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. ture of carboxylic ac1ds R
. .". _vention has been to prov1de a process whereby“,; nism. of the rea.ctions obtamed m the practice of-f-:;_; o
“the 1nvent1on 1t is. believed thet the results ob~ -
‘tained may . be eXpleined on the basis that the -~ =
" secondary alcohol is first oxidized to produce the =~
... corresponding ketone, and ‘that this ketone is.
then Split and DdeIZEd tc produce ecetrc acid- -
.. and propionic acid mmtﬂt&neously by oxidation =
10

D ._'ﬁ_.iox1dlzed to produce acids,
©. . example, is oxidized, valeric acid may be obtemed;'
. _together with other oxidation products,
... when primary iso- amyl alcohol ls oxidized, iso- -

.. nomical source of raw’ ‘material for the prepara-. 30
Lo tion of cerboxyllc ac1ds affords a hlghly desu'able- R
. Dprocess. .
C o rThe present inventlcn is based upon the re-_;:;'*"
L j?'e__'_actmn of a secondary ‘aliphatic alcohol, .
| ,'f';;'ﬁ_ji:.;:'“;f_:';':;?_.**"‘-alrphatic ketone is treated with mtrlc a.cid of'_
v appropriate concentration, to cause the alcohol

Sl .'-_'_'____.f,.'.'and oxidation reaction. .h ti - k
S Narious, carboxylic acids suc as ace c pro- o
L , lie, capric, + secondary alcohols, except with respect to time - . -

._._.,..pionic, butyrie, va.leric, caprcic ‘caprylie, capric, - - " of reaction, the invention will be described in its |
application ‘to the oxidation of secondary alco- . |
‘hols’ containing -between 3 -and 8 carbon atoms, .
“with the understanding that similar- ‘treatment . |
" “may be applied to the manufacture of similar =
“acids from ketones of corresponding ¢arbon con- .
. ""tent ‘as’ WEll as-from the corresponding alkyl -
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"~ aliphatic ‘carboxylic acids can be. produced. by
- 7. . an economical. procedure, from raw: meterials;.:_.
I _:;5_;;:';:;' which are readily available in large quantities.

It is well lrnown that prlmery elcohols may be

and

... acids are obtained, but the acids so.formed are
ARSI R 'usuelly oxidized further. W1th the result that the =~
R " bulk. of the alcohol is converted 1nto carbon d1-;._ -'-.':
oxrde and weter | R

......

: . cluding scission of the aliphatic hydrocarbon rad-

} “alcohol molecule at the hydrcxyl radical and oxi-"

or an

( Cl 260#-531)

._frcm such scmsron. N
An object cf the. in—j‘-;_j.j;"}'_,;"'

“When pa,nta.nol 1, for

AR w1thout formmg any a.cid An object of the pres- S
~ " ent. invention has been to prcwde a_ process. of -
. oxidizing secondary alcohols and ketones to pro- 25
"7 duce carboxylic acids.  Since secondary alcohols T
i T can'be produced in. largc qua.ntities by the simple s T e
T e hydretion of oleﬁns derived from. petroleum or_:l-.;'f _i;-f;___:i:_i,._;f,_':; SR
L7 other sources, the usé of this plentiful and €co- ';;;,'}'__;;;fj_‘,;Iﬁf":"j,ﬁ;"-i?_,j:ﬁf'i,f TR L L
S 801
A Whﬂe the invention may be practiced to eﬁect
- simultaneous oxidation and splitting-of various = |
-+ secondary alcohols and ketones; containing from |

e '-ﬁl_"j'radlcal or. ketone oxygen thereto, and an oxida-—jf,"?ffiﬁ:f'"

U tion at the point of scission to produce two mole-

" “identical to that involved in the treatment of =

7 ete., and mixtures of these various’ acids can be
'prcdnced by the technique of the" imrentlon.j
©Lo o Thus, when® 3-hydroxy normal pentane Is oxj- 50
SE f?_'.z*if-f..dized by means of nitric acid in the practice of

" " the invention, a mixture is obtained containing

" acetic acid and propionic acid, by scission of the =

.....
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of the Compounds or redlcels resultmg from- the e
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 "8't0:20 carbon atoms, for example, it will ‘be de- - -
'-fscnbed (for ‘the’ sake of “simplicity of ei:plana-:_} S
:tion), in connection with the conditions of tem- - . - |
 “or ketones to undergo a series of reactions m_-_;_;-;_l;_{;__;j__perature, acid concentration, method of PurlfY-..'l.f;{_-fj-’i:f_-;-"s:,ﬁ
o e jf-".j.'mg the crude reactmn mixture, ‘and - other: de- "
‘- tails, found to be most suitable for the. manu-,“.._:-_..{i_f:_- g
‘40 facture of- alcohcls by performance of combined = |
splitting and’ oxidation reactions-‘on such alco- .

. - cules of carboxylic acid from the secondary al-',f:?-%—_'--’*';--j;}'fhols (or kctones) ‘containing ‘between 3 and 8

§ ' éohol or ketone molecule. The alcohol or ketone -

S . splitting operation,  If, this’ theory is correct, the =~
4. valeric a.cld is prcduced among the ox1datlon;s-;].__i,_'
e e iproducts - .
-0 - The. oxidatlon of a tertiary e.lcohol is extreme- o o

5ﬁfﬁzfi.§f’-’f?:..--'ly dlmcult and when it is effected, kctones and 15 .

1 2H J: Sl c

~reactions involved- may be ﬂlustrated by the fol-ff-'_f"i’;_:: B
5'_.’.é'-'low1ng equetions CRT L e ) R

'-_—H + 2Hzof?f'

“carbon atoms. " Since the application of the prin-

i ::':;"_"I.?_E;-mglecule thus undergoes 3, combined sphtting Lol ciplcs of the invenuon to' the splittmg and oxida- B

tion of ketones involves ‘a procedure which is -




~ temperature between 23 and 65° C
between 45 and 55“ C., 1;vhen nitnc ac1d having a

in the practice of the lnventron, the combined
splitt:ng -and oxidizing reaction referred to

above may be accomplished by treatment of the
alcohol with nitric acid having a concentration

between 35 and 70%. The reaction may be ac-

complished at temperatures: between 23 and 65°-
- C., although temperatures toward the upper lumt"

of this range are preferred. Reaction tempera-
tures which are much thher than 65° C. are un-
desirable in the treatment of lower secondary

alcohols, since a part of the alechol is lost by =
distillation in case. higher temperatures are em-
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concentratlon between 45 and 55% is employed
The remainder of the secondary alcohol is next
gradually added to the reaction mixture, and the
mixture is stirred and artificially cooled during

the addition of this remaining alcohol, in order

. to maintain the reaction mixture within the tem-

. peérature limits discussed above.

Care should be
taken to.avoid adding the alcohol so rapidly as

: to build up a high concentration of alcohol, with

- ployed. The best y1e1ds from.the practlce of the .
invention have been obtained in connection with. .

operations in which the reaction temperature;

was maintained between. 45. and. 55“ C during

- the major part of the course of the reaction.
' 'When very dilute nitric acid is used, higher tem-
peratures should be employed: in-order to speed :

up the reaction, and when relatively strong nitric

Yy
* . perature substantially above the limits above in-

subsequent rapid reaction causing a rise of tem-

dicated, since rapid rise of temperature causes

'__too rapid reaction with danger of explosion, and
promotion of undesired side reactions to produce
- highly oxidized products.

The time required to

- add the secondary alcohol, while avoiding undue

30

in cases in-which the’ moL ratlc of n.trm geid

- to secondary alcohol was at least a aS hlgh as 2:1.
The very best yields so far obtarned in the prac-
tice of the invention have been obtained in cases._f‘
in which the mol. ratio of nitric acid to second-'

 ary alcohol was approximately 3:1.

- In the practlce of the invention, best results"
iare obtained. by first reacting a small amount of _
the secondary alcohol (or Kketone) w1th the "

nitrie acid, to effect splitting and oxidation, W1th

‘formation of oxides of nitrogen. as by-products,
" and thereafter gradually addmg the remainder
of the “secondary alcohol (or /Ketone) to be
treated.. The products of oxidation obtained by
. the initial treatment of a small amount of the '
- secondary alcohol with the nitric acid seemr to_",_,“

~ have an auto-catalytic effect in promoting the re- .
. action, -and best results in the practice of the b
.. -invention have been, therefore, obtained in cases |
- in which reactlon is first accomphshed to pro-
. -duce a small quantlt.v of these reaction products
- before .adding the bulk of the secondary alcohol.
' - . This inital reaction may be accomplished, for ex-
. .ample, by charging the nitric acid of appropriate
.concentration to a reactor and.heating this acid

{0 a temperature in excess.of 70° C., and prefer-—

 ably between 90 and 95° C., and thereafter add-
- ing a small amount of the _‘secondary alcohol to o
- the acid in the reactor. - In connection with this

e
f-f".

temperature rise, has varied between 1% and 5

- hours in experiments conducted in the practice
. of the mventlon depending upon operating con-
&)
*"acid .(e. g. between 55 and 70% concentration) -0
‘ is used, the temperatures should ordinarily be be-
 low 60°C. in order to avoid reaction of such vio- "
. lence as m1ght result in an exploswn and uncon- -
... trollable “oxiddtion to produce undesrred hlghly
”_,omdlzed by-products. |
"It is preferred that the quantrty of nitric acid
_._fused in the practice of thé process be in con-'
. 'siderable molecular excess of the ‘total quantity -
" " -of secondary alcohol treated, and best results in
. the practice of the 1nventlon have been obtained -

drtlcns |
After all of the alcohol to be oxrdlzed has been
passed 1nto the reactor stlrrmg of the reaction

| _nnxture is continued (usually for a period be-
tween 15 and 50 minutes), until the splitting and
oxidation reaction to produce the desired acids
~has been completed, as indicated by the fact
~that no more gas is evolved o

Afte:r the reactron is completed ‘the reaction

mixture is’ diluted to prec1p1tate from solution
_products of s1de reactions which are insoluble
 in water, such as aldehydes ketones and esters.
_'tThe aqueous solution so obtained, contalns the

. desired carboxylic acids and nitric acid. ' In order

~ to.separate unreacted nitric ‘acid. from the car-
'_boxyhc acids, the aqueous solution of this mix-
~ture of acids is extracted with a solvent which
_selectlvely dissolves the carboxyhc ‘acids while

~leaving the nitric acid in aqueous solution. Care
. should be taken in the choice of the selective

. solvent to be used for this purpose, to avoid use
. ofa solvent which will, itself; be oxidized by the
_nltric acid. " 'The various alrphatlc ethers, such =

as di-ethyl ether, dl-prop,vl ether, di- butyl ether,

and particularly di-iso- -propyl ether, have been
',found to be excellent solvents for eﬂ’ectlng this
~ selective- extractlon of the carboxylrc acids from
'*the nitric acid solution. -

Gases evolved during the 'course of the reactmn |

o are passed, together with air, through a scrubber
’rsystem ‘which.may be a system for counter-cur-
- rently extractmg the oxides of nitrogen by treat-

‘ment with water. Such a treatment has the ad-

vantage that it effects regeneratron of nitric

. acid, and this mtrlc acid may be used in the

&
w4 |

. operation, . oxidation takes ‘place promptly, and.

- Is accompanied by the evolution of brown fumes =
- - resulting from the formation .of oxides of nitro- ..
. gen. When the evolution of such fumes, in con-
. _nection with - the small : amount of secondary
aleohol Initially added, has ceased, the oxida-
~tion of the main bulk of the secondary alcohol to
~ _be treated may be commenced. = - o
In the oxldatmn of the mam bulk of the sec~

ondary alcohol, after oxidation. of a small quan-

o .70
~ tity of such alcohol has been acomplished, as de-

~scribed. above the mixture of nitric acid and re-

- action products in the reactor is first cooled to a

., preferably.

-

5 subsequent pract1ce of the process cn another
o batch of alecohol.
" the scrubblng system in this way has the advan-
~tage that such acid contains a small quantity of
_the by-products of reaction and of incomp:etely

g0 oxidized material.

The use of acrd derived from

The return of acid contain-
ing such matenal has two advantages In the
first place the refurn of inadequate 'y oxidized

;_"'_alcohols or ketones enables these materials to be

subjected to treatment ina subsequent batch for

adequate oxidation, and thus improves the yield.
In the second place, the return of by-products
~ of reaction, which: are not desired in connection
| ~W1th the oxidation of a further batch of second-

. ary alcohol, depresses the formation of s‘milar
compounds inthe treatment of this second batch.
in accordance with the pr1nc1ples of the law of
. mass action, The solution of nitric acid obtained
by selective extractlon of the organic acids from
‘the reactlon mixture by means of isopropyl
ether for example may simﬂn riv ha ratuenpd to
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£ ey of mtrogen to elemental: n.itrogen represents &
i 3tota1 loss in: the practice of the process.
R ;_m winch di—ethyl carbinol is split. and oxidized o
gt e,-m the practice of the invention, it frequently s
ot aeid: employed in the reaction is reduced to nitro-'i?f*?;}.i :

-?_j'_;:;,'cants have discovered. that the reduction of the '
s+ nitric-acid to produce nitrogen may be, minimized"'f"'zd“l
Cesan o by incorporatmg in.the reaction mixture a com--
e -.:#-E'r:;;,g_--gj_apound chosen from the class conslsting of: mer-
stannous - © Fur
. skilled in the art and we. do not therefore mshj‘ P
to be. limited except by the scope of the’ subjomed:.ﬁ.?i?j S
_. ‘When secondary alcohols are referredto
. in these claims, it is to be understood that this = .
_' __IZ_eXpression is'not to be interpreted as limited to . =
. the simple monohydric’ secondary alcohols, since =
the -expression is used to ‘designate the broad

tion promptly effected, it will, of course; be desir- ..
~.l: ool able;to: return:ghe-oil phase stratified from the =

i -.gem, and this, undesired reduction is not avoided*f';jiifs':ﬁ.;
s eVeny ina-cases in which extremely high mﬂlecuiar:' 5
i -,;',a-f_-ji:-g-::.ratios of:acid to alecohol are employed.. B

......
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the reactor for treatment with the next batch;_

-- P of mtrrc ‘acid ‘and alcohol, with similar advan-' j_f i’
vilakiiod ptageoua rejsults as.may: the oil phase' separated -
.-from; thé supernatant aqueous acid phase formed_"j'é_; .
bz by gddition of water to the. reaction mixture.

dns thempractice of .the. Process as described“,ﬁ;j_;_f;;,_i_jf-f-"
abovc, a certain amount of nitric acid is reduced -
to free. nitrogen, and the reduction of the oxides '

T e, curic,;:oxide, -

:.-i'?-;é-?'-:;f-chloride cohalt nitrate and. nitrates of mercury.
<= o sThese compounds are effective to inhibit reduc-"j"
st tionite  produce: nitrogen regardless-of the pro-. .-
i .. :portions in which they are incorporated. ‘They
o eeeare effeetive as. reduction inhibitors when incor-
e ..-porated in proportmns éven as small as 0.1%, and
©wi s thelr effeck:ds,
e ORI g
o ostances in;which these reduction inhibitors are
I ._'_.._-iemployed in ratios var.ving between 0.3 and 5%,
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Aiter consrderable experimentation, the appli-

antnnony tri-chloridc, _,

Ciiiex.shoandia concentration: of approximately 0.3% has -
i . been:found to be: just as eﬁective as higher con-
i il eentrations in ' most.cases. - : PR
Lzl Asanyalternative: tos the continuation of the ﬁ_;;f.'.f e
b inand E3:'eactit;1n after the- complete: charge of alcohol
Jdzio o wighas:-been:added;to: the nitric acid, water: ‘may be
e i‘-"fadded ta.the reaction mixture’ immediatelsr upon 4
Lt shhescompletion: of . the addition: of the. secondary;
é;-; 5.5z sleohelk:and the: mixture MAY: then be promptly
ey ntratiﬂed into:an aqueous phase: containing the .
;-;;;}51- «+ organicracids and:dilute nitric acid, and a. super- PE
natant oil: phase containing other products. The 43
Sioosus addition: of swater: promptly, without waiting for ..
a fthe eompletion of the oxidation reaction, has the .
it v advantage: that the reaction mixture:can be more ;.

*'fﬁ?i’:.ii“ff"'--;.g;-;..._.aqueoua phase to -the next batch of . material to
b e ;ij-_.;.:z;*;;:be treated smce this oil phase contains a con-

......
.....

Ezcmples

.....

E:rample 1 --12 mols ‘of’ HNO: (in 50% solu- .
tion) was heated to 9()--95‘Hr C: While stirring,

In cases

therefore;. - obviously a8 catalytic 3.0

- The best results have been obtained in'in-

s ;3?;4;.:193;?-5:,:{_:ea311y and effectively. séparated- into its constit- .
SHeesoesuents in theecase of-such: prompt water dilution :_50'};

g i';-.--}'.;z--{."-In case the water is added promptly and extrac-

- 60:

10,

of Example 1

claima. |

0

Ea:ampte 2. --Br addmg 10 g SnCIa to the hot SR

....

.....

We claim

e NSBTE portion €2 cc.) ‘of ‘di-ethyl carbinol was ' -

. -ff;*-'then diluted, but no oil layer separated. Extrac- =g
- tion of the diluted. mass with di—isopropyl ether

S and fractionation of the mass yielded 1.78 mols oo

S E_.::'Q'The aicohol to acid yield was 60%.
:-_:_j’-{..'-:':the HNO: was reduced to nitrogen. R Led

i 2 W8S, charg'ed at's rate at which the. temperaturej-*;-ég;
L 1";00111:1 bé&' maintained and the excessive evolution
. .. vof "gas avoided.
. charging the alcohol

‘The mass was stirred for
©. Y hour after completing the charge. It was

T

HNO: along with.2 cc. of alcohol and proceeding =
.. 8s above, the amount of HNOs reduced to nitro-
. gen decreased to 20% with approximately the“i,..
J_f?;same yield of alcohol to acld. e T
- . Ezample 3—When 3 mols, of methyi ethyl car-:f.;_:--'f;f R
§f§'§'binol (sec. butyl alcohol) was oxidized by theuse -
7 of 10 mols. of HNO;3 as in Example 1. [T
_ of acetic acid and 0.6 mol. of propionic acid were
| jobfg.sined to give an alcohol yield of 33 6% to the ORI
| Emmple 4 —-3 mols of pentanol-2 were reacted_:_{ﬁ@ S
_:_ij;;.j;?with 12 ‘mols. of nitric acid at a temperature of |
.. 99 C,, after imtiating the reaction by addinga =
very: small quantity ‘of pentanol-2 to the nitric =~

172 mols.

"acid at a temDerature between"" 90 and 95“ C. as -

o in this operation was. otherwise identical as that
1 73 mols Of acetic acid 1 73 111018 |

were | formed A conversion of 68 5% of the al- 55'} ﬁ
| """-'?cohoi_to acids w‘as thus obtained S

,._,__--iclass of compounds having a ‘hydroxyl radical at-- .o
- tached to an internal carbon atom of an aliphatic = =
- “chain. The expression thus includes poly-hydric® = |
- alcohols, and also hydroxy acids in which the =

f‘::*_53_51';:“:;;hydroxyl radical is attached to 8. non-ternnnai_ e

-f:’i-.-.--;duce 9_hydroxy stearic acld, and this stearic acid-‘-?"__:;fff?,f'fi- .
‘may thereafter be oxidized by treatment with- -+

'f:'}é:nitric acid in accordance with the invention to f_f:_-; o

| _.acid a molecule cf mono carboxylic 9-carbon
.- atom acid and a molecule of di-carboxylic 9- = |
 ‘carbon atom. acid, and such procedure is intended . -
~ to be included, when reference is made inthesub- - -
j’joined claims to treatment of a secondary alco- RN

"~ '1.'In.the manufacture of carboxylic amds the__-j:'l
. process ccmprising reacting secondary oxy: com-

. pounds of the open chain type chosen from the - -
- .class consisting of ketones,. secondary alcohols -
" ‘and the sulfuric acid esters of secondary alcohols

55 with nitric acid to split the alkyl radical of said___j 7 o

L rnolecule of said compound said reaction beingl;;??-'ﬁ e
. -accomplished by first mixing a very small pro- . |

EIJOI‘tiOIl of said cumpound with ‘nitric. acid- at a0 )

o '3'3-?';temperature substantially in excess of 70° C., and R R

s added. - As soonas oxidation' started, the mass reacting sald added. compound ‘with the nitmi-,,

Co o was cooled to 60-65°.C, and the alcohol (3 mols. ) temperature below 65“ C. and. adding the re-fg

maining quantity of sald compound to be reacted - - -
- with said nitric acid te sald reaction mixture =~
1% hours were required for: - ‘gradually while cooling the reaction mixture to ~  °
maintain it at a temperature -below 65° C. dur- =~ =
 +ing the reaction of the. remaining alcohol with -~ = .

the nitric acid to complete the Iormation of car-f';!: I
“boxylic acids. - [ RE,
. 2.1In the Drocess of manui' acturing carboxylic;;;* GO
?'??f_j'j- acids by oxidation with nitric acid of an open =

33 3% ot_ o chain type oxy compound selected irom the class'?fif;f -




: '.'1mprovements that comprise heating t,ogether inj-

" tially a small quantity of the compound with the

" acid until substantially reacted and thereafter
 compléting the oxidation by adding further quan--
tities of the compound to the acid at a rate sub-

stantially equal to the rate of oxidation of the

2, 267, 377

consisting of ketones and secondary alcohols the

~improvements that comprise adding the com-
- pound in small incremental quantities to the .
- nitric acid while maintaining the acid initially

- |

-~ at & temperature above T70° C. and thereafter at

- a temperature below 65° C., the concentration of

‘compound to carboxyhc ‘acids while maintaining

3. In the process of manufacturing carboxyiic

10..

| amds by oxidation with nitric acid of an .openn.

- chain type oxy compound selected from the class
_cohsisting of ketones and ‘secondary alcohols, the
o -1mprovements that comprise reacting initially at
a temperature-above 70° C. a small quantity of
“‘the compound with the acid and thereafter com~

pleting the oXidation by adding and reactmg with-
in the temperature range 23° to 69° C. further
""quantities of the compound to the acid at’a rate

qubstantmlly equal to the rate of omdation of _

. the compound to carboxylic acids.

| -the nitric acid used being about 50 % based on
~ the temperature of the reaction mlxture sub-__ _‘-"__-j__weight

- stantially constant

9. Inthe process of manufacturmg carboxylic
acids by oxidation with nitric aci¥ of an open
chain type oxy. compound - selected from the
class consisting of ketones and secondary alco-
hols, -the improvements that comprise adding
the compound in small incremental quantities to
the nitric acid while maintaining the acid initially
at & temperature above 70° C. and thereafter at
a temperature within the range 23° to.65° C,,

~ concentration of the nitric acid used being about

'50% based on weight.

10. In the process of manufacturing carboxyhc

- acids by oxidation with nitric acid of an open

‘4. In the process of manufacturing carboxylic--"

~ acids by oxidation with nitric acid of an open
' ¢hain type oxy compound selected from the class
~ ‘consisting of ketones and secondary alcohols, the .

improvements ‘that comprise reacting 1nitia1131r N

~ within the temperature range 90° to 95°°C. a
smaill quantity of the compound with -the acid

o _-'and thereafter completing the oxidation by add-

‘ing and reactmg within the temperature range

23° to 65° C. further quantities of the compound .

to the ‘acid at a rate substantiaiiy equal to the

| rate’ of oxidation of the oompound to carboxyhc_
“acids.
' 5, In the process of manufacturing carboxylic
| "-acids by oxidation with nitric acid of an open
“chain type oxy compound selected from the class
consisting of ketones and secondary alcohols, the

" improvements that comprise reacting initially
-~ within the temperature range 90° to 95° C. a small
~quantity of the compound with the acid and

thereafter. completing the oxidation by adding and
reacting within the temperature range 45° to 55°

" C. further quantities of the compound to the acid

7 at a rate substantially equal to the rate of oxida- -
~ tion of the compound to carboxylic acids.

| 6. In the process of manufacturing carboxylic_

30

chain type oxy compound selected from the class
consisting of ketones and secondary alcohols, the
improvements that comprise heating together ini-

“tially & small quantity of the compound with the
-acid until substantially reacted and thereafter
- completing the oxidation by adding further

quantities of the compound to the acid at a rate

~substantially equal to the rate of oxidation of
the compound to carboxylic acids, the concen-
- tration of the nitric acid used being about 90%

. based on weight, while maintaining the tempera-

‘ture of the reaction mixture substantiaily con-
stant.

11. In the process of manufacturing carboxylic

~acids by oxidation with nitric acid of an open
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chain type oxy compound selected from the class
consisting of ketones and secondary alcohols, the

“improvements that comprise heating together

initially a small quantity of the compound with

the acid until substantially reacted and there-
after completing the oxidation by adding further
" quantities of the compound to the acid at a rate

substantially equal to the rate of oxidation of

‘the compound . to carboxylic acids, the reactions

. being performed at substantially constant tem-

 acids by. oxidation with nitric acid of an open "
.. sisting of antimony trichloride, stannous chlo-

- chain type oxy compound selected from. the class
consisting of ketones and seoondary alcohols, the

improvements that comprise adding the com-

- pound in small incremental quantities to the
nitric acid while marntammg the acid initially
at a temperature above 70° C. and thereafter at'

a temperature below 65° C.

- 7. In the process. of manuf acturmg carboxylic- ;
acids by oxidation with nitric acid of an open .

chain type OXy compound selected from the class

" consisting of ketones and secondary alcohols, the
| "1mprovements that comprise’ adding the com-

- perature and in the presence of catalytic quanti-
‘ties of ‘& substance selected from the class con-

ride, cobalt nitrate, and nitrates of mercury.

"~ 12. In the process of manufacturing carboxylic

“acids by oxidation with nitric acid of an open

- chain type oxy compound selected from the class

|
- §

60

‘pound in small incremental quantities to the.
- sisting of antimony trichloride, stannous chlo-
- ride, cobalt nitrate, and nitrates of mercury.

nitric acid while maintaining the acid initially

 at a temperature above 70° C. and thereafter at

" . - a temperature within the range 23° to 65° C.

8. In the process of manufacturing carboxyllc

‘acids by oxidation with nitric acid of an open .
~chain type oxy compound selected from the class P

6o

- consisting of ketones and secondary alcohols. the

1mprovements that comprise adding the com-

pound in small incremental quantities to the
nitric -acid while maintaining the acid initially
at a temperature above 70° .C. and thereafter

at a temperature below 65° C., the reactions he-

‘ing performed in the presence of catalytic quan-
_tities of g substance selected from the class con-

~ JOHN F. OLIN.
FREDERICK P. FRITSCH.
GEORGE E. HINDS.
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