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-4 study of t h e  preparat ion and proper t ies  of the pareEt  mater- 
ial Salcomine i s  continuing i n  order t o  improve t h G  capacity,  r a t e  
o f  r e a c t i o n  and s t a b i l i t y .  In addi t ion rosearch is being continued 
f o r  new materials having improved propert ies  over tho parsnt  mater- 
i a l .  

Research f o r  new mater ia l s  has included prcparat ion of  in te r -  
!+ 

mediate matcr ia l s  and the  combining of  thesc 'matcr ia l s  i n t o  chc la te  
compounds Subs t i t u t e s  f o r  sulicyaldehydt,  the  preparat ion of 
cyclopentandione-1,2, and i ts  dioxime nave been completed. Pro- 
gress is being made towards the  preparat ion of sd icy la ldehydcs  
carrying carboxylic acid groups t o  confcr water -so lubi l i ty  on the  
complex. One of these,  salicyaldchyde-5-carboxylic acid, has bean 
prepared. Work i s  being s t a r t e d  on the preparat ion of &subs t i t u t ed  
sal icylaldchydes and +alkyl salicylaldehyde. Furthcr work on the 

I 

Substitutes f o r  the amine rad icd . ,  incorporat ing proper t ies  
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dz. number of the  nsw chelate  compounds have been prepwed, 
both 3 t  the  University of Cal i fornia  and a t  Iowa S ta t e  College, 
some o f  which having liowevcr i n  
most oases considerable work needs to >e done t o  increase t h e  speed 
o f  absorption o r  lower the  pressure of absorption. 
t h i s  will irmolve a more precise,  dc t a l l ed  kriowlc.dgc of the  
struc'cural f a c t o r s  influencing both capzcity m d  speed, and a 
study should be made of  t h o  physical and chemical mcthods mai l -  
abls; f o r  example, i n  addi t ion t o  t h e  ones being pursued a t  p e s c n t  
t he  oxidsition-reduction poten t ia l s  might SE; neasur?d, t h e  ohclatc- 
oxyger- equilibrium i n  solution, the absorption spectra ,  and 1. 
number of o ther  chemic21 s t u d i o s  might bc rcade i n  m attempt t o  
discover somc parallel$srr, bctrrcen the dcsircd propert ics  whose 
o r ig ins  are  s t i l l  obscure i n  +he dread/-  norF: o r  l c s s  wel l  under- 
stood propert ics  of  these substances. 

oxygen capaci ty  of 4 t o  6$. 

I n  genersl  

Some s tudies  werc continued or? d i -  ( 2-hydroxy-j-methoxybenz21)- 
ethylenodiimine cobal t  (Co-0%. M ) .  X new and much b c t t e r  act i -  
v i t i n g  machine w x  designcd, constructed, and placed i n  operation. 
This machine i s  e s sen t i a l ly  a ro t a t ing  drun, -xuxmm d r i c r  :ad 
d i f f e r s  *om the  om-l ie r  models i n  hzving 3 l=ge gas cxit tube 
which docs co t  become plugged by th?  t z r  Prhich d i s t i l l s  f rm 
Go-OX M during the  acti tration process. 
r a t e  of absor'ptioh of water 2s co rpa rod  t o  t he  r z t e  of absorption 
of  oxygen on t h i s  n2tePid. and t he  conditions under %+hich water 
and oxygen .we absorbed. It was found t h a t  water i s  zbsorbed 
about h d f  as fast as oxygen undcr the conditions of operation. 
However, it w i l l  be remembered t h a t  with t h e  n e t h c q  cocpound water i s  
removed, and the material  thereby s t i -mtedr  only a t  CI tanpcrnture 
of 170°C. o r  higher. 
acce lera t ion  of oxygen 3bsorption by thc  presancc o f  t r acos  of 
water vipor, ht these  tire largtsly rzcsked o r  ovcrcorie by the 
de t r imen td  e f f e c t s  o f  m y  great  qusxt t ty  of water v8porm 

Study has been made o f  the 

Furthermore thcre  i s  some indica t ion  of 
c *  

d 
A study of the  preparation of  2,3-dihydroxybenzaldehyde was 

continued. An e n t i r e l y  s a t i s f a c t o r y  method o f  p r e p v i n g  the  

. .... . . . _. _. -. . . , . . .. . . . . . 

mater ia l  was not  obtained. Seven a t tenpts  were made t o  c thylate  
2,3-di-hydroxybenzaldehyde without success; it nppews t o  be in- 
possible t o  obtain the homologues of 2-hydroxy-3-methoxy-benzalde- 
hyde from 2,3-dihydroxybenzaldehyde. For t h i s  'rcctson work has been 

prepared so  t h c t  t h e  study o f  i t s  propert ies ,  begun l a s t  month, 
can be carried out properly. 
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dsoxygenstion; th is  l z s t  fea ture  has not yGt been dcnonstrcted, 
but  should it prove feclsible, then the advantnges of t he  methcxy 
compound for speed o f  absorption without t h e  z t t e n d m t  2 i s  adva- 
t sges  o f  s e n s i t i v i t y  to noisture may bc rea l ized .  

The r z t e  o f  oxygenatior, o f  di- (3-chlorosalicylzldchyde) 
dipropylene t r iminc  cobal t  a t  s,ll ,  cad 32O a t  25 pcunds pressure 
and a t  so at 113 pounds oxygen pressurc wzs determined using thc 
d i f f e r e n t i - d  manometric appm3tus. This mater ia l  KLS fcun2 t o  be 
unusud in  th.;t it zbsorbed oxysen rap id ly  ct t e rqe ra tu re s  much 
lower than p s y  previously known compcund. A t  room ternpernture a t  
atmospheric pressure it roleasod i t s  oxygen r2piclly. The mount 
o f  oxygen c a r r i e d  by the  r a s t e r i d  v w i c d  ms-l:edly with the tmper -  
aturo  being abcut 0.7 ai' a percsnt 2 t  32' md  35 pmn5s pressure, 
3.75 per cent st 110 
pounds pressure, and 6.3 per cent cLt 5 
pressure. 

35 pmnZs, 5 . ~ 5  p r  cent  st 5' ai6 35 
z~id. 113 p u n d s  exyg;cr? 

Further m r k  has been done on t h c  p r e p w c t i c n  cad  study o f  
t r a n s m u l z r  peroxides, p :wt i cu lv ly  the ?,lO-diphonylm-thraceno. 
FVrther stu6ie.s of  the  e f f e c t  o f  solvents on the photooxidation 
of t he  hydrocrvbon has s u b s t m t i 2 t s d  previcus r epor t s  th3;t c s b o n  
d i su l f ide  is not  n e c c s s a y  ?s a solvcnt,  and it appews f r o m  re- 
cent  experiments that it i s  not thJ bes t .  The highcst  r a t e  of' 
oxidat ion so f w  observed has bmn with mixtures o f  a c e t o n i t r i l c  
m d  benzene as solvents. The photo-oxl2.e may be decomposed with 
the l i b e r a t i o n  90$ of the  t h e o r e t i c d  amount o f  exygen by boi l -  
ing i n  n i t r o b  enzcne f n r  5 minutos; a clear-, c l s a  soluticr, of 
the  pzrent  hydrocarbon i s  l e f t .  Other so lu t ions ,  such zs g l l c i d  
ace t i c  m i d ,  pyridine,  ets., are alsc being s tudied inasmuch as 
the  ratc o f  photo-oxiht ion i n  nitrobenzene is slo:v. 

It hss  been suggested on the p x - t  cf thc  &mford Compmy i n  
the pas t  that 2% c f  vanadium pentoxide mixed with Salcomine vrould 
increaso the r a t e  of absorption by as much as 25%. I n  m attempt 
tc! check this a t  the University o f  C d i f o r n i x  no such increase i n  
rate was observed i n  sir ht atmospheric pressure and 25"C., al- 
though possibly the o r i & m l  work was done a t  much higher pressures 
md may be obtained' under _the conditions o f  higher pressures. It 

ver, tb3t the e f f e c t  i s  largely one of hea t  
than a chemical c a t a l y t i c  c f f cc t .  

I 

i s  continuing o f  t h e  dcter iora tcd  Sdco-  
entG tha t  the de te r io ra t ion  is ~ U O  t o  a 

e oxidat ion of the molcoulo, and a n  e f f c r t  
ap&t the de te r io ra t ed  mater ia l  and study 

i Y 

dro lys i s  o f  a c t i v e  Salconino with I ts1 4 

ecovcry of 96 t o  97% of t h e  calculnted i 

trial only nn ipsi  



complex i s  s t i l l  i n  combination with the  diamine. 

The de ter iora t ion  appears t o  be a deepsea ted  oxidation i n  
which a large par t  of the  organic material of t h e  complex has been 
converted i n b  polymeric mater ia l  of a higher s t a t e  o f  oxidation. 
Some of the ni t rogen has been oxidized to the  l eve l  o f  ECN, and 
some o f  the carbon i s  probably l o s t  as GO (known) and C02. 

L i f e  Tests 

A major protion o f  the  experimental work has been d i rec ted  
t o  a study of t he  de te r iora t ion  of  t he  Salconine mater ia l  i n  the 
1/2 inch tube units. 
and i n  a qua l i t a t ive  way they confirm previous indicat ions,  al- 
though the re  are some notable differences. However, it has been 
noted t h a t  t he  experimental r e s u l t s  have not been very dupl icatable  . 
In other words, runs made i n  the pas t  month do not check the runs 
car r ied  ou t  about t w o  months ago. A sirnilar lack of reproduci- 
b i l i t y  had been noted i n  the s ing le  tube u n i t  several  months ago.  
Therefore any comparisons o r  conclusions a re  very questionable. 
The present tes ts  ind ica te  considerably highei- rd t e s  of  deter iora-  
t i o n  than had previously been obtained. The t e s t s  are being care- 
ful ly  checked and f'urther comparisons ara being deferred u n t i l  
check r e s u l t s  can be obtained i n  a givkn t e s t  cycler 

A l a rge  number o f  t e s t s  have been ca r r i ed  out 

A number of runs have been car r ied  ou t  using the  methoxy 
cbmpomd supplied by Prof Diehl ahd the  RCrmfdrd Chemical Co. 
These runs tvel'e cajrried out  i n  the  cold room end various types of 
tubes were employed. 
0.d. tube it was possible t o  obta in  satbrationk 6f about 2rC% 
i n  1s minutes with atmospheric pressure air when employing a cold 
air b l a s t  on the  tubes a t  0 t o  -2OOC. The compound was found to 
be very sens i t ive  to water as had been previously reported by 
Prof. Diehl and careful  drying of  the  i n l e t  a i r  was necessary t o  

of the 1" aluminum tubes i s  being constructed by Arthur D. L i t t l e ,  
Inc. and W i l l  be t e s t e d  i n  the cold room as soon as it i s  available.  

%ese results indicated t h a t  with a 1" 

9 

c prevent l o s s  of ac t iv i ty .  A l a rger  u n i t  employing B m u l t i p l i c i t y  

The mothoxy derivat ive of Salcomine was put through the  l i f e  

I cycles. However, t he  a f t e r  t e s t i n g  was 1 

ain large.  mounts of on reac t iva t ion  t o  have 

2 

1 

t a t ed  in t e rva l s  

The d r i ed  Salco- 
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the' f i r s t  t e s t  the capacity* c f t e r  333 cycles hnd dropped about 
9% snd the act ivi ty** somewhat more. 
Inprovements i n  design a re  bcing incorporatod i n  tvm new un i t s  now 
under construction. These u n i t s  w i l l  be operated i n  parellel .  2 t  
atmospheric pressure,  one with dry oxygen, the  other  with oxygm 
sa tura ted  with water %t room temper= Thus simultaneously 
information lid11 be obtcined as t o  sbsorbcnt l i f e  a d  thc  e f f e c t  
of water vapor on absorbent l i f e  and ac t iv i ty .  

Theso f igu res  art" prelirnirrary. 

A somcwhxt d i f f e r e n t  t e s t  mede a t  the University o f  CaliforniE 
by shaking a 1% suspcnsior, of Salcominc i n  vrhito o i l  i n  one atmos- 
phere of oxygen a t  lCOo C indicated t h a t  l f t c r  3 hours a r e s i d u d  
a c t i v i t y  o f  94% remained; d t e r  15 hours, 87$ vnth no fu r thc r  l o s s  
i n  a c t i v i t y  at the  cnd of  30 hours. 

N a p e t i c  2nd X-Ray ISeisursments 

The study of' mignetic s u s c o p t i b i l i t i e s  i s  going Torward, -ad 
while t h e  r e s u l t s  mc not d s f in i t i vc ,  t he  obscrvationa s o  f w  may 
be in tc rpre ted  in the following n i m c r .  
atoms a r c  so mrmgcd khat an oxygen m l c c u l e  cannot be s h x e d  
be-hvcen 3 pa i r  of them. Since, howevcr, thcy cclch have thrsc  un- 
paired d c c t r o n s  each one i s  capable o f  holding zin oxygen molecule 
d b c i t h  not vcry s trongly, hence the  r e l a t i v c l y  high oxygen 
pressures requirc.d. In  solution, however, the  niolecules w e  f r eo  
t~ move about 2nd hsnco two c o b a t  atoms can come t o  shwe  wL 
oxygen aton between them cad hold it much more strongly,  hence the  
lower pressures.  An attempt t o  e s t ab l i sh  t h i s  suggestion as f a c t  
i s  being nade by a l l  the means at our d i s p o s d .  Rwther--a 
d e f i n i t e  Boowledge of the e f f e c t  of subs t i tuents  and ch-mges i n  
s t ruc tu re  on the  s t rength  of the cobalt-oxygen bond should m2ke 
5% possible t o  design L; compound ir, which the oxygen p a r t i a l  pres- 
sure over the  one-to-one compounc! i n  the  so l id  s t a t e  i s  not  too 
high. 

In  ths so l id  thc  c o b d t  

The X-ray work a t  the Cal i forn ia  I n s t i t u t e  of Technoloa con- 
t inues  and it i s  hoped t h a t  2 det'rziled analysis of both t h e  innc- 
t i v e  and ac t ive  f o r m  of  *%he parent compound w i l l  a id  ma te r i a l ly  
i n  determining some of the f luence t h e  capaci ty  
ard espec ia l ly  the  speed of  , thus enabling a more 
i n t e l l i g e n t  design of new corn be accomplished. I n  addi- 
t ion ,  (t studj o f  t he  l a t t i c e  
w i l l  throw much l i g h t  on the process. Further, 
t h e  examination of at least p 

f t h e  zbsorbed oxygen . 

s o f  tho  l a rge  group 

.-. .-: :.. ...... 

rbed t o  complete 
I 
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of compounds now avnilcible having varying capac i t ies  md spceds 
should a id  very considerably i n  the  recognition of  the  important 
s t r u c t u r s l  f ac to r s  requirad t o  produce t h e  desircd propert ies  

Toxicity Tests 

The Mine Sd'cty Applimce standard CO analyzer was used i n  

The instrument i s  sens i t i ve  

It was found t h s t  t he  CO content f rom the semi-wrks o i l  

the determination of carbon monoxide i n  oxygen produced from 
Salcomine i n  white o i l  suspension. 
t o  10 pwts/mill ion o f  Co md probcibly pracise t o  2 prts/mil- 
l ion .  
suspension u n i t  of  d u a n t  was loss than 40 pwts /n i l l ion ,  when 
the  abscrpt ion temp.jrpture i s  sround 20" C .  If tha absorption 
tem?orfsture be r a i sed  t o  4s0, the CO content o f  t hc  oxygen r i s e s  
t o  26C perts /pi l l ion.  
s ignif icance cf t h e  a r lues  i s  s t i l l  open t o  conjecture.  

These a re  p r c l i m i n r y  annlyscs and t he  

O i l  Suspension 

Two s e t s  cf experiments on tho prcduction o f  oxygen by the 
use of ci i l  suspsnsions of  Salconinc we ir, progress, one cl t  du€bnt 
and the  o t3er  a t  the University o f  Cclifornia.  

d u h n t  has s t l r t e d  work on t h e  design a d  s s e n b l y  of IX u n i t  
l a r g e r  t h m  heretofore used (about 70 cu.ft .  o f  oxygen por hour) 
f o r  oporEtion with 3% Salcomine o i l  suspcnsion. 
m r k  on t h i s  un i t  s. Ember of experiments w r e  completed aimed 2 t  

determining the proper t ies  and f e a s i b i l i t y  o f  handling 3G$ S a -  
comine suspensions. 
t o  ccrry out on a s m d l  sc-de,  indicL;tcd t h a t  t h e  3% suspensions 
of Silcomine were not tco  viscous t o  be h x d l e d  i n  EL s-eirred auto- 
clave, d w  to higher back pressures of  the  3% suspensions i n  the 
l i n e s  o r ig ina l ly  designed f o r  handling more d i l u t e  m a t e r i d ,  made 
measurement o f  e f f ic iency  f ac to r s  m e l i 3 b l e  and made comparison 
with 20% suspensions on t h i s  s ca l e  i q m s s i b l e .  

To guide the 

S t i r r e d  mutoclaw t e s t s ,  although d i f f i c u l t  

. ._. . . -. -. .. . 

Pumping t e s t s  through ET tower f i l l e d  with glass Raschig 
r ings  (ca. 3/8" O.D.) indicated t h a t  t h e  3% suspension could 
probLbly be used i n  a towor type absorber without running i n t o  
ser ious d i f f i cu l ty .  

I 

Suspensions of  the  3% m a t e r i d  d i d  not  

H e 2 t  t r ans fe r  data was obtairted Which indicnted t h a t  
e f f ec t ive  viscosity for 
parent v i scos i ty  based o 
sure drop dz tz  f o r  the 

In  order to  obta in  
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the  n i t rogen  was s t r ipped  from the  o i l  a t  l o w  temperatures under 
vacuum. 
be removed i n  3 minutes a t  80 mm.. pressure t o  produce 39.5% 
oxygen. 
minutes 99.8% oxygen n ight  be  produced. 

Tests showed t h a t  8% o f  t h e  dissolved n i t rogen  could 

If the n i t rogen  were s t r ipped  a t  1 mi. pressure f o r  8 

Typical dispers ion agents were t e s t e d  t o  increase the  r a t e  
of oxygen absorption i n  t h e  oil-Sdcomine suspension, but no 
detect ibke e f f e c t s  on t h e  oxygen absorpt ion r a t e  were observed, 
Some o f  t h e  d ispers ing  agents caused the  p rec ip i t a t ion  or  s e t t l i n g  
of Salcomine from i t s  o i l  suspension. 

Preliminary t e s t s  a t  t h e  University o f  Cal i forn ta  with a 9% 
suspension of Salcomine i n  white o i l  have shown l i % t i e  d9ffePence 
i n  absorption r a t e s  f o r  a i r  pressures  of 83 and 117 psi6 R i t h  an 
8 minute absorpt ion time y ie lds  of about 4.5 cu.ft .  of oxygeh per 
hour p3er cu . f t .  of absorptiob c01ufni-i mere obtained. This m a y  be 
compred with a f igu re  o f  approximately 10-12 cu.ft .  o f  oxygen 
per hour per cu.f t .  o f  column obtained i n  the  duPont apparatusr 
Very l i k e l y  an increase  from 9 t o  3% i n  t h e  suspension used a t  
the  Universi ty  of  Cal i forn ia  would inh-oducc a considerable in- 
crease i n  t h e  y i e l d  of oxygen per cu . f t .  o f  absorption column. 
The apparatus i n  use  a t  the  Universi ty  o f  Cal i forn ia  d i f f e r s  con- 
s iderably  f r o m  t h e  duPont apparatus i n  the  type of  absorption 
equipment used. I n  the former case a p l a t e  column i s  used, whereas 
i n  the  l a t t e r  a s t i r r e d  autoclave o r  simple column i s  employed. 

Oxygen Producing Units 

Tests upoi t h e  300 cu.ft./hour unit  a t  t hc  Engineering Experi- 
ment S t a t i o n  a t  Annapolis a r e  continuing s a t i s f a c t o r i l y .  
produced by t h i s  u n i t  has been used f o r  the  c u t t i n g  o f  s t e e l  p la tes  
o f  considerable thickness w i t h  e n t i r e  s a t i s f a c t i o n .  
used i n  these  c u t t i n g  t e s t s  was a t  a gauge pressure of  20 psi .  
and thickness  of p l a t e  c u t  was s u i t a b l e  f o r  t h i s  pressure; i n  order 
t o  go t o  grea te r  thicknesses an oxygen pump w i l l  have t o  be s u p  
p l i ed  and t h i s  i s  n o t  y e t  avai lable .  

The oxygen 

The oxygen 

Due t o  some d i f f i c u l t y  i n  manufacture i t  appears t h a t  t h e  
f i rs t  r eac to r  f o r  t h e  1000 cu . f tdhour  shipboard u n i t  will not  
be ready on schedule so t h a t  t h e  u n i t  as a whole w i l l  no t  be ready 
f o r  preliminary t e s t i n g  before September 1st. 

The 1000 cu.f t  ./hour t ruck  u n i t  employing pancake-type 
1 

1 

reac tors  and i n  which absorption-desorption heat  i s  supplied through 
a water system w i l l ,  it i s  now estimated, be ready for t e s t i n g  
around November 15th  ins tead  o f  October 15th as o r i g i n a l l y  t b u g h t .  

tubular  r eac to r s  w i l l  be ready for t e s t i n g  around Dec 
Eecause of inherent  d i f f i c u l t i e s  i n  the contamination 

f o r  t h i s  uni t  w i l l  be ide  

*c 
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namely wa%er f o r  hext in€ and cooling. 
t h a t  a modificztion o f  the  Freon sycterl might be workcd out,  
bu t  the s l iminat ion of contaminating a i l  with m y  such system 
w i l l  n u l l i f y  the  saving i n  power o r i g i n a l l y  contemplated f o r  the  
use of Freon. 

Thrre i s  some poss ib i l i t y  

A s m a l l  unit f o r  producing oxygen on board bombers, u t i l i z i n g  
the methoxy der iva t ive  o f  Salconine, lorn temperature air  a t  high 
a l t i t u d e s  f o r  cooling, and engine exhaust gases f o r  heat ing has 
been coristructed and i s  on the  may out  t o  Wright Field f o r  t c s t ing .  

Some fu r the r  estimates havG bccn nadc on the  cha rac t e r i s t i c s  
of the  u n i t  f o r  producing o q p n  by the uee o f  o i l  suspensions of 
Salcomine which have lead t o  a q e s s  of  25,000 to 33,000 lbs. 
f o r  the  weight of a un i t  producing 1000 cu.ft./hour, oxclusive 
of the t r a i l e r  m o u n t ,  the  requirod tr3ilc'r being approximately 
3 G  ft. long and 7 f t .  i n  he ight  above the t r a i l e r  frune. I-Iowever, 
+,he estimated s i ze  and woight a r e  based. on The USE; o f  rec'ciily 
avnilable,  stand=-d e q u i p m t  and ncy bs  redwed somewhat by 
spec ia l ly  engineered, light-vreiyh5 equiiimcnt. The design and 
construct ion of  any of' t h e  portable  u z i t s  snploying o i l  suspension 
w i l l  be postLbned f o r  t he  moment p a d i n g  ca lcu la t ion  o f  fur thor  
engineering data from t h e  pFlot pltint t e s t s  now underway. 

OXYCTEN PRODUCTIOX BY I ~ C i i k J I C A L ,  ItXTHODS 

Problem 110. Ac-12: 

Problem m- 111: 
Problem I@-115: 

Problem NS-116: 

Progress Report: 

The Manufacture of Oxygen while i n  F l igh t  
f o r  use of a Conbat Crew. 

Portable Unit f o r  Supplying Oxygen. 

The Dev.elom;?cnt of Zquipment f o r  t he  Production 
of Liquid Oxygen Aboard a Submarine. 

Portable Unit f o r  Producing Oxyzen f o r  Welding 
and Cutting, m d  f o r  Breathing Oxygen Aboard 
Aircr cf t  . 
Final Report, S e r i d  No. 315, OSRD 30. '780 
on "Analysis of Liquid A i r  Rec t i f i ca t ion  
Cyclos" by The Linde Air Products Company. 
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.i Rect i f ica t ion  Studies  

'.I 
I 

The d i f f e r e n t i a l  heats  o f  vaporizat ion f r o m  oxjgen-nitrogen 
mixtures from 2% t o  8% oxygen t o  y i e l d  vapor of  an equilibrium 
composition have been measured. I 

An integral  heat of vaporizat ion corresponding t o  the process:- 



1 gm. a i r  (lj.q., 20.9% 02, 78.7OK., 1 a t n o )  a q = 1 
air ( g n s ,  20.9% 02, ?C.?OK., 1 atn.)  

was measured, 
as compared t o  49.03 cs l . /p .  obtained by Dana. 

Tho value obtained i n  t h i s  manner was 48.5'6 o d . f . / p .  

Two heat capagi t ies  of l i q u i d  air (20.9% 02) wwe measured a t  
75.7OoK. and 77.42 E. 
and 0.4284 cal../gn. rsspect ively.  

Thc values obtained were 0.4331 calo/gm. 

Apparatus Study 

Small laboratory tes%s have continued on packed colunns f o r  
t h e  l i q u i f i c a t i o n  of air, which indicLt9 t h a t  Haydite packings m e  
equivalent t o  Ste&nm packings and t h a t  they we not as good as 
Berl ssddles.  
saddles was used above the  Hxydite packings t o  g i m  EL d i s t r ih>J t ion  
of l iqu id ,  which d i s t r i b u t i o n  i s  a ser ious problem i n  all of' these 
psckings. 

In  scme of t h e  t e s t s  a shor t  column of l/4 inch 

Pm s h o r t  preliminary runs o f  5 hrs. and 1 2  hrs.  respec t ive ly  - 
have been made upon the  8 inch  column packed with 1/4 inch Berl 
saddle, having vapor ve loc i t i e s  of about 0.3 f t .  per sec.  under 
t o t a l  ref lux.  These data gave 2 H.T.P. o f  10 Inches. 

One Mond-Ricardo l i q u i f i e r  u n i t  has been regeived from Englmd 
end d t e r  study and s e t t i n g  up i s  being t e s t e d  i n  Cambridge. 

Specimens of  t h e  Coll ins  type hezt  interchangers a re  i n  the  
procoss of being conpleted. 

Exhaustive tes ts  on regenerat ive heat  exchanges w e  under way. 
M a n y  mechanical d i f f i c u l t i e s  have arisen i n  the operat ion of the  
regenerstors ,  such as the breaking of thermocouples, excessive 
hea t  le&, 'plugging of l i n e s  with carbon dioxide, scoring of valves, 
etc. Runs have been nadide wi th  the  enter ing air sa tura ted  a t  
temperatures as high as 100°F. 
t he  f a c t  that water vapor is removed i n  a very s a t i s f a c t o r y  manner 
and without causing my appreciable increaso i n  pressure drop, 
There i s  a lso  evidence, although not  conclusive, that carbon 
dioxide i s  removed when t h e  temperature is l o w  enough. 

These runs d e f i n i t e l y  e s t a b l i s h  

Much mrk s t i l l  remains t o  be done on the  t e s t i n g  of  a i r  
*ying equipaent ospec ia l ly  t h a t  employing dessicants  such as 
ac t iva ted  slumina, but t h i s  progrm has been he ld  up pending tho  
t e s t s  on regenerators.  

Oxygen Pro duo ing  U n i t  B 

The,pdr$able low pressure mechanical unit  t o  produce 1000 ou.ft. 
of oxygen-per hour i s  &ing along on schedule with a coqpletion 
da te  &ornewhe& i n  the middle o f  October. P rnc t i ca l lv  dl t h e  

p. 
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mater ia l  hss been ordered f o r  t h i s  un i t .  T,ikeiise, a corresponding 
high pressure u n i t  w i l l ,  it i s  hoped, be ready f o r  t e s t i n g  by 
November 1 s t .  
a d  r e f r ige ra t ing  equipmat,  but  n o s t  o f  t he  m a t e r i d  has been 
ordered. 

Some modifications have been mr-de i n  the  cooling 

Work is s t i l l  i n  progress on the 380 C.F.H. portable  mechm- 
i c a l  unit with a l l  major pieces of equiper^ t  on order except the 
oxygen compressor. 
will be completed xbout October 1st when the  G i r  compressor be- 
comes available.  

It i s  expectec! that t h e  oxygen compessor 

lVork i s  under way i n  t h e  c9nstruction of a s m a l l  l i g h t w i g h t  
unit fo r  production of omjgen zhoard bombers. The m a i n  item i n  
t h e  schedule of t h i s  program is the  construct ion o f  the  engine- 
compressor by t h e  Clark Bros.  as rioted below. 

'JSork i s  s t i l l  i r _  progress oz t he  design and construct ion 
on the t r a i l e r  un i t  t o  produse 8s lbs. o f  l i q u i d  oxygcn per hour. 
This i s  tho only sn.11 pcrtz5i.e unit on o u r  lis-L f o r  the production 
of l i q u i d  oxygen, d t b Q U g h  other  mechanics1 u n i t s  may he converted 
f o r  t h i s  producticn should the  necessary extrs.  power be insts1lE-d. 

. . -  . . . _  . if ~ : .... . -  
Submsine Units 

The de ta i l i ng  and contract ing f o r  t he  b,m submrtrine p i l o t  
plants has been put i n  the hands of the  J. F. Pr i tchard  CO., who 
w i l l  work ir, close cooperation with the  k l l o g g  Conpony, and ct 
present, heat exchanges a re  being designed f o r  th2  medium pressure 
un i t .  It i s  contemplated that a delay of  about two months v n l l  
occur i n  t h e  de l ivery  of the air compressor for  t h i s  un i t ,  and 
c e r t a i n  changes i n  t h e  plms fo r  the a i r  compressor as described 
below w i l l  hold up the  design of some of t h e  hea t  exchange equipment. 

A s  a preliminary t o  the t e s t i n g . p i l o t  p lmts ,  EL study i s  
befng made of the removal of carbon dioxide snow by f i l t e r s  of the 
Cuno type which comprises p l a t e s  spaced about 0.008 inches apcrt. 
Preliminary r e s u l t s  ind ica te  t h s t  such a f i l t e r  might  be sat isfuc-  
tory although the present spacing of p l a t e s  is not  s u f f i c i e n t l y  

t o  remove all carbon dioxide cnot'r formed. 
tus with proper dssign *here i s  9 good p o s s i 5 i l i t y  of opern- 

I n  a l a r g e  sca le  

tb no filter except on the final product and no chemical re- 
f carbon dioxide. 

h re-spect t o  the  uni t  f o r  conditioning air on submarincs, 
r i g i n a l l y  contecplatcd to us0 the  abnd-Ricwdo equipment 
c t i o n  with t h e  comprcssor a l ready available upon t h e  
, but  it i s  n m  believed that this l iqu i fy ing  equipment 
11 andunsuited for  the production of l i q c i d  oxygen. 
it is now contemplated t o  design a uni t  which w i l l  

ed t o  provide air 

/ c  



production can be r a i sed  tc about 32 l b s .  per hour .  
r e f r i g e r a t i n g  unit  i s  r ead i ly  available from the Serve1 Company, 
.=d it i s  only a question as -b vrhether t h e  I J a v  wishes t o  use 
space for this u n i t  plus any added irxonveniences o f  oper3tion. 

Such a snail 

EHGINES khTD COMPRE-!SSORS 

Problem Eos.: NLB-42; AC-12; NA-111; 133-115; BJS-116; IJS-117. 

Katcr ia l  i s  being assembled f o r  the th ree  20C CFW, 0 t o  
100 S I  compressms, md these should be assembled md ready for 
t e s t i n g  ekrly ic Septenbcr. 

The d e t d l e d  drawings on +&e 0 to 3000 PSI, 100 CFM *Jir 
, compresscrs f o r  t h e  hi& pressure t ruck w i t s  (both liquid md gas) 

have been completed md construct ion i s  underway. 
de l ivery  d3te of shout the 1s t  of Novcmbcr appews Lnossible. 

A t en t a t ive  

The dssign and construct ion of  two compressors of about a0 
These compressors -CFM qapaciky and 100 PSI output is underway. 

w i l l  be Gdaptations of a four  cyl inder  a i r  cooled a i r p l m o  engine. 
One i s  dcstined fo r  the  oxyeon producing bomber u n i t  md the other  

, f o r  t h e  o i l  suspension salconine uni t .  A second l o w  pressure 
compressor u n i t  f o r  s i rp lane  use is now under construct ion i n  
Cambridge, 

The f i n a l  layout on t h e  200 Cl?B turbo compressor has been 
, checked and p m t s ,  too ls  and materials  ordered. The exzct  del ivery 

date  has not y c t  been s c e r t d . n e d .  

* Present p l m s  w i t h  respec t  t o  the  l o w  pressure submarine pilot 
. plant  air compressor is f o r  the use of a f i r s t  s tage  10,000 CFM tur- 

bine supplying air a t  8 pressure of 40 PSI snd n second s tage 
sepnrately driven ro t a ry  compressor handling 2,000 CFIA of  f r e e  air 
tak ing  a portio= of t h s  output  o f  the  f i r s t  s tage  coiqressor  and 
de l iver ing  t h i s  a t  105 PSI. T 5 i s  arrangement i s  p-oposed t o  speed 
the t e s t e  a t  A n n a p l i s  of the p i l o t  p l a t  by u t i l i z i n g  a f i r s t  
stage compressor i n  construction for t h a  N m y  without impairing 
production schcdulc a t  the Elliokt Company. It i s  f u r t h e r  con- 

. .  n2 

g u n i t  are conploted 

I 

12 inch s t roke  and w i l l  Q 
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Experimental t e s t e  on carbon l i n e r s  fo r  t h e  l a s t  two stages 
of oxygen compressors are widerway. 
fabr ica ted  from an extremely dense carbon md impregnated with 
s i l v e r :  t o  date  t h e  r e s u l t s  on t h i s  arrangement a r e  no t  y e t  
avai lable .  

The most recent  l i n e r  is 

The f irst  of t h ree  reciprocat ing expansion engipes should be 
assembled and ready f o r  t e s t i n g  by the  end of August. 

The two expansion engines f o r  the high pressure submarine 
p i l o t  plant  are  s t i l l  i n  t h e  ca lcu la t ion  stage. 

Preliminary ca lcu la t ions  on a double ac t ing  high speed ex- 

No 
pansion engine u n i t  using a i r  lubr ica ted  pistons and pis ton valves 
has been completed and t h e  p o s s i b i l i t i e s  appear a t t r ac t ive .  
immediate s t eps  are being taken toward the  ac tua l  design and con- 
s t r u c t i o n  of such an engine pending t h e  completion of t h e  low pres- 
sure engine compressor now in construc5ion i n  Cmbridge. 

Work i s  progressing on the two r o t a r y  expansion engines f o r  
the  l o w  pressure submarine p i l o t  plant .  
Rateau machine for t h i s  service is estimated a t  72 l/@, wherein 
a l l  b u t  very minor lo s ses  have been deducted. 
t h e  Kapitza ahee l  i s  es$ 
not include s e a l  loss and.turbulence l o s s  i n  t h o  wheel and minor 
losses  such as s l ippage 'and shock losses ;  t he  SUI?, o f  a l l  these 
l o s s e s  could be less thap 1%. The f inal  design f o r  the Kapitza 
wheel i nd ica t e s , a  dimelm- of 7 inches ruming  a t  21,000 RPM. 
The f i n a l  designs on the Kapitqa wheel have been checked, and it 
i s  estimated t h a t  a t e s t  machine w i l l  be avai lable  by t h e  end o f  
September. 

The e f f i c i ency  of t he  

The ef f ic iency  f o r  
ed a t  87%; This l a t t e r  figure does 

UNDERPJATER PRORJLSIO2J 

Problem No.: ?&R6 - r a t i o n s  o f  Dissel  Engines on Recycled 
1 and Exhaust Gases. 

Tests are s t i l l  on scrubbing carbon dioxide from 
exhaust gases of 
There appcais to  
s p e c i f i c  h e 1  co 
water scrubbing. 

d recyc l ing  of the scrubbed gas. 
i n  indicatod horsepower or  

10% oxygen with o r  without 
g 95% oxygen and 5% argon with 
ely 1% i n  both ind ica ted  
t i o n  were obtained. These 
o r e t i c a l l v  be cxmc-bed and 

birig operation. 
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Preliminary t e s t s  are now underway under the  d i r ec t ion  of the  
Standard O i l  Development Company on the operation on oxygen and 
fue l  with r e c i r c u l a t i o n  of exhaust gases o f  m- engine designed by 
the  yon Seggern Brothers somowhst related t o  the Diesel operat ion 
but  employing a puddle of f u e l  i n  the combustion chamber ra ther  
thm continuous i n  j ec t ion  o f  fue l .  

With respec t  t o  the  disposal  of  exhsust gases f r o m  submarines, 
the study of o r i f i c e  s i z e s  has becn continued. 
horsepower and the  water r a t o  rcquired f o r  complete absorption of 
3800 l b s .  per hour of the 85s CO,-lS% O2 mixture increases  2s the  
c u t l e t  a r ea  incpeases.  Tho increase I s  small going t o  an o r i f i c e  
of l/8 inches t o  1/4 inches, bu t  s n  increase t o  3/8 inches requi res  
m increase  of 5% i n  water rate compared with t h a t  necessary fo r  
the  1/8 inch  o r i f i c e ,  m d  horsepower i s  more than  doubled. ?n 
general t h e  bubble size depends on  tho d i m c t e r  o f  t he  outlet hole 
as w e l l  as t h e  mass veloc i ty  of gas through the  hole, and t h e  volu- 
mstr ic  r a t i o  of water t o  gas4 Since thf: bubble s i z e  f o r  my fixed 
gas mnss ve loc i ty  and f ixed r a t i o  of water t o  gas seems t o  increase 
as ' the  a r e a  of  the nozzls  o u t l e t  incrcases,  it i s  ind ica ted  t h a t  
the  s c a l e  should be increased by using a m u l t i p l i c i t y  of s m d l  
holes r a t h e r  than 5 singlc  lzrgc hole. However) where small in- 
j ec to r  orifices are used, some m o m s  o f  s t r a i n i n g  tho waker T r i l l  
be necessary t o  preveat clogging. 
may also 
jec tor  i n  series with ten o r i f i c e s ,  anch 1/8 inch diameter. 
f u l l  scale u n i t  of t h i s  descr ip t ion  w i l l  comprise 55 i n j e c t o r s  and 
550 o r i f i c e s  cxd w i l l  r equi re  a vr3Jter r a t e  o f  1150 gd. per minute 
f o r  a t o t a l  t heo re t i c s1  horsepower o f  130. 

The t o t 2 l t h e o r e t i c a l  

This d i f f i c u l t y  of  clogging 
be overcome by using one 3/8 inch d i m e t e r  watcr in- 

A 

MISCELLANEOUS 

Problem ILB-1 (Item f) 
> 

Developelat of a22 Instrument for the 
Measurement of Oxygen Partial Pressures 

Developient o f  Oxygen area th ing  E q u i p e n t  
and h s o c i a t e d  Apparatus 

Development of Oxygen Breat 
f o r  use wi th  Liquid 

Problem ITA-106: 

Final Beport, S e r i a l  No. 
"Improvements i 

,. ._^. 
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i s  designed t o  ind ica te  thc oxygen content o f  t h e  ambient atrnos- 
phere, and w i l l  operate even when t i l t e d  steeply.  fi method has 
been developed f o r  measuring and c l a s s i fy ing  s t rung  quartz f i b e r s  
f o r  use i n  these oxygen meters on a b a s i s  o f  t h e i r  t o r s i o n  con- 
s t a n t s  ra ther  than on measured diamoters. The new method i s  to be 
prefer red  inasmuch as it i s  b s e d  d i r e c t l y  upon the  property of 
i n t  c r  e s t 

Models o f  two d i f f e ron t  types of instruments f o r  conmwting 
l i q u i d  oxygen t o  ~ z s e o u s  oxygen zt c o n s t m t  pressure upon demand 
3se under construction md t e s t ing .  Thcso instruments give a very 
s a t i s f a c t o r y  supply of oxygen a t  any r a t e  up t o  about 300 t i n e s  t h e  
normal evapor a t ion  r a t e  f rom the  in su la t ed  container.  Both ins t ru-  
ments a r e  dcsigncd t;o opera t e  i n  any pos i t ion  ( m y  degree o f  in- 
version) and are spec i f i ca l ly  adapted to operation on board a i r -  
planes f o r  supplying oxygen t o  breathing equipment. Further work 
and t e s t s  are rcquircd to f u l l y  ldapt these instruments t o  opera- 
t i o n  i n  all posit ions.  

No progress has been made upon the  development of means f o r  
automatically eliminating nitrogen i n  oxygen b rea th ing  equipment. 


