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Dr. C. C. Furnas 
Sterling Chemical 
Yale University 

September 22, 1941 

Laboratory 

New Haven, Connectiout 

Dear Dr. Furnaa: 

As requeated in your telephone oonversation, 
we are sending a statement of the present development of 
the-cobalt oxygen oompound and figures for the cost of 
the proposed extension of the work. 

The theoretical uptake of the 2 to 1 form of the 
The density of the unoxidieed 

This has been running 
It producres 0.61 ou. ft. 

oompound is 4.9 per cent 02. 
material i s  1.66. 
oycl$ in operation using 573 grama. 
for some the off of' undrled air. 
of 02 every 25 minutes (20 minutes charge, 5 minute8 dis- 
oharge) when activated with air at 60 lbs. (total airflow 
8 ou. ft. air). One pound of the oompound thus produce8 
2.66 lbs. af  02 per 24 hours. With air at 20 l b s .  pressure 
and the same rate of flow the activation period would be 
about 1 hour. 
period. The interchanger oonsista of a bundle of half inoh 
oopper tubes filled with the material in the form of pelletrs. 
The tube8 are In a jaoket so that they may be uooled with 
water or heated w l t h  steam (the preaaure of 02 at 100° I s  
80 l b a . ) .  
mole 02. 

At present we have 8 small automatic 

Higher rates of airflow decrease the activation 

The heat of the oxygen reaction Is 12 koal.  per 

In order that guu can understand tll6~manufacturing 
requirementa, the following outl lne of the grooesa at pre- 
sent used by Dr. Calvin is given. 

FreDaration of 2 to 1 compound. The preparation 
of useful aotive material in the form of pellets ocu1 be de- 
soribed in terma of the following eight operations. 

1. Mixing stoichiometric quantities of the reegents in 
alcohol aolutlon at -6OOC. and permitting reorystallieation 
of the initially formed gel. 

active material. 
2. Filtration and washlng of this originally formed in- 

3. Recrystallization by b o i l i n g  with three times its 
weight of pyridine and cooling i n  the absence of air. 
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4. Filtration of the pyridinate in the abaenee of air 

6 .  Drying o f f  the ether by pumping through traps be- 

6. Fresaing and granulating the pyridinate oake. 

7, Converting the granulated material into pellets. 
8 .  Aotlvatlon of the pellets by depyridination in a 

The greasing, granulating and pellet formation may not be 

and washing with ether. 

foye oomplete exposure of the cake tp air. 

rapid air stream at; 16OoC. 

neQeasary if the material can be used as a powder in 
moving air. 

alon 

Cost of manufacture. O u r  preaent cost of prepara- 
tion I s  high as we have been uslne; CP grade material bought 
in small lots and have employed no reooverg of the various 
solvents. The following figurea are f o r  a 752 g. (theoretlcal) 
preparation. 

Price/Kg Amts. in Kg c o s t  (dolla~8) 

CO(Ao)2BH20 6.88 0. ti76 3.97 
Salicylaldehyde 6.00 0 . 865 3.99 
Ethylenediamine 

60$ solution 5.83 0 . 139 0.82 

60.70 

This 1s $6.29 per lb. for 100% yield or $6.22 per lb. acltual 
yield. 
thl8 figure should drop to $2.00 to $2.50 pep-pound of actus1 
yield. 

752 g. o f  active material. 

W i t h  the pukchase of materials in large quantitiba, 

The prooesa requires the following solvents for 

cost Amta . coat 
Ethanol $0.60 per gal. 2.02 gal. $i 1.01 
Pyridine . 2.11 per lb. 5.74 1bS. 12.10 
Ether 0.64 per gal.  1.8 gal. 0.86 

$14 . 07 
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$14.07 for 762 g .  o r  $8.49 per Ib. of material. This makes 
our greeent ooa t  $14.71 per paund. Thus the commerolal 
produotion of  the uompound w i l l  amount t o  $2.00 t o  #2.50 plus 
operating coat and recovery of aolventa. 

Amliontion of' oompound t o  Naval problem. For 
Btorage of oxygen a paaking density of 0.5 would give approxi- 
mately 1.5 Ib. of 0 2  per cu: ft. mua 20,000 lba .  of 02 
would require 400,000 Iba. of  oobalt complex and a storage 
apaoe of 13,300 cu. f t .  Interohanges otrich would give a den- 
s i t y  of 0.5 of compound would not be highly e f f i c i en t  and the 
period of chargo might be an hour or more. 

storage fao i l i t l ea  a poasible solution t o  t h e i r  problem. 

If used f o r  the production of 02 i n  conneotlon with 
a liquefying cycle 17,000 l b s .  of the cobalt compound working 
on 8 20 minute ogcle would produce 2000 lbs. o f  02 per hour. 
Such a cycle could bs developed f o r  Profossor Giauquels lique- 
factlon proues~i. 

- Wo would like to know If the Navy aonsiderrs the above 
. c  

Future work. Both of the above program8 require a 
large soale  manufacture of the cobalt compound. The first step 
should bo a pilot plant handling about 26 lb.  l o t e .  
should be aooolxpsrnied by the study of appropriate interchangers 
for 02 storage and also for rapid O2 produotion. 

Under o w  aontraot $800 waa a l lo t t ed  f o r  material and 
equipment. 
departmental funds. It I s  highly essential tha t  D r .  Calvin 
aupervise the p l l o t  plant f o r  the manufaoturlng prooess. A t  the 
same t i m e  we would like t o  build Interchangers t o  handle about 
SO Ib. ahanffes. In other words we would l i k e  funds t o  manu- 
raoture  about 100 lbs .  of the material i n  25 lb. lote and then 
us8 this  ln varloua designs of interchangera. This work would 
require about $3000 f o r  the preparation (lnaluding 8 p e l l e t  
machine) and $3000 f o r  material and mechanics t o  build i n t e r -  
ohangers. We would not need additional ass i s tan ts  on our 
pPe8ent contraot which rune t o  March l u t .  

This work 

He have now spent about $1500 additional f r o m  

If the work l a  t o  be puehed, plana should a l s o  be 
made for the large soale  manufacture, probably 8s contracts w1t;h 
a*ohemiual mmufaoturing company. To produce a ton of the com- 
pound we would have t o  purchase a large f i l t e r  presa, large 
d r l s r ,  an8 a t i l l s  f o r  solvent recovery, total ooat about ~7000. 

1 2 b 0 1 3 5  
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Suppliea ana labor would cost  u6 jb25,000 to $40,000 more. 
Pve are willing to do thia if i t  8eems expedient. 
be possible to have the work done at the Dow Chemical Plant 
near Berkeley but an Eaetern chemioel company would have 
oertaln advantages, and some oontact oould probably be 
established between Dr. Calvin 6md their production. It 
should be emphasized that the preparation of the 2 to 1 corn- 
pobnd without getting either the  3 to 1 or inactive form 
requires considerable familiarity with the preparation. 

It might 

Sincerely yours, 

Wendell M. Latimer 

P.S. We have Just  rewived a l e t t er  from Dr. Gilliland of 
X.I.T. 
O u r  eqdlibrlum data are quite oonsiatent when onZy one 
aotiva form is present. 

10 ar0 unable to see that h i s  results are significant. 

The rate problem is of' course 8 corn- 
pl3apQne * 

oopy to Roger Adam8 

1 2 b 0 1 3 b  


