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NTl ODUCTIO , 

- it oph nol uld be very 1 pot tr w ater1al ror 

tho aynth s1a ot con 1derabl n bro organic co pounda uch 

a p1cr1c cld~ o-aminophenol nd n her ot dyestuffs, if 1t 

were po a1ble to produce it cheaply 1n rge quantities. 

At p:resent th re ia no known method by hiob 1t may b pre

pared erf1o1 ntly except 7 proo se involving everal t P4• 

Tbese tie-cons 1ng f ctor and th r tber high c t naturally 

11 1t its uae in th ayntbe 1 o other c emic ls. At pres nt, 

teohnioal grade n1trobenz ne 1a priced at · .60 pr whil 

o-nitropbenol 1 ~ prio at .95 per • 

It can be en therefor that., if n etf1a1ent thod could 

be de 1aed ror produo1ng o-n1trophenol, the coat could be reduced 

oons1derabl7, perhap to one-half th pre ent price, and tbe 

o-n1 trophenol oould t ereby b u d ore wid ly in industry for 

the ynthea1a of other ohe cal. 

uccee ful proo s or o. idiaing n1trobenz ne 1n the vapor 

atate to o-n1trophenol could be de cont1nuou an tbua 11 1 .... 

nate oat o . th time--oona ing steps of the pre ent e hod. i'he 

ract1c l pect of vapor-phas ox1dat1one are, 1n general, 11 

tabl1 bed i n t e production of other ohemie le, bu.t thte par

ticular probl ha e at 1 d onl,- auperf1o1 117 (16). 
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5 O ICAL 

he praotical apeot or vapor-phase QX14at1ona are, for he 

most part, r ther new in ob 1oal history. The pr1no1ple 1taelJ.", 

however, has b known sine the turn o the nin teenth oentUJ7• 

One o th first se ioua atud1ea ot th1• aubJeot was e 

by Cl nt in 1808 when he used 1.xture of ax1d a ot n1trog 

a an ocelorator in th oxidation o!' so2 by a1r. In l9l7, B'.. 

Davy t 1 tbe int'lu c of pl tin on co buat1'bl g aea and 

vapors. Du Long in 1823 tud1ed the 1nt"luenoe ot metals, 1n 

gener l, on g aeous reactions. 

matic co pound re a1rly n 

oo rc1al ac l. ong the 

apor-p ,a e ox1dationa of aro

nd om tew ha e been pt on 

re the production o ale1a acld• 

benzaldehyde, an enco1c acid from benzene. and of pbtbalic an

hydride rrom naphth lene (15, 21, 6). ccants• thea11 (16) has 

b en the onl publlahed stucl'1 on the vapor•phaae oxidation or 

n1 trob nzene to o-n1 tropbenol, al tho h the 11 111d-phas oxida

tion ba b en t di d by Druker oth rs (7, 31). The re ult 

ot th s tudiee 1ndioated t t 1t might be poaeible to devise a 

proo ea fo the production of o•nitrophe ol tr n1trob nz ne and 

to ak th prodlct1on o! praotical i orta ee. 

e1 s nd Downa {29) in n attempt to find a pt-ac,tical 

catalyst t or the oxidation or ben~ene w1 t air to phenol tried 

"evecy etal am metal OJt1 e which w uld b •table under the 

oond1t1ona ot the expe 1 ent--an in add1t1on , ry !.xturea 

wit out any r t ucoea. B1 b (2. 3) de orib a prooeaa to 

t prod ot1on o! phenol ro b zen w ere1n he ed. n1trog n 

ox1d a or 1tric aoi va ors a catalysts 1n tbe reaot1on go•• 
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'Phis 1 t ti st report or a h mogenooua c t lyat being o-

ce t lly ed 1n the p tton ot phenola. C idt d f•.oh 

(26} 1n p tent de orib · the pr p ra ion of ph nol 

h logen ted pbeno by th tre en ot ben or lo en t 

benz th oxyg 1n th vapor pbaa 

oy rand Kl1 elbo fe (18} ound they oo ld pro-due phe-

no by passi ixtur o~ air and ben~ene thl•,o ha r otion 

zon d void of conta t a s . ort r {23, 2) ls~ ha a nt• 

proo ss fo t e produ t1on of phenol fro b naene. Xriebl . 

a Denton {12) ve pt nt fl ·et od for c ntin ou anutao-

tur o.t p enol fro er e b 1th oxygen- cont g • 

F.ust n (25) ha p te ted t od of ox 41 

lated ro tic bydrocarbona nd their part lly hydro enated 

der1vat1 es in th pr aenoe of HBr to produo hi h yi ld of 

substituted pb nol • ro tic o rboryl1 acids , r ti eton 

ad ro ti pe ~id • Hr on {ll) found g eo iodine to 

excell nt ho og no ct lyst to th prod ct1on of ph no1a 

iro b nzene. 

prod ct ion of' phenols fr b nze 1:n the apor phas• 

i r ther olo ly r l ted tot probl 

ad th it he b 

or done r. 

asi f or, a 

tudicd 1n tbis wok 

obeo upon, the 

, 



OR\ffICAT CONSIDE ATIO 

At t present tie, th r are number ot theori s r -

gar ing th meeban1s of v: por-phese ox1d t1ona 111th .oleo lar 

oxyg n. Bone end hi co- ork r (4) carried out e.xten iv r 

s rch in tcylng to prove test p iae fo at1on o oxygcmated 

4 

pr ta. ro this ork ha oome the resent hydroxylation the• 

ory, aooording tow la oxid tion p ooeede t~ h oonv r ion ot 

uoce s1v · c on-bonded bydro ena to hyd oxyl ro a follow by 

d o pc 1t1on t ro h ucces ive st g to give ter and oarbon 

d1oxid tin l products. orrisb (20) h d veloped e mod1£1-

o tion of the hydroxyl t1on t eory ugge ting a chants volv-

1ng the formation of ree r dicala. Th second tbeor7, w ich 

Bach {l) a on o the first to advooat, is the peroxide theory. 

rt umes that the oxygen nd the h7 rocarbon fir t :fo per-

oxide~ ol tde hioh then ota as the active oxidizing ent. 

It h been shown that oleoulee of hydrooarbona and ~y en 

do not 1 ya oo ine 1 1 t ly •1th e ch other (22). The as:1-

tlon or ydro arbona 1 arke by an 1nduot1on period. T t 1, 

1f ixture or hydroo rbon and oxygen la passed 1 to a heated 

re ct1on chamber, th re is u lly a p iod dur1ng nie no 

notic able e ct1on t ke plao • T ere fter the re ct1on b co .a 

not1o bl d gradually aooeler t , ao eti es re ching ax.pl: 

a1ve roport1ons. This le vs littl oubt that such hydroo rbon 

ox1dationa a~e chain r action. 

There are to explanations pos ible for tb 1nduct1on period. 

One 1st t nun own 1nh1 1ting sub tanae 1a gr dually destroy• 

ed; the other. th t o e ctive aubst o o pable of prop ating 
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h ina a u ted. l id O t tot or th 

l tter plana.tion 

nd1ng aupport tot 

ph nol ... b zen y 1 

ory of B e 1 the pod t1on of 

ticm (18). Th r enc or . n 

a 11 amount o p enol 1ndic t t t ph nol ., th i... 1t1 l 

d tio pod hos t_at echan1 

l t si 11 r to tb t propo ed by ~one, y oo Ul' 1n aro t1 

o. dation. 

t 

, (14) 1n di OU881 thod · nd pp at for the o 1-

d tlo ot t te t t ro tic hydroc rbon r qulr 

high te per tur an ct ly&t s t , .furt r, t the r -

a t1o proee in t ge J th r ore, ood yield o~ y tr 

edit oxid tion p oduot ahould b o ta1 ed 1t t e proce ean 

b et ioiently oontrolled 

itt B goyn (l) report t t 1n the p rtial 1-

t1on of benze th e hr e at ge e o ring ruptur 

t ke pl • T el1 th , in the ca orb zen , oxi-

d tic p ooe e 1 of hydroxyl io a~ y1 ldi co -
1 ly phenol, hy oq inon n fin lly uinon 

( ) ie e o ition do 1d t1on p oduat 

o toluene, thylb nzen • n•p opyl en.a n , n•butylb nz n ,, 

1 op opylb n.z n ' d tertiary b tyl nzeno, pe~tro oop1 lly 

Th a tudle h d 0 o itio 1th ehydrog tton 

!ollowe by methyl tion, b k1 off' C~ 1 , nd tb 

pl1tt1 or t nucl • 1d tion f th lkylbe ze J 

the l' in th d 8 C 1 oxidize , 1 of 

hyd yl an eatt h 1n th or in l poa1t1 n. ese 



al,cohola ohanged •uccesaively into the nest lower eloobol and 

formttlt:letr,yd.e, p~uc1ng finally phenol. At higb&f' temp'ffat.ure 

there was a .f'onnst1on of e.onderuuat-1an produ.ote• all wbio:b were 

orth:o isomers. 

All or this indloates that the pradtttltion cf phenols from 

n1trobenzeQe 1s tbeorett,uillJ feasible. end inditnrte,s the m.e,.cha ... 

n1sm by w'h1ah tt may be acoompli bEH.i• Th:tt OJtaot ltleehs.ni814 :for 

the produot1on ot the c:rtbo isomer b1 th$ v•po:r- phaae la not 

oleai.-ly dei'tned, al.though it can be accounted f'Or 1n t'he liquid 

phase by resonance of the moleeule among 1on1o f oms (7, 30)-. I t 

is .felt. hOYIErv·er. that the o•n1trophenol,, being the most volatile 

of three paasib1-e 1aomer I ould. be Q)St likely to eaoape oomplete 

Olt'idation at higher temperatures. 

One ot the .moat important tbinga to consider 1n a work of 

this sort 1s the que$t1on as to whether it i& tbermod:ynamiee.117 

poss1blo• Although 'tbia is not an absolute ol"iterlon ,. 1.t ta a 

•tarting poin.t !"or fu.rtber theoreti<Hal oonai<le:rs.tionth 

An appl1catien of tbermod~c principles &hows the ~1 .. 

4at1on of n1trobenaene to o ..... n1trophenol to be an exothennio 

reaotion. , Ua1ng data, from the I nternational. Cr1t1oal Tables the 

tollo i ns aalcul.ations have been madrH 

!eats of: crombu tton of oonlpounds in tb:etr standard states 

are 

Nitrobenzene • • • ., ............. 7:39.000 <Htl .. /mole (liquid.) 
O,,.:H1tropbenol .. .. • ....... • -689.000 cal./mole ($ol1d} 

Fl"cm the hoots of cambuat1ons the heats of' f .o:rmatlcn. wore cal-



itrobenzene ••••• 
o-N1trophenol • • • •• 

l''"'rom t 

• • 
• • 

"'O 2 

• • • 4,000 oal./mole 
• • • -46,000 oal./mole 

~ Hre ot1on = •46~000 -(4,000): -50,000 cal. 

This shows the re ct1on to be e.xotherm1o. There ar~ no avail-

able values for the entropy of o-n1trophenol; oonseque tlr, 

'7 

an estim ted value wa uaed to oalcul te the fre energy of th 

reaction. The method of evaluation ws by comparison of the known 

entropies ot other reactions h1oh were similar and whoae pro

ducts er phenols. The best est1m ted alue for th entropy of' 

the r aet1on 1 .35.0 eu/mole. a maximum the entropy value 

probably does not exceed -60.0 eu/mole. The free energy calcu

lation ar based on these figures at 25° o. 
A Ji' : -50 1 000 (298 X -35.0} - -39,600 cal .. - -
.6P :- -50,000 (298 X - 60. 0) - -32,100 cal. - -

Therefore for the bove re.s.etion 

.6 F' ~ -35 ,000 oal., 

Thi compare avorably with the free energy values for the pro-

duetion of phenol from benzene, which calculated to be about 

•401 000 C l. 

Thus these ealoulat1o~ bow th t the free energy o nge 

is favorable for th reaction 

1netio tudies on this reaction have not be nm de in heter-

ogen ous systems; consequently, kinetic considerations have been 

omitted sinoe they ere 1mpossibl 

tudies of the r-eaotion. 

ithout some data from aotual 



In a reac.t1on of th1-e aort there ~e aeveral vaiablefl 

which must be -eontrolled to produQe an e.ff1c1ent procuias. cyel1' 

and Klingelbc~.r r {lB) ahowed that th.ere wa• a definite oel'rela.tlon 

betw~en the various r&aot1on eonditions of Cl) temperature. (2) 

time ot reaction or oontaot time, (5) p:,;,,,unaure, and (4) ratio of 

axygen to hydrooarb.on. Stnce theJ used no eatalyat:a, wherea.a 

oatalysta were to be used in th1a -wo k, there ~an be added two 

other :ract,ora-1.e. (5) preheating teDtperatnre . and (6) the cata

lyst. 



The original pro.bl.em in tb!a work ••• to b-e an att pt to: 

increase the y1&14s of o.-nitroph&nol, u1~ aa a tart1ng point 

the cond1t on MeCanta {,16) fo most ta orable tor product.toa. 

:rt waa the intent to vary eond.1t1ona" one at a tian,, bolding all 

other constant-. to determine th eff'Got or ,eaob. P'rom tbla it 

w a hoped to x,rtve at opt.uum: op~attng oondit1ona for an c~ 

all af!tc1ent prooeaa. 

MoCanta (16) allow 1n hia ¥tOl'k t t plat1mtm ge.u.ze wa th• 

moat ett1oient eatal7at :under the cond1t1one at wh14b be optlNlhed.• 

Be reportef.l ustng an operating t~erature o! b<>ut aaoo o. and ob

t 1n1ng a yield or about 1,.5 per c•t ~n1trophenol based on, total 

input ot n1 t.robenzene. It u !01· thil reaeon that pl.atinwa gauze 

h ohos:en tor the oatel;r&t in theae ·· .xper1 entG. The gattaG 

ao.tually obosen had the compoa1t1.on1 98•3 per oe;nt platinum. 1.6 

per cent rhodium• and 0.1 per 4ent cobalt~ th1# corresponding to 

one o-f t .he ae et-al t:,p s of plat1ttwa cata]J' ta used 1-tdustriall,-. 

The 0011taot time should be set t ab()ut o •. 15 second at t 

aturt, stnee induntrial upe:d.m1cu, show tbls to be the average 

optimum contaot time i'or th1a type reaction: C 11, 14) • This, ooul.4 

be controlled 'by rag ting th• prossur&, the rate or flow thl*eugb 

the · ,ppe.ratWJ• and tlla numb o! layers of plaUnum gause. 

The 02:ygen•nitrobenzene r _ t1o was afl)t t 2.5 Vi)lumu ot 

oxygen to one volume o! va»ori~ed n1tnbeneeue~ at tbe tart. 

wbioh give aliglltly •ore oxygen tluul tdaeor£t.t1.-U7 n-eo sar • 

'!'his, waa to h acoomplia.he.d by bubbling h ated air through be ted. 

nl troben ene tld paes1ng tho reau.1ting m:ixtur-e into the reaot1o:a 
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0 er. ih oret1 lly, fro v por prea ure ourv 

pr ture t which th air would pi k up the corr t 

nitrobermen 1a 158° c. 

,, the 

ouot o! 
-

'ith t· e raotora arbit 1ly 1s , the 1r t step the 

!eot variations 1n pr• 1n at gat1on waa to deter 1ne the 

he ti an r a.otion temp r t r • 

T tirat p r tua oonatruot 

to aoco od te ll o! th teatur 

bowa a oroaa-seot1on vie or the 

ot a rather larg design 

oonaider ent1al. 1gure l 

pparatua. T 1trob n~e 1 

1x r oona1sted. of a 150 1. tla k hi oonta1n be n1trobe 

zen ~ a fr1tt glaa apoon, 4 .feet of cope tubing, nd an oil 

bath. h fr1tted g aas apoon eal d nto th fla to erve 

aa a atur tor for th 1nco ing 1 • 'fhe oopper tubing coiled 

roun the in t oil b th. One nd of th1a 

tub a rved as an 1r 1nl t d th oth r nd tt obed t th 

g spoon with ilver hloride ae 1. Thia aon truotion er\r d 

to pr h th inc tr nd d1 p r th a1r in ll b bl • 

tho the n1trobenz h aat atirig the ir wit nitrob -
z n vapors. 'l' 1r d ni t'rob nzene ixtur a then p e d 

into the reaction amber thro h he ted aide a • T 1s h ted 

ae t1o w a to ere a a preb ter fort inoo 1ng g 

well to prevent oondena t1on f the n1trobenzen • Th 

ob b r w a glaa tube 21 inoh • i 1ameter nd 18 inc 

h ges 1nl t • 6 inohe fro th top ot th tube nd t e 

as 

lo • 

plat1n gauze waa placed on tai lea steel platform 6 inob a 

fr t e ott h 1ddle potion of th t e erve f -

th r preb ter d txe • Th. hol..e tub , •ell the 1de 



Air- Nitrobenzene 
Mix ins c.hamber 

Oil 
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Thermocouple ~ 
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,, 
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--Reaction chamber 

Ctr' bon tet rd ch lori de · 
t~. p - --'-- -I-=: 

F(gure I 
C \"O$S Se ct ion.rt View 
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elcrnents we:t"E! arl0Etnged to i .. 21tiepen.dently or togetbe:r tn 

bettel' t..n.~'ti,Jf;l:at·u:i:•e cc1:itr,ol. l\. serlea of adJua,table ::r··e~ls.t~li'ThCes 

ments., J/1,t.nning tln'·o·uf;h t11e oont~1:c .of' tbe r"eao:tic.ni eh.amber wa~ n. 

3/4-inoh stsJ.nlea,ES steel plr:;e, wsld~d ;;1hut at one end,, to tH:l?Vi:I 

tl1e rea~tion 1111)!:tltl".e· oould be hx-oU6ht ll.P te the ope.:rH ti11g te1t1per-

atu.1:oe aad. o:na&. t.he 1·0eaot1on s·tarted the bolling liquid would serve 

as a tem;pez,atttre cont:tol b;f d.1ntl:l.ptttio:n oi' the axee.$.$ h.eut f:r·Qnt 

hot tow o.:r the l''eao t:ion oha2:ilbs:r WQS f 1 t ttld a. conu te11 ta~1- :l:i?o11 

the:r.u1ocouple, e'1t.011<:tlng to .;a 1,0:ll tlo:n Ju.at be:i:low the .gnnze., 

r .. a.tl it:UH1la.'ted 11:l th ma.gneniu.rn

~uat~:::r'ial ex:.eept :for a small seet1on 

vided by a sliuu1 .Glee;w: mb:<ic1d¢.d in th~ in:nil.atin.g mate,?lal. 

'lth:ls wa$ done to tor·ni a. 'l'indot;1 tt1;i;,ough wtd.ch the cu1.talyet ~oul.d 



twee:n 



ot ni tl'ol:.um-.ene. fJ!be ,u:twa.1 vcluuae ot gas paaaed t'brov.gll the 

catalyst,,. ttnd~r tba,ae condit i-one, • ;a 10 O'C• per aactmd. 

fJ'he si:r•nitl;"ohenzene m1x.-er bath wa:a .m.ainta:taed at 160° c. to 

gl ve the propoeed ox;rgen.-n1 troben!lene ratio. 

All of these oondit1o.n.s we:r-e raa.1ntai21ed throl:tghot1t op~x·etion 

o:f' tho tirat apparatu:l.. The ter.1pera.tu:t-es of the pr_.,beater t1u.'.1d the 

~eect1on ch&'lllber were t.he only variable& changed.. T'b& 11rehe:iater

tempera t1u·e was 1lltlittt-a1ned about midway b•twe&u that ot tlw atr ... 

nitr'obe:nzene rd.xer bath and the temperature o'i: the reaet1on oba•• 

b&l'• 

Using th$ appa1"atu in this manner* testa t1ere made i..t a num• 

ber of te1'i'~peratu1"ea (re.aot1(m. chamber) t:r<'ml $20° to 4170° c •. with 

no detectable rest1lta. on the fifth att«mpt,. while tne appara,t'U8 

wtuit being l'1rought up to operetit1;?,; tomper,ature., a $Udden explosion 

,ccim•&d. Th·e terapera.ture roeorded at t.his point wa• only 2200 c. 

In new of the faot ·that no re:action bad been obta1necl :prev1ousl7 

~t muoh high~ measured temperature•,. tbe$e. x-eaulta were 1.ntar

preted aitt 111dlc,ati11g looal eu,pet-hea.tin,g dt1e tG i•propeF deaign or 
the apparatus,. In v1eil of this;, the original problem of' 1ncr-eaa-

in,;5 tb.e produet1oa o:c o•nttropbenol from n1troben1.&ne was eWL~.ed 

to tlw pro1ll-ain ot designing apparatus oapable of b#sing •ased for 

furthe!' m:o!"'se ea:refully .controlled atu.diea. 

Coneeque1itl7.,, a aeoond appau."ati1s was dtu&igned and built Ol\ a 

emaller ~nd aimple:r soale to r.eduoe the r,robl•m O·t oonatruotion 

and to ~1n gr·eater control ,over operating conditions. It -waa 

tel t that the problem of ef fiotently beating t btJ a1l'-nitrobeneene 

to a high eno11gb, c<'Jntrolled prob.eat temperatu.Pe bad not b$ell 
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1n aer1•a• Th1e. de 1gn gave a u1 0£ heati nd u:1 1n 

a ini of d1stanc Th p tin gauze w laoed d1reo ly 1n 

front ot the prehe ter outl t nd was supported by wo n1ohl"om 

expan ion ring • he gauze of the e terial revioual.y 

deeor1bed and • cut in d1ak to tit 1na1d the reaction tube. 

wo th1ckne ea of the gauze re gain used . D1reotly behind 

the gaze a pla~ d a ther oao pl to ea ure the t rature of 

the g es 1 edi tely fte they paa ed t ougb the gauze. At 

th exit end or t reaot1on aha l>er wa plaoed noth r .fr1tted• 

gl s apoon 1 ersed in aarbon t t~ chlorid to c tch tbe product 

--the am rrang ent as tb t in the irst ap ratu. 

be p r1 &nta with th11 appar-atua bowed reaul t n the 

f1r t run. Th oand1t1ona of oper tion • t'e the a e tho 

uaed wit tb firat appara t u • e cept that no there w no d1• 

reot ethod of ontrolling t reaction temp~ratur. I w -

peat d to control the t atur by c ang1 the rt of flow 

or g ough the quip nt. 

th !1rat rtm it was round th t 1t would be nece e r to 

keep th te p at e ot th niohro pr heating .oil low it t e 

burning o th n1trobensene vapor was to be • hie a 

aoc0lllpl1s b7 uaillg ternal r aiat no a to k, ep the niohr e 

he ter w1r b 1ow th t er tur 11 ioh ro uc d dull red low. 

At the end ot ou five inutea o oper tion under the ond1-

t1ons, how ver, tber dd nly ocourr a light blue fla hot 

fire, runn1 long the 1nn t b preheater c 11. After veral 

auoh l abea, t e fla e ettled upon a a all action ot the coil, 

burning in th1 aection , producing enough at to cause the coil 
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to b co hi hot. t tie pint, thoug ll th be t1 

tbro h th preh t w et of$ t wire continu d to 

glow a b fo • 

T fl was ~t1ng1i d .d t pre e te temperature• s 

con id ably lower d. At t r aord d te p&r ture 01 180° c. 
for the preh& t r ot 95° c. tor the g &bi th g z • 

ther app r a for tion of tog••a phenomenon which ae ed to 

oeeur wh n ver re etion too pl oe. t t ese recorded t -

p rat r a. h n n o ot oxyg n a 11 ed in the re et1on 

h be 11 ploaio • ooeurred. te to the prod ota (w1 b 

alkali) how d. p nol to be prea t. A aeries of new r aon,. 

fir d th r ult ob rved 1n t f1r run. 

oorde t pert a •P a,r to b uep1o1oualy 1ow 

in v1 w oft fact that runa de t uch high r reoor ed te -

p ratu.r 1 th 1r t a.ppar tue howed no det eteble re ult • 

T r for , it w lt that per p the :tobrome ea ti coil 

w ov rb tin· and that r ction w ooourring t the he tin 

0011 rt er th n t the l 

runs w r ad with ut tt 

in gauz. 

la.tin a 

Oona que tly, t n t 

lyat 1n 1ao. ~he e 

p iment we de ianed to d tr ine if ph nol could pro-

d~oe ithou.t the plat1nu o t lye , und r t oo itiona. 

It wa :c d ht, und r dentloal conditions. all the r sults 

obt 1 ed int fir t to po ent w1tb thi e u1pm nt 

d c1bl witbout the platin u.za. b. it ape :r 

that th 1ob.r w1r, when heat d l c io 117., •• itsel.t a 

ct l.J t fo this r aot1on--though ot neo ssar1ly a good on. 

a wae ob oue th fro the odynam!c calculation of!~ .e 
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nerg7 Cu ........... ..,, d t 'O he b erved la • th r a. ·tion 1 

the 1c. t 8 r on ble, tb r ore. t 1 th preb ter 

r e e uf io1entl hot to 1n1t1 a all ount or react! n 

~at re or the wi a till the beat prod wou rai e the t 

0 b1 hea ould be 1ded by th f t t t beat los fro 

the r ould b deox s d and t urrent oul h t the wir 

to till gre e te per tux a. Dire t eleqtr1ca1 b at1ng, ther 

for · , d to b inadvi al. A a r ult a pre ter ad -

1 n d wni ch would (1) el 1nat l 11u.rt oea 1n he preheat1ng 

.zone, end (2). ve certain a ount of ;1eat oapaoi y to oppo e 

riae ln t er t re ·1gur ahows a oro .... Q on l v1 of 

the prehe t :r. Th pr er oo11 oon 1 ted of yrex gl 

t be B 1 d1 t r,, 1.n the i'o ot a spiral The piral •• 
bout ·our inch 1n d1 ter ad on lated o£ 9 turns ap c d 

abo t one-h inch part Th 1nl t o beg n t the top of th 

bath and sp1r l to he o to I the outl t tube co 1ng ver ically 

up fr t bot o in a poa1 t1on to allow th aa to ent r a 

ortio 

l p1ral 

r t1on oha b r to p rmit the ua of th1 

lt el a a rec ion t b, it d 1r · Tb 

1mm ra in · b th w io contain d 011, tor lo,er p:reh t t pera-

t res, or 1.xt e of olt s 1 • f igher t erat es. In 

th cen er o t 

atir er. 

ath • a plac d a otor · 1ven propeller- typo 

1th tbia a1gn wide r ge o preh t t perat rea oou 

be co er for tudy. 

in uff1ai t, 

n tod 1n t f i I · t 

· thi l ngt or beating tube in the coil 

• cond 0011 of small.er 1 m•t could b 

tb two connoted in aeries. 
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It w f und 1n actu lop ration o thl pr he t r. th e.n 

equival nt o 4, t of the tu 1ng, o:r thr t or th coil, 

er uff1c1 nt fo ting t gase to th d ai d te er tUJ> 

or op r tio over pre sure ng o! 2 • to ll • ot er ury. 

Thee .run e:r a1 t full oap oity ot tb pr a ur 

sy tem without th two gl e oon or nt r rat 1 tin obj eta 

1n be ay t ,. & t t it felt the eapactty of th1 pr t 

a entirely ad•q In arr1v1 et tb1 conolua1on, s 

bath c pon nta r • The fir tr a re d with yd o-

genated lt1ng-po1nt w a heatin l1qu1dt t 8C~1 Of 

t mp rot a betwe n l 7° 0 and 250° c. In tryi to det 1n 

t e it t per tur o~ th g i'rom t pr heater, 1t w a fo d 

t t the t ltlP r ture aur a po1nt wit in tb tub near the 

outl t ppear to 1norease 1th 1nore a1 re -

sure a lo • Thi 1~1 at that the oooler portions ot he 

gl ea exit tub w re oooling the ga a a they left the lev l of 

tbe bath liq d• Con eq ently, eaaur eta ot e ture we 

d t di!'f r nt le l in the ortio l exit tub. It we. round 

that the temper tur 1d not v ry s t e r te of flow" a changed 

1f th the couple w 1n tb t b t or any plaae b low t 11 uid 

level. Con equently, checks ade 1 ult ne.oUJ 17 o bath 

exit t ture w1th th t ocoupl 1n the exit t be J t 

at l1q le l, d 'With onl7 three turn.a f' th oil 1 arsed 

in the 11 u1d. nd the f> condition th result 11 ted 1n 

bl l. " o tained • . or higher tempa ure ( bove 32-5° c.) a 

a the r t oi' th a teats indicat d t the ne pr 
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he te w.o 1 with t de iI' effioiency., t o test runa 

ero de 1th c talysts 1n th appsratu and with th 1r-

nitro'benz ne ixture d crib rlier. 

Table l 

11.tlta of Pr beat-er este 

r.ate 1 emperatur ( 0 c) D1.fference 1n 
( 0 0) of Flow 

12 • l 7° 
12 C • 209° 

3 om. 217° 
12 cm. 217° 

2 cm. 221° 
4 o • 221° 
6 om. 230° 
7 • 250° 
3 o • 340° 
6 o • 376° 
3 • 410° 

1 
In thi wok it a a 

proportional to the pr 
1ven here are pr asur 
erou:ry. 

temper ture 

185° 12° 
200° 0 

210° 70 
210° 70 
220° .,,o 
220° 70 

225° 50 
240° 10° 
305° 35° 
330° 50 
350° eo0 

d t t t rat o flow old b 
a ur of the ga• aupplied. Tb v luea 

valw,a expre ed as oent et ra of 

h app ratu.a w a the a e as uaed p evtouel-y except th t the 

exit r of tb preheate1: coil was sed • the rea t1on h iber 

and the former r otion crha ber was sed a n air co en 

b p eh te b t container w a lagg 1th agn a1a-aabeato 

ixture to pr vent ee 1ve heat loaae at th outa1de of the 

l d b th, an · tb bath waa heated by- a gas fl.a • Ua1ng t o 

th1ckne · ea of platin gauze a the c ta1y t, runa er ade 

ove te r ture r e r o t 550° to 500° c. bath t pera-

t • he gate perature · e~ · 30 ° to 450° c. It was found 

t t ta bath te perature 46 r1 ga.a t eratur of bout 
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400° c., th obar cteriatio fog of reaction appeared. aond 

run 11 a de ua1n the oove prooedur 111th, owever, 1 pla e 

of the platin gau e, a niobro e aplr l thee 1nohea lon. The 

n1chr previously Md been ~1d1zed by heating tor dne s 1n 

the open 1r, an leotr1eal current bei ad tor this purpo • 
0 

t recorded t peraturea ot 330 c. tor the preheater b tb and 

about 300° c. fo th g at mper ture, tb1a apparatus produced 

the ohar ct r1at1c tog also. It••• further not in the 

expe 1 ents that there was no apparent r action of the, n1tro

benzene at the h1gheat temperaturea uaed except 1n the preaene 

of a catalyst. he gla•• alla of the tub seemed to hev 11 ttle 

or no o t lyt1c aot1on. 

These xper1 ents ahowed t t the ne app1Ar tua,. and par

t1oula ly th p eheate1 .,, waa e.ftioi nt in oYeroom1ng the dlffl

oulti a h1 th rto enoount r • The t ata sho,r further th t th 

prehaat1n temp r t 1·e 1 a very v1t l fa tor in producing an 

eff1o1ent proo a. 
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here 1 muob work tl»t r a1 to e don on tb1 

Defore an esact and ef~1oient p ooe a ean be develop • 

e<:1uip ent d· veloped 1 th1a or has proved eff1c1e t$ in otu l 

op ration, for at 1e of the v por-pn e oxidation of nitro

b n ene to o-n1troph nol. ti 1 o an ppr t hioh cold 

well be d to t dy ot r v or- h oxidations. 

A fo in thi o •to int k n ed to be 

aooompliah : (1) the evelop nt of a pr he ter in hich the 

gaaeoua reaction ixtu e could be hated to accur tel own 

t mp rat e 1 the aba no o a07 aataly t which igbt caus 

r aot1on t 1 point, d (2) th e elopment of a reaction 

.... --ver in hich th c tely t could be upported am hioh. would 

pro'\'1d o e oo p ation !or the heat produc d y the re ction. 

he irst of th ai e a to h ve been acoompl1she in 

th b tb-ty-p preh ter lat deao ibed. Tbe hot liquid 1a the 

b th as u.f ici nt b t c paolty o eat the gasea ffloie tl7, 

but it 1 pos ibl for hot-a ot to be developed 1thin this 

part f th yste • '!'h 11-gla s pr h t r c:oil pp rently has 

no catalytic tie t; consequ ntly, y r action hich might be 

o erv t b t t surtac o.f the o. t ly t in the- reaotion 

oha b r. 

e oo d wa oo mp11shed by 

action cb ll 1 1llustr ted in igur& 2. 

ans of th aim le r 

If the outlet_ fro th 

preheater 1 brought oloa to the uz th gases w1ll be at 

tb 1 ull pr h t t perature at ey strik it. h gut- y 

be h . «t by a ext rnal ter o liquid-j ck t type 1f the re-



action 1 !'0-und to need 1.n1ch cont.l'&l• The gauze i 'ttelf could be 

eleeti-1eall1 heated bJ p1u1111.ng a ourNnt d!.reet17 through it t ,o 

initiate the reaotlon,. 

& attempt Wela made at analyaia of oJt14at1on produeta otlleP 

tball te ting tor phenol.a and tor 008 , a.inc• tbe ~ t ne da 

of thls research wel'e m.et 07 d,etarminlng wbeth:er ox14at1cn had 

taken place within the ap:pa.rtAtus. 

K1net:1e studies of th1a rueti.on would be ~ery valuable in 

determining ftll"the~ ehangea in the dealgn of appal"atua for th1a 

reaot1on~ Other px-oblems whiab m1ght well he •o~th studying are 

the poss1bil1tlea of nickel and cobalt, either the 1,1ett\ls or 

their oxides, bJ themselves or in mixtures, acting a.Jr a oatalJat 

for th1a r&a-otion. J.lao atmdtes of ho1W1eneoa oat:alyat uoh aa 

oxide of nitrogen~ gaaeoua h loge,ns, and gaaeo bydrcg halides 

ahould be undertaken. P'Or studies of the la:ttel', tho preheate 

unit itself 1ght well aiu·v• as a :rea.ot1on chamber. 



A revie\Y wat oondutttd o:f available li teratu:re pertalntng to 

,apor-phaae oxtoation ot aromatic compounds to phenols. 

several ppax·atu ea tor the study o! the vap-or pl:J:aa · atr• 

ox1d&t1on ot n1t:rebe1u1~ne were o.an1tru~ted nnd thG good an.d pool" 

p~inta ct aoh studied. 

It a deo1.46d the t suoh an apparatus ttmt ve the follDW• 

ing fe tiU'e&t (l,) good preheat.t.ng temperatu.r• oontrol, {2) meltl'la 

!'or oontroll1ng the M"8t of' l"esot1on at the e&talyst~ (a) walls 

of the app· ntua muat e.1b1b1 t no oatalJti.o e.et1on. ( 4) an adequate 

mearus .tor controlling air•ni t:rot:u,ntttrtne r t1oa 1 thout a,llowlng 

o<mden at:1on of the n1tr®onz.en~ to t .ake plat.to bef'or it roaches 

the catal7at, atld (6) tb:e r•action chamber must oontata a meaiut 

of supporting a oatalyat and have a mcHthan1sm :for Giss1patlng the 

excess heat of reaet1on. 

An apparatus waa dev.eloped which ~braced the a:\love teat~ea. 

Tests cf thia apperatQ allowed that results we-re muoh better than. 

thoae obtained with earlier deaigtUh 

Suggeationa llav neon made whi ah anor114 be of: va.lu.$ i:n tUJ"

tb r work on tb'.ta pr& 1,enh, 
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c.lltton 2i0~n ne.ohri1t wa,$ bo:r·n at Liberal. Jas:aom:~1, td'a:'f<th 

29 1 l920t, !1;f.l; OQ!ll!,)l~tetl f5X"&U-fJ SC:bt>ol., Joo'il.)P bls;h .jc,b.t.)ol, Wld hi.gb 

aon1)0'l tlt 1'1eo$ho, fJit\:tn.iu?'i 1 ¥Jit11 1t soienoo umjo1~ 1?a th£a sp:v1~ of 

Oltlaboma and :teoe:1 vod a :tlaOh$lor, of So.i &n<le dert:ree 1n. 19'4i:t., 

ln A\~u:at ot 1942 be r11.us flmpl,Q~ei by tne i'fll I• J)U,!l)11t oa._, •. 
panJ of' '\iYihn!ngton, Delt\W$l:>e and •as11n«1 as chemitt tn their 

Wabash ntv~r o:rdln•nee :P.lant at 1Ji'erre lfacnte, I:n(U.~a where he :t'e• 

mained tmtll Aug·u.at, 1944• 011 June 12, 1944 be raoeived a oei:n• 

m1tui1021 1ta EnsJ.gn in trhe i1nit.ed, atatea 111.t:v•.l r;,,,,~r,ve axi<l •• plac:ett 

0::1 aot1 ve dn.t;f A.US1ttst., 1944.- Af't~tt" attent\itJ.$ offitU!~S ,s.Qh<)ol tn 

Platt6\H'U:;'g; Nt:.t'W YOl'k.t he Wfl,$. $$:Ut to tns Pacific Th~at•:tt p.f Oper ... 

st~ tGa 1n '.Oe:eemb er,, 1945. Aft.et- :r:'$le~.se to 1naot1'fe cb;ity in M:a.111. 

1~46, ha retvn.ed to h1$ hor;1e 'L"l. 'i'lll~lf.l:tfi.l, ~as<n~1. 

homa: a.nd 1',l• Coll~go wlle:t'e llQ> baa been 3!l!',ra1plo:,:oo a, a i:;l:rtad\Ulta 

fel1ow iu the Departllient of Oherriist1"J imt1l t~ p:vas:ent t:btte" 
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