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A[15TRACT 

In order  to  c~idcncc lhc different in lcnncdiatc  steps o f  the thcrmolysis of  
uranyl formate_, a study has bccn made o f  lhc different ~ r a m c l c r s  ~l'hich influence 
this d~composilion_ The u.~ o f  mass spoclromctry and o f  ~ chromatography 
allo~vcd us to ident i fy  CO. CO, ,  H , O  and HCOOH as c~oolved .eases and  to measure 
their respective amounts .  Thc -p r imary"  products arc CO and HCOOH.  it  is sho,vn 
that these lxvo species react in the presence o f  the solid ~-UO~ formed by the p r imary  
reaction. Carbon monoxide reduces the solid to the lov,-cr oxides U~O~. U-O9 and 
finally UO. .  H C O O H  is sck'ctively decompos-'d by the catal~lic action of the solid [o 
CO and H;O.  Thes~ results allo~' us to put for~-ard a mechanism ofdccomposition in 
~'hich, al'lcr the docarboxylation 

U O ; ( H C O O ) :  --~ ~ - U O j  ÷ H C O O H  ~ C O  

the two reactions 

H C O O H  -b CO " H , O  

U O j  + x CO --~ x CO.. ~ UO~=x 

take place, the kinetics of ~vhich have been measured and shown to be in a~recmcnt 
~ith that of  the overall reaction. 

I .~-)'!IODI~C'TIO~ 

Carboxylates~ and especially formates, have long been studied ~ith respect to 
their thermal '~labi!ity and the nature of  gases evolved during their thermal decomposi- 
tion. Ho~c~'cr. relatively few res~rches  have bccn devoted to dc tc rminin~ among  the 
reactions occurrin~ during, this thcrmol~is ,  ~-hich are the primary and  ~'hich the 
~ : o n d a r y  ones. althouE.h the imporlancc o f  this distinction has been pointed out  in 
this laboratory in the case o f  thorium formate t. As a matter o f  fact, the primary 

* To ~ all ~ ~ n $  Ibis anide should be ~ l l d ~ .  



products  an:  generated in the presence o f  a finely divided solid, and  may .~cld a great  
variety o f  sccondary products, as amply, demonstrated by the dix~rsily o f  the results 
reported for the form~tes- ' -s .  

More specifically, uranyl formate ha~ been decomposed by I..vden ~ in a CO_. 
atmor, phc-xe- The products obtained are CO. CO.. H .O  and a black oxide. UaOs, 
• .~hich is considcred as a pr imary product.  Bu t l r c~  and  Hughc~x ~° follm~xl the 
decomposit ion by thcrmogravimctric analysis  in air  and  in argon and found that  the 
~rccn solid formcd bctx~'n 245"C and 340"C con~stcd mainly of~-UO~ and a small 
amount o f  UO(OH)(HCOO) ~-hich d e c o m ~  only abo~  370~'C. The kin, tics o f  
the clecarboxylation of  uranyl formate o b ~  Prout-Tompkins law ~ t h  an actiwation 
cncrSy o f  4D.4 ( ~  I ) kcal mole-  ~. At 280-;C. under  t~ luced pre~ure ,  t h e ~  authors  
obtaincxl CO,  C O ~  H2, H~O and  H C O O H ,  so that  thc~j ttTOtC thc ot-crali balancc 

3 UO_.(HCOO); --  3 x-UO~ + 2 H C O O H  o~ 4 CO ~÷~ H :O  

The  detected h y d r o ~ n  would come from a slight dchydro.~mation o f  formic acid. The  
evolution o f  CO_. i~ claimed to Ix: duc to t l~  formation of  U O ( O H ) ( H C O O )  as a 
by-produ . 

Morc rcccnt!y. Ru.~cl! and  Hyder  ' I  obscr~cd, during the dccompo~ition of  
UO-_(HCCIO)_- - H._O. a break in the thcrmo~.z'avimcl,-~: cur~c at  200 °C. This  break 
was ascrilx:d to U O : ( O H X H C O O ) .  but x~,-ithout an_,," identification of  ~hi~ compound.  
The  second break obserx'ed in the cut',,~e was at  283"C and co r r~pondcd  to U O j  - 
0.~i HaO. l i l t  c~'ol~d ~ga~::~ Ucin~ moinly CO ~i th traces o f  H;O. ~.Vhen UO~(HCOO)~ 

d c ~ o m ~  bclov~ 300 ~C under  the p ~ _ .  ~ ure o f  the evolved ~ only. CO~ ~-ds 
found in IlK ~ plmse, and  tl~e solid ~ claimed to Ix: U O ,  - H.,O- 

I~elERI~'lrAL 

Starlingo malrt~nl 
Uranyl formate monohydratc xx~ prepared ~ccordin~ to Ih¢ proccdure by 

Sahoo el al. i-~ i.e. by rcaclin8 formic a~d x~iih uranyl nitral¢. The anhydrous salt ~ 
obtained by heating t l~  monohydrate at !30"C under continuous pumpin~ at I0 -  J 
tor t  for I It. For the sake o f  rclproducibilily, II~C rcslriclcd our in~ l iSa t ion  to ~amplcs 
o f  the starting matcrial the grain diameter o f  ~hich liras betlx~en 125 and 160pro. 

Gas 
The  rcac6on cell was includcd in a loop a l lo~in5 the rccyclin5 o f  the ~ ~ i th  

the help ol~'a circulation pump e J. Thcir total pr_~,~-~ urc ~-~s dd~,min~l  manomclrically 
and their composition by ~ chromalo~,~raphy. The carrier ~ ~c~ helium and zhc 
column was packed with Porapak Q.  g0-100 mcsh_Theamount  o f  a gaseous compo- 
nent  is expressed as thc number  o f  molc~ n. per  mole o f  Ih¢ anhydrous  salt  UO..- 
(HCOO),.  The results concerning formic acid, which in the ~ pha~e is partially 
d im~z~d l .~ ,  s s  arc ¢ x ~  for  the sake o f  clarity in "monomcr lc  equivalents".  
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Solid phase anal)six 
Thcrmogravimctric (TG)  anal)~sis x~-as pcrforrned ~ i th  a 4102 type Sartorius 

balance. Pro~jarns o f  temperature rise and rcgu!ation i,¢rc controlled by a Pyrcctron 
type Coreci apparatus_ 

Differential thermal analysis (DTA)  x~s carried out ~ i th a 13DL M3 apparatus 
on I0 mg samples at a heating rate o f  5 ~C ra in -  ~ in a nitroo~_n atmospherc. 

The total uranium content o f  the solid cbtaincd from the decomposition o f  
UO=(HCOO),  was obtained by calcination to U~O~ (ref. 16) and thc U( IV)  content 
by spectrophotomctry j ":. For the latter analysis, the solid ~LS dissolved in a ~-arm 
I07~ H~PO= solution under a nitro,~cn atmosphere, in order to maintain the dcgrcc 
o f  oxidation o f  uranium. For the oxide UjOs. which contains two U(V) ions for one 
U ( V i  } ion l ~. ~.~ the quinquiwa!cnt uranium disproportionates into U(VI )  and U ( I V ) ,  

the reaction rate increasing with the solution acidity -'°. I f the  global composit ion o f  the 
obtained uranium oxides is expv~s,scd by UOj~_=. x is the ratio o f th~  weight percentage 
o f  uranium(IV) to the ~cight  Dcrccntage o f  total uranium. 

Classical organic analysis t~avc the amounts  o f  the other  elements. X-Ray 
diffraction patterns x~'Tc obtained with a Kristallofle.x i l  5icmcns d i f f raoomctcr  
provided v,~th a coppclr ant icathodc and a nickc! filter. Infrared absorpt ion s [ x ~ r a  
v~crc obtained in the range 67_5~iK)00 c m -  ~ ~ i th  a 257 t}qpe Perkin-EImer spectro- 
photometer.  

RESULTS 

Mai. features of  I6¢ decomposition of  UO:( I ICO0 ) :  
TG curves ha~c been obtained at a heating rate o f  5~C rain- 1 under continuous 

pumping (pressure o f  about 10- ~ tot'r) and also under the residual pressure o f  the 
evolved ~ascs not condensed in • l iquid nitro_,3cn trap_ [n both cases, dehydration is 
achieved at 180"C, dccarboxylation bc~nning at 2S0"C and continning up to about 
250"(::. At this temperature, the |~.~'O T G  cur~cs diver,=e: lh.:tt obtained in vacuum 
Igcomcs horizontal  and  is located above the continuously decreasing cut~'e obtained 
under the residual pressure o f  I~a~:s- This !attcr curve tends to a plateau at  much 
higher temperatures. 

The  solids obtained at  450 -'C arc different= that  from the ~ c u u m  decomposit ion 
is dark  gtccn and  its X-ray diffraction patte~'Tt rc~'cals the presence o f  U j O  a and 
0~-UOj while that  formed under the residual p rocu re  o f  evolved gases is black and  its 
X-ray diffraction pat tern corresponds to UO. .  

These tacsu|ts :;how that  the dccarboxylation o f  UOz(HCOO) ,  yields reducing 
which more or  less reduce the remaining solid, d©lgnding on their  contact  t ime 

x~ith it. 
The DTA curve exhibits two ii¢ll-~cparutcd cndotherms. Pr~-ious approximate 

standardising o f  the DTA set-up a l l o x ~ l  us to  estimate roughly from their respective 
a rea~  the ©nthalpy var iat ion for dehydrat ion,  zlHt -- 15 (--~ 3) kcal mole-  t and  the 
¢nthalpy variat ion for decarboxylation,  a//_. = 40 ( ~  8) kcal mole -  t. These figures 



compare  w-ell with those rct'cntly obtained by Bousquct c t  al. with a home-built  
calogimcter :w. Xhcsc authors  found, for the s tandard ,~-ariations o f  cnthalpy o f  
formation~ ~ t I ~ _  = --520.6 ( ~  0.1) kcal molc -  t for thc hydrate,  and  d t l ~ , ~ .  ----- 
--447.1 ( ~  0.1 )kca l  mollc- t for the anhydrous  salt. Hence. using --57.8 kcal m o l e - i  
for the s tandard heat  o f  formation o f  ~'ater :-~. the ~"alue ~IHt = 15.7 kcal mole -  z 
may  be: c-~!culatcd, in a ~ r ~ t  ~-ith our  result. Lik~-ise .  using --292 kcal mole -  t 
and  --26.4 kcal m o l c - t  for the s tandard hcmls o f  formation o f  ~-UO~ and  C O  
geSl)CCtive~ "zz. the walue zlIH= -- 35.2 kcal mole -  t may Ix: c a h = u h t d ,  again in agrcc- 
m ~ t  ~ t h  our  rou~ t  estimation_ 

Study of the gas 
prc~-urc i ~  alP. duc to the c~'olution o f  ~ is rcprc~ntcd  as a 

function o f  t ime at  d;ffegcnt temperatures by a monotonical ly ascending curx-c ~'hich 
reaches a plateau (Oblainod after  about  _~qD h at 242 ~C). In the fo l lowin~ I,-e fixed at 
24 h tim durat ion o f  an  isothermal experiment and anal)~zcd tim composi t ion o f  the 

obtained after  this l~-ngt h o f  time. Under  these conditions,  whalex~r the thermolysis 
temperature may be, the only ~ o u s  products arc CO, C O ;  and  H : O .  XVhcn 
the t©mp~razurc i ~  nco de,-reases cont inuously and reaches the plateau 
rico = ! (Fig. I ). Tim same trend is ob~'Tvcd for CO.,- Thus.  ;~xcn one mole o f  
formate has  bccn decomposed,  two moles o f  the mixture CO ~:- CO= h a ~  
formod. On the other hand. n . : o  ~arics ~'¢Xy l i t l !c in thc lCITII~I~IUrC ran~c 240-300"C 
and does not reach t !~  ex!pcctcd l"alue (n . .o  = I).  Th is  can I~  explained by the 
rc lcnt ion by t l ~  oxide of part o f  the water formed, an already r~portcd phenomenon za. 
that  m~ can check by submizling the solid to a r~-cond hcazing at  4 0 0  " C  for  12 h and 
obsercing that  SO--(JO:~; o f  t l~  expected amoun t  o f  ii-ate.r dcsorl~.  As wc shall so= 
I~low, chemical anal)~.~is o f  the solid residues also confirm this point.  
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I t  is also possible., at a ~iven lemperalure, to follow the composition o f  the 
phase Icrl in conlact wi lh the solid oh!aired from Ihc decomposition, as a function o f  
the duration o f  thi~; contact_ Figure 2 repr~a~nts the oblain,~J:l r~ults.  I t  can Ix: $~en 
thal, at the .be~inning o f lhe  decomposition, the rate of  CO appearance is very great in 
comparison with that o f  the other componenL~. At  a time o f  about I00 min. "co 
pasg:S through a maximum and later dccrcases. HCOOH forms only at earlicr times, 
and vanishes completely at Ig0 rain, which corrcsponds to a plateau for n,.. o and to a 
slow inc-~ease o f  rico :. Thc rate o f  this increase is roughly cqua! ;o thc talc o f  decrease 
o f  rico. This means that there is simultaneous production o f  CO 2 and consumption o f  
CO when the contact bct~l~ecn the ga.scs and thc solid is prolonged. 

In a third serics o f  c-xperimcnLs, the duration x~us fixed at 24 h. but the cvolvcd 
gases wcrc contacted with a l iquid nitrogen trap_ Chromalo-~_~._raphic analysis o f  the 
non~ondcnsed ~ shows that it consists only o f  carbon monoxide_ A;.,ain, rico passes 
throu-~h a maximum, %Vhcn lhc dccomposi.tion temperature increases: the rates o f  CO 
appearance and 0 f  CO disappearance increase and the maximum is depressed. 

~,Vc checked the prcscnoe o f  HCOOH in the condensed ~-,nc, es_ Its amount 
in~reases with the do:omposition temperature, w h c r ~  that o f  H.,O doerex~cs. 
Comparison o f  these rcsulls ~ i th  those obtained without the liquid nitrogen trap 
( R ~  I )  shows thai nco: increases more rapidl~; but lends t o ~ r d s  the same l imi t  
(nco.- = I )  and nco decreases more rapidly, crosses t~c valuc I. and secms to tend 
towards z o o  for hi.~-.hcr decomposition tcmlmraturcs. 

T o  sum up. the el imination o f  condensable  g , ~ s  influences the amounts  o f  all 
the  components  H . O .  CO. C O , .  H C O O H .  The  presence o f  H C O O H  may bc corrco 
lated with an  appreciable decrease o f t h c  CO and  HaO contents,  but  does not  seem to 
a f r o !  the C O ;  contenL .As a matter o f  fact. ab~ l~  300 :C. rico: remains practically 
constant ,  whereas a tcmpegaturc r~e  ca,_,__<~ an inc~r~¢~ o f  n . c o o  u and  a d e c r e a ~  o f  
r ico  and  nn:o- 
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The  nature o f  the primary ~a~scs may be detected by m-',~ spectrometry, by 
can~fing out  the decomposi t ion at  a lo~x~er tempc~rature (220"C) in order  to restrict the 
interference o f  secondary_ reactions. At the beginning o f  decomposit ion,  the peaks 
characlct~tic o f  CO and HCOOH appcar  and  later dccrcasc simultaneously with the 
manifestation o f  thc pcaks o f  HzO and CO, .  This confirms that the first two g a f ~  are 
primary products, and  the last two secondary products_ 

Study o f  the :~lid phmz's 
We ha,,'e ~ u r e d  x by chemical anal)~is and  comparcxl the resuiL~ with n o .  = 

previously found. ~ shown in Table I for the Iolx~-~r decomposi t ion temperatures T, 
the a mrccmcm is excellent. The  d ~ - r c ~ n c i c ~  grow v, h c n  the: oxide r c a c h ~  a compo~-  
don closer to UO. .  This is duc to the fact that the ~ r y  finely divided oxide rcoxidiscs 
immediately it is brou~ht into contact m~th air zJ. 

A uegy good  aggeement betxvcen x and  rico: is also found when the latter t~n~ is 
condensed in a liquid nitrogen trap du; ing  the the.rmolysi~ 

It  fis worthy o f  note  that  part o f  the evolved water remains adsorbcd by the 
solid. As a matter  o f  fact. calcination into U~Oa a l l o ~  us to determine the ratio O f  13  
for the oxide. This  ratio i_~ always _ereater than the expected value o f  (3 -- x). This 
discrepancy is asc~bable to  ,~-atcr rcmainin~ on thc solid. I f  xx~ call its value An and 
add  it to n , . o  as prc~ously  determined,  m~ obtain a result close to I at  any decomposi-  
t ion temlx'raturc T a s  indicated by Table 

TABLE ! 

~IIE~IXT, t4L A-'~'I) 

T rico: x Chr=mll ~ dcwctcd C . ~ r  of  
~ : w  by X-r~r JiHr~rsio. ~ l i d  

247-. 0-2g ~ UO-_.-~. ~ =-UO3 Green 
252 0-~ ~ UO-_~ U ~ .  =-UCh. U~0, Dark 
266 0 - ~  0.55 UO-_~ ~ U~O.-UO= ~ =-UO~ Grey 
--r/4 0-65 0-64 UO-..~ U~O~UO~. ~. U ~  ÷ =-UO~ D~rk 

0: /3  0-'/3 UO~._~: U ~ - U O =  ~ ~ 
29S 0-92 0 - ~  UO-~l= U ~ o ~ u o =  Black 
311 099  0.91 UO-.jR, UO= 

TABLE 

• VATIflZ I~OL~' I [O A~'~ID ~ I , ~ T ~  ~ Tnl~  S O U D  

T .'ml~:o :In ~ , .~  ~ ~In 

247. O50  OAS 0.9S 
0..~_ 0.43 0.95 

266 0-56 0-45 I ~01 
274 0 . . ~  0.41 0-g9 

0-62 0.40 1.02 
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The X-ray diffraction pal lcms obtained for  each solid rcsiduc arc ~cncrally 
qui lc  complex. Comparison wi th literature data al!om,'cd us to idcnl i~, four phases. 
0~-UO+ (rcf_ 24). U++Os (ref_ 25). U.+O.+ (rcf. 26) and UO_. (rcf_ 27). In the f i f th column 
o f  Table I .  I I ¢  dctcclcd phases arc rcporlcd in lhc dccrcasin+ order o f t hc i r  amounts 
estimated f rom the intensity o f  their diffraction l;ncs. It can bc deduced that oxides 
form in sucoc~ion +-UO+. U+O~. U.+O~, and UO: .  this order corresponding to a 
progrcssk'c rcducl ion o f  the solid. O l~ra l ing  in the prcs,+,nc~ o f  a l iquid nitrogen trap 
doms not bring any chan~c e.xccpt that thc cubic phase UIO+ a!rcady appears at 240 "C. 

In using k!~'pton as adsorbatc, we measured the specific areas o f  UO+.(HCOO)z. 
H : O  and o f  UOz(HCOO)z.  and found 0.09 m-" g -  i and 0.16 m z g -  I. rcspoctivcly. 
For the oxidcs, wc used nitro~cn as adsorbatc and found 36 m z g -  ' for  thc solid 
UO.. -~ obtained under continuous pumping a! 350 :C dur ing 24 hours and 43 m z g -  ~ 
for  UOz. I t  Ihus scorns that the specific arca increases wi th the reduction o f  the oxide. 
This phenomenon  has already been observed by Dell and  XVhceler zs and  may be 
at t r ibuted to the increa.~ o f  porosity,  which ~+ar/cs proporl ional ly  to the density o f  
the solid. 

Kim-lir+ o f  t O+.( I tCO0 ) z decomposilim7 
I so t lmmal  thcrmol)T, cs o f  U O . ( H C O 0 ) ,  have bccn carried out in ihc presence 

o f  the e~'ol~x:d .~ascs. A l l  the T G  cure, ms exhibit the same poculiaritv, i.e. the absence o f  
a final plateau, os~ing Io the continuous reduction o f  the solid by ~ o u s  CO. In an 

o l  a p / p .  ( ~ )  

- - -  i _  

T=306oC 

10 

2011 I l ", tt I "~  
o Io 2o 3o ~o so t ( n ~ )  

F-it. 3- Example  o f  T G  ou~x~c corroction_ - - C - - C - - .  ~ u l  cubic ;  - - O - - 4 t - - ,  c o r r o d e d  
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~ -  4- ~ r  tr'~nst'orn~ O ( ~ 1 C t l U r ~ 5 .  according to th~ INout and Tompkins bw- 

at tempt  1to tak~ into account  the reduction occurring durin~ dcc:Jrboxylation, xl~ 
noticed that  the former corresponded,  after the complet ion o f  the lattcro to a linear 
weight dccrea.~. Therefore ~ extended this straight line to the rc~Jon ofdccarboxyla-  
t ~ n  a.-~i obtained t l~  c o ~ d  curve by subtr~ctin~, t l~  straio_.ht line from the 
¢~cperimental cugx~ as indicated by Fig. 3. 

i t  has thus been po~_~_qble to obtain the values o f  the fractional decomposi t ion 
~r o f  UO~(HCOO)z into U O j  at different tcmigratur~s. A m o n g  th~ numerou~ lax~ 
which h ~  bc~t put f o r ~ t t ~  ~-~ checked that  t l~  bc~t fit ~-~s ~ivcn by that o f  Prout 
and  Tompkins  

- . ,  ÷ log l - - : t  C 

for 0 . t0  < ,7 < 0.80 as shom~n by Fig. 4. From the straight linc~s obtained at each 
temperature,  m~ can dcduc~ 4, and,  hence., an activation encr~oy equal to 39 ( ~  "~) 
kcal mo[~- ~, in good  agreement m~th the value o f  40 (:_~ I ) kcal mole -  ~ found by 
But t rc~ and H u ~  t °  

l l ypodwds on Ibr  traction ~Ict~r 
In order to account for the previously reported results, wc suppose that the 

I:mrimary d,cc~rbo.xvl~don step i.,r, 

( I )  U O : ~ H C O 0 ) :  --~ ~:-UO.~ ~ IHCOOH ~ CO ( ! )  

t l ~  products o f  ~-hich u n d ~ g o  a further ~,'olution ~a:cording to secondary steps_ It is 
x~_ll known zg- ~ o  that  formic acid can d c c o m p o ~  according to the thrc~ schemes: 
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H C O O X  -* CO -~- H : O  (2a) 

H C O O H  - -  CO-  ~ H :  (2b) 

2 HCOOH --~ C O :  o~ H . O  ~ H C H O  (2c) 

As ~-e nc~-cr dctectc~d either acetaldehyde or  hydro~,-~n. ~ve may retain only the r~c t ion  
(2.1). a dehydrat ion ~electivdv c a t a l ) ~ d  by the uranium oxides UOa-x  formed from 
~-UO~. This formation in turn is due to thc reduction 

UOa ÷ x CO --- x C O :  ~ UOa-= (3) 

• ~'hich explains the good agreement obscr~x:d bet,s-con IlK: amount  ofcvoh-cd C O :  and 
the degr,_-¢ o f  reduction, x. 

Under  no  circumstances did we find the intermediate phases U O ( O H ) ( H C O O )  
put forx~ard by Buttress and Hughes ~° (its decomposit ion into z-UO~ seems unlikely 
anyhow, at k'ast in a non-oxidizin~ atmosphere) ,  or  U O : ( O H ) ( H C O O ) c o n s i d e r e d  by 
Russell and Hydcr al though these solids havoc bccn prepared i~ our  labora to~  ~. but in 

different ~a)~ ~' " ~ .  
TO s u m  up .  i c a c t i o n s  (2a )  a n d  (3)  ~ppg'ar  a s  I~c~al  c o n s ~ q u e n c " ~  o f  r e a c t i o n  

(I).  Howcs'cr. their interx-ention can only considered as proscn if the3" arc directly 
c.cidcncc'd and if  it is sho~,~n that their kinetics agree ,~ith [hat o f  the o,,-crall de- 
composition J~. 

Cataly l ic  deln)'drati~m o f  I ICO011  (F(~.. 5 )  
~,V~ circulated in a differential f low reactor an helium flux ~turated ~ i th  formic 

acid ,-apour by i~ssa~_c through a saturalor $, at a fixed tempe.raturc. T s. I'olloivcd by 
a condenser C also at a fixed [cmpcraturc .  T c. !o~c r  than T s. The  ~-aluc o f  Tc deter- 

mined the part ia l  pressure o f  H C O O H  as its saturated ,~Jpour pr<~surc at To. (Th is  

pressure ~as varied hct~lccn g and 60 tow.) The ~ flowed out throush a trap T 
cooled by an ice ~- NaCI mixture, in ~hich ~ t e r  and formic acid condensed, and 
• l crc dirocled to a .-~as chromato-~raph. A preliminary study allo~vcd us to determine 
the conditions under xihich the reaction rate. r . .  (cxprcssc'd in mo!cs o f C O  producc~l 
i ~ r  hour and per ~ram of  catalyst) I~as independent of  the f[o~' rate and of  the 

_ ~ ~ t~d$ 

FR FH 
F,~- 5- ~-1-op for 1!~ SILKI>" CXC~ta l~ dlch)~rafion of fo, m ~  ~K~d. FI~ F/c~" rc~ul~or= FM. flc~'- 
meier; ~1,'~. ~ S r  ~ - c :  S, S:alUf;ator; C, ~ ,  R, [cgu~o~;., 1", It-Jr_ 
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1 .'IS 1.90 1.95 1 .~I~ 1.95 

F t ~  6- A ~ !  o t ' t k r  ofc=l~lyt~ d c h ~ l g a t ~ n  ~ t h  rcspo: t  t o  f o r m ~  acid a t  T ~ ~ "C- 

Fig. 7. I ~ o ~ n a t i m :  of t ic  acti~:tion ~ of catalytic dd:~r~don of f c ~ c  acid. 

catalyst ~ The  catalyst  m~ts ~-UO3 obtaincd by uranyl formatc decomposition in 
o.x~'~n a t  350~C for 24 h. T I ~  c a t a ! ~ s  tcmpcvaturcs i n l ~ t i g a t c d  ranged from 240 to 
301)'C. Under tltesc conditions. COz ~a.s o b s c ~ l  as_ a by-producl (about I ?~ o f  the 
amoun t  o f  CO)- i t  has ~ chcckc-d that  this CO., formation is due solciy to a slight, 
and  ¢~xp¢~l .  roduction o f  the catalyst., that  ~ shall not  takc into account in the 
folh)~ing~ o ~ i n g  to i ls v~ry small ~ctent_ 

Igmints ~ t i n g  Io~,~. as a function o f  IogP.coo. fit a straight line. as 
ind~:atcd by I ~ .  6, which r~fcrs to a tcmlggatur¢ o f  259~C. Thc  _s!opc o f  this straight 
line., i.e. the apparent  order  ~ i t h  r e s ~  to formic acid, i.~ 0_74 ( ~  0.05). At  a fixed 
partial  p rc~urc  o f  H C O O H .  the catalyst  tcmpc~rature ~ s  varic~L A plot o f  Io~r~ as  a 
fnnfflion o [  tll~ rc~procal  abso!utc tcmpc~rature ~ a straight linc, the slopc o f  
which allows us to calculate the apparent  acti,,-ation ~ ,  ~.,. equal to I~g ( =  I) 
kcal mob:-  ~ ( 1 ~ .  7). 

Rz'~dion /or  m-~mium trio.vi~ by carbon m~oxi~" 
This reaction has I x ~  sludicd by T G  at dilT~rcnt tcmlx'ratures. :[-UO~ u~----~ 

submitted to various partial prcssums o f  carbon monoxidc (Ihe ~'olumc o f  the appara- 
tu.~ b~ing ~ enou~lt to ko~p constant  t h ~  p r c s ~ m  dur ing the e.xpe~rn~nt). Xlt~ 
c u r ~ S  ~ , i n g  the ~xt~tt  o f  reduction, x.  o f  the  solid as a function o f  t ime exhibit  the 
same feature (Fig. 8, obtained at 280'C).  The r~duction rate is ~,~ry fast in i t ia l ly and 

at about x = 0.3. From x -- 0.5 to 0-8, tbc rate rcmains practically constant 
and then s~owly dccreas£~ The same ratc do~ar~a~ at about x = 0.3 has been noted 
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t ( h o . r s )  

o 5 10 1S 20 25 3O 

Fi~- ~S. IKcduction of uranium trioxide by CO at T -- ~ "C- 

- 2 . e  I- ~ -  x = 0 . 2  

-2"¢P ~ ~ ~ J ~ r ~  S z[ ~ O.& 

-3.s _ ~  ~ P , ~  

1.s I . s  1.7 1.9 1.9 2 .0  

FI~ 9- Vat~ItI~m Of ~ ~ :aS a fUI1ggiOII Of !0~ Pen at  different reduction cxtcnts o f  uranium trioxide 
IT  ~ 2SO'L'). 

and a.~'~bcd to the formation of U~O= by the different authors J ~ - ~  who ha,~ 
inv~ti~ated the r~duction of uranium oxidc~ either Kith hydro o_cn or v, ith carbon 
monoxide- At a given reduction, ~ find, as did Vlasov and Shala~hinov ~ ,  a reaction 
rate_, r;, propogtion,l| to P'co (Fig ~ 9), At a ~-cn partial prc~urc of CO. the apparent 
activation a~r=oy dc3~rtds on x. 

For  0.1  ~ x <: 0 - 3  E j  ~- 2 0  (_-~-~ 2 )  kcal  m o l e - t  

For  0 . 5  <: x < 0.8 E j  = 34 ( ~  l )  kca| rooks- t 
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C o m ~  o f  the rates o f  l t  C O O l l  catalytic dehydration and ~-UO j reduction trith the 
orera//decarhoxy/ation rate 

Let us call r~ the rate o f  the ith step. The  overall docarboxylation rate (as 
measured by the number  o f  moles o f  CO appearing, at a definite time, t. per mole o f  
initial salt) ~s 

r = r l  ~- r 2 - X r~  

Let u.~; consider the por t ion  o f  maximum formic acid production I = 90 min. 
P ,  co~t = 6 tort', accordin~ to F ~  ~ At  this poim. r I = r=. r = ! 5  >: !0 -  -" m o l e  o f  

C O  ra in -  ' =rod the rate o f  CO:  appearance L~ x r~ = 3.5 ~ 10-  ~ mol~ o f  C O .  rain- t. 
Accordingly. r .  ~. 1.6 x 10--" mok~ o f  CO rain-t_ A t  this point, the extent o f  
docompo~t~on o f  UO. (HCOO) . .  as ~l~'n by half the sum o f  the number o f  moles o f  
~tscous products containin~ at k:ast one carbon atom. may Ix: cstimatcd as equal to 
0.64. The m'erall comlx~sition o f  the conesponding solid is UO=_.,. since nco= = 0.17. 

u~ now compare the value o f  r= so calculated to that found durin~ the 
catalytic dehydrat ion o f  HCOOH.  At 2 7 g ' G  under  P ,  comt : 60 tort.  ~ e  find 
( F i ~  7) 3_7 ~ 10- = moles o f  CO~h ~ and hence taking into act:ount the order  0_71 
with ms lg~  to HCOOH.  r~ ~--" 6.7 :~ 10- ~ moles o f  CO~h ~. In order to conver t  r~ 
into the same units as rz. we ha,,~ to kcc'p in mind that r .  is measured when only 0.64 
mol t s  o f  U O . ( H C O 0 ) .  have bcen d c c o m ~  into an oxidc UOzj;~ o f  molal ~ci~ht 
~f. Thus  

6.7 x 10 -~ 
r ' . =  60  x 0 . 6 4 x  M = 2  x t O - :  

moles o f  C O  per rain and  per mole o f  the initial salt. Thus  it can ix: sccn that  r_~ is in 
fair a_mro~ment ~ t h  r :  i f  all the aplProx~mations matJ~ arc rcmcmbcrc~. 

Let us now compare  the reduction rate obscr~cd during thcrmolysis ~ t h  that  
ob t~no d  dur;n~ the direct reduction o f  uranium trioxide. For  Pco = 30 tor t  and  x 
0.17. the latter is x r ;  = 3.2 :< 10- ) moles o f  C O .  per min and per mole o f  the 
initial oxide, thtL~ .g r~; -- 2 :~ I0 -  ) mole~ o f  CO per rain and  per mole o f  the initial 
salt. a value which compares x~J! with x r~ = 3.5 ~ 10- ~. 

Study o f  the gas and solid phases obtained from UOz(HCO0)= the rmo ly~  
al!owod us to show thai throe reactions took place. TI~-~. wcm ( I )  the dco~mposilion 
o f  the  salt into the ,7 variety o f  uranium trioxide, formic a d d  and  carbon monoxide;  
(2_) the dehydrat ion o f  formic acid selectively c a t a ~ c d  by the uranium oxides: and 
(3) reduction o f  uranium tgioxid¢ by carbon monoxide.  

It is worth  not ing that  the second step cannot  take place on  uranium oxides 
throu.~-.h the intermediate formation o f  a formate, as _su~o~stcd by different authors  for 
o ther  o x i d ~  ~'s-~° since it is the ~ reaction o f  the passage from the formate to 
formic acid which takes place under  these conditions. A 100~, selectivity in favour o f  
the dehydrattion has been obserxx~1, which shows the ~trong acidity o f  the surface "~t. 
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