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I,  1uEew0Dbluotiod.

The purtlal oxidation of orgenic compounds using air ze the
oxidizing azent; and in the pressncs of a catalyst, has been the
foundatlion of seversl successiul commorcial reactiona.

DRy gen may be subeititubed fov yf?aien in a hydrooarvon for
exwurle, WY s proeess invoelving ssveral stens snd ubiliziny rels-
tively costly oxidizing arenta. I% 1z sposrently difficult to

) kK W

wzoe tThe suostlitublion directiy. “asaples of such s rescticn ars

the well knowm wartiszl ozldaticon of nanhibhselens to
hydride, snd the Dartisdl oxidation ofanthracene to ambhraguin-
one . In theae casss soeciully prevared catalyats ave uwsed, and
the reagiions are asrried oub in the vapor shase.

Slnoe ald oxidaticus nve exotherwic, it is neocessary 0 main-
taln vory preclias teupsralurcs condtrol, Otherwlase the oxidstion
weulda continae snd only the end products of the resstions be obe
tained, F‘Wblj garvon Zioxide znd water. Txperience has shown

that besperatures contzel i an exceedingly iaxportant facior in

o
g

i

a tywe of reaction,

If asuch a reaction is carried cut in the vapor phase and a
801id catvalyst is used, the heat is presumably lliveratsd =t the
gurface of the cabalyat, because this is where the reaction is
supposed to take plase. The heat is transwitted to the walls of
the reaction tube by means of the gase:s, the s0lid catalyst, ox
both., Since the heat capacity of the reacting gases is small,
ugually sn irert, diluting gas is added to make up for this

aeficienoy. Steam is often used because of ite relatively high




e
€3
o L)

pecific heat. The molid eatalyat, thoush 1t may have a fairly

kY

&
¢

>

high hest capacity, is offen a soor sonducior of hsead, and as 1%
is usually stabionary, is of little value. Once the head reaches

the wallsz of the wemcbion tube, it is a velatively sinmple mutter

o

¢ conduct 1t wusy and maintain any desired tewpsrabure pTadlent
by means of boilling oy wmelten Laths.

On the other hand, if the reaction could be run in the liguid
plase, the relatively high hest capaciiy and bettuor neat conduce
tivity wivhd uske the wattor of tewmperature conbrol wore siople,
Hosever, it is difficult to obtain good contact between & a8

snid o liguid, sspecelaslly vhen thad ¢ 1w usually not very ao0l-

o
o
o

uble in the reasctiny liguid, as 1

jol

the case of zir and organic
Ticuida,
Theve wpre muny processes invelving the oxidation of an orjanic

=y

liguid by wmeasns of alr, sowe of which ars commereisl, and others
shick mirht well becowe comwercial LTOCessed if the oeneral pro=-
tlex of brinsing the two phases into contact efficlently were
solved, The oxidabtion of acstaldehyde to acetic 2¢id in an ex-
anple of suoh o resction which 1w already carried cub on & COlw
mercial scale. The importouce and use of asetic aclid i sver in-

eroasing with the growth of industrial organic chemlotry., Acetic

sold iz used in the wmenulzeturs of latyuers, cellulose j§>§'te,
and various solvente. Another exsunle 1o the vprecaration of
acsshophenone by the Priedel-Craftts rsaction which is guite ex-
sensive. Its use in tha preparation of resins nd as a reassnt
in the prowarstion of varlous Crpganlc COwmpounds is increasing.

In order to wake couparative ltests on the efficiency of the




ghlering agporstus, the reaction of ethylbengzene with ozxygen,

without o cabalyst, was studled. I% was Ffurther balisved that

¥

cartain substances michd be found which would apcelerzts the re=-

L2

aotion. It wag also “ouzht that the tvee of stirring spparabus
used would e elVzetive ln carrving oub ths oxidation of goeial-
dehyds to acetic zcid. Since avetic acid is of such graat induge
trial luporbtance, this reaction was gtudied in the presence of
vorious cabtalyste, making use of the stizrin: apparatus. The use
of alcohol as & poszible gource of acetis acid was tried in a
centinvcus process for the oxidation of alsghol by means of ir

to acatic acid in two ubsus,

Y




II. ¥I970RICAL
There hus besn & grset desl of investigation on oxidabtion in
adz, but not nesrly so muck as on

t. In the oase of the resction, ebthylbenzens
;;

acetophanone, ™erhens , by bubbling ¢xygen

throwgh difforent licuid aromatlc hydrocarbona, at an elevated
tesperature Tor ag long as 54 days ab 1oo” C,, obtained 2,5

sruous alotornenong from BU grans of ethyluengene withoud a
‘&
3
satalyst In the presence of geetic anhydride , &F
sthvibengene yielded 2.0 grass of scetoshenone in

The elflliclency of the avetic anhydride in wromotins the resciion
seamgd 1o be due to the wreperty Jhich bthe asstic mnhydride has
in coumblaing with the wabor which 48 a nroduct of the resction

and which hag an inhibitory offect,

A larze nunber of investizators have studied the oxidation of

wizohol to acetic acid by means of wlr, and a gread nunber of
metvhoeds for carvrying oul the raactivn have besn zuggesied, zs well
ws many cabtslysts for hastenlug the reastion. Althoush some in-
vestlzators have obtalned acetio acld in the direct oxlidabion of
aloghol %y momns of alr in the presence <¢f various catzlysta in
4
one atep , nevertheless it seems 4o be generally granted that the
direct oxidation of aleohel to acetlis aeid 1s not practicable.
Judging from the patent literature, the lwmmediate source of syn-
thetic acetic acid is ace%aldehyda, uqina Y%ygen or aig ia the .
oxidizing agents, and erlauﬂ aal /carium 3 Manganese ’ s Llrom ,
g
Vanamiumg, and others al cuﬁalyqv,. Glacial acetic acid alone,

alpo ontalyges the oxidation of acetaldehyde,




5
ere are Variwuf‘gauraea of acebaldehyde, one beingy the hy-
dration of mcatylenaLi in the praezence of a morcury aali, The
technical ap-lication of this method involves the following dif-
ficulties: (1) 2 diminution irn yvield due to the volymerizing ac-
tion of the hot scild on the scebaldehvde. (&) The deterioration
of the weroury catalyst whieh is praduddliy converbted into an i
active slime containing orgsnic mercoury cosmounds, (3) The zelec=~
tion of sultable materials for the apparatus te be smploved.
Aucther source of acetazldehvde is ethyl alcohol which can e OxXle-

diged in the vapor phase by weans of air with varicwns calalysts,

including ceppar aud silvey yauxe, with varying yields, B3 axud
13

as hizh as 79 ceonverszion beiny mentioned in tho liteorature.

well bhelow 100 of the zleobol iz lost ag carbon diexide and other

anrecoverable rroducta, whils the remaining unconverted azlcohol
K

can we xaaov$r@&fé Recently anothsr possible commerclial cource

¢? mosteldehyde has besn discovered in the partlisl oxidation pro-

ducte of natursl zas and potrolsiue Fanen.

In vicw of the sreat industrial significance of acetic aold,
and since the supply as furnished by ths dietlllation of weed is
inadequabe, attention has been turnsd vary axtanaively to synthet-
ic methods. The sources of acetaldshyde, which is necesaarily
an intermediaste produet in the indusirial synthesis of acetic
aclid, are becoming more numerous. There are two general methods
available for oxidizing acetaldenyde to acetic acid by means of
air or oxyzen in the presence of a cabalvst, Either the scete-
aldehyde vapor mixed with slr or oxygen Gan be passed over the

ontalyst or the reaction can be effected at g relatively low




tewmorature by passing alr or cxyzen into a selubion contgininag
the asotaldehyde and a catalvet. The high temperaturs wmethod is

aue bo over=cxidation, while the los tewperabure

roduction of peracetic acid, s comround which

doconnooas with explozive vioclence., Judzing frow the patent lit-
aburs, liguld phase smethod sesms to Ue pre=-
Terred . ?wlgﬂreﬁe sgens toe ne the wmost ponular czxbtulysl, par-

igulsrdly the aocebate.
17
Oxyzen under prescure  or alr under higher préssure has bsen

3

ussd for the oxidation of acebtaldehvde, hut the difficulties ine

) &

voived are Jreab. The reaction is strongly sexethernic, a0 s very

eificient cooling ayabew has to be emploved, and a2t the sane tine

m

a sufTiclient depth of liquid is necessary for sulficient aerp~

-

ti6n. Algo all webals sufficliently etzong te stand the pressure

5

Wy the eowbined influonce o OXYZen aln ava-

&

esupnloyed gre attaoker

Py

'.B

116 meld, thus entailing o hesvy repair bill., Besilde:, of course,

3

there iz the dansger of explosion due to the formabion of per-

soctic seld. In the presence of wmmnruncas ascebabe, an excess of
soataldenyde decoupoues the poracstic acld, wat on the obthar hand,
ovor-soration in a dsficiency of scetaldehyde caunss the Torugs
tion of peracetic acld.

Tre wmore recent pabents decscribe processes in whish the alr
and aldenhyde ave passed throuzh packed towers with glacial ace-

18
tic aseid, with or without catalysts wressnt in the acetic acid .




ITI. TIVEZORETICAL.

In general, oxidations can be divided into threos -roupss
(1) Oxidations which take plocs spontsnecusly as goon ws the oxie
digzatle wmabsrial is brought inte contact «ith oxygen or sir under
the wroper conditioens of temporature and pressuras,
@) Ozidations which are brousht sbout by the sianltanecus oxidas
tion of ocerbain substances ezllied aubts-oxidizers,

(3) Oxidsbtions offected by substances which

ehansed, called oxidation catalysts,

Taricus thoories have baon
1
typez {9) snd {3). Sehenbeln , 2 proponent of the Zualistic

sroparad o exolaln oxlidabions of

theory, believed caszs of suto-oxidation could vest be expluined
b {“
by Brodis's bypothesls in which he contends that oxygsn is 2p1li%

'Oa-"‘

£

wp by the yrocess of avto-ozidation., Van't Hoff , asz a result of
hig experirent on phospierus , sald that atmospherle oxygen is
already normslly dissoclabtea.

The 1“t9cvadiwte compound theory has bsen develonsd by L

‘:?k i U “.}4

Traube , H, Haﬂh , O, Bogle and ¥V, Wild  and others, 3 G
£, g - -5l
Pae! AR )

l8nder and Baeyer and Villiger , in researches on oxidavion by

sir, the aptor, of bengaldehyde the inductor, with indige as an

scceptor, save additional suppert to Bach's theory vy the iucla-
tior of an intermediate cewmpound, benzoyl hydrogen yeroxide.
¢ F_CHO ylus 0. = C.H,. CO:0(OH)
o & 85
whieh peroxids could then react in 2 distinot ways:

(2) with another molacule of benzaldehyde,




Qorium
O

s di zer,
o
c

g cass of
£

tom

i
w
2 2
i 3 )
~ o3 s, ) &2 b
A3 05 o e ] - . +
32 0 33 sy L] g (] D a3t
T e St +2 B4 ks
w nm Lom LR R S S
i o0 o LI - S
ot =3 i e ]
o . ) -
e P 4 o~ = o 2 4]
R = - o Jult] D) i « ol
ke £ 4 b o & B +
« 3 L2 Ee) L 5 b ]
24 & @ o @ o
[ ) 5] ot )
3 LR o M wog @

£ - it
%3 e I 5 . ot
o, b & 4N ——— rv ot
= o2 LE IR oy
o i 3 o o =
£ " M Poid
- < B
p - y T3
83 O B 2 - g -~ ]
=} e ) [ o) Lo o ]
(AN - 5
sef ) L3 mw - .
b hres) b p S e

1 Lo

ot
‘;3 =
£

[83 43

e
«

5
X R
b3
&

wd i ] - h.w
[ % ~ N Bt <
m B E i’ Eb n MM

"
"N
e

~v
Yo
3y
i
%
thi
or)

TN
4 s -
2
14
ya
s
«

p

2 » . o
R 5 N A

~4 &80005 m VR % = e
& ot I e a9 & T ™
o P P e A t ot
¢ 45 R —~ p- o et B
A B s o g ad [N S |

@ -+ O3 o B &

n g 5 o St ! s
G ow o ooow 0 o o N
£ B0 s pe -~
FEIE w3 L] L

ta o) s 'Y P Lo pNe;
O 4 @ te rd o
ey kel 4 ] M”J o 2,
pa oo P S A2 b

b S m 7 S ) .

o e B ¢ @ . 7
o3 i ] fel i .w i o

VI B o & - R 4
G S S B -
L [#] .»rm P ﬁlﬂ B

» b o} "3
e ¥ st -
2oy T3 2
g owr B 2 a

I

rate

e L

Frar ot

“

groul

)
'k

b

he

roduced to b

E

o dtoelt

"
L

Leir

9

CAUGUEE,




(494

B. Theorv of Nxidebivn spplied to Apcebaldehyde and Tthylvenaeng
’ Y A7)
Job has stulied the effests of cerium and cobalt in alkne

1ine solution Tor ithe oxidabtion of slucose with a2ir.

gach of these asalbs 2 cabalyst and as an

H87T. manzenese aleo acted as a gabaiyst for

the oxidation of pyropaliol and bydreguinone. Fe found thal cone

Prary to exya&taﬁi@m nicirel nronoted the oxidation.
28, B9

feyrroun

Farric and

anlte have been reporbted sn belng active proweters

of cerbtoin cxidation rsaotions,

Thnere ias some evidence that acetaldenryde iteald nmav form a
52
peroxide at very low terperatures . But the tenperaiures wmaine-
, b
tained in this

inveatiation exclude that soseipility. dielands

cork indicates that the oxidation of acetaldehyde mey be o de-

hydrorenation process, especially in tha presence of walor,

-
.

ﬁCHSGH(QH)g plng O ACH,C0,H wlug 21,0,

for)

e showed that 1¥ soist aldehyde 1s shaken w#ith palladiun
Llack, nydrogen combined with the malladium is obtainéd. 1f alr
iz admitted, thne hydrogen 1u uged un and the dehydrogenatlion Lro-
ceada further. It is well known that the velecity of oxidation

of seebsldetyde is decrensed in the presencs of water. This may

he dus to the fact that of the anhydrous and hvdrated forms in

equilibrium, only tne anhydrous aldshyde undergoes rapid oxida-

tion, while the dehydropengtion of the nydrated aldehyde is slower,

I% was the belief at the pepinning of thia investigation that

the activity of an accelerator in a riven oxidation reaction de=-

pended upon at least two footors. First, it would be nscessaly

that the oxidlzing agent or catalyst be capable of oxidising the




10

ovsanic compounds.  In so doing the oexidising apant would change

from a hizher atate of oxidabtion to a lowver gtabte of oxidation.
Second, it would depend wpon vhether abwoapPheric oxyoen would cone
tinueusly cause the oxidation of tho oxidizing subsbance or cabe

alyat, The rate of oxidabtlon then would be deterwined Ly the

alaower of *b&@@ LEHO RTOCesTen.
R

Grelphton and Tink 1ist the normsl oxidation potential of sev-
aral metalilic ieme in acid solution. One would predict that 1f
caseous oxysen would couse the refermation of the lon in the highe-
er ntate of oxldablon apd scsisldelyde in acetic aeld solution
would reduce Lthat lon to the lower stats of oxidation, then frow
thie table, cobalt should ve the sust asctive accslerator, and
mansanesc, cerium, iron andchroriuw would follow in the order mon-
tloned.  With thie in nind the above menticned catalysts and
others were tried as asccelerators in the oxidation of acstaldehyde
tu acebic mold hy means of alr.

Bt hvlbenser au has been Tound toe be oxnidized by slr or oxygen
very slewly to acehophenonse without the prosence of a catalyst,
In the precsencs of a substance such as agetic anhydride, the rate
of oxidabion was increazsed. It sas belisved that the slowness of
the pate of uxidation wae wpartizlly due to lack of intimacy of
contaot batueen the ligquid and oxygen. Hence, it was belleved
that efficient stirring would accelerate the resetion sowme, and

the presence of o catalyst should accalerats the reaction more,
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IV, TEPERIRETAL

5

A, Pr@par&ﬁiﬁn of
54

g,,

1, Acebats of Cobalt

Oabalynts,

The aoetabte of cobalt was zrepared by ovrecipitatin: the Car-

bonate Irom a solution of the wityate, filitaring, washing vell,
and then dissolvin. the carbonate in 800 sestic acid. The 807
acaebtic scid solution van evaporated down and jlacial scetlc acld
addod o waime the selution the preper scetlc acid concenitration
Tor the teat ¢ Lo nade.

2

T L el

Y. Acatate of Zlickel
The acetabe of nilcekel was srevared by dissclving the pure carw

The acebie

Q
G
e
i
L4

. . : R o e 1 ] oew? e E
bonate ovtained Jrow steck, in BOL aoetld
acid solution was avaporated dosn and plaoial acctle acid added

the solution the wrowver sgstic acid conceniraticn fer the

teat Lo bhe nmade.

3, The Acstate of
The acatate of LANTHNeE0 was k)f@"‘*ﬁu‘”"“ by ;afﬁ}{‘,l};itv*{,iﬁ;g the
carbonate from a solubion of the nitrate, filtering rapldly, wash=

ing well, snd diszolving the carvonats in 807 mcetic acid., The

poe

solution wag then wmade to the yrcpér aoetic acid caﬁaentraﬁiﬁn for
each tent.
4, The Acetate of Vanadium

.The acetate of vansdium was prevarsd by precipliating the hy-
droxide frow = solubion of vanadium trichloride wilh ssmoniun hy-

drozide, and dlssolving the hydroxlde in glacial acetic aclid. A




Filtered guickly snd used

bhyde Tlrst and oxlidizil

e

Copons oxalate of bebter than 90 parity wan dlesclved lIn

.

acid and the aslution ¢f the nitrate was ireated

sith sodiwe carbonate, filtered, weshed well, acd the carvonate

The aceiic asid solutlon was fthen

g 2o P R ke & T &4 i ey
in aoic concontration for oach btest.
3 Aeovoh s biean 8 LY S T I £y
e #AUQW I VED U k—f ‘Y‘k -u k2 b b I’uh.
The wmoobabos of chrosius and iron ware prepared by presiyliat-

ins the hydronide, filtswing, wash well and disgolving the
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) e o o I o, " oy e
B, Develovment of Apoaratug.

2]
(o1
The original Torm  of the apparatus used in an elfort to obe-

tedn seod contaet Letueen a reactinn and liguid was a nickel

sube with o 8lit halfuway aoross the center., Thisz tube

Jor hydresenatin:, scestone in the presencs of finely divlided nlckel
by means of hydresen pas.  Althoupgh the empleyzent of auch a alit

gerned to bholy oblfaln sore intimabe

rapidity of con~

tact than the wwal methods, its wee was J4ifficult and discon-
finuous, Texbt, & =11t was used which was Brued by two clreular

pECn
S

plabten shoud an ineh in dismeter. One was stationary, the other
rotabed., The reactins gas and iauid wers Toreed, in the Toxm of
ray, Shroush an opeming at the center of the gtationary plate.
This tyoe of 211i% was found to wo gquite e

feotive, and the efli~

clency wan found to be iwmproved in aliaining surfoce in

the 311% by makins it ocone sheped. Thisg gresbter suriagse atlowead
bebtor teuwaerature control of the 2lit by perwdtting it to be
surrounded iy a eocliug bath,

The mechanical dlfficulties invoelved in the use of the large
cone shaped slit sre very sreat. Pirsd, a hioh soeod of the ro-
tabing elemont i3z necessary, and since tho twe warts of the slit
sunt be within C.O00H of an inch apart, the greatest precision la
necessary in the sup ord wnd beuwing of the ahaft cerrving bthe
rotatin: element, This nrecislon gun be obtained by skilled
mechanics in the wortking of izon or steel for such an apoaratus,
but where corrosive ligulds are used, nen=corroding metals must

be ewployved, the working of whieh involves evan reaber expense

and akill., Therefore, since o vary corrosivs mixture wns used
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reater numer of tosts in this investigation, a

glasz container with en Ililun W rotating atlrrer was wsad.

The Ililum stirrver was obbained fron the Twrgese-~Parr Company.
It was found to be mmbirely unabtlacked by any coneentration of
tho oresenoo OF 0KV oen.
This [liiue stirrer coasists of = shaft about 8 inches long,

taperin o dlaneter of 5/8 ineh ot ono end to a diametar of

L €3 & en ' RN T P, vy g s RI e ey e,
/¢ in be other end, The Larss

the snstd 15 sorewed

inbe tre alr turbine, wnlle

end o the solid ohalt

ig eclar ed fros a dameler of &/8 ineh to form a wolld flad
civowlar vlate of G 1/4 inches in diareter., In the conter of this
That swrface iz o threxled opening by weans of whieh the lowor

E

wlate io fastened to the upper plate, The lower plate contalng an
& /3

-

wetween the plates.

v g U S SO R S T P S N T 1
openl Prom the Lotton leaddng into the

5
Throwsh thia opaning the gas snd liguld are drasn ba waen the

platos from the bLottom by centrifupal force and expelled through

the parivheral opening. In this rotating stlrrer the entire slit

&

turns, and circulaticn throush the slit takes place by centrifupal
The oxidation of ethrlbenzene was carried out in an spraratus

ar o T o P, o -
of ths form arown or Piate Mo. 1, except, that no wash bottles

(]

ot

o container used was a -50 c.e.

o

were attached to the condenser.
vyrex vegker just large enocugh Tor the atirrer aid the tube ine

aupported as shown, inaide

troduecing the exygen. This
a 800 c.o. beaker upen sowme Tlat plsces of rubber stoprer. An alr
turbine rotated the stirrer at a rate of 5,000 revolutions ner

wirute, Tre inner Leaker was fitted with a stoprer of rubber,
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s a 4 L At Ly e 3 .
aovered At Aodex, «ith a conteal

condanser, the oxyien U

o3

sigma tor whioeh vas bent to it under

tube andg &

o oonlliibrotad,

aulpred with o Hoke reducling valve,

P R S S S G
aboean GL U ad Tuln

te selution

T4 wan 7 1/8

i P da
segakor of the tall

inches toll and 4 inghes in diameter. Thio

heaker wan

theraomster, bent as

deecribed avove, and ths siphon aptying,  There was 21s8¢ an

orarins for the condenser which was counpscted to waan hothlew,

fep the continuous oxidation of alcchol o

w3 uged O

scebic aold io shown in Plate s, 8. Tris appsrabus

effasct the oxidation in two steps, so ths same apparatus was used
. 3 L T 3 1 o b

for the acebaldebyde to acobic acid atep, as is shown in Flafe

No. 1. In addition, there was a unit attached for the oxidabion




. a e em e G g L @ . s y A gy 4 i "
Lube was tastod by seans of sn slectrlic Turnaos

maralls.

GO ouT )

o o o 1 Lo
pause catalyst

igcie )“»V.L’L‘@ l by

v. Comget-

Jile insids diameler

catalyst
in werles, with
ouaiet ¢f the
five sach in
sbure conitroel

ars in the

R y v gty R T I S Ay O, Yy P DR Ty g s g
ronobion tube was wossured Ly measus of o chronel-slumel thoinOe-

Hubs t0

oo Lo

airma00led bead ©

bhorou;

soetic

de Giameter, led

e

ES o

QOIS CTad a wa

Lhop of asnother masller flask Ly g b i,

satalyas

torecoolasd Dead Cou~

inpide dilametor,

aihn s stopeock,  This ewmaller Tlask woas

cor Lovel than the larper flaek, and 1t was Fitted with a

tobal waieor eondenser Inte the £iliing

aratus.

aaodd gy

sith o Sh varinometer

thia mealler Tlosk was conngoted an

i dgading

o

wnnel of the
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Yte

sosodure

PR B B A 1 W g, o iy A Ry H R, sma s s
oridavien of etiwloanzgane.,

athylation o

ohloride »a described

sovand Ovor ouilolws ohlorian fur seversi frnctione

and 127

R e ST Pty ."7
WA }. Tl L

o« 5
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bt alnze the reaoticn wax oXO-

rodo and the rata

reasenably ooy

the temaraiurs
sould be controlled to nlun or wlnus ons desres by contreolling
tho Jlow of ceoling weber., The bdowsoeraturs control was Facllie

tated Yy the stizving aince

Lokt owan shvast inabantiv rec

20%ion vessel, Tre vproblam
1

asonably constant for ab
teant an hour, tho sblirveer was ustossed, snd the avatew gwept oub

10 oxyren throurth the wash bottles. The increase in acld wvaz

A g A . o K -y = Y p oy i e ) = 2 g Pt et oy
detersdned, and ths rvemaining aeoataldehyde woo deterwined bodh

in ths solubicn and $hal abserbad in the sbuseorption fiasks. The

guybon dloxide shaorbed in the sodiuw hvdroride wash bhotiles was

% R Y N 2 PRI B . I PN
detersined, by acldifyiwng

siianed parvt

heatin: and mege
suring the volume in an Orsad apraratus. Aftar ald the dnta had

heen obitainel on the praceding  tent the gsolubtioen was diluted
)

ior
to o lower aoid concantratacn and anothor oimilar test made., This
wag roveated until the acid congeviration was ao low that the gbe
sorotion was scureelv detectable. This data was then chechaed

ab miother time and the curve plotied,

Al

F siouhol o acestic acid.

i,

3. Tasts on the continuous oxidation o

[

Ordy bwo tests were made on the continuous oxldation of

alecohol to moatic acid in two ateps. The nrocedure was identi-

col in hoth teats excert that monhpanese aoetabe was used as the
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the rezults of Mevhena™ with those of Table I, it

seams the atirresr did nwobt increass the efficiesncy of the ovxidao~

tion without the prazonce of a catalyst very mueh, Stenhens b~

4‘3

balnod .5 croawme of sestephencne Yrom 50 grame of sthylbenzene
in S4 days, Referring to Table I, the oxidation iun one day with-
out = catalvat was about 1.87., fStephens obbalned & yield of

than 19 ver day. It wight ap-

157 4n 54 days or a vield of le
rear thset the result withont a catalyest in Table I was bhetter

of Sephens, but it 1a reasonable to believe that ithe

Py

thian
oxidubtion is more rapid at first due to the absence ol waler,

which is an inhibitor. Towever, the difference in yield per day




e
is larse evoush to asosume thet the gtirrer helped to accelerate
the rabte of reascticn alightly at least, Cormparison of the resulis
ghown in Table I and those of Stevhens, in which acetic anhydride
vag cresent glves s better indicabtion of the efficiency of the
stirrer. Referring to Table I, the vield, using acetic anhydride,
was 18 94 per day, while Stephens' vield was 38 4 for 11 days or
aboub 3.3 9 per day, This indicates clearly thabt the abaocrution
of oxygen was facilitated by the stivrer., It appears too, that
the wore reactive the substancs s toward oxygen, the nors the
atirrer facilitater the abaorption of the oxygen.

Several substancey were tried 2o cabalysts for the reaotion.
Canpanese acebabe was found to act as an ascelerator, giving a
vield of ascetovhencue of 20, % in 54 houra. This is Detter than
in the case of acetic anhydride. Since only aboud 2 4 wmanganese
acetate was used, 1% seems that the effect of the manganese acew
tabe waa wore that of = true catalyst than that of resoving the
inhivitor, water. Varicus oxides were tried as accelerators,
Ceric oxide ghowed the best activity which was 1ittle bwetier than
no cabalyat at all. Other acetabtea than that of manganene were
tried bhut with litile sucocens.

It was found that the results of the oxidation using freshly
prepared ethylbenzens were not nsarly so good as the resulis ob-
tained by uzing ethylbenzens which had been allowed o stand for
seversli weeks over oalcium chlorids, The best rosulbs were b=
tained with ethylbenzene that had stood over calcium chloride all
summer.  This indicates quitce c¢learly the inhkibitery affect of the

rresence of even amall ameunts of wuler,
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Compariaon of tests wads by treating ebhylbensene with cxysen

2

in an ordinasry abblis

v tube, and using

s contrifugal atirrer unde
conditions which were obherwiss the sume, shows that the stirrer

in offsetive in brinsing the and liguid into gooed cuntact more

o lalye Mowever, the comvarative efficiency of the atirrer is

croevortional to the apesd of the reaction. Where the rabte of
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A and liguid is siow, the gomparative efficis
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the atiyrrer i low.




B. The Cxidation of Acetaldebvds using Varicus Cstalysts.
The testz on the varicus substaness used as catalyats for the
oxidation of acetaldenvde to acetic acld were run wnder zs nsarly
idertical conditions an nossible, There were sore lozszes dus to
leakaze of the srparabus at the bearing, sround the stirrer, How-
evor, Lhls loss was bobveen 1 and 2 4 and was quite constant, The
tests made on the catzlyats were mainly of com-arstive value, The
reaults of the tests are glven below in Table II, The substances
uged as cabalyats in the various tents sre as followst
Tant Mo.i, the acetate of cobali,
Taat Mo.3, the ascetabte of nickel,
Tent Wo.3, the acetate ol manganess.
Teat o.4, the brown scetate of vonadium.
the scotate of cerium,
Test Nued, the green acebate of varadium,
the acetutes of iron and chromium.
Test Ho.B3, glacial acetlc acld,
TABLE II.

a . \ ® A I i o -
7 by weight  oxygen sbsorption @ yleld b yield % lost
scetic acid liters per hour acetic meid G0-

Test No.l
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TABLE 171, { cont,)
. T I T T g & & ot g - A A o s
oxyoen abacrriion 9 yield < visld 4 loat

acetic acld  litars ver houw acatic acld COy

Tagt Ho.8

83 1.0 25,0 Ze 1.8
75 O.d&

Test No,7

2 S 8.0 G, 0 5,0 De
S0 1.3 85,0 25 e
£5 1.G 24,0 e Gy
20 Q.5

Toat Ho.8
93 Gl 25,0 S Tl
@i 1.0 Y5 B .0 1.5

84 C.e

The rate of oxidation was found to decrszse «ith the concen~
tration of acetic scid in the solution in every series of testa.
In the pressnce of certaln catalyats, the decrease In rate of oxi~
dotion was not as great for a given decraszse in acsetlic aeld concen-
tration, as in the vresence of cothers. The decrease in rate of
oxidotion with the decreasse in acetic scid concentraticn in the
presence of cobalt, manpunese and nlckel was very great. On the
other hand, the dscrease in rate of oxidaltlion with deorease in
acetic acid congentration in the presence of cerium and vanadium
was not nearly so great., This general decrease in rate of oxi=-

dation with decreane in acetic acid concentration seems to agree




with Wi@iﬁﬂﬁ'w results

Tohalt waas Towrd to he the ovos

il
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e 2 - st e 1 3 ; 3
detlon of ssetaldehyde to ssetic zeid, wit)

1 a ] b 4 g S ks e
third,  The aotivity of cchbzit

F
&l tl

4 Au L ee o ey A A
21l the oxyzen was passed inso

da s g e, - o 1e 5 A
golubicn that could e shaorbed, the solution begums dork Lrown,

P e T . L T P R E R ™)y oy
gmd vhne oxygen abaorpilon waz o maxizuwm.  Bub 1T only & gafio-

engy of oxyzsn was added, for instarce, by deorsaging the flow

¢l oxyzon inte the stirreing wabua, ths sclubion bLecame lighter

racidly and Jinally was 2 light ink, the eolor of the cobalious
ion. Thie would sser t¢ indicats that the oxidation is catalvaed
by the presence of the cobalt ion, us shown by a2 falvr aseunt of
abacretion in the presence of the win® color, and by both the
cobalt ion and an internodiate oxids as ahown by the jpreassnce of
the dark brown eclor and hlsher rate of abasrition,

The abzerption in $he proesence of mengnness was nod asz rapia
ag the sbsorastion in the srosence of cobalt, but the same colur
changens were evident, which seswn fo indicate that uwanpaness acts
in the zams way that eobzld dces in the neceloration of ths vew

Ery

aotion,  The slons of tho curve of nickel differs from all the

oblar curves, which is no more gurpPising than %o find that nickel

werhas 2t all gy oz ocatelyzt for oxldation. NWo 2olov chungss ware
evident in the nickel zolution unler varying conditions ¢f oxie
dation,

The setivity of ceriuwm aud vanadlam did not docresse & To-
pidly with decrewsing acld concentrationsg as tho activitiez of the
cther catzlysts. No color changes were evident in the ceriun

golutions. A brown acetate of vanadium was obtailned if the solu-
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Pion wan trested with oxyeern tefure zestzldehvde wos zdded. The
o O P . S, . R s e ey o .. e " Fie: ] “
golution then stoved hrowvn throu ﬁtﬁiﬁ{.:lfﬁ ihe test. 12 asoetaldse Lyde

R TR DR PR Y T WO . SO VR g e Y e .
Gluwtely, the solullon would siuy wesn 17 an sxcess

ol resuined v
consiatently less than

Ircon and chronius

seoetle acld slone. Vardows cenbinatians of ecat iy v wers tried
but In ne caze did any conbination ahow an setivive crasbor than

the

tive cne of the growr. Other suboitonce~. —ab o bur=

ventire, xylene, oxldes of

soluticor, and vors
ivus oiuwble oxides were trisd, bubt either they pad lifttle effeetf
e¢r elze the effect wues too amall commars? te the cowslicabicns ine
velved in thelr wge, o that they wers net cracticsd za 5Géglar&~
tory for the reaction.

> &
afdeot

pree- PR Sy S P P P 2 o . o .
Vexious nubabancey ware found B0 have =20 inhiblitive . 1%

2

wag dound that iren decresaed the effect of mangurese and cerium,
Substances disgolved by zcelic secld gplushing w o¢n the rubber
gtor er had g polsoning effect upron the cutalyat., This wus 10-

2 by covering the stewrer with o layer of lutex, letting it
dry, =znd then %reabing with zeetic acld, Also cawre was taisz to
keon the solubtlon from gplashing un to the stopuer,

Tonts on the oxidation of acstaldehyde t¢ acebtic acid in the
nresence of the various catalysts were mede using zir. The gan-
ersl shape of the curves were the same, However, the yields of
a&etic acld were slightly lower, and the vield of curban dioxzide
hisher due to acstaldshyde bsing carried over by the excess alr

and vanor vhase oxidation of the aldehyde taking plucs. Tents

nade vsing monganese acetate, and cobalt acetate ars typicsl,
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3a
C., The Biffescts of Varying Conditions.

The effect ¢f tenporabure on the rate oF rescticn war sbudied,
Lt was found that the optioum tewmperature under the best condi=-
tione obhersise was avout 700 €. The effech of ralzing the tem
peraiure on the reacbion, increaned ths rate of resction, cther
variables belins kept corvetont, but it siso decrsased ths solubile
1ty of the geetaldehyds in the sclubicon., It incrsased the wmount
ol asetic asid distilled over, and the percontage of carbon diox~
ids was alse incressed, Hence thz optimun tawpersiurs way deter-
mined by balancing thene effecta.

The best cencentration of acetaldehyde was found tu he votwean
b and 1,75 woiad, The rate of reasction was lower for lower ool
gentration of apelaldsihvade, but nigher sonceniradtions of acetalde-
hyde did not increass the rate of reaction, and 1t waz lmpossible
to malntain o highey concentration of scebtaldehvwde under the cone-
diticng ¢f bemperaturs and pressurs used.

The best rate of ¢xygen aprlied to the sclubion, was found to
be the maximum rate abt which the ogygen was totally absorbed., IF

s

an cxcess was pasaed throuph the solution, aceialdshyde wun cale

ried over, and the amount ¢f carbon dioxide increased very much
by the reaction of the excess viaygen with the acetaldehyds in the
vapoy phass.

Under the condition used, the maxiwum rate of stirring poge-
sible was about H,000 reveolubticng per winute., It was found that
when the rate of reaction was slow, the rate of stirring cowid

vory from 4,000 to 5,000 revolutions per minute without a notice-

gbla change in rate of sbsorption. But when the rate of reaction
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With the present siagze of develoument of pnonecorrodi:

B4
D. The Continuous Oxidaticon of alcoohol e Acedic Acid

; P 7P T I T SR A - - N DR A,
Fests were made using cobalt acetabe as the oabalyet for the

puyda to acetlo geld sten one tine, and wsin:

s TeE e
St i % i WA

gur0vabe as the catalyst the secsnd time., The test was made for
iz bouwrs.  The soot sugcessful reoults vere za followa:
Tﬁ,} I.!J.« L‘r

L, Teat usin: cobalt asetate in 907 acetic acid selubtion.

F]
7

aols, awleobol 4 converted 400
unad Ler acur tu sgoid

&“?

reoovarved 7 alwobol % vield
v oaldshyde  unaco.for

& p LN AV ¥ p O - L e T
'\:7. ‘rﬁ‘:‘ b':‘-'. .i '] {: i“’xl ?. 2‘?’ BN zj giﬁ}. ped
ol S v A s EoRd - 7 Moy sy om
eia doat uslug oanganeso acebale in acetlic acld solubtion,
~ Py & EEh £ el ¥
(}‘“ri JL'.‘». E’nf—* &j‘ﬁ;y‘\:’ *:«”.‘:g: gg-ﬂ'

The perceni yicld in cpleoulated on the basis of recovered products.

These reszulis show thet it iz poosible to oxidize alouhol

v

continunusly to acgetle zeld in twe steps with a yleld of 0%,

a

s@talg, the

H%
weceseary eguipment for such a process on an industrisd soole

aoso posaible.
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orzasnd, the rate of rFeousoblen decrsased wrtil abt a ooncentration
of accetic seid of 807, fthne rate of oxildatlon of acstaldehyds was
vory saald.

Tne acetale of nickel, countrary to exrectation, was an sccels-
crater of the oxldaticn of acetaldenyde to acetic ascid. The ace-
tate of manganess Yesenbled cebalt in its effest ag & ontalysb.

A

However, vhe rate oF oxidatlon was pot s high in the presence of
sranganese.  Twoe asatates of vanadium were used whioh were of dgif-
Terent activity. The soebube of osriuwn wan alse found Yo accal-

e D gk e e e
arana Uag raalduisil.

iron snd chromius had o very
sotivity., The rate of oxidabion in lacial age-

“

than the rate of oxidation in the presance »f any

mendionad. o corbiasbtions wers found whiceh
cie eabzivats,

The corbinucus exidatlion ¢f slechol o agetic acid in Ywo
stesg was found to yield @G% of the theoretical amount of acotic
acld.

Hanzanese acetate and acetic anhydride were found to accsler-
ate the rate of oxidation of ghtylbenzene in the liquid atate,
High anesd stirrircyg in the presence of these catalvats was found
t0 accelerate the rate of oxidation gtill more, Yangsnese acatzte
gas found to acscelarats the rate of oxidation ¢f ethylbensens

wors than agetic anhydride,
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TIII. VITa.

> writer Jue born ot Dasr Cresk, Illinois, day 28,
Be obtzinad his pammar achosl sod hivh school edu-
shere, belng gradasied from hish achecl in 1wis,
writer atteonded Bursks Collese durding the vesrg

o LeG5.  He wus grantasd the depree of Bacholow

nse in Cheslstry in June 1

During the yvesrys 1809 - 1959 $he writer was in atione

donce zb the University of Illinocis,

in Gotober 1887, The writer held a vosition as

egelatant in ths depaorimont of Chemistry during the tlue

of his







