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Acrolein h"ls cla:meal:l.,y been prepared by the de~ation o-f gly

cerol. \')vr.tng t-0 too rnlativ-9ly hirsh cost o:r glycerol and 1cm yieldn 

this process has not been used oorro:Jel"Cially. 

There i.s nmr a ser,ti-oo!l'l!'.!arlcti.l plant in o:;'X.tt'ation for producing 

acrolein from diaJJ.yl other,, a ~duet o:! anotJier o~ :n:-ooess. 

liecant u.. S.. patents,•serioo a process :for eonvl'lrting propylene to 

acrolein b:r ood.dation with mercuric eulfare.- Si.nae propylene is avail

able a·t lmv cost, the present, wrk was ~ ·to·· era.:tuate these 

patents by systematic study 0£ the variables. 
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Acroleill waa tint prepared ill the pare state b7 TOil a.ttenlaecbtr 

( ~) 1D 114) ef'ter earlier eeienttata had obtaimd an hl)lllft lftd• in 

a TOl.atUe llqu~ trc:a cliatlllaticm ot tat.a. 

!he 41atlllat1oa ot cl1eerol in JlftNDOe ot a dell1dratilll apnt to 

prodaee acrolein haa lOIII been bo1rD ~Jld stwlie4~ Acid eatal.JBt•, ee

peeiall7 Ndia 01! JN>ta•ahlll hydrogen nltate, llaft alu111 laeen pre-

. tffNd. lea14ea the 11tenture nriewecl b;J leilatein (:J) •• .,. am 
tanag1bubl (14) heatecl both padoe iapragnatd with terr1o pllo8pbate· 

and Japanese aoicl elay em dropped gl.Jeerol upon tm. With pmdee 

50-SlJ and with acid cla7 7/'/, y1el.4a ot aorol.e1n wn obta1necl. A 

patent to Soherilla-Iahl.bnll A~ o.· (33~35) 4eaeribec1 the•• ot ferric 

pboaphate and lithiaa phoaplaate •• de)Vvati»c acen't• •· Anothff to 

I. Y. de latuteehe Petrolem ( 28) old.Md the action ot ecd.4 catal.JBte 

upon pol7b1vie aloohola auch •• glycerol ud •tlQ'lg].ycerol to prodllle 

aoroleia am •tllaeroleia.· TrS..t)v'lne gl.Jeol (2'7) can. be clebpratecl 

iutead ot gl70e!'Ol to produee acrolein.· 

Another •thod ot pnparing aeJ:"Oleia whica w been extena1••17 

atm1ect ia the umoa or aoetalclelv'de ad t~ 1a the pn•DDe ot 

ailica pl or almdna ( 23) pl catal.7at at a teaperatuw auttlaiently 

high (200o-26()CC) to' delqdrate the prillar7 alclol eomeauU.on product 

to ton aeroleln. · A pat1Ult ianecl to I. ·o. '1arbell1Dduatrie (20) pn

Nribed beatina to 800oC tor the preparation ot tbe al1111ina pl catalyst. 

11th·this catal7st acrolein ia fOftllld traa aoetaldelode aJd f"oraalde)Qde 

at lSOo-200°C. Wigner (40) reacted aoetalcle)v'de and tOJ'IUlclela;Jcle at 

• 
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taperatme betwnn 20Q0-400°C cmt2" a eatal,..t which contained calcium 

phoapllate aa aetiw 1npecU.en am whioh •7 contain lJ llthia phoe

pbate or ,- al•1.mla phoaphat•. Thia •thocl waa adapted to preparation 

of •thaorolein b7 aubati'\uting acetom tor aceWcleh1'd•• Behal.a anrl 

Waper (34) deacribn a eillllar proceH tor prod.ueiag aerolein with 

1t1111pecitied catal.7st at 200°•4001'C bat with euludon at all iron anrl 

aluainma fl'OII tba eabl.7at am Mtffial of COUtftetion. Gill.aper 

alld •ache ( 13) alae deecr1be4 a npor pbaae, cata17tie proceaa at 

teapentu.n of 2soe-,soec tor producing acrol.eill traa .-talde)vde anrl 

f01"118ldeh7de. Bran\ (4) tou:ad \hat a lead aoetate catal.yat at teapu

ature 2Q00 .. 400°C ••• affective to prodta0e acroleiD f':roa acebldebJde anr1 

fontaldeh7cle. Saari (39) eontrollecl the tnperatun of' the exotheJ'llio 

reaetion (10.12 kcal/aole) of a"'8lclebJd• aDd f'o1'118ldeb;rde b7 nplao

ina aoetalde~ with :paralde)Qu wl:d.cb b7 endetberaie depol.J11erisatloa 

(24 bal/aole) hndalaea acetaldeh1d•• D1atmera Co. (9) ueed a 

Tapor pllaae proceaa with a f'lu141Nd catalyst to oowen tonaaldebycle 

and aeetaldeb;yde to acroleia. Walter am Schul• (41) obtaimd acrolein 

bJ reaetillg acet,iene and fontaldebyde iJl preaeace ot II041• ailieate 

or sine phoapbate catalyat at t•prretvre abOYe 150°C. 

11t*7 (12) uacri'becl • proceaa tor pnpu1.»a · the imeJ."INCliate 

aldol b:, reaction of formaldehyde and acetalde)Qu 1n alightl.:, alka

line aolutioa. A.paten\ (10) iaaued to du Pont deecribed the prepara

tion ot aldola ill p.rennoe of condensation reagents wben one of the 
' 

aldeh7dea waa preeeD't ea a biaultite addition product. 

Allyl alcohol can be conTerted. to acrolein by reaotion with oqgen 

in atalldardYapor-phaae •thoda (36). It is of interest to note that 

the oxidation ot propylene with eeleniu dioxide (37) in acetio acid-



01~::CJlClll"""•'---· .. ---,(-· -, ..... -·--· '"""· •r ·-· ---;)•-.~IO 
Grfe:O(Cll,3}a,a"' U I 4 i,,i 1 · .. ~·OCBf3) 

c.a:,va:OIIOH:r-· ·-· ........ t""'• ·-·"""' -----.... ·-· ·~CII~tCUOHO 

%iCH~Cif3.,..•-----·~tOBOOCI12CR3 

'.fhen '\#AS elailwd 20$ per pass conversion of Pl"Of11'lene to aerol.ein ltltb 

0.$ ot Pl"OWlena deatrniotively oxidlsedf wt.th ~lane Xt$ per paaa 

ao:rmrsJ.on to metbacroleln \JU aehi..-ed and ~ 1% 1sobllcylmle lllQ$ d.

~wly oxid1~ 

Ha:et and Vaughn {.31) found the Y~...ibaee m.dat4on oE propylene 

in p~ 0£ }Wdrogen lromide to 7l,e1d 4Cr¥l1c acd.~ b.rotoacet.one.~ 

and allyl brond.da') l:nt no acrol.1'!n. Tuts 1111 tt1 cyol.oha>tene gave o:,olo.

~ in low yield (6~). MrO].ef.n 18 produced along 'Id. th forma'1-, 

~, aoeta1del,ude, etc., i..71 partial oxidation of potroleum oils (U),. 

either liquid..phaae Gr V~T-PhaBe~ but not in important qUatfti:V• 



Converse ( 6) desarlbe-d a ~".':t'1od for 7.roly,zin.g cli..a.11:,1 al'.JlCr at 

~ C. to obtain acrole-in and ·oro1vlene •. This nroeess ean be 

~lied to :methallyl ether to obtnin met..haerolt!!i::1 and :i.sobutylene.r 

Shell Gheroieal Co~ation {h2) hao ~tly ulaced 1.n operation at 

.. 
~trle stt1.f',1t,e has long b~ I~ to ox:ldize un3a.tur.atoo h:1,,'tl:ro-

SGaroh wa.i:, th& isolation and characterization of th& oompl-. The 

formula he proyme-ed 1'l&St ($0t, .. f{g.Ht.-0)3Rfl, :tn which Ru reprasents a:n 

oleti_~-' Denigm1 (7} studied the reae"'-..ion or ·tema.P)" butyl alcohol w1 th 

lone radical,: proposed the f'ormn.la: M~~•(\Hg.,~ Sam! and Hof

mall {32) isolated propa."IDl~ OO!lll)1U and both butanol and 

i$0bu.ty~ury sal.ts from i.sobutylane-mercury complex, all made 

in slightly basic aol.ttt;i.ona., Ilith ethy'lene (19) there are two series 

of oompl~ obtai?labl-e depending upon the e.~tal. cond:itiaos, a 

substi tut.ad alcohol eerie•, 1~, mid a au.bstitAlted ether series, 

q:~CllzllgX)z-

1«1.lCU' (21.) concludes a review of o1efin-1norgam.c &alt eomplaua 

""'. 1 .. "-. . -.. - :wn ........... · . · .. ne thoo:~r has been adv1lnoorl Tlhich 3--'ltis.factor-• .u J.VUDl ".t'e ... :.~ no , : "' 
il:y explai.ns all of the q,uestions relating to the various inoream.c salt-
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1nadeq11a'te.• 

?al• and ••me (43) 111Yenipte4 the reaction ot •NUrie salts 
' 

ot o:qgen-coatain1ng acids with non-'9r'Uar.,, aqelle olefiu haYing 

aore than three carbon atou. !'.be •l'Olirie reapllt ••• precl011inantl.7 

a auaptneion t4 •NIIJ'io oxide 1a • clllne ....- ao14 (1-~). 1lllde 

then oond1t1om it••• foul that a ca, p-.p adj-• to a doallle ., 

liatap •• ldlllfteetetl bat that the reectia eeCUNCl at a CBz er-, 

.. , ... to the daialale 11.r,keg• or ., tbe claallle-bol:lded oarbe atou. 

!Ila\ 1•, u olefin ICJlaGBIC"c pw ICG)laClia nrl.' the olefia BCK&Ola:, 

gne the iHN!'II 1Cm¥1J aDI BC¥<CS,• 
llaeall• (2S) elaf.llacl 1ooct 71,elcta ot aoroleia tJ'CII propylene 'b7 

emplO)i.Dg • req9m wldu coataimd. )-~ •NU'io llllltate am eftll •• 

h1p •• ~ 1ltu.t the UNe41n,:l.7 high concentntiou ot alurried aer

ovie .:J.tate 'Nft dU'tieult to JIUIIP• 1be u:d- acld11i7 reocu 11idetl 

1• 1~ am 2-SS 1a preferred, tor l• acidit7 ta'fl>Nd produe'li• of ,, 

aerolein, althclagh __. ne tonaed in neaU'al aupensiom. !ht 71.ide 

nre inonaaed · b7 control at acid1\7 troa d to •• hlah as 75j bas•cl 

on aereurio sulfate uucl. 

l 

Baetem (16) 1'90Clllll4tme4 the ue ot a :reapnt eoapoN4 f4, 16.1' 

IIRCID'1c nlf'ate, 22' 811lfuric ad.cl end 61.Jj water. the rupat 111111 

prop7lem wn Id.ad~ 1n a aJ1N7 towv at teaperatlU'8 bel• 

?tf'c. --pref'erabl7 20°C. TM ftapat aatvaW with propylene ••• 1.bn 

heated w IS°•J.OS°C and aprqecl illto a aeeond ,~ whereia tbe p!Q

aic.U, abaorbed·prop7lene was releaaed, c&ft7111g with it SOiie acroleu.. 

fNII the aeoond sprq tower the reagent paued to a digeeticm tant wbere 

the teaperatve ••• •1maimd at 8S°-1os°c tor oa.-halt how to com-en 
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pNPJl•• w aorolein. The acralein ••• aepara'led traa tbt reagent b7 

•tum diatlllatioa. 

ln tile aeCOJd process •m•iD deHribe4 (1,18), ti. proP7lene waa 

conovreatl7 abaorbed in a eprt17 tower at a '8aperature ot 85°-109'1. 

!he reagent 11eld entend a eeooml •JD'87 tower at the top while propyle• 

••• intredaeecl ., \he bot"°9 to nrip on the ac:nleia, wld.oJI ..... 

covered froll Jll'OP71•• b7 abaorptica ill •ter. Otllff peu widell. ,"'1' . 

• UM te tile atrippi»c operatioa are canon 41u1de, llitrogen, 

.-iitalJle bJdn,ea·rbonlt, or water Yapor. 
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. C ~-•: f •. f 

Coaaideratiaa of tbe work ot Bentein, !ale am Beem• ad 

lllcallaa -.cest.a ho qaeationa wblch 1ICJllld haw couiclenble 1Dtl.1ltmN 

1IJJOll the ett 1reial aaplatioa of t!ae J)l'ONNt (a) will other cbeaper

odtanta produce the al.4ellyde and (I>) what 1• the Jiel.d of aorole1n, 

based upon prowle• naow, 1a Yariau coaeemntioD of ae14. 

A qu11tat1 ... test to verity the patent el.am waa llll4e with 

propylene am •J'CU'ic nltate napll\ (10$ yo4, lSJ yo4, am 75'/. 

~o). The bprooanoa •• a1ow11 tntl'Odaee4 N1ow t.he evtaoe f6 ti. 

reagent. The reapat waa then ANW t.o 8st-9o0c, •IMm a yellw pr.-

ct pit.ate to1'Md. 8tea ••• directl.7 iatrodtleecl to dhtlll tlMt acrole1a. 

!be chanoterl&Rll. oclor of acrole1D wu wr, nicient and • yeU. pre

cipitate toned upon tbe addition ot 2,4-,U.rJ.boplzu;rJ.h11b'as1M to a 

portion ot the diatillate. 

!be method•• mzl teetecl to detel'llim it llathaeroleia cOlll4 be 

obtalaed frat iaobut7lue, this not hanllg been cl.a1aed b7 the patenw 

mder teat. The 1aobut11•• wu pnpend b7 pauing tertiazi7 but7l 

aleollol ftpor over almdne Ilea~ to 400° .. ,oo<tc. A J)'l'OCfflft wu toll.., 

eel sla1ler to that _ua4 with J)l'Op71.ene. !he 8ten diattllate ...Ued 

1n. acl'OleiD and )'1elded an on..-,.uow p.ree1p1tate ldth 2~1at· 

troplle117l1Qidnz!mt. After om Neryatalllsat1• tr<m alcohol the pre

cipitate bad a •lti»g point ot 200°C. !Ida cmpena so f8'Y01'8b1J' with 

thellt.enture ftlue (38) ot 2()60c '\bat it waa eonaludecl the prodact 

••• •~leill. 
:~ 

to produce one mole ot acroleia 1'NII 01'19 mole at P!'OJQ'l•• •1th 

ul'OVic 8Ultate naaent according to the eqnattcm 

c92:esc¥U1/0~J1ao--~o~ac1EB01-~04 
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requiree 4 mole• at IIUftZ'1c .it ate. !be •reU"OU Rltate toned 

•et be regenerated. eleouoly\ioall.7 (15), .'7 t1lll1Jc with ault'ur.le ae14 

(17), or '1 ox14S.s1J1c with ollloriM er nitrle ao14 (25). !beae operM 

u ... walcl be cl1tt1cnllt am expem$.• oa a OGlllfl'dal bee1a., With 

ths parJl08e et filldllll a Napd whteh coul.4 be n .. nenw llOft 

••117 .U. follOlrlng Nlte u4 Nida 1a ftJ'iGU em1Nn\ntiaut ftN 

teat• with pro1171e.Da, 

Capria elllor1cle 1a ~oric acid. 

Caprio etil.od4e plua po\aasiml ollloricle 1a IQuoolllorie ae14. 

Cuprio au.ltate 111 mltlrrle aeicl. 

Cuprio aultate p1u pota•bla mltate 1a aalf1ar.le ae1d. 

C.pr1e aaltete plu ellwr aultate in al.hr1c Nid. 

Ferric ebl.01"1- ill )vdroolllor.to H14. 

J'errio aultaw ill aulfmi.e acicl. 

Silwr Ditnte 1a wry dilute Jd.trie aoi4. 

C.prie NJ.ta wen tened a1Doe oapric chloride ox1.disea aereaptau 

to 41eult14ea ud 1• eully rqe~nte4 by oxnen at tba dr. reJ'!'k 

ohl.or.lAe ia 1mowa to ox141• Nria!n OClllpotmda . nch •• h.Jdftaobensem. 

lewrti.leu, DODI ot "- aalta 71elcle4 air/ ae:rolei1u appanDU7 t». 
etteet ot INJN'81'11a apec1t1c. 

8tl'OMfl' md41s1Dg apnu aueh •• potaa•1• ct!ohrOllate, ~taea:l~ 

ptl'll8ngana,•,. •rl• Rltate, and ~n peroxide ftft not tested •lnN 

tbe7 attaek tltie donl.e NDl1 of U.. cletill encl the yiel4 ot aorole1n 

Nlll4 \Je wry law or Hro • 

.l qulltatiw teat..- with prowlne and •narle nitrate diaeol-.

e4 in rdtrie ad.cl Juat •uoaa enoug)l to prewa Qd1'017ala ,teldecl 

aaoleh. lo acroleia •• pro4uoed b7 llenvlc ebloride, plloaplaate, or 
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aoatate 1n ti. -~ dibtte add nor by IIIW4l"ie acetate :In._ 

glacial acid. '11lua 1~ ~ tb&t only met"fflU'ic sulfate and ~c 

nitrate oan be made to ~ umsaturatad al~ boa ol.ef"in..,_ 

The .S80Qnd phase ~ the ~tel \1D1"k was devoted to de~t,ioa 

o£. 1lald of, c~l. ·aompounds baaed upon the marcur1e .Uate ued. and 

~bon ~- 1btae data ware determ:l.md itor isobutylee• pl'OPJ'lwe• 

and<l"'~ 

n. •thOd. used rw isobu,ey-:J..em and ~· .. aa toJ.lows: ~ 

a calibrated bottle 0£ 2t liters cepacJ.tq the· hydrocarbon gas was oauaed 

to now br displacaM!nt with watAr-. 1be 1n1.et (faS volume w:aa recoi""*1 M 

d:l.fferenoa in th& rea.d:1ng pf ±n1 ti.al and £1nal water l.et'eJ.a. · ·ille gas then 
' 4: 

paBSGd through a g~ bottJ.e of 200 ml. c.apacd.t," which contai..ned 

170 ml. or ~c sultate l."'Gagen:t., The Ulll"&&Cted gas then passed to a 

sracond p~ng bottle which oontatned 1111'A_.. t.o di aaolw any- ae.rol.em 

that might- haw been C8.l'Tisd out with the ur..raaeted sas. I~, no ~· 

leil1 fflW ever detected in the second gaa,,"1taahing bottle+ bom this 

corded as volume of ~ted gas. lb.e diff~.:mee in inlet. gas volume and 

wireaeted gas volume &a"1G the qu.autit, ,of ~eatbon gas ..-;bich rea.et.ed 

id.th the ~·ic sw.faw r~cit. 

'.t."l1e me:t"'curi.a suli'a~ 1~~a1t was pl'Q~ u-3 dilut;i.ng coucer1tratecl 

sul.i\u•ic 4Cid ·to l4 1~ Zhe reqpired. vol.l.lioo o:t' l.4J;l acid was ·iiloo 
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sol.tlUon - ·thin ~ to w. st> al. a.Uquotc and the ~ vol*9 

of' ~ sod:LUlll hJdra'dde ~ to ~. mtoh ·the «>lo':' ot tm 

~ "11* tJ19 original ~--~ IDlatlon. llda !)N-
I,' 

..._.. elitdnalad. a.ors 6w to .__,. am.dlt,, tbe semple 'll11lq' ~ oon-

~. m.l tm ~ ot.· dllll~ ~ ~ 8hada and intenslt," o.t tbo 

eol.ar· of V. in4l.-. l'l'Qa '1w data .. ~ated ~ totul ~ 

t4ty of ~ tl\at 1IG8 ~ CIIOI QD.S ilOle ol ~ Nlaaaee 

l ... ot .. ~acd.d ...... ~~ 

·~ ·i. 2 • ..s J .,_. u. ·per· cent ll-14 ot ~ ~tea 

on laaaie at both~ ~ and. tbe. ~ wh:lch ~. 

1be ~ ~ - OOl'IOID.W&td.anfl o.t ~ ailtate mid acid. 

Qwupb 1 also ._ the ~ cart\ 71,444 ~ -~ l.>u9d Vi104 

~ ~ :a -. be saen that. optl.Da a«S.d ~tmt.ton a 

~-~ = .. tb&t. td .... PIii" CIIDt. J'Hlds ... obtained llitih 

_........ d.tate ew_.trat4Gn ~- S • PB" JOO Ill. (0.. 1) tba'n wt.th 

• ,- PIii' ·JO> 11'1. _. (Qna 2>. -~ a.re ~1¥ •~re 
~ Wltb..., ----~ IGB...-lC IJUltatG ·~ ~-

:pnNdplt&te .. fOl'llllld ~ tbo ~ ot ~--· thla 

~ ~ mrov!i.e llll.tate am ,ioet'GUted :tt ~ oontacttrc tho 

~ ~ A8d». 1lbml t.a. ~ _, --.....st111ed .tram 

fJ;aph 2 ---~V. ve oant ,sald ot ~lain f'.Nn Saobtltqlene 

~ upon ti» ~ aultate U.S. 1b!a mt.."lod ot ~ the 4ata 

is not ffl!'J' accurate ~ t...tie oaloillations 1111'8 W ~ tbs ohange ot, 

~ ora::, ~ ~ to~ Sllltata• .._... actually. 



Ja,i. at ldbeel'AWrl ta llmt:biee a 1-•• fettavu 
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6 2 .041 .000'8 ).? ,.o 
7 ' .094 .0014 , .. ?.O 
8 '.·S .l.O .0014 S.2 ?J. 
9 Jl) .u, t.«41 12., 8.'7 

10 15 ••• .0012 ,., s., 
11 20 .061 ··OG081 6., 4.6 
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lJ 
·U 
15 
16 
1'7 
18 

!ie14 ot .kl'Ole!a tl'CIII P.rop.rlUII at 'faruu .a.wu .. 
..,._ ~\S,.a s· I• yo,/Jl» 111 • .Aeid · 

ltE k1S: JltJI 

' J2 .0021 12 29· 
5 ~ ~cm, lS JS' 

10 .23 .0041 24 ,e· 
15 .J2 .OO'R 28 80 
20 .a, .0044 2S 62 
20 .25 .0045 26 63 
25 .rn .om., , 18 
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or ~ bw ~ in the reagent during s~st.tUatiorl 

and also appnciable quantities in the distillate ... The t~ 

tionrd comple,te re&lddtn of ~ ~ to be greater with mere 

dilute ~ie sult'ate andmd.d 80l.ut1omJ.. 

fable 3 aid Graph ) ~t tbe per, cent 7ie1d ot SOl"Olein :f't'om 

propylene produoad by S g. merCU1"1c su.ltate per 100 ·m:i. acid. '!'be 

comments on tlle ,method of aqreNing the J)CD" cent yield a.ppl7 to 

~ u well a.a t;eobu.tylene. '.l'he· mare.uric fNl.!"ate shmlm the great

eat a.eta.vi t,- \1tlth propylene m 15% s~o acid. '?be yield o£ acrolein 

1a not so sonaitiw to cllangea in a.eid ooncentra.1'4.ou as the yiel.d or 
metllaorolein.. 'l'his is t.O t'/9 ~ since branobecklll.ained higher 

'l!o t.oo·t.\t;h& effect of tche ·~Q.ture a.tt w:uch the ~t.ion of 

~n in the reagent \1'U peri'ormed, nms weN ms.de at rP c. and at. 

(:;JO. c.. to ~ ill.th the -runs made at 2.4° C. The reagent conl:.cl.ned 5 ,., · 

o! ~ic s-Mate per 100 ml. of~ aalfuric acid. Tho reaults a.re 

gi van iu Tclblo 4 and. Qt"aph 4. As was a,cpected the t~rat.w."'G did not 

et'..ml&'tl t,ha resu.lt.o ~abl;f sinee tbe aarolein ia .tort"med d J.L."'ing the 

s~sti.113:'.;ioit Pl"QQQSS (see page 11). 'l'ffil yield based on ~c 

only slightl;f. 

~ 23~ ~ 0£ ~l~ b.ilaed Qt} Pl'()i:Y.fl000 COl~ 'lfiaS the 

hi~lle.st, obt,a;i.iled~ ·i:J:2 qua.st.ion ~'084! uha~ p~~tu wei"e £onood i'rota ·1'J1e 
C 

~t.ed: hydra.ta.on at the. oWiu t.o i'orm the alcohol and po~a,... 

· ti.on t.o tom bi~-boilulg po~~ a> detandne .... araparopyl a.l.eobol 



!All.& IV 

Iield or Acl'Olein fraa Prowlene at Yuiou Al>aorpltoa Teapent.wea · 

Reagent Concentrat.1oa 5 g. yoJ/l,00 ml. i.- Sult'u1e Ae14 

.... 12. Temperature ,~.,a}mle . b:IIIMd 1- Sin\ Jj1Jd 
et •• aolaa ...... Banct on 

Reagent Prowlne a1so4 

18 oetc .21 .0038 24 5) 
14 24.0 .23 .m.u 24 58 
19 600 .26 .004S 22 63 
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aa allqu.ot ot the diat.1llate troa the ftll with pro,rlene ue1ng $ g. 

wcuric Stlltat.e per 100 ml. ot 1~ aoid wu ~ accoJ."dtng to the 

foJ.lalring Jl8thod (22}. For 880h 15 111. ~ the aliquot ware added 0.4 g. 

ot ~. potassium d1ahromate and 3 at. ot t'/. nltar1e add. The 

aol.11\lon n.s shaken until the pot.alum d!ohroma.te dissolved and allonct 

to stand tor 24 houre. This ondihd the iaopropyl alcohol to acetone. 

!h4t aolution was mde allght31' basic 11'1th 1 I so41m ~de and d1111te4 

with •ter to 5 thles its orfginal wl11111t. The acetone was stripped out 

1V ~ing the entire solutioa to a 2-llter distilling M.uk and 

41aUlled until 250 ml.. or distillate were colleeted. The cited literature 

4eaa:rlbed on iodof'on method tor the determination or the aeetone eomstant 

ot the d1st1llate, bu\ the ~lamina ~ochloride method previous~ 

.._.!bed in the pr.-es81'lt work was usecl. The quantity or alcohol so de

urad.ned 1a two trials acoounted tar ftbr an additional 1.7;( of the pro

w1tme coDIIUIHICI. 

The residue and distillate tro11 steam-diatUlat1on ot acrolein troll 

the aercurl.c sulfate reagent were next ana]J,sed for oils by ether extrao

U.OU. An aliquot of each •s shaken with ether 1n a separato~ tunnel 

and the ether layers evaporated at low temperature with a carrier gas. 

Oa1J- a slight. 1Jldicat1on ot oil was present. It was therefore concluded 

that a uglJclbl• quo\! v or prowl.ene had polJrrnerized. 

Shoe Jlelllgible 1",draUcm u4 po]Jmer1mt1on indicated that the 

~ .... •t coJWel'ted . ~ \o lly-prohct•• a teat wa made to 

4eten1ne it successive reaction between aerolein and lll8'1"curic sultate 

,.... ONIIITbg. Pare aorole1n. obtained from the atore:room was d1st.1lle4 

to l"Wft the ~ etabf.lfser. A quu\1\7 was dissolved in •tar 

u4 'the ooaoeatr&Uon determined bJ' the h7dro:qbudne hjcb oohlortde 
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...... A bown YOl:mN ot thia rianllard &Cll'Oleia aolution ne added to 

the ......- wldoh oonta1nect 5 «• llllfouric nliate 1n 100 111.. ot 1~ aeict. 

The wl prooe4ure ot neaa-difrtlll1ng tile aarole1n tnm the 1NrOUrio 

nttate aoluUan was to11Re4. The cll.sUllate -.. teated tor aerole1n 

with 1.+-ct!altropheDJ'l.Jvdruhe and.,. w.a tOIIIIII preant. Thi• ru11lt 

&hon that aarolein 1a ao reaetive tbat it ommot be rellOTed from aoict 

WUl'1c aolution before •ob ot it i• cteatro,ed b7 oxidation. 

A qvantitative rma •• llllde with a NIIPf,lt ooapoeed of S.l &• ot 

-.curio nitrate in 100 •l• ot lo% nltrie acid. The prowlene was brought 

!n eontaet with the reagent in the usual arm.er and then the reagent 1!Jlib

jeoted to st...-diatillation. The d1at.!llate gaye no test tor acrolein 

with 2,4-d.in!trophtmy'lhydrazine. lhi.c!entl.7 aorolein oannot axist long 

1n 8'ttOh a high concentration ot Dit.rio aeH • 

.l quantitative run also wu M.de tUdJtc qoloh~ and 5 g. of 

••rcnn: :le nltate in 100 ml. of 1~ nlhrio ae!.d. F.xa.ctq two 111. of 

G.1oloha:ene were adde4 to l,O 111. ot the reagent, which was •in\a1ne4 

at 90oC tor an hour. The llb:ture •s ateam-diatllled and the quantity 

of ketone produced determined b7 the hydro,:;rle.11l!ne hydrochloride method. 

l1aee there are two possible ketoms that can be produced b;r oxidisiJtC .. 

qelohenene, 2-qclohexen-1, 4-dlone and 2-eyclohexen-1-one, the 

a14-d!J.d.trophellfJ.bTd:ras1ne derivatin of the product was prepared and re

.,...u1•ect Ollae trea alcohol to d9bermne which was the main prodttet. 

the mNINMl •lthc potn\ •• 15Pa wh!bh OODlplU'N to 163°C as reported 

in the lit.a\un (2) tor the llelting point ot the 2-cyclohexen-l-one 

d..S.'t'&'1ft• It •s IIN91J8&1'7 to alter tlie prooedve tor determiatioa 

ot ......W ~ ainoe oyolohaae la a liquid. The •thod ot 

J.eda UII ~ (24) as l1Nd tor ~•Uon or total unsaturated 

compounds. to an alJquot ot the .._. diatlllate (taken after 'tiproua 



16 

•1:t111) _.. at4ec1 lD Ill. et IQ( 8lllflrie aol4 .-..w witla potud• 

nlldde. 8tallllaN potli•llll bNllate w ac14e4 1lllU1 a f"a1nl •lo.r ot 

...._ pll'8f.sW aid u ... 1u-1 1 .:t. ac1W 1a •ar•••• SatanW 

peleadaP lodSde w lldde4 url the lflteraW W1ne Utnted with 

...... NCtl1a tldoeul.tate •hs danla s.u.tor. h01I .... data .. 

-- ot .,.lehtaae and ~1.-cma. Jll'•ltllt .... ..i.JaW anl 

the -.. ot ....,.1oh ..... 1.-one •. aa d.....s..a 11T the h7*oqlud• ..thocl, 

J Ill....._. to •tatn •l• ot e.,ololt..... Tile 71el4 of ketone - 1-
NNI • Joaa1ulln •• 1d 111111 ~ ...t • .... 1e nltata. Th1a 

~ flll k.._ -....a on wem:1e nlfate la f'atr blll mt aa hip aa -

,111 .. ~ that the hie•• alfb aaroleta. ....,, h oxtdlwl 

_._ d ._ ....... 1 ...... , pr•,-'b~ the dell,le -- ot t.be )qd:ao-

•••• • t1lre kelDm 1a atlaaked 11T .._ ,,., .. _ nlfateJ at leut the 

....... ,... ._ n...,...taU.l.laUoa w a ...,. .,,.., &ppMl'&lle8 ._ to • 

Jl'NIUII of &a I ....... ]7 18lp ammal of fNe -Ai#• 
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1~ Salta U1"'0 'CbO cnl:y ~ sal.ts Ttdoh .. 1111 oxid.1.m olef1ns 

to ~f.i.Jd ~ ~J.OurAs. tbis ~ i:3 ~~ related 

to t.ba ~J to fot"m cPiPls.lmG with ol.P~ The ~n.yl ~~ 

probt\bly ~t i'.t"'Otl ~t.ion of tb& ®4~J.oo.t in tl'W PN8mlee ot 

~ In tm awe ·of cupric ad f'$ffic sat.ta, both ot wd..cm ~ ~-q p:l"Opl~..i-. tbe1'G' u no md.M111m .of -~ GOii.iP~ 

1$ ~ S01Uit4on and ffld.~ 'fdll O:d.d.i.!Zie ~ 

llae fdlUJ"e of .t.-rio irtm t.o oxidize p~ylm:le is probably mt due 

oo 10\1' ood.da~tion po~tta1.. For tbJ. r~tt.on re...· -.. F-. 

t.lt0 ;pot.ant.4.al is .o.n .its, 1'bit)h ~U"'GS fawrobl.y to potentillla of 

4-· ....... 211c ~ vo1te 

ar _.. Ba ..a.as w1ts 

... -- .....o.,i 'Wlts 
I 

lia~c tf'Jll""(ltEJ is oupmor to th& mtl"ate in p~ o.cmlein 

bat llQD!l .,... ~ '11d.ta the ~. Sand and !~ ()2) ~ 

.in 4lkaHnta sol•tion ~lf.lfin compl.aea of th!t ~)oSi:tion 

(CII:,)aet~ am. ~ .awl it:-. ~'?'ftd t.oot ~ ~· oom--

P~ ..-we ac!.clif'1ed 14th .~ ~c a.c.td ~ olefin·~ Nf;an.<Jrated. 

Dem.gee (8) iflol.ated the GmlP1S (~),j•, in ·1tbiQh 1P ~~ 

thtl olaa.nJ this oomplQX also diaoolved :r~)J" in ~e acid. 

~ indlcat.N t..~· 1D r'i!O ien~;1 tor eo:¢ait f'~~ lti.tb ~c 

~. in ~c fW1d and cm~tq no c~l Jb~tJ.on. 

!be stoiobicmetri.o eqwJ.tion tor oxidi~ t~J;l.eoo is b~ upon 

13.IIIINm'io sul.f'aa ~~ to ~. sul.ta.bh '&a ~us saltata 

lllddl is~~ o;d.di~ i~ and~ 
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st1ll at.act with propylene, aat"Ole:t.n., or c-arbon-cerbon doublo bonds. 

That it does ao is m.dent by oba&rr.l.11z .tree raerou:r:r in the residll& ru1d. 

dist.ilJ.ata of the s~stilla.tion step,. 

Maco.llum (2$) cl~ best yields ot aen>lein 'With acid caneGntra

tiions raneing .f'rom 2 to ,$ 1men mercuric sulfa·t;e eoneen:tration vas about 

25%. In the pre<Jrmt mrk 5- t 1ms: experlmsntally d-otermined th.at highetlt. 

yicld .rn.,'J obtnined in aoid eoncoutra.tions ot 1$% when ~e sult."at& 

ms !>resent in 5% concentration. 

Ilerstein ~nc.mded sweeping t11& am'Qlein out o.f t.h~ reaction mix

ture ifitb ~ pl'O!':,Ylene at a iampex·ature o£ ~-1os0 ·O. This does not 

seem. 1~erisonable, since acrolein is not formed in an:, o.ppreeia.ble quanti ti• 

during t.he hooting of the ;rq.,1gant, e;t 9r:P a. for an hour but on.1y a.rte- tllS 

reae~nt Io subjected to st.~m.;1 dint.iJ:lution and 10 to 25 ru... of distill:,ita 

,,i;...Y'1.l collected. There ~)eat"s to be no ur:.ll!Cial. adrantage to absorbing tll6 

cydroearbon in t,he rrKigont .:1.t, cm:y ~·~..z·tieul.:u· tempa2·atul>e belcnv 90°11 but 

it ,;uol't ho :possi:ble that etteotinf; the abooti,t.aon and 1•ea.at.ion simlllta

neou.s};y at abcn.1t 105° C. would decre..:we oons,,:..~t.ive o..'ti.®L.ion oi.' tlJM alde

hyde U:.ld tll"'9 increase yields b!ltaed on hydroc,,U'bon. 

L'ifing t.o th~ low yiel:} o:l ac:rolein ( 28t :m~ lmsed Q?1 )ropylena 

consumed)• the ~rcuric oolfdt.e process does ~v..>t. ooem eoo!iwud.c.(Lly 

feasible £or comi.nerd.al ins talla tiou.. 'l'he <Jaif>ati ti vo ])1""008SS i nvo J ving 

vapor-phase oxidation of olQfins wit.b air over silver saleuit,,,-s p'r>I);;)'.;)ood 

with cupric OJd.de {$) appears much more attraotiv-~ and. in .ceoo.:imanded 

!or .further s~. 
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mroa: 

The umv or ftftOUII bDrcalll* ..ita to oxldi• ........... _. 

~-to unaaturated aldelqdea _. -'••• bu 1NJ9II ~. Onl1' 

wom, salt. have this propert:, t ll8l"GUr1e aal.ta'le being wt et1"eetlw. 

QuantitaUTe 7ield data are pt....ted tor the OODl'C'llion at p.ro

Rrlw to aero~ iaobnylene to mathaGl'OW.. and e.,el.ehmne to 

~1-oae. The var1able • S.estipted wre oonoentratl• ~ 

1,1 .. , eal.t, ocmoeutrat!.on o£ ao14• ad the temperature o1" th9 abaorld• 

x ., a. Det.end.m.tion at II01l8 bJ'-prodllfta is al8o Np>l"t.ed. It .. 

U01111 that the law :,ielcla bue4 oa ~n an due, not to hJdra'lloa 

_. polymeri•tion 01" "1ut 01.n.a. wt to ........ :d.dat!on at either the oar

NJl'l group or the doable bonil. 

The law eonnrsiom 01" hydrocarbon to carboJVl 0011pounda, ~ h1p 

00ft 01" 111RGm'iC salts U oxidants, &DI! the 4f.tt1eulV of regeaeratine 

wnrio nl.1"ate ooab1nll to render the irow• o1" little oomaereial 

JINllf•• 
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