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Abstract 

A s e r i e s  of f j res  and explosions i n  U. S. Atomic Energy Commission f a c l l i t i e s  

handling a-actlve materials during the  las t  f i v e  yeurrs has resul ted i n  

reconsideration o f  sa fe ty  problems associated with glove boxes am1 other equipment 

used to contain these materials. 

of glove boxes f o r  work with toxic  1norganj.c mater ia ls  not requiring b io log ica l  

shielding i s  reviewed as a contribution t o  t h i s  re-examination, w i t h  special. 

emphasis on methods and equipment f o r  working sa fe ly  with plutonium and other 

a-active materials. An e f f o r t  i s  made to point out t h e  d i r ec t ion  of current 

t rends i n  t h i s  f i e l d .  Deta.i.l.ed discussions of gl.ove box designs and ttrethods of 

experimentation i n  these enclosures are not included i n  t h i s  report  but 

su f f i c i en t  information i s  furnished t o  enable t h e  readei- t o  d w i d e  where t o  

find needed detai ls  i n  t h e  referenced material .  Methods f o r  t he  detect ion and 

measurement of a-active materials and of impurities i.n controlled atmospheres 

are discussed. 

glove boxes .for non-toxic inorganic materials,  and the technique of e-xperimenting 

wi.th such enclosures i s  reviewed. It is  hoped t h a t  t h i s  r e v i e w  wi.1.l. help t o  

or i en t  newcomers i n  t h e  field o f  glove box e.xperimentation end a l so  be of 

service t o  those already i n  t h e  f i e l d  by providing a broad, although undoubtedly 

incomplete, view of t h e  l i t e r a t u r e .  Some previous1.y unpublished developments 

vhich have been brought t o  t h e  attenti.cin of t h e  wri ter ,  p r inc ipa l ly  by 

experimenters a t  t he  Oak Ridge National Ia'noratory, a r e  reported here. 

The l i t x r a t u r e  on construction and operation 

I n  ad.d.ltlon, -the l i t e r a t u r e  on controlled atmosphere enclosures, 
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I. lntroduct ion 

11. Glove Boxes and Auxiliary Equipment for Handling Toxic Materials 
A 

1. Introductory comments 
fi 

2. Glove box construction 

A. W a l l  and f l o o r  materials 

(1) Flexible  p l a s t i c  makerials 

(2) Rigid p l a s t i c  materials 

(3) Plywood 

(4) S t a in l e s s  s t e e l  

(5) Mild s t e e l  

(6) Aluminum 

(7) Fiberglass reinforced p l a s t i c  

( 8 )  Summary 

B. Protect ive coatings 

C. Window mater ia ls  

(1) Luclte and Plexiglas 

( 2 )  CR-39 

( 3 )  Hornalite 

(4) Cobex 

( 5 )  Safety glass  

( 6 )  Sixnrriary 

D. Doors and I-ocks 

E. Gloves, glove ports and glove por t  closures 

(1) 

(2) Glove mater ia ls  and design 

(3) 

Permeation of gases through glove mater ia ls  

Glove porta and glove p o r t  closures 
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F. Assembly methods 

(1) Frame and panels 

(a) Gaskets 

(2) She1.1. 

( 3 )  Double skin boxes 

(4) Cylindrical  glove boxes 

G. Commercial. glove boxes 

H. Glove box assemblages 

3. Filters and scrubbers 

A. F i l t e r  and scrubber construction and u s e  

R. F i l t e r  eff ic iency 

C. F i l t e r  mounting and changing 

4. E x h a u s t  systems 

A. Individual. box exhaust 

H. Fan exhaust f o r  groups of boxes 

C. Pressure measurement and control  i n  sub-atmospheric pressure gJ.ove 
boxes 

111. Laboratory Design 

I V .  Experimentation wi th  Toxic Materials 

1. lntroductovy comments 

2. Technique of glove box operation 

A. Glove change methods 

(1) Single  clamp 

(2) Glove bead and clamp 

(3) Clamp and O-ring 

( '1)  One O-ring 

(5)  TWO O-rings 

(6) TWO c~amps 
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R. Transfer techniques 

(1) A - i r  locks 

(2) Sphincter valves 

( 3 )  Ice-cream carton 

(4) P l a s t i c  bag 

C. Housekeeping and waste disposal  

D. Decontamination 

E. Dealing with glove box emergencies 

(1) Fi re s  and explosions 

(2) s p i l l s  

(3) C r i t i c a l i t y  

Monitoring f o r  escape of a - a c t i v i t y  

(1) Gloves and other  surfaces 

(2) A i r  

(3) Personnel 

F. 

G. Monitoring for ex te rna l  r ad ia t ion  

H. Laboratory clothing 

3. Experimentation i n  glove boxes 

A. Weighing 

B. Heating 

C. Centrifuging 

D. Polarography 

E. pH measurements and potentiometric t i t r a t i o n s  

F. Sol-vent extract ion and ion exchange 

G. Vacuum systems 

11. 

I. Optical  microscopy 

Preparation of X-ray d i f f r a c t i o n  samples 
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J. 

K. 

L. 

M. 

N. 

0. 

Q. 

R. 

s. 
T. 

U. 

Fluor i n a t  ion and hydrof 1.uo:rinat ion 

ChLorinat ion 

Spec t r opho t m e t  ry 

Spc c t r ographic analys j.s 

Thermal analysis 

Calorimetry 

Density and v i scos i ty  measurements 

Metal produc'iion 

Electromagnet i c  s eparat  1 on of isotopes 

Using bure-is and p ipe t s  

Miscellaneous techniques 

V. Control.led Atmosphere Enclosures f o r  Non-Toxic Materials 

1. Introductory comments 

2. Construction of non-commercial enclosures 

A. P l a s t i c  bag enclosures 

13. Glass eizclosures 

C. Metal boxes 

Drying agents and purif  j-cation systems 4 .  

)-L. Techniques 

A, Detection and measurement of gaseous iuipurities 

(1) Qual i ta i ive t e s t s  

(2) Quantritative 1neasu.x-erments 

(a) Moistlire 

(b) Oxygen 

:H. Ii l i t ial  operation oQ t n e r t  aLmosphere glove boxes 

C. Leak t e s t i n g  

c 
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D. Introduction and removal of materials and equipment 

E. Weighing i n  a dry atmosphere 

F. Pressure control i n  atmospheric pressure glove boxes 

i 
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A Review of Glove Box Construction and Experimentation 

I. Introduct ion 

There are two p r inc ipa l  reasons for conducting chemical experiments i n  gl.ove 

boxes. The f i r s t ,  h i s to r i ca l ly ,  i s  t o  permit chem.i.cal. ma.nipulati.ons with moisture 

or oxygen sens i t i ve  materials i n  a con.l;rolled atmosphere and t h e  second is  t o  

p ro tec t  t he  experimenter Prom exposure t o  radioactive o r  other types of toxic 

materials,  which i s  usual ly  accomplished. by use o:C t::ncl.nsures operated below 

atmospheric pressure t o  minimize t h e  l.ikl.ihood of movement of t h e  tox ic  materials 

into the laboratory throu.gh small leaks. A.ltlnough an overlap sometimes exists 

between t h e s e  two puiposes, as i n  t h e  handling or̂  pl-utoni ixn metal. i n  am i n e r t  

atmosphere, glove box requirements and pract ices  f o r  experiments with non-toxic 

and highly toxic  mater ia ls  are s u f f i c i e n t l y  diverse $0 j u s t j f y  the di.vision of 

the subject on t h i s  bas i s  adopted ?or this discussion. Some features  of glove 

boxes which are cornion t o  enclosures employed f o r  both t ypes  of materials a r e  

discussed under only one hea.ding. An excellent conpT.l.atlon of papers edited 

by Walton on methods of handliiig radi-oactrive -materials and on equipment designed 

f o r  t h i s  pu:rpse m d  reviews of plutonium ha.nd.l.ing pract; ices by Steindler  and by 

Shuck were published recen.1;l.y but a review of glove box use f o r  handling both 

‘toxic and non-toxic materials has nol; previously appeased. Plutonium i s  

~iient~xx%?d frequently i n  t h e  discu-ssion of’ : f a c i l i t i e s  and teehniques for handling 

materials because the  I.arge ~mrriiber of publications on these sub j e c t s  r e f l e c t s  

the  importance of t h i s  element. F a c i l i t i e s  which are s a f e  f o r  experiments 

wtth p1utonj.m arc, i n  general, sde f o r  work  .crith other a-emitters and toxic, 

noa-radfoactive materials.  

Glove boxes have bemi used in chemical laboraLorics i^or many yews f o r  
x 

e,qeriaients requiring operations i n  a dry atiilc>sphere. In f a c t ,  t h i s  usage of 
......... I-._c. 

* 
?%is statenent  cannot be doclmented z t  present.  A search of t he  li’iei”&ui-e 

would s e e m  t o  indtcate tlmt early dry box users e i t h e r  did not bother -tis 
describe the i r  encl.osures o r  t h a t  t h e i r  descr ipt ions ~ e r c  iinnot iced by 
contanporary l i terature ahs t r ac to r s  . 
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glove boxes has been so widespread t h a t  many workers r e f e r  t o  a11 glove boxes 

as dry boxes. However, t h e  l a rge  increase i n  use of glove boxes during t h e  las t  

two decades has been p r inc ipa l ly  due t o  t h e  necessi ty  of confining radioactive 

materials i n  a r e s t r i c t e d  working space r a t h e r  than t o  the  need of a dry 

atmosphere. 

mater ia l  comparable t o  those of a-emitters have been established, emphasizes t h e  

need of enclosures f o r  t h e  safe handling of non-radioactive tox ic  materials.  A 

need has a l s o  developed i n  recent years f o r  glove boxes t o  f a c i l i t a t e  safe 

experimentation with tox ic  b io log ica l  mater ia ls  such as viruses.  Enclosures 

designed f o r  t h i s  purpose are beyond t h e  scope of t h i s  review. 

The growing importance of beryllium, f o r  which L i m i t s  of air-borne 

P r i o r  t o  t h e  las t  few years, experimenters requiring glove boxes designed 

t h e i r  own boxes. This  w a s  true both of s m a l l  s ca l e  users  and i n s t a l l a t i o n s  

requir ing l a rge  numbers of boxes which had t h e i r  own shop f a c i l i t i e s  avai lable  

t o  f a b r i c a t e  d i f f e r e n t  types of boxes. 

tendency t o  employ commercially-built glove boxes. This has been due i n  p a r t  t o  

rapidly increasing a v a i l a b i l i t y  of wel l -bui l t  boxes at reasonable prl.ces and t o  

growing recognition of t h e  f a c t  t h a t  most glove box operations can be adapted 

t o  use of a r e l a t i v e l y  f e w  standard design boxes. It is  strongly recommended 

t h a t  anyone contemplating beginning glove box operations ca re fu l ly  consider 

t h e  merits and p r i c e s  of glove boxes offered by commercial producers before 

decfding whether they should bu i ld  t h e i r  own glove box or boxes. 

Glove box materials general ly  supply adequate protect ion from the  r ad ia t ion  

More recently,  t h e r e  has been a growing 

emitted by a-active elements but t h i s  is something .which should not be taken 

f o r  granted. 

requir ing b io log ica l  shielding a r e  excluded from t h i s  review. 

voluminous l i t e r a t u r e  on handling a-active materials i.s designed t o  provide a 

representat ive view of the  f i e l d  rather than f o r  completeness. 

publications on the  metallurgy of plutonium describe techniques which may be 

useful  i n  chemical experimentation and a r e  included i n  t h e  discussion. 

Techniques and equipment f o r  working with p- and y-active materials 

Coverage of the 

Some 
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II. Glove Boxes and Auxilj-ary Equipment f o r  iIandltng ‘Toxic Materials 

1. Introductory Corments 

A i-eviekr o f  the l i t e r a t u r e  on glove boxes employed f o r  work with 

a-active inaterj~als, as coniFared t o  those designed fol- experimentation with s10i1- 

Loxic meterials dikcussed i n  Section V, reveals the r a ihe r  s t a r t l i n g  f a c t  

t h a t  those i n  the latter category a r e  a l l  made of non-flmmable materials while 

many ol” those consiructed f o r  woi-k with pli.1toiiiwn metal and pI.litOiTiW1 compoumds 

a re  made of flammbl.e materi.als such as plywood and Lucite. ‘jlhe des i r e  t o  meet 

t he  need of a large number of glove boxes as economically as possible throiigh 

use of these cheap, resd.il.y =-Jailable, and esstly worked materials i s  under- 

standable, but i n  hindsight, it appears t o  be an unwise choice when t h e  boxes 

e r e  .to be used f o r  operations with mater ia ls  whrich are hi.ghly tox ic  and, i n  some 

cases, pyrophoric. Illhere has been a wide d i v e r s i t y  i n  glove box design a..ad 

eonstmct7.m i n  U. S. A-tomic Energy Con-missi.oii ins-Lsllations due to the fact that 

no desfgn erLt;eria have been established f o r  glove boxes employed with a- 

emitt ing materials.  Desi-gners at t h e  d i f f e ren t  s i t e s  have been f r e e  t o  choose 

mater ia ls  f o r  the constructio.ti of glove boxes according to t h e i r  own indivi.dua1 

estimate of the hazards involved in t h e i r  use and it. i s  evidexit -illat difi’erences 

of opinion ex i s t .  Hri-LLsh glove box designs have been influenced t o  s m e  extent 

by t h e  be l i e f  t h a t  some mai.ni;eii%nce operattons QLI @oill;ajIttilated boxes and 

equipiiiejit a r e  bes t  perf omed i n  contaminated areas by men corny1le.t;el.y enclosed 

i n  protect tve s u i t s .  

L 

In  retrospect,  i.t appears -that the hazards r e su l t i ng  Proin :r L:re and ernlosfon 

is U.S. RE@ a-handliilg f a c i l i t i e s  were noi zdequately assessed u n t i l  a s e r i e s  of 

i.ncidents i n  plutoni.uii f a c i l i t i e s  repoited i n  U A E C  Serious Accident and Safety 

Reports convincingl..y d-ernonstrated t h e  need of fur ther ,  carefiil consideration 

of the problem. This has resulted i n  a def i i i i t e  trend i n  the  U . S .  toward 

replacing fl.a,cmable glove boxes and associated equipment such as f i l t e r s  with 
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more f i r e  r e s i s t a n t  niaterials and toward providing secondary containment f a c i l i t i e s  . 
Another r e s u l t  w a s  t h e  appointment of an AEC glove box committee, including 

representat ives  From AEC i n s t a l l a t  ions handling s ign i f i can t  quan t i t i e s  of a-active 

materials, t o  gather information on glove box construction and p rac t i ces  and t o  

br ing recommendations on possible  ways of improving t h e  s a f e t y  o f  glove box 

operations. None of t h e  committee's f indings have yet  been published. 

It should be pointed out t h a t  mater ia ls  of construction are not t h e  only 

f a c t o r s  a f f ec t ing  t h e  s a f e t y  of glove box enclosures and tha t ,  j u s t  as making 

boxes out of non-flmnable materials does not automatically make operations 

performed i n  them safe, inclusion of flammable materials of construction i n  

such enclosures does not necessar i ly  mean t h a t  they %re unsafe when employed 

under c e r t a i n  r e s t r i c t e d  conditions by qual i f  Ted personnel. Establishment of 

proper operating and emergency procedures and trailzizg t o  assure t h a t  

operating personnel are thoroughly familiar with these procedures are a t  least  

as important as type of construction m t e r i d .  

Health Physics aspects of experimentation with plutonium are discussed by 

Steindler,  Bennellick, Kelman, e t  al., Uunster and Bennellick, and Shuck. 

Broader aspects of t h e  problem of handling rad  ioact  ive m a ; t e r i a l s  and techniques 

of rad-iation monitoring a r e  reviewed by Morgan. 
239 point out here t h a t  the maximum permissible body burden €or PJ 

l i s t e d  i n  1J.S. Dept. of Commerce NBS Handbook 69, i.s equivalent t o  a sphere of 

Perhaps it w i l l  s u f f i c e  t o  

(0.04 pc) 

2 10 P u O  approximately 55 microns i n  diameter while a sirnilar ca,lcul.ation f o r  Po 
2 

indicates  t h a t  a sphere of Po0 

permissible body burden of t h i s  a-emitter. 

care i s  needed i n  t h e  handling of these toxic materials .  It i s  known t h a t  a 

muck l a rge r  fracti-on or" t he  plutonium taken i n t o  t h e  body through inhal.at.ion 

1,2 microns i n  dianeter  would supply t h e  

This should make it c l e a r  why g rea t  

2 

Y 
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j.s re5zinetl i.n t he  body than t h a t  which is ingested, emphasizing thz need of 

control l ing o r  eliminating air-borne p1utonj.m. 

Argoisile Natiormi Laboratory have demonstrated t h a t  mici-agram qu&n'iit,ies of 

plu-i;oniuni i n  wounds cause tumors i.n t he  wound s i t e s ,  which indicates  t h a t  great  

care needs t o  be obsei-v-erl to avoid breaking the skin wi.th contmiilated objects.  

Eqerimen-ts perfornied at  

There appea:rs to he a d e f i n i t e  lack of agTeemet.it aioflg experimenters as t o  

t he  amount of plutonium permitted t o  'De handled iu open-front hoods. Th9.s 

di.sa.greeiilerA i s  due i n  p a r t  to t he  f a c t  t h a t  -two importsxb fFiCtOr5 i n  the 

decision, techilical. competence of personnel. and r e l a t i v e  haza rds  of d i f f e ren t  

tysJiiS of rflanipi~.I.ation, cannot be e v a h a t e d  obj ect-ively. Bi-it'kh p rac t i ce  

reported by Dunsier provides a reasonable has5.s of choice based on experience 

a t  H~rwell i n  haiidling plutonium. he lridicates t h a t  10 mi l l i cu r i e s  ror we.t 

operattons and 100 microcuries for dry operations a r e  the  maximum amounts of 

plij.toniuii t h a t  should be hand-led 7.n open-fi-ont hoods. (Approximately 160 and 

1.6 fig of ih239, respect ively) .  Discussion of thts typo of equipment and its 

use i.s consi-der& beyond the  scope of t h i s  review but it i s  the  be l i e f  of the 

writer that the  1ikeLihood of accidental- relezse of aetivi . ty i n  t h e  laboratory 

a.i?d of personnel. contamination i s  much grea te r  for hoods than f o r  glove boxes 

i n  spi.ie of t h e  high a . i r  veloci'iies ci1stomari.l.y employed f o r  hoods (1?0-150 I~fm). 

Because of t he  1 .0~  pemissi .ble  I . - imits  f o r  air-borne a -ac t tv i ty  l i s ted  i.il 

Handbook 69, enclosures designed f o r  such materials a r e  nearly alvays 

operated zt a lower pressure than t h a i  of t he  1abora.tory so t h a t  i n  case of 

leaks, which a re  coinsidered inevitable,  air-borne p a r t i c l e s  a r e  unl ikely 'to 

escape into t h e  laboratory.  Some experimenters have f e l t  t h a t  because of the 

p r a c t i c e  of keeping gl-ove boxes under a negative pressure,  it i s  not e s s e n t i a l  

t o  have 3-eak-tight enclosures. However, Kel.aian, e t  al.; appear t o  cxpress t he  



opinion of t h e  majority of t h e  workers i n  t h i s  f i e l d  t h a t  t h e  increased margin 

of s a f e t y  provided by a t i g h t  enclosure i n  case of accidental. l o s s  of negative 

pressure more than compensates f o r  t h e  extra e f f o r t  required t o  obtain leak- 

t i g h t  ne s s . 
2, Glove Box Construction 

A. Wall and f loo r  materials 

(1) Flexible  p l a s t i c  materials 

The ease with which t h i n  p l a s t i c  materials can be perforated 

has not encouraged extensive use of t h i s  type of material i n  glove box construction. 

A co l l aps ib l e  glove box consis t ing of a 20-mil t h i c k  polyvinyl chloride bag 

attached t o  a r i g i d  p l a s t i c  f r o n t  panel and supported by a jointed m e t a l  frame 

i s  reported by Welsher. The p r inc ipa l  advantage of t h i s  type of enclosure l i e s  

i n  t h e  f a c t  t h a t  it occupies very l i t t l e  space when not i n  use. It i s  recommended 

for  low a c t i v i t y  work such as t h e  cleaning of l i g h t l y  contaminated equipment and 

- obviously should not be used for  operations with l a rge r  amounts of a - ac t iv i ty  

without a secondary means of containment, e. g., an open-front hood with an 

adequate air flow rate. A n  enclosure of t h i s  type shown i n  Figure 1, is  reported 

by Massey t o  be i n  use at t h e  Oak R i d g e  National Laboratory for hund.ling s m a l l  

amounts of a- and weak @-emitters i n  an argon atmosphere. Materials, equipment, 

and any needed t o o l s  are introduced through a c i r c u l a r  opening i n  t h e  bottom 

of t h e  bag which i s  then sealed with a round piece of Lucite having a groove 

i n  its circumference. A rubber O-ring seated i n  the  groove around t h e  edges of 

t h e  bag opening completes the seal. T h e  bag i s  def la ted around its contents to force 

a i r  out through a tube cemented i n  t h e  bag w a l l  and then in f l a t ed  with argon. 

These operations are repeated t o  obtain mi i n e r t  atmosphere. ManipulaLioris a r e  

performed i n  t h e  box by use of gloves cemented t o  p l a s t i c  sleeves which are, i n  



turn,  cemented to -tile bag w a l l .  When these low-cost enclosures, whrich are 

fabricated I.oca,lly from p l a s t i c  b a r r e l  l i n e r s ,  become contaminated, they a r e  

def l.ated and placed -in ac t ive  waste con'iaineys for b u r i a l .  Comrnerci.al. enclosures 

of t h i s  type ,  cal-l-ed i so l a t ion  chambers, are made by the Synder Manufacturing 

Company, Inc. 

(2)  ~ i . g i d  p l a s t i c  rnateria1.s 

h i c i t e ,  Plexiglas,  and similar plastics aP varying thicknesses 

have been wridely used f o r  bo-th w a l l  and window materials because they a r e  e a s i l y  

machined and lend themselves r ead i ly  t o  low cost  construct.i_on. However, i t  may 

be expected that fu tu re  use of materials of t h i s  type, a t  l e a s t  i n  t he  U.S. ,  

will. be l imited 'io 1 .0~-  t i v i t y  enclosures having l i t t l e  o r  no f i r e  hazard. 

Bakelite panels employed i n  a French ?.nstallation and welded p i a s t i c  enclosures 

a t  t h e  S a m  Location ere described by Grison and Pascard. 

(3) Plywood. 

The low cost, ready a v a i l a b i l i t y  and ease of construction 

afforded. by plywood has led to widespread use of this mater ia l  i n  glove boxes, 

of ten i n  conjunction with p l a s t i c  windows. Garden s t a t ed  i n  1.951. -that there  

were over 400 Berkeley type boxes i n  t h e  U.S. and apparently most of these were 

made of plywood and p l a s t i c .  Applicakion of su i t ab le  pa in t s  and o the r  coating 

materials incr-ases the durability and. ease  of decontamination of  plywood% 

K a u l i t z  and Roake descri-be plywood boxes used. at Hanford and Savannah River. 

(4) Stainless  steel- 

Th:: mai;erj.al most cormonly used for construction of gl-ove 

boxes i s  s t a i n l e s s  s t e e l .  

gauge ?16-E[,C, 

t h e  use or 1.4 gauge type 3OLC i n  an irisi;a~l.l.atioti at t h e  Argonne National ikboratory. 

Schonfeld, T a t k  and Marman rep0r.t t h e  use of 12-14 

321 and 347 types a t  Tas A l a m o s ,  w'ri:il.e K e h a i i ,  e t  a l . ,  mention 
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Widespread use of s t a i n l e s s  s t e e l  for t h i s  purpose is due t o  ease of fabr icat ion,  

ease of cleaning and decontamination and r e s i s t ance  t o  most corrosive atmospheric 

contaminants, chloride:; being t h e  p r inc ipa l  exception. 

4 

- 
(5) Mild S t e e l  

Although not near ly  so popular for glove box construction as 

s t a i n l e s s  s t e e l ,  some use has been made of m i l d  steel. Schonfeld, T a t e  and 

Maraman indicate  t h a t  coated mild s t e e l  i s  considered an acceptable mater ia l  

of construction a t  Los f l l m o s  when atmospheres corrosive t o  stain]-ess steel  are 

present or f o r  vacuum box construction where s t rength and economy must be 

considered. Lacey describes vacuum glove boxes b u i l t  of mild s t e e l  but  states 

t h a t  la ter  experience has shown t h e  use of s t a i n l e s s  s t e e l  t o  be worth while. 

Ashburn, Elson and Welsher report  t h a t  t h e  AEID standard glove box Mark 1 is  

b u i l t  of 1/8 inch t h i c k  mild steel .  

(6) Uuminum 

Aluminum glove boxes of a modular design employed i n .  a l a rge  

plutonium i n s t a l l a t i o n  a t  Argonne N a t  iorial Laboratory are described by Shuck 

and Mayfield. Duraluminun has been used t o  some extent  i n  France according t o  

Grison and Pascard; Schonfeld, T a t e  and Maranan mention t h e  use of t h i s  mater ia l  

a t  Los Alamos. . 
(7)  Fiberglass reinforced p l a s t i c  

A newer type of construction material i s  being t e s t e d  by 

Hughes a t  Argonne National Laboratory where woven-glass reinforced p l a s t i c  glove 

boxes are being developed because of a severe corrosion problem encountered with 

m e t a l  boxes. Hughes s t a t e s  t h a t  t h i s  ma te r i a l  is  similar i n  cost  t o  s t a i n l e s s  

s teel  when fabricated and it seems t o  be a t t r a c t i v e  at present orily where HC1 os 

other  reagents which a t t ack  s t a i n l e s s  s teel  are used i n  glove box work. 
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(8) S W r Y  

There i s  no s ingle  w a l l  material t h a t  meets a l l  requirements 

and the choice w i l l  depend t o  a large extent upon t h e  application. Stainless  

s t e e l  is  a good choice f o r  most situa-Lions but when (mrrosive a'imospheres are 

encountered. coated mild s t e e l  i s  j u s t  as good and woven-glass reinforced p l a s t i c  

may be  b e t t e r .  

B. ProtectLve Coatings 

Paints  su i t ab le  for  use i n  glove boxes and other rad-ioactive 

contaninated a.reas a r e  discussed by 3urns, Clarke and Wells. They recomnend 

a four-coat system of t itaniim-pigmented, chlcjrinn,ted.-T~bbei".-"b~~eesl paint  as a, 

non-removable covering :Co:r* wood o r  metal surfaces and s t a t e  that; t h i s  gives 

protect iou f ~ o m  a t t ack  by corrosive media OT Si.imes and can be e a s i l y  

decontaminated from medium amouints of a c t i v i t y .  For str'l-pppable systems, they 

recommend the  appl icat ion of two coats of s t r i p  lacquer over two coats of 

shel lac  knotting and u s e  of two coats of titanium-pigmented chlorinated-rr~bber- 

based pa in t  t o  cover t h e  &rip lacquer. They a l s o  suggest t h e  use of p ro tec t lve  

base coats su.ch as one coat of rubber-base primer and one coat of chlorinated- 

rubber-base paint  .imii.erneath t h e  strippab3.e coating as added pro tec t ion  i n  case 

of mecliaiiical f a i l u r e  o r  ag-ahst possible  contamtaation of the wood o r  metal. 

surface durlng s t r ipping.  They report  t h e  use of strippab1.e systems based on 

vinyl  eo--polymer resins and s t a t e  t h a t  reasonable Pi l rn  thickilesses of such 

coatings should be employed, espec-ially wi th -  a-active mater ia ls  - Cold-catalyzed 

epoxide resin-based pa in t s  a:re sa id  'io be  res i s ta r i t  t o  solvents, shock, heat t o  

1-50 C, al.ka,J. ies ,  non-oxidizing acids, and t n  give an ad-hei-ent, hard, non-absorbent 

suyface coatj-ng. They also s t a t e  the be l i e f  t h a t  w k n  chlorides a re  empl.oyed i n  

0 
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t h e  glove box it is  b e t t e r  t o  use mild steel covered with a s u i t a b l e  pa in t  

covering r a the r  than s t a i n l e s s  s t e e l .  
c 

Kaulitz and Rode  repor t  that Amereoat 1574 i s  used t o  provide a chemically 
c 

r e s i s t an t ,  non-absorbent surface on t h e i r  plywood glove boxes and t h a t  She l l  4A 

varnish provides a corrosion r e s i s t a n t  coating f o r  black i ron  p a r t s  exposed t o  

t h e  glove box atmosphere. 

G. Window Materials 

( 1.) Lucite and Plexiglas  

The use  of Lucite, a polymerized a c r y l i c  p l a s t i c ,  and similar 

p l a s t i c  o r  window mater ia ls ,  were mentioned i n  Section A(2) above, 

e t  al., s t a t e  t h a t  t h e  a d v a t a g e s  of Lucite include s u f f i c i e n t  f l e x i b i l i t y  t o  

ad jus t  t o  s l i g h t l y  curved sea t ing  surfaces; r e s i s t ance  t o  s l i g h t  impact; and 

ease of machining. It has been used i n  preference t o  g l a s s  i n  some glove boxes 

i n  which BF is  employed. Its disadvantages a r e  sa id  t o  be l ack  of res i s tance  t o  

scratching and a t t ack  by organic mater ia ls ,  including o i l ;  tenderiey t o  flow 

when clanpedj permeabili ty t o  helium, hydrogen, and moisture; and it ruptures 

comparatively e a s i l y  on heavy inrpact and explosions. 

appears t o  be ser ious  judging f r o m  extensive aperat ing experience but  i t s  lack 

o f  beat res i s tance  is  causing t h i s  mater ia l  t o  l o se  favor  for use i n  glove boxes 

conbaining s ign i f i can t  amounts of a -ac t iv i ty -  

Kelman, 

None of these  disadvantages 

(2) CR-39 

The a l k y l  d ig lycol  carbonate polymer designated CR-33 i s  

reported by Kelman, e t  al., t o  be t h e  window mater ia l  used i n  the  Fuel 

Febricat ion F a c i l i t y  at ANI,. I t s  advantages a r e  sa id  t o  be a high degree of 

res i s tance  t o  scratching, impact, s t r e s s  crazing, and chemical a t tack .  It is 

harder t o  machine than Lucite. 
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( 3 )  Ilomalite 

The polymerized polyester r e s i n  kiiorni as Romalite is  repol-ted 

by Schonfeld, Tate an& Marman t o  offer. higher scratch r e s i s t ance  than Lucite. 

Kaulitz a;id Ro,ake describe the l a rge  sca l e  use of this material fo r  windows i n  

plywood glove boxes a t  IIanford and Savannah River. ?'hey state 'LZ-iat it possesses 

surfaces corqarable t o  polished p l a t e  g l a s s  i n  smoothness, l u s t e r ,  and chemical 

res is tance.  It i s  a l so  more d i f f i c u l t  t o  machine than Lueite and i t  tends to 

crack when it i s  seated on s l i g h t l y  curved surfaces. 

(11.) Cobex 

The r i g i d  v iny l  co-polymer p l a s t i c  of B r i t i s h  manufacture 

known as Cobex i s  used i n  some B r i t i s h  glove boxes when g rea t e r  f i r e  res is tance 

than t h a t  afforded by Lucite i s  desired, according t o  Ashburn, Elson, and 

Welsher. 

( 5 )  Safety Glass 

Safety glass  has been used r a the r  extensively i n  glove boxes 

because it :i.s more f i r e - r e s i s t a n t  than existing p l a s t i c  mater ia ls .  1t;s pr incipal  

disadvantages are i ts  lack of f l e x i b i l i t y  and impact res is tance.  More care is 

required i n  atitaching g l a s s  panels t o  glove boxes i n  order t o  avoid cracking. 

Other advantages quoted by Kelman, e t  a]..> fa r  safety g l a s s  a r e  t h a t  i t  remains 

clea,s and smooth, it i s  easI.er t o  clean and purge t h a n  p l a s t i c  window, it is  

impermeable to  gases, aiid cracks do not; usual ly  extend through the  f l e x i b l e  

"sandwich mat t3.r i a1 . 
(6) Summary 

There is no glove box window material t h a t  meets a l l  require- 

men-ts, as Schonfeld, Ta-Le and Maraman have pointed out. Several workers i.n t h i s  

f i e l d  have exi)rc?ssed a des i r e  f o r  vigoroius research and development efforbs ta 
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c 

produce improved window materials. Despite i t s  drawbacks, s a f e t y  g l a s s  i s  t h e  

p re sen t ly  preferred window material i n  the  U.S. f o r  appl icat ions having any 

possible  f i r e  hazard i n  handling s ign i f i can t  quan t i t i e s  of highly ac t ive  

a-emitters.  

- 

3). 13oors and Locks 

Doors a r e  used i n  glove boxes t o  provide access t o  locks, i n t e r -  

connecting chambers o r  d i r e c t l y  t o  an adjoining glove box. The pr inc ipa l  types 

are:  hinged, s l i d i n g  and elamp-on. The degree of t i gh tness  required of a door 

depends on t h e  a rea  t o  which the  door opens. Obviously, a door which opens t o  

expose a contaminated lock t o  t h e  laboratory must provide a more pos i t i ve  seal. 

than one which separates two contaminated glove boxes. It has been f o m d  t o  be 

ra.ther d i f f i c u l t  t o  design a door which will give a t i g h t  s e a l  with a s ing le  

l a t c h  and two o r  more l a t ches  o r  one l a t c h  w i t h  supplementary clamps are some- 

tLmes provided where a t i g h t  seal. i s  recpired. Kelman, et al., describe a 

rectangular door made of dished heavy sheet metal with s t i f f e n i n g  r i b s .  It 

i s  hung on f loa t ing  b%nges and has a quick ac t ing  s l i d i n g  cross bar w:i.th central. 

loading f o r  seal ing against  a r e s t r a ined  neoprene rectangular sect ion gasket. 

Doors between boxes, v e r t i c a l l y  operated by compressed air, are described by 

Metz and t h i s  same design was ad.opted fo:r use i n  c2n i n s t a l l z t i o n  at Argonne 

r\Ta,tional Laboratory described by Shuck and Mayf i e ld .  This ingenious t y p e  of 

door closure i s  undoubtedly more expensive than soiIie of t h e  simpler types but  

it may be worth considering where space and t i . m e  saving a r e  s u f f i c i e n t l y  

important. I t  i s  provided i n  some commercial glove boxes (Bliekman) Discussion 

of" s a f e t y  aspects of use of a i r  locks is  found. i.n Section 1V-2-U(1). 

E. Gloves, Glove ports,  and Glove po r t  Closures 

(1) Permeation of gases t?i:rough glove materials 

The problem of glove box atmosphere contamination from oxygen 

and moisture diffusing tlnrough glove walls has been recognized by a number o f  
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invest igators  but t he re  have been only a few attempts t o  provid-e quan t i t a t ive  

data on d i f fus ion  r a t e s .  Rowan compares the  r e l a t i v e  r a t e s  of diffi.si.on of w a t e r  

thi-ough several  glove mater ia ls  a t  two d i f f e r e n t  humidi.l;ies and a t  two temperatures, 

and he reports  t h a t  butyl. rubbe r  i s  t h e  leas-t  permeable o f  t he  mater ia ls  tes ted.  

Davis, Ayer, and Mayfield provide da t a  conrparci.ng t h e  water permeabili ty of two 

types of neoprene rubber and two types of bu ty l  rubber and confirm t h e  supe r io r i ty  

of t h e  l a t t e r .  A more thorough sCudy of t h e  permeabI.l.i.t;y or rubber materials 

t o  gases i s  reported by V a n  Amerongen who measured t h e  permeability a.ad c l l f fusivi ty  

of 3 kinds of rubber with HPy OZ7 N2, COP, CHlc and Re a t  f i v e  temperatures 

ranging from 1'7 t o  50 C. He concl.udes t h a t  t h e  ac t iva t ion  energy of d i f fus ion  

increases approximately i n  proportion t o  the s i z e  of t h e  gas moleculks. 

(2) Glove mater ia ls  and design 

0 

Although bu ty l  rubber i s  cl.ear1.y superior t o  other  glove 

materials with regard t o  pemea,bbility, manufacturing di.ffi.culti.es mentioned by 

D a v i s ,  Mer ,  and Mayfield have apparently l imited a v a i l a b i l i t y  of gloves made 

of t h i s  material .  Natural iwbber has been used t o  some extent wheue maximum 

s e n s i t i v i t y  w a s  required but short  glove l i f e  under many gl-ove box conditions 

iuakes such gloves unrel iable .  

neoprene. 

The m o s t  wi.de1.y used glove material appears t o  be 

Browning, Adams and Wemphill report discovery of t h e  presence of sulfur i n  

t h e i r  glove box atmosphere which vas introduced by t h e  gloves employed iii t h e i r  

i n e r t  atmosphere enclosure when t h e  box w a s  evacuated. They state that  it; i s  

necessary t o  use sulfur-free gloves under these circumstances i n  order t o  avoid 

t he  p o s s i b i l i t y  of contaminating sulfur-sensi t ive rnateri.al.s 

Davis, mer, and. May-field discuss design considerations that l e d  t o  t h e  

adoption of two stand.8r.d glove designs, one for an 8-inch glove po r t  and one f o r  



-21- 

a ?-inch por t ,  for  use a t  t h e  Argonne National Laboratory. The prefer red  glove 

- mater ia l  i s  sa id  t o  be mil led neoprene, t he  recornmended thickness f o r  general 

purpose gloves i s  0.030 inches and t he  standard length i s  30 inches for t he  8- 

inch cuff s i z e  and 27 Inches f o r  t he  smaller diameter glove. A t  t he  University 

o f  Rochester, t he  need of glove box gloves permit t ing g rea t e r  s e n s i t i v i t y  than 

t h e  aforementimed general  purpose gloves w a s  met by the  developnient of t h i n  

(0.008 inch) gloves made from a spec ia l ly  compounded low-porosity neoprene 

mater ia l .  Wilson repor t s  t h a t  these gloves, which have a "neutral 'r thumb i n  

order t o  f i t  e i t h e r  hand comfortably, a r e  ava i lab le  i n  medium and l a rge  s izes ,  

-39 t o  40 inches i n  length and with tapered cuf fs  f o r  glove po r t s  ranging i n  

d b n e t e r  f r o m  5 t o  9 inches, 

Gloves a r e  manufactured e i t h e r  i n  one piece or  i n  two pieces  with t h e  

hands and sleeves made separately and cemented toge ther ,  One piece construction 

may be considered preferab le  f o r  handling rx-active mater ia ls  because of" the  

possSbllity of  leaks developing in welded seams. 

B r i t i s h  glove box glove experience and gl.ove spec i f ica t ions  a r e  roported 

by Catheral l .  It appears t h a t  B r i t i s h  glove box users  have made more use  of 

na tu ra l  rubber gloves and correspondingly l e s s  use of neoprene gl-oms than have 

hierlean experimenters, bu t  ne i ther  mater ia l  i s  eonsidered idea l  f o r  glove box 

use and e f f o r t s  have been made t o  produce improved gloves by use of various 

combinations of mater ia ls .  These e f f o r t s  apparently have met with only L h i t e d  

succt?ss. 

Persp i ra t ion  which accumulates i n  the  gloves within a short  time a f t e r  

beginning g h v e  box expe rhen ta t ion ,  espec ia l ly  i n  a w a r m  room, not ot1l.y i s  a 

source of discomfort fo r  t h e  operator, bu t  also,  as Rowan poin ts  out, g rea t ly  

increases  the  r a t e  of pene t ra t ion  of water through t h e  gloves. Location of glove 
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boxes i n  an air-conditioned room i s  considered almost e s s e n t i a l  when i t  i s  

necessary t o  use them f o r  more 'than a few minutes a t  a t i m e  i n  hot weakher. 

The use of sclrgical rubber gloves on the  experimenterls hands helps t o  a l l e v i a t e  

the moisture-penetration problem but does nothing f o r  t he  comfort of t he  operator. 

Light weight cotton gloves, changed i'requenfily when perspiraLioti i s  excessive, 

have been used extecisively a,t t he  Oak Ridge Nationa.1 Laboratory. Sherfey and 

Herring sought t o  minimize t h e  perspirat ion problem by f lushing a i r  through t h e  

gloves by means of a rubber tube tape& to t he  back of the glove hand and with 

smaller tubes carrying the  air  t o  t h e  t i p  of each f inger .  This technique d.oes 

not appear t o  have received wide acceptance. 

( 3 )  Glove p o r t s  and glove port  closures 

The term g h v e  port  includes t h e  c i r c u l a r  or oval shaped 

holes i n  tho glove box face and t h e  protu7uerances around these holes which 

f a c i l i t a t e  attachment of gloves. These protuberances may be an i n t e g r a l  p a r t  

of t he  glove box or zttached by bol t ing or cementing t o  the  glove box face. 

Circular gl.ove po r t s  vary i n  diameter from a rnininiiiiii of 5 inches t o  a maxi.muiii 

of about 10.5 inches but t he  8-inch diameter seems t o  be most popular i n  the  

U . S .  a t  t h e  present time. 

commercially avai lable  boxes (Blickman-Los Alamos type).  Separate r ings have 

been made from a number of materials but plast ics  and metals, both machlned and 

cast,, are commonly used. Latham and blurtagh say that many glove port  designs 

have been t r i e d  and t h a t  the more complicated 'ihey are, the  more troub1.e they 

gi.ve. They d s o  s t a t e  t h a t  t he  simplest and most e f f ec t ive  design which they 

have Lried i s  a double groove molded Perspex r ing  which i s  welded. d i r e c t l y  6nio 

the  Perspex (Lucite) window of t he  box. 

development of the Argonrie 8- inch moulded plas I; IC glove ring. 

Oval openings 6-1-/2 x 9-l/2 inches are used in some 

DuTemple, Smith and Schraidi report  



-23 - 

Glove po r t  closures may be e i t h e r  of t he  ex te r io r  type reported by Gibb, 

Fherfey, Kelmm, et  al . ,  and by Latham and Murtagh, o r  of .the i n t e r i o r  type 

such as t h a t  reported by Ashburn, Elson arid Welsher. The l a t t e r  authors state 

t h a t  one reason f o r  t h e  development of t h i s  type of po r t  closure was to eliminate 

t h e  necessity of ty lng  gloves together -to keep them out of t h e  box while they are 

not i n  use. They also mention t h a t  these closures provide a secondary b a r r i e r  

t o  air  ingress o r  a c t i v i t y  escape. Further discussion of t h e  importance of 

gl.ove box closures i s  found i n  Section IV-%-E(l)  i n  connection with glove box 

emergencies. Since non-flammable gloves do not e x i s t  a t  t h e  present time, 

properly designed and used closures can ma-terially reduce t h e  safety hazards of 

glove box f i r e s .  

F. Assembly Methods 

(1) Frame and panel  construction 

Shuck and Mayfield describe a l a r g e  glove box i n s t a l l a t i o n  i n  

which panels a r e  attached t o  metal frames. Because of t he  l a rge  number of 

glove boxes involved, it w a s  f e a s i b l e  t o  manufacture a number of aluminum 

extrusions which f a c i l j  tate assembly of t h e  enclosures and permit a considerable 

degree of f l e x i b i l i t y .  A recent  report  by Malecha, e t  d., describes a modular 

glove box concept involving frames formed by welding together curved s t r inge r s ,  

spherical  corners and mullions reinforced with Uriistmt.  The frame i s  made of 

1_/6 inch s t e e l  sheet metal while t h e  s i d e  and top panels are of 318 iach 

laninated s a f e t y  g l a s s  attached t o  t h e  box frame by means of neoprene weather 

s t r i p .  

inch sheet steel .  A perspective view of the Cenham module is ohown in Fig. 2. 

The f l o o r  i s  1/? irich s teel  plate  and t h e  end panels are ma& of 3/8 

(a) Gaskets 

The problem of obtaining leak-tight s ea l s  on glove boxes 

has received a g rea t  d e a l  of a t t e n t i o n  and several  ingenious gasketing and window 
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mounting arrangements a r e  reported by Snuck and Mayfield and by Kelman, e t  al. 

Neoprene i s  the  most widely used gasket mater ia l  but Grison and Pascard 

mention t h e  use of pure rubber window ga.skets i n  some French glove boxes. 

Restrained gaskets, i. e., gaskets s e t  i n  narrow channels t h a t  r e s t r i c t  t h e i r  

spread have been reported. by Kelman, e t  a l . ,  f o r  both door and wi.ndow seals.  

( 2 )  Shel l  construction 

Sheet materials a r e  formed i n t o  su i t ab le  shapes a.nd assem'ol-ed 

without t he  use of franies t o  make a s h e l l  s t ructure .  The l a rge  majority of 

glove boxes, both metal and noii-metal, has been constructed i n  t h i s  maimer. 

When sheet metal i s  used f o r  the  bottom, s ides  and back of t h e  glove box, 

it i s  possible  t o  make rounded corners which f a c i l i t a t e  cleaning of t h e  i n t e r i o r  

of t h e  box. Since metal sheet j o i n t s  a r e  welded, t he  metal s h e l l  is  essential . ly 

one piece t o  which the windows, glove ports,  and access lock m u s t  be attached. 

( 3 )  Double-ski-n glove boxes 

The high spec i f i c  a c t i v i t y  of caused Briti.sh invest igators  

t o  design a. double-skin glove box, e s s e n t i a l l y  a gl-ove box within a glove box, 

for work with t h i s  material .  

polonium showed tha-t escape of a c t i v i t y  w a s  mainly by penetration of t h e  

mater ia l  through rubber gloves i n  use a-t t h a t  time and from the  t r a n s f e r  boxes 

while moving materials i n t o  o r  out of t he  ac t ive  area. L a t e r  experience has 

shown tha-t both of these sources of act-ivrity re lease can be eliminated, t he  

f i rs t  by use of neoprene gloves which a re  more resistant, t o  penetration of 

polonium than na tu ra l  :rubber, and the  second by use of j.inproved t r a n s f e r  methods 

discussed l a t e r .  The p r inc ipa l  disadva,ntages of t h i s  type of glove box would 

appear t o  be loss of s e n s i t i v i t y  occasioned. by t h e  double glove .t'nrickness and 

Ra.gnall (1958) reports  that ea r ly  experience wi-th 
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diminished freedom of manipulation r e su l t i ng  from the  double w a l l .  Bagnall(1958) 

ind ica tes  that  the  double-skin box i s  no longer considered e s s e n t i a l  f o r  

experimentatian with polonium. 

B a l l  describes a glove box design of fer ing  double-wall p ro tec t ion  without 

t he  inconvenience of working with double glove thickness. An intermediate 

chaniber i s  provided between the  inrier and outer  glove boxes through which gloves 

attached t o  the  outer  box pass. The pressure i n  t h i s  intermedia,te chmber i s  

mair?tained below Lhat of t h e  inner o r  t he  outer  glove box by means of a f an  

which draws a i r  i n t o  the  intermediate chamber and exhausts it through a f i l t e r .  

B a l l .  s t a t e s  t h a t  any a c t i v i t y  reaching the  intermediate chamber from the  inner 

box cannot spread t o  t h e  outer  glove box because it i s  opposed by gas flow and 

consequently any a c t i v i t y  i s  confjned t o  the  inner box or  t he  intermediate 

chamber and i t s  at tached f i l t e r .  T h i s  system was f u r t h e r  developed by use of 

t h ree  separate  sheets  of rubber with hor izonta l  s l i t s  arranged i n  staggered 

fashion so t h a t  there  i s  no continuous s l i t  through t h e  screen. This arrangement 

permits a considerable amount of l a t e r a l  motion or" t he  gloves within the  inner 

box and s t i l l  r e s t r i c t s  t r a n s f e r  of a c t i v i t y  t o  such an extent  t h a t  B a l l  f e e l s  

t h a t  no special. t r a n s f e r  boxes a r e  necessary for moving mater ia ls  from t h e  

laboratory i n t o  the  intermediate chamber and thence i n t o  the  inner box. 

(4) Cylindrical  glove boxes 

One of the  problems connected with glove box operation mentioned 

elsewhere i n  t h i s  review i s  t h e  s m a l l  working space of approximately 6 sq. f t .  

ava i lab le  t o  an operator through a s ingle  p a i r  of gloves. The usual  method of 

supplying a l a r g e r  glove box working area i s  t o  bui ld  e i t h e r  l a rge r  boxes w i t h  

a number of su i t ab ly  located gloves o r  an interconnected s e r i e s  of small boxes. 
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Another sohxt.ion t o  the  prubl.em i s  t o  bui ld  cy l ind r i ca l  boxes having a ro t a t ing  

f l o o r  t o  make d i f f e ren t  port ions of t h e  f l o o r  a rea  accessible t o  a single 

p a i r  of gl.oves and t o  permit a series of :mmipul.ations t o  be performed i n  a 

single box which would otherwise require a milch larger f l o o r  area an? a 

number o:f mxterial transfers. Dolphin reports  a large ro t a ry  u n i t  f o r  carry-irig 

out a sequence of pi-odhctioiz operations. Hagnall, e t  a l .  , descyibe a cy l ind r i ca l  

glove box b-1/2 f e e t  i n  drim-F'iei- desigt:ked. for  t he  performance of a sequence Df 

laboratory--typc manipi.~.lstions on a ro t a t ing  f loo r  which is  sa id  'io make I4 sq. P t .  

of f l o o r  area accessible t o  a s ingle  pai.r of gl-oves. A doiible window system i s  

used and the  plane inner window cai-rylng g1.ove po r t s  i s  held against  a neoprene 

gasket on an exterisioii to t h e  wall of t h e  box while t he  outer  window i s  hol-ted 

t o  a wide flange welded t o  t h i s  window extension. In  operation, t he  space 

between tl.11:: windows is  maintained a t  a s l i g h t l y  reduced pressure.  Boxes a r e  

coriiiected together by a 6-inch square l;uimt.l in which an e l e c t r i c  t r o l l e y  runs 

t o  t r a n s f e r  mater ia ls  f-i*oiii o w  box t o  mother .  

G. Co[nmer.cial glove boxes 

A considerable number of coxnpanies bu i ld  spec ia l  glove boxes 

according t o  design drawings atid specif icat ions furnished by t h e  cusLomer but  

only a rel.a'ijive1.y few corflpanies o f f e r  standard design glove boxes for sa.1.e. 

Nucleonics, November l96O h s u e  fo r  addresses of mamifaeturers of glove boxes 

and glove box equLpment.) 

w i l l  be mentioncxl bere,  

(See 

Only a few of the  many glove box designs i-tow avai lable  

S. Rlickman, Tnc., oPfers a s t a i n l e s s  s t e e l  glove box shown i n  Figure 3 
(3 which has &we por t s  s e t  ii1 a sa fe ty  glass front which i s  s loped  a t  1.5 Y ~ o m  

ver t icad.  These u n i t s  which are a.va.il.a,bble I t 1  3 or  1:- foot lengths can be used 

ei-ther sir1gJ.y or as a part of a system of in-ter-connec.t;ed boxes, Tbris company 
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a l s o  manufacturers severa l  types of vacuum boxes, one of which i s  shown i n  

Figure 4 and t h i s  box is  a l s o  ava i lab le  i n  3 and 4 foot  lengths .  It i s  capable 

of being evacuated t o  a pressure of 50 microns w i t h  a mechanical. vacuum pwnp. 

The CMR double face, control led atmosphere glove box manufact,ured by 

Kewaunee S c i e n t i f i c  Equipment Company, shown i n  Figure 5 ,  i s  b u i l t  of s t a i n l e s s  

s t e e l  covered with a baked phenolic r e s i n  f i n i s h  f o r  addi t iona l  corrosion 

res i s tance .  Use of two p a i r s  of opposing gloves makes a much l a rge r  working 

space ava i lab le  within a s ing le  enclosure. A n  evacuation balloon i s  ava i lab le  

t o  help remove a i r  from t h e  box by use of t he  technique described by Sherfey. 

The Berkeley type glove box offered by S c i e n t i f i c  Services, Inc., equipped 

with angle front f o r  v e r t i c a l  viewing, i s  shown i n  Figure 6. 

construct ion mater ia l  f o r  glove boxes of t h i s  type is plywood faced on both sides 

with Masonite bu t  they are also ava i lab le  i n  s t e e l  covered with v inyl  pa in t  01- 

other  f in i sh .  Thin p l a s t i c  sheeting which can be removed when it becomes 

The bas ic  

contaminated, may be employed t o  cover the  i n t e r i o r  of these boxes. 

The Eringard enclosure manufactured by Dublin, Indus t r les ,  Inc., a recent 

addi t ion  t o  the  l i s t  of glove box manufacturers, i s  shown i n  Figure'( . This 

box, normally b u i l t  of m i l d  s t e e l  and covered with corrosion resistant paint 

both inside and out, i s  a l so  ava i lab le  i n  s t a i n l e s s  s t e e l .  The sloping s a f e t y  

g l a s s  windows, mounted i n  the  box by a rubber gasket, hold 8-inch diameter 

fiberglass o r  aluminum glove rings.  These boxes can be obtained equipped w i t h  

a centr i fuge w e l l .  

H. Glove box assemblages 

Marman discusses the  Los Marnos method of building gl.ove t r a i n s  

u t i l i z i n g  32-inch wide, 28-inch deep arid 48-inch high modules fabr ica ted  Prom 

standard f ron t ,  top, bottom and end sect ions which a r e  flanged and bol ted 



together over neoprene geskeks. The j o i n t s  are f u r t h e r  sealed wi-th epoxy resj-~i 

f o r  tigh.'int.ss Marcman s t a t e s  t h a t  although a glove trai.iI norriial.l,y does not 

contalt i  p a r t i t i o n s  between box units,  one or  n1oi-e modules may be parti t ioned. 

off t o  p ro tec t  equipment f l a o i l 1  a corrosive atmosphere. 

Kelrnam, e t  a,].*, describe a modul-a.r d-esign ut-il-iziing 0-riiigs covered with 

a t h i n  1.aye-r of Apiezon-N vacuum grease t o  obtain t i g h t  seals. They s ta te  that 

leak t i gh tness  should be achieved during eonstruction and t h a t  sFa l ing  comptnmds 

or mastic .tape shou1.d be employed only when a 1. develops a.fi;er a box becomes 

contaiij.riatet3.. 

wide plywood glove box u n i t s  together t o  form glove trains. Me'iz describes 

arrangements of glove boxes designed t o  f a c i l i t a t e  anal-ysis of adactive matei-ial. 

G lan -v i l l e ,  Gr>ant and Strachan report; chemical m s l y s i s  and other  operatioris 

performed in a very conipac:t s u i t e  of four  inter-connected boxes. 

Kamlitz and Hoake descri-be :nethods of connecting standard 36-.ineh 

Schonfeld, Tate and Marman r q o r t ;  t h e  design of a glove box assmblage 

for t he  prepsration of metallograp'riic specimens a t  Tas Alamos Scientifi .c 

Laboratory while Craiiier and Schonf e ld  discuss the aperation of Ynis equipment. 

Wick arid Thomas describe the Hanford plutolriuni rnetall.urgy laboratory and pi.l.ot 

plant .  

EstabI.i.shnient are discussed by Lord and Wald-ron, i.iic..l.nding t h e  "Arcade" 

and  "'Xs1.and'' cell arrangements for permitti-ng maintenance work on equipment i n  

contmineted gl.ovc boxes by m e n  in pressurized s u i t s .  They s t a t e  khat although 

American experience indicates  thai; ti; is  possib1.e t o  operate a plutonium 

l.3,borZtQl-y without a pressurized. s u i t  a.reaf B r i t i s h  opinion i.s .i;hat some form 

of pressurized s u i t  area i s  a vahmble adjunct t o  the free-standing gl.ove box 

system but t h a t  i t s  s i z e  should be kept s m a l l  f o r  prj.ce reasons, 

Br i t i sh  facll-ri.tiea f o r  plutonium work ai; t he  Abomic Weapons Research 

A lil-re of glove boxes f o r  chcmical research which affords more than t h e  

usual anivunt of head room and also allows eccess from both f ron t  amd. rear faces 
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i s  reported by Schonfeld, Tate and Maraman. The Fuel Fabricat ion F a c i l i t y  at; 

Argonne National Laboratory described by Shuck and Mayfield i s  the  most extensive 

glove box assemblage reported t o  date. 

Malecha, e t  al., i s  said t o  permit construct ion of low cos t  assemblages. Tt 

The Cenham module recent ly  descri.bed by 

combines fea tures  incorporated i n  previously developed glove boxes at the  

Argonne National Laboratory. 

3 .  F i l t e r s  and Scrubbers 

A. F i l t e r  and scrubber construction and use 

The importance of highly e f f ec t ive  f i l t r a t i o n  methods i n  glove 

box work with plutonium and o ther  a-emitting mater ia l s  i s  emphasized by t h e  

previously mentioned extremely s m a l l  s i z e  of p a r t i c l e s  equivalent t o  maximum 

permissible boejr burden values. I n  addi t ion t o  t h e  requirement of high f i l t e r i n g  

eff ic iency,  glove box f i l t e r s  should be made of non-flammable mater ia ls .  '-They 

should also have a reasonably low pressure drop and long l i f e .  A common p rac t i ce  

i s  -Lo provide a primary or roughing f i l t e r  i n  the  box exhaust l i n e ,  e i t h e r  within 

t h e  box o r  very near it, and a second, more e f f i c i e n t ,  f i l t e r  t o  remove most of 

t h e  remaining a i r  ac t iv i ty .  The roughing f i l t e r  meets one of t h e  requirements 

set f o r t h  by Silverman by keeping most of t he  ac t ive  mater ia l  c lose t o  i t s  

source instead of allowlng it to spread through t h e  exhai;lst ducts i n  an 

uncontrolled manner. T h i s  g rea t ly  reduces t h e  hazards o f  removing o r  replacing 

exhaust duct l i n e s .  In addi t ion  t o  exhaust f i l ters,  i n l e t  f i l t e r s  a r e  provided 

mainly -to prevent escape of a c t i v i t y  through the  i n l e t  i n  case t h e  glove box i s  

accident ly  pressurized and t o  increase the u s e f i ~ l  l i f e  of the  exhaust TT1i;er-s by 

removing dust from the  i n l e t  air. 

Early types of glove box f i l t e r s  such as the  CWS (Chemical Warfare Service) 

paper f i l t e r s  and the  B r i t i s h  resin-impregnated wool f i l ters  gave good service, 

i n  general, bilk lacked f i r e  res i s tance .  More recently, most glove box users  



-30- 

have demanded f i l t e r s  which w i l l  w i L h s  Land reasonably high t , e q e r a t u r e s  for  use 

RS exhaust f i l t e r s  i n  glove boxes. A f i l t e r  of t h i s  Lype developed by A. i:. 

Li t . t le Coripany I s  sajX t o  be su i t ab le  f o r  us::: a-t temperatures up t o  500°E‘ 

or  hi.ghe:r and i s  resisian-t, -LA:) corrosive fumes. It i s  made up of 3-micron 

diameter gla.ss f:ibers (80%) and asbestos f i b e r s  o r  very f i n . e  g l a s s  f i b e r s ,  :i:t 

h s t a n d  frequent wetting and dryi.n.g. A pieated glass  f i b e r  f i l t e r  i s  

described by C a t l l n  and. AI-1.i.so-n who report  t h 2 t  -this f i l t e r  type i s  superior t o  

e a r l i e r  f i l t e r r ,  w l t h  regard t o  clogging r a t e .  The pi.eated f i l t e r  arrangement 

affords a very large f i l t e r i n g  area i n  R sflaI.I. volume so t h a t  a high degree of 

f l l k r a t i o n  eff ic iency can be obtained with a nominal pressure drop. 

reports an edge ‘type f i l - t e r  co-misting of compressed s t a c k s  o f  c i r c u l s r  sheets 

of Dy-i le l  f i b e r s  which i s  sa id  ’io have an adjustable pressure drop. A s  the 

pressure drop increases with use, it can be brought t o  i t s  o r i g i n a l  value by 

decreasing the  pressure appl.ied t o  the  f i l t e r  assembly. Three si-zes of Fi.beyg1a.s 

a i r  f i l t e r s  empl.oyed at the  Hanfoi-d Atomic Products Qxra t ions  for f i l t e r i n g  

exhaust a i r  fi-orfl individual hoods and. glove boxes a r e  described by Gifford. 

Tnese f i l t e i - s ,  which were desi-gned f o r  d i sposab i l i t y  and l o w  cos-L, d o  not meet 

present-day s-La.ndards of  -fire res is tance.  

Marumaii 

Thaxter describes a method of mou-nting a vleated m a t  of very f ihne(I ,3  

micron) glass filamerrbs ligiii;ly b o d e d  with synthct ic  r e s in .  

mounting employed f o r  t h i s  f i l t e r  arrangement is tiood, t h i s  w o u l d  not be usablk 

where f i r e  hazards ex i s t .  Thaxter, Caiitelow and Hurk review foriiier riiethods of 

off -gas trea’meni; i’rom glove boxes employed at  ihe Universi.ty of Cal i fornia  

Xadlat imi Laboratory and report  the d.cv::J.opmen-t; O F  a multiple purpose f i l t e r -  

scrubber u n i t  used. t o  remove acid and ammonia fumes, as wel.1. 2s p i r t i c u l a t e  

mat”cer, rrom recirciil&ing gl.ove box a i r .  

by refrj-gernting the scrubber solij.ti.on (1.0 M NaOB and 1.0 M KH PO 

Siricie the 

HtmidiLy con t ro l  i s  said Lo be  a~c’bieVCd 

a t  2 4  
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pB of 2.0 t o  7.0). 

i n s t a l l a t i o n ,  together  with t h e  need f o r  pe r iod ica l ly  disposing of quan t i t i e s  of 

contmninated scrubbing solution, i s  j u s t i f i e d  only when a. severe Axile problem 

e x i s t s  within the  glove box. 

It would appear t h a t  t he  e,xpense involved i n  such an 

B. F i l t e r  Eff ic iency 

The ef f ic iency  of both wet and dry f i l t e r  media i n  removing air- 

borne rad ioac t ive  iilaterial from contaminated a i r  and gas e f f luen t s  i s  discussed 

by Silverman. 

determination of t h e  e f f ic iency  of f i l t e r s  including the  methylene blue t e s t  

w h i c l i  provides a median p a r t i c l e  s i z e  l e s s  than 0.5 microns, the d ioc ty lphths la te  

t e s t  (DOP) which i s  sa id  t o  give a u n i f o m  p a r t i c l e  diameter of 0.3 microns, 

md counts of air-borne radioact ive mater ia l  of unspecified p a r t i c l e  s ize .  The 

highest e f f i c i ency  shown i n  t h e  t a b l e  of high e f f ic iency  f i l t e r s  reported by 

Silverman is 99.997% obtained with a compressed g l a s s  f iber  f i l t e r .  

f i l t e r s  having an e f f i c i ency  of 99.95% by the  IIOT t e s t  a r e  now ava i lab le  but 

f i l t e r s  having a lower e f f i c i ency  are frequent ly  employed f o r  use as roughing 

f i l t e r s .  

He ind ica tes  t h a t  severa l  m.ethods have been employed f o r  the  

Commercial 

C. F i l t e r  Mounting and Changing 

The importance of proper mounting of f i l t e r s  i s  emphasized by 

Smith. He s t a t e s :  "A:Ll t he  e f f o r t  t o  achieve per fec t ion  i n  a f i l t e r  i s  

I.ost if t he  u n i t  i s  f i l i a l l y  placed i n  a mounting t h a t  leaks, o r  i f  t he  f i l t e r  

i s  imperfectly sealed asnd al.lows any air t o  flow by it." 

b o l t s  or clamps should be employed t o  depress a rubber gasket on the f i l t e r  face. 

Chiith a l so  says t h a t  

Some glove box i n s t a l l a t i o n s  employ primary f i l t e r s  mounted outs ide of 

t he  glove box 'aut an arrangement such as t h a t  reported by Kelman, e t  al., i n  

which t h e  f i l t e r s  a r e  mounted within the  glove box i s  prefer red  because f i l t e r s  



can be changed without loslne;: t he  glove box negatlve pressure 01 opening t h e  box, 

S~:BCE: used f i l t e rs  imst be removed from the  box as contwnir.tated waste, it is  

necessaxy t o  'p:rovi.de a removal por t  sufr1.ctently large t o  accomodate the 

flltei-s. F i l t e r  holders ex%el-nzzL t o  the  glove box should be designed i n  such a 

-ma.nner t h a t  coxtamfnated f i l t e r s  can be transSerred d i r e c t l y  in to  p l a s t i c  bags 

witbout e x p s l n g  personnel t o  air-sbor.rre contanination. A f i l t e r  change system of 
t h i s  type is described by Hlorngrea. 

4. Exhaust Systems 

Where only a few glove boxes arc tn use, it may be desrix&k t o  

employ a separate exhaust, systerri fa r  each glove box. T h i s  can be e j t h e r  t he  

once-through type in which the  air dra.nrll €rom the  box i s  delivered t o  a hood 

exhaust system after f i l t r a t i o n  or the  reci rculat ing type described by Tlafzxrker, 

Cantelm-, and Hurk. In t he  U.S., small, clectrica.l.ly rlt5ven f a n s  w e  sometimes 

eq lnyed  t o  pull. a i r  from glove boxes w1iil.e most B r i t i s h  investigators seem t o  

p re fe r  compressed air e jec toys  f o r  maintaining a raegztlue pressure i n  t h e i r  

enclosures. One reason expressed fo r  t h e i r  preference i s  the  des i r e  t o  avoid 

t h e  mahtenmee pToblem involve2 t n  using motor-driven fans enclosed In  3 glove 

box. Mihen large mounts of a-active ma'cerials are 1xxndI.ed i n  an encloswe, 

there  i s  a p o s s i b i l i t y  of escape of ac t iv- l ty  through the  motor spindle gland 

0 . F  ;tn exhaust fan mounted cmkside tine box. St appears that the lik.ellhood of 

t h i s  eventual-i.t,y is dFTilinished by f il.ter5.ng the exhaust air before 1-t re3,cht.s 

the exhaust fan. A separate enclosure mai.ntained at a negative pressure c nay be 

sup-plkd f o r  the fan and motor. 

Catlln, et ax., compare the  a i r  ejector arid motor-driven f an  exhaiis-t 

systeins as t o  t h e i r  reliabYLjty and perfomarccle and s t a t e  "ne belief t h a t  

ruXll?ing c o s t s  are very muell less for. ejecl;urs, A nun-return valve i s  usual1.y 

:proi~-Tdec?,. on t he  suctl.nn s ide  o f  the  ejector- t o  avoid t h e  possibility of p r c c s u r i z h g  

t h e  glove box, 
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They a l s o  report  t he  determination of t h e  r a t i o  between vent and. ventur i  

s i z e  required t o  give the  m a x h u m  r a t e  of air f low with minimum applied a i r  

pressure and describe the  construction of a siqple glass  air e jec tor ,  

and Welsher report  t h a t  use of m e t a l  a i r  e jec tors  constructed a t  1.m cost from 

standard fittings eliminates a possible  heal th  hazard from breakage of the  glass 

Reynolds 

e j ec to r  a 

B. Fan Exhaust f o r  Groups of Boxes 

Gresham compares a i s  e jec tors  with fans f o r  providing exhaust f o r  

50 glove boxes and s t a t e s  t h a t  a s ingle  fan of 200 cubic f e e t  per  minute capaeity 

driven by a 1/4 h.p. motor i s  adequate f o r  50 boxes while 7 h.p. i s  required t o  

operate 50 air  ejectors .  This appears t o  contradict  the  above-mentloned opinion 

expressed by Catlin, e t  aL. 

has occurred through use of an e jec tor  and that fan exhaust systems are inherent ly  

He also states t h a t  pressurizat ion o f  glove boxes 

safer than air e jec tors ,  It I s  ce r t a in ly  advisable, as Gresham m a k e s  clear,  t o  

provide su f f i c i en t  exhaust capacity so t h a t  a la rge  linear air ve loc i ty  w i l l  be 

provided i n  case la rge  openings i n  the  glove box occurs as, for example, accidental  

l o s s  of one or more gloves o r  rupture of a window, Ee recommends the  use of 

f i t b e r s  capable of passing 20 t o  k, cu. ft. per minute and a minimum diameter of 

2 inches f o r  the exhaust duct. 

Exhaust ducts are usua1l.j made of metal, t he  mater ia l  choice being dependent 

t o  a la rge  extent upon whether corrosive fumes a re  expected t o  be produced i n  

t h e  glove boxes. Under some conditions it may be necessary to use p l a s t i c  ducts 

and t o  3-nstal.l scrubbers t o  remove corrosive o r  p o t e n t i a l l y  explosive mater ia ls  

from the  eAuhaust a i r  before it i s  discharged t o  the duet system as descsTkd 

by Metz, and by Thaxter, Cantelow and Burk. Xoberts dSseusses the  general 

problem of air supply and exhaust system in l abora tor ies  handling radioactive 

mater ia ls  and. reports details of the exhaust systems employed i n  the chernistxy 

building at Argonne National Laboratory. 
D_ 



F1exi.bl.e rubber hose conmections are frequently employed t o  connect glove 

boxes t o  a metal exhamt system. These hose connections could bmm through i n  

case of a glove box f i r e ,  resu l t ing  i n  loss  of glove box vacuw~. 

of f i r e - r e s i s t an t  f l ex ib l e  connect ions for t h i s  purpose is very desira3ie.  

DeveLopmeat 

An emergency power source such as t h a t  reported by Love, e t  ai., is needed 

t o  keep a, negative pressure i i i  glove boxes containing high levels of c:-actTvity 

when the im-mal power SOII .~CC: fails. The chage-cblier t o  t he  emergency power 

source should occur automatically. I n  the i n s t a l l a t t o n  a,t the Oak Mdgc 

National laboratory, an e x h a ~ ~ t  fan driven by a D.C. motor dPawlng i ts  power 

from a l a r g e  balk of b a t t e r i e s  starts a u t m a t i c a l l y  lf t h e  A.C. power EatLs .  

A t  the same time, a motor-driven generator s t a r t s  chmging the ba t t e r i e s .  W3ile 

t i g h t  gl.ove boxes will minimize the l ikl ihood of release of a c t i v i t y  i n  case of 

loss  of negative pressure, i t  i s  not consI.d.ei-ed good prac t ice  do r e l y  on cmplete 

containment untler these conditions, especial ly  where la rge  amounts  of a-acttve 

mater ia ls  are present i.11 t he  boxes. 

C. Pressure Measurement and Control i n  Sub-atitiospheric Pressure Glove Boxes 

The most comonl.y used operating pressure range for gl.ove boxes 

i s  0.5 t o  1.0 inch of w a t e l -  below t h a t  of t he  room and mamal a.d;justment of 

exhaust val.ves usually provides adequate pressure control. Mij.le manometers 

have been used t o  indic8tc tlne internal. pressure of glove boxes empl-ayed for 

hsnnd.Iing non-toxic materials,  pressure measuring d.evicen k s s  suscept Lble to 

bredrage have been favored f o r  use when a-active rnaterials a r e  present j.:n t he  

boxes. The Magnehelic gage, which i s  avail.a’nle i n  several diffe-twot p’ressure 

ranges, i s  a slmp1.e and r e l i a b l e  gage which has been ra-Wter widely employed 

on gl-ove boxes. Gages equipped with an. ad-justable set-point switch =-e availablk 

f o r  use where it i s  conn1d.ered des i~ab l - e  t o  have an  audjA1e alarm sounded i f  t h e  

pressure i n  t he  glove box exceeds a chosen value. 
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Cantelow (1959) describes a simple device designed t o  pro tec t  pressure 

measurement gages from corrosive fumes and ac t ive  mater ia l  i n  glove boxes. 

-isolating seal. consis ts  of a long, thin,  polyethylene bag contained i n  a 12-inch 

length of Lucite tubing. 

The 

The bag transmits pressure changes within the  glove box 

t o  the  gage but  contains ac t ive  material. It permits the  gage t o  be disconnected 

f r o m t h e  system without danger of re lease of a c t i v i t y  t o  the  atmosphere. 

Controlled atmosphere systems operated at sub-atmospheric pressures require 

an automatic pressure control  method. 

employed t o  regulate  t he  pressure i n  glove boxes f i l l e d  with pur i f ied  argon. A 

coIrrpressor and two eleetro-magnetic valves are actuated by t h e  top and 'bottom 

Pascard and Fabre describe equipment 

contacts of a water manometer mounted on the  box. Glove box pressure 2s 

transmitted t o  t h e  manometer through 1 mm I.D. copper tubing. A reservoir  ac t s  

as a volume buffer.  

Kelman,  e t  al., report  t h a t  t he  pressure i n  a rec i rcu la t ing  helium 

atmcsphore system i s  controlled between -0.5 and -1.5 inch by means of a pressure 

sens i t ive  switch which actuat ing valves whlch cause helium to  be added t o  or 

removed from t he  system, Coleman, e t  al., describe a control  system 1nvolvring 

a d i f fe ren t ia l -  pressure swl tch  operating solenoid valves which control  

admisBion of helium gas t o  the  system. 

Peck describes a cont ro l  system employing a flexible p l a s t i c  

bellows, which i s  an integral part of the a c t i v i t y  enclosure, and a. special ly  

des-igned control  valve. 

No-rth repor t s  the  development of a s h p l e  avld p r a c t i c a l  control valve that, 

give:; proportional coritrol of both i n l e t  and ou t l e t  f l o w s  so  t h a t  the  further 

the box pressure i s  from i t s  s e t  value, t he  grea te r  i s  the res tor ing  force,  



111. P~boratory llesig21 

Although tox ic  materria.l..s a r e  sometimes lxandled i n  gl-ove boxes placed i n  

lahoratoyies desi-gned for other purposes, it should bz recognized t h a t  il; i s  

almost as important ti_, have a properly designed glove box laboratory 8,s it i s  

t o  haxe properly designed glove boxes;. If ft, is  bui.3.t xjd used. properly, t h e  

labora-tory can serve as a secoadary l i n e  of coiitaiilment when ac'cive material 

escapes frorii a glove 'box. 

I n  order t o  serve ePfet::"i.jvel.y f o r  this pinpose, t h e  laboratory must be 

s u f f i c i e n t l y  t i g h t  so t h a t  it can be maintained a t  a l o w e r  pressure than 

adjaceat ayeas without an excessive a i r  flow r a t e  and l;he a i r  m u s t  be exhausted 

through e f f i c i en t ,  non-fl.:lfmnabl.e, f i l ter-s .  In  addition, the w a l l s  and floor 

should be f intshed i n  a manner t h a t  will f a c i l i t a t e  decontamination. Te r r i l J .  

dLscusses floor coverings and  wall f inishe:; suita.33.e f o r  (z radiocliemical 

h.hoi-a,torpy v-hil.e Mackl.ntosb discusses t h e  layout of labox-atoyie:; of t h i s  type. 

'There are differences of opinion on t h e  question ~whetiier glove box 

l ahora to r l e s  should be kept siilall t o  liiiit the  spread of contamination o r  l a rge  

t o  faci.l.itate t h e  furnishing of an air  exhaust; system and &her' 5ervic:es t o  a 

number of glove boxes Obv5.ousl.y, nei ther  arrmgemeiit x i11  meet a l l  possLb1.e 

needs. One suggestion i s  t o  l i m i t  t h e  glove boxes in .  a s5ngl.e laboratory t o  t h e  

number required tu complete the necessary manipulations on mater ia l  without the 

necessi ty  of removtng the material  from t h e  glove t r a i n r  

IV.  Experimentation with Toxic Materials 

1. Introductoi-y Comment;:; 

Exxni.ii.mt5.m of t h e  l i t e r a t u r e  indicates  t h a t  khcre arc few chemical. or 

metal lurgical  opzrations wb5.ch have not been performed i n  glove boxes with 

a-ac'i;.i.ve ma2te i -k l s9  and it i s  obviously impossible to deal- adeqilately wi t 'n  all- 
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of tlne published information i n  t h i s  f i e l d  i n  a review of t h i s  t;yye. 

addi t ion t o  the  extensive l i t e r a t u r e  on operations performed in gl.ove boxes, a 

great  deal  of a t t en t ion  has been devoted t o  the technique of working w i t h  glove 

boxes containing these highly-toxic mater ia ls  because of t h e  extreme care needed 

t o  avoid re lease  of ac t iv i ty .  Some general ru les  f o r  experimenting with plutonium 

amd other  a-active mater ia ls  of comparable t o x i c i t y  a r e  l i s t e d  below, which a re  

based Fn p a r t  on a l i s t  of ru les  suggested by Kel rnan ,  e t  al., f o r  s a fe  handling 

of meta1.lic plutonium. A more de ta i led  l i s t  i s  given by J e t t e  and Coffinberry, 

In  

Sol id  compounds and contaminated materials a r e  never exposed t o  

the  atmosphere of t'ne laboratory,  

Contaminated glove boxes are kept a t  a lower pressure than t h a t  of 

sf laboratory a t  a l l  times. 

Glove boxes a re  not opened t o  the laboratory after.  they have become 

contaminated without f i r s t  being thoroughly decontaminated and 

mooit ored. 

Volat i le  solvents and. other combustible mater ia ls  are kept t o  a 

minimum i n  contaminated glove boxes. Solvents a re  used only i n  

boxes constructed o f  f i r e - r e s i s t a n t  mater ia ls  and. provided with 

f i r e - r e s i s t an t  closures f o r  the  glove ports ;  an airtomatic f i r e  

alarm or  fire extingiiishing system is employed and only t he  act ive 

mater ia l  current ly  being processed i s  allowed i n  the  box. 

Sharp objects  capable of perforat ing gloves and the  s k i n  of the 

operator 'are kept t o  a minimum and used only with great  care where 

t h e i r  use i s  essent ia l .  Supplementary puncture r e s i s t a n t  gloves, 

e i t h e r  on the hands of t he  operator o r  over the  glove box gloves, 

a re  employed when it i s  necessary t o  work with such tools .  
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(6) Similarly, exposure OP ho-t; objects within the gl-ove box capable 

of burning through g.l.oves and t h e  skin oSr the operator i s  avoided 

i f  possible.  

Eeting a.j-id smoking are not al-lowed i n  f.ilie laborator ies ,  

Equi.pmeint and a,pparatus l i k e l y  t o  require  servicing i s  placed 

outside of glove boxes, insofar  as possible, wtth only those p a r t s  

requiring contact w i t h  actfve material  inside t h e  box. 

(7 

(8) 

2. Technique of Glove Box Op,e:r:2tion 

A. Glove change methods 

(1) Sing1.e clanq 

Schonf cld, Tate and Merman report; t ha t  the e l l i p t i c a l  e;l.ove 

p,orts on some Los 4_lamos glove boxes mzke i t  necessary '60 use a glove change 

method requiring two operators and momenLary opening of t h e  glove box -Lo t h e  

labor&ary. They indri cake t h a t  t h i s  p rac t i ce  is  not considered des jii-able and 

that c i r cu la r  po r t s  designed t o  f aclJ. i tate change without ope:ni:q the  glove 

boxcs are p refei-red e 

(2)  Beaded glove and clam$ 

Ihunster and Bermellick describe a glove change method 

enployed on B r i t i s h  gl-ov-e boxes having c i r c u l a r  po r t s  with two exte:rnal grooves. 

Ail 0-Tine a t  t h e  shoulder end of the glove f i t s  i n  'die groove nearest  t he  gl.ove 

box f ace  and a clamp i s  empl.oyed t o  hold tile gl.ov-e ri.n place w h i k  i t  i s  being 

used, When t h e  gl.ove i s  to be changed., 'iiie cla.rnp i s  removed and t h e  bead of t h e  

o1.d glove i s  moved t o  the  outer groove, t he  bezd of t h e  new g3.ove is  sl ipped 

over t;he o ld  glove t o  the  bnei- groove and the  old gl-ove i s  then pirll.ed- i n t o  

~ r i e  box and -the clamp replaced. i l  



-39- 

( 3 )  O-ring and clamp 

Kelman, e t  al., describe a gl-ove change method similar t o  t h a t  

above. 

a steel. clamp r ing  i n  t h e  middle groove and a neoprene O-ring i n  t h e  outer groove 

A three-groove p o r t  i s  eql.oyed wii% t'ne glove bead f i i  the inner groove, 

wh.:.n .the glove i s  rin use. 

t h e  end OS t h e  glove containing tht? bead i s  folded back over the  O-ring, t he  

To change t h e  glove, .the steel .  c l m p  r ing  is  removed, 

new glove, turned inside-out, i s  placed. over t h e  old glove which is  then pull.ed 

in to  t h e  glove box alo-ng with the  O-ring. The s t e e l  clmp ring i s  replaced and 

a new O-ring f i t t e d  i n  the  outer groove t o  complete the operation. 

(4) One O - r i n g  

This method i s  s i m i l a r  t o  t h a t  described i n  (3) above but; t h e  

~ l . ~ m p  i s  not used. A two-groove port  i s  employed with an O-ring i n  the inner 

groove when t h e  glove is  i n  use. To change a glove, t h e  O-ring i s  moved to t h e  

outer groove, t h e  shoulder end of the glove doubled back over the O-ring, the 

new glove slipped over t h e  old glove and fastened i n  place with a new O-ring. 

The old glove and O-ring are then pul led i n t o  t h e  box. 

(59 TWO O-rings 

This method i s  also s i m i l a r  t o  t h a t  d.escribed i n  (3) above 

with the c l a p  replaced by a second O-ring. 

(6) Two clamps 

Schonfeld, ?'ate arid Marmian descr-i'ue t h e  use of two cl,zuips 

i n  changing gloves. The glove po r t  i n  t h i s  case i s  a smooth metal ring 

approxirnatte1.y 1-inch wide which can be welded d i r e c t l y  t o  the  glove box when 

t h e  glove po r t  sect ion of the box i s  a p a r t  of the metal she l l .  To change 

gl-oves, t h e  expander clamp on t h e  ins.i.de of t he  glove p o r t  i s  f i r s t  removed 

and placed i n  %he shoulder of t he  new glove which i s  then pulled tnrough t h e  

clamp, turning it t o  the :position it occupied when riot i n  use outside of' t he  

box, The expznder clamp and new glove a r e  next placed i n  pos i t i on  w i t h  about 



Ib inches o f  t h e  new glove extendlkig OU'L from .the clamp and t h e  compression clamp 

i s  removed from the  oubside of t h e  glove pori; ring. The end of t h c  old glove i s  

removed and t h e  new glove pulled axound it t o  t h e  proper pos i t i on  on the  Fort  

r i n g  and t h e  compression c l m p  i.s returned to i t s  place around .t,be end o f  t h e  new 

glove. The e q a n d e r  clamp i s  loosened to permit t he  old glove t o  be drawn into 

the glove box and then re-tightened t o  complete t h e  operattt-lon. 

noted -that one clamp remsins Li l  place a t  a l l  times when t h i s  method is employed. 

It appears, therefore,  t h a t  t'nis method of fe r s  a greater  degree of s ecu r i ty  than 

methods (2): (31, (4) , and. (5), where some care mi).st presumably be employed to 

avoid pulling t he  glove loose wh!'.le it i s  re.tsrined only by t h e  glove bead or 

neoprene O-ying- Bentiellick s t a t e s  tkat bad p rac t i ce  ineludes relying on a n  

O-ring alone t o  keep gloves and t r a n s f e r  pauches secured t o  thei . r  p o r t s  and 

reports  an incident i.n which a glove secured only by an O-ring vas pullzd off  

i t s  port  when the operator. t h rus t  h i s  ami into {;he glove. In  add-ition to i t 5  

use a t  Los Alamos Scl-entif i c  Laboratory, t h e  two-clamp aethod has been 

successfully employed i n  glove boxes a t  the  Oak Ridge Natlonal Laboratory, 

described by -Lave, e t  a l .  The low cost  of t h e  slmple glove po r t  r i ng  rquir-ed 

for Lhis method of glove retent ion i s  o f f s e t  t o  solile extent by t h e  added cost  

of p-roviding t w o  cl-amps. Another disadvantage is t h a t  i 'c  i.s more diffiru1.t t o  

use a gl-ove port  elosure plug becau.se of t h e  expander c1am.p- 

I-L w i l l  be 

B. Transfer 'Techniques 

(1) A i r  lock 

Ti; is  much eas i e r  t o  transfer materials inbo a glove box than 

to remove -them because objects  enter ing the box are generally cl-esn whil.e those 

coiiliiig out must be considered t o  be contaminated. Schonfzld, Tate and Maraman 

s t a t e  t h a t  air  locks and sphincter valves are ordrinarily employed. f o r  this 

purpose at  Los Alaiios S c i e n t t f i c  Laboratory. They say t h a t  on t h e i r  siiall 



glove boxes t h e  air lock usual-ly cons is t s  of a s t a k l e s s  s t e e l  box 16 x 12 x 

1~+-1/2” equipped with two doors, one of which i s  always closed when the  lock is  

used t o  prevent t he  escape of l a rge  amounts of radioact ive mater ia l  from the  

glove box. The sa fe ty  of t h i s  method of introducing objects  i n t o  a glove box 

i s  increased by use oE an i n l e t  a i r  f i l t e r  i n  one w a l l  o f  t he  a i r  lock so tk1a-L 

an. a i r  flow away from the  lock is  effected when the  door i n t o  t h e  contaminated 

a rea  i s  opened.. Provision of a ”buffer zone‘r between t h e  air lock and the  high 

leve l  contamination area, consis t ing of a low contamination box area, i s  also 

helpful  i n  preventing spread of a c t i v i t y .  

mater ia l  t r m s f e r s  i s  not considered t o  be a safe  operation whec the re  i s  very 

In  general., use of air locks f o r  

miich ac t ive  mater ta l  involved. 

(2) Sphincter valve 

The same autho:rs descr ibe a sphincter  valve f o r  introd.ucing 

cy l ind r i ca l  objects  i n t o  contaninated glove boxes. This cons is t s  of s i x  f l a t  

neoprene washer-shaped gaskets separated by spacers, having an ins ide  diameter 

s l i .gh t ly  smaller than t h e  diameter of the cy l ind r i ca l  objects t u  be pushed 

through %he valve, thus e f f ec t ing  a t i g h t  seal around the  en-terilg cyli-rider. 

I n  the vexsion employed a% Argonne National Laboratory, the cy l ind r i ca l  object  

cons3sts of an aluminum can approximately 4 inches i n  diameter i n  which small 

objects  can be placed for  t r a n s f e r  i n t o  the  glove boxes. One can 1s always 

l e f t  i n  t he  val-ve t o  s e a l  it. 

( 3 )  Ice-cream car ton 

The ice-cream car ton technique reported by Metz is 1xefu.l. both 

Tor fntroducing and removing s m a l l  objects  which will f i t  i n  a p i n t  i ce  cream 

car ton which Serves as an inexpensive container. A spec ia l ly  designed metal 

c m  eqinlpped with a bayonet-catch l i d ,  w i t h  i t s  gasketed l i d  rernoved acd w i t h  

t h e  object  t o  be t ransfer red  i n t o  the  box eontahed  i r m  a carton, is attached t o  
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t h e  underneath s ide of tile glove box with the bayonet caLch. 

gasketed p l a t e  s e t  f lush  with t h e  glove box f l o o r  i s  then removed and t he  

A 4-inch diameter 

contents of the m e t a l  can t ransferred i n t o  ihe glove box. The metal Lransfer can 

remarks i n  placz u n t i l  it Is necessary t o  rmove something f r o m  t h e  box. Metz 

s t a t e s  t h a t  th7.s t r a n s f e r  method solves the problem of transfers i n  arid out of 

glove boxes which a re  p a r t  of an assemblage. lie also describes a modification 

of t h i s  technique i n  which l a rge r  ob jec-Ls a re  t ransferred through a 7.2-inch 

hole i n  t h e  bottom of t h e  glove box t o  or from a portable glove box mounted on 

a c u b .  

o r  a cylinder extending down from the bottom of the  glove box. 

A jack i s  used t o  yaise the box in.l;o positLon t o  seal against  Lhe bottom 

( h )  P l a s t i c  bag 

A niimber of invest igators  report  use of p l a s t i c  bags f o r  

t r ans fe r r ing  materials both 5.n and out of contaminated enclosures and %his  

appears t o  be t h e  b e s t  method devised t o  date f o r  removing materia1.s from such 

enclosures. -However, t h i n  p l a s t i c  enclosures a r e  qui te  suscepttble Lo rupture 

mid care must be exerted 'to avoid accidental  opening of contaminated bags, 

Maraman describes the  tw-ist-sealing technique elirployed a t  Los Alamos 

Sc ien t i f i c  Labora-tory and t h i s  inethod i s  a l s o  used I n  t h e  i n s t a l l a t i o n  a t  Oak 

Ridge National Laboratory, described by Love, e t  al. Matertal t o  be removed 

from a n  enclosure i s  placed i n  a t h i n  p l a s t i c  bag which i s  twisted. Several 

inches of the twisted area a re  wi-apped w i - t h  masking tape a,mi then a cut i s  made 

-through the  middle of t h e  taped region. Both ends of the cut a r e  immedistel.y 

covered with additional. mask5.W tape.  By use of a long sleeve pushed up on a 

metal tube extending down from the bottom of t he  glove box, several  removal5 

can be effected before it becomes necessary t o  put on a nev sleeve, Use of two 

clamps on the  metal tube permits iiie end of t h e  old sleeve t o  be enclosed i n  a 

new sleeve without opening the  glove box t o  the laboratory. 
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"he use of d i e l e c t r i c  heating f o r  seal ing p l a s t i c  bags used. f o r  t r ans fe r r ing  

materials i n  and out of glove boxes i s  discussed by Ashburn, Elson, and. Welsher 

and by Kehan, e t  a l .  A simple R.  'F. seal ing device i s  reported. hy Maton. The 

B r i t i s h  workers apparently make a s ingle  seal arid cut tlzrough t h e  middle of it 

while those a t  Argonrie National Laboratory p r e f e r  t o  make t h r e e  parallel.. seals 

and cut  through t h e  center seal,, which appears t o  be a s a f e r  procedures. K e l m a c ,  

e t  nl., s t a t e  t h a t  they have used 12 and 20-mi.]. t h i ck  vinyl  p l a s t i c  made i n t o  

pouches with an O-ring sealed i n t o  t h e  open end and t h a t  a 2-kw d i e l e c t r i c  

seal.ing power m i i t  i s  adkquate to s e a l  pouches irp t o  1 5  inches Tn diameter. 

Theg also discuss methods employed to avoid t r ans fe r r ing  air am1 moisture in%a 

i n e r t  atmosphere enclosures along with other  materials.  One method is  t o  t r a n s f e r  

the materials f i rs t  into an a i r  box and then i n t o  a vacuim lock sepa.rat1n.g the 

i n e r t  atmosphere boxes from the  a i r  box. A gas-tight door i s  used t o  cover t h e  

pouch which i s  a 3-groove po r t  l i k e  t h e  Argonae National- L2boratory glove por t  

mentioned a'oove (see Section I I - ~ - E ( ~ )  .) 

Boyle discusses precautions t o  be obseyved i n  preparing welded pouches f r o m  

polyvinyl chloride sheet. He s t a t e s  t h a t  an b p e r f e c t  s e d .  r e s u l t s  if Lhe bag 

is Trot kept f r e e  Profa wrinkles while t h e  welding operation is performed, Leuze 

r epor t s  t h a t  it is important that no external.. stress be applied t o  t h e  bag 

while it is being sealed. 

Moulth-sop swnmarizes developments made at Iianf ord Works in the applicatton 

of I % - m i l  v i n y l i t e  bags and sheeting for operation and maintenance across a 

contamination ba r r i e r .  D ie l ec t r i c  heating i s  employed. t o  e f f e c t  a seal in 10 

seconds and a coaxial  cable LO Feet long i s  sal& t o  improve p o r t a b i l i t y  of the 

seal ing u n i t .  

Resistance heating devtces f o r  e f f ec t ing  p l a s t i c  bag seals are reported by 

Den t>  and Ritehie, Susskind, and by Cantelow, Miles and A b ~ m .  Thzt ciescr-ibed 
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by the  l a t t e r  authors a,ppenrs t o  be very easy t o  operate and inexpensive. Alichaiigh 

the jaws are only 5 inches long, bags 12 inches wi.de or larger ifizii be sealed by 

folding the  p la . s t ic  sheet t o  a. s i z e  zccomodated by the sealer. It is sa id  to ’oe 

e a s i l y  modified f o r  remote operations. 

Commerc i a l  heat seal ing apparatus, both resis tance and d i e l e c t r i c  types, 

i s  avail-abl-e. 

C .  Housekeeping and Waste Disposal 

Some housekeeping rules a r e  included i n  Section I V - I .  Miles 

discusses t h e  subject of housekeeping and decorstasnriiiat ion i n  handling radioactive 

makerials, 

standard. of c leanl iness  and t idiness;  (2) cover t h e  f l o o r  of t h e  glove box with 

t h i n  p l a s t i c  sheeting and, f o r  some operations, cover t h i s  with a layer of 

b l o t t i n g  paper whi.ch can be driscai-ded i€ ac t ive  material. i s  s p i l l e d  an it; (3) 

s to re  ac t ive  mater ia l  i n  dou.bJ..e containers; (‘1) hea‘t :Fl.asks and beakers i n  w a t e r  

0% o i l  baths r a the r  than  d i r e c t l y  on hot plates;  (5)  use sinall- equipment where 

possible,  which can be discasded when it becomes contamhmted; and (6) use 

robust apparatus which w i l l  not be easi ly  broken to spill ac t ive  material .  

IEsnployment of o i l  baths i n  gl.ove boxes prese.tits a f i r e  hazard. 

i-ePort indicates  t h a t  a glove box f i r e  resul ted from an overheated o i l  bath. 

Use of b l o t t i n g  paper i n  glove boxes a l so  v io l a t e s  r u l e  (4) of Section IV-I-. 

So~tie suggestions which he o f f e r s  include: (1) maintain a high 

A recent USAEC (1960) 

The importance of i-tern (1.) above 7.s emphasized by Wick and Thomas who 

report  t h a t  contaniinated glove boxes have been fo-md -to present a surface dose 

r a t e  over thei.r window a.rea of 6-8 mr p w  hour due t o  t h e  distr5briiion of 

plu~onl~*1-coiitaining d.ust over t he  i n t e r n a l  surfaces of t h e  box. Leuze states 

t h a t  it I s  d i f f i c u l t  t o  prevent escape of some acti.ve material from t h e  glove 

and bag portsof highly contaminated glove boxes. 
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Kelman, e t  al., s ~ y  t h a t  it i s  important -bo keep t h e  amounts of p l u t o n i m  

metal waste i n  any one place t o  a minirmn a n d  tha.t small chips, powder and s a w  

f i l e s  m u s t  be brushed. up and put i n t o  gas-tight containers as soon as possLble 

a f t e r  they a r e  produced. Ilowever, Craner and Schonfeld report  t h a t  pyrophoric 

proc:lucts somet.imes form when plutonium i s  s tored i n  sealed containers for long 

periods so  t h a t  it i s  advisable t o  dispose of such wastes promptly. Cnuner 

and Schonfeld d id  not o f f e r  an explanation fo r  t h i s  phenomenon but i.t may be 

due t o  a. cyc1i.c s e r i e s  of react ions involving the  f"ormation and d.e@omposition 

of plutonium hydride. 

Schonfeld, T a t e  and Marsman say t h a t  t h e i r  experience has proved that  t i m e  

spent d a i l y  i n  rout ine clean-up and waste removal i s  amply repaid i n  many ways. 

They f e e l  t h a t  t h e  s a f e t y  and convenience of operation are increased and t h a t  

b e t t e r  data can be obtained by zppl icat ion of clean-up procedures. They 

recummend use of a t o o l  board t o  keep t o o l s  off the floor of t h e  glove box as 

a s a f e t y  measure and as a convenience, 

Almost al.1 workers remove s o l i d  waste material and contaminated equipment 

froni glove boxes by t h e  p l a s t i c  bag technique discussed i n  Section IV-2-b(4). 

A few precautions .to be observed may be noted here. Solid ac t ive  compounds o r  

metals should be placed i n  double containers before pu t t ing  them i n  t h e  removal 

bag t o  minimize t h e  chance of t h e  compound being spread around i n  the  bag by 

bre-&age of the  container or accidental  removal of t he  l i d .  

s h a g  pointed t o o l s  and other objects  which eitn pe r fo ra t e  t h e  t h i n  p1asti.c bags 

are placed in  s u i t a b l e  containers, o r  wrapped with an adhesive tape before 

1-emova.l. 

mater ia l  should be placed i n  a conl;aine:r. Liquids containing ac t ive  mater ia l  

can be htindled i n  several  ways: they can be evaporated t o  dryness; the ac t ive  

Broken glass ,  

Solids wetted w i t h  l-iquids which rnny a t t ack  the plast ic  bag 



material  can be separated. by precipi ta t ion;  tiley can be evzporated t o  a volume 

t h a t  can bz converiiently handled and tt*ans:€erred. t o  a b o t t l e  before placing i n  

t h e  di.spsal_ bag; or they can be drained from t h e  box i n t o  a p l a s t ?  c hag-enclosed 

b o t t l e  for recovery opemtious o r  disposal. F7-n.d dtsposal- of contaminated 

equipment and other actirre wastes i s  gerir~a1.l.y by b u r i a l  i n  an approved, controjled 

area. McNeese and Maraman describe ?A incinerator  f o r  radio t i v e  residues 

which permits s a fe  drying and burning of contaminated wet rags o r  other organic 

material-. 

D. 1)econtam:in.a.i;ioii 

Burns and Wells summarize Haywe!.!. experience and research on 

decontaminating glove boxes and other eqi*i.piilent. 

some of t h e  experimental stiidies of t h e  decontamlnakion of s t a i n l e s s  and m i l d  

steel surfaces iticl-uded i n  t h e  previous1.y men-Lioned swrrmary. They s.ia-te that 

mosi strongly ac id i c  reagents l i k e  n i t r i c  and hydrochlortc acids increase the  

surface area of ferrous surfaces, although. they are very e f f ec t ive  i n  removing 

conta.mi.nati.on. 

p H  4.0 i s  more e f f ec t ive  .tinan e i t h e r  reagerrt alone sad they recommend use of such 

a mixture plus a surface ac t ive  agent when strong acids cannot be uti.l.ized. They 

recommend i n i t i a l  treatment of ferrous surfaces with a. 105 solut ion of a surface 

ac t ive  a.getiti i n  water, preferably warmg foLlowed by appl icat ion of lnhibi'Leri 

phosphoric acid, e i t h e r  as a solut ion or mixed with an adsorbent ea r th  such as 

Kieselguhr. 

i s  the most e f f i c i e n t  complexirig agent tested a t  Hamell  but that f o r  c e r t a i n  

ai>plic.ztions the  cheaper po J..y-phosphat es incorpor ai; ed j.n p r o p  i e t  ary b u i l t  

de-bergents may serve effcc-Lively f o r  rernovi-ng l i g h t l y  held contami.nati on. Dilute 

solutions of sul.l"uric aeid containing a. wzI;-ii~ig agent n r e  a l so  reported "io bc 

e f fec t ive  i n  decontamina.1;i.cig stainless s t ee l ,  presumably by rermval.. of t h e  surface 

oxide coat i-iig .I 

Wells, Aitken and. Wa1.li-s report  

They report  t h a t  a mix tu re  of' Sequestrol "M" and. c i t r i c  a,cid a t  

Burns and Wells report  tha'i ethylene diaxine t e t r a c e t i c  acid (EDTA) 
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COX and Barker discuss procethres and formulas employed f o r  removal of 

p.lutonium contamination from various types of surfaces.  R. L. Curt is  reports  

a l i t e r a t u r e  survey on decontamination. 

E. Dealing with Glove Box Emergencies 

Various recommendstions f o r  avoiding emergencies i n  glove box work 

are included i n  Section I V - 1  and elsevherc i n  the  previous discu.ssion but 

experience has shom~ that, emergencies do occur i n  t h i s  type of' work as w e l l  as 

i n  other  types of laboratory investigation. It i s  advisable, therefore,  t o  

carefu l ly  consider various types of emergencies whTch may occur i n  each 

experiment $mil tine measures t o  be used i n  dealing with such occurrences, 

consideration frequently leads t o  suggestion of meLhods or" minimizing the  

expected hazards of t he  consequences of accidental  re lease of ac t iv i ty ,  but  

occasionally it becornes necessary t o  perform some operations i n  glove boxes 

which a re  inherent ly  l e s s  s<afe than others.  Several types of emergencies are 

considered below. 

Such 

(1) Fire  and explosions 

A p a r t  from t h e  p o s s i b i l i t y  of d i r e c t  in jury  t o  operating 

personnel r e su l t i ng  from a f i r e  anil./or explosion i n  an enclosure eoctaining 

s igni f icant  quant i t ies  of a-active material, t h e  p r inc ipa l  cause of concern i s  

t h e  p o s s i b i l i t y  t h a t  t he  mater ia l  may be d is t r ibu ted  t o  the envl.ronment i n  such 

a manner t h a t  t he  sa fe ty  of a number of people w i l l  be endangered and a l a rge  

decontamination problem w i l l  r e s u l t .  Shuck discusses methods erfployed f o r  

s a fe  handling of plutonium metal which presents  a spec ia l  hazard because it i s  

pyrophoric i n  ce r t a in  forms. IIe s t a t e s  t h a t  while f a i r l y  large pieces of" 

mzlloyed plutonium may be handled with reasonable safety,  f i r e  hazards a r i s e  

from f i n e l y  divided turiiings a d  powders, plutonium hydride forme& by exposure 



of metal. t o  ztmospheric moisture, pyrophoric a l loys and intimnetal.lic compounds, 

a-nd jmpure metal l ic  resid.ues . Commonly used E i.re ext i fguishers  such a s  vaLei-. 

and carbon dioxide are not d f 2 C t t v e  for d e d i n g  with plutonium uwhl f i r e s  Sild 

niay introduce addi t ional  haza-rds such as the  p o s s i b i l i t y  of a hydrogen explosion 

in t h e  case of w a t e r  :md pressurizat ion of' t h e  glove box when CO i s  used, 

Marchbanks describes a m&hod employed a t  a B r i t i s h  instal la . t ion i n  wiiieh t h e  

r a t e  of gas removal i s  automatically increa.sed. to m.a.btain a constant pressure 

d . i f fe re i i t i a l  when CO i s  dischmged i n t o  a gl.o-ve Sox t o  combat a Pire.  Data. on 

reactrion raLes of plutonium and CO a t  d i f f e r e n t  temperatures appa.ren%ly are 

not m a l l a b l e  a t  present but studies  of t h e  r eac t ion  cf uranhm and CO reprs~t;ed. 

by Parker, e t  a l .  , suggest t h a t  plutonium may renet  r a the r  vigorously with CO 

at  elemzted temperatures, supporting the  previously expressed bcl.i.af t h a t  COP i s  

not acceptable f o r  combat Tng metal l ic  plutonium f:i.-rec. A program designed t o  

provide a better" understanding of f ac to r s  a f f ec t ing  t h e  burnlng of? plutoniuin 

and plutonium alloys i s  unde-may at Argonnc DTat1om.I. Laboratory and sone 

preliminary r e s u l t s  of t h e  investlgati.cm a r e  reported by Schniz1.ef.n and Fischer. 

Oxidation rate studies  Poi- plihcx~iurn i n  air a r e  r-gpoded by Dempsey and Kay. 

Experience gained from a small pJ-utonium fire (USAX-lp55) and a l a t e r ,  

2 

2 

2 

2 

2 

m c h  laxgel-, plutonium -Tj.re (USAEC-November, 195'7) i n  USAEC ins ta l l . a t  ions 

emphasizes some of t h e  problems encountered i n  such occurrences. In the smal.ler 

f ire,  an attempt w a s  made t o  ex-tinguish t h e  f i r e  by means of carbon t e t r a -  

chloride which resu1l;::d In pressurizat ion of the  enclosure froin evaporation 

of t h e  v o l a t i l e  reagent and a violent  reaction. 

amount 0-P CO was applied t o  the jTl.re wlt'nout obse-mable e f f e c t  and. it wits  

eventually exkinpished by means of a water spray, a n  expei-ience reminiscent of  

-LIE Si.ndscsle incident discussed. by Uunster, Howells, and Tenpk ton .  These 

incidents point t o  a need t o  ca re fu l ly  consider T.-ire extfnguishing materials for 

I n  t h e  second incident, a large 

2 
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plutonium fires and t o  educate operating personnel i n  t h e  proper methods of 

appl icat ion of such agents. 

glove box f i res  and extinguishing agents reported t o  date  i s  t h a t  of Jackson, 

The only systematic experimental invest igat ion of 

e t  a l .  Their s tud ies  enable predict ions t o  be made of the  consequences of glove 

box f i r e s  of varying magnitude and lead t o  the  conclusion t h a t  dry powders are 

t he  best extinguishing agents for t he  fires of t h i s  type. The mnain drawhacks 

t o  t h e  use of powder exkingutshers are said t o  be t h e  mechanics necessary for 

appl icat ion of the  powder and t h e  mess it leaves. Dry powdered materials such 

as sodium chloride, graphite, sand and mgrresim oxide a re  a l s o  suggested by 

t h e  TJSAEC (1955) for use as ext2nguisEing agents with plutonium metal f i r e s  but  
3t 

t h e  statement i s  made t h a t  they cannot be r e l i e d  upon i n  a l l  cases t o  extinguish 

a plutonium fire. They are sa id  t o  a i d  i n  reducing dispersion of plutonium 

oxide and t o  provide thermal insu la t ion  needed t o  expedite handling of t he  

burning metal. The hazards involved i n  handling burning plutonium m e t a l  i n  a 

glove box would seem t o  j u s t i f y  this procedure only i n  cases where f a i l u r e  t o  

do so would r e s u l t  i n  tt def in i t e  1.ikelihood of personnel exposure. Consideration 

of t h e  p rac t i ce  of supplying automatic f i re  d-etection and control  devices I s  

recommended. by the  USAEC (1955). A pax% of t h e  conYt:mination problem and 

radiological  hazards resulting from plutonium f i res  is due t o  the  f ac t  t'nat 

pl,utonlrum oxide i s  general ly  produced i n  a f i n e l y  divided form and consequently 

may be widely dispersed. Another observation connec-ted w i t h  the smaller Cire 

mentioned above, which could have been predicted froin phase diagrsms of 

plutnniim w i t h  s t r u c t u r a l  materials such as iron, was tha t  ].ow melting eutec5ic 

alloys may form from contact of burning plutonium with s t e e l .  Consequerhly, a 

d e f i n i t e  p o s s i b i l i t y  e x i s t s  t h a t  a hole may form i f  a. l a rge  piece of burning -- * 
Current recommendations on psocediLres for dealing w i t h  glove box f-iree can be 
obtained from the Bealth and. Safety Drlvision, U. S. Atomic Bier,g Cornmission, 
Wasliin@on, D. C .  
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plutonium conies i.ia contact with t h e  th in  shc7.1 of a stainlesa s t e e l  box and means 

of preventing such a d i r e c t  contact shoul~d be provided. 

Since oxygen is needed t o  support combustion of plutonium; fi tier* atmosphere 

g b v z  boxes a r e  employed i n  a number of I.a,borator:i.es eiigaged i n  lxmdling plutoiiium 

metal. and a l loys  i n  t h e  iiianncr described by Shuck, KeJman, e t  al. ,  Schonfel-d, 

Tate and Maraman, and others. 

Special consideretion should be given t o  glove port closures s ince t h e  

l o s s  or” gloves i n  t h e  event of f i r e  i s  t he  most l i k e l y  mode of exposure of 

glove box contents t o  t h e  atmosphere. Bennellick states t h a t  glove p o r t s  

should be kept cl-osed with in-ternal bungs except when the  gloves a r e  being used 

and t h a t  cx terna l  bungs l ined  wj.t,h asbestos o r  other f i r e - r e s i s t a n t  mater ia l  

should be kept avai1abl.e i n  the event of a fire. However, Jackson, e t  al. ,  

point o u t  tha-t clmped.-on gloves may serve t o  help r e l i eve  excessive pos i t i ve  

o r  negative glove box pressure by expanding outside o r  h s i d e  of t he  box and 

Lhey say t h a t  they consider a burst  glove as preferable  t o  a burst  panel.  AI^ 

a l t e r n a t e  method or” pi-essure r e l i e f ,  such RS t h a t  described below, should be 

provided i n  boxes equipped with glove port  closures. 

Obviously, explosions i n  glove boxes are t o  be avoidzd at  all costs  but i n  

glove boxes i n  whfch even a remote possibj.1-ity of such an occurrence exis ts ,  it 

may IE advisable t o  pravidc 3. blowoff valve such as t h a t  described by Bagnall- 

(1957). Thts consis ts  of a thin,  spring-ioaded, aluminum p l a t e  mounted i n  a 

glove po r t  on top of t he  box which releases the  pressure in the gl.ove box when it 

r i s e s  t o  about 1 inch water gage ( w - g e )  above a,tmospheri.c ~ E S S I J . E  and al lovs the 

exc2ss a i r  t o  discharge through a tube i n t o  the  buildi.ng exhaixt system. A si.m:i.lar 

pressure rel-ief system i s  reported ’by Bagnall, e t  al. A pressure release valve 

consis-t;s of a 7-l/2 -inch diameter rubber ball. which el-osen a port  i n  the center of 

t he  domed top of the cy.LindricaL glove box. When t h e  pressure i n  the  box exceeds 

1 in.ch ~ . i . g . ~  t he  b a l l  r i s e s  t o  a l lov  excess a i r  In t h e  box t o  di-scharge through a 

flexib1.e p1asti.e sleeve inLo the exhaust systein. i n  addition t o  explosions, 
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pressurizzt ion of glove boxes may occur from supplying gas t o  a. glove box Prom 

a. high pressure source without providing automatic pressure control  and from 

rapid evaporation of v o l a t i l e  mater ia l  such as l iqu id  nitrogen. 

occwrence i s  unl ikely except i n  boxes mainta5ning e s s e n t i a l l y  a s t a t i c  

The l a t t e r  

atmgsphere and t h e  former s e t  of circumstances i s  considered poor pract ice .  

(2) spills 

Dunster m d  Bennellick list emergency rneasures t o  be observed 

i n  event of r e l ease  o:P 10 vc of plutonium or more i n  t h e  lzbol-atoify and/or 

occurrence of .wounds from eontariinated obJects. These include: 

( a )  Clear everyone out of the laboratory. 

(b) Permit re-entry only for urgent ac t ion  snd . this on1.y witli 

adequate personnel p ro tec t  ion, including breathing apparatus. 

(c) Monitor a f fec t ed  personnel. before they disperse.  

(d) Wash contaminated wounds with a rapid f l o w  of water 

d i r e c t l y  i n t o  t h e  wound. Encourage bleeding. 

preserve the object causing the  wound for monitoring i f  possible. 

G e t  medical a i d  irmnediately and 

(e) Set up a contamination control  point  at; the approach t o  

the affzeted. area. Provide shoe-chmge and monitoring facil . i . t ies.  

(f) S t a r t  new ai.r saq les  i n  the contaminated area. 

( g )  Take  great  care  in  undressing anyone who bas been i n  the 

eon-tminated. area. 

outer clothing i s  removed. 

I n  serious cases, l-eave t h e  brea,thin$ apparatu:; on u n t i l  t h e  

(h) Control. en t ry  i n t o  the area imtn'.L it has been decontaminated e 

(j) Inqui re  i n t o  the  cause! of  the accident. It w a s  prob,a.bly 

avoidable. 
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( 3 )  Ci*itical.ity 

259 Experimentation with f issiona1)l-e s p e c k s ,  including , 
,233, and L?”, requires consideration of t h e  possible  hazard of an un-controlled 

nucleer excursion. Shuck discu-sses methods of dealing with t h i s  hazard i n  glove 

box work. ‘:i’her,e are, bsiefl..y, t h e  al-ways sa fe  shape and always safe  mass methods e 

The la i te i -  mzthod, v?ti.ch involves keeping t.he a m x m t  of f i s s  iona,ble mateerial ri n 

a gl-ove box or an inter-connected seri.es of glove boxes below the  mi_nirnum value 

required t o  p~oduce  a chain react<-on, regardless of i t s  shape o r  environment, ts 

recormended f o r  gl.ove box work. Henry reports  crLtica,l and sa fe  m o u n t s  of 

f i s s ionab le  mater ia ls  rin d i f f e ren t  conditions, some of whricb a r e  quoted by Sh-uck. 

Employment of the always sa fe  shape method of avo<-ding c r i t i c a l i t y  i s  needed 

only i n  production type operations and w i l l  not be considered here. 

11’. Monitorring for Escape of @-act ivi ty  

(1) Gloves and other surfaces 

Gloves vhi-ch a re  ri.n re@-aer use should be monitored d a i l y  by 

rn2an.s of a portable survey com’iei-. T h i s  provides a sens i t i ve  t e s t  Tor small. 

hales  5.n t h e  gloves, which should he changed i f  actrivity is found. 

checking OP gloves on t h e  lieiids of t h e  ol3t‘mtors a l so  helps t o  c1etec.t flaws i n  

the  glove box gloves. Fl.oors, ex t e r io r  surfaces of glove boxes, shelves, e tc . ,  

should be checked a t  regular intervals by swiping with f - i l t e r  p q e r  and making 

an a-count on the paper. The principal  hazard from a c t i v i t y  which can be 

removed f r o m  a surface i n  Lhis manner i s  due t o  t h e  f a c t  Llmt it may become air- 

borne. Many Pac-tors such as parti .cle s ize ,  nature of the CoilLaninated surface, 

a n d  velocity of a i r  movement past t h e  surface determine t h z  f r e c i i o n  of surface 

a c t i v i t y  illat becomes air-borne and it i s  not possible t o  predict  the  v a h e  of 

this Syaction In any p a r t i c u l a r  s i t uz t ion .  CoiillnOil sense d i c t a t e s  t h a t  such 

contamination should be kept a t  a l.ow l eve l .  Cardwell repor-tu that 30 

Kegu3-ar 
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d is in tegra t ions  per  minute per LOO sq. cm. of surface a rea  i s  the  l e v e l  above 

which decontmination procedures must  be appl-ied i n  a f a c i l i t y  of the  Oak Ridge 

National Laboratory, described by Tave, e t  al., vhich handles vmious plutonium 

isotopes. Some other  i n s t a l l a t i o n s  a re  known t o  have adopbed higher tol.ersnce 

va?.iies f o r  reinova’ole surface contaninat ion. 

spread of a c t i v i t y  and t o  indicate  when removable a c t i v i t y  i s  present on the 

f l o o r  of t he  laboratory. 

Foot monikoPing helps t o  prevent 

(2) A i r  Monitoring 

Detection of air-borne a -ac t iv i ty  i s  usual ly  accomplished by 

pul l ing  a measured vel-me of air through f i l t e r  paper and counting the  f i l t e r  

paper with a su i t ab le  a-counter. Yhe t a sk  of detect ing very low l eve ls  o f  

air  contamination i s  complicated. by the  fact ,  that na tura l  rad ioac t iv i ty  present 

i n  the a i r  i n  the  forrri of radon and thoron r e s u l t  i n  t he  presence o f  radioactive 

daughters on the  f i l t e r  paper i n  amounts equivalent t o  many times t h a t  of t he  

iKPC! (maximum permissible concentration) of 2 x pe/cm3 f o r  pu 239 . 
Fortunately, t h i s  naturally-occurring a c t i v i t y  i s  r e l a t i v e l y  short-l ived 

sa t h a t  a f t e r  about 24 or  48 hours, the  a c t i v i t y  remaining 011. the f i l t e r  p5pt.r 

Fs mostly material having a long ha l f - l i f e .  This obviously i s  not very helpful  

when it i s  necessary to know quickly whether an excessive amount of a-active 

rnat2~;el-ia.l i s  present i n  the  atmosphere. A number of instruments and procedures 

have been devised t o  dea l  w i t h  t h i s  s i tua t ion .  They include: 

(a) Pullirzg a la rge  volwne of a i r  through a f i l t e r  paper i n  

a short  time and comparing t h e  a-count obtained. on counting the sample with a 

simi.lar count f o r  an equal volwne o f  air known t o  contain only na tura l  radio- 

ac t iv i ty .  Since t h e  na tura l  a c t i v i t y  i n  a i r  var ies  considerabbj t h i s  procedure 

i s  not usefu l  except t o  indica,te when f a i r l y  large concentratiioris of a - ac t iv i ty  

zre present i n  the  laboratory.  
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(b) An instrument designed t o  continuously carry out the 

conparisoil indicated L n  Sec.tion (a) and to improve the  accuracy of t he  

determination by eliminating the uncertainty due t o  var ia t ion  111 i1atura.l rad.5.o- 

a c t i v i t y  is described by Ra-iney. 

(c) Sawle describes a con-t i-rruous @-air monitor whi.@h opemtes 

011 the  princip1.e tha-i when a7.r i s  drawn .iirough f i l t e r  paqer, t h e  mdon d.aughtzrs 

reach equi7.ibrium after a short  time and. upon reaching equilit-jrium, 97% of tile 

p a r t i c l e s  a r e  7.68 Mev. 

lower-energy, longer-lived ac t iv i ty ,  it i.s claimed t h a t  t he  r e su l t i ng  a . i r  monitor 

has a f a s t  respoilst: a.m3 good sens i t i v i ty .  When iranium i s  presei?t, the ins-trumen't 

i s  sa id  to give a pos i t ivz  iiidiea-Lion by the tiine t ine opemtor has received 1/2 

of the mxirnum perinissi'ule da i ly  dose while with pluto~lium the f igure  i s  f i v e  

tlmes the  M.P. da i ly  dose. 

By discriminating el.ectroni.cally between these and t'ne 

(d) Instmiments which measure continuously tile total. a-act Ivi-ty 

i n  the air  will give an early i.ndication o f  Telease 0.P a c t i v i k y -  since chajg:ea i n  

natural. rad.i.oa.ctivity i n  t h e  air are sa id  t o  be s l o w ,  The sensitivity of such 

dev:i.ces i s  not h i o m  but Ieuze s'cztes t h a t  i - t  i s  probably adequate to provide ail 

2.ndicati.on of the  preseiice or 100 times t h e  WT f o r  Pu239 wit'nin 10 minutes, during 

which time a person breathing -this a i r  woul..d receive about 4 6  of the TG~ 

( e )  Jehamjo, et al., report an a-air monitor us ing  two a- 

detectors  t o  survey a coiitinuoiis s t r i p  of fiJ:Ler paper, one wiiile t he  air  i s  

bein,% dyawn through the  paper a t  a r a t e  of 1-50 l.i.tei-8 per  minute and .the other 

1. t o  8 hours later, after partrial  decay of -[;he natura l  rad ioac t iv i ty .  

sa id  t o  be su f f i c i en t ly  sens i t ive  t o  detect  the  MpC f o r  plutonimx but  only about 

three hours a f t e r  i t s  appeaxance. 

It is 

( f )  Jehanno, et al., also report  t h e  development of a special. 

plutonium detector  using a met'nod of estimaLtc1.g the  count due t o  radon and 
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thoron a c t i v i t i e s  by @-a coincidences characterizing RaC ' and ThC r .  

air contambation of 100 times m a x i m u m  permissible dose of plutonium air, t h i s  

instrument i s  sa id  t o  alert personnel before they have accmulated one d a i l y  

With strong 

dose. 

are a l e r t ed  before receiving 9.4 d a i l y  doses. 

plutonium i s  present, (r l MPD), t h e  instrument sounds an alarm a f t e r  accumulating 

0.3 da i ly  dose. 

With a very high level o f  air  contamination, 10,000 times MPD, personnel 

When a low concentratian of 

( g )  Chubakov, Polikarpov, and Kuleshova report  use of a t w o -  

c h m e l  alpha detector  t o  discrirhinate between t h e  na tura l  rad ioac t iv i ty  and 

ab-borne a-contamination. They use a ZnS s c i n t i l l a t i o n  a-detector i n  t h e i r  

i n s t m e n t  but  indicate  t h a t  they were searching fo r  detectors  with higher 

resolution. 

by i t s  memission energy. 

They a l so  mention a device designed t o  ident i fy  low-level amactivity 

(h) Collins reports  use of a s l i t - t ype  impactor t o  r e j e c t  

radon daughters by se lec t ive ly  deposit ing the  heavier plutonium p a r t i c l e s  on a 

moving tape which ca r r i e s  them under a s c i n t i l l a t i o n  detector.  He s t a t e s  t h a t  

t h e  instrument can detec t  1 MPC of plutonium i n  air  within 10 mlnutes and a 

burs t  of high a c t i v i t y  wlthin two minutes and t h a t  the  monitor operates for a 

week without ixttention. 

discontinuous measurements of air-borne a-contamination and s t a t e s  t h a t  an 

eff lc iency of w$ f o r  co l lec t ion  of plutonium p a r t i c l e s  and only lO$ for  

na tura l  a c t i v i t y  w a s  obtained, 

a i r  a c t i v i t y  w a s  apparently f i rs t  suggested by Wilkening. 

T a i t  describes use o f  an annular impactor f o r  

This method of separating d i f f e ren t  types of 

(i) An wmonitor which employs e l e c t r i c a l  res is tances  t o  

balance out t h e  a- and p a c t l v i t y  of t h e  na tura l  air  a c t i v i t y  i s  described 

by S.paa (1958). 

w i s e .  

Air is drawn through glass f iber  f i l t e r  t ape  which m o w s  step- 

A l a t e r  publication by Spaa (1960) gives data on the performance of this 
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insti-wner;t which Lndicate tlia'i; it can detect  t he  MgC f o r  plutonium i n  several  

hoixs . 
(j) Perry suitiiriarj.zes work accomplished a t  TIaiwell toward the  

developmexi; of hstruments  f o r  t h e  con"c..nuous monitoi-jng and rapid detecfiion of 

air-borne p a r t i c u l a t e  radioactive coiltarninat ?.[xi. 'The most s ens i t i ve  method which 

he describes f o r  a-acti.vity monitori-tig uszs a two-channel system f o r  comparison 

ot t h e  a c t i v i t y  i n  t h e  f r e s h  ail- supply with t h a t  of t h e  labora'ioyy. An eleckro- 

s t ab ic  p rec ip i t a to r  i s  erq~loycd to deposit actri.ve p a r t i  cl-es on contj.nuoiis1.y 

moving al.uminized~ paper f o i l .  j.ii a 10 

miniite sampling period i s  s t aked  t o  be h . 5  times .the MPL f o r  Lhis a-emitber. 

239 The minimum detect ion l e v e l  for 

(k) Development of a conbinuous a-air moni.tor which operates 

on  he same princfiple as t h a t  ii-escribed in sect ion ( f )  i.s ~ e p o r t e d  by Gupton and 

Youngblood, In  t h i s  instrument, equalization of the counting r a t e s  from a- snd 

p, y-detectors moimted above and. below a continuously moving paper tape i s  

accomplished by mechanically ad-justing t h e  smp1.e area scanned by t h e  two 

detectors .  I n  addition t o  these two detectors,  a second P-7 detector  i s  employed 

t o  provide compensation f o r  background a c t i v i t y  of tine type no:; due t o  nakura7- 

radon and thoron. A secoild a-dctector is  a l s o  employed. vhich counts the a c t i v i t y  

,i.nTiig on -Lhe tape a f t e r  a four-hour decay period. 'Lliis allows most of t h e  

rzldon daughter. zctivit;y t o  decay and.  increases the  sensii;riv-j..ty of detci:ti.cJn o f  

long-lived emri1;t;el-s. 'This tristmxnent i s  s a i d  t o  be c.ap&le t o  detectiilg f i v e  

times the MPC f o r  Fu239 i n  Oi le  hou-r, 

breath t h e  contaminated a i r  ror 8 how-s bePore exceedhg one week's PPL of 

exposure. 

A t  t h i s  concentration, a person could 

(I) 

by Nuclear Measurements Corporation which records t i l e  a- and. p-7 a c t i v i t y  and 

t h e  rat5.o OP t he  P-y to a-activiC;y. 

A cor~1Ine:rcially-buil-t continuoii.~ a i r  monitor i.s off ei-ed. 

Ail alarm system i s  a1.so pi-ovidcd. with t h i s  
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instrument. In addi t ion  t o  t h e  measurement of t h e  a -ac t iv l ty  i n  the laboratory 

air by one of t he  above-mentioned method-s, d.eteminations of t he  a -ac t iv i ty  i n  

t h e  f i l t e r e d  exhaust a i r  should be rnade at regular  bu t  l e s s  Preqymt in t e rva l s  

as a check on the  effecttveness of t h e  fi l ten.  rnc?diwri. Discontinuous sxapling 

methods, wi th  s u f f i c i e n t  time allowed f o r  decay of the  na tu ra l  air act,i.vlty, 

are adeqmte fo r  t h i s  type o f  air monitoring. 

( 3 )  Personnel 

Since t h e  reason f o r  a l l  of tine previously discnssed 

precautions i s  the  need t o  keep pliitonium or other %-active mater.ia1 out of 

people, t h e  final t e s t  of t h e  effectLveness of t h e  precautions i s  ths a~riou.nt of 

toxic inaterial in the exposed persomel.; it i s  not poss tb le  ‘Lo nioriitor personnel 

d i rec t ly  f o r  a - a c t i v i t y  because of t he  low penetrat ion of -tissues by a-rays but 

i nd i r ec t  methods based on experimentally determined r a t c s  of e l h i n a t  ion are 

avai lab le ,  Routine analyses of 2h-hour urine s~amples should be performed on 

people workinf: with w a c t i v e  mater ia ls  once a rnon%h o r  qi.iarterly and as sOo.ri as 

possri.ble a f t e r  air  monitors o r  other  means of d-etection ind ica te  over-tolerance 

amounts of a -ac t iv i ty  released. to tile laboratory. In cases where ingestion or  

inhal-at ion of significant mounts  of a-zlc-tive mater ia l  i s  k.noim or s t rongly  

suspected, analyses of feces  should a lso be performed. A mmber o f  cases have 

been reported of people who received more than the present  maximum periniss.i.bl.e 

bod’ burden of plutonium, F L ~  it i s  soraewha;t heartening t o  note t h a t  no f a t a l i t y  

d i r e c t l y  attr2butabl.e t o  t2n over-e.xposure t o  a-active mater ia l  has been ~ e p o r t e d  

to date .  Roesch a-d BELW report  t h e  development o f  a very sens i t ive  de tec tor  

metlzod for t he  d e t e r a h a t  ion of plutonium i n  l m m a n  beings. 

G. Monitoring for E~,ei-nztl .  Radizt  i o n  

Schulte and Meyer report that  t h e  X-rays from plutonjmn, 01 which 
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‘ihat a-i; 17 Kev i s  most abundan-t, a r c  not 3. probl.eti: for ordin.aq- iaboi~aioi~y-scale 

work b ~ l t  %hzt when k i l o g r m  quanti-i; i~cis z re  bei.ng handled, -muiitoring must be 

perfoxwed by mc2ns of f i  1 n i  bade?.. or dosime Lerc special ly calibi-atr;? for r a d  i a t i o n  

of t h i s  energy ra.nge;f.. Leuze states Lh8.i; similer monitoring ~iietliods are i-ecllj.?’.r& 

241 foi- work with Am . Schul-te and Myei- al so point 011i. t h a t  fast ilmtrons ai-p 

protect ive i n  a very ll’mfted sense i n  Lhat :i.t keeps c -ac t iv i ty  frum contaminating 

L ,  
LLE emp?.i,jree s si1 aiici hclIjs t o  keep -:.1 f r o m  coiitset with h:is skin. 

h-m issue is  a J-abni-atory coat and gloves for t h e  eiiiployee’s hands. Si3ine 

i n s t a l l a t i o n s  a I s o  requirt? shoe covers whlc’ii a - e  put  uvei- the  sh.oes on en-ieri.ng 

~ J - E  laboratory and discarded oi? k ~ v i i ~ g -  ‘The p q m s e  G? t h e  shoe covers i s  t o  

avoid accidental ly  spreading ac-i Yv-ity from the 1aboraLoj-y to o-tiiei, areas.  It 

L ,  

a,ppeai--s that placing r e l i a b l e  and  convenieilt fooi; monitors a-t tire entiawe, 

as present ly  practiced -in s m e  plutonium laborator ies  a t  Argonnc NaLional 

LzboraLciiy, w i l l  s ~ r v e  the sane purpose and i n  addi t ion wj.1.1. gT3-e an ea . r l ie r  

indicat ion of @.z.ctivi’Ly on the I”l..oar of -the J.abtboi-a-tury-. 



i n  Section V-4-E. 

in a glove box will be b r i e f l y  considered. here. It Is stated i n  Section I V - 1  

The more general pr(di1.m of operating a bal.ance ellclosed 

that; apparatus designed o r  chosen f o r  use in glove boxes should t & k e  I n t o  

consideration .the 1imita.tion.s of glove box use a.nd this Ts certs.:i.nly true of 

balances. 

applying weights b u i l t  into the balance are preferred t o  those requir ing use 

of tweezers to change weights, It should also be kept; Fn mtnd. t’t1a.t in boxes 

Those types which employ push buttons, knobs or sfmilar mt5a.m of 

not equipped with ful l - length f ron t  windows I t  may be more diffic111t l;o observe 

t h e  pos i t i on  of the po in te r  o r  vernier  than it i s  outside t h e  glove box, It 

7.s inherent ly  more d i f f i c u l t  t o  provide a v lb ra t ion le s s  balance s q ~ p o r l  i n  a 

glove box than i n  t h e  open laboratory and ca re fu l  design of the box, .its support, 

and comect ion t o  adjoining glove boxes may be necessary t u  provide t h e  s t a b i l i t y  

required Tor a.ccurate weighing i n  some location:: e 

act3.v-e a-mitters l i k e  po2l0 it is sometbes necessary to veigli rnicrograLa 

For research w j t h  highly 

quartz-fTber balance which i s  a modification of that  reported by K i r k ,  e t  a1 

(1947). This Imlance i s  said ‘to permit 12 weight determinations per hour, and 

of a balance w h i c h  applies welghts I.esr, than 1 g. by means of a. chain w i t h  an 

accuracy of 5 mg. 

Glmville, Grant and. Strachan describe modifications rnade on a Stanton 

semi-mierobslance to make ft nore s1uiLabl.e f o r  glove box use. They s t a t e  thzt, 

siiiee the normal tubular  glove box support is not sufflc:iently rigid f o r  

axcureke weighing, the gl.ove box is bolted to a s o l i d  concrete p l i n t h  and t he  

A continuous reading balance report& by Derflpsey is  an irriproved vel-$ Lori 

o:T a balance described e a r l i e r  by Dempey and [Cay. Th.ls balance empl-oys a 
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inside container t o  8oO°C. The disadvantages of t h i s  method of heating are t h e  

. undesirably high e x t e r i o r  wall temperatures reqqired t o  heat saql.es t o  1000°C 

o r  higher temperatures and the  l a rge  temperature gradients  tha t  e x i s t  i n  t h e  

heated region. 

t he  tubu-lar glove box e.utension. 

The la t ter  e f f e c t  can be  minimized by increasing t h e  length of 

Commercial hot p l a t e s  are frequent ly  employed i n  glove boxes but  some means 

of preventing possible  contact of gloves w i t h  t h e  heating surface should be 

provided. 

cover i s  descyibed by Bagnsll and Spragg. 

A simple, home-made hot p l a t e  provided with a replaceable aJ-wninum 

Moore, Wright and Martin describe a s m a l l  tantalum res i s t ance  furnace for 

0 heating and quenching small metal samples i n  vacuum a t  temperatures up t o  1200 C. 

The crucible  can be  raised from room temperature t o  1000 C i n  3 minutes. 

Radiation sh ie lds  eliminate t h e  need of insulat ing mater ia l  so t h a t  t he re  i s  no 

outgassing problem. 

0 

WiLliamson, Poole and Marples report the design of a nichrome resis tance 

f a m a c e  f o r  heating a l loys  i n  a vacuum or  i n e r t  atmosphere t o  a maximwn 

temperature of 1000 C. They a l s o  describe a water-cooled a rc  furnace f o r  

temperatures i.n t h e  1000-2000°C range. 

i n  a t an ta lun  boat i s  measured by means of an o p t i c a l  pyrometer t o  4 5O0c 

through a l a rge  s i l i c a  window provided i n  one s i d e  of t h e  furnace wall. 

0 

The temperature of specimens contained 

- 

Maranan mentions use of induction heating i n  t h e  melting and cast ing of 

me ta l l i c  plutonium i n  a glove box. Lee, a t  al., describe apparatus i n  which t h e  

melting and cast ing of plutonium i s  performed i n  a s ingle  s teel  vacuum enclosure. 

The furnace contains an internally-wound s p i r a l  heating element and molybdenum 

rad ia t ion  sh ie lds  keep power requirements down t o  1 h~ at 1300°C. 

Engle, Endebrock and Cox indicate  that  induction heating w a s  used with a n  

experimental Pyrex polonium s t i l l  but  do not give d e t a i l s .  
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C.  Centrifuglng 

For glove box work, separa-Lion o f  so1.l.d.s and l tqu ids  may be performed 

more rapidly and conventently by cen‘Lrj.:Cigiiig than by f il.tering. 

an arrangement employed at Tas Alamos i n  which a cmnLrifuge I s  supported beneath 

a, g low box with only the i n t e r i o r  of the bowl exposed t o  contamjnatian. 

i lhistrates 8 principle iiientloned i n  Section IV-l since the  centrifuge motor 

wlzicii i s  the p a r t  most l i k e l y  t o  require servicing remains uncontaminated. 

Eowrver, t h e  e n t i r e  ceritrifuge can be e a s i l y  removed, i f  necessary, wit’riout 

opening t h e  gl.ove box proper. 

Metz r c p o ~ t s  

T h i s  

D . Polarogmphy 

Metz describes a method of perforiiii.iig polarographic determinatians 

i n  a glove box, The constant temperature bath and polarographic cel ls  are 

placed wj.-thin the  box whL1.e t h e  pol.arograph i s  placed adjacent t o  the box and 

connected to t h e  c e l l s  by means of exiended shielded leads e The mercury r e se rvo i r  

i s  also located i n  t h e  box with the l eve l l i ng  adjustmeltit ejdended outside t h e  box. 

E. pH Measurer[teilts and Poten%j.ometric T i t r a t  ions 

A s l i g h t l y  d i f f e ren t  a.rrangerne.nt i s  employed at LCJS fimios for 

makfng pB rnea,surements i n  glove boxes, aec0rdin.g t o  Metz. h p R  :meter i s  

supporLed d i r e c t l y  underneath a p l a s t i c  panel i n  the bottom of a glove box, near 

t h e  f ron t  whwe i t  can be e a s i l y  seen by t h e  operator. Leads and controls are 

brought through 0 - r l n g  sea l s  i n  t h e  p l a s t i c  panel which p ro tec t s  t h e  meter from 

contamination. The meter i s  s a i d .  -to be ettiployed for potentiometric t i t r a t i o n s  

but obviously can be used for ply meas1memen”Gs also.  

F. Solvent Exbraction aid Lon Exchange 

Both of these techniques are very important f o r  separation and. 

pu r i f i ca t ion  of act inid? elements but very l i t t l e  has been published on 
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perfomlng these operations i n  glove boxes. This riitzy be d-ue t o  the f a c t  t h a t  

I much of the  research on separation methods has been carr ied silt at t r ace r  level 

and t o  the f a c t  t h a t  m o s t  researchers have apparently been more conceriied with 

report ing results than techniqges. Teuze s t a t e s  that glove box extensions 

sbrtlar t o  t h e  g lass  enclosure descrLbed by Ketchen, e t  aL.# a r e  empl.oy-ed a t  

the O a k  Ridge National Ubora tory  t o  provide atldT'ciona1 headroom f o r  ion exchange 

columns enclosed i n  glovc boxes. Gloves a re  sa id  t o  be usefu l  f o r  sealfng the  

top ends of 6 or  8-inch diameter glass pipes. 

modlfied Schiebel exhac t lon  colwnns j n  a three-section modular glove box t r a i n  

f o r  Large sca le  p u r i f i c a t i o n  of plutonium. Hyde reviews separation methods jror 

the ac t in ide  elements and. Stewart discusses Ton exchange separation methods ?and 

Maraan reports  -the use of 

describes exchange columns su i tab le  f o r  separation of small quant i t ies  of 

mater ia ls  born at room temperature and higher temperatures. The earPj l i t e r a t m e  

i n  t h i s  f i e l d  i s  reported by Seaborg, Katz  and Manning a d  by Seaborg and Katz,  

Cram quant i t ies  of 

a mixer-sett ler arrangement f o r  extraction-puxif icat  ion, 

were separated by Hiiidman, Cohen and Sullivan u s i n g  

Prevot, Coxpel and Regnaut describe solvent extract ion a d  ion change 

processes employed in Prance for the  pur i f ica t ion  of plutonium. 

plutonium with t r i b u t y l  phoqhahe i s  performed i n  a bank of mixer-sett lers,  

Extractton of 

G. vacuum SysterRs 

Some of t he  l i t e m t u x e  on v&c1111111 systems in glove boxes i s  reviewed 

by Steindler.  

because o f  t h e  d i f f i c u l t i e s  and hazards associated wlth glass blowing i n  glove 

boxes, glass systems have had ra ther  l b i t e d  use. 

research ca.rrled out with polonium i n  glass equipment. He indicates  tha t  glass 

Both glass and m e t a l  vac~un systems have been employed but 

B:agnall (1957) reports  

blowing is  performed i n  a separate eompxrtment adjacent to the double-skin 



vacimfl system box. Engle, Endebrock and Cox descri'nc glass and mctizl containers 

employed at Nound Laboratory f o r  v n ~ i ~ u r n  d i s t i l l a t  Ion of poloni iim. Vaeui.im p u ~ i q s  

a re  normal by locatcd outside of ?,ne glove boxes, sometimes w t t l - t i i i  separa le  

seaJ.ed compartments, and thgy are usually vented t o  t he  glove box exhaust system. 

Some workers, however, prefer t o  have tirteir complete vacuuii sys.Lem located in- 

s ide a glove box. A-lthough vacuum pump oil. apparently -traps plutonium pi.l.:rticles 

rather ePrectively, a f i l . t e r  should be provided In  vacuum l i n e s  within the glove 

box i n  order t o  prevent contamination of exteri-or vacuum l i n e s  and tiif ciaeuum 

punp e Steindl-er reports t h a t  limestone t r aps  smployed t o  trap experimental 

qiianti t ics of fluorine all.ov the  p a s a g e  of only t r a c e  mounts of plutonium. 

GrmuZar NaF t r aps  employed by Bayton t o  t r a p  mal.i quant i t ies  of HF proba8bJ.y 

served t he  same purpose, but t h e  e f f lc iency  of .I;ii@lr re ten t ion  or  plutoi l lm 

pan-ticles was not dete-mined. 

in t h e  vacuum l ine .  

inser t ion  i n  t h e  meta.l vacuum I..tne contains a s intered nickel  f i l t e r  medi.um 

(0.000)-1. inch porosity).  

Barton a l so  mentions use of a metal fi.J.:Ler mii t  

The weld.ed uni t  provided with Swagelok fii;i;lngs f o r  easy 

Apparatus eniployed f o r  m e l t  Ing and casLing metal l ic  

plutonium Ln a v-aem~lii is described by Maramsn and by T,ee3 cL a l ,  Vacuum 

appa.ratus including a glass bel.1.- jar seatTIx on an 0-rlng vacuum seal  capable 

of providirg a vacuun. of 5 x l o m 5  em of mercury i s  descrLbed 11)- Moore, Wright 

and Mart I n  

H. Preparation of X-ray Diffract ion Smples 

ExaminaLiori of so l id  saniples of hig;bI.y ac t ive  a-emitters i s  nesr ly  

al.iJays performed wi th  s m a l l  port  j 0x1s of ihe cnaterial scaled i n  thin-wall 

cap i l l a r i e s .  'Gozding and seal ing of tile cap i l l a r i e s  i s  perfoimed e i tne r  i n  a 

glove box o r  a wel l -vent i l la ted hood but clean, sealed cap i l l a r i e s  e m  be 

examinEd i n  ordinary X-ray d i f f r a c t  ion equipment. Skeindler  gjves detai ls  of 

a mc'thod or preparing X-ray di f f rac  Lion cap i l l a r i e s  enql oyed a t  Ai-gonne National 
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Laboratory. Moore, Wright and Martin describe the  technique employed a t  the 

Atomic Weapons Research Establishrrient f o r  seal ing active metals i n  a. s i l i c a  

capi l la ry  e i t h e r  under vacimm ox' i n  an i n e r t  atmosphere. A small platinum 

r e s i s t a c e  fumiace i s  used t o  melt t he  s i l i c a  tube while i t  is attached to 

the  vacuum system by means of u. black wax seal. t o  a laygel- piece of tubing. 

Tkis decreases the hazard of the sealing operation by eliminating the rieed of 

a i  open flame and a t r ans fe r  operation t o  an upen-front h o d .  

similar t o  t h a t  described by Citeindler i s  employed a t  Us A l ~ a o s  "scientific 

Laboratory. However, t he re  the f l a r ed  cnd of the capi l lary i s  inserted through 

.! technique 

R hole i n  a mbber stopper the  stopper placed i n  a g lass  -Lest tube to protec t  

the outside of t he  capillary from eontramination and breakage during the  loading 

operation i n  a glove box and during t r ans fe r  -to open-frorit hood. The stopper 

i s  carefu l ly  removed Prom the t e s t  tube i n  the  hood-, t'ne capi l la ry  i s  grasped 

with a clean p a i r  of tweezers aid flame scaled, sepa.ro.ting it from the 

* contaminated loading end. 

Wllliamssn, Poole, and M a q L e s  d-escribe an adaptation o f  t he  Guiaier 

focusing camera which permits X-ray dS.ffract.ion exminat ion  of a-active m e t a l  

sanples enclosed I n  an extension of a glove box. 

an.& Tilm holder a r e  located. outiside of %.e glove box and thus do not become 

The X-ray .tube, monochromater, 

eoatminaatea 

1. Optical Microscopy 

Microscopes have been mounted i n  glove boxes by a number of invest lgators  

t o  permit examlnztion of metallograshic specheris and powciered sarnp1.e~ of a- 

emi.-tter mater ia ls ,  Metz shows 8, pic ture  of a &wsch mid Lomb polax-king 

microsmpe mounted. i n  a rectartgular glove box with the oculay lens tube 

protmdding through the t o p  of Lhc box. A CI.cxi'07~e bel.] ows arrangement permits 
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vertical .  movement of the  ocul.ar tube while providing a. t i g h t  s e a l  t o  prevent 

escape of activi-i;y fi-offl t h e  box. 

'The Los Alamos  microscope arrangement requires t he  observer t o  bend aver 

t h e  box which can. be r a the r  tii-ing. A modification pe-miitting use of a sloping 

f r o n t  glove box i s  repol-ted by Bartoil a.nd is  shown i n  Figu-2 9 . A Zeiss 

polar iz ing microscope i s  slipported on a transparent pl-astic support attached t o  

the  Pucite front panel, affording maxi.itium ifisj-bil i ty.  A s t a i n l e s s  s t e e l  pan 

covering iiiost of t h e  painted plywood floor of the  box f ac i lL ta t e s  cleaning. 

Williamson, Poole and. Marples  repoi% t h e  iuse of a I.O-mL1 t h i ck  c l ea r  poly- 

v iny l  chloride bag attached t o  a glove box t o  contain metallographic samples 

while they a r e  examined by means of a binocu1.m- micrt-,scope. A drop of immersi~oii 

o i l  on the  face of t he  specimens i s  sal.d t o  improve o p t i c a l  contact between t h e  

specimen mcl p l a s t i c  container. The authors s t a t e  %hat modification of t h i s  

arrangement would permit photomicrographs t o  be made. 

Barton mentions use of a low-power, long-f ocal-1engt;h binocular microscope 

niounted O i l  a s m a l l  chamber attached t o  t h e  f r o a t  of a. s t a i n l e s s  s t e e l  glove box 

foi- observhig s m a l l  objects  mounted underneath a window on top of t he  chaniber. 

Grison, et al., report  the  employment of microscope:; Sn glove boxes in 

co-mection w%th the iiietallurgical exmina.tion of plutonium and plutonium al loys.  

J. Fluorination and Eiydrrofhiorinat ion 

Treatment of pJ..u.t;oiiium compounds with HF t o  produce PuF or PuFq has 
3 

long been a process of considerable importance because these compounds have 

been t h e  ones most generally cmpl.oyed f o r  t he  preparattnn. o t  plutonium metal. 

Morgan, e t  a l e ,  describe appara-bus emplnyed i n  t h e  U s  fllamos Plutonium Metal 

Production P1.an-t f o r  t h e  conversion 09 pl.utonium oxide to 1>UF4. 

aqueous 1'JaOT-I t o  scrub excess HF from t h e  e f f luen t  gas stream, 

They use 



-67- 

The preparat ion of milligram quan t i t i e s  of PuF- arnd FuF4 i s  descryooed by 

Dawson, e t  al., who report  observations of t h e  b e h v i o r  of these  materials i n  

different atmospheres over a range of temperatures. Earlier studi.es of the 

preparat ion a id  high temperature behavior of PuF 

Fried and Davidson. 

of PIIF. i n  flu.aride mixtures and i-t; appears that the use of t h i s  reagent may 

provide a convenient means of converting s m a l l  nmoimts of oxldes -to r"lu.orlides 

Zn glove box work without the necess i ty  of using gaseaus KF. Barton u s e s  t w o  

t raps  5.n s e r i e s  contalnimg granul.ar NaF t o  remove :BF' from the  Effluent gas 

r:trem before discharging it i n t o  the  glove box exIia.u.st system. The f i r s t  

trap i s  maintained a t  100 C to prevent formation of sea l - so l id  higher NaF-EF 

ccxmplexes 

3 

and m F  are reported. by 3 4 
Barton employs ammonium bi f luor ide  t o  prevent hydi-olys i.s 

3 .  

0 

Studies performed at Zos PSmos an t h e  preparation, i den t i f i ea t ion  and 

vapor pressure of B.F6 a r e  reported. by Florin, Tnnnenbaura and Lemons. 

s tud ies  perf'omed at liarwell arc reported by Maidel-berg, e t  a,]... , who descri.be 

the  prep~rakion of BiFr by f luo r ina t ing  PLV 

several vai-iahles a f fec t ing  the r a t e  of reaction. 

of Ira,pon. pressure, melting point,  ra te  of ra,di.ation decompostt ion a d  reactions 

w i t h  water a i d .  s u l f u r i c  acid. 

NpF..- and R1F6 and describe methods a id  apparatus used In t h e  prepwxtian of NpF6. 

Similar 

Pu.F4 axid Pu02 and. s tud ies  of 
0 3' 

They a lso  report detemI.m,tl.ons 

FJeinstock and M a b  comp:we t'ne prq?erties of  I T F ~ ~  

0 

Hy(3.e m-d O'Connor describe a nicke l  flw-nace tu-be sa id  to be suitabbe fo r  

both flimri.na:tion and lnytlrofluorinatiorL of 1-20 ~ I L  quan t i t i e s  of mater ia ls  

Illzey employ copper f e e d  and e f f luen t  l i n e s  w i t h  AE:f?I< v ~ c u m  f i t t i n g s  gasketed 

v L t h  Tefl.on or  Kontite. Graphite or nickel  saarp1.e boats are said to be sui.i;abI.e 

f o r  the hydrof1.uorination reaction but only nickel i s  usable i n  a f:l.iiorine 

z.tmnosX,h.ere. To dispose o f  iunreacted HP, they condense it i n  an all-polyethylene 
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condenser and allow it to syphon i n t o  a polyethylene b o t t l e  conta.ixiing saturated 

KOH. Excess f luo r ine  i.s burned with coal gas i n  a hood and t h e  react ion product 

ga.se5 a r e  absorbed i n  1-05 NaOH s o h t i o n .  

Recent i n t e r e s t  i n  PuFG has been stimulated by the hope t h a t  a method of 

separating plu-tonimi and uranium by -the v o l a t i l i t y  process might; be fomd.  

Stemenburg and Vogel. report  t h a t  gaseous PuF/ can he t r ans fe r r ed  i n  nickel  

apparatus which has previsusly been t r ea t ed  with f luorine.  

and Stemenburg report  de- ta i l s  of t h e  equipment and techniques employed i n  this 

res ea r  ch . 

0 

S'te Lndler, S t e ind l  

K. Chlorination 

Metliods and equipment employed iil t he  preparation of p1utonl.u.m 

chlorides and oxychlorldes a re  discussed by Abraham, et a l . ,  who indicate  that; 

CC3- and CoC1, a r e  t h e  most efy-icien-i; chlor inat ing agents f o r  p l u t o n i u m .  

Vapor phase chlor inat ion of €710, ean be performed writi? CCJ- and CI., a t  280 C 

i n  a sesled bomb. 

4 2 
0 

2 4 2 

A s.tudy of t h e  1iqui.d phase chlorlnation of various plutonLum compounds with 

iiexachl-orropropene (HCP) i s  reported by Christensen and Mullins who s t a t e  tha'c 

they got most complete converslon of plutonium t o  t h e  chloride (98$) by heakhg 

f r e sh ly  prepared plutonium oxalate, dr ied with alcohol, ...ri-th a t  l e a s t  t e n  times 

its weight OS RCP f o r  18 hours with vigorous s t i r r i n g  a t  teniperntures i n  t h e  

range 180 t o  190°C. 

H i l l  and Smith, who melt t h e  chlor lnat ion produc-L under %I i n e r t  atmosphere and 

convert it i n t o  2 g. bj.l.lets t o  make t h e  hygroscopic material  ea s i e r  t o  handle. 

Aiiother modificat3oi-L of t h e  KCP procedure is  enrployed by Case and Barker t o  

e f f e c t  more complete conversioii o r  plutonium t o  the chloride. They b o i l  off 

t h e  HCP and pass phosgene over t he  residue while increasing i t s  temperature to 

a maxiniun of about 600~~'. 

A modification of t h i s  procedure i s  reported by Freetnan, 
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I,. ,Spectrophot om& r y  

Several types of spectrophotometers lend themselves readl ly  t o  

glo-re box use by permitt ing the  c e l l  c a r r i e r  t o  be mounted inside the glove box 

while t h e  remainder of t h e  instmfleiit remahs 0utsid.e t he  box. Glanville, G r a n t  

and. Strachan describe the  use of a Unicam model S.P. 500 spectrophotometer i n  

Ynis manner for measurements a t  room temperature and with solut ions sealed i.n 

3-mn I.D. g l a s s  ampoules at temperatures up t o  I ~ O C .  Spectrophotomet,ric s tud ies  

of soliitiono of plutonium and other  nctinid.e elements have been very usefu l  

beczuse differences i n  t h e  absorption spectra  of tine various valence s t a t e s  

afford a very convenient method of ident i f ica t ion  of t h e  valence of the  e l e m e n t  

i n  solut ion,  

M. Spectrographic Analysis 

Metz rcqor t s  performance o f  spec%rogriz@ic analyses o f  a-active 

mater ia ls  a t  IDS Alcamos S c k n t  i f  i c  Laboratory by meane of equipment IGeated i n  

a glove box but does not give d e t a i l s  of the arrangement. A s  w a s  .LIE case i n  

spectrophotometric analysis,  it i s  aidy necessary t o  loca te  t h a t  p a r t  of t he  

ztgparatus which mst become contaminated. tn t h e  glove box. Conway and Moore 

describe specLrographic equipment having an arc-spa% chamber mounted i n  a glove 

box f o r  t h e  determination of the impurit ies i n  hlg'n-level radioact ive a-emitting 

elements, They s t a t e  t h a t  t h e  equipment can also be used i n  the spectrographic 

analysis  of various other  t ox ic  rnaterj-als * 

N. Thermal Analysis 

Westrum and. E y r i n g  descrtbe apparatus used t o  determine the 

m e l t t n g  point of microgram quant i t ies  of neptunium metal. The miniite globule 

of metal i s  held i n  the  j a w s  of a tungsten spring so t ha t  the  j a w s  close vhen 

the s m ~ l e  melts. An iron-constantan thermocouple spot-welded to t he  spring 



iiear the  sample measures the  sample Lemperabure. The spring i s  surmunded by 8. 

t a n t a l u m  mdia t io i i  she l l  and eildosed i n  a Pyrex g k s s  bulb attached t o  a hi.gh 

vacuum system. 

oscill.ah:w supplies t h e  heat. The sample i s  observed by m z a s  of a low power 

binocular microscope through a polished Pyrex viewiag por-t in t he  end oP the 

Pyrex bulb. 

copper c o i l  around tile Pyrex bulb, connected t o  a 3 O O - v a t t  

Westrum and WaLlmm report .the determination of the iiielhiiig po ia t  of 

*WF- i n  a IO-mm O.D. furnace constructed by wlnd.li7.g 0.6 mm tungsten wire around 
5 

a bery:i.l.fa flirnace block. The sample container is a taricalum crucible  having a. 

thermocouple sh i e ld  exLending from the bottom t o  t h e  centei of t he  crucible. A 

thermal analysls experimetnt conducted ~ i t l i  a 350-mg. samp1.e oi” L>U.F- i s  described 

using a pla.tirnun/pla~I.nwn-lO~ rhodium thermocouple and an o p t i c a l  pyi-orfleter to 

iiicasum the  temperizture. ‘The furnace assembly is  contained. i n  a biilb whj.ch can 

be evacuated and f i l l e d  with argon. 

5 

B a l l  and T d r d  describe apparatus used .  f o r  ea r ly  thermal a.nalysis stildies 

with 0.05 cm p1.iitonium samples heated by a molybdenum wire furnace. ‘The Amnace 

i s  surrounded by mol.ybdenula heat shields  and is  enclosed i n  a b e l l - j a r  which 

can be evacua’ied, ?:‘he sample l.s contained i n  a ceramic crucible  having a hole 

drill-ed. i n  t’ne bottom which permits t h e  thermcouple t o  be seysirated from the 

sample by oiily 3-5 m i l s  ‘thickness of ceramic material. A d i f f e r e n t i a l  thermal 

analysts method is employed wi.th the difference between t he  sample a d  reference 

thermocouple junc-Lion being amplif%c?d 1OOX. 

3 

Martin and Edwards report  the development of thermal. aiialys 1s apparatus 

designed f o r  studl .es with beryllium a id  idis al loys In a vacflliva but thLs 

apparatus could undoubtedly be employed f o r  work with more toxic metal. Tt 

erqioys a tantalum cylinder as t h e  heating element and rnolybd.ermm rad ia t ion  

shields.  Pearce and Mard-on discuss apparatus Lhat automatically records thermal 
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analys is  and dilatometer da t a  sZmltaneously on small. meta l l ic  samples a t  

temperatures up t o  1200 C. 

system, are mounted in a single standard-size glove box. 

s a id  Lo be prefer red  f o r  lower temperature s tudies  while a molybdenum-wound 

m a c e  i s  employed a t  high temperature with somewhat unsa t i s fac tory  results 

a t t r i b u t e d  t o  vaporization of molybdenum oxide. 

0 Two iden t i ca l  s e t s  of apparatus, including t h e  vacuum 

A nichrome furnace i s  

Thermal analysis  s tud ies  performed a t  IQS Alamos S c i e n t i f i c  Laboratory 

with P u C 5  systems a re  reported by Bjorklund, e t  d., and by Benz, K a h n  and 

Lean .  

data ,  

t h i s  highly hygroscopic material .  

They describe apparatus employed t o  obtain d i f f e r e n t i a l  thermal analysis  

Great exre Is necessary In handling I z z C l  t o  avoid water absorption by 
3 

Thermal analysis  apparatus employed at t h e  O a k  Ridge National Laboratory 

t o  study phase r e l a t ions  i n  PuF systems i s  described by Barton and Strehlow 

m d  by Barton, Redman and Strehlow. The heating system described i n  sect ion 

IV-3-B w a s  employed t o  provide a p a r t  of t h e  heat needed i n  these s tud ies ,  

Rhinehammer, Etter and Jones report  a d i f f e r e n t i a l  thermal afialysis 

3 

technique employed for s tudles  of plutonium a l loy  system. 

0. Solub i l i t y  Measurements 

Apparatus used for  the determination of t h e  s o l u b i l i t y  of plutonium 

i n  mercury a t  temperatures i n  the range 20-325OC is describe& by Bmersox and 

Leary. 

for 24 hours o r  longer m d  then a sample of t h e  l i qu id  is  f i l t e r e d  through a 

f r i t t ed  g lass  f i l t e r .  The plutonium content of the  mixture i s  determined by 

analysis.  

The plutonium-mercury mixture is  equi l ibrated under a heliim atmosphere 

Apparatus for t h e  determination of t h e  s o l u b i l i t y  of plutonium t r i f l u o r i d e  

i n  various mixed f luo r ide  solvents  i n  the  temperature range of 500-7OO0C i s  

reported by Barton. The measurements are made by equi l ibra t ing  about 6g. of 
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solvent mixture with an excess of PuF iinder a helium akmospiiere a t  the  desired 

temperature and Lhen forcing a po%GLon of t he  l i qu id  through a small, srintered 

n icke l  f i l t e r  d i s c  welded Tn the  end of a length of nickel. tubing. The plul;oraium 

content of t'ne f l l - t ra te  i s  determined by chemical anal.ysis a f t e r  cooling the 

apparatus t o  room temperature. 

3 

P. Calorimetry 

Rogers discusses calorimeters developed a t  Mound Laboratory f o r  

t h e  assay of a-ernitting isotopes, especial ly  'chose incoryorated in to  neutron and 

a-sources. He s t a t e s  t h a t  a precis ion of 0.1% i s  a t ta ined  w i t h  quant i t ies  of 

ac t3vi ty  rmgl.ng from 0.1 ciirle 'to several  hund-red curies and that  one person 

can assay 5 sangles a day with a. resis tance bridge calorimeter. ConsLruction 

d e t a i l s  are reported for a d i f f e ren t  ial-bridge calorimeter and the  constant 

temperature bath i n  which measurernents are performed. The d.eterrnjnation of the  

h a l f - l i f e  of Po2'' by means of the resistance-bridge calarlmeter i s  reported by 

Eichelberger, et al. 

Q, DensTty and Viscosity Measurements 

m e i d  and Davidson describe a technique eiiiployed t o  measure the 

density of a kl-pg sample of meta l l ic  neptuai~im. 

a capi l la ry  tube containing buty l  phthalate  and the displacement of the meniscus 

i s  observed. 

determination o f  the  density o f  plutontum metal and a lso  has been used by 

Westrum and Ey-ring f o r  the  determination of t h e  densi ty  of neptunium and 

aim i c  ium . 

A weighed sample is  placed in 

This method wa.s employed e a r l i e r  by Kirk, e t  ale, (lglc3)for t he  

Dilatomers have been employed by a ~iumber o f  invest igators  t o  measure t h e  

densi ty  of meLall5.c plutonium at d i f f e ren t  teiirperatures. This rathei- v.nusua1 

metal ex i s t s  i n  s ix  d i r f e ren t  a l lo t ropic  modifica,tions which makes the study of 

its d.ensity as a function o f  temperature qui te  in te res t ing .  Some of the ea r ly  
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measurements a r e  discussed by B a l l  and Lord, and by Loeb, e t  al., Fearce and 

Mardon repor t  an automatically recording dilatometer which undoubtedly m&es 

si.ich measurements less tedious than the e a r l i e r  v i sua l  recording method. French 

apparatus employed f o r  dilatometer stud.ies of plutonium and plutonium a l loys  i s  

described by Grison, e t  al. 

Cramer a d  Schonfeld state that the  dens i ty  of plutonium and plutonium 

a l l o y  specimens is  measured by loss of weight i n  bromobenzene using balances 

mounted i n  glove boxes. A t o r s i o n  balance i s  used f o r  samples of l gram o r  

less w h l - l e  a modif ied analytical balance is  employed fo r  measurements with larger 

Wittenburg, Q f t e  and Jones discuss  methods f o r  measuring the  densi ty  and 

v i scos i ty  of liquid plutonium and plutonium a l loys  at temperatures up t o  LOOO~C. 

They use a vacuum pycnometer technique f o r  dens i ty  determinations with tantalum 

pycnometers and an o s c i l l a t i n g  cup viscosimeter fo r  v i scos i ty  measurements. E a r l i e r  

deteminations of the dens i ty  of l i q u i d  plutonium a r e  reported by Cornstock and 

R. Metal Production 

The production af plutonium metal has progressed from the mlcrogrm 

scale reported by K i r k ,  e t  ale, t o  as l u g e  a scale as i s  consis tent  with 

nuclear safety. Morgan, et, al., discuss  t h e  l a rge  sca l e  production o:t Pu metal 

i n  remotely control led cqutpment . 
with iodine added as a booster i n  a bom’n f i t t e d  w i t h  a ceramic Liner. B a l l  and 

Lord s t a t e  t h a t  t h e  first method employed by 3r i t ish inves t iga tors  w a s  l.it.thium vapor 

reduction of PuF T h e y  

repor t  t2-lat it is possible to follow t h e  course of t he  redu-&ion by monitoring 

P’lu-tonium t e t r a f l u o r i d e  is  reduced by calciwn 

but  t h i s  soon gave way to t he  calcium reduct-ion of PuF4. 
3 

the neutron output of t h e  charge. T h i s  method depends on the  f a c t  t h a t  t he  a ,n  



react ion OCCIJYS only whcn a n  cx--zlrri.i;ting e3.ewwl-i is j n t h a t e l y  associated wit11 

a l.ighi; elzmeiit, i i i  t h i s  case fluorine. After t he  reducti.Gn is coinrji<.te 

I’U me.i;al i s  separated f r o m  the s l a g ,  ncutron production is  very lowa YrLis points 

t o  one of .t‘ne pz.cii,l.ems associatii;ed w i t i i  presenl; methods I”or the large scale 

produetlon of me ta l l i c  plutoiliuil. I t  i s  r a the r  d i f f  i.cu3.t t o  provide effectrive 

shieldiiig f o r  t he  fas t  neutrons produced by t h e  a,n i-eaetion. 

- 

Production of oilier set inide elemcn’is such as neptunium and mer-iciuiii a l s o  

s t a r t e d  on the rnicrogrx.1 seal-e, as -cepoited by Fr i ed  zrd Davldson a.116~ by 

Weskrsm and. Eyring- Thc ;ne-tkiods employed arc similar t o  those f o r  iiiaking 

plutonium inetzl. but t h e  l a t t e i -  investigatm-s used ba,riii.w to reduce j & j ~ -  and. 
5 

&IF,-* Tine !.ow me1t;h.g point of these metals, as  compared t o  u r a n i m  and thoria-, 

inakes it inueh easi.el t o  obta.in t he  metal in a coherent IJiittort 1:J:r gl.obiiJ.e, 
3 

S. Electromagnetic Separation of Ti-sotopss 

Al.th(~.g;l-i the s i z e  and. cornpl.exi-ty c:>P eqij Ppificnt; .req-Air& for t h e  

electromagnetic separation of pliltonium isotopes does ilot errcourrige a,ttenq)ts -to 

carry oiit the. cperatkms inv~:~l.vesi conipl~ctely i n  gJ.ove boxes, there  i s  a great 

dea l  of glove box w o ~ k  iiivolved i n  ce r t a in  piieses o f  the opctra.1, Lnji. Etrl t;:i.sb. 

inve:o‘tj.&ators have chosen tli? “frog s u i t  I‘ arrangement f o r  t h i s  purpose in t h e  

"Henries ii process b r i e f l y  d k s c l - i h d  by Paulsen. Operators fully enclosed i n  

rubber OT p1asti.c s u i t s  are siippl.ied with a i r -  Prom oii-ts t d e  the coni;ami-n.a,:;::d. 

are8 In i.?h ich t ; k y  work. Several BrTLfsh wr i t e r s  have neiitioned the  d i f f i c u l t i e s  

connected with Tmrkiiig in these su i t s ,  such as  l imited worki t~g t i m e  for operators, 

clumsiness and danger Qf exposing operators while ge t t ing  out o f  a contaj-nlnated 

s u - i t  - 
’he 9 

experience w i t h  t he  e q u . i p e n t  

Freeinsn, Hi 3.1 a.nd Smith report; de t a i l  s of constmctiun and opers.Licln of 
0 sector electromagnetic separakor and discuss t h e  first y e a . r l s  npe:(=:~j;:i.i>ina.i 
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Love, e t  al.,  d iscuss  the  qu i t e  d i f f e r e n t  approach t o  t h i s  problem employed 

a t  the  Oak Ridge rJatioaa.l. Laboratory, with parti.cu1.a~ regard t o  the  safe ty  

aspects  of t he  operations. Since the  electronagnet ic  separat ion i t s e l f  i s  

performed i n  a vacuum-tight enclosure, there  i s  very l i t t l e  hazard co:cl:clected 

w i t h  t h i s  operation. Only about 5$ of the  plutoniwa charge mater ia l  i s  deposited 

in receiver  pockets from which t h e  separated isotopes a r e  recovered, and most of 

t h e  remaining 95% of the  charge i s  deposited 011 t h e  inner surfaces  of t he  la rge  

calutron t&. This i s  enclosed. i n  a la rge  v inyl  p l a s t i c  bag while  it i s  

t r ans fe r r ed  to t he  work area  where it i s  washed t;horoughly t o  recover -the 

plutonium f o r  recycle. The d i l u t e  wash so lu t ion  i s  concentrated, the plutonium 

pur i f ied  by ex t rac t ion  i n  a mixer-set t ler  arrangement, p rec ip i t a t ed  arid then 

conver%ed back t o  t h e  cblor ide i n  an Lixter-cumeeted suite of glove boxes to 

complete the cycle. 

T. [Jsing Burets and Pipe ts  

. *  M;my operations which a r e  very slmply performed i n  the open I.aboratory 

are much less conveniently car r ied  out i n  glove boxes. Techniques f o r  itzsing 

bure ts  and pipets i n  glove boxes a re  described by Glar rv i l le ,  G r a n t  and Strachan. 

A modification of a commercial device called t he  "Propipette" i s  employed with 

pLpets for measuring macro mounts  of so lu t ions  (1.-50 rid.) while a syrl.nge type 

micropipet i s  employed f o r  snaller volumes. They also describe a meanr; of 

s q p o r t i n g  a bure t  i n  a glove por t  type opening i n  +!he top of the box. The 

buret  passes through a rubber stopper wli1ch is  siipported. by a cl..arnpi:tig plate  

held i n  place by wing nuts. A p l a s t i c  bag is  attached to the top or" the  box 

arid near .the .top of the bure t  t o  prevent escape of act:j.vity and 'GO a1.1m the 

buret  t o  be raised and lowered as  desired. 

IT. Miscellaneous Techniques 

GI-anville, Grant and Strachan describe a simple arrmgerrient for 



preyeni:i!!.g e s e a p  cf corrosive fumcs i n t o  a gicwe box. An inverter! g k s s  

- L'L woul-d appear fez.sibl.r, at  f i r s t  g,!rncep to discuss dry boxes atid 

inor-t ztmospinei-e boxes sepn . i e ly  but a l-ebiew of t h e  1 i te ra tu . re  reveeled t h a t  

iilany invest igators  fouiid it convcnie:it t o  provide a dry a.tmospherc wi.tili.n 'iheii- 

g:!ove boxes by use of  ai iael-t gas s o  .Lha-L it I.s d j f f i c u l t  t o  seperate t he  

discussion of these subjects.  A vz r l e ty  of enclosures dkscrtbed i n  the  liLeratii:~-e 

a r e  reviewed  her^ i n  art e f f o r t  t o  1 

ocp~r%me~1tal needs. Sornc: c?ixl.osureS whri ch do -not exploy gloves m-e included i n  

tlie di.scussion wri.t,imut f u r the r  apol.og;y because they serve t he  same purpose a.s 

glove boxes, permitt ing m a n ~ p l a t i o n s  -to bp p 

S5.x statenieiits regsrd-ing glove box work are l i s t e d  below. Idkile these s-tatem.anis 

are not t o  be reg led as axiomatic, they nay Sci-ve a.s i~seful. gxides. The 

f i r s t  th:ree apply specificaI.l.y t o  coiitrolled a-t,m~sphei:e enclosures wii 7.i.e the 

l a s t  t h e e  apply io any type of glove box experimen.iati.on, 

(1) Some oxygerL and moisture wt1.1. d iff i ise through. glove materials,  

gaskets and. srna.i.1. leaks i n  the box. :In order t o  mainLairl concentrations of tllese 

riiqmrities ai; a ].ow level i n  t he  box a.t,iiosphei-e, conlinuouc flushiiig, 

i-ecirc1.ila-tiolz ti-trough an cff i.ci.er?j; pirrif i ca t ion  system, o r  another removal. method 

i.s yequired. 



(2) Am eritrmice lock must be provTd.ed f o r  enclosures which depend 

on f lushing for t h e i r  pu r i f i ca t ion .  Such a lock mist be f i t t e d  f o r  f lushing by 

an i n e r t  gas or, preferably, f o r  evacuation and f i l l i n g  with an i n e r t  gas. 

Commercial i n e r t  gases can be obtained which ~ I Y '  s u f f i c i e n t l y  (3) 

pure so that  improvement i n  t h e i r  pu r i ty  can only be obtained. by r a the r  

e laborate  and sophis t icated p u r i f i c a t i o n  systems 

(4) It i s  l e s s  expensive, whenever it i s  possible  t o  do so, t o  

design eqiiipment t o  permit t h e  eny1.oyrnent of commercially availab1.e glove boxes 

r a t h e r  than t o  construct boxes t o  f i t  around one's apparatus. 

( 5 )  The average length o€ .the h a a n  a.rm i s  t h e  f a c t o r  t ha t  

determines t h e  s i z e  of sma,ll  boxes md the  loca t ion  of ex t r a  gl-ove po r t s  i n  

l a r g e r  boxes. 

(6) Most operations a r e  more d i f f i c u l t  t o  perform i n  a glove box 

than i n  t h e  open laboratory and apparatus should be designed or  chosen t o  f a c i l i t a t e  

glove box operation. 

2. Construction of Non-commercial Enclosures 

A. P l a s t i c  bag enclosures 

Franklin arid Voltz describe the  constiuction and use of a bag 

made by heat-sealing p l a s t i c  stom window material .  Thts inexpensive equiplent 

i s  recoinmended by i ts  developers fox- procedures requir ing the  t r a n s f e r  of 

ma,terials under dry conditions. A dry ztmosphere within t h e  bag I s  obtained by 

passlng dry nitrogen through the bag for several  hours before 9t i s  used. Water 

adsorption by magnesium perchlorate  i n  t h e  bag w a s  observed t o  be only 7$ of 

t h a t  of t h e  same material outside of t h e  bag. ?'he low cost  of this type of 

enclosure may make it a . t t rac t ive  to sonie experimenters who a r e  considering only 

a. f"ew manipulations requiring a moderately dry atmo:sphere but  it zppears t o  have 

very linilted u t i l i t y .  





-79 - 

atmosphere i s  admitted through one end of the  tube while t he  sample support 

t ab l e  underneath the  micromanipulator i s  moved by means of a rod inser ted 

through an opening i n  the  other  end of the  enclosure. 

the apparatus can be swept out rapidly because of i t s  s m a l l  volume, permitt ing 

comparison of the  e f f e c t  of changes i n  gaseous ambiEnt over short  time in te rva ls .  

The authors s t a t e  t h a t  

Bloomer and Keenan patented a cy l indr ica l  g lass  glove box enclosure 

stmilar i n  shape t o  the  s m a l l  enclosure described by Rowland and Whiting but 

1:uge enough (6" 1.D.) so t h a t  gloves can be inser ted through two of the three 

openings. 

it can be filled with a dry, i n e r t  gas. 

Suitable valves a re  provided f o r  evacuating the  container sa tha t  

An enclosure consisting of an 18-inch Length of Pyrex g lass  pipe, 12  inches 

i n  diameter, f i t t e d  with cadmium-plated s t e e l  p l a t e s  on the  ends is  described 

by Ketchen, e t  a1. 

s e a l  i s  effected by means of neoprene gaskets. 

The end caps are clamped t o  the  g lass  pipe and a gas-tight 

Gloves xre sealed i n  &inch 

openings i n  the  end caps by m e a n s  of a gas-tight x - i n g  and gasket arrangement 

and access t o  the  enclosure i s  obtained by removing one of the  end. caps. A 

dry, i n e r t  atmosphere i s  provided by evacuating the  container and gloves t o  

2 o r  j microns and f i l l i n g  with dry helium. T h T s  i n e r t  atmosphere box is said 

t o  be usefu l  for handling a l k a l i  metals and other extremely hygroscopic materials.  

C. Metal boxes 

'4 small glove box constructed by welding a 10-inch length of I3-incli 

diameter i ron pipe t o  5 17 x 17 inch s t e e l  base p l a t e  is described by Cassatt 

and Meinke. Two short  lengths of 6-incli diameter pipe welded i n  fAe s ide  of the 

lasger  pipe serve as glove por t s ,  

base plate ,  holds a glass  cover on top  of the  box. 

effected by use of a neoprene gasket lubricated with Dow-Corning stopcock grease 

between t h e  g lass  covey p l a t e  and the machined top edge of t he  i ron pipe. Flanges 

A clang ring, fastened by long bo l t s  t o  the  

A moisture-proof seal i s  



welded t o  t h e  gl-ove po r t  pipes permit dry box gl.ove clamps t o  be bolted. on. 

The cos t  of t h i s  box i s  said. tc, be $85. 

An apparaeus f o r  controlled atmosphere research i s  reported by Thomas and 

Zichtin. A metal hell j a r  24-inches i n  diameter and 24-inches high is  sea.l.ed 

t o  a 29 x 29 x 3/4- inch base pl-ate by means of an O-rhg  and. 4 1-ocking bo l t s .  

'l'wo s igh t  po r t s  are provided, one i n  the s i d e  f o r  use when t h e  operator 5s  

seated and one In t h e  top f o r  the standing operator. The b e l l  jar i s  raised 

by means of a l/l-!- t o n  ho i s t  to  permit i n se r t ion  of ma te r i a l  am1 equipment i n  

t h e  box. 

needed services and removal of samples from t h e  box. Cover p l a t e s  are 

pro-vided f o r  t h e  glove po r t s  so t h a t  t he  gloves a i d .  the be1.1. jar can be 

evacuated s ini11.1.taneously. 

can be performed i n  t h i s  appa,ratus but, of course9 t h e  gloves cannot be 

used while a vac1.iwn e x i s t s  within t h e  box. 

A number of' threaded holes in t he  base p l a t e  allows Introduction sf 

Both vacuim and coritrol.led atmosphere opern.-tlons 

T p e e  describes a box constructed of stainless s teel ,  w - L M  a s a f e t y  

g l a s s  window, f o r  weighing and other  operatio:ns with hygroscopic materials. 

Dry nitrogen i s  introduced -t'~u'~iigh a perforated stainless s t e e l  tube along -the 

bottom of t h e  box and- leaves through a valve near the tap of t h e  box. The e x i t  

gas i s  monito:red f o r  dryness by means of a dm poiiit meter described below. 

Johsoi?  reports  the construction of a dry box made of 1./8" sheet 

s teel  having a vaciium-tight entrance por t  consisti.ng of an l8-inch I.ength of 

8-i-nch diameter cas t  iron pi-pe, 

a r e  sealed by m e a m  of O-rings f i t t e d  -in grooves i n  t h e  doors and C-shqgetl 

clamps t ightened by a handscrew through the center of .the clamp. 

A de t a i l ed  descr ipt ion o f  an i n e r t  atmosphere glove box designed f o r  

chemical operations i s  reported by Sherfey. 

i s  constructed around a welded-al.wniiium frame 34-inchzs hrigh, '72-inches wide, 

Ilinged doors a t  each end. of the  eiityance port  

IIts box, shown i n  Figure 1.0 , 



a i d  24 inches deep with p l a t e  g lass  o r  sheet-aluminum sides.  

po r t s  a re  inser ted through the  p l a t e  g lass  f r o n t  of the box. The antechamber 

f o r  introducing o r  removing mater ia ls  and equipment i s  a l so  made of alminum 

and can be evacuated and f i l l e d  w i t h  dry, i n e r t  gas. It i s  provided with a 

removable extension for  introducing long a r t i c l e s  into the  box without opening 

both doors of the  antechamber sim~~tahzorlusly. Many useful  d e t a i l s  of 

constsuction and operation and a l i s t  of manufacturers of commercially avai lable  

prtrts and inaterials are incl-uded i n  t h i s  a r t i c l e .  

.Aluminum glove 

Herring describes a box s imi la r  t o  t h a t  reported by Sherfey both i n  

ecrnstruction and operation, 

maintain the  pressure w i t h i n  the  box near atmospheric pressure. 

said tdo have been successfully used i n  operations connected with the  synthesis 

of inorganic polymers from metal hydrides, halides, organa-metallic reagents, 

Both boxes require rz pressure control  system to 

T h i s  box is 

e t c ,  

Demon i s  equipped with sa fe ty  g lass  windows and a vacuum entrance lock w h i c h  

i s  provided v i t h  e l e c t r i c a l  leads f o r  an e l e c t r i c  heater  so t h a t  it can be 

used as a viicuim oven. Exter ior  glove port  covcrs are provided vhel? the  box i s  

mused in ord-er t o  minimize d i fn ts ion  of air in to  the  box and an i n t e r i o r  port  

C Q V ~ ~  i s  used when gloves a re  changed. 

An all-welded s t e e l  dry box described by Gibb arld by Gibb9 Goan and 

A small, s t a in l e s s  steel glove box designed by Clampitt f o r  evacustion 

cznd f i l l i n g  with an i n e r t  atmosphere has been very useful  for  high temperature 

work with molten salt mixtures at the O a k  Ridge National Laboratory. One 

dis-t inctfve fea ture  o f  t h i s  glove box desigrr shown i n  Figure 11 is  the 

cy l indr ica l  chamber extending downward from the  Ploor of the  glove box which. 

be heated externally,  eliminating the  need of a furnace witbin the glove box. 

3 .  Drying Agents and Pur i f ica t ion  Systems 

A few invest igators  report  enclosures which provide only moderately 

atmospheres but most experhenters using glove boxes t o  obtain a dry 
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atmosphere require a sufyicient ly  low moisture content so that low-efficiency 

drytng agents a r e  excl-uded from consideration. Tylree f lushes h i s  dry box with 

nitrogen d r k d  by passage through concentrated 9 “0 and t w o  P 0 drying tubes. 

He a l so  uses open dishes of P 0 i n  t h e  box and reports  dew points  of t h e  order 

o f  -50 C. 

t o  increase the  surface area of P 0 

connected with t h e  use of P 0 

i s  t h a t  t he  powdered P 0 

much moisture i s  preserit i n  t h e  box so t h a t  t he  atmosphere of t h e  box i s  no 

longer i n  equiljbrium with P 0 

agent .  

2&’ 4 2 5  

2 5  
0 Gibb reports  t h e  use of :P, 0 on bo:rosilicate g l a s s  wool, presumably 

2 5  
exposed t o  the gas. One problem 2 5  

in a dry box, pa-r.-ki.cul.arly when used. i n  dishes, 
225 

soon becomes coated with sirupy phosphoric acid i f  
2 5  

but with another, less e f f i c i e n t ,  drying 
2 5  

Disposal of p a l t i a l l y  spent P205 i s  also a r a the r  messy operation. 

Booth an& Mclntyre report  t1ia.t 3a0 i s  a very e f f i c i e n t  dssiccant, with 

only a,bou.t 1 mg of H 0 not absorbed i n  10,000 3.i.ters of air .  

Enge1.de-r and Silverman show t h a t  RaO i s  e f f ec t ive  i n  absorbing .crater u n t i l  it 

i s  completely exhausted. Coarse, granular BaO i s  converted by moisture t o  a 

f i n e  powder of Ba(0B) 

Laboratory, Monsanto Chemical Company, and more recently, a t  the Oak Ridge 

National Laboratory, by suspending t h e  ‘Ha0 on a coarse screen over a pan. 

The unused BaO i s  thus kept separated from Ba(OH)2 which drops into a pan and 

t h e  experimenter can t e l l  a t  a glance when more BaO must be supplied t o  t h e  

box. The only problems encountered i n  rout ine use of Ba0 as a desiccant i n  

dry boxes i s  dispersion of f i n e l y  divided Ba(0H) 

Biurial.. seems .to be .[;he most practica.1. d-isposal method. 

t h e i r  helium by passing t h e  gas at a pressure of 3.000 lbs.  pe r  square inch 

through a charcoal trap cooled wit21 I-iquid nitrogen. 

p u r i f i c a t i o n  “tmp operating on t‘nis p r inc ip l e  i s  avai lable  from A. D. L i t t l e  

Blumer, 2 

and. t h i s  property has been u t i l i z e d  a t  the Mound 2 

and. disposal of t he  Ra(OH)2.  

Ketchen, e t  al., dr i ed  

2 

A coniiiierclal helium 



campany. 

exposed i n  the glove box as a ge t te r .  

They also used potassium or NaK (sodium-potassium eutect ic  alloy) 

Linde Molecular Sieves are reported by Breck, et al,, t o  be effect ive 

ad-sorbents of moisture, oxygen and other atmospheric impurities. According t o  

irrfmmation furnished by the manufacturer, they a re  superior t o  activated 

alumina and s i l i c a  g e l  i n  regard t o  water capacity, ult imate dryness a i d  drying 

a b i l i t y  a t  high temperatures. 

t o  dry gases t o  approximately 1.0 ppm Hp02 by volume. 

Under s t a t i c  conditions, it would appear possible 

The NolecuLar Sieves have 
- 

advantage as compared t o  barlum oxSde i n  that they can be regeneratcd, but 

they share Ynis advantage with other desiccants such as s i l i c a  gel., activated 

alumina arid magnesium perchlorate, The latter desiccant has been used rather 

ex?r,,ensi.veLy in laboratory work but has apparectly not been used i n  dry boxes 

very much, possibly because of: i-ts cost. 

A number of" methods have been reported f o r  removing oxygen f r o m  glove 

box atmosphere and sone of the  recoinmended methods remove moisture as vel.1, 

Peak and R i t t e r  report ,the use of a pool af NaK skhtned by a blade opera.test 

by an e l e c t r i c  windshield wiper i n  order t o  keep t h e  surface f r ee  of as1 0xld.e 

film. 

increase the  surface area of the IYaK and describes a liquid absorbent fa-med 

by adding 1 gn of sodim d.ispel-sed i n  mineral o i l  -to 4 gms o f  benzophenone 111 a 

l i t e r  o f  mineral o i l ,  The resrzl2;Tng blue co l lo ida l  suspension .l;u.ms yel.l.ow when 

i t s  oxygen capacity i s  efiausted,  

arc t o  provide finely divided sodiwri dust or  smo,ke particles t o  react  wi:i;h 

gaseous bpuritities i n  the  circulat ing glove box atmosphere. T h i n  puri f icat ion 

Gibb reports the w e  of NaK i n  a tower also  conkaining Dr ie r i te  t o  

Gibb also de t a i l s  t he  use of a high vcdtagc 

method not only removes water and oxygen but hydrogen, carbon monoxide, arm3 

acidric gases as well. One charge of 75 gms of" :;oilhn~ i s  said Lo last 2-3 week:;. 



When removal of njtrogen froin t h e  gl.ove box atmosphere i s  desired, lithiurn i s  

subst i tuted for sodium. 

c i r cu la t ing  p w i f  i ca t ion  systems fo r  t h e i r  glove boxes uLLilTi.zing a c t  i.vated 

a , h : ~ i . i m ~  as 'clze d.rying age-itt a.nd hot coppe.~ (550-600 C) as t h e  de-oxidizer. 

Gibb says t h a t  t h i s  copper pu r i f i ca t ion  method Leaves gaseous impurit ies I n  

t h e  a.tmosphere which react  with f 'inely divj-ded iiran.ii~m. 

20 minutes operation of h i s  pu r i f i cz t fon  system i-educed t h e  dew point  t o  - 6 5 O C  

but; ne i the r  invest igator  reports data  on t h e  oxygen content of t he  glove box 

atmosphere. Sherfey and Herring used traps conta.ining 4-8 mesh soda li.me to 

remove ac id i c  gases from t h e  glove box atmosphere. Carbon dioxide i s  a l s o  

removed by t h i s  trap. 

Johnson and Slnerfey rePo:& t h e  use of similar 

0 

Johnson states LhaL 

Irerrirng e.3,so xneiiti.ot:is heaAing cal.cri.im hydride t o  400 o r  
0 

500 C on a hot p l a t e  iri t h e  dry box t o  remove nitrogen from t h e  atmosphere but 

g3-ven no &a;l;a on t h e  effectlveness of 'chis method of pu r i f i ca t ion .  

Sild F7ib:t-e reconmiem1 tile use of "itaiiiiui?-zTi.rcorrjum a l loy  (50 at %) turnings 

heated t o  8oO°C. 

as well.. as oxjgen from argon o r  helium atmosphere. 

f o r  h e r t  gases are d.liscussed. by Pascard and Fa.hbre and by Kelman, e t  al.. 

Pascard 

Tnis treatment presuraabl.y i s  ef Pect  jive in. renioving n:i.lrogen 

Other pu r i f i ca t ion  systems 

I+. Techniques 

A. Detect Lou aiid Measii.reriient o f  Gaseous Tnipurtties 

(1) Quali ta t ive t e s t s  

Herring ~epo~*-Ls  i i s e  of TiCJ. t o  give a n  indicat ion of the 4 
presence of water vapor (white fumes) and yellow phosphorus, f r e s h l y  deoxidized 

with CS2, t o  t e s t  f i x  t h e  preserice o f  oxygm. 

i n  a glove box objectionable a d  reports  t e s t i n g  f o r  rrloisture by means of a 

t h i n  f i l m  of P 0 

presence of oxygen (white smoke) an.d a l s o  observes t h e  time necessary f o r  a f 3 . h  

4 Gfbb consI.d.ers t he  use of TriCl 

He warms kfhil;e piiosphor?rs on a spatula, I;o t e s t  f o r  %he 
2 5" 



t o  appear on a NaK sinrface as an jndicat ion of t h e  p u r i t y  of t h e  glove box 

atmosphere. Keillioltz a_nd Webster report  t h e  p rac t i ce  o f  using the  appearance 

o f  white smoke OS tungsten oxide .Prom a heated tungsten filament as  an indicat ion 

of t h e  presence of oxygen i n  t h e i r  glove box atmosphere. Brownj-ng, A d a m  a d  

Hemphill employ a polished copper surface t o  t e s t  f o r  t he  presence of su1fi.r. 

( 2 )  Quaxrt i tat  i.ve measurement s 

(a) Moisture 

Tyree  describes a dew point  meter having e- pollshed 

copper surface attached t o  a long copper tube. The temperature a t  whlch moisture 

cond-enses on the  copper surface can be measured by means of a thermocouple 

attached t o  the  underside of t h e  polished disc .  

p0in.t m e t e r  usefu l  for t he  range room temperature t o  -80 F i s  available.  

e l e c t r o l y t i c  method readi ly  adaptabl-e t o  continuous measurement and recordlng 

of moisture concentrations of a Pew p a r t s  per mi l l lon  i s  reported by Kei.d.el. 

0nl.j a f e w  gaseous Impurities such as ammonia aid hydrogen f luor ide  in t e r f e re  

w l t h  moisture determinations by t h i s  method. Comnercial instruments based on 

KeideL ' s development are avai lable .  

A portzble,  commercial dew 

0 fln 

,(b) Oxygen 

Brady describes a colorimetric method for contimio-usly 

measuring 0,ujrge.n c o n c e n t r a t i o r ~  In mi i n e r t  gas s-bream, but t he  s e n s i t i v i t y  of 

h i s  method under continuous flow conditions i s  much l e s s  than t h a t  a t ta inable  

i n  discontinuous analyses. Cohn describes a contimous analysls  method. based 

on addi t ioc  of hydrogen t o  the  inyure gas stream and measuring the difference 

i n  Ixmperature before after passage through a ca ta lys t  bed. He reports  a 

l i m i t  of detect ion o f  0.0002$ oxygen but s t a t e s  that h i s  apparatus was general ly  

used i n  t he  range 0 t o  0.1% o r  0 t o  0.2% oxygen by volume. A galvanic method 



origtnated by Hersch wa.s fartiler developed by Boiny-er and Hutt who report  that 

oxygen i n  .the r ange  0 t o  600 ppm czln be determined by thts method t o  withtn 

112 ppm, or 5$, whiche-iier i s  greater .  

f o r  coll;;immusly monitoring low oxygen concen'cra1;ions i n  an Ine r t  a.tniosphcre 

glove box. Several corrLmelack3. oxygen anal-yzers a r e  avai1abI.e. 

B. i n i t i a l  Operation of i n e r t  Atmosphere Gkve Boxes 

This method appears t o  be very- promising 

Glove boxes biuil t  f o r  evacuation present no spec ia l  d i f f i - cu l ty  i n  

obtainring an i n e r t  atmosphere, provrided ad.equa.Le1.y pure ga,s is avai lable  .Lo 

f i . l l  t'ne box af1;er it i s  evacuated. i t  i s  generally considered drsirab1.e t o  

empty and Slll a vacuum glove box wiLh ioei-t gas several times afi;e.s- tt has 

been open t o  ilie atmosphere. The removal o€ alr Prom a box which must be I~I$IIL. 

Peele perf omled an invest igat ion to determine t h e  optimm procecture f o r  obtainiqq 

an k e r t  a-t-mosphere i n  a g1.o.w box by sweep:ing an i n e r t  gas through t h e  box, 

They report  t h a t  argon amd ot'iier gases heavler .Limn ai.r should be introduced a t  

t h e  bottom of the box and removed. a t  t h e  top while t h e  reverse i.s tiwe f o r  

h . e l ium and other gases l i g h t e r  tlnan alr. They a l s o  state t h a t  purging eff ic iency 

increases w i t h  inereasjng gas f low rate and is  reduced by use of a c.i.rculating 

f an  t o  m:I.x t h e  gases within t h e  box. 'Their data  slim t h a t  1l.5 Lo 5 box volimcs 

of argon, depending on the f i c m  r a t e  used, were required t o  reduce the  oxygen 

content o:C t h e i r  box t o  0.1% and that about 4 'to 5 box volumes of helium would- 

gLve t h e  same dkgrree of atmosphere pa-if5catio-a. No da ta  are given i n  this 

report  conceriliilg t h e  u l t  h a t e  p u r j t y  obtainable by t h e  purging method but it 

would appear t h z t  a r a the r  l a rge  v o l v m  of i n e r t  g a s  woi1.l.d be required t o  a t t a i n  

a h.igh degree of gl.ove box atrnos:pliei-e pui-ity i n  this manner. Boxes equipped. Pol- 

vecircul-at ion of t h e  gl-ove box atmosphere through a. pi~..rj.fication system require 

a method for avoiding over-!.oadikg t h e  purifi-cation system a.rter t h e  box I s  open 
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t o  the atmosphere. Sherfey, Gj.bb and others  report  t h e  use of a balloon inf la ted  

inside the  glove box t o  expel most of the  air .  The balloon i s  def la ted  by 

admission of i n e r t  gas i n  the  space between the  balloon wall and the i n t e r i o r  

w a l l  of t h e  glove box. 

C. Leak Testing 

Ine r t  atmosphere glove boxes need. t o  have a vexy low leak r a t e  i n  

order t o  minh ize  contamination of the glove box atmosphere. W. K. Curt is  

reports a spec i f ica t ion  of 0.05 t o  0.5$ of box volume per  hour leak r a t e  when 

the  box i s  su'ojected t o  a negative pressure of 4 in. w.g, Several invest igators  

have L e a k  t e s t e d  t h e i r  vacuum enclosures by f i l l i n g  them with freon and using a 

freon s n i f f e r  on the  outside of t he  box t o  f ind  leaks.  Others have reversed 

t h i s  procedure, pa r t i cu la r ly  f o r  t e s t i n g  boxes under vacuum conditions, by 

placing a halogen detector  inside t h e  box and paint ing suspected jo in t s  with 

chloroform or  other v o l a t i l e  halogen-containing solvent. Helium "sn i f fe rs  'I 

have also been used t o  leak tes t  glove boxes pressurized w i t h  helium. A leak 

t e s t i n g  technique based upon accurate determinations of t he  oxygen content of a 

glove box atmosphere i s  described by Smith and Sheridan and the  f lEF3 d.irect leak 

tes t  is discussed by Bicknell. 

D. Introduction and Removal of Materials and Equipment 

Most glove boxes are provided with locks, and t h e  s i z e  of equipment 

t h a t  can be introduced i n t o  the box without t h e  necessi ty  of removing a window 

is  l imited by t h e  s i z e  of t he  Lock. Slierfey reports t h e  use of a removable 

extension f o r  t he  antechamber of h i s  glove box shown i n  Figure 9 , whjcli permits 

t h e  in t rodix t ion  of long objects  through the  lock. He a l so  describes the  use 

of a,n ingenious storage device which consis ts  e s sen t i a l ly  of .a coxnter-balanced 

elevator  mounted on top o f  t h e  glove box. I n  order t o  minimize t h e  introduction 

of a3.r in to  an i n e r t  atmosphere glove box during t r ans fe r s  i n to  and out of t he  
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box, tyansf e r  locks ase generally equipped fo:r evacuation a id  filling with an 

i n e r t  gas, Gibb discusses some of the precautions io be observed i n  using vacuuai 

locks, inclu.din$ opening oi" evacuating con:t;aiiiers which w i l l  not W.i.l;h stand an 

in t e rna l  pressure of one atmosphere, and introducing vo1at;iLe solveilts only i n  

containers which w i l l  prevent t h e i r  vaporization w-itiniil the box. Dry box locks 

a re  sometimes equipped f o r  f lushing with a dry ga.s a:id a dry a i r  atrrwspliere may 

a l so  be obtained. by allowing Lhe atmosphere i n  the  lock su f f i c i en t  time t o  come 

t o  equilibrium with an open dish of P 0.. or  other drying agent. This p:rocedure 

requires more pakieiice f o r  e f fec t ive  use than most inves-tigators possess. 

E. Weighing i n  a Dry Atmosphere 

2 >  

Q r e e  di-scusses problems encountered i n  operating an ana ly t ica l  

0 balance i n  a dry atmosphere (dew point  -50 C o r  l e s s ) .  

s-tat.ic charges p e r s i s t  on glassware and other i-nsulators i n  a dry at;twsphere 

and t h a t  Pyrex gl.assware i s  worse i n  t h i s  i-espect t h a t  Ki.rn7ile w a r e .  He employs 

a Reco Neutro-stat over t he  balance pan t o  discharge t h e  s t a t i c  e1ectr"icity and 

a l so  grounds the  d.ry box and working pal-ts of t he  balance. 

He s t a t e s  t h a t  e lectro-  

F. Pressure Control i n  Atmospheric Pressure Glove Boxes 

Sherfey mentions the use of a combination 0 l . l  mau*ometei--pressure 

r e l i e f  device on h i s  glove box t o  prevent pressure differeuces grea-ter than 0.5 

lb/sq. i.n. between the box and the  surroundi.:(ig atmosphere. Herring niaintains a 

constant pressure i n  h i s  glove box by means o r  a mercury-filled U-tube 

di.f.ferentia1 pressure swi.tch system. Johnson uses e l e c t r i c a l  switches rnounted 

a t  b e e  l e v e l  t o  actri.vate magne.Lic switches connecting the gJ.ove box t o  a tank 

of nitrogen or t o  a vacmm pump- 
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Fi gure 3 .  S. Blickman, Inc., c l e a r  view sloping f r o n t  safety enclosure.  
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Figure 7.  Dublin Industries, Inc., Eringard enclosure. 
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Figure 8 .  Heating compartment ex tens ion  of an ORNL s t a i n l e s s  s t e e l  glove box. 
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Figure 11. Small s t a i n l e s s  s t e e l  con t ro l l ed  atmosphere enclosure equipped wi th  
hea t ing  chamber extension.  
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