okar;,oto and h i s  a s s o c i a t e s  reviewed t h e  l i n e a r  f ree-energy  r e l a t io i l -  

s h i p s  f o r  35 S 2 r e a c t i o n  s e r i e s  and obtaj-ned e x c e l l e n t  c o r r e l a t i o c  o f  

Lhe r e a c t i o n  cons t an t  w i t h  tile l i n e a r  f ree  energy. 13' They concluded, 

however, t h a t  e x i s t i n g  c o r r e l a t i o n s  account ing f o r  polar and s t e r i c  

e f f e c t s  are  not  s a t i s f a c t o r y .  

m 

An a r t i c l e  by Dove a n d  Sowerby p r e s e n t s  a r e l a t i v e l y  up-to-&te re- 

view of halogen exchange r e a c t  ions  arLd con ta ins  much i r i formatior  ,%bout 

meLhy1. i-odide. 1 3 3  

Genco and h i s  co-workers have dcveloped coati~rgs c o r t a i r l i r g  tert5.ar-y 

amines tha'i are  s t rong  nuc leophi les  toward methyl i od ide .  1 3 4 ,  135 

a r e  claimed t o  be h igh ly  e f f e c t i v e  i n  fixiing iodirie and thus  makin6 it 

urxvai1abl.e f o r  leakage t o  t h e  environment.  

These 

Viles and h i s  a s s o c i a t e s  have i n v e s t i g a t e d  rea&er;.ts t h a t  might be 

added t o  foams. ' -36  The i r  I.rist inc ludes  hydrazine,  unsymmetrical dimethyl- 

hydrazine (UDMH), t h i o a c e t a z i d e  (TA), tri.ethylarrj.ce diamine ( ' I ' D A ) ,  

p i p e r a z i r e ,  and tY ibu ty l  phclsphine (TBP). Of t hese ,  t h e  last was found 

t o  be t h e  most r e a c t t v e  wi-Lh methyl iodirle.  This  js i n  disagreeiiiect w i t h  

t h e  r e s u l t s  of Pearsor., Sobel,  arid Songstad,"' who fourid t h a t  s o 
reacted twice  a s  f a s t ,  C €1 S- lpeacted eearly 20 t imes as  f a s t ,  a n d  C H Se- 

r eac t ed  over  100 t imes a s  fast as TBP i n  methanol solu'cion a t  25°C. 

Poss ib ly  L k  change o f  so lven t  accounts  f o r  the d i f f e r e n c ? .  

-- 
2 3  

6 5  6 5  
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Another important c l a s s  of r e a c t i o n s  of t h e  a l k y l  h a l i d e s  is elect,ro- 

p h i l i c  a t t a c k  on t h e  halogen atom. 

a r e  

Examples of  r e a c t i o n s  o f  this c l a s s  

CH31 + Agl\lfi3 9 AgJ 4- CH3N03 

+ f CH31 + HE* -, Ci13 + HgI 

The f irst  r epor t ed  work on such r e a c t i o n s  w a s  t h a t  of Burke, Donnan, 

and P o ~ ~ , s . ~ ~ ~ J ~ ~ ~  

product had a c a t a l y t i c  e f f e c t  on r e a c t i o n s  between alkyl h a l i d e s  and 

S e n t e r  f i r s t  point,ed ou t  t h a t  t h e  s o l i d  s i l v e r  h a l i d e  

s i l ve r  sa l t s .  1 3 9  

Roberts and Hammett s t a t e  t h a t  t h e  r a t e  of h y d r o l y s i s  of an alkyl 

halide may be inc reased  by s e v e r a l  o r d e r s  of aiagnitude by the a d d i t i o n  

of s i l v e r  or mercuric  salts.14' 

mercuric  n i t r a t e  w i t h  e t h y l ,  n-propyl., and i s o b u t y l  bromid.es i.n 70% 

dioxane.141 The ra.te cons t an t s  were EtBr, 3 X n-PrBr, 1.75 x loe3; 
and iso-BuBr, 4.8 X l i t e r s /mol . e . s ec  a t  25°C. 

Colcleugh and Moelwyn-Hughes have r e p o r t e d  r a t e s  of r e a c t i o n  of 

Benfey has r epor t ed  r e a c t i m i  r a t e s  f o r  

methyl i o d i d e  w i t h  s i l v e r  n i t r a t e  and s i l v e r  p e r c h l o r a t e  i n  aqueous solu- 

t ion. ' / '*  

for t.he observed k i n e t i c s .  

They s t a t e  t h a t  coinplex I 'o-mation must be assumed t o  accoimt 

The use of Hg(N0 ) 
alumiiiiim-c1a~ uranium ~ i i e l s  i s  w e l l  known. 1'+'-145 

3 po in ted  ou t  t h a t  t h e  use of  mercury mus-I; be avoided i f  r a d i o -  

as a c a t a l y s t  i n  t h e  n i t r i c  a c i d  d i s s o l i i t i o n  of  
3 2  

Rupp, Beauchamp, a n d  

i o d i n e  i s  t o  be Seveyal workel.:; i n  t h e  ,ztomi.c energy y o -  

gram have used I€gf'- e i t h e r  t o  r e t a i n  i o d i n e  i n  process  s o l u t i o n s  o r  t o  

remove i t  f r o m  o ~ f - g a s  streams. 1 4 6 - 1 5 0  Consequently, s i n c e  i o d i n e  r e t e n -  

t i o n  f a c t o r s  of 1-07 t o  10' are req.ui.red i.n p rocess ing  UQUR f u e l s ,  i t  
was deci'ded t o  t r y  mercuric  n i t r a t e - n i t r i c  acTd soluti.oins f o ~  i o d i n e  

scrubbing.  Extensive I n v e s t i g a t i o n s  o f  the scrubbing 0.P i o d i n e  and alkyl 

iod-ides by t h e s e  s o l u t i o n s  have been conducted a t  t h e  Oak Ridge Nat ional  

Laborat,ory. 53 The resul ts  i n d l c a t e  t h . a t  absorbers can be designed 

t h a t  w i l l  remove most o f  t h e  i o d i n e  and a&yl i o d i d e s  wi th  mercuric 
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n i t r a t e - n i t r i c  a c i d  s o l u t i o n ;  decontamination f 'actors o f  a t  l e a s t  100 

seem a t t a i n a b l e .  While bhis i s  on ly  R s m a l l  f r a c t i o n  of t h e  d e s i r e d  re- 

t e n t i o n  fac.t;or, i t  r e p r e s e n t s  removal of n e a r l y  a l l  i o d i n e  i n  t h e  o f f -gas  

so  that ,  t h e  burden on t h e  res t  of -LIE t r a p p i n g  system i s  considerably 

reduced. I n  connection w i t h  t h i s  wo:rk, t h e  r e a c t i o n  r a t e  ol" alkyl io- 

dFdes wi th  mereuri-c n i t r a t e  was measured. The second-order rates are 

gLven i n  Table 3.7. The r e l a t i v e  r e a c t i o n  rates a re  i n  t h e  o r d e r  ex- 

pected from experiments on a l k y l  bromides by Henfey,lLkl Dostrovsky and 

Hu~hcs,'~~ and Read and Tay10r.155 T'ne r a t e  for methyl i o d i d e  a t  30°C 

(2.17 l i t e r s / rno le -  s e e )  i.s over 40 t i m e s  t h a t  f o r  t he  n u c l e o p h i l i c  reac t ion  

t r i th  t h i o s u l f a t e  a t  t h e  same teniperature.  

Table 3.7.  Second-Order Re.zct,i.on Rate 
Constants of Alkyl I o d i d e s  w i t h  

Mercuric N i t r a t e  at 30°C 
(From R e f ,  152) 

Alkyl Iod ide  k2 ( l i t e r s / m o l e .  set) 

Methyl 

E t h y l  

n-Propyl 

n-Butyl 

2.3.7 

13 e 7 

8 . 5  

8.7 

Other  Reac t ions  

Hasty r epor t ed  measurements of t h e  ra te  of reaci;i.on of  gaseous ne thy l  

-iodide wi th  a l k a l i n e  hydrazine sol.ution. 5 6  It bad original.1.y been 

thoush t  ' tha t  this was a gas-phase reacti .on,  H a s t y ' s  r e s u l t s ,  however, 

appa ren t ly  can b e s t  be explained by a model which s t a t e s  tha t  a f r a c t i o n  

of t h e  methyl iodi.d~e mol.ecirles sti*i.king t h e  l i q u i d  s u r f a c e  r e a c t  and a r e  

r e t a i n e d  i.n t h e  l i q u i d .  The r e s t  r e t u r n  t o  t h e  gas phase. 

Tuszynski and Graydon i n v e s t i g a t e d  t h e  e f f e c t  of ul t rasound on aque- 

ous sol .ut ions of methyl i.odide a t  18"C.157 

posed a-t a zei-o-order ra te  of 3 . 2  x 
The methyl i o d i d e  wa.s decom- 

l i t e r s / m o l e . s e e .  
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Lieser and J o e r c h e l  

CH31311 and s o l i d  Na"'1 

s t a t e  t h a t  at; 177°C only 

meas1,~~eil t h e  ra te  of i s o t o p i c  exchange between 

fn.  t h e  temperat;we range 1.77 t o  25S°C."* 

'zhe outemnost l a y e r  of atoms was involved i n  t h e  

They 

r e a c t i o n .  At 255 "Cy  approximately 30 l a y e r s  were i involved, 
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4 .  EPYECTS OE’ R9DUTPON ON METHYL IODIDE 

References coveririg t h e  e f f e c t s  of  a l l  forms of  r a d i a t i o n  on methyl 

i od ide  and r e l a t e d  compounds a r e  d iscussed  i n  t h i s  chap te r .  These e f f e c t s  

have been s t u d i e d  many years ,  and as a ma t t e r  of convenience, w e  have 

grouped d i scuss ions  o f  t h e  r e fe rences  under t h e  g e n e r a l  headings of  

pho to lys i s  ( e € f e c t  o f  ljght), r a d i o l y s i s  ( e f f e c t  of o t h e r  r a d i a t i o n ) ,  

and hydrated e lec t ror i  e f f c c t s .  However, it should be emphasized t h a t  

all t h e s e  e f fec ts  are  i n t e r r e l a t e d .  

2 h o t o l y s i s  

We have 1 i s t e d  two g e n e r a l  reviews, and c e r t a i n l y  o t h e r s  could 

be  found. The j o u r n a l  r e fe reoces  d a t e  back to 1920 (Ref. 3) ,  and work 

was probably done prior t o  that time. Ea r ly  papers  on pho to lys i s  of 

alkyl ha l ides  were w r i t t e n  by Jo’L and fi ischwillci- .  ’’ 
Severa l  papers  a.ppeared i n  t h e  decade 1931 Lo 1940 (Refs .  6-43), and 

i t  began t o  be reccgnized that t h e  primary process  i s  

where h i s  P l anck’ s  coiistaiit and \$ i s  f requency o f  the l i g h t .  
0 

U l t r a v i o l e t  l i g h t  a t  253’7 A i s  r equ i r ed  t o  r u p t u r e  t h e  GI bond 

Bates and Spence6 found low quantum yi~elds ( abou t  0.02) i n  i n  CH31.  

methyl iodi.de pho to lys i s  and a t t r i b u t e d  t h i s  t o  recombinat ioc processes .  

Porret and Goodeve7 deduced t h a t  t h e  i.odine atoms would be produced 

i n  an e x c i t e d  metas tab le  s t a t e .  West and  Sch le s inge r  s tud ied  photiolysis 

o f  methyl. and ethy-1 iod ides  ir. t he  gas  phase.8 

under 2537 A l i g h t  and a methyl i od ide  vapor p re s su re  of  30C mm, t h e  

g a . s m u s  prodi-icts were RO t o  9C$ meitlane. ‘The quantum e f f i c i e n c y  was 

about  0.031. 

presence of silver f o i l ,  the r a t e  was a’ooxt 40 times fas te r ,  a l l  “Lie 

They found that a t  25°C 
0 

About one-thi .ra o f  t h e  i o d i n e  decomposed as CH 1 2a In t h e  

iod ine  sppearec  as AgI, a n a  t h e  gaseous producLs were 55% C H 

C2H4, anti 28s C H 4 .  

18% 2 6’ 
The explana t ion  given i s  t h a i  i h c  b a s i c  r e a c t i o n  of 

E q .  (I) i s  f o l l o w e c  by 2 ser ies  o f  reaci;ions betwe22 iod ine  atoms, 
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methyl r a d i c a l s ,  and methyl i od ide  molecules 
it co.l.l.ects .the iod ine  atoms. 

When s i lve r  i s  p resen t ,  

More work was r epor t ed  i n  t h e  pe r iod  1941 t o  1.950 (Refs .  9-11). 

1redal.e and McCartuey9 showed thtz-t when excess  NO was p re sen t ,  t h e  re- 
combination r e a c t i o n  t o  reform CH T w a s  suppi-essed and t h e  quan1~1.m 

y i e l d  of I2 became 0.5. 

of me.thy-1 iod ide  i n  t h e  presence of hydrogen h a l i d e s  .lo 

t h e  concen t r a t ion  of hydrogen h a l i d e s  used, it was possi.ble t o  have 

e s s e n t i a l l y  all t he  i n c i d e n t  l i g h t  absorbed by t h e  methyl .i.odide. The 

r e a c t i o n  ra te s  appeared to be .i.n t h e  o r d e r  HI > HBr > I-TCI, w i t h  the last 

being  much t h e  s lowes t .  

arnoiints when t h e  h a l i d e  i s  H I  o r  HBr, this i s  not triie iii t h e  case of 

HCL. A c'min r e a c t i o n  mechanism was postula.ted for- H C 1  only.  

3.' 
Williams and Ogg i n v e s t i g a t e d  t h e  p h o t o l y s i s  

By con t . ro l l i ug  

Also ,  while CH and I2 are  formed i n  equa l  4 

Schlrltz and Tnylorll s t u d i e d  t h e  p h o t o l y s i s  of methyl i od ide  vapor, 

' n o t h  pure and mixed wi th  C02. .k-perirrier,ts were run wi th  and withoilt; 

s i l v e r  f o i l  t o  a c t  as am iodi.ne g e t t e r .  They found t h a t  t h e  1netha11e 

y i e l d  wa.s t h e  sniae whether s i l v e r  was p r e s e n t  o r  no t  b u t  w a s  red.uced i.n 
t h e  presencz of CO They b e l i e v e  .the e f f ' ec t  of t h e  CO i s  t o  ' lcooZ1' 

"hot" methyl r a d i c a l s ,  which otherwise could a b s t r a c t  hydroger? from 

C H  I to f0.m CH Me-thy1 r a d i c a l s  not havifig excess erleri<y w i l l  nor- 

mal ly  combiiie with I t o  iat2form CH, I; Fillep. s i l v e ~  i s  p r e s e c t  t o  remove 

~11e iociirie, t h e y  corn'oine to form C! H, . 

2' 2 

3. 4' 

3 
1- 

2 0  
A large nimiber of  paper; on methyl. i-odide photolysis and photo- 

chemical reactions was publ i shed  i n  1551 .bo 1960 (Rei's. 12-20). RamL11- 

and Schuler  r epor t ed  on s t u d i e s  of  p h o t o l y s i s  of  l i q u i d  methyl and e thyl  

iod ides  t h a t  were imdertaken i n  conJunet ion  w i t h  a prcgi-arn oi' radiolysis 

s t u d i e s  at No-ire Dzrrre Un ive r s i ty .  l2 They pI"I:jpose a mechanism involvi.ng 

allcyi radicals t o  a.ccou!il; for t h e  chemical r eac t ions  observed. 'ihotri 

They found an i od ine  atom quantum y i e l d  of' 0.016. Their work vr.z 

extended by Schuler  ant1 Chiniel,l4 who showed t h a t  methjrl. iodide and 

methyl iod ide  coritai.ning up to 1.0 wt $ d i s so lved  iodi i ie  were ~JklO"iohJ2ed 

st 2537 A .  

y i e lds  from t h e  r e a c t i o n .  The res1.L.t~ were coneirlered w i t h  t h e  "hof;" 

me t hyl rad i cal me c harii s m  . 

0 

Large anowits of d i s so lved  ioil ine were fourid t o  reduce gas 



Souf f  ie,  W i l l i a m s ,  and H a m i . l l 1 6  r e i r ives t iga t ed  t h e  pho to lys i s  o f  

CI-I I vapor a t  253’7 A and emphasized the  node o f  product ion  of CII and 

C2X6. They a t t r i b u t e d  methane and e thane  product ion  to a hot  r a d i c a l  

tnechanism and found t h a t  methane product ion w a s  no t  a f f e c t e d  by t h e  

presence of f r e e  iod ine ;  however, e thane  product ion  w a s  decreased i n  t h e  

presence o f  f r e e  iod ine .  

0 

3 4 

Davidson and Carr ington r epor t ed  i.odine inhj-bi t ior ,  i n  f l a s h  photolys  i.s 

of methyl iodide-argon mixtures .  l3 

charging a condcnser through a xenon-hydrogen- f i l l e d  quarbz tu’be. 

Iiepeated 5-psec f l a s h e s  were used. 

minimum wavelength w a s  2250 A.  They r e p o r t e d  a qua.n.tum y i e l d  of  0 . 2  

i n  t h e  presence of 2 x l o m 3  mm I, and of 0.005 i n  t h e  preseace  of  0 . 5 L  

m I,. 

The f l a s h e s  were produced by d i s -  

A spec t rograph  j-ndicated t h a t  t h e  
0 

- 
L 

Harr i s  acd W i l l a r d  r epor t ed  a number o f  s t u d i e s  of  t h e  e f f e c t  of  

l i g h t  on methyl i od ide  react i .ons.  l5 

between C H  I and I ; pho to lys i s  o f  CH I t o  produce CH 

and 12; a n d  formation o f  CW I and HI by abso rp t ion  o f  1849 1 li .ght i n  

CH -I mixtures .  The quantum y i e l d  of CH I i n  the  l a s t  was about  0.1 

based on l i g h t  observed by t h e  I C h r i s t i e  i n v e s t i g a t e d  t h e  p h o t o l y s i s  

o f  gaseous methyl iod ide  i n  t h e  presence of 0 

t ha t  t h e  r e a c t i o n  of  CH w i t h  0 was t h i rd -o rde r .  Methyl iod ide  was 

about  t e n  times a s  e f f i c i e n t  a s  CC i.n accelera’ciiie t h e  combination of 
2 

methyl r a d i c a l s  and oxygen. She a l s o  found t h a t  t h e  quantum y i e l d  of 

molecular  iod ine  increased  t o  a maximum of  6 .5  a s  the G concen t r a t ion  

increased,  and then  it remained cons t an t  w i th  fu rbhe r  inc rease  i.n oxy- 

gen c o n c e n t r a t i o r .  

‘These included exclmnge of iodii le 

CH2I2?  CHI3, 3 2 3 4? 

3 

A 2 3 

2’ 
and NO. 17-19 She found 

2 

3 2 

2 

Ni. t r ic  oxide was found t o  reacl; much more r a p i d l y  w i t h  methyl r a d i -  

c a l s  t han  oxygen. An NO p a r t i a l  p re s su re  o f  3 mm was s u f f i c i e n t  t o  

suppress  s i d e  r eac t ions ,  whereas 3 C  mm 0 was r equ i r ed .  2 
McTigue acd Buchanan s tud ied  pho to lys i s  o f  methyl i od ide  i n  t he  

presence c f  actlive silver and copper s u r f a c e s  a t  temperatures  o f  100 t o  

250°C.20 

they  a t t r i b u t e d  t o  a phase change i n  AgI.  Above 18OoC, t h e  y i e l d  of  

methane i s  enhanced by a thermal  reac‘iion between s i l v e r  and CH T. 

They found a sliarp drop i n  e thane  product ion  a t  14s°C, which 

3.’ 
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Meyer c a r r i e d  o u t  f l a s h  p h o t o l y s i s  of methyl i od ide  a t  low pres-  

sures, a lone  and wi th  A r ,  02, K r ,  and H a6 d i l u e n t s .  21' 22 

t o l y s i s  product  formation was observed by t ime-resolved m a s s  spectrometry.  

Tt was found that I i s  forrned "by two processes  - one fast ,  a.nd t h e  o t h e r  

slow. 

a toms : 

The pho- 2 

2 
He hypothesizes  t h a t  t h e  fast reaction involves  "hot" iodine 

The slower r e a c t i o n  i s  iod ine  atom recombination 

I + I + M .--) I2 + M 

Rebbert and Ausloos c a r r i e d  out  p h o t o l y s i s  of methyl. iodide- 

hydrocarbon and methyl iodide-alcohol mixtures  a t  20 arid 77°K. 2 3  

l i g h t  w a s  f i l t e r e d  so  t h a t  only t h e  2537 A r a d i a t i o n  reached t h e  sample. 

By- using systems where one r e a c t a n t  contained only normal. hydrogen and t h e  

o t h e r  deuterium and examining t h e  hydrogen i s o t o p e  makeup of t h e  products ,  

milch i n s i g h t  i n t o  t h e  r-eact ion mechani.srr, was gained.  Quantum yi.elds of 

the sol id-phase r e a c t i o n s  were s u b s t a n t i a l l y  higher t han  t h e  yields of 

l i q u i d -  o r  gas-phase r e a c t i o n s .  The results appear  t o  conl'i.rm t h e  

iniportnnt r o l e  of ho t  methyl r a d i c a l s  i n  t h e  formation of methane. 

The 

Donovan, Hathorn, and. Husain2' conf irnied the a b s t r a c t i o n  of iod ine  

a t o m  from methyl i od ide  by ho t  i od ine  a t o m  as -the important r a s t  

iofine-producing mechanism. Mains and Lewis * s t u d i e d  flash pho to lys i  S 

of rrethyl iod ide  i n  t h e  gas phase e Methane, ethane, e thy lene ,  ace ty l ene ,  

and iod ine  were produced. 

Ba-ker, P1.miel.1, and Young r e p o r t  f u r t h e r  s t u d i e s  on the  p h o t o l y s i s  

of r ~ t h y L  i o d i d e  at '77°K and 253.7 They i r r a d i a t e d  f i l m  of sol id .  

CH I for period:; r ;mging from 20 min t o  2 hr and found t h a t  nunierous 

products  w e r ?  o h t a h e d  ( C  9 C2H4, C H C3H6> C-C3H6,, 

car'oons ). A material-  balance d e f i c i t  Tor carbon, hydrogen, and i o d i n e  

t h a t  was  proportional t o  t h e  amount, of CH.,I consumed i n d i c a t e d  t h a t  a 

compound ( C H I  ) was also being formed. The au thor s  reject a Pree- 

r a d i c a l  mechanism and attrIbu.te t h e  results t o  r e a c t i o n s  invo lv ing  an 

a c t i v a t e d  CH- I molecllle and s e v e r a l  of' i t s  neighbors.  

3 
h i g h e r  hydro- 5.' 2- 6' 3 8' 

.> 

2 n 

-3 



L t  c a n  be cor,cluded t h a t  t h e  pho to lys i s  o f  methyl iodide has been 

thoroughly s tud ied .  The p u b l i c a i i o n s  i n d i c a t e  t h a t  u l t r a v i o l e L  l i g h t  

i s  i iecessary t o  r u p t u r e  t h e  &I bond. Quanturn y i e lds  vary  over  a w i d e  

range b u t  tend  to be low unl.Pss a scavenger i s  p r e s e n t  Lo react w i t h  

f r ee  methyl r a d j c a l s .  

Rad io lys i s  

The l i t e r a t u r e  on r a d i o l y s i s  of inethyl i od ide  i s  even more extzn- 

s i v e  t h a n  t h a t  on pho to lys i s .  The e a r l i e s t  work we found was a paper  

by K l e e n ~ a n ~ ~  publ ished i n  191.0, and Swa17-ow28 has reviewed work publisher1 

up t o  1.958. A few l a b o r a t o r i e s  have been p a r t i c u l a r l y  acti .ve i n  s tudy-  

i n g  methyl i o d i d e  r a d i o l y s i s ;  i.n pa r i . i cu l a r ,  the Unive r s i ty  o f  Notre  Dame 

undei. Professors W .  H. H a m i l l  amd R .  R .  Will.iams, Jr.; t h e  Un ive r s i ty  

of  Wisconsin ixr-der P ro fes so r  5. E. Wil lard;  a c d  Carnegie-Nellon I n s t i t u L e  

under Dr. H. H. Schider ,  who conbikucd e a r l i e r  work he d i d  a t  Brookhav-en 

Nat iona l  Laboratory . 
Gevantran and Williams used 13’1 t r a c e r  t o  d e t e c t  and ide1i t i fy  t h e  

f r e e  r a d i c a l s  formed by e- and ga.intna i r ra .d i .a t ion  o f  a lkanes  ana alkyl 

 iodide^.^' 
gamrnas and i n  t h e  gas  phase w i t h  a 2-FeV beam from a Van de Graaff 

gene ra to r .  The p r i n c i p a l  products  were r epor t ed  t o  be methyl ra .dicals  

Methyl i o d i d e  was i r r a d i a t e d  i n  t h e  l i .quid phase wi th  “Co 

Schuler and H a m i l l  s t u d i e d  t h e  decomposition of alkyl. h a l i d e s  by 

fas t  electrons and X-rays over the range 0.5 to 2.0  MeV.30 G values* 

were approximately 3 i n  t h e  absence of d i s so lved  oxygen, and they  doubled 

when the sample was s a t u r a t e d  w i t h  oxygen. A d d i t i o r a l  papers  i n  t h i s  

s e r i e s  z r e  l -areely cor-cerned wi th  i d e n t i f y i n g  t h e  r e a c t i o n s  t h a t  t a k e  

p l ace .  ”- 3 5  

Pe t ry  afid S ~ h u l e r ~ ~  c a r r i e d  o u t  a.c i c v e s t i g a t i o n  of t h e  ra ,d io lys i s  

o f  l i q u i d  methyl i o2 ide  by 100-keV X-rays foi’ comparison wi th  the photoly- 

s i s  i n v e s t i p a t i o n  by Schuler  and C h m . i e l .  l4  

h i g k r  iodirie y i e l d s  i n  r a d i o l y s i s .  In a d d i t i o n ,  whereas methane i s  the 

They found r e l a t i v e l y  much 

7% 

Th? G value  i s  t he  n u m b e r  of  molecules formed or decomposed p e r  
100 eV of  energy absorbed.  
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predominant hydrocarbon product  of p h o t o l y s i s ,  higher  hydrocarbons a r e  

predominant r a d i o l y s i s  products .  They report G( I: ) = 1.26. A continua- 

t i o n  of t h i s  work has been r epor t ed  by Schu le r  and Petry.3t7 
2 

Schu le r  s t u d i e d  t h e  e f f e c t  o f  -various s o l u t e s ,  i nc lud ing  methyl 

iodi.de, on t h e  r a d i o l y s i s  o f  cyclohexane. 3 8  He found concen t r a t ions  

as l o w  as lo-' mole f r a c t i o n  can profoundly change t h e  na tu re  of t h e  

r a d i a t i o n  chemical process;  solutes a t  concen t r a t ions  o f  IO- ' mole 

f r a c t i o n  have no measurable e f f e c t .  

Warinan, Aiisrnus, and Schiiler r e i n v e s t i g a t e d  t h e  radical formation 

by 6oCo gamma r a d i o l y s i s  of' s o l u t i o n s  a f  CH C1, CH3Br, and C2H5Rr i n  
3 

cyclohexane; I, was used as a r a d i c a l  scavenger.  39 
r! 

I-Iornig and W i l l a r d  have r epor t ed  on t h e  r a d i o l y s i s  o f  seven a l k y l  

i o d i d e s .  " G values  f o r  I, of  2.50 a t  room temperature,  0.94 a t  -12G°C, 
and 0.61, a t  -190°C a r e  r epor t ed .  Hanrahan and. W i l l a r d  i n v e s t i g a t e d  

t h e  elementary processes i n  t h e  gamma :radiolysis  of a l k y l  h a l i d e s .  '' 
They concen t r a t ed  p r i n c i p a l l y  on e t h y l  i od ide  b u t  a l s o  have r e p o r t e d  

a few data on methyl i o d i d e ,  

decreased by added 1 

L 

The G ( I  ) was inc reased  by added H I  and 2 

2' 
Jones and h i s  a s s o c i a t e s  i n v e s t i g a t e d  phase e f f e c t s  ( l i q u i d  vs 

They found . that  G(J ) was s o l i d )  i n  m d i o l y s i s  of a l k y l  halides.42 

s i g n i f i e a n t 1 y  lower i n  t h e  c r y s t n l l i r i e  sta-Le a t  -190°C than i n  t h e  

l i q u i d  s ta te  a t  room temperature .  

2 

Gei-ssler and W i l l a r d  studi.ed s o l u t e - s o l v e n t  i n t e r a c t i o n  i n  t h e  

radiolysi:; o f  a l k y l  ,They found t h a t  t h e  presence o f  CH I and 3 
o t h e r  a l k y l  i od ides  s i g n i f i c a n t l y  incmasecl t h e  y i e l d  of  r a d i c a l s  on 

i r ra . i i i a t ion  wi th  6 0 ~ o  garrimas. 

Kang r epor t ed  on t h e  gas-phase radio1ysi.s of CH I-n-C5H12-T mix- 

tur 'es .  L L t  I n  d i scuss ing  h i s  results, he pointed o u t  t'na-l; when the CH31 

concen t r a t ion  was low, most of t h e  energy w a s  absorbed by t h e  pentane 

and o f t e n  l e d  t o  f ragmentat ion o f  t h e  pentane molecules.  A succession 

o f  reacti-ons involving t h e  fragnients could then  occur.  

3 2 

Claridge arid W i l l a m i  i n v e s t i g a t e d  t h e  s p e c t r a  of s e v e r a l  a l k y l  

h a l i d e s  imrrediately a f t e r  gamma, i r r a d i a t i o r .  i n  t h e  g l a s s y  s t a t e  a t  80°K. 4 5  

Four t r m s i e n t  abso rp t ion  peaks were founr! i n  t h e  3000- t o  8006-A region.  

'It.Jo of these were t e n t a t i v e l y  T d e n t i f i e d .  

0 



Arnikar  and W i l l a r d  i n v e s t i g a t e d  y i e l d s  o f  H I  and T r e s u l t i n g  from 
2 

6oCo gamma i r r a d i a t i o n  of  e t h y l ,  n-propyl, and n-but)l i od ides  i i i  t h e  

g l a s s y  and c r y s t a l l i n e  s t a t e s  a t  '17°K and t h e  l i q u i d  s t a t e  a t  room tern- 

perai i i rc .46 G(H1) i s  h ighe r  i n  t h e  s o l i d  s ta te ;  G($) i s  lower.  

Wilkey, Arensike,  and Wil la rd  s t u d i e d  t h e  r e a c t i o n  o f  d i l u t e  aqueous 

CH I w i t h  i o d j n e  a c t i v a t e d  by nuclear- p rocesses .  47"+8 

CH31271 and 12'1 

were determined. S i g n i f i c a n t  y i e l d s  o f  b o t h  were found. The au tho r s  

concluded that " € a i l u r e  o f  r u p t u r e  o f  G-1 bonds i n  C H  i does no t  account  

f o r  a l l "  t h e  CH31'81 from CII 1271 and "poss ib ly  no t  f o r  any o f  it." 

So lu t ions  con ta in ing  3 
were j r r a d i a t e d  and t h e  y i e l d s  of CH l''I and CB31301 2 3 

3 

3 
Clar idgc  and W i l l  a r d 4 5 '  49 and Egland and Wil lard5 '  have i n v e s t i g a t e d  

evidence f o r  t r ans i e r , t  i r r a d i a t i o n  products  i n  b o t h  pure a l k y l  h a l i d e s  

and s o l u t i o n s  a t  '17 OK usiiig o p t i c a l  and e l ec t ron - sp in  resonance s p e c t r a .  

Evidence f o r  s e v e r a l  i n t e rmed ia t e s  has beer, ob ta ined .  

LeGoff and Le'l'ort s t u d i e d  t h e  mechanism o f  product ion and d isap-  

pearance of f r e e  methyl r a d i c a l s  on metal s u r f a c e s .  On tungs ten ,  

s igrTif icant  decomposition of  CH I w a s  observed above 1200°K. They s t a t e  

t h a t  t h e  primary decomposition r e a c t i o n  on a carbonized tungs t en  s u r f a c e  

js 

3 

CH I --' CH i I 3 3 

Papazjan r epor t ed  t h a t  a whi te  d e p o s i t  of  f rozen  methyl i od ide  

becomes yellow-brown when sub jec t ed  t o  t h e  d ischarge  from a Tesla 

This i s  a t t r i b u t e d  t o  f ree  r a d i c a l  formation.  

Sturm and Schwarz i m a d i a t e d  l i q u i d  methyl i o d i d e  wi th  h e l i m  ions 

a c c e l e r a t e d  by a cyc lo t ron  (approximately LO-MeV i n i t i a l  energy) .  

purpose was t o  e s t a b l i s h  t h a t  e thane  i s  formed by combinaiion of methyl 

r a d i c a l s  i n  t h e  spurs. Thcy a l s o  p o s t u l a t e d  t h a t  H1 i s  produced by 

The i r  

H -+ C H 3 1  4 CH3 3. HI 

and methane by 



Crof t  and Ilanrahari s t u d i e d  I 

tions of methyl i od ide  i n  cyclohexane. 

cyclohexa.ne i n  t h e  s o l u t i o n ;  i t  was 1.4 f o r  pure C 

product ion by 6oCo r a d i o l y s i s  of solu- 

G ( 1 2 )  decreased wiLh i n c r e a s i n g  5 4 .  
2 

. 
Holroyd arid Klein used "CH31 as a scavenger f o r  de t emi .n ing  the  

y i e l d s  of r a d i c a l  s p e c i e s  i n  r a d i o l y s e s  of o l e f i n s  .55 

t i e s  of  t h e  methyl i od ide  were d i s so lved  i n  t h e  s o l v e n t s ,  and -the solu-  

t i o n s  were i r r a d i a t e d .  %he r e 1 a t i . w  y i e l d s  of products  i -ndicate  t h e  

corresponding r a d i c a l  y i e l d s .  

K i l l i rno la r  quant i -  

Schro th  and Adloff s t u d i e d  t h e  r e a c t i o n  of methane with 12% atoms 

produced by e l e c t r o n  c a p t u r e  by  125Xe.56 

to 86% xenon, t h e  balance being CB 

'p lus  krypton, argon, o r  neon as t h e  d i l u e n t  were i r r a d i a t e d  i n  t h e  EL-2 

o r  t h e  EL-3 r e a c t o r .  foimed w a s  fourid as 0rganj.c 

i od ine  compounds. The y i e l d s  decreased wi th  i n c r e a s i n g  xenon c o n t e c t  

of' t h e  b i n a r y  rfli.xture. When krypton was used ax  a d i l u e n t ,  t h e  o rgan ic  

iod ine  y i e l d  was reduced; argon arid neon appeared not  t o  a f f e c t  t h e  

o rgan ic  iod ine  y i e l d s .  It i s  assumed -khat "hot" i od ine  atoms react w i t h  

methane -to give CH3 

nism of the r a d i a t i o n - c a t a l y z e d  p rocesses  occui-ring on z e o l i t e s .  5 7  

a m a l 1  y i e l d  of CH r a d i c a l s  was f'omitl i n  r a d i o l y s i s  o f  CH I on NaA 

z e o l i t e .  

G a s  mixtures ranging from 1 

a.nd some con ta in ing  t h e  ::ibo.ve two 
4' 

Up t o  56% of t h e  

12.51. 

Breslav,  Kotov, and P s h e z h e t s k i i  have r epor t ed  s t u d i e s  of t h e  mecha- 

only 

3 3 

Sheriran has reported chain dehalogenat ion o f  a l k y l  h a l i d e s  i n  alka- 

l i n e  a l c o h o l i c  ,solut ion.58 G(CH ) from CH I jumped from 3 i n  n e u t r a l  

methanol s o l u t i o n  t o  64 i n  0.1 M KOH i n  methanol ( u s i n g  0,1 t imes t h e  

r a d i a t i o n  dose) and from 2.9 i n  n e u t r a l  2-propyl t o  179 i n  t h e  alkali .ne 

s o l u t i o n .  

3 3 

Sager t ,  l ie id ,  and Robinson h ? r e  r epor t ed  r a d i o l y s i s  o f  methyl ioCli.de 

adsorbed on s i l i c a  g e l .  5 3  

g e l ,  as w e l l  as t h a t  absofoed by t h e  CH31, was e f f e c t i v e  i n  decomposing 

CH31. 

mately 1 molecinle CH r p e r  100 eV. 

They found tha t  energy absorbed by t h e  s i l i c a  

Combined methane-ethane yield.s i n d i c a t e  decomposition o f  approxi- 

3 
Jones r epor t ed  up t o  90$ decornposition o f  methyl i-odide f'lowing 

through cha rcoa l  beds i n  a 2 x 1 0 7 - r a d / h r  r a d i a t i o n  f i = . l d . G O  The t e s t  



bed was 1 i n .  deep, and face v e l o c i t i e s  o f  11 f t / m i n  (0.45-sec res idence  

t i m e )  and 55 f t / m i n  (0.09-sec r e s idence  ti.me) were used. 

Tang and Cas Llernan have r epor t ed  resul.t,s on decomposition o f  methyl. 

iodj-de in a i r  by radiat ion.61’62 

methyl i od ide  decomposition i s  a func t ion  of  dose t o  t h e  a i r  arid o f  

iriitial. methyl i od ide  composition. For concen t r a t ions  of 10- t o  l o m 6  
mole CH l / l i t?r ,  t h e  concen t r a t ion  w a s  reduced a f a c t o r  of 1 0  by  a dose 

of 2.5 x 1019 eV/g a i r ,  o r  roughly 5 x l o 5  rads. 

vapor has a n  i n h i b i t i n g  e f f e c t  on methyl i od ide  decomposition. A l a t e r  

paper  by t h e  same a u t h o r s  p r e s e n t s  a d d i t i o n a l  d a h  on t h e  d e s t r u c t i o n  of 

methyl i od ide  by the  6oCo gamma i r r a d i a t i o n  of  concen t r a t ions  of  

2.8 x 1.0-~ t o  2.4  x IO-& mole / l i . t e r  i n  a i r  a.t 

centra-Lion i s  about  t h e  uppel’ l i m i - t  of  methy-l i.odide concentrat i .on 

expec-Led i n  a convent iona l  PWR v e s s e l  ucder  accidei i t  condil; jions. ‘They 

propose a mechanism involv ing  a c t i v e  oxygen or n i t r o g e n  p a r t i c l e s  pro- 

duced by abso rp t ion  of  g a m a  rays  i n  t h e  a i r .  These pai-t1.y react w i t h  

meLliyl i od ide  and p a r t l y  decay i n  o t h e r  ways. For t h e  lowes t  concentra-  

t i o n s ,  t h e  decomposition o f  methyl. i od ide  was f i r s t - o r d e r ;  f o r  t h e  

highes i i t  was zero-order .  The proposed mechanism exp la ins  t h e s e  obser-  

v a t i o n s .  

Their  data i n d i c a t e  t ha t  t h e  r a t e  of 

3 
They r e p o r t  t h a t  water 

The lowes t  con- 

Z i - t t e l  Keasured t h e  r a t e  o f  decomposition o f  CH I by r a d i a t i o n  i n  

He 
3 

d i l u t e  <aqueous s o l u t i o n s  and i n  low concen t r a t ions  i n  mois t  a i r . 64  

found t h a t  G( -CH31)  i n  s o l u t i o n  decreased wj t h  concen t r a t ion  below 

1 x m o l e / l i t e r .  A t  t h e  concen t r a t ions  o f  l o d 8  t o  m o l e / l i t e r  

expected under a c c i d e n t  condi t ions ,  t h e  G va lue  would probably be  

zxtreineLy small. I n  a i r ,  cocsiderabhe decompositi.on of  CH I w a s  noted.  

Z i t t e l  p o i n t s  o u t  t h a t  ext i -apolat ion of t h e  d a t a  would i n d i c a t e  t h a t  a 
t o t a l  dose cf 10‘ r woiLLC des t roy  a l l  t h e  CH T a-L a n  i n i t t a l .  concentra-  

t i o n  o f  1.!T8 r t ?o le / l i t e r .  

t i o n  ( e . g . ,  on s imu~.taneous processes  forming CH l) a t  p re sen t  t o  warrant  

usint: t h i s  information t o  p r e d i c t  t h e  behavior  of  CH I i n  a c0ntai.nmer.t 

atmosphere.  

3 

3 .- 
However, he f e e l s  t h e r e  i s  iiot enough informa- 

3 

3 

Denschlag, Henzel, and Herrrnann i n v e s t i g a t e d  t h e  r e a c t i o n  of f issi .on- 

product  iociinn with methane and found that three  processes  were involved 

i n  methyl i od ide  formation:  h5’ 66 
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1. Beact ion of‘ methane w i t h  iod ine  atoms produced d i r e c t l y  by f is-  

The y i e l d  of methyl i od ide  w a s  h igh ly  variable, ranging from 3 t o  sion. 

66%. 

2 .  Reac-tiori of methane wi th  iod ine  atoms produced by be ta  decay 

of p r e c u r s o r s .  Tfle y i e l d  was much lower ( 0  to 2.5%).  

3 .  Beaction o f  methane (probably methyl r a d i c a l s )  with i od ine  

adsorbed on t h e  walls.. 

of more than  140 d.  This r e a c t i o n  i s  cons ide rab ly  enhanced i n  a gamma 

f i e l d ,  presumably because i r r a d i a t i o n  i n c r e a s e s  t h e  yield of methyl 

r a d i c a l s .  

This  w a s  a f i r s t - o r d e r  process  w i t h  a h a l f - l i f e  

Cross a r i d  Wolfgang s t u d i e d  t h e  ho t  i od ine  substi.tutLon r e a c t i o n  i n  

They foiund that t h e  s u b s t i t u t i o n  r e a c t i o n  had gaseous methyl i od ide .  67 

very  low eYf i c i ency .  

Buchanan and Hani,ahan 6 t ud ied  t h e  r a d i a t i o n  cheniis t r y  of systems 

con ta in ing  phosphine. 6 8 ’ 6 9  

i od ide  and of mixtures of methyl i od ide  and phosphine. 

of 12.6 was observed i n  a mixture con ta in ing  3.5 mole $ phosphine. 

s t u d y  i s  probably of l i t t l e  val-ue i n  accident;  a n a l y s i s ,  because it i.n- 

volves  high p a r t i a l  p re s su res  ( o f  t h e  o r d e r  of 20 cm) of xethyl  iod ide  

and no a i r  o r  steam d i l u t i o n .  

This included r a d i o l y s i s  o f  pure methyl 

A maximum G( C H 4 )  

This 

Hydrated FJectroR Ei’i‘ects 

F i f i s e  r a d i o l y s i s  i s  a r e l a t i v e l y  new experimental  tectxiiqij.e.r’O’ 71 

T-t; involves  s u b j e c t i n g  a s a q l e  t o  a burs-l; of r a d i a t i o n  of  ve ry  s h c r t  

dura . t ion  ( 2   see or l e s s )  and monitosirlg t h e  i n t e n s i t y  of l i g h t  of a 

s u i tab1 e wa v e l  e 1 - q  t h by mean s o f  a phot o m d  t i p l  i e r - amp1 i f i e  r- o s c i . l l o  s cop e 

system. The technfque a l lows  obse rva t ion  of ve ry  fast t r a n s i e n t  proc- 

esses and thus  g ives  cons ide rab le  i n s i g h t  i n t o  t h e  mechanisms of r a d i -  

o l y s i s .  

of  hydrated. e l e c t r o n s  a s  r e a c t i o n  i n t e r m e d i a t e s .  

A major r e s u l t  of  t h i s  work w a s  the d i scove ry  of t h e  iniporkince 

C a p e l . 1 0 ~  and Swallow sub jec t ed  l i q u i d  a l k y l  i od ides  t o  p u l s e  r a d i -  

olysis and garma r a d i o l y s i s .  7 2 ’ 7 3  

t h e y  found. G(I ) = 1.33 i n  degassed CH. I, 3.81 i n  CH 1 s a t u r a t e d  wi th  

z i r ,  4.92 i n  t h e  presence of 842 rm of 02, arid 0.37 f o r  .the solid a t  

For gamma raxlio1ysi.s of methyl i.Odi.de 

2 .3 3 
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-196°C. 

This  i s  a t r a n s i e n t  subs tance  t h a t  decays t o  iod ine .  

The p u l s e  r a d i o l y s i s  showed a t r a n s i e n t  abso rp t ion  of )+lo nm 

Shankar, Rama Hao, and S h a s . L ~ - i ~ ~ '  sub jec t ed  a e r a t e d  aqueous s o l u t  on:: 

o f  !?;ethyl i.odide t o  gamma r a d i o l y s i s  a t  a dose ra te  of 3.27 eV/ l i t e r*min .  

Hydrogen peroxide,  iod ine ,  and methyl. hy~droperoxide were major r a d i o l y s i s  

products .  

CH 1 and 13-3 M K I ,  t h e  lowest  concen t r a t ion  used. 

~ ( 1 ~ )  wits a func t ion  of concen t r a t ion ;  it was 0.05 a t  IT" M 

3 
Thomas and his eo-workers have s- tudied t h e  r a d i a  Lion chemistry of 

aqueous methyl i od ide  solirt ioris by pu l se  radio1ysi.s . 7 5 - 7 7  

decomposition of inethyl i.odidc p a r t l y  t o  r e a c t i o n  w i t h  t h e  hydra ted  

e l e c t r o n  : 

'They a t t r ibu ' ie  

The second important  r e a c t i o n  i s  formation o f  an  iodine-methyl- i od ide  

complex, I ( C H  T), which t h e n  decays very  r a p i d l y .  T h e  iiiitial T y i e l d  

js given by G(I ) = 1.10.  

rnethyl j-odide i s  very f a s t  (k = 1.7 x lo1' l i t e r s / m o l e . s e c ) .  

3-  2 
The r e a c t i o n  of t h e  hydrated e l e c t r o n  w i t h  2 

A s  may be seen from t h e  above, enough work has been done on t h e  

i n t e r a c t i o c  of  -e thyl  i od ide  w i t h  va r ious  forms of r a d i a t i o n  t o  a t  l e a s t  

permit  some educated guesses as t o  i t s  behavior .  It appears  that rad ia-  

t i o n  i s  I - ike ly  t o  promote decomposition of  methyl i .odide under a c c i d e n t  

condi t ions  an6 i s  e s p e c i a l l y  l i k e l y  t o  do so i n  condensed phases,  such 

as 

1. 

2. 

3.  

4. 

i n  water s o l u t i o c s  and on f i l t e r s .  

References 

E .  W .  H. S t e a c i e ,  _Atomic and Free Radical Reac t ions ,  A.C.S. Monograph 
S e r i e s ,  Reinhold,  New York,  1946; i n  p a r t i c u l a r ,  pp.  237-240 and 462. 

J .  G .  Ca lver t  and J .  N .  P i t t s ,  J r . ,  Photochemistry,  Wiley, New Yoi-k, _---- 1966. 

H .  Stobbe P .  Schmi t t ,  Photochemistry of  Alkyl  Iod ides  a n d  Iod ine  
S o l u t i o n s ,  l____-ll Z .  Wiss. Photcheu.,  ?0: 57-92 (1920) ;  cf. @em.  fi-bstr., 
15: ?386 (1920). 

A .  Job and G .  Ernschwiller, 'The Photochemical Threshold and Bonding 
Energy, Cornlit. Hend., 179: 16&-171 (1924) .  



5 .  G. Emschwiller, P'noLolysis of Organic Iod ides :  Temperature E f f e c t ,  
Compt. Rend., 190: 866-868 (1930). 

6. J .  R .  Bates and R.  Spence, The Oxidation of Free Alkyl  Groups - Pho- - 
t o o x i d a t i o n  of Methyl I o d i d e ,  J .  Amer. Chem. Soc. ,  53: 168p-1704 
(1931). 

7. D.  P o r r e t  arid C .  F .  Goodeve, 'The Continuous Absorption Spectra of 
Alkyl  Iod ides  and Alkyl  Bromides and T h e i r  Quant,al I n t e r p r e t a t i o n ,  
Proc. Roy. Soe . ,  A-165: 31-42 (1938). 

8. W .  West and I,. S c h l e s i n g e r ,  The Mechanism of  t h e  Photodecomposition 
of Methyl and Ethyl  I o d i d e s ,  J .  A m e r .  Chem. SOC.  , 60: 961-366 (1.938). 

(3. T. I r e d a l e  and E. R .  McCartney. Q,uanturn Yie ld  i n  React ions Between " -  - 
Methyl. Iod ide  and X i t r i c  Oxide, J .  Arner .  Chem. Soc. ,  68: 144-145 
(1946 ) . 

10. 2. R .  Wi l l ias r i s ,  J r . ,  and R .  A. Ogg, <Jr., K i n e t i c s  of t h e  Pho to lys i s  
of Methyl Iod ide  and t h e  Hydrogen Halides - 11. P h o t o l y s i s  of Methyl 
Iod ide  i n  the Presence of Iod ine  and t h e  Hydrogen Ha l ides ,  J. Chcm. 
Phys. ,  15:  696-702 (1947). 

7.1.. ~ R .  D. SC1iul.t~ and €1. A. Tayl.or, The Pho to lys i s  of Methyl Iodide, 
Chem. Phys. ,  18: 134-197 (1950) .  

12. W. H. H a m i l l  and R. H.  Schuler ,  Hot Kad.ica.1. Reactions i n  the Photoly- 
s i s  of Methyl. and Ethyl Iodides  i n  t h e  Liquid Phase,  J. Amer. C h e m .  
d' Soc 73: 31166-3470 (1951) .  

13. N. Davidson and T .  Ca r r ing ton ,  Iodine I n h i b i t i o n  i.11 t h e  F la sh  Photoly- 
s i s  o f  Methyl I o d i d e ,  J .  he r .  Chern .  Soc. ,  74: 627'74279 (1952). 

1 4 .  H. H. Schu le r  and C .  T. C h r n i e l ,  Gas Product ion i n  the PhoLolysis of 
L iqu id  Methy.1 I o d i d e ,  J .  A m e r .  Chern. Soc. ,  75: 3792-3796 (1953) .  

15. G.  M. Harris and J .  E .  W i l l a r d ,  Photochemical React ions i n  t h e  Sys- 
tem Methyl r o d i d e - I o d i n e ~ e t h a e ,  The Reaction 14CI13 + CHI, -f "'CH + 
CK3, J. Arner .  C n m .  S o c . ,  76: 4568-4587 (1954) .  

4 

16. K .  D. Souffie, R.  R .  l i i l l i ams ,  J r . ,  and W. H. I I n r r i i l l ,  Hot-Padical 
Heaction:; i n  t h e  B'notolysis of Methyl Iod ide  Vapor, J .  Imcr. Chem. 
Soc., 78: 91'1-920 (1956). 

17. M. I. C h r i s t i e ,  E l e m e n t a r j  Reactions i n  t h e  Photochemic21 Oxidation 
of Methyl I o d i d e ,  Froc.  Roy. S o c . ,  A-2411: 411-423 (1958). 

7.8. M.  I .  C h r i s t i e ,  The Photochemical Decomposition of  Methyl Iodide i n  
t h e  Presence of N i t r i c  Oxide - I .  The Reaction of Methyl Radr< c a l s  
w i th  Nitric Oxide, Proc.  Roy. S o c , ,  A-249: 248-257 ( 1 9 5 9 ) .  



56 

19. Idem., 11. React ions of  Nitrosomethane, ibid. 258-269. 

20. 

21. 

22. 

23 .  

21+. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

P. ‘Y. McTigue and A .  S .  Buchanan, The Pho to lys i s  o f  Methyl Hal ides  
i n  t h e  Presence of  Metals - Part I. Methy-l. Iod ide ,  Trans.  Faraday 
..) SOC 55: 1153--1159 (1959) .  

Pho to lys i s  o f  Methyl. Iod ide ,  J .  Che-;. Phys . ,  46: 1+1&-4147 (1.967). 
‘1 . Meyer, Reaction of Exc i t ed  Iodine  Atoms ) i n  t h e  Flash 

R .  T .  l/leyer, Flash Pho to lys i s  and Time-Resolved Mass Spectrometry -- 
J I = 

J .  Phys. Chem., 72: 1583-1591 (1968) .  
Decomposiiion o f  Methyl Iod ide  and Heactl v i t y  of 1 ( 2Pl /2)  Atoms ~ 

R .  E. Rebbert and P .  Ausloos, Pho to lys i s  of Methyl I o d i a e  i n  Matr ices  
of Orgarlic Compounds a t  20 and  77OK, React ions of Hot Methyl Radri- 
ca l s ,  J .  Chem. Phys . ,  48: 306-311 (1968).  

R .  J .  Donovan, F.  G. M. Hathorn, and D. Hiisain, React ion of Elec- 
t r o n i c a l l y  Fxci t ed  Iodine  A ~ O I I I S ,  i (5’P112) w i t h  Methyl Todide , J. 
Chem. Phys,, 149: 953-9511 (1968). 

G .  J .  Mains and D.  L e w i s ,  The Flash Pho to lys i s  of  Methyl I o d i d e ,  
J. Phy-s. Cheni., 74: 1694-1699 (1970). 

P. G .  Barker ,  J. E;. P u r n e l l ,  and B .  C .  Yourig, Pho to lys i s  of Methyl 
Iod ide  a t  7 7 O K  at 253.7 nm, Trans.  Faraday Soc., 66: 2244-2256 (1970). 

R. I). Kleernan, The Tonizat ion of Varfoiis Gases by t h e  Beta-Rays o f  
Actinium, Troc .  Roy. SOC. ,  A83: 530-533 (1910) .  

A. J .  Swallow, Radia t ion  Chemistry of_-O~+xiic Corlipq-wm, Pergmnon 
Press, N e w  York, 1960. 

T,. H .  Gevantman and R .  R .  Will iams, J r . ,  Detec t ion  and I d e n t i f i c a t i o n  
of Free Hadioals  i n  the  Rad io lys i s  of Alkane.; and ALkyJ I o d i d e s ,  
J. Phys. Chem., 56: 569-374 (195.9). 

R .  H.  Schuler  and W. H .  Hamill, The Fas t  E lec t ron  and X-ray Decompo- 
s i t i o n  o f  t h e  Alkyl  Hal.jdes, J .  Amer. @hem. Soc. ,  711: 6171-6174 
(1952) .  

E .  L .  Cochran, W .  E. I I a m i l l ,  and R .  R .  Williams, Jr., Pho to lys i s  
and Radio lys i s  o f  L iquid  Alkyl Ha.lides, J. Amer. Chem. S O C . ,  76: 
2145-2148 (1954). 

R. R .  W i l l i a n s ,  J r . ,  and W. H .  H a m i l l ,  Chemical E f f e c t s  of E lec t ron  
Capture by So lu te s  i n  Hydrocarbons During Gamfla i r r a d i a t i o n ,  Radiat ._ 
R e s . ,  1.: 158-163 (1954). 

G. G. Meisels, W. E,.  H a m i l l ,  and R .  R .  W i l l i a m s ,  Jr., The Radja i ion  
Chemistry o f  Metlime, J .  Phys. Chem., 61 : 1.456-1461. (1957) .  



57 

c 

34. H. A.  G i l l i s ,  R.  H.  W i l l i a m s ,  Jr. , and W .  H .  H a m i l l ,  I o n i c  and Free 
Rad ica l  Processes  i n  t h e  Rad io lys i s  o€ Liquid Methyl and E t h y l  I o d i d e s ,  
3 .  Amer. C h e m .  S o c . ,  83: 17-25 (1961). 

35. J .  Roberts and 'VJ. H. Iinm3.11, I o n i c  and F r e e  Rad ica l  Processes  i n  
L iqu id  Mixtures Containirlg Hydrocaybons , J. Phys. Chm. 67:  2446- 
2450 (1963). 

36. R. C .  P e t r j  and R .  I?.. Schu le r ,  The Radio lys i s  of Liquid Methyl I o d i d e ,  
J .  h e r .  Chern. Soc. ,  75: 3796-3802 (1953). 

37. R .  H. Scliuler and R. C .  Petry,  The Decomposition of t h e  1,iquid. AI-kyl 
Iod ides  by 120 kvp X-Radiation, J. Amel-. C h e m .  S o c . ,  78: 3954-3958 
(1956). 

38. R .  11. Schu le r ,  The E f f e c t  of So lu te s  on t h e  Rad io lys i s  of Cyclohexane, 
J .  Phys. C l i e m . ,  61: 11~72-1476 (1957).  

39. J .  €4. Warm,m, K. D. A U S I ~ U S ,  and R .  €1. Schu le r ,  E l e c t r o n  Scavenging 
i n  t h e  Rad io lys i s  of Cyclohexane S o l u t i o n s  of  Alkyl  Ha l ides ,  J. Phys. 
.) C h e m  73:  931939 (1969). 

l+O. E. 0 .  Hornig and J.  II. Wil la rd ,  E f f e c t s  of Structure, Product Concen- 
t r a t i o n ,  Oxygen, Temperature and Phase on t h e  Rad io lys i s  of AU.;yl 
Ha l ides ,  J. h - e r .  Chem. Soc.,  79: 2429-2434 (195.7). 

41. R .  J .  Hanrahan and J .  E .  Wi l l a rd ,  Q u a n t i t a t i v e  Treatment of t h e  
Elementary Processes  i n  t h e  Rad io lys i s  of Alkyl. Iodides by Gamma 
Iiays, J. h e r .  Chem. Soc. 79: 2431+-244O (1957). 

42. T .  0. J o n e s ,  R .  I-!. Luebbe, J r .  , <J. R .  Wilson, and J .  E .  Wi l l a rd ,  
E f f e c t s  of Phase on Eieactions Induced by Rad ia t ion  in Organic Sys- 
t e m s ,  J .  Pbys. C h e m . ,  62: 9-17 (1958). 

43. Is. R. G e i s s l e r  and J. E. Wi l l a rd ,  Solute-Solvent I n t e r a c t i o n  i n  t h e  
Rad io lys i s  o f  Alkyl Hslides-Pentane S o l u t i o n s  J - ,  A m e r .  C h e m .  S o c . ,  
81+: 462'r-4633 (1962 ) . 

44. H. Y .  Kang, Gas Phase Rad io lys i s  of C11 I-n-C H I Mixtures ,  Ph.D. D i s s e r t a t i o n ,  Un ive r s i ty  o f  ~ i s c o n s i n , ~ l g ~ .  5 12 2 

45. R.  F.  C .  C l w i d g e  and J.  E. W i l l a r d ,  Reaction In t e rmed ia t e s  i n  t h e  
Rad io lys i s  o f  Al-kyl Halides a t  77OK, J.  A m e r .  C h e m .  S o c . ,  88; 2404- 
2407 (1966 ) . 

46. li. J .  Arn ika r  and J.  E. Wi l l a rd ,  Phase E f f e c t s  on t h e  Yield of HT 
and I i n  the  Rad io lys i s  of Alkyl  I o d i d e s ,  Rad ia t ,  Res a , 30: 2Oh-+O7 
(136'77. 

4'7. D. D. Wilkey, J .  F. Brensike,  and J .  E .  Wi l l a rd ,  React ion of Di.11xt.e 
kyiieous CH31 wi th  Iod ine  Ac t iva t ed  by Xuclear Processes, J. Phys. 

.Ji Chem 71. : 35%-3583 (1967) e 



58 

48. D.  0. Wilkey, React ion o f  J)iLuto Aqueous CX31 w i th  Iod ine  Act iva ted  
by Nuc1ea.r Processes, Ph.D. Thes is  ~ Unive r s i ty  of Wisconsin,  1968. 

49. R .  F. C .  C lar idge  aiid cJ. E .  Wi l l a rd ,  React ion In t e rmed ia t e s  i n  t h e  
Kadio lys i s  of Alkyl  Iod ides  i n  3-Methylpcntane Glass a t  77OK, J. Amer. 
Chem. S O C . ,  89: 510-516 (196 '0 .  

50,  

51. 

52 I 

53. 

54. 

55. 

56. 

57. 

58. 

59. 

60. 

61. 

R .  J .  Egland and J .  E ,  Wi l l a rd ,  New Elec t ron  Spin Resonance Spct , r .a  
i n  Gamma-Irradiated Alkyl  IIalides a.t 77OK, J .  P~Jw: Chem., 71: L 1 5 8 -  
)+I59 (1967) .  

P. LeGoff and M. TeTort ,  Mass-Spectroineter. Study of  t h e  Mechanisms 
of  Product ion and Disappearance of F ree  Methyl Radica1.s a t  Metal 
Sur fac?s ,  J .  Chim. Phys., 53: J~8O-492 {19>6) .  

H. Papazian,  Free Radica l  Formation i n  Solids by Ion Bombardment, 
J .  Chem. Phys . ,  29: 448-449 (1958) .  

J. Sturm and H .  A .  Schwarz, The H e l i u m  Ion 1rradriat.ion of Liquid 
Methyl Iodide, Radiat  :---Res. ,  17: 53-35 (1962) .  

T. S ,  Croft  arid R .  J. Hanrahan, Iod ine  Product ion i n  t h e  G m a -  
Radio lys is  of  Cyclohexane-alkyl Iodide  Solu.t;i ons , J.-f'hys. Cheiii., 
66: 71.88-2192 (1962) .  

R .  A. Holroyd and G. I f .  Kle in ,  Met2 iy - l - -C '4  Radica l  as a Scavenger i n  
the S i i i d j  es of S a t u r a t e d  and Unsaturated Hydrocarbons, Int 5. AppJ-. 
Rad ia t .  I s o t o p . ,  15: 631-640 (1964) .  

F. Schrotli artd J .  P. Adlof f ,  biuily o f  t h e  Iieaction o f  Methane wi th  

1380 (19614); i n  French. 
1 2 5 -  i Formed by E lec t ron  Capture o f  1 2 5 X e 7  J .  Chim. P Q k ,  61 :  13r73- 

Yu. A .  Bres lav ,  A. G .  K O ~ O V ,  and S .  Y. P s h e z h e t s k i i ,  Stiiditts of  the 
Mechanism of  Radia t ion  Ca ta ly t i  c_ Procpsses  Occurr ing on Z e o l i t e s ,  
K h i m .  vys.  Bnerg:, 1: 65--'(0 (1967) ;  i n  Russian. 

$1. H. Sherman, Radical-Ini  t i  a t e d  Chain Dehalogenation of  A l k y l  Tialides 
i n  Alka l ine  Alcohol ic  So lu t ion ,  J .  Phys. $ h z ,  72: 2287-2'388 (1968). 

14. H .  S a g e r t ,  J .  A .  Reid,  and R .  W. Robinson, Radio lys is  i n  t h e  Ad- 
sorbed  S t a t e  - I V .  Methyl TTdide Adsorbed on Silica G e l ,  Can. J .  
.) Chem L8: 17-23 (1970) .  

l___l 

L .  R .  Jones, Effec t  of Gamma Radia t ion  on Adsorption o f  Iodine and 
Methyl Iodide on Act iva ted  Carbon, i n  Proceedings .of Tenth USAEi' 
A i r  Cleaning -Conference, New Vork, August 28-30, 1968, USAEC Report 
CoraF-680821, pp.  204-216 , 196%. 
-.I.__ 

C. I t .  Tang and  A. W. Castleman, Jr., Radia t ion  intlucsed Decomposition 
o f  Methyl Iodide  i n  A i r ,  Trans. Ampi-. I$ucl l  S O C . ,  11: 76-77 (1968) .  

-I 



6 2 .  I. N .  Tang and A. W. Castleman, Jr., Radiat ion Induced Decomposition 
of Methyl Iod ide  i r ,  A i r ,  IJSAEX Report BNL-12854, Brookhaven Na t iona l  
Laboratory,  1968. 

63. I .  N. Tang and A. W. Castleman, J r . ,  Kine t i c s  of y-Induced Decompo- 
s i t i o n  o f  Methyl Iod ide  i n  Air, J .  Phys, Chem., '74 ( 2 2 ) :  39333939 
(1970) .  

64. H. E. Z i t t e l ,  Rad ia t ion  and Thermal S tud ie s  on Proposed Spray S o l u t i o n  
Systems, Nuclear S a f e t y  Program Annu. Progr .  Rep. Dec, 31, 1969, IJSAEC 
Report ORNL-45l l  , pp. 73-79, Oak Ridge Na t iona l  Laboratory 1970. 

65. J. 0. Denschlag, Reactions of F i s s i o n  Reco i l  Atoms, P a r t i c u l a r l y  of 
Doctoral  D i s s e r t a t i o n ,  Mainz, I o d i n e ,  w i th  Methane and Other Gases 

1965; in German. 

66. f i .  0 .  Denschlag, N .  Henzel, and G .  Berrmann, React ion of F i s s ion -  
Reco i l  Nuclei w i t h  Methane and Benzol, Hadiochim. Acta. , 1: 172-1'713 
(1.963) ; in German. 

67. R .  J. Cross,  Jr. , and R .  L .  Wolfgang, The Hot Iod ine  S u b s t i t u t i o n  
Reaction i n  Gaseous Methyl I o d i d e ,  Radiochim. Acta,  2: 112-116 (1964) .  

68. J. W. Auchanari, Radiat ion Chemistry of Systems Containing Phosphine,  
Ph.D. Di s se r t a , t i on ,  Un ive r s i ty  of F l o r i d a ,  1968. 

69. J. W .  Buchanan and R .  J .  tfanrahan, The U s e  of Phosphine as a Free 
Radical  Scavenger i n  t h e  Rad io lys i s  of I4ethyl i o d i d e  Vapors, Fiadiat . 
Res., 44: 305-312 (19'70). 

'70. T,. M. Dorfman and M. S. Matheson, Pu l se  R a d i o l y s i s ,  Progr .  React.  
Kinet.  , 3: 23'1-301 (1965) .  

71. E .  J .  Hart, Research P o t e n t i a l s  of t h e  Hydrated E l e c t r o n ,  Account. 
Chem. R e s . ,  2: 161-167 (1969). 

72. C .  Cape l los ,  Radiat ion Chemistry of Alkyl Ha l ides ,  Report AD-632704, 
-Ji'ight A i r  Development Divis ion of Air Research and Development Com- 
mand, 1965. 

73. C .  Capellos and A. J. Swallow, Aspects of t h e  P u l s e  Rad io lys i s  and 
Gamma Rad io lys i s  of Alkyl  Iod ides  and T h e i r  Mixtures ,  J .  Thys. Chem., 
73: 1077-1083 (1969).  

74. J. Shankw-, K. V. S .  R a m a  Rao, and L .  V .  S h a s t r i ,  Pemxj.de Formation 
i n  t h e  Ga~ima Rad io lys i s  of Aerated Aqueous So lu t ions  o f  Methyl I o d i d e ,  
J .  Phys. Chern.., 73: 52-57 (1969). 



75. cJ .  K .  ‘i’homas, Pulse  Rad io lys i s  of Aqueous S o l u t i o n s  of  Alkyl Halides: 
(1.) Methyl Iod i  de S o l u t i o n s ,  P r o c e e d i n e o f  Second Tihany Syrnposiuii 
on Radiat ion .-.,I_. Chemistry, 1966, pp. J.15z127, Pub l i sh ing  House of H u n -  
g a r i a n  Acaderny of Sc iences ,  Budapest , 1967. 

(6. J .  K. Thomas, Pu l se  Rad io lys i s  of Aqueous S o l u t i o n s  of  Methyl Iodide 
and Methyl t3romid.e - The Reackions of Iodine Atoms and Methyl fiadi- 
c a l s  i n  Water, J .  Phys. Chem,-, ‘ 7 1 :  191F1925 (1967) .  

‘(7. A. Szutka,  J .  K.  Thornas, S .  Gordon, and E .  J .  Hart, Rate Constants 
of  Some Hydrated E lec t ron  Reacti ons with Some Aromatic Acids ,  Alkyl 
Ha l ides ,  Heterocycl i c Compounds ~ and Werncr Complexes, J . Phys . Chelp,.;, 
69: ?89-292 (1965). 



61 

5 .  METHYL IODIDE ADljORZXTION A_ND TRAPPIRG 

Evidence t h a t  a major f r a c t i o n  or" t h e  i o d i n e  remaining a i r b o r n e  i n  
a containment atmosphere would be i n  t h e  form of  methyl i o d i d e  has caused 

much a t t e n t i o n  t o  be g iven  t o  way:, and means of removing it, Three gen- 

e r a l  types  of removal systems f o r  containment wssels have been s t u d i e d :  

cha rcoa l  adso rbe r s ,  sp rays ,  and p a i n t s  con ta in ing  n u c l e o p h i l i c  r e a g e n t s .  

I n  a d d i t i o n ,  o t h e r  systems t h a t  remove methyl i o d i d e  f a i r l y  s u c c e s s f u l l y  

have been used i'or radiochemical  p rocess ing  p l a n t s .  

Charcoal Rdsorber Systems 

The a p p l i c a t i o n  of cha rcoa l  adso rbe r s  f o r  i o d i n e  r e t e n t i o n  i n  r eac -  

t o r  containment systems has been s t u d i e d  f o r  many years, and work i n  t h i s  

f'ie1.d through e a r l y  1968 has been d i scussed  by K e i l h o l t z  and h i s  asso- 

ciates."'  

o t h e r s .  4-21 

c o a l  i s  i n e f f e c t i v e  f o r  removing methyl i od ide .  Charcoals can be made 

e f f e c t i v e  by impregnating them w i t h  e i t h e r  of two types  of reagent .  One 

type  i s  a n u c l e o p h i l i c  reagent ,  such its a n  amine t h a t  r e a c t s  w i t h  methyl 

i o d i d e  and remcJves the i o d i n e  fI*om the  molecule. The second. t ype  i s  a 

s t a b l e  i-norganic i o d i n e  compound. I n  t h i s  case,  t h e  r a d i o a c t i v e  i o d i n e  

atoms of t h e  me?;hy-1. i o d i d e  exchange wi th  s t a b l e  iod.ine atoms of t h e  i m -  
pregnant,  and the methyl i o d i d e  t h a t  pas ses  through t h e  bed i s  e s s e n t i a l l y  

nonr sd ioac t ive .  

Add i t iona l  r e s u l t s  have been r epor t ed  by a numlier. of 

It has been demonstrated t h a t  unimpregnated. ac-Livated char-  

F e r e l l i ,  Boccla, and Be la rd i  have r epor t ed  an ex tens ive  s e r i e s  of 

tes ts  on t h e  perfoniicince of cha rcoa l  f o r  c o l l e c t i n g  methyl. iod.i.de from 

humid a i r .  l5 

100s r e l a t i v e  humidity cond i t ions  a g a i n s t  t ( 5  cm)/I), where t ( 5  c m )  i s  

t h e  t i m e  for -the s u p e r f i c i a l  gas fi.ov t o  per le t ra te  t h e  bed t o  a dep th  

of 5 cm and D i s  t h e  time t h a t  gar, i s  flowing t.l.irou.gh t h e  bed.. There 

was c o ns -i (J. e rab l e  cla t a B e,zt t e r . 

They found that ,  t h e y  could c o r r e l a t e  p e n e t r a t i o n  under 

Li-ndeken, Santomassimo, and Nelseri have also r epor t ed  on t h e  e f f e c t  

of h i m i d i t y  on methyl i od ide  a.bt;oi--pt,ion. l6 

ioCii.de on t h e  f i l t e r s  of t h e  Connecticut Yankee Reactor  have i n d i c a t e d  

s a t  i s fa.  c t or/ pe I- f o m a  n c e .  7 

D a t a  on r e t e n t i o n  of' rfletkiyl 
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The r epor t ed  r e s u l t s  i n d i c a t e  t h a t  impregnated charcoa1.s remai-n 

e f f e c t i v e  for methyl iodi.de removal up t o  100% relati-ve humidity. 

e n t l y  t h e y  can withstand weathering but; may b e  poi-soned by i m p u r i t i e s  i n  

t h e  a i r  that  flows through them. ' Probably j.t i s  b e s t ,  i f  p o s s i b l e ,  no-'i 

to expose cha rcoa l  i.n emergency t r a p p i n g  systems t o  continuous a i r  i?l.Cj+i. 

Also, p e r t o d i c  t e s t s  of t h e  cha rcoa l  e f f i c i e n c y  should be made. 

Appar- 

Win'ier. has discussed the engf.neering des ign  of cha rcoa l  filter sys -  

He s'ca-Les t h a t  "cel1." f i l t e r s  ( c a n i s t e r  t y p e )  should he ixsed terns 2 2  

when r e t e n t i o a  f a c t o r s  of up t o  0.999 are r equ i r ed ,  and " k e t t l e "  F i l t e r s  

(deep cha rcoa l  b e d s )  should be used f o r  r e t e n t i o n  f a c t o r s  of over 0.999. 

Murata and Kam.i.ya r e p o r t  tes ts  of a f u l l - s i z e  f i l t e r  unit (600 X 

630 mrn). 2 3  

of a siraller f i l t e r  t hey  had t e s t e d  p r e v i o u s l y . l *  

They found no e s s e n t i a l  d i f f e r e n c e  i n  performance from t h a t  

Craig, Adrian, and Bouwer r e p o r t  t e s t  r e s u l t s  i n  which they i n v e s t i -  

gated t h e  concen t r a t ion  dependence of charcoal-adsorber  e f f i c i e n c y ,  2r ,  

Tney found t h a t  t h e  e f f i c i e n c y  of both unimpregnated and impregnated 

(wii;lri K i )  charcoal  decreased with i o d i n e  concen t r a t ions  below 1 pg/m3 

and becomes e s s e n t i a l l y  ze ro  a t  0 . 1  pg/m3. 

An a l t e r n a t i v e  adsorbent ,  s i l v e r  zeol.i.te, has been proposed by Maeck, 

Pence, and Kel.D.er.25 This was e f f i c i e n t  a-t temperatures up t o  500°C. 

Adsorbers a r e  an e f f e c t i v e  means of rerflovi-ng methyl i od ide  (and 

iod ine  ) froin containment systems. The removal r a t e  cons t an t s  ( A )  for 
such s y s t e m  depend on t h e  throu&pui; and on t h e  e f f i c i e n c y  ( f r a c t i o n  

of i n p u t  concen t r s t ion  removed) of t h e  adsorber .  

e r a l l y  si-zed t o  give two t o  t h r e e  a i r  changes p e r  hour. 

of 50% might reasonably be assigned t,o an irnpi-egnated cha rcoa l  adso rbe r  

system under acc iden t  cond i t ions .  Thus t h e  h f o r  methyl i od ide  removal 

might be 1 t o  1 .5 /h r .  

F i l t e r  systems a r e  pen- 

An e f f i c i e n c y  

Spray Sys terrs 

Many present-day p l a n t s  a r e  be ing  equipped wi th  containment spray 

systems ic ren3ve bo ih  hea t  and a i rbo rnp  f i s s i o n  products from t h e  
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containment atmosphere i n  t h e  u n l i k e l y  event  of a major l o s s -o f -coo lan t  

acc iden t .  Consequently, a s p r a y  t e c h n o l o p j  r e s e a r c h  and devel.opment pro- 

gram w a s  sponsored by the U.S. Atomic Energy Commission t o  provide t ech -  

n i c a l  d a t a  needed f o r  e v a l u a t i n g  containment s p r a y  systems. 26  While the 

p r i n c i p a l  emphasis has been on t h e  performance of sp rays  i n  removing ele- 

mental  i o d i n e  from containment atmospheres, rriixh a t t e n t i o n  has  been given 

t o  methyl i o d i d e  removal as well. 

of t h e  p a r t i t i o n  c o e f f i c i e n t  f o r  methyl i o d i d e  between water and :air, 

measurements of t h e  ra tes  of r e a c t i o n  between methyl i o d i d e  and proposed 

s o l u t i o n  ad.di t ives ,  wind. t u n n e l  s t u d i e s  of t h e  uptak,e of methyl i o d i d e  

by s o l u t i o n  drops,  and p i l o t  p l a n t  experiments on methyl i0did.e removal 

by sp rays .  

The program has included measurements 

The theo ry  of methyl i o d i d e  a b s o r p t i o n  by sp rays  has been explorFd 

An examination of 11y Sctiwendiman, Iiasty, and P O S ~ D I ~ * ~  and by Pa r s ly .  2 8  

t h e  process  i n d i c a t e s  t h a t  it consist:: of l i qu id -phase  c o n t r o l l e d  ab- 

s o r p t i o n  wi th  sirnifitaneous chemical r e a c t i o n .  It a l s o  becomes ev iden t  

t h a t  chemical r e a c t i o n  can i n c r e a s e  t h e  removal ra te  enough t o  b e  of' i.n- 

t e r e s t  only i f  t h e  r e a c t i o n  t ime i s  of t h e  same o r d e r  as t h e  drop I.i.?e- 

t ime ( t h e  r e a c t i o n  t i m e  i s  d e i i n e d  as t h e  r e c i p r o c a l  of t h e  p s e u d o - f i r s t -  

o r d e r  r e a c t i o n  ra te  c o n s t a n t ) .  

c o n d i t i o n  of the drop t h a t  are t h e  upper and. lower b o i m d s  of $he real  

case.  One i .s t h e  p e r f e c t l y  mixed drop for which a l l  p o i n t s  i n  t h e  drop 

a r e  presumed -Lo be s a t u r a t e d  w i t h  s o l u t e .  The removal r a t e  cons t an t  i s  

p r o p o r t i o n a l  t o  t h e  r e a c t i o n  r a t e  cons t an t  t o  t h e  first power. For t h e  

o t h e r  limi-Ling case,  i t  i s  assumed t h a t  Lhe drop i s  a r i g i d  sphere wi th  

no i n t e r n a l .  c i r c i l l a t i o n .  The s u r f a c e  l a y e r  of t h e  drop i s  s a t u r a t e d  

w i t h  s o l u t e ,  and t h e  r e s t  i s  a t  lower concen t r a t ion .  For t h i s  case,  t h e  

removal ra-Le const; ._?nt i n c r e a s e s  as t h e  one-half power of the concentra-  

t i o n .  Real sp ray  drops show behavior i n t e r m e d i a t e  between t h e s e  two 

l imi t s .  

There a r e  two models of t h e  hydroclynamic 
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Soldano and h i s  a s s o c i a t e s  have c a r r i e d  out  an  extensi-ve program 

of  s t u d i e s  of t h e  uptake of methy-l i o d i d e  by water drops suspended i n  a 

wind tunne1.29-32 This  work was undertaken t o  ga in  a b e t t e r  - insight i tnto 

processes  o p e r a t i n g  i.n sp rays ,  b u t  i n  p r a c t i c e  i t  has proved d i f f i c u l - i ;  -to 

e x t r a p o l a t e  from singl-e drops t,o sp rays ,  ThTs i s  t r u e  part1.y b e c a m e  t h e  

drops used i n  t h e  wind-tunnel experiments a r e  much l a r g e r  ( 4  t o  5 mm diam) 

than  sp ray  drops (I mm mass mean diam) and p a r t l y  because t h e  hydrodynamic 

behavior  of  t h e  drops i s  t r a n s i e n t .  

kvemy and Dickerson analyzed some of t h e  wind- tunne l ' da t a  and con- 

cluded t h a t  it was l i k e l y  t h a t  t h e  form of i o d i n e  be ing  absorbed i n  t h e  

drops was I 
methyl i o d i d e  i s  decoinposed i n  t h e  wind tunne l ;  for example, a f t e r  a f e w  

experiments,  e lemental  i o d i n e  i s  v i s i b l e  a s  a browii d e p o s i t  i n  c e r t a i n  

a r e a s  of t h e  wi-nd tunne l ,  and data quoted by Ewemy and Dickerson show 

t h a t  t h e  concen t r a t ion  i n  t h e  gas  phase decreases  wi th  a ha1 . f - l i f e  of 

approximately 20 min, a l though t h e  amount being removed b y  t h e  s o l u t i o n  

drople- ts  i s  negl.i.gi.iily small. 

ra thei-  t han  CH31.33 There i s  cons ide rab le  ev-i-dence t h a t  2' 

Pi1 ot-plai l t  stud.ies on methyl. i o d i d e  removal by sprays have been 

Parker, Creek, and Horton used a c a r r i e d  out by s e v e r a l  groups.34-4a 

very f i n e  sp ray  of sor1i.m t h i o s d f a - L e  i n  a l a b o r a t o r y - s c a l e  f a c i l i t y .  34. 

Methyl. i o d i d e  was removed wi th  a 45-m h a l f - l i . f e .  Sciiwendi-man and h i s  

a s s o c i a t e s  used hydrazine as t h e  s o l u t i o n  r eagen t .  2 7 J 3 5  

was removed ai; a f a s t e r  r a t e  t han  would have been possii-,le f o r  sprays 

alone, and i t ,  was concl-uded t h a t  a f i . h  of sol.uti.on ruiini-ng down t h e  

v e s s e l  wall. made a sj-gni-ficant contr i -but ion t o  t h e  overa1.l ra te .  

Z i t ' i e l  has shown t h a t  hydrazine i s  r e a d i l y  decomposcd by r a d i a t i o n .  43 

Methyl i o d i d e  

However, 

Pars ly2 '  and H i l l i a r d  and h i s  a ~ s o c i a t e s ~ ~ - ~ ~  have s t u d i e d  tile pc r -  

formmnce of both borax and borax - sod im thi-osul.fat,e s o l u t i o n s  i .n removing 

methyl iodi.de. 

iocIi.de f a s t  enough t o  be of potent ia l .  value i n  t h e  a c c i a e n t  case.  There 

i s  disagreement as t o  t h e  r e l a t i v e  importance of t h e  wall f i lm;  H i l l i a r d  

and his group b e l i e v e  a matoi- ?art of t h e  abso rp t ion  occur s  i n  t h e  film. 

They ag ree  t h a t  only t h e  l a t t e r  s o l u t i o n  removes methyl 

Nishizawa, Oshima, and Maekawa studied removal- of s e v e r a l  oi" t h e  

organic  iod ides  wi th  w a t e r . 4 2  

24°C and 9 t o  1 9  hj: i3.t 8 0 ° C ,  depending on flow. 

They r epor t ed  h a l f - l i v e s  of 3 t o  16 hr ai; 



Chemi-cally React ive P a i n t s  

Rosenberg and h i s  co-workers have proposed t h e  use of s p e c i a l l y  

formulated p a i n t  f o r  t r a p p i n g  methyl i od ide .  4 4  

n u c l e o p h i l i c  r eagen t  t o  f i x  t h e  methyl i od ide .  Good results have been 

ob ta ined  i n  l a b o r a t o r y  tes ts  and i n  p i l o t  plar i t  tes ts  a t  t h e  Containment 

Systems Experiment. However, samples of t h e s e  coa t ings  f a i l e d  when ex- 

posed t o  simulated loss-of - coo lan t  cond i t ions  i n  tests a t  t h e  Caro l inas -  

Virgi-nla Test Reactor.  4 5  

The p a i n t  i n c o r p o r a t e s  a 

Methyl Iod ide  i n  Radiochemical Processing P l a n t s  

T'ne methyl iodLde problem i s  d i f f e r e n t  a t  radiocheniical  process  

p l a n t s .  Because of t h e  ex tens ive  use of s o l v e n t  extract i .on,  h igh  concen- 

- t ra ' t ions of o rgan ic  vapors are found i n  many of the off-gas streams. The 

volumes of gas t o  be cleaned can be kep t  q u i t e  s m a l l .  On t h e  o~ti'ner hand, 

ve ry  l a r g e  decontamination f a c t o r s  (107 t o  1-08 ) are  needec~, e s p e c i a l l y  

f o r  p rocess ing  fas t  b reede r  r e a c t o r  f i ~ e l s ,  s i n c e  it i s  not  econoxical.l.y 

f e a s i b l e  t o  s t o r e  t h e s e  until the 1311 has l a r g e l y  decayed. 

Because of t h e  h igh  concen t r a t ion  of organic  compounds i n  t h e  p r o c e ~ s  

off-gas  streams, cha rcoa l  beds r a p i d l y  become s a t u r a t e d  w i t h  o rgan ic s  and 

l o s e  t h e i r  a b i l i t y  t o  t r a p  methyl i od ide .  Another e f f e c t  of' t h e  h igh  

o rgan ic  c o a c e n t r a t i o n  i s  a h igh  conversion of v o l a t i l e  i o d i n e  t o  methyl 

i od ide .  To d e a l  w i th  methyl.. iod-irle i n  t h e s e  gas strearns, two g e n e r a l  

approaches have been followed. One i s  t o  d e s t r o y  a l l  o rgan ic  compounds 

by c a t a l y t i c  oxiciation and then  -bo collect the  r e s u l t i n g  i n o r g a n i c  i o d i n e  

forms on charcoal .  The other i s  t o  use a h i g h l y  e f f i c i e n t  s c rubb ing  sys-  

tem t o  remove t h e  me-thy1 iod ide .  

The prGblem of organic  s a t u r a t i o n  ol" cha rcoa l  adsorbers was encom-  

tered i n  t h e  Transwani1m Process ing  F a c i - l i t y  a t  t h e  Oak Ridge Nat ional  

La-tmratory. 4 6  me s o l u t i o n  adopter? was c a t a l y t i c  o x i d a t i o n  of t h e  organ- 

i c s ,  followed by c o l l e c t i o n  of t h e  i o d i n e  on cha rcoa l  a d s o r b e r s . 4 7  Whi.le 

p rocess ing  Lhe first; batch of t a r g e t s  a f t e r  t h i s  system was i n s t a l l e d ,  a n  

average l3II decontamination f a c t o r  of 400 vas a t t a i n e d .  The opera to r s  
f e e l  thtlit once t h e  system is debi-igged, i t  sliould g ive  :'t decontaminati .sn 

factor of 104. 
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Scrubbing w i t h  an a c i d  s o l u t i o n  of mercuric  n i t r a t e  has been pro- 

posed as t h e  f i r s t  s t a g e  of an i o d i n e  removal system f o r  l iquid.-metal  fast, 

breedej? r e a c t o r  fuel.-reprocessing p l a n t s  ( R e f s .  151-153 of Chap. 3 ). gx- 

perfmental  d a t a  i n d i c a t e  t h a t  a decontaminatton f a c t o r  of 102 i s  p o s s i b l e  

wi th  such a system. While t h i s  i s  only a small p a r t  of t h e  t o t a l  reyui-red,  

it r e p r e s e n t s  removal of most of the i o d i n e  s o  t h a t  t h e  load  t o  be handled 

by more e f f i c i e n t  elements downstream of t h e  scrubber  i s  g r e a t l y  reduced. 

A number of r e s u l t s  on mebhy-l i o d i d e  scrubbing, t r app ing ,  e t c . ,  are  

r epor t ed  i n  R e f ,  48. These inc lude  r e s u l t s  of scrubbing wi th  mercuric  

n i t r a t e ,  t r a p p i n g  on s o l i d  so rben t s ,  and d a t a  on t h e  performance of a 

composite system t e s t e d  O i l  t h e  d i s s o l v e r  off  -gas of t h e  t r a n s u r a n i m  

(TRU) f a c i l i t y .  

F reve l  and Kressl-ey have patented a process  for scrubbing a l k y l  

h a l i d e s  from hydrocarbon streams iising alkanol.ami.nes. 4 9  

i n g  bi tadi-ene contatni.ng 100 ppm of CH I w i b l i  NH (CII ) OH-H 0 (9O:lO) i n  

an  1 1 - p l a t e  bubble cap column. The butadiene l e a v i n g  w a s  e s s e n t i a l l y  

f r e e  of CI-I I. 

They c i t e  tyeat-  

3 2 2 2  2 
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6. OCCURENCE OF I " H Y I J  I O D I D E  UNDER ACCIDENT CONDITIONS 

I d e n t i f i c a t i o n  of Methyl Iod ide  i n  Containment Experiments 

Following t h e  e a r l y  DIIX) a n d  PIJU"f!O r e a c t o r  experiments i n  which e v i -  

dence w a s  ob-tained t h a t  two i o d i n e  compounds were formed t h a t  did. not 

p l a t e  O U ~  on surfaces,' Eggleton and Atkins  under1;ook. a program t o  iden-  

t i F y  t h e s e  compounds. J~ The i r  i n i t l . a l  experiments involved 100- t o  

2 0 0 - p ~ i  q u a n t i t i e s  of c a r r i e r - f r e e  ~al~'~. Iod ine  w a s  generated from 

t h i s  by a i r  o x i d a t i o n  a t  400°C. 

sorbed by s p e c i a l l y  ac-bivttted k n i t  copper mesh, p a r t i c l e s  were removed by 

a n  a b s o l u t e  f i l t e r ,  and t h e  i o d i n e  compounds remaining were c o l l e c t e d  

e i t h e r  by abso rp t ion  i n  0.02 M H SO 

oxygen-chilled cold trap. The compound f r a c t i o n  was 1 t o  2% of t h e  

o r i g i n a l  i o d i n e  a c t i v i t y .  Four bubb le r s  con ta in ing  0.02 M I€ SO i n  

series had a n  e f f i c i e n c y  of 90 t o  95$ removal. 

The elemental. i o d i n e  produced was ad- 

o r  by condensation i n  a l i q u i d -  
- 2 4  

- 2 4  

The a c t i v i t y  collected In t h e  bubblers  w a s  subjected t o  a :series of 

s o l v e n t  e x t r a c t i o n  t r ea tmen t s ,  and it was found t o  c o n s i s t  o f  two f r a c -  

-Lions. F r a c t i o n  A was s o l u b l e  i n  benzene and was un reac t ive ,  and. f r a c -  

t i o n  B par t i t ; ioned roughly e q u a l l y  between benzene and water. Pol loving 

a s e r i e s  of chemical. t r ea tmen t s ,  Eggleton and Atkins concluded. t h a t  f r a c -  

t i o n  B could no t  be I-, I O - ,  o r  I O  -, arid no p o s i t i v e  i d e n t i f i c a t i o n  of 

th js  compound was made. 
3 

F r a c t i o n  A was s t u d i e d  i n  f u r t h e r  ways. For example, i t s  molecular  

wei-ght was determined t o  be 152 f 3 by measuring i t s  ra te  of efPusion 

throihgh a s m a l l  ho le .  
molecular  weight 0-C 152 k 2 w a s  a l s o  found €'or s y n t h e t i c  CII l3lI by t h e  

e f f u s i o n  techni.yue. 

The niolecular weight of CH313'I i s  146, b u t  a 

3 

FTzc t i o n  A was also f r a c t i o n a t e d  by gas - l iqu id  chromatography i n t o  

seven fract;i.ons with t h e  compositions given i n  Table 6.1. This showed 

t h a t  F rac t ion  A was composed of a l k y l  i od ides ,  p r i n c i p a l l y  methyl. i od ide .  

Subsequen-tly, Eggleton and A.tliins analyzed samples of gas from ox id iz -  

i n g  t r a c e - i r r a d i a t e d  TJO. and found methyl i od ide .  This work gives a 

sound b a s i s  for b e l i e v i n g  t h a t  t h e  i.odine compounds which are d i f f i c u l t  

t o  remove i n  t r a p p i n g  system.; Ere alkyl i o d i d e s  and t h a t  methyl i.odide 
i s  t h e  ps-inc:ip;zl compoixid p r e s e n t ,  

2 



Table 6.1.  G a s  Chromatographic Arialysis of 
Egg le ton ' s  F r a c t i o n  A (From R e f .  2 )  

Pt. r c en t a ge 
of T o t a l  Peak No. I d e n t i f i c a t i o n  

1 85 Methyl i o d i d e  

2 2 . 9  E thy l  i o d i d e  

3 0 . 2  2-iodopropane 

4 0.7 1-iodo propane 

5 1.1 2-i  odobutane 

6 0.5 1-iodo-2-methyl propane 

7 9.5 1- i odobutane 
I 

T h e o r e t i c a l  S tud ie s  of Methyl Iod ide  Formation 

Once it became evident  t h a t  a major p o r t i o n  of t h e  d i f f i c d t - t o -  

remove f r a c t i o n  of t h e  i o d i n e  a i r b o r n e  i n  containment v e s s e l s  was CH I, 3 
r e s e a r c h e r s  s t a r t e d  asking, There i.s no simple 

answer t o  t h i s  quest ion.  The organic  material  can be o i l  and g rease  resi- 

dues on s u r f a c e s ,  decomposi-Lion products of p r o t e c t i v e  coa t ings ,  and sir 

p o l l u t i o n .  S t e r n  state:; t h a t  "normal. d r y  a i r "  contaj-ns 1~.0 to 1."2 ppin 

methane t h a t  o r i g i n a t e s  from v e g e t a t i o n . 4  

m o l e / l i t e r ,  

by a f a c t o r  of 10. 

"where does i t  come from?" 

This  amounts t o  4.5  x lom8 
Pol1ut ion cou.1 a e s s i  l y  i n c r e a s e  t h e  methane concen t r a t ion  

The amount of i o d i n e  a i r b o r n e  w i l l  val-y, depending on burnup, degree 

o f  core  melti-ng, e t c .  Row, Parsly,  and Z i t t e l  quote a f i g u r e  of l . 2 1  

g-at. o f  i o d i n e  f o r  20,000-MWd/MT burnup. Taking t h e  TID-14844 

(Ref. 6 )  assmpt-ioiis of 505 r e l e a s e  and 53% pl .a teout  and assuming 100 
MT U and a 2 X 106 f t 3  containment volume, t h e  a i r b o r n e  1 

abou'i 2.8 X 

tems. Thus t h e r e  would be a s l i g h t  excess of methane under t h e  most 

f avorab le  cond i t ions .  

ratio cou1.d easily becoiiie 100 o r  more. 

would be 2 
g-rnol.e/litri:r w i th  no c r e d i t  f o r  engi;l.rieered s a f e t y  sys- 

With impure a i r  and lower burnup, t h e  CHL+:12 
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Such q u a n t i t a t i v e  reasoning i n d i c a t e s  t h a t  i t  i s  e a s i l y  p o s s i b l e  

f o r  cond i t ions  f avor ing  methyl i o d i d e  formation t o  e x i s t .  To i n v e s t i g a t e  

the p o s s i b l e  consequences, a t h e o r e t i c a l  stu.dy was undertaken a t  R a t t e l l e  

Memorial I n s t i t u t e  t h a t  was sponsored by t h e  U. S. Atomic Energy Corrmission 

as p a r t  of i t s  l i g h t - w a t e r  r e a c t o r  safety r e s e a r c h  and development pro- 

gram. 7 - 1 O  

The f i r s t  phase of t h e  program was a thermodynamic s tudy o f  t h e  sys- 

t e m  H20, CO 
ove r  t h e  temperature  range 300 t o  1500°K.7-8 
e q u i l i b r i u m  t h e  amounts of methyl i o d i d e  expected were n e g l i g i b l y  s m a 1 . l .  

It i s  s t a t e d  t h a t  t h e  rriaximum equilibriwn methyl i o d i d e  y i e l d  i s  about  

2 X 

i o d i d e  have been obserfed,  a t t e n t i o n  was t h e n  tu rned  t o  k . ine t ics .  

H I ,  CH3011, 12, CH31, H2, 02, CO, CHL+, CH20, and s o l i d  carbon 
2' 

This s tudy showed that; ai; 

of the  i o d i n e  p r e s e n t , '  Since much larger conversions t o  methyl 

The k i n e t i c  s t u d i e s  completed covered t h e  homogeneous gas-phase 

r e a c t i o n  of CH and I wi th  and without  i n e r t  gas p r e s e n t . '  The calcula- 

t i o n s  i n d i c a t e  a maximum Yn the CB I concen t r a t ion  i n  the absence of 
3 

i n e r t  gases  b u t  n o t  when i n e r t  gases a r e  p re sen t .  Thus it does not  appear  

t h a t  the k i n e t i c s  of  a homogeneous gas r e a c t i o n  could e x p l a i n  the type of 

methyl i o d i d e  product ion t'nat has been observed. 

4 2 

Two r ema i n i  ng po s s i 5, i 1 i ti e s ar e s 11 3" f a  c e - c a t  a l y  z e d. rei?" c t i 0 ns and 

radiat ion-induced r e a c t i o n s .  The former could be important  bo th  i n  ex- 

periments and i n  t h e  accidcrit  case.  Radiation-induced r e a c t i o n s  are 

l i k e l y  t o  occur  t o  a s i g n i f i c a n t  e x t e n t  i n  only a few of t h e  experiments, 

b u t  t h e y  could be important  i n  t h e  a c c i d e n t  s i t u a t i o n .  

As i s  d i scussed  i.n t h e  next  s e c t i o n  of t h i s  r e p o r t ,  t h e r e  i s  evidence 

t h a t  d ry  s t a i n l e s s  :;-tee1 s u r f a c e s  c a t a l y z e  the formation o r  d e s t r u c t i o n  

of methyl i od ide ,  even a t  temperati ires a:; l o w  as 100°C. W e  are no t  aware 

of any q u a n t i t a t i v e  inves-Ligation of s u r f a c e  c a t a l y s i s .  

The kt te1l.e i n v e s t i g a t o r s  undertook. several .  experiments t o  i n v e s t i -  

ga-te t h e  formati.on of methyl i o d i d e  i n  a r a d i a t i o n  f i e l d .  Tney examined 

t h e  e f f e c t  o€ r a d i a t i o n  dose, CH :I r a t i o ,  i r r a d i a t i o n  rate, steam, and. 

air on methyl. iodide formation. They found t h a t  for mixtixres of CN and. 

I i n  t h e  absence of iner t ;  gases, conver:;ion inc reased  linearly :.ri.th dose 

and a l s o  inc reased  wi~th CIS :I 

4 2  

4 

2 
r a t i o  f o r  doses up t o  4 x lo7 rads and 

4 2  
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CHLi:I: r a . t ios  up t o  500. 

No e f f e c t  of dose r a t e  was found, Temperatu.re appeared to have no e f f e c t  

between 100 and 275°C; a t  h ighe r  temperatures t h e  conversion f o r  a given 

dose inc reased  r ap id ly .  Conversion was i nc reased  iii t h e  pyeserice of 

s a t u r a t e d  steam b u t  iiiarkedly decreased when bo th  s t e m  and oxygen o r  a7.r 

were p re sen t .  It should be noted t h a t  v e r y  high methaiie and i~odine con- 

c e n t r a t i o n s  were used. The metharie was loaded a-t p a r t i a l  p ~ e z s u r e r ,  of 

1-00 to 350 mm (5 x to 2 X IOo2 m o l e / l i t e r ) ,  and iod ine  q u a n t i t i e s  

ranged from 1 t o  5 mg ( 5  mg of I 

m o l e / l i t e r  ). 
pected i n  t h e  a c c i d e n t  case,  b u t  i.t may be t h a t  a s  a p r a c - t i c a l  ma-tter 

t h e y  r e p r e s e n t  t h e  lowest concen t r a t ions  which can be used i n  experiments.  

The maximum conversion observed vas over  40%. 2 

i n  a 250-ml sample bu lb  i s  8 x 
2 

These are orde r s  of magnitude above t h e  concen t r a t ions  ex- 

The o v e r a l l  impsct of  t h e s e  s t u d i e s  appears  t o  be t h a t  t hey  demon- 

s t r a t e d  t h a t  thermodynamics and homogeneous k i -ne t ics  cannot e x p l a i n  t h e  

methyl. i-odide formation observed i.n t e s t s  and emphasized t h e  p o t e n t l a 1  

importance of vadiatlon-induced r e a c t i o n s .  

_I Occurrence of Methyl Iod ide  i n  Real and 
Simulated Reactor Accidents 

il d e f i n i t i v e  answer t o  t h e  q u e s t i o n  of what f r a c t i o n  of  the i o d i n e  

i s  converted t o  methyl i.odide i s  needed f o r  a c c i d e n t  ana1ysi.s. Methyl 

iodi.de i s  f a r  more d i f f i c u l t  t o  remove t h a n  o t h e r  i o d i n e  forms when using 

e i t h e r  sprays or cha rcoa l  beds and t h e r e f o r e  w i l l  e v e n t u a l l y  become t h e  

pinedomi-nant a i r b o r n e  i o d i n e  s p e c i e s ,  The methyl. -i.odide y i e l d  can be p re -  

d i c t e d  i n  two ways: (1) consider  a l l  p o s s i b l e  formation r o u t e s ,  estimmte 

t h e  c o n t r i b u t i o n  from each, and sum; ( 2 )  e x m i n e  a l l  ava i l - ab le  experimen- 

tal. resu l - t s  and a t t empt  t o  a r r i v e  at; an  "experi.ence" vaI.ue f o r  methyl 

i o d i d e  y i e l d .  

The f i r s t  r o u t e  has been taken by Durant and h i s  a s s o c i a t e s , l l  Adams 

and his co-workers, 

i c a l l y  s t u d i e d  t h e  s a f e t y  problems of the  Savannah River  P l a n t  (SRP) 
r e a c t o r s ,  which employ uranium meta l  f u e l ,  They i d e n t i f i e d  t h e  followi.ng 

factors as promoting t h e  fo -ma t ion  of o rgan ic  i o d i n e  compounds : 

and Hurley. l3 &rant and hi.s a s s o c i a t e s  s p e c i f  - 

1. I n  tile f u e l  - organic  i m p u r i t i e s ,  high temperatures,  and high 

hydrogen content .  
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2. Upon meltdown - low r ad ia t i -on  f i e l d ,  h igh  temperatures ,  and 

CO/CO, atmosphere. 

3. I n  t h e  containment b u i l d i n g  - l ong  r e s idence  t i m e ,  h igh  tempera- 

t u r e s ,  organic  i m p u r i t i e s ,  and low gas-phase i o d i n e  concen t r a t ion .  

4. O n  t h e  r e a c t o r  room s u r f a c e s  - b a r e  f e r r o u s  me ta l  s u r f a c e s ,  high 

surface-to-volume r a t i o ,  and d r y  s u r f a c e s .  

They concluded t h a t  f o r  t h e  'SRP r e a c t o r s ,  methyl i o d i d e  forrnation 

should not  exceed 

would be a conse rva t ive  design -value. 

of t h e  co re  i.odine inven to ry  and s t a t e d  t h a t  lo"$ 

Adams and h i s  eo-workers reviewed t h e  q.uestion of methyl i o d i d e  forma- 

t i o n  i n  connect ion w i t h  t h e  s a f e t y  a n a l y s i s  of t h e  high flux i s o t o p e  r eac -  

tor (HFIR) a t  Oak Ridge Na t iona l  Laboratory.12 They s t a t e d  t h a t  50% of 

t h e  core  i o d i n e  might be r e l eased ,  and 5% of t h i s  would be converted. t o  

methyl i o d i d e  i n  a maxinium c r e d i b l e  a c c i d e n t .  

Bmley  r epor t ed  t h a t  by us ing  a "pseudo-theoret ical"  c a l c u l a t i o n  of 

methyl i o d i d e  y i e l d  under water r e a c t o r  a c c i d e n t  cond i t ions ,  he liad 

a r r i v e d  a t  10% conversion o f  t h e  f r e e  i o d i n e  i n  t h e  containment b u i l d i n g  

t o  methyl i od ide .13  

he used TID-1-4844 c r i t e r i a 6  f o r  i o d i n e  release t o  t h e  containment :;true- 

tu re  (25s of t h e  core  i o d i n e  inven to ry  a i r b o r n e  i n  t h e  s t r u c t u r e ) ,  t h i s  

is equ iva len t  -to s t a t i n g  t h a t  2.5$  of t h e  core  i o d i n e  i n v e n t o i y  becomes 

a i r b o r n e  i n  t h e  containment b u l l d i n g  as methyl i o d i d e .  

H e  considered. t h i s  f i g u r e  t o  be conse rva t ive .  Since 

W i l h e h  ska ted  t h a t  'oased on s tudy ing  t h e  experimental  d a t a  he had 

also ami-ved a t  the 10% f i g w e . l 4  

methyl i o d i d e  was considered i n  t h e  s a f e t y  a n a l y s i s  of CO -cooled r eac -  

tors, l5 

Hol rnes  s t a t e d  t h a t  loo$ conversion t o  

2 

Well. over  100 experiments i n  which t h e  chemical -Corm of i o d i n e  re- 

l e a s e d  from r e a c t o r  fuel and/or aged i n  a containment volume .was d e t e r -  

mined are  r e p o r t e d  i n  t h e  l i t e r a t u r e .  These results a re  assembled i n  t h e  

fol lowing s e c t i o n s  so  t h a t  t h e y  w i l l  be u v a i l a b l e  for examination t o g e t h e r .  



C h a r a c t e r i z a t i o n  of Iodine Forms 

Before e n t e r i n g  i n t o  a d ikcuss ion  of t'ne y e s u l t s  i.t i s  probably per- 

t i n e n t  t o  review t h e  iodi-ne fozms t h a t  -riiigh.t be p~esent, as w e l l  as t h e  

c h a r a c t e r i z a t i o n  methods i n  use and t h e i ~ r  l i m i t a t i o n s  Iod ine  : i i .rmrne j.11 

a, contai-i i ient atmosphere may be i n  oiie or more of t h e  fol lowing s i x  forms: 

(1) I, vapol-, ( 2 )  HI. vapor,  (3) HOI vapor, ( 4 )  0rgani.c i o d i d e  vapors, such 

as CH I, ( 5 )  i o d i n e  vapor adsorbed on p a r t i c l e s ,  and ( 6 )  j-norganic i.odine 

compoimds associa,-Led wi th  par t l ic les .  'The forms t h a t  may be present, are  

determi-ned by t h e  chemical env-ironmen-t t o  which the i o d i n e  j.s exposed whi le  

i t  i s  being r e l e a s e d  and t r a n s p o r t e d  i n t o  t h e  containment v e s s e l .  

i 

3 

Methods of di.fferent,i.at;ing iodi.ne forms i n  experiments i nc lude  w e - t  

cheiuical techtxiyues, gas chromatography, and c o l l e c t i o n  by May packs. The 

first, two methods have been used p r i m a r i l y  i n  l a b o r a t o r y - s c a l e  zxperimcnts. 

The May pack i s  an  assembly of filters and adsorbers  o r i g i n a l l y  devised by 

F. G .  May of t h e  United Kingd0m.l The or ig i -na l  versi-on contained s p e c i a l l y  

cleaned copper screens,  h igh -e f f i c i ency  f i l t e r s ,  charcoal.-i-mpregnated fibele 

g l a s s  (Whatman ACG/B), and granular charcoal .  

g a n i c  i o d i n e  vapors would be c o l l e c t e d  by t'ne copper sc reens ,  parti.cl-es by 

t h e  hi.gh-efficri.ency filters , e a s i l y  adsorbable  iod ine  compounds by t h e  

cha rcoa l  pappr, and compounds more diffri.cu1.t t o  adsorb by the  cha rcoa l  

granules. A number of v a r i a t i o n s  of t h e  or j .gina1 device have apperired. 

Most Arclericail workers use s i l v e r  r a t h e r  t han  copper s u r f a c e s  t o  c o l l e c t  

i no rgan ic  i o d i n e  vapors,  ma1nl.y because t h e  copper surfaces have a u s e f u l  

l i f e  of only a few hours and are t h e r e f o r e  not c0mpati.bJ.e w i - t ' n  i n s t a l l a -  

tions where samplers are  sea l ed  i n t o  contai.nment systems s e v e r a l  days be- 

f o ~ e  t h e  experiment i s  done. P resen t  May packs g e n e r a l l y  have more than 

one cha rcoa l  bed. 

It was expected t h a t  i n o r -  

Experience with May packs16 has l e d  t o  t h e  fc4l.owi.ng conclusions : 

1. The overal l .  e f f i c i e n c y  o f  t h e  device i s  very high. Negl.igj.ble 

amounts of i o d i n e  wi.11 p e n e t r a t e  a May pack Lhat has been p rope r ly  

assembled and ins-talleri, 

2. A l l  t h e  f i - l t e r  media can and probably will c o l l e c t  more t h a n  one 

io r l lne  form.  
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3.  The cha rcoa l  has a h igh  e f f i c i e n c y  f o r  a d s o r p t i o n  of a l l  i o d i n e  

forms, and any i o d i n e  tAat escapes o t h e r  c o l l e c t i o n  media w i l l  be picked 

up by t h e  charcoal .  

4. There are two i o d i n e  forms c o l l e c t e d  by t h e  s i l ve r  s u r f a c e s ;  one 

is c o l l e c t e d  v e r y  q u i c k l y  and. t h e  o t h e r  more slowly. 

5. It i s  suspected t h a t  t h e  s i l v e r  s u r f a c e s  l o s e  e f f i c i e n c y  i n  s a t -  
u r a t e d  steam-air atmospheres. 

These f a c t s  l e a d  t o  t h e  conclusion t h a t  way-pack results tend t o  over- 

e s t i m a t e  t h e  p r o p o r t i o n  of methyl i o d i d e  p r e s e n t  i n  a containment atmos- 

phere.  

by experimental  i -esu l t s  r epor t ed  by Collins and h i s  co-workers.17 The re- 

sults of t h e  l a t t e r  group, p re sen ted  i n  Table 6.2, g ive  t h e  only publj-shed 

d i r e c t  comparison of results ob ta ined  by gas chromatography and wi th   MY^ 
packs. 

chromatographs i n  five o u t  of s i x  cases ,  w i t h  t h e  r a t i o  ranging from 0,8 

t o  20 and ave rag ing  more t han  4. 

This  view i s  shared by Durant and h i s  a s s o c i a t e s l l  and i s  ; s u p p o r t d  

They show t h a t  t h e  May packs i n d i c a t e d  more methyl i o d i d e  t h a n  t h e  

Yield of Methyl Iod ide  i n  Experiments 

Experiments i n  which t h e  y i e l d s  of methyl i o d i d e  have been s t u d i e d  

f a l l  i n t o  two p r i n c i p a l  c a t e g o r i e s :  t h o s e  ?:.n which t h e  y i e l d  i n  a f i s s i o n -  

product r e l e a s e  has been determined and those  i n  which a, f i s s i o n - p r o d u c t  

mi-xture has beeri introduced. i n t o  a containment vol.ime and allowed t o  age. 

Methyl Iod ide  Released from I r r a d i a t e d  Fue l  

Experiments i n  which f i s s i o n  products have been r e l e a s e d  fu.orn irra- 

d i a t e d  iuel have been r epor t ed  by C o l l i n s  and h i s  c o - w ~ r k e r s , ~ ~  Cast,leman 

and h i s  associates,18 C o l l i n s  and Hillary,lg and Taketani  and Ikawa. 2 o  

Col l in s  arid h i s  a s s o c i a t e s 1 7  performed t h e  series of' 22 experiments 

desc r ibed  i n  Table 6.2.  The d a t a  indica-Le methyl i o d i d e  y i e l d s  ranging 

from 0 . 1  t o  20$ of  t h e  i o d i n e  i n  t h e  fuel. 

t h e  r e s u l t s .  

There i.s no obvi.ous p a t t e r n  t o  

Castlemain., Tang, and MunkelwLtz s t u d i e d  the r e l e a s e  of f i s s i o n - p r o d u c t  

!I'hey r e p o r t e d  i o d i n e  from uranium, U02, and U3Qa i n t o  superheated steam. 

a lm6$ CB 1 y i e l d  when iod-ine was r e l e a s e d  from m e t a l l i c  urraniuni and 10 t o  

2+$ when the  i o d i n e  w a s  r e l e a s e d  from U02. The results r epor t ed  appear t o  
3 



Table _. -. Release of' Iodine "om I r r a d i a t e d  Li02 Samples Under AGR Cond i t ions  

P e r c e n t s g e  of I o d i n e  i n  Sample as CE31 

Determined by k t e . m i n e d  by  Gas 

I r r a d i a t i o n  F u e l  Eler ,ent  Mean Gas jo rne  
Level  Tenpe ra t  w e  I o d i n e  R ;u1 Gas 

no. 
May-Pack A n a l y s i s  C hrorna tog raphy  ( id3 ) 

Coinposition 
(MWd/T) ( "C)  

1 
6 
7 
8 
9 
10 
11 
12 
13 
15 
16 
17 
18 
19 
20 
21 
22 
23 
2L 

25 
26 
27 

1.5 
1 . 5  
1 . 5  
1 . 5  
1.3 
1 . 5  
i5 
15 
5 0  
100 
150 
150 
2 L X  
2000 
2000 
152 
150 
152 
150 

150 
100 
150 

140% 
-1500 
1'700-L800 
170>1800 
l7O@l8 00 
i720-1SGO 
170&1800 
173&1800 
1700-1500 
170&1800 
170C-180C 
170--1800 
1700-1800 
170+1803 
170b1800 
1 7 0 H  800 
1 7 0 b l 8 0 0  
>2000 
17:2@:800 

2000 
1'700-1800 
i'73C-1800 

0.015 

0.02 
0.03 
0.05 
0.04 
3.5 
0.6 
&. 5 
2 
7 
9 
7 x 1c-4 
9% 
190 

2.5 
3 x 10-4 

10- 5 

3 x 10-5 

8 

6 
3 x 10-4 

6 

6 
6 
4 
8 
4 
0. I 
2 
0 .25  
0.5 

1 
2 
4 
20 

10 
2 
0.7 

0.2 
0 .5  
0.5 
4 
- 

0.7 
0.1 

~~~~~ 

a No estirnst- of t h e  p e r c e c t a g e  of t h e  i o d i n e  i n  -the f x e l  which reached t h e  tyapp ing  
sys tem was g i v e n  f o r  t h i s  rm; 65 of t h e  i o d i n e  c o l l e c t e d  by t h e  May pack was on 
chs rcoa l - i rnp regna tea  pape r  and 3% ori the c h a r c o a l  bed. 

p e n e t r a t e d  4 iri. of c h a r c o a l  i n  1 l;r ani: 5 parts i n  l o 5  i n  1 4  h r ;  t h i s  p e n e t r a t i o n  i s  
rough ly  tw ice  t h a t  fomc in experiment 20 and i n d i c a z e s  thst Pk,y packs should have 
shown about  2% of thr i o d i n e  i n  t h e  fuel 3s xetkiyl i o d i d e .  

'Not r e p o r t e d ;  3owever, o n l y  1 p a r t  in l a 5  o f  t h e  i o u i n e  o r i g i n a l l y  i n  t h e  f u e l  

L I 
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be based on t h e  i o d i n e  r e l eased .  The percentage release i s  not  s t a t e d  

b u t  i s  probably highj s i n c e  t h e  uranium oxides were i n  powder form. The 

uranium was t r a c e - i r r a d i a t e d ,  and t h e  mass of i o d i n e  involved I.n t h e  ex- 

periments was ex-tremely s m a l l .  The r e s u l t s  a r e  given i n  Table 6.3. 

Collir is  and. H i l l a r y  r e p o r t e d  on a. n m b e r  of release:; of i o d i n e  from 

Zirca loy-  and s t a i n l e s s - s t e e l - c l a d  UO.. i n t o  superheated steam. T h e i r  re- 

x u l t s ,  g iven i n  Table 6 , 4 ,  i n d i c a t e  t h a t  t h e  methyl i o d i d e  y i e l d  i n -  

creased w i t h  i r r a d i a t i o n  l e v e l . 1 9  

series of experi-ments i n  which I 

i! 

Table 6.5 g ives  t h e  results of Einother 

o r  C I L I  was r e l e a s e d  i n t o  steam a t  700°C. 2 3 
Taketani  and Iliawa also cond.ucted a ser ies  of i o d i n e  release e x p e r i -  

ments i n  which y i e l d s  of methyl i.odide were ob ta ined .20  

given i n  Table 6.6, 

Their results a r e  

Conta i nment Experiments 

B r i t i s h  Experiments. Megaw and May released 1321 i n t o  t h e  TJIDO and 

PLUTO containment s t ructure: ; .  They conducted. t e n  expe:r-iments and found 

methyl i o d i d e  i n  t h r e e .  T h e i r  r e s u l t s  a r e  given i n  Table 6.7. 
Croft and I l e s  r e l e a s e d  s t a b l e  I wi th  I3'I t r a c e r  i n t o  t h e  Zen i th  2 

r e a c t o r  containment b u i l d i n g .  21 The r e s u l t s  are given i n  Table G.8.  

experirnentk 1 and 2, w i t h  the  v e n t i . l a t i o n  system ofi, 0.2 and 0.03$, 

r e s p e c t i v e l y ,  of the i o d i n e  r e l e a s e d  tu rned  up as o rgan ic  i o d i d e s .  

experirnerit 3, w i t h  t h e  v e n t i l a t i o n  system ope ra t ing ,  Yne arnoimt of iodi-ne 

c o l l e c t e d  on t h e  second ACG/B paper and charcoal granules  w 8 s  t o o  small t o  

ana lyze  

I n  

111 

Crof t ,  I l es ,  and & v i s  have r epor t ed  on three experiments i n  which 

r e l a t i v e l y  h igh  i o d i n e  concentratZions were r e l e a s e d  i n t o  a room coated 

w i t h  c h l o r i n a t e d  ruhbek-based p a i n t .  2 2  

They fouricl 0.02% of t h e  iodine in organic  form i n  the d r y  expcr.iments and 

0.01% i.n t h e  wet experiment. 

The resu l t : ;  zre g iven  i n  Table 6 .9 .  

C r o f t  a n d  Iles 21 also r epor t ed  on two unpubl.ished experiments by 

Davis arid R o ~ 1 ~ ~ l . y .  I n  t h e  f i r s t ,  i o d i n e  was r e l e a s e d  i n t o  t h e  Zenith 

r e a c t o r  c i r c u i - t  o u t s i d e  t h e  g r a p h i t e  f u e l  boxes with air c i r c u l a t i n g  a t  

ambient temperatixe. A f t e r  2 1/2 h r ,  0.1% of t h e  i o d i n e  was s t i l l  c i r c u -  

l a  t i ng ;  t'n7.s was probably a l l  o rgan ic  iod ides .  I n  the  second experiment 

t h e  i o d i n e  was r e l e a s e d  i n s i d e  a g r a p h i t e  f u e l  box, and t'ne primary 
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Table 6.3. Chemical St,ates of Todine Found upon Release 
from Uranium o r  UO;! i n t o  Steam (From Ref. 18) 

Iod ine  Chemical Stat,e and F r a c t i o n  Founda' 

Me-ial l ic  uranium 12.0 83.2 I-. 8 1. i, 1.6 
U 0 2  t o  H20 76.6 10.5 0.5 2.3 1.0.1 
U 0 2  to I i 2 0  + H;! 11, 0 61.. 9 9 . 1  2.0 16.0 

UO2 -'io oi-dinsry distilled 20.6 44.2 1.9 8.4 24.  6 

U02 t o  o r d i n a q  d i s t i l l e d  50.6 30.3 0.7 5 . 8  12.6 
H2O w i t h  no car r i . e r  gas 

H20 wfth  carr i .er  gas 
-~ ~- 

a F r a c t i o n  A i s  i o d i n e  remaining i n  aqueous phase a f t e r  
(1) e x t r a c t i n g  1" wi-tli C C l C L ,  convert ing t o  12, and e x t r a c t -  
i n 3  wi th  C C l 4  and (2) reducing lo3-  and 104- t o  12 and ex- 
t r a c t i n g  wi th  CCl,,. F r a c t i o n  B i s  i o d i n e  e x t r a c t e d  from 
o r i g i n a l  solu'cioii by CC14 but not  back-extracted by aqueous 
N 3 2 S 2 O 3 .  T h i s  was i d e n t i f i e d  as CB3T. 

Table 6.4, Q u a n t i t i e s  of Oyganic Iod ides  Found upon Release 
of Iod ine  from 1rradi.ated Fuels  i.nto Superheated Steam 

(From Ref. 19) 

I r r a d i a t i o n  Fuel uo 2 Iod ine  Released Iodine Released as 
(Mwd/MT) Cladding Melt ing from Fue l  ($) Organic Iod ides  ($) 

c. 5 
0. 5 
1.0 
2.0 
5.0 
1.0 
2.0 
7.0 

-1.00 
1.012 
100 
I. 00 
100 

looa 

Zii-caloy 
Zi. r ca lo  y 
Zircaboy 
Z i r  c a lo  y 
Z i r ca loy  
Zircaloy 
Z i  r c a l o  y 
Zircaloy 
Zi rca loy  
Z i. r cal oy 
Zi rca loy  
Zi r c a l o y  
Sbainl-es s 

s t e e l  
S t a  i. n l e  s s 
s-teel  

No 
No 
NO 
No 
No 
Some 
S oiiie 
Some 
Some 
Some 
Some 
No 
Some 

Some 

6.2 
6.8 
2.4 
2.4 
2.9 
13.7 
15.4 
40.0 
28 
35 
34 
9 
27 

60 

0.02 
0.02 
0.01 
0.02 
0.01 
0.1 
0.003 
0.03 
0.04 
0.5 
3 
2 
0.08 

0.2 

2 Melting i n  ai.r atmosphere; s t e m  added t o  o f f -gas .  



Table 6.5. Results of Experiments on Release of Trace 
I o d i n e  i n t o  Steam a t  '700°C ( F r o m  Ref. 19) 

Experiment 1 Experiment 2 Experiment 3 

Form of  i o d i n e  introduced 1% CH3 I 

Zircaloy- and UOz p r e s e n t  Ye S 

i n  system 
I o d i n e  r e l e a s e d ,  $ 49.4 90.3 '70.6 

D i s p o s i t i o n  of r e l e a s e d  
i o d i n e ,  $ 

I n  h o t  water u+. 5 80.6 66.9 

I n  co ld  water,  i nc lud -  3.2 8.85 2.45 

Fi.ne p a r t i c u l a t e s  0.06 0.15 0.03 
i n g  dernister water 

Organic i o d i d e s  1 .7  0.35 0.9 

Table 6.6. Yields of CH31 from Fuel  Samples I r r a d i a t e d  t o  
Approximately lo1' Neutrons/cm2 i n  Experiments of 

Ttiketani and Ikawa (From Ref. 2 0 )  

Maxiinum Run G a s  Flow CH3I i n  Released 
No * (cc/rnin ) Iod ine  ($) Fuel Temperatun% C a r r i e r  Gas 

( " C )  

1 uo2 1400 Argon 40 0.2  

2 Uranium 1400 Argon 40 

3 Uranium 800 co 2 LOO 0 . 2  

4 Uranium 1400 Argon 60 
5 TJOz 1400 Argon 60 

6 u02 800 lO$ CHG 50 
90% argon 

0.2 

2 
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T a b l e  6.7. R e s u l t s  of Experiments i n  Which Megaw and May Released 
1321 into DIDO and PLUTO Containment S t r u c t u r e s  (From R e f .  1) 

--_ - _I_ - 
T h e o r e t i c a l  CH3U Found 

Experiment Jodine A c t i v i t y  ( f r a c t i o n  of t h e o r e t i  cal ) 
_l_l__--_ 

React o r  Designation Concentratioti  (dpm/m3 ) 
(Pe;b3  1 Maximum Fi n a l  

-. 

PLUTO 0.009 

0.0025 

0.0027 

DL rx? 1 1.0 8,2 x 106 

2 0.14 9.8 x l o 6  
3 1.0 9 . 8  x 106 
A 0.013 8 . 9  x l o 6  0.009 

R 0.14 7.2 x 1 0 6  0,0056 

C 1 4 . 1  9. r/ x l o 6  0.0030 

n 1 4 . 1  6.7 X l o 6  
E 1.0 8.5 x lo5 
F 1. L 1.5 x 107 
G 1-4 1,2 x io7 

c i . r c u i t  contained a i r  a t  130°C. 
vcr-Led t o  organic  form. 

Approximately '7s of t h e  iodi.ne was con- 

Stinchcombe and Goldsmith have r epor t ed  on two experiments c a r r i e d  

ou t  i n  DID3. 2 3  

c e n t r a t i o n  of charcoal-seeking i o d i n e  during: t h e  experiment from 0.2$ o f  

t h e  r e l e a s e  a t  t h e  s t a r t  t o  about 0.05% a f t e r  4 hr. 

tainment v e s s e l  was taken through a steam condenser, The resuSts showed 

tha'i 1 . 5  t o  3$ of t h e  elemental  (copper-seeking)  iodine, 30 t o  50% of t h e  

i o d i n e  compov_ruk t rapped by cha rcoa l  paper,  and 80 -'io 100% of t h e  com- 

pounds t rapped by granul.a,r charcoal  passed throu-gh t h e  steam condensey. 

P a r k e r ' s  group a t  the Oak Ridge National 

Laboratory has r epor t ed  mi 20 experiments conducted i n  iAe containment 

rnockup t h e  CMF, which has a 0.2-m3 s t a i n l e s s  s t e e l  con ta in -  

ment v e s s e l .  The results are grven i n  'Pa-bles 6.11, 6. J-2, and 6.13. Ex- 

cep-t f o r  four  runs i n  whi.ch 0.1-s mixed organic  vapor's was added t o  t h e  

containment atmosphere, t he  m o u n t s  of "penetrat ing ' '  iodine r epor t ed  do 

iiot; exceed 1.3%. This i s  based on i o d t n e  found; no attempt, w a s  made t o  

assay t h e  iodine souixes  and account f o r  a l l  t h e  i.odine. 

The i r  r e s u l t s ,  given i n  Table 6.10, show 3. dec reas ing  con- 

A stream from t h e  con- 

C3!E1 and CliT Expsriments. 



Tsble 6.8. CH3I Yields i n  Experimental  Iod ine  Releases t o  Zeni th  Reactor Containment Bui lding (From R e f .  21) 

Experiment a S i n a l  Concentrat  ion Ratio CH31 Yield t o  Total Obs enred MaxiTm Concentrat  ion 

:it SP-1 
NG * C a l c ~ l a t ~ d  ~ z x i x w ,  on Charcoal Grains Avai lab le  Iodine (Calculated ) 

At sp-2 A t  SP-3 Concentrs t ion 

co 
1 3 . ~ ;  x 13-7 1.4 x 10-8 1.5 x 10-8  2.5 x 1c-9 2 x 19-10 5.3 x W 

2 7.3 x 10-7 4 x 13-7 2.2 x 19-10 2.3 x 10-4 
... 7.7 x 10-7 3 x 10-7 3 x 2 x 10-9 Below a n a l y t i c a l  7 

l i m i t  

7.2 x 10-7 7 x 10-8 4.5 N i G - 8  
6 SP-l = p o i n t  tn r e a c t o r  p i t  

SP-2 = poin t  i n  v e n t i l a t i o n  duct  upstrean of f i l t e r  
SP-3 = poin t  i n  v e n t i l a t i o n  2uct  downstream of  f i l t e r  



Table 6.9. Results of Experimental Releases  of  Iod ine  i n t o  Room 
Coated wit3 Cnlor ins ted  Rubber-Based Pa in t  (From Ref. 22)  

Concentrat ion of Maxirrm Total Iodine  CH3I Yield 
Envi rome  l i t  a; C ondi  ti or:sa Iodine  Released Obselljed Ex pe  r h e  n.t 

mg/n3 Percent  o f  l od ice  
03 
c- 

X O  " 
(mg/n3 ) (in&& ) 

I $5$ r e l a t i v e  humidity 113 83 3.024 0.321 

2 85s r e l a t i v e  h .midi ty  237 200 9.657 0.322, 
3 100$ r e l a t i v e  hmid ixy ,  l00 13 0 e. 02 0. 0 i  

heavy condensat ion 

a ~ l  temperatures  approximately 2 0 " ~ .  



Table 6.10. Resu l t s  of DIIX) Experiments (From R e f .  2 3 )  

Iod ine  on Charcoal 
( f r a c t i o n  of t h e o r e t i c a l )  I o d i n e  Concentrat ion (g/m3 ) 

R.im 
Theore t i ca l '  Maximmi Observed Maximum Fi rial 

0.12 0.023 0.0021 0.00056 

0.12 0.05 0.0028 0.00083 

A 

B 

Table 6.11. R e s i l t s  o f  Experimental  Releases of I o d i n e  i n t o  A i r  
Atmospheres i n  t h e  ConCaiment Mockup F a c i l i t y  (&om R e f .  2 4 )  

Experimental  cond i t ions :  

Run A. I o d i n e  r e l e a s e d  from t r a c e - i r r a d i a t e d  s t a i n l e s s -  
s t e c l - c l a d  U O ~  con ta in ing  -1 pg I (5 pg/m3 i n  
v e s s e l )  
Same as run  A, except  t h a t  f i l t e r e d  a i r  w a s  used 
GO2 i r r a d i a t e d  t o  a burnup of 7000 MWd/MT 1.J; 
20 g U, -SLKJ ILL(< I (-3 mg/1n3 in vessel)  

Run B. 
Run C. 

R u n  D. Vaporized i o d i n e  t r a c e r  used; -200 lp,g I 
Run E. Vaporized i o d i n e  t r a c e r  used; -350 ~ t g  I 

R u n  P. Rim E Run C R u i  I) Rum E 

T o t a l  i o d i n e  release, $ 8L 64 91 92 100 

I n  ho t  zone 6.3 11 0.4 0. L+ 0 
I n  a e r o s o l  tar& 4 7 2L 25 34 86 
Airborne a f t e r  3 h r  31 30 62 57 17 

Amount of i o d i n e  i n  3. 7 0. 4 0 .3  0 . 5  0.3 

Iodlne  l o s s  through 1 . 5  1.3 0 .1  0.01 0.03 0.003 

a 

I o d i n e  found,'3 $ 

"pcne t r a t ing"  form, $ 

in. of  cha rcoa l ,  $ 
2, As percentage of inventory.  



Table 6.12. R e s u l t s  of I.xiine 3epos i  t i o n  and & s o r p t i o n  Experiments i n  Containment Mockup F a c i l ' t y  (From Ref. 21,) 

Atmosphere 

Ai r Steam-Air Steam-Air and Organlcs  

Run h - l l a  Nm 6-25 Run 8-4' RVTI 7-16 Run 10-7e ALXI 10-28l R u n  9-10e 

I o d i n e  he ld  i n  containment  t a n k , @  $ 
Retained on tank w a l l s  

C o l l e c t e d  i n  steam condensa te  

Tots1 r e t e n t i o n  

I o d i n e  removed from tank,'  $ 
By p r e s s u r e  r e l e a s e  

By argon d isp lacement  

By a i r  sweep 

T o t a l  removeti, a i r b o r n e  

I o d i n e  removed ar: t e s t  samples,g $ 
D i s t r i b u t i o n  of a i r b o r n e  i o d i n e  from t a n k ,  $ 

Retained on f i l t e r s  

Reta ined  on s i l v e r - p l a t e d  s c r e e n s  

Reta ined  on c h a r c o a l  papers  

l i e ta inec  ;n c h a r c o a l  c a r t r i d g e s  

P e n e t r a t i o n  l o s s  through 3/4 i n .  of  charcoal , '  $ 
P e n e t r a t i n g  

79.6 

79.6 

3. 3 

7. 4 

2.9 

13.3 

6.1 

L. In 

5 . 3  

3. L 

0.3 

3. '31 

0.3 

60.8 

31.9 

95.7 

1.1 

1.2 

0.3 

2.6 

1. 'i 

0 .5  

3.8 

0. L, 

0.6 

3. Qa 
0.5 

36.2 

56.0 

92.2 

2.4 

2.4 

1 . 7  

6.5 

1.4 

1.5 

2.3 

3. r, 

2.0 

0.3 

1.2 

19.3 23.9 

52. 9 4;. 3 

-72.2 68. 2 

12.9 8.5 

13.3 15.9 

e. 5 2.6 

26.7 27. 0 

0, a 2.2 

0.1 0.3 

6.4 8.5 

2.0 15.8 

16. 4 2.3 

3.8 0.17 

1.6 2.5 

24. 4 

58. 2 

82. 6 

6.2 

7.2 

1.2 

Id. 6 

1.9 

0.03 

2.6 

1.7 

9.1 

0.8 

'7 

18.3 

43.5 

61.6 

14.6 

15.7 

1.8 

32.1 

0.9 
a3 
Cn 

0.01 

9.1 

16.3 

6.6 

0.5 

21i 

R . I o d i n e  was re leaser?  t o  t h e  containment  s h e l l  f i l l e d  w i t h  f i l t e r e 6  a i r  on ly  a t  30 p s i a ;  conta;nment t ime a t  f u l l  p r e s s u r e ,  4 h r .  

b Iodine  r e l e a s e c  i n t o  s t e m  (2,)  p s i a )  and ai:- (2 '2  p s l a )  mixture  under  c o n d i t l o n s  p r o v i d i n g  a Large a rount  of condensate;  

' Iodine r e l e a s e d  i n t o  s team ( 4 i  p s i a )  and air (-21 psia) mixture  and he ld  Ln containment  !;hell 18 h r .  

'An uniietemLrieO amom: of  o r r a n i c  m a t e r i a l ,  ;$rr.cone, and so l i r :  C O 2  :+as i n u a v e r t e n t l y  Lncluiieri i r :  t h e  i o d i n e  tracer 

'In runs  q-i:l (ntrzi, 

containment  t i m e  a t  full p r e s s u r e ,  4 i i r .  

p r e p a r a t i o n s ;  r e l e a s e  w a i  i n t o  - t , ex  (-21) :xis) . ~ n r l  a i r  (-23 ?sic); helC i n  cor,tainment she11 :, h r .  

con-,ainment time, 1C> h r ) ,  c!.,' of  m:xei hydrocarbon. sreparec: hyc'rol)-'- al '?,ed. 

q u a r t z  axgul t o  i t s  rne;ting or s o f t e n i n c  p o i n t ;  r e l e a s e  i n t o  s team (-22 p s i a )  ani? a i r  (-22 p i a ) ;  9 hr containment  t ime.  

? p ; i s ;  : A i r ,  -22 ; x i5 ;  cont . i inmcnt  time, : hr.) -22 psia;  2ir, -22 p s i a ;  IC h r ) ,  

run 13-21?, LO'Q~ was m e l t e c  above t h e  i o d i n e  t r a c e r  which, i n  Turn, was re leasec ,  when t h e  mol ten  UO2 mixture h e a t e d  a 

'AS >e;-ccntage 0:' t n t a l  i ni'en-ca-y. 

o rcani i .  membrane " i l t e r  pro-!iatly r e a c t e d  w i t h  ani: r e t a i n e r :  some molec!ll?r i odine i r .  ZI t i o r i  t o  p a r t i c u l a t e  iod:ne. 
1 .- teased on i o d i n e  re ta - ined  o:i cha;coal hecs only ;  6.5% was p e n e t r a t i n g  i o d i n e .  



Table 6.13. I c ~ d i n e  Eehe:rlor in the ContaLiment Mscirup F a c i l i t y  (From Refs. 27-30) 

1odir.e Released &on 
~~ ~~ ~ ~~~ 

Zircalsy-Clad Simulated F$el Zircaloy-Clad Ki&-Bwriip T B ?  

p.iL7 2-24 PAY 3-23 R m  l.33 3un 100? q.- b 
.-I. i S - 2 9  Fa A - 1 1  Run 3-5 R u r  12-0 

H2C-Xr  Steam-air A i r  h r n a c e  atmosphere Air Air Air 
Cuntaiment tark atmosphere Air Ikcsn-air  Xcam-air S t e m - a i r  Stean-air  S t e m - a i r  Steam-air Steam-air 

Iodine reieased,'! $ 32.0 -iX 80. a' 92.3 103 90.8 

Iodine lieid in ccntairmcnt tb&, 5 
R-tained on to& walis 25.2 33.7 13.2 F . i  38 .9  ?1 19.8 20. j 
RctniRed o n  ilepocition coupon; 6. i 1. L+ 7.2 23.7 
Collected i n  s tean  csndensate 56 .  3 50.9 71.6 45.1 65 57.6 10' 2 

Total retefi t ion 25 .2  89. e 6 3 . 2  81. i 84.0 99 81.6 6 3 . 2  

-, , 

Iodine removed from thn;c,' 
By pressure release 1.7 2.3 1.1 8.  id 2.9 '7. 7 

4 .8  11.5 
1 .2  2.6 

?ota i  remmed, airh:r:ie 6 5 . 2  7.9 t. 3 9 . 5' 16.3 i. 2 5.4 21.6 

Retained on high-ef?lciei?cy f i i , t e r s  5.9 0.05 0.1 0.2 5.4 2.1 
Ze ta ine l  cn cL lvc r -p l a td  cicrecns 52.6 4.6 1.6  6. 0 5.6 5 . 3  
Retai ne:, cn (,hercoal papers i. 1 2.1 0. 7 0.2 
Heta:ned i n  ::karma; beas 4 . 5  3. 9 2.2 3.3 2.2 11.7 

By argon displacai;er:t 65.2 4.4 3.1 6 . 3  '7. 9 
By a i r  sweep 1.8 2.9 2.6 :L. 2 

Cis t r ibu t ioc  of airborne i o d i n ?  froc. tank,' *: 

h.oiint of i o d i n e  i n  "prne,trating" fmm, i: 0.3 1.3 0.7 0. P 0.6 0.6 
houn t  t h a t  peiietratr:i 3 j 4  in .  o f  charcoal, $ 0. L5 0.02 3. ,32 c. 02 
h a u n t  t h a t  penetrated 1 $2 in. of charcoal,  5 0.21 E'. 032 

" / ~ p p r s z i m t t i ; i  153:2 YJ&T bi;miip. 
b 

I n c l u d e z  ~ i n o ~ l t  removed hy sam,giing. I: 
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i n  view of t h e  experience of workers who have attempted t o  o b t a i n  

iodi-ne balances and have found t h a t  apprec i ab ly  l e s s  t han  100% of t h e  

i o d i n e  introduced can be accounted for, t h e  methyl i o d i d e  y i e l d s  i n  t h e s e  

experiments are probably b i a sed  on t h e  high s i d e .  Also .the May-pack t e c h -  

ili.qucs used have evolved wi th  t i m e  i n  such a way tha.L t h e  f r a c t i o n  r e p o i t e d  

as r’penetrat ing” or ”organic“ iod ine  would tend Lo be h ighe r  i n  t h e  e a r l i e r  

runs t h a n  i n  t h e  r e c e n t  ones. 

P a r k e r ’ s  group a l s o  completed t e n  experi-ments i n  t he  Containment R e -  

(‘The CRJ  has a 3.8-m3 containment vessel. w i th  s e a r  ch I n s  t al.l.at i on. 

i n t e rchangeab le  l i n e r s ;  a s t a i n l e s s  s t e e l  l.iner was used f o r  the expe r i -  

ments discussed here .  ) 
‘The experimental  results are summarized i n  ‘Fable 6.1.4- 

29-31 

The maximum methyl i od ide  y i e l d  r epor t ed  w a s  0.3%. 

Parkey and h i s  a s s o c i a t e s  have a l s o  r epor t ed  on a s e r i e s  of e x p e r i -  

ments i n  which ve ry  low concen t r a t ions  o f  i o d i n e  or methyl iodi.de were re- 

l eased  i n t o  t h e  CRI containment v e s s e l  w i ’ c i i  an h e r c o a t - 6 6  l i n e r  i n -  

s ta l led ,32- ’4  Tine atmosphere was an  unsaturated mixtiire of a i r  and steam. 

I n  ihe first experiment i n  the series,  approximately 1. ug of c a r r i e r - f r e e  
I3’I 

2 
S n i t i a l l y ,  approximately 20s of t h e  iod ine  i~nventolry w a s  found as organic  

i o d i d e s ;  however, during the 20-hr hold time t h e  amount decreased t o  2% 

of t h e  iod ine  inventory.  I n  t h e  second experiment a n  e s t ima ted  2 pg of  

I3l1 as CH 13’1 was introduced i n t o  t h e  v e s s e l .  

-bratLon decreased t o  about ll.$ o f  i t s  i - n i t i a l  value.  

w a s  vaporized i n t o  the  vessel .  by ox id iz ing  NaJ-3’-I  w i th  K2Cr207.  

Over 22 h r ,  t h e  concen- 
3 

I n  t h e  t h i r d  experiment, 50 ug oi I, was r e l e a s e d  i n t o  t h e  contai-n- 
L 

ment v e s s e l  t o  g ive  t h e  I concen t r a t ion  a n t i c i p a t e d  f o r  ’che L O E T  e x p e r i -  

ment. The r e s u l t s  i n d i c a t e d  that t h e  5 t o  15% of t h e  iod ine  i n i t i a l l y  

preseni; 2s organic  iod ides  decreased t o  0.5 t o  1.3s a f t e r  20 h r  ( t h e  

v a r i a t i o n  r e p e s e n t s  the spread between t h e  var ious sampi.ing methods 

used) .  Parker  arid h i s  cc-workers have pointed out t h a t  t he  concen t r a t ion  

of p a i n t  s o l v e n t s  i n  t h e  v e s s e l  atmosphere pi’oduced as the result of re- 

pea ted ly  stemiing t h e  v e s s e l  decreasec wi th  t ime;33 it was a f a c t o r  of 50 

lower i n  the t h i r d  experiment than i n  t h e  f i r s t .  I n  a l l  of t h e s e  expe r i -  

ments, over 90% of t h e  i o d i n e  w a s  found on t h e  p a i n t  a t  t h e  end of t h e  

experiment. 

2 
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The r e s u l t s  of t h e s e  experiments d i f f e r  n o t i c e a b l y  from t h e  r e s u l t s  

of experiments a t  comparable concen t r a t ion  l e v e l s  done i n  the aerosol- de- 

velopment f a c j l i t y  (ADF).  I n  

t h e  Al)F experiments,  t h e  charcoal-seeking i o d i n e  f r a c t i o n  exceeded I.$ i.n 

on1.y one of seven i r r a d . i a t e d  uranium (very low iod ine  c o n c e n t r a t i o n )  ex- 

pei- iments. There was i n d i c a t i o n  o f  f a i r l y  fas t  i o d i n e  removal du r ing  i;he 

first 60 min i n  -the ADP experiments, b u t  l a t e r  t h e  I w a s  removed slowly. 

The final iodi.ne d i s t r i b u t i o n  was s i g n i f i c a n t l y  d i f f e r e n t  i n  CRI t es t s  

fsrom that, i n  ADF t e s t s .  I n  t h e  ADF experiments 60% of the i o d i n e  was 

found i n  t h e  condensate and 40% w a s  c a l c u l a t e d  t o  be on the s u f a c e s ,  

while  i n  t h e  CRI experiments over 90% was cal..cii.ated t o  be on t h e  r ,urfaces 

and on1.y 3 t o  L$ i.n t h e  condensate. 

(See l a t e r  s e c t i o n  on "CSE Experi-ments. " )  

2 

Differences ii1 experimental  techniques may account f o r  t h e s e  d i f f e r -  

ences i n  observed i o d i n e  behavtor .  The ADF experiments were conducted 

wi th  sa t i . r a t ed  a i r - s t e m  mixtures ,  and t h e  atmosphere 's  temperature  was 

c o n t x o l l e d  by adding steam as t h e  experilllent continued. I n  t h e  C R I ,  

h e a t e r s  installed around the  t ank  w a l l  were used t o  coiitl-01 temperature,  

and t h e  experi-ments were done wi th  unsa tu ra t ed  a i r - s t e a m  -mixtu.res i n  t h e  

v e s s e l .  It seems l i k e l y  t h a t  t h e  C R I  technique r e s u l t e d  i n  some dry  

psi-nted s u r f a c e s  being p resen t .  Condensation ra . tes  were very  much lower 

jn t h e  C R I  experiments t h a n  i n  t h e  ADF exper?.meits, 

NS?P Experiments. "he nuc lea r  s a f e t y  p i l o t  p l a n t  group has r epor t ed  

16 experiments i n  which t h e  behavior  of  i od ine  i n  t h e  contarininent v e s s e l  

w a s  followed. 35-4-1  

v e s s e l .  ) 

I n  some of t h e  experiments as much as 10% of t h e  or iginal .  i o d i n e  inven to ry  

was Zound t o  be p resen t  a t  some p o i n t  j.n t h e  agring process;  t h e  maxFmurn at, 

t h e  end of a n  experiment was lgr?$. 

found i n  e a r l y  runs when t h e  May-pack assembly fop t he  NSPP was s t i l l  under 

deve?.opment; prj.oi- t o  run 12 t h e  assembly w a s  nade so  t h a t  it was p o s s i b l e  

TOY p a r i  of t h e  sample gas to bypass the s i l v e r - p l a t e d  sc reens  and Cor t h e  

T- i n  t h e  gas  t o  be c o l l e c t e d  on charcoal  beds. It i s  questiionable whether 

methyl i o d i d e  would r e a l l y  be forrned and destroyed as r a p i d l y  as i n d i c a t e d .  

(The NSPP has a. 38.3-m3 s t a i n l e s s  s t ee l  containment 

The experimental  r e s u l t s  a r e  presented i n  Tables 6.3.5 and 6.16. 

Most of Lhe ve ry  high va lues  were 

i 



Table 6.15. Summary of Iodine  Eehavior in the  Nuclear Safety P i l o t  Plant (From Refs. 35-41) 

Tod?rie 0r:ly 
Iodiue Released f rou  Io t ine  Reie.?.sed f r c m  
Trace-Irradiated 102 Iiigh-Bmup IE2 l o z i n e  Xrie2sed frcm S inda te2  LO2 Furl  

Re 1 . c ~  a i  3y LowTrmperat w c  
>!el tin.: feiehse pp 

R u n  9 R u i  14 R u n  15 R u n  4 Ru. 5 Run 6 RU'1 ? R u n  7 R'UI 13 i i ~ n  11 nun 12 HU Y 

Claddicg material  

Atnospherr 
I n i t i a l  temperat-me, "C 
Mass of iodine, n;g 
Distribution 3f iodine, B of 
inventory 

I n  fue l  residue 
i n  furnace 
I n  containment vessel, $ of 

i r,ventoIy 
I n  condensate 
O n  f i l t e r s  
On walls 
Airborne i n  purpe gas 

Total < n  vessel  
kxin;m. methyl iodice 

sbserved, of ioriice i n  
sample 

Time a f t e r  release, min 
Methyl iodide presect a t  end 

Total aging period, min 
of sg ing  period, $ 

Pyrex 

A: I 
Xoon 
100 

2E. 2 

29.5. 

50. i 
9.1 

23. Yb 

588 
0.91 

1440 

Fyrex 

A i r  
3oom 
1 eo 

5 .5  

21. 5b 
19.9 
LC. 4 
1c. 2 

1440 
1.7 

2863 

?yrex 

A: r 

100 
noon 

28.5 

3.9 
23 ? 

32.7 
6.3 

2.. ib 

23 
3..:5 

2519 

Sta in less  S ta in less  Stainless 

k r  A i r  Air-stem 
Roan R O W  108 
133 1000 5 1  

s t e e l  s t e e l  s t e e l  

0.4 7 i  
12.3 16.5 2.2 

3.7 
0.04 
22 -4 L3 . L. 49. g . _  

15.6O 8.6  , 6.31 
66.3 58.5 54 
17.28 6.3 0.27 

Sts in less  Sthi?L1ess S ta in less  Stainizss Zircaloy Zircaloy 

Air-ate%: Air-steam Air-stFm Air-steam Air-s tem Air-steam 
136 1', LID 12s 106 l i l 5  

s t e e i  s t e e l  s t e e l  s t e e l  

?6 Trace Trace 28 26 

L.  1 26 54 37.3 52.7 2:. 6 
12 65 5 .7  24.6 21.7 i s .  9 

25.5 8.4 I?. 67 7. 6s 3.40  25.5 
15.5 5.2 6.9- s. 12 0.2E 
16.9 0.2  0.56 is. 5 1.21 A. e 
C .  84 9.08 0.11 0.4 0. 07 0.0026 
84 E.9 1.36 33.4 1.93 27.6.  

I ^  

' ? . 4  OC 0 . u  3.0 3 . 9 r O  

Id0 
3.22 0 

- In  spray water. 
'Estimated. 
'Cleaniip of containment atmosphere wit'? I'iittrs and cnarcoal adsorbers was s ta r ted  a t  2 hr. 

dHghest value i n  :>riy ErL~y-pnci snirple; some ;mpler. taken a t  the  same t i n e  had only one-tenth as much. 
eUpper 1;ni;t value based on ail i o d i n e  purged being i n  organic form. 
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T'abLe 6.16. Summary of Iodine Behavior i n  Nuclear Sa fe ty  T i l o t  P lan t  Runs Involving 
Release of Elemental Iodine i n t o  a Dry-Air Atmosphere (From Ref. 41) 

Run 16 Run 1'7 Run 18 R u n  19 

Mass of  iod ine ,  mg 400 100 400 400 

Dis t r ibu t ion  of iod ine ,  $ of inventory  

I n  breaker t ee  5 2 . 1  71. 0 30. 8 33.8 

On MCV w a l l s a  47 .9  2'7.8 66.1 65.3 

I n  purge pas 0 .01  1 . 0  3. 1- 0.9 
To ta l  i n  v e s s e l  58.2 28.8 69.2 56. 2 

Maximum methyl iod ide  obseived, $ of inventory 0.24 0.3 0.77 1 .98  
Time a f t e r  r e l ease ,  m i r i  900 (b ) 960 720 

Methyl iod ide  present  a t  end of experiment, $ 3.098 0 .27  0.68 0.71 
To ta l  aging period, n i n  2760 2760 4200 1440 
~ - 1 _ -  -_.- I_ 

aDetennitira upon decontar.i.nation. 

'Concentration cons tan t  throughout run. 

.._.. CSE Experiments. The s t a f f  of  t h e  containment s y s t e m  experiment 

(CSE)  has  r epor t ed  on tihe r e s u l t s  of 2 1  experiments conducted i n  t h e  ae ro -  

sol development faci.lj .ty ( A D F ) . 4 2  (The ADF i s  an  a u x i l i a r y  f a c i l i t y  s e t  

up on t h e  CSE s i t e  f o r  develo2ment of simulation and sampling techniques.  ) 
Trdr: t anks  were used i n  t h e  experiments:  

vh ich  was z 1. 5-m3 carbon s t e e l  p re s su re  v e s s e l  pain-teE with Phenol-ine 

300, 

s t a i n l e s s  s Lee1 pressure  v e s s e l .  The experiments were done a t  a teiiipera- 

tili-e of 8O0C, and t h e  vesse1.s were imin ta ined  n e a r l y  isothermal.  by cont inu-  

ously feeding  steam. The t o t a l  p re s su re  vas 0.9 t o  1 a t m  abs. The experi- 

mental. r e s u l t s ,  g iven i n  Table 6.3.7, show t h a t  t h e  methyl i-odide y i e l d s  

ranged froin 0.006 t o  I$ of  thc sample iod ine  inventory .  

t h e  pa in t ed  a e r o s o l  tank (PAT), 

* 
and t h e  s t a i n l e s s  s t e e l  a e r o s o l  tank (SAY), which was a 0.9-m' 

Also t h e  r e s u l t s  o f  two natural .  e f f e c t s  experiments i n  the C,SE dryxel.l. 

stid t h r e e  i n  t h e  maitn CSE v e s s e l  have been repo:c-ted,43-k7 

a volume of 65 rn3 and i s  pa in ted  wi.th Phenol ine 302. 

i n c l u d i n g  the drywell ,  has a volume of 596 in3 and i s  a l s o  pa in t ed  w i t h  

The drywel l  has 

The main CSE vessel., 

-_.__- 
Y 

Carboli  nc Company, St. Loui s ,  Missouri .  
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Table 6.17. Sumtmry of Results from ADF Experiments (From Re?. 4 2 )  

Ini.ti.al Cas-Phase CH31 as F r a c t i o n  of I n i t i a l  
Gas-F'hase Concentrat ion Rtlnl Vessel Iod ine  Concentrat ion 

(mg/n13 
~ ~~ ~~ _ _ ~ ~  

SA-21 TAT 7 x 450 
SA- 23 PAT 3 x 10-4 520 
L4-26 PAT 2.5 x 10-3 0.045 
SA-28 PAT 1 x lo-' 0.33 
I A - 3 2  PAT 4.5 x 10-3 0.18 
IA-33 PAT 5 x 10-3 0.16 

1A-40 ?AT 9 x 1.0-3 0. 2.3 
I B - 4 1  PAT 7 x 1 0 - 3  0.27 
IB-42 PAT 1 x 10-3 0.2'7 
SA-43 PAT 2.5 x 10-4 450 
S A 4 4  SAT 6 .4  x 10-5 53 0 
s 13- 4 R SAT 3.5  x 10-4 540 
SB- 50 SAT 3.5  x 1 0 - 4  5.30 
SR-53 SAT 2 x 10-4  1000 
SB-GO SAT 2 x 730 
S R - G I  SAT 2 x 1.5 00 
SB-63 
su-6.3 SAT 1.8 x 10''' 1.070 

IA-39 PAT 3 .5  x 1-03 0.30 

SAT 2 x 1.0-4 1 x 105 

s B- 74. SAT 1.08 x 51,000 
513-78 SAT 5 x 10-4 9130 

PhiiriolZnc. 302. The exgerirncntal. results arc given i n  Table 6. It);. The 

reported methyl iorli.de concentri%.t;j.cn war; 1.p~ i n  a11 t h e s e  experiments,  

with {;he rnaxi.mim being 0.3s  i n  run A-5.  

d e l i b e r a t e l y  i.n,jrjctecl i-n run A-5, and the f i n a l  concen t r a t ion  was 28% of 

th;xt  cxpr2ctec-l as a re.c,uI.t, of t h e  i n J e c t i o n .  

It should be r1oti::i-l that CH31 rjas 

I n - P i l c  Experiments. Aging of the aerosol. generated in an f n - p i l e  

f u e l  meltdown faci.?. i ty has been s t u d i e d  a t  t h e  Oak, Ridge JJ;3-tiopa]. Lcl.b(3ra,- 

tory. 4 8 9 4 3  

"he experimental resiJ_t;s are given i n  Table 6.19. Two of t'cle ~_'IYIS were 

dcne  w i t h  s t e m - a i r .  atmospheres, and i n  both t h e  C 

I n  one run done i n  a n  a i r  atmosphere a t  ambient temperatixe the  y i e l d  ~,/a,s 

1.2$, but  i n  t h e  second , done at 103"C, t h e  methyl i o d i d e  concen t r a t ion  

had attained 14% of the fuel.  i nven to ry  a t  the end of the q<j . f ig  perioci and 

The ctging ehmber  i.s s t a t n l e s s  s t e e l  and has  a vol.une of 0.2  m3. 

I y i e l d  w&s 0.85$. % 
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Table 6.13. Resu l t s  of ORNL I n - P i l e  Fuel  Meltdown Experiments 
(From fief:;. 48, 4 9 )  

Run 1 R u n  2 Run 3 R i m  4 

Burnup of U 0 2  Trace Trace 16,000 MWd/lviT Trace  

Atmosphere A i r  A i r  Air-s team A i r  - s teem- 

I o d i n e  in sample, mg 0.62 8. 1. 
l o d i n e  i n  containment vessel, 31.0 71.3 50  
$ OT I in sample 

period, 5 of 1 r e l e a s e d  t o  
containment v e s s e l  

C H 3 I  observed a t  end of aging 4.0 20 1. 7 

50 

1.7 

CH3Z as $ of 1 i n  sample 1 . 2  14.3 0.85 0.85 

was increasing wi th  a doubl ing time of about 3. 5 hr. T race - i r r a t l i a t ed  

TTO b7as used f o r  t h e  air -atmosphere experiments.  
2 

Discussions w i t h  t h e  o p e r a t o r s  of the  i n - p i l e  experiment i n d i c a t e d  

tha t  i r r a d i a t i o n  of t h e  fue l  resulted i n  3 X 10” f iss ions.50 
of 0.1 atom of i o d i n e  per  f i s s i o n  (12’1, I2’I, I3lI, and 1331 cc>nibined) 

and ‘70% t r a n s f e r  t o  t h e  containment v e s s e l  are assumed, a concen t r a t ion  of 

If a yi.rild 

x 10-l’ mole I / l i t e r  i n  the containment v e s s e l  i s  otrtained. -4 emcen-  2 
-i;rat;i.ou of 1 ppin CII 

mally found in t h e  atmosphere) is equ iva len t  t o  4.5 x l o m 8  mole CH / l i . ter .  

Thus the  CH :I r a t i o  i s  500, and high conversion t o  CH 1 would be ex- 

],e ct ed ~ 

i n  t h e  a i r  (Stern4 i n d i c a t e s  that ,  thia much i s  nor- 
4 

4 

4 2  3 

An experience a t  t h e  nuclear s a f e t y  p i l o t  plant was e i g n i f i c a n t ,  51 

I n  t h r e e  experiments a t t empt s  were matie t o  i n t r o d u c e  methyl i o d i d e  i n t o  

t h e  con’tainment v e s s e l  through a l i n e  t h a t  contained a s team-jacketed 

s t a h l e s s  s t ee l  pipe tee. Tne steam pres su re  i n  t h e  tee ,jaC!;et was s u f f i -  

c i e n t  t o  prevent  condensat ion fron t h e  air-steam j a c k e t  in the contaim.ent; 

v-esse1 on  t h e  t e e  surfaces. T’ne results obtained when sp rays  were s-tart& 
i n d i c a t e d  t h e  presence of s i g n i f i c a n t  amounts of I and comparison of  

the rcsvLts w i t h  those of l a t e r  experiments made without  t h e  h o t  t ee  fn- 

d iea ted  t h a t  over 90% of the methyl i o d i d e  had been converted to I 

al-though c o n t a c t  w i th  t h e  t ee  should have been momentary. 

2’ 

2 J  



From t h e s e  da.t;a, w e  conclude t h a t  a dry heated s t a i n l e s s  s t e e l  SILT- 

f ace  can a c t  as a c a t a l y s t  f o r  e i t h e r  t h e  formation o r  t h e  des t ruc t i -on  of 

me-thyl. i od ide .  The r e a c t i o n  w i l l  doub t l e s s  depend on t h e  r e l a t i v e  amounts 

of iodine,  o rgan ic  substances,  and methyl i o d i d e  p re sen t .  

Lorenz, Parker,  and Hobson have r epor t ed  on an  experiment i n  which a 

f u e l  rod i r r a d i a t e d  t o  650 MWd/MT i n  t h e  M'X'li was r u p t w e d  by a 556 MW- 

see t r a n s i e n t  i n  TREAT. 5 2 7 5 3  They found t h a t  0.1@ of  t h e  i o d i n e  i n  t h e  

fuel.  was r e l eased ;  6.7$ of t h i s ,  o r  O.Ol$ of t h e  i o d i n e  i n  t h e  fuel-, was 

methyl i od ide .  

CDE Experiments. Workers a t  Idaho Nuclear Corporation have conducted 

s e v e r a l  zxperi-men-ts i n  t h e  Contaminat ion-Decontmina t lon  Experiment, and 

two of  t h e i r  experiments have y i e lded  data s i g n i f i c a n t  t o  t h i s  s tudy.  5 4 ~  5 5  

(The CDE has a s t a i n l e s s  s t e e l  p re s su re  vessel w i t h  a volume of 2.4 m3. ) 
The experimental  r e s u l t s ,  g iven i.n Table 6.20, i n d i c a t e  t h a t  4 t o  5s 

l 'organic" i o d i n e  W E ~ S  presen t  a t  1/2 h r  a f t e r  meltdown and approximately 

1% a f t e r  24 h r .  

r i a l  i s  hypoiodous a c i d  (HOT), r a t h e r  than organic  iod ides .  5 6  

thcy succeeded i n  proving t h a t  R O I  i s  a v o l a t i l e  i o d i n e  compound.57 

The experimenters have suggested t h a t  wuch of  t h i s  ma-be- 

Recent ly  

0 ther Experiments 

Barry has r epor t ed  t h e  r e s u l t s  of an experiment i n  which t h e  cladding 

of a f u e l  element i n  an  i r i -p i le  t e s t  loop w a s  d e l i b e r a t e l y  ruptured by 

reducing t h e  coo lan t  flow. 5 8  A " l a rge  proport ion" o f  t h e  UO w a s  d i s -  

pcrsed i n t o  t h e  loop  coo l ing  water, b u t  only 0.2$ of t h e  i o d i n e  i n  t h c  UO 
2 

2 

Table 6.20. Resu l t s  i n  CDE Experiments 
(From Refs. 5 4 ,  55) 

Run 3 Run 4 

Ioti ine i n  sample, rnp/m3 111 107 

Iod ine  accounted Cor a f t e r  rnlpase,  19 57 

Organic iod ides  p re sen t  a f t e r  1 /2  3 .9  4.8 

$ of  I i n  sarnplc 

hr, mg/m3 

h r ,  rng/in3 
Organic iod ides  p re sen t  a f t e r  24 1 . 0  1 .3  
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became d i s s o l v e d  i n  the water. Some of t h i s  leaked i n t o  a pump room and 

evaporated.  R e s u l t s  of monitor ing the v e n t i l a t i o n  duct fron; t h e  pump rooiii, 

presented i n  T a b l e  6.21, show t h a t  t h e  i o d i n e  t h a t  b e e m e  a i r b o r n e  w a s  

p r i n c i p a l l y  I and v o l a t i l e  i o d i n e  eompounds. The su thor  noted t h a t  a 

6-m-Long sampling l i n e  vas used and some o f  t h e  1 w a s  probably lost, by 

p l a t e o u t ,  s o  t h e  y i e l d  of v o l a t i l e  i o d t n e  eompoimds was probably over- 

e s t ima ted .  It appears that t h e  methyl i o d i d e  y i e l d  could not  ha-ve ex- 

ceeded 0.04$ of t h e  i o d i n e  i n v e n t o r y  of t h e  Yuel and was probably less. 

2 

2 

Bennett, Slusher, a n d  Adams5' conducted t e s t s  i n  which e l emen ta l  

i o d i n e  was introduced i.nto s t a i n l e s s  s t e e l  vessels t h a t  had been pa in t ed  

w i t h  e i t h e r  Amereoat-66 or Phenoline-302. The v e s s e l s  were heated and 

the  c o n c e n t r a t i o n  of o rgan ic  i o d i d e s  was determined by gas ch.romatography. 

ACrnosptieres used welae dry a i r ,  a i r  s a t u r a t e d  wi th  wate~ vapoi-, and air 

p:Lus 0.5% hydrogen. 

e l emen ta l  i o d i n e  concen t r a t ions  (1. t o  23 g/m3 ) were weed. 

amounts of methyl i o d i d e  formed. were 3 X loe4 mg i n  1 . 2  l i t e r s  a t  100"C, 

8 X me a t  15OoC, and 7 X mg a t  250°C. The i n v e s t i g a t o r s  express  

t h e  b e l i e f  t h a t  t h e  methyl i o d i d e  was produced by a sixface r e a c t i o n ;  1.m- 

de r  t h e  condLtions or t h e  experiments,  t h e  pai.nted s u r f a c e  probably was 

dry.  I n  a lo s s -o f -coo lan t  acc iden t ,  it probably woinld b e  covered by a 

T i l m  of  water ,  

I n  o r d e r  t o  produce measurable resu . l t s ,  fa i . r ly  I.arge 

The maxkmm 

Murata, lno-ue, and Kobayashi used a m . a s s  spectrometer  t o  measure the  

me-thy1 iodide con ten t  of  i od ine  samples prepared by va r ious  p r o c d w e s .  6 o  

The l a r g c : ~ L  amount (0.8%) was found i n  I prepared by decomposing PdI 2 
'I'lie l eas t  (<lo-'$) was fo-urzd in I prepared by o x i d i z i n g  NaI wi th  H,O 

2" 

2 2 2' 

Releases  from Beactors. 

A d e l i b e r a t e l y  defected f u e l  rod under t e s t  at the Plutonium Recycle 

T e s t  Reactor  (PRTR) failed i n  suxh a way as t o  c a m e  a pressus-e-tube rup- 

t u r e  and r e l e a s e  of' f i r s i  on prodiucts t o  t h e  coolant  water and contairiment 

b u i l d L r i g .  

Pc:rkins and h i s  co-workers have d i scussed  t h e  f i s s i o n - p r o d u c t  'uehavior, 6 2 ~  6 3  

Table 6.22 summarizes the i o d i n e  behavior .  The organic  i o d i n e  was e s t i -  

mated. by us ing  a May-pack sample taken by t h e  CSE staff  8 1 /2  h:r a f t e r  t h e  

.Freshly and hiit: a s s o c i a t e s  descr ibed t h e  incid.ent,  61 and 
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Table 6.22. Iod-ine and Methyl Iod ide  Found 
i n  t h e  PRTR I n c i d e n t  (From Refs, 61-63) 

Iod ine ,  C i  

T o t a l  I3lI i n  t h e  f u e l  

13'1: found i n  "340" tanks 

'?'I r e l e a s e d  t o  r e a c t o r  atmosphere 

1311 removed. by coo l ing  c o i l s  

I3'I remaining i n  atmosphere 

13'1 p l a t e d  ou t  on s u r f a c e s  

1 3 1 ~  i n  o rgan ic  f o m  

0rgani.c iodi.ne 

Ik rcen tage  of t o t a l  f u e l  rod inven to ry  

Percentage of i o d i n e  r e l e a s e d  from f u e l  rod 

Percentage of i o d i n e  r e l e a s e d  t o  r e a c t o r  atmosphere 

773 

205 

7.0 

4.7 

2.3 

0.05 

0. 7 

0.09 

0.34 

l r 3 .  0 

i n c i d e n t .  A 50-f t  sampling l i n e  w a s  used, and. p l a t e o u t  of  I could have 

occurred.  

r a t h e r  t han  a d e f i n i t e  o rgan ic  i o d i n e  compound y i e l d .  

2 
Thus t h e  O.l$ of inven to ry  r e p o r t e d  r e p r e s e n t s  an upper l i m i t ,  

S e v e r a l  French experiments i nvo lv ing  pool-type reacbors have been 

repor ted .  64*,  '' 
escapi.ng t o  the atmosphere above t h e  pool. has never exceeded IO-' and has 

o f t e n  been an  o r d e r  of magnitude lower. 

o rgan ic  compounds. 

In t h e s e  t h e  :f'raction of t he  i o d i n e  i n  t h e  d e f e c t e d  f u e l  

Much of it appears  t o  have been 

A t  t h e  Halden Reactor P r o j e c t  (HBWR) some 22 fa i lure : ;  of  experimentaL 

fuel. assemb1.i.e~ have taken p l a c e  i n  whi.ch q u a n t i t i e s  of up t o  3 0  C i  of 

''lI were r e l e a s e d  t o  t h e  r e a c t o r  coolant .  6 6 - 7 2  

i o d i n e  compounds fclrmecl i.n t,hese experi-ments w e r e  ve ry  s m a l l  - less  t h a n  

O . O L $  of t h e  i o d i n e  r e l e a s e d  t o  t h e  reactor tank i n  t h e  most r e c e n t  work 

r epor t ed .  It i s  a lso repor-Led t h a t  much more carryover  t o  t h e  r e a c t o r  

.c,t,e,m occwred  than  would b e  expected. On t h e  basis of wet chemical t eeh -  

niques,  t h i s  i s  not  o rgan ic  i.odide, and by comparison w i t h  t h e  behavior  

o f  o t h e r  s o l u b l e  i ' i s s ion  products ,  it i s  not due t o  entrainment.  Thus it 
appears t o  be suppor t ing  evidence f o r  t h e  HOI hypothesis. 

The q u a n t i t i e s  of o rgan ic  



Walke, Sinde.nnan, and Axtell. have r epor t ed  on t h e  composition of t h e  

i o d i n e  thaL was c i r c u l a t i n g  i n  t h e  coolant  o f  a bo i l ing -wa te r  r e a c t o r  as 

a consequence of opera t ing  wi th  de fec t ed  f u e l  elements.  73 

t h e  i-odine was I n  o rgan ic  form. 

Only 0.3% of 

Silmmary of Experience wi th  Respect t o  CI-I 1 Fo-mati.on 
3 

I n  t o t a l ,  t h e  va r ious  experiments and ri.nci-dents d i scussed  above amount 

t o  172 cases  i n  which i.odine or one of i t s  compou-nds has been r e l e a s e d  and 

some evidence of t‘ne degree of conversion -to organi-c compounds has been 

soughi;. The r e s u l t s  i n  g e n e r a l  support  t h e  I.i.st of f a c t o r s  suggested by 

Dirant  and h i s  a s s o c i a t e s .  Some f i x t h e r  conclusions seem warranted by 

t h e  d a t a ,  There seem:: t o  be sood evidence t h a t  neg1igibl.e methyl i o d i d e  

fomati .on occurs when t h e  r e l e a s e  t akes  p l ace  from t he  f u e l  i.nto cool ing 

watcr ,  as i n  t h e  H.Fdl3 and PRTR. Also much more C-H I fomat- ion appa ren t ly  

occurs  from oxide f u e l  than from m e t a l  f u e l .  
3 

Formati on of methyl. i o d i d e  has been indi-cated during agi.ng expe r i -  

ments i n  t h e  C R I  and t h e  O W L  in-pi.1-e f a c i l i t y  b u t  not i n  t h e  ADF and CSE 

experiments. All t h e  experiments i n  which formation occurred. were c a r r i e d  

out  i n  s t a i n l e s s  steel. tanks,  wiLh w a l l  h e a t e r s  being used t o  de l ay  o r  

prev-ent cool ing,  Even i n  t h e  CRI: experiments, whei-e condensation was 

occijrring, it seems l i k e l y  that, t h e  tank w a l l s  under t h e  h e a t e r s  were dry. 
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'7. SUMMARY AND coNcLusIoTJs 

Th5s annotated b ib l iog raphy  shows t h a t  t h e  chemistry and r a d i a t i o n  

chemistry of methyl i o d i d e  have been s t u d i e d  ex tens ive ly .  

ences are  c i t e d .  The s t u d i e s  i n d i c a t e  t h a t  methyl i o d i d e  i s  a moderately 

r e a c t i v e  substance t h a t  i s  s l i g h t l y  s o l u b l e '  i.n water (a l though s u r p r i s -  

i n g l y  s o l u b l e  f o r  an  o rgan ic  compound) and s e n s i t i v e  t o  u l t r a v i o l e t  l i g h t  

and i o n i z i n g  r a d i a t i o n .  

Over 350 r e f e r -  

The b ib l iog raphy  inc ludes  r e f e r e n c e  t o  over  170 cases  i n  which meus- 

urements of methyl i o d i d e  have been r e p o r t e d  i n  f i s s i o n - p r o d m t  r e l e a s e  

experiments,  containment experiments,  and a c c i d e n t s .  The p ropor t ion  of  

t h e  i n i t i a l  i o d i n e  measured as methyl i o d i d e  ranges from less t han  1$ t o  

over  20%. A f e w  d a t a  are a v a i l a b l e  (from seven experiments)  which i n d i -  

c a t e  t h a t  t h e  May-pack technique used by rnos-t experimenters for studyFng 

t h e  behav io r  of i o d i n e  i n  containment v e s s e l s  ove res t ima tes  t h e  amount of 

methyl i o d i d e  p re sen t .  I n  t h e  experiments i n  which t h e  methyl i o d i d . t ?  

c o n c e n t r a t i o n  was measured b o t h  by Nay packs arid by gas cl.irornatographyJ 

t h e  r a t i o  of t h e  percentage of t h e  i o d i n e  p r e s e n t  as methyl i od ide ,  as 

measured. by t h e  May-pack method t o  t h a t  measured by gas chromatography-, 

ranged from L t o  20 and averaged about  6. 

s c a t t e r e d  t o  be used q u a n t i t a t i v e l y .  

Ho-wever, t h e  d a t a  are t o o  

The d a t a  on t h e  percentage of t h e  a v a i l a b l e  i o d i n e  converted t o  or- 

gan.ic: :Corn are q u i t ( ?  s c a t t e r e d .  Iti does seem f a i r l y  c l e a r  that ,  when the  

r e l e a s e  occurs  i n t o  water, less t h a n  O.l$ of t h e  i o d i n e  w i l l  b e  conver1;ed 

t o  organic  form. Release i n t o  atmospheres con ta in ing  l a r g e  amounts o-f 

organic: vapors seems t o  promote conversion o f  the  i o d i n e  to organ ic  :forms, 

as would b e  expected. The on ly  d a t a  on r e l e a s e  of i o d i n e  from fuel under 

t h e  most probable  coridit ions i n  a lo s s -o f -coo lan t  acc iden t ,  namely, a 

steam atmosphere, were t aken  by using t r a c e - i r r a d i a t e d  UO wi th  no c l ad -  

d ing  m a t e r i a l  p re sen t .  I n  most experiments t h e  atmosphere at, t h e  poi-nt 

of r e l e a s e  was e i t h e r  a noble gar, o r  aj.r, s i n c e  most UO, mel t ing  t ech -  

niqiies w i l l  n o t  work i f  t h e  atmosphere is steam. We emphasize t h a t  here 

we a r e  d e s c r i b i n g  t h e  atmosphere i n  inmediate  con tac t  w i th  t h e  f u e l  a t  t h e  

ins tan t ,  t h e  i o d i n e  i s  l i b e r a t e d ,  r a t h e r  t h a n  t h e  atmosphere i n  t h e  vessel 

t o  which t h e  i o d i n e  may subsequently be t r a n s p o r t e d .  A t  t h e  p o i n t  of 

2 

2 
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r e l e a s e  t h e  temperatures a r e  v e r y  high, r e a c t i o n s  go ve ry  f a s t ,  and. t h e  

chemical fonn of t h e  iodi-ne i s  l a r g e l y  determined. 

IC. w e l l  over  h a l f  t h e  experiments i n  which t h e  amount of charcoal-  

seeki-ng iodi.ne was r epor t ed  as a f u n c t i o n  of t i m e ,  t h e  amount was h i g h e s t  

immediately a f t e r  i o d i n e  r e l e a s e  and decreased wi th  t i m e .  We cannot s t a t e  

w i t h  c e r - t a i n t y  t h a t  t h i s  w a s  o r  was not  methyl i od ide ,  Cer.taPn1.y t h e  

i n f o m a t - i  on a v a i l a b l e  on -the chemical behavior  of methyl i o d i d e  ind . i ca t e s  

i t  should b e  r e a c t i v e  enough t o  decompose t o  some e x t e n t .  

The methods a v a i l a b l e  f o r  reducing t h e  concen t r a t ion  of methyl i o d i d e  

i n  contai.ixnent bui-lding atmospheres inc lude  t r a p p i n g  on irnpregna-Led char- 

coa?.s and a b s o r p t i o n  by sprays.  Methyl i o d i d e  is  i-eversibly adsorbed on 

convent ional  a c t i v a t e d  cha rcoa l  and thus  w i l l  s i lbsequently be desorbed as 

a i r  flow through t h e  charcoal  i s  continued. 'Two general. types  of impreg- 

nan t s  are used. One cl-ass c o n s i s t s  of  n u c l e o p h i l i c  r eagen t s  t h a t  w i l l  

r e a c t  w i . t i i  t he  methyl i o d i d e  t o  t i e  u p  t h e  met,hyl group and convert  t h e  

tod ine  t o  an  ino rgan ic  form t h a t  w i l l  be  he ld  up by t h e  charcoal .  The 

second c o n s i s t s  of  i no rgan ic  i o d i n e  foi-ms. With these the r a d l o i o d i n e  i n  

the  methyl i o d i d e  i s  exchanged wi th  s t a b l e  i o d i n e  atoms from t h e  i-mpreg- 

nant  and, zlthough- t h e  methyl i o d i d e  i.s not r e t a i n e d  by t h e  charcoal  bed, 

most of i t s  r a d i o a c t i v i t y  i s  removed. The impregnated cha rcoa l s  l o s e  

e f f i c i e n c y  under 100% humidity and thus w i l l  not perform w e l l  under t h e  

cond i t ions  t h a t  w i l l  e x i s t  a f t e r  a lo s s -o f -coo lan t  accideni;. 

The s tudy  of sp ray  systems f o r  mei;hyl iodide removal f r o m  contiainment 

atmospheres i n d i c a t e s  t h a i  only r eagen t s  t h a t  r e a c t  Past w i t h  methyl 

iodri.de are worth consider ing.  Sodium t h i o s u l f a t e  i s  t h e  b e s t  of t h e  r e a -  

gen t s  known a t  t h e  p re sen t  time. It gives  reasonably ~ o o d  performance i n  

p i l o t  p l a n t s  (half- t imps f o r  removing methyl iodi-de of 25 min have been 

observed ). 
cons tan t  v a r i e s  as t h e  r a t i o  of spray flow t o  v e s s e l  volune and i n d i c a t e s  

apprec i ab ly  longer  ha l f  -times i n  l a r g e  containment v e s s e l s .  For t y p i c a l  

PWR design. condi t ions,  t h e  half-ti.me for methyl i od ide  removal i s  calcu-  

l a t e d  t o  be approximately 2 h r .  Hence t h e  dose r educ t ion  f a c t o r  i s  in- 

However, mathernatical. modeling -1nd-i.cates . that  t h e  :removal r a t e  

s ign i - f i can l .  A r eagen t  t h a t  will g ive  substan. t ia l - ly  f a s t e r  r e a c t i o n  i s  

needed 



Although much in fo rma t ion  about methyl i o d i d e  i s  a v a i l a b l e ,  t h e  

s tudy  a l s o  i n d i c a t e s  t h a t  t h e r e  a r e  s e v e r a l  a r e a s  i n  which more informa- 

t i o n  i s  d e s i r a b l e .  F i r s t ,  a con t inu ing  sea rch  for a d d i t i v e s  t o  improve 
the performance of sprays i n  removing methyl i o d i d e  i s  needed. The r e -  

view p o i n t s  out  t h a t  something r e a l l y  new i s  needed; nothing which has 

been t r i e d  looks much b e t t e r  t h a n  sodium t h i o s u l f a t e .  

r a t e  cons t an t  v a r i e s  about as t h e  square r o o t  of t h e  r e a c t i o n  r a t e  con- 

s t a n t ,  s o  a new reagen t  must r e a c t  s e v e r a l  t imes as f a s t  t o  y i e l d  a r e a l  

gain.  S ince  t h e  removal r a t e  cons t an t  v-ar ies  d i r e c t l y  as t h e  p a r t i t i o n  

c o e f f i c i e n t ,  a r eagen t  t h a t  i nc reased  t h e  p a t i t i o n  c o e f f i c i e n t  poten- 

t i a l l y  could. g i v e  a l a r g e r  g a i n  i n  performance. However, it does no t  

seem l i k e l y  t h a t  an a c c e p t a b l e  r eagen t  will be found t h a t  ope ra t e s  by i n -  

c r e a s i n g  t h e  p a r t i t i o n  c o e f f i c i e n t .  

Second, more experiments should be done i n  which th.e methyl i o d i d e  

Also, t h e  removal 

c o n c e n t r a t i o n  measured by May packs i s  compared wi th  t h a t  measured by  gas 

chromatography. Enough comparative measurements a r e  needed t o  en.ab1e a 

s t a t i s t i c a l l y  v a l i d  comparison t o  be made and t o  i d e n t i f y  t h e  e f f e c t s  of 

o p e r a t i n g  cond i t ions .  Typ ica l  loss-of  -coolant  acc iden t  cond i t ions  should 

b e  included ( s s t u r a t e d  a i r - s t eam mixtures  con ta in ing  a t  least  50 vol $ 
steam), s i n c e  siich cond i t ions  may reduce -the e f f i c i e n c y  of t h e  I 
Lion media, and par-t  of t h e  I t h e r e f o r e  may p e n e t r a t e  t o  t h e  a c t i v a t e d  

cha rcoa l  and be r epor t ed  as methyl i od ide .  

cr j l lec-  
2 

2 

2 
Third,  d a t a  a r e  needed on t h e  forms o f  i o d i n e  r e l e a s e d  from cl.ad TJO 

i n  t h e  presence of s k a m  or steam p l u s  s term-cladding r e a c t i o n  products  

wi.th iodine-to-uranium r a t i o s  In t h e  UO t y p i c a l  of t h o s e  expected i.n 3, 

l o s s -o f -coo lan t  acc iden t  Such experiments wou.ld. provide a finiier basis  

than  i s  p r e s e n t l y  a v a i l a b l e  f o r  p o s t u l a t i n g  the e x t e n t  t o  which i o d i n e  

r e l e a s e d  under lo s s -o f -coo lan t  cond i t ions  w i l l  be  converted t o  methyl 

i od ide .  

2 

Experiments of t h e  types l i s t e d  above could improve confidence i n  .the 

v a l u e s  of methyl i o d i d e  y i e l d  assumed i n  acc iden t  a n a l y s i s ,  I f  an i m -  

proved s o l u t i o n  a d d i t i v e  for removing methyl i o d i d e  i s  discovered,  c r e d i t  

for reducing the dose due t o  methyl i o d i d e  could be claimed, and t h e  over- 

a l l  i o d i n e  dose r educ t ion  f a c t o r  could be inc reased .  
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