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nur1:ng Wotld · wu tl -• nw iJUJ-,ticid•, · Dichlor~pbienfl• 
I 

t.r1ohloroetbane; · ·cowr.only known _ a, OD T wae _ introduced:·. fbe 
·,,_ . . ' 

synthe11i• ot DiJf coneilts $I t.he-•eondenaatton ot oblorobenaene 

·witb ebl<tr~. Prior to 194, tb~:r-e 'WI~ little \la. tor chloral. 

•ther tb-.n fo~ biological. ne.eaNhJ the:retoro., it .,.. oal,y 

neceaearr to pmuce cblaJ-al on-. 1m/Sl..l•bat.~ bu:w. However; 
t~• <ttmand tor DDT by tl'ie U\lte4 f'•c,ea. bee.- ac> gnat thli; tt. 

was nec.eee\U7 to pi"od.uc• thlOJ'lal in, 181'1•. q_uantt tl••• p.tdert.lblJ 

· .on~• eontlnuoue ~ucuc:;:n 'oatie. · The mot1thl,: c(>neuraptton ot · · 
chlot-41 ·now avo'°q•a over 1,,00.000 p~nr!i-. -

A eonsu.l1tl'&ble -•ount. ott J"e«ifjd"Oh h4•-bJton ei)nducttd in 

the Unit- State,, ~"JS w~.ll; lf.S in G~ei!l\ l1t!t·&in a.itl 0-.d.a, qn tb• 
:•. 

c>pt~ conditions :requ1Z"E4 tO'lf tht•_.pf6p1/li-atio;t1 -of ehloJ'al, · wt 
most of theae na•anb ~•eul\11 have not been ·di,aolosed. ·One or 
-the known proc••••• now in ~a• tor t.he pf'Qduc t.ion of ehlo.ral 

conattts or tbe ohlori.Di.tlon al •th.ll altohol · to to.rm chlor-1. 

alocbokte. To rttlt\Uo the •hlol"ll ff• the chloral. 11.eoholat• 

. • · e(tUiv.alent. (lUAntity of 96:I sulfurtc acid 1e J"eq"-u;ect. Aetue.11" 

vef'1 little ~£ the a11fulio' ac14 $.a noovend.. becauu• th• 

,ecl•&tio:n ()t euU'urtc_ acid 1~ 'both tu.mbtH'th!Jme am oc:u,,tlt• hr• 
. 1 

\humo.,_, ihe uoe et ethyl ,11.eobol. J.nvolu, . olotJ.e, 8(i>Ve~sti. 
; 



Anoth€Jr method that hcis been used fcrr the p:roduct,ion. ot 

chlor·.al is the chlorination of aeetaldehyde :i.n the li.quid phase; 

that is, by keeping the temperature below 21 degrees Gentigr,;ldf1t 

'11he flew of fluids is more difficult t0 control. tn a chentLcal 

proces~ than ir:. the flow of gases. Stn,ce bot.'h aeetaldehyde and 

chlorine are gases at room tem.:peratur.e, an investigatton ef the 

feasibility of cblorimtting aoetaldehyde in the vapor phnse eeems 

to warrant an. investigation. 

l'he purpose of this investigation is to undertake v,ipor 

phatie chlorination of a.ee.taldehyde tor the p:ro:J:uetiori of chloral 

and to determine the effects of variables on the yield and qual:tty 

of chloral produced. 



... ; ... 

libtoa; 

. Oise0\i"e!711 CbloJ'al WM ttx-st: syntheaited by Liebig(~O) in l83i: 

. while .he was E1onducting e-erimente on ·the ehlorin~tion ot eth7l. ·aicohol. 

In 1834 Dumas(4.) veritied Liebi.g's s,nthesie i,m fur-n1$t64 qu.etitativt 

di!l.t& tot' the pl'Oduct.ion of chloral. by tht ehlorination of ethyl al.¢ohol. 

st.adeler(l<J) .f$ctudie4 the comi:iosition ot c.hl®J"~l in 1847 • · 

.PgsielogiQ'~l .P:omt1;·&!!• · It -w~-:aot. 'tlntil 1869 ihat· Liebrich, (ll) 

!nt,pired b~ Liebig' a o~s.,r,v-atiori th$t ohloi!"al 7ielda. chlorofori~ under the 
. . 

ini'.lu.enee ot . alkali,, £01;'!• t~ idea of $tu4ying its pbyaiol,ogleal 

action, with -hope that the small amount of alkali 1n the blood W> uld bt 

$Ulftoient to et:f.eet thf, tf'anstor.m~tiori ot tbloral int• chloroform and 

t'or:mi-e actct., with the result that he discovered the int.ereating i!lll<l 

"' ""' t. ,If ""'", • 1· 'iA--1 ·u..,1 ~~1· r· J>."i . -~"\ l:'2 I.. . A ,o....,,,., t· (7} Uuexp..,e el>;\ P~v SJ.O · og .,a.a., ca-....-.,4.... es O • ·0I14-0l"• • uQl'fl;QC:n. allli4 h(-er- Z 

found t.hat chloru was also a hypnotic .and an antipyretic. In 1905 
(18) Rohde · studied the action ot cb.loral on the heart •. 

C~icu Re~tivit;r. The Vdt- J'&nge .of ,oompounds-t'omed. trom e,on ... 
'-

densetion nMt.ions are tom in the litera,tu~e which iuggeat that 

ehlo.r-a.1 is, V.tif1:1 react.iv~. It. reac.rt.t with pb:enola, a.lcohole:t acids, 

various base:s, ao al.eo with reegents lik.a 1aydrogtn sulti<:l:•, hal.•gens,. 

phosphorous halide$; eyaniciee, e;rana.tes, am oxidi~ing. $;gent&, With 

aldehycies ~.mi ebl.ora, an aldol type of eendensation takes place. 

Koi1mig;/9) obtained from cblo~.u a:nd par$1:de·h$'d.tI eblor~ aldol an:i from. 



bu,t7l ehloral, paraldebyd$ butyl ohlo~~. .In th$ presence ot J)yridine,. 
·. . . . (2) ,· 

sulfuric acid, o:r aluminum eblol'lde Soeseken and S¢bimmel · obtained. a 

polymer, 

Inee:.cttf.t~d,1l froeertie •• ln 1'74 Z$idl~ ( a;3) condensed ehloro-

benz$,ne with chloral to ob\tdn di;.monoebl.cHrphen,1-trioblo:rethane. Thip 

c«npound was .fo:rgott(m. until 3. f@w :renre ago when Millc.r., a researeh 

worker for the J. R. Geigy Company ot' Ba.sle, SwU;.z.-land, in routine 

teeting o.t· a number of foPmulae, syntheeaed. tb.o product .trom Zeidler•s 
' . ·, 

account of bis .early work in t.h• proceedings of tbe Cerman Chffltical 

Sooiety and <i.iscovered · its 3\ll"pt'ieing:1¥ gc,od inteeticidal properties. 

In 19:39 the Geigy Comp~ny in.1ppl.ied a test quant.ity of the material, l~ter-

:.as$igned the 1:,.ratte name 0.t "Ge$aro1"; to D:r. a., Webm1an tor use in exper• 

intents d.esipd to control the Colorado potato beetle on the Sm.$$ potato 

crop •. Hie e:xperil'lu.u1ta.l 'lii)f'k confirmed the Geig timings as to . the 

inseotieid.al valn• ·of thia remarkable .,Il';lpound,., 'fod.,\V thi$ co.mpound ie 

kno-m ae DDT. In l.94:3 Mulle:r(l'.'O was given a pawnt tor the use o.r DDT 

as an in•coticide. 
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Chl.orinilltion. of. Ethyl. Aleo1t-0l. 'l'hi!l production of ehloral by the 
. (3) f4) (6.) (10) (l,i) (lA.) (;20) .· chlorination ot ethyl a.leohol · · . · · · · · · · · · consists 

o.f passing gaeeous c hlo:rine into an enameled vessel containing e 't,byl 

alcohol, Page(l4.} at1ttes tba,t a lll:rge yield is obtai."led when the 

~eoho1 used for the preparation oi' chloral is treated with a t'ive per 

cent solution of ferric or thalli,.un chloride previoU$ to ~he introduction 

of chlorine. The re~tion vessel m.ust be fitted 'w"i.th irroernal coils for 

hea.ti:ng ,fHli cooling rod a. me~ provided:. for d.ist:ribu.ting the ehlorir1' 

Urroughout the alcohol, Ttie 01,.ration requires ai»ut ti.ve day$. DUZ'ing 

the first day, chlo:rin$ is p~issc1Jl. into•the alcohol ,'lt 20 to;~; degreee 

Centigr1?A.e. On the second. di'i!1 ·. the temperature i$ inortaaed. to approxi-

mate17 50 d:egrees Centigrtid.e. J\1her1 too liquid has n specific gravity of 
.,, 

49 degrees Baume the ffiil.Ud:mum a:aount of ehlortU. alcoholate h~s been f.'ormed.. 

The side products formed. are ethylidene ehloridf! 1 ethylene ehlotide, ~nd: 

chloro •ethylene chloride. 
(17) Cr¼lorination ot Acetal,dehl§~• Pinner and Kraemer ·· studied the 

action 1of chlorine on liquid acetaldehyde. O.hlorin& was first passed 

into acetaldehyde, initially o:>oled in a t:riaezing mixture, ancl only 

heated to l.00 dE!grees Certl:,ig~11de at the end of the reaction. The first 

few bubbles cau1:$ed. the sep/,Ji,:ratien. ot a small quantity of solid metal'!I" 

dehyde. Aa the retr:1.ction proceeded the evolution o:t hydrogen chloride 



complete tt the end or· twenty~!our hours.. The main proouot d.i.stilled 

ove.r between l.6 :3 .i:uid 165 dei:roes Centtgrl!:!cle 1md proved to be erotonio 

chloral.. !htnm,/ 15) late:r det:e:rri1lned t.htl.t it tit$$ butyl ohlo:r..u run not 

t. . hl 1· 4 1· . 11'!· . • u (17) ··1 • -~1 ero•.·o.n:te _e .. •ora• as previous. y stcat.ed. rirmer am i:iraeruer · ·un~ 
/ 

the fo1Nnation of butyl ehlor~J. by the reeult$ of Kekule who showed that 

aeet<:\l.di:thyd$ is r,;;t:,;ii,ily converted into erotof!::Lg aldehyde by the action 
. . . . . . . . · .. · . ' .. ( of dehydrating agents. or which ~rogen chloride is one.. 'fhe hydrogen . . 

ehlorid,e was fo:rrned by the m.:c_tion or chlorine on aetteJ.dehyde. Pinner 

( 16) tH.1.:rried out .further ex.pari:lnentrition mt h the idea in mind to eliJ.ni• 

nate the hydrogen ehlo:,rtde ~e i"u.st a.s it, is formed. 'fo do this he added 

marble chips to moist aceta,ldehyde,; the greate:r proport:i.on f.:lf the tie .. 

etii.lldehyde w~s' oxidiz&:J. ill tbe presence ~.f the w,iter. Fifty gl"'t$11S ot 

• aeet,,1:ldehyde by thfo trer<ttment yielded 1.5 to 20 g~{ims or a distillate 

bearin~ the chnrncteriBt.le$ of ehlol"al .. 
( )2) . 

l:furti. ~nd Vogt ·-·- tonelu.1: ed th~t flthe reaction of ~eetaldehycli 

,md eblorine :reeult e in the t'ort%\tion of aeet:rl ehloride a,$ tbe al,d$hyde 

gr~uping is a. ttaeked.. However, t-dle:n toe aldehyde grouping in acetal• 

d:ehyde is repl~.eed by cm.1l(OC2H;), by pP1s.si:ng 11 eutr~nt of hydrogen 

· chloride into a mixture of -1'/l:baol.ute 1;1.leehol ;a;rd acet.aldet:~e, the a.~tion 

r. 1..1 ··1 . i t·1 ~- • ~/4 • -ii t 1~c-·1 cu(OO,,ii_r; -.. o cx1i or ne "n 1e pre,enee o. l.=1ne ia.:ve lC-,dlle o v 3 n(cl 4 J.,_ ~11en 

heated with water this tetra ... chlorina,ted ether- was :readily eonve:rted tc» 

chloral. 

cc13cHlg~2Rs + H2o --+ _ac1 .. co13oHo + c2M5oa 



.. 7 -

. . (OOali~ ohlar ... li¢etid, CCl.3CH(OC~H,•. Th(l: r:ot:tori of sulfuric 1.1oid on triehlo:r-

aeet.;.u. yiel(S,ed ehlort,)l., The tetr~J•}•chlerbL1ted ether alto gave ethyl 

chloride .1lnd chloral when distilled with sul:furl~ 1,,1eid. It i8 · b;r these 

su¢:cee.~iive eht~nges that ohlQr~ :;La formed in the ordin8:ry process tor its 

man\lf aeture; 11amel.y, bl p,aesing ehlorint ;into ~thyl aleohol. 'fhe we.tel' 

neeeasary for the decomposition o:t the tetra-ehlorinf:i,tsd ethe:r reeiults, 

indepen<l~ntl.y of that which ff).13¥ be present in the alcohol, from the uction 

ot byarogen chloride genera,ted, upon th~ alcohol and a eetaldehyde .. 

The acetold.ebyde was. form~ bu the t,,etioa or 0blo:rine on alcohol, 1:r.J:t it 

did not acoumul~ite 1$ it was at once attacked by tht, alcohol and hydro-
. . 

cbloric itcid. Front the preea(J.ing explanation it should' be p<>sslblc te 

$1.::tbst.itute water for r.1ileebol.. lJnder such eiroumstances the .formation of 

the CQnpCUnd cn,oa~ is eotwu,ivablth This oomp,eund corre$ponde to mono• 

chlorrinr,,ted ether rind IRtiY bi;f reg,!l.rded ns t'he, ohlo,h;rdrin ot et.hylidene 
0 r • . 

l. . 't c·.r:r. c··H( OH .,,. . ..t- . II 1· . g 100 ... , · "'.3 (OH, Th(, ):,,c t.ioi, o;;; chlo:riue on such ,':\ e otnpounn should. y"'e d 

chlot~l •• l'11th this point tn mirV1 it is It f ~~t. th.at ehlot?.>J. is ~$4:ilf 

f e1·med in notable qurint.ity .. ;,hen ohlor:i.ne i~ pasl?ed into ,~ e¢ol.ecl m:bcture 

or aeet.aldehyde (tr.id h7{1rog~n ehloride~ c;:r even of >0tetaldeh;yae and watel".u 

j!q,eo~z. Willfa-Iria<21) ad:v,,line9.s tbe following th$or;y on tne cllJ~ox-i .. 

n..ri.:r,ion or ~,cetJ9.ldehyde. nThe :r~,~otions of iilfletritdehyde with the halogens 



HR 
I I a-c;c ... o .. a 

II 

Either substance ma.y ehange to the other by shifting ot a hycil:,-oien 

a.torn from earbon to ozygen; or vice versa,. Such a change as this may take 

place spontaneously in both direetio:ns, maintaining an equilibrium. 

The chang~ from I to II ia analogous to that which takea place in ·the 

· aldol condensation. The O+M 'bonds in the methyl group ·are weakened by th~ 

influence of' the carbonyl gro~p, and an addition to the carbonyl group 

takes place within the one meltoule'" The change from :t;i: to I consists ef 

an intra.molecular addition of a.n alcohol to a C=-0 linkage. 

Alkali, it present, will react with component II, beoauseot ite 
., 

HH 
H, • .;c.;6-0-Na 

and this will decrease the am.aunt of eomponeat I in the mixture,. 

I.! sueh an equilibriwnmixture as has peen dea,eribed is tre~ted wi,th 

chlorine, the chlorine will be added by oomponent II wnieh has doubly 

bonded carbon a.tom.a ·in ite stNe't .. ure, beeause,, as has already been noted, 

addition reae~icme of this · kind are mu.eh. :f a.ster and take precedence over 

substitution reaotiont. 

HH 
H-C=C-0-H -i. Cl2 

H H H H 
H...6-c-o-M .,. H--c-c-o• ci c1 · ci 

When a ehlor:ine atem ar.d a hydroxyl group become a.ttaehed to the . . 

same carbon atom; the eomoini1,.tion is u.nst.able and hydrogen chl.otide 



breaks oft. This reaction is especially favored by the presence of the 

alkali which immediately neutralizes the acid~ By this t•eaction th~re ia 

.formed a chlorine-substituted aldehyde, which like a.cetaldehyde itself 
' should exist in two f'orms·as indicated; 

RH 
01~-~~0-H 

This unsaturated .form may then add on another molecule 0£ chlorine; 

and the formation of dichloro .. a.cetaldehyde. The proe~ss may repeat and · 

form triehloro-acetaldebyde. When acetaldehyde is treated with chlorine 

under these conditions, triehloro'."'aeetaldeeyde or chloral is actually 
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C$,taly:sis in the vapo:r phase cblorinait.io.ti ot ~cttal.dfJh3,idt. 

2. To deteru1:iue the yie14 ~d (lu0..ity or the c;blorinated derivati:ves 

p:t¢dUee<i • 

The plan of this investigation ia as to~owsl 

l. A review o:r the l.iteratilte will be cenduoted in order te obtain 

2. Design and eo-nGt.ru.etion of the exper:bnental apparatus. 

3• Developlll211t of tne proet$s t!l'i determine the effect ot: d.1:t'i'el!"ent 
'. 

tatalyets en. the vapor pha.se thlorination of acet~dehydt with .an in• 

crease in teiiperatu:re and concentration of re1etant1h A summation ot 



· a. A .series of tl(perim.ental tests wiU be eonduet~d using the 

.followi~g conditions.; 

Qat.aly8i 
Concentration of 
x-ea.ctants 

Test 
·Nwnb•.r 

l 
2 
3 
4 
5 
6 
7 
8 
9 

10 
ll 
12 

none 
Jl0ft8 
none· 

acti"ated. carbon 
activated carbon 
aetivated·cubon 
aluminum chloriu 
~uminwn chl.or14• 
a).u;minqm chloride 
.tetrie chloride 
terriochloride 
ferric chlo:rid• 

f!on-V§r1a.nta 

fQt al rat• ot flow ot 
c·i-.actante ... l.00 liter$/hr, •. 
time of each test - tw~ h¢uts 
Preest\re - atmospheric, 
teinpe:t-ature "" 30 de~ees c •. 

Oonc. of reactants (v:oJ.%l 
Cblor.ine . . Ac'1.aldehyde 

67 
75 
80 
67 
75 so 
67 
75 
80 
f:l! 
15 gc, 

. . 

b. A series of experimental test$ will be conducted aa in, fl"• 
above with the exception that the temperature ot the . test Will be·::in:~: 
creaeed to 55 ° Centigrade. 

c. A. series ot experimental teats will. be conducted as in a. 
abQve with the •xception that the t•mperature of the test will be i~,-. 

1· 

creased· 1;,o 80° Oentigra.d• •. 

d. Tbe experimental test giving th& best results in series ••, 

b • ., and e. above will be 1i1se<ii as a. basis for making tests with tbt tQtal 

rat• of now of :reactante increased to JOO liters p~t-· hour and J.000 
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The tallowing m,1:t.eriaJ.,a wer~ used during the investigation: 

!«tf.lt"'1s!.ehj'df,?. l,'.i.qu.id., 99P5 p1,,1:dty, ,30 pound,e. Obt~dned ;from. 

Unit~ Sta.tea Vanadium CQl'P•, Niiag,•Jra falls, N. Y .. 

Chlorine. Cylinder no. 98, ()<?.;% purity, 105 lbs., $4 l;b/sq.in. 

( S69 ·. e,1.. ft • .). Obt,-acined fmt: Matheson Goi;i:pan;r, Inc., E"i,fJt RutherfQt<l,, 

:w" J. 

Sulfuric Aoicl. c.P., ts.,% ($p.gr. l.84), lot numbe; 122$4,4,. 

Used, in the u...:tube different5.al manomet!l;ir ;end in the atmospheric expan-

sion flask. Obtained f'rom the J .·r.:aatex-Chemical Comp:l'Any, Phill.ipe:burg, 

M .. J,. 

pnGni~ Hzdrozi.r:id•• 28% solut:ton. Un(:ad for <!l.eteeting ehlorin:e 

le··C:ks :tn t.he equipment. Obtdned t'ro'l'a the ClilEmistry Department Stock 

Room., 

, §oz . O:i:_~. Hefined. Used as, a roeditnn in the chlorine preheat 

bath. Obtained from I.F~t.aueks, lnc. ,, Portmnouth, Va. 

,g,~gium Uy;droxide.. F ellet.s. C .P. , lot no. 82246. Us$d to p;repare 

.a test aolution for hydroehlor.ie acid determinati¢ns. Obtained fr,om the 

J ,T .Br~ker Chemical. Company, Y'hillipebm'g, N. J • 

Pot,¼esium. Acid Pthalat!• Granular, C.P., lot no. j90jll. Uaed to 

fl:taooarttize sodiun1 hydroxide solution,~ Obttd.ned. trom the Colema.n and 

Bell ComrH:.my; Norwood; Ohto. 

tv{etnzlO,rrngth Powdttr, C.lD •; Ue:ed ae ar1 in1Ucator fer hydro,,. 

cb.lorie a:eid determin~:t.ions. Obt.dQ.ed from Phipps ~nd Bird Company, 

Riehm.om, Va. 



Feld?Par. Crushed to pe.se through 8 mesh screen and retained on 

16 mesh screen (U.s. $t~nda.rd sieve). Used a.G an. i.riert .tiller in the 

rid.e. .. Obtaine? from Seabosrd Feldspal:' Company., Moneta, Va. 

Aiuminunt Chloride.· Grtinul~, anhydrous, c~P., lm:. no. 41776. Used. 

as a catalyst for the reaction between chlorine and a.eetaldehyde.. .Obtain• 

ed from Merck and Company, Rahway, N. J. 
' Ferric Chlox-ide. Sublimed, anhydrous, c.r., lot no. 463957• Ue~ 

as ,a ctatalyst !or the reaction between ehlo:rine and. aeetaldehyde. Obtain ... · 

ed .trom Eimer ani An1end Companr, New lore, N. Y. 

Act:iv<!'tted, Carbon. Granular, size 4xJ;O. Used as• a cat.P..lyst for the 

:reaction between chlorine and aeetaldehyde. Obtained from Glifls-Dow 

Chemical Company, Marquette, Mich. 



Acetaldeh;yste Bath.. A tifty ... five gallon drum was •cut in half acroe$ 

the verti<'.Pil axis.. Into the botton:i of the drum was f.itted a 200 watt, 

~?'.30 volt immersion her,,ter. 

Reaction-Gases Condense:r. The ~ppara.t:us used as a condenser for 

the re~ietion gases was eenst:ruet.ed as shown in drawing no. 1, page 26• 

'l'hei he,el,t exeh~~nger w.ae .t.mhrie,ated from ?mm Pyrex tu.bing ani consisted of 

ten lengths of 4 .. foot tubing welded togeth~r am bent at an angle •of 

175° every three .feet. The condenser bath was constructed i'rom 24.,.~gauge 

galvanized. iron which was 'braeed together and placed. in a. frame ot 3/411 

ans;le iron. 'l'he alze ot the bath was .3011:x4S11Jt6n. 

Hyc!rosen Chloride . Abs.qrber'. A 4--:t oot le.ngth of 37mm Pyrex tubing 

placed in the vertical position was used as the hydrogen chloride ab• 

sorber·. Each end. of the column was fitted with a no~8 two·-hole rubbe:r 

stopper. Glass 1narbles l/.2" in diameter -w,ere used ae packing in the 

colwm1. 

.Reactor•Jh Pyrex tubing 48mm in diameter and 14 inches long wa.a 

used as a '!'eaeto;r,. Ea.eh en.I. of the reactor was !itt~d with a. no.10 

rubber atopper~., Det~l.s of' ·the apparatus ~re shown in d:rawi~g no .. 2, 

page 27 • 

Rea.eto:r .. B.. Pyrex ttibing 34mm in diameter am.' 8 inehee long wa.a used 

in the e1.-1;ae ot re;'.\eto:r ... n. Into each end of the i-eaetor was inse:rted. a 

no. 8 rubber stopper. A d$tad.1 drr,iwing of rei,etor-B is shown in drawing 

no. .3, pa.ge 28. 
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Chlor:i.ne Preheater_. 'l'he epp1;il'.'S1.tus thttt was used as the chlorine 

prehe61te:r ie shown in detail· in d.r,iwing ne, .. 4, page 29. The heat e:t-

ch.9llger Wli$ fabricated. !ro:m six €Ind one,..ha:lt' 4 .. f'oot length$ 7 mm P;y-. 

rex tubing that were welded together and bent. to fit within the preheat 

bath. The preheat bath was eonstructed from a recta.ngula:r., five ... gallon, 

g1:1,lvanbed iron c~,n -which had been lagged with -. i" layer of a.sbeetos .• 

In.to the end of the bath was in$erted a. 1000 watt, UO volt automatic 

Cl\lorine-Pressure.Stabilber. A 2000 ee, three-necked .t'lask was 

used f-)S the chlorine ... :pre$~lll'e sta.bilie.tar, The cfl11te~ neck was titAe(i 

with a no.7 one .... hole rubber stopper through whioh ~a.$ inserted a 3-foot 

length of &nm ·Pyrex tubing one end of "4hich ex,tended to within l/8 11 o.t 
the oottom. The other end ,was <:>pen to the .atmosphere. 'l'be flask cont,ained 

400 cc or concentrated $ulfu:rie acid. 

,l\ll1;1J1ometer. A u ... tube d:i.fferenti@l. m,imometer wa., constructed in the 
I' 

labora.tory from a ;z .. foot li~th ot 7 mm Pyrex tubing. 

Rot,am.~ter. Glass, size l.•R, etched ae.ale Q ... 2.SOmrn.., drilled qti.t 

aluminum rotori ue:eo. to measure U1e rate of fl<>w of gaseous acetaldebyde •. 

Obtii1ined from Schutte and. Koert.ing Company-, Philad.elph1-i; Pa. 

Time£• Preeis.ion ttT:1me .. it'1, 100 volts, 60 cycles, tentha of seconds. 

Used to calibrate the ehlori.ne manometer. Obtained f'rom. Precision Seien ... 

ti!ic Company, Chicago, Ill. 

,Bala.nee. · Triple beam, agate, beerings. Used for weight detennina• 

tions. Obtained from. the Chemical Rubber Company, Cleveland, Ohio. 
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Seientifie Comp&ny., Pitt.E1>b:urgh, Pa. 

Electric Sti:rr~r. (two) Motor dt-·iven., variable speed, rheostat 

controlled. Used to agitate the oil in the chlorine preheater ani the 

Oven. Electric drying, 110 volte, · 600 watts, range 3$ to l&l d. egrees -. 
Centigrade,. thermostat controlled;. n<:>. lQ0•.2761. Used £or drying glassware 

anrl catalyst $am.plee. Obt~1,ined. from Pr~cision Scientific Comp$ny., Chicago, 

Automatic lfenter. ~raion, etalflless steel cl~d, length of eleme!lt 

12ft, 115 vqlts,. 1000 watt$, maxirm.w rated temperature ,3,0 degrees F ., no,., 

3•589. · Used to heat the ehlori11e preheat.er·. Obtained from American In ... 

tured by Seede:re:r ... Kohl'buseh Ine., Jersey City, N~ J. 

Aspirator, (tilter wwnp) Br,re~ss, side arm and water outlet serrated. 

Used to evacuate chlorine t1nd .eieetal.dehy4e tran the .sy,stem a.t· the end ot 
a run. 

Used to he~t the acetaldehyde bath. Obtained from General $lectric Com-

pany, Seheneete.dy, N. Y. 

Valve. Non ... automatle needle, no. 51., eonstru.cted fr'OJn cold rolled 

steel, silver seitt and needle. Used to control the rate of £low of' ehlo• 

rine f ~om the eylirder. Obta:ined from the Matheson Company, Ea.st Ruther-
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Jar. Narrow neck, sot't glQs, ~~aeity five gallons.. U$ed to col.,.. 

leet the bydroehlori~ ~cid. tonn~ in the hydrogen ebl.orid• abeorber. 

'l'hf'ee ... )Jecked Fluk~ Pyrex, 2000cc ~a.pa.city~ U~ed as a p:r•ssure 

stabiU.zer for ehlorine gas leaving t.he. tflizd.er. 
. ' 

'ru,b?,y~ Pyru, 7mm outs,ide di.mneter., 5mm ins14e diametet",. iao feet. 

tf.sed to pipe the gaSe$ through _the syetem. Obtained from Fish•:v $eien; ... 

title Cempany, Pitttbu:-gb1 Pa. 

Valve. (thX"ee) 'Needle poin'h 1/2°1 globe with brae:e point, e.at_. no. 

120. U aed to ·regulate the flow ot chlorine and a.cetaldebym.e through the 

system. Obtained t~m the Walworth Com,p.anr, New· Yetk, N •. · Y. · 
. . 

frt:totio91tion. Co+wm• fhe column was· constJ"Uoted from • 3~tcot 

lengtn . of 10mm PJr!!lt tubing that W11$ welde<l to a eendenaer tube ta feet 

long a'fld 10mm in diameter. To the' tlat'ftd end ot the eondenset' w.ae velded. 

a six-inch length o.f 7mm PJ'ru tubiq t.bat s•ned at a aide attn. Tht 

t±d.e arm was inserted into a 24,0mm U,ebig eonderu,er. The column: was, p111ek• 

ed with· Smm lellgths of 5mm soft glas.a tubt-~ !he lower part or the· col., 

·umn was ericas.e.d by a tou:t toot length o.t 25mm P7r• tuld.na wbich had been 
wr$pped. r,.r.tth ti£ty, .. t.ive· te~t ot nq. 24. nioh~ wi:n • then· covered. with 

a one .. :tnch lqe1- of . asbestoi lasging. . The upper section of the column nt 

encircled bf a one .. foot length ot .riwa FJi-• tubing which sewed as a 
dephlegmator. 

Beaker•, Etlenm.eze~_ Flleks, Liebig Condense.-e, ple13e, \,:fBo•u . 
'.l'ubingJ 'l'hermomet~l'B, an! v·ariws Afs()1"t,~ Glia$s,are wd obtained t',:tQlll the 

. Chemical Eniineering Depart.men:!:, Stock Room. 
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Calibration of U-Tube .Pif.ferential Manometer 

the ratt:< of f'low of chlorine through the orifiee o•f the manometer 

eond:tieted at ;25°c • .r,t :i,,.1:dch te111perta;tur$ the $olubilit.y of chlori.":le i:q wa ... 
. . (1) ter is o.64'% · • 

The following proce.d:ure was used for the calibration of th" U.-tube 

di!ferenti,?.l 111.enometer: 

legs of the m,;;1nomoter. 

3"' The needle valve attached to the cylinder was opened and the 

system allowed to fill w'lt,h chlorine, and reach a constant pressure 

diffe:rentfal between the level 0£ sulfuric acid in each leg. 

4. The pressure d.iffe.rential w~e;. adjunwd.. to the de.sired level. 

Differences between the levels in the manometer legs were tested at 

5. When the preeisure diff erentiw. fujd reached a. constant level a 

liter of ohlori,ne ... sat~ated W$.te:r w~s c.U.t:iplaeed from a volumetric 

tlaek. The time required: .for the dieplllcemeut was. recorded. 

A Oc1libration grr«ph for the chlorine m(~JJometei" ie shown in t:igµre l, 





Tb.!l :rr,t.e. of f"low of g;']~seous .1eetaldehyde through the rotr1met1s,r was 

m,el'!,B1uroo by c ondens.,~tion in tht; ?:>ei2:ction~g"1ae8 eonde~ie'r ~,.!.id, ~t we1.ght de• 

tel".!ninr:1ction of the litruid teet~ldrehyde eollectem at the encl of one hour._·. 

Th@ procedure used for t,he C,!,l:tbr~tim.-:i:. o:£ the rotameter was aa follows: 

1 ~- The outlet €!i.d of the :rot,mettt 1,-:1s ~onnected rUreetly to the :re- . 

mc:ti<m-g.,ses oonde.nseir \4hich hr.id ,tr\ erlf;rnt:e;re:r flr,sk of know weight 

d;,t, eheo tc.l its out.Let end. The ,e:rl(Fnit.~y~r fl~lsk: was immersed. in a 

w-~t,sr b~tth rnni:nt,iiined 1:it 15°0. The teripel!"atu.re of' the W$1.ter in the 

:reactian ... g1,•,ses oonde:n.$le:r bath wtts const/Si.nt .Iit 10°c. 

~. Tbe liqa.:kl a.eetaldehyd~ eont.m:tner waa heated. in ti water bath, 

m.t:iJnt,:i:inod Ett 30°c., for ·one hou:t ,r-:rior to ttte time when the cal:~-

·or;;i.tion wa$ conducted. 

:h The g:ate ve.lve .rxid the ne$dle valve ~ttaehed, tc the acetaJ.dehyde 

eonta1ner we:rt opened and the system filled wi~h aeetaldehyde,1 and 

the :rotor wa.$ ~lowed to re~,ch a constant rtJading on the et.ch~ 

se,,;le of the rot1,imeter~ 

4,., The height of the rotor wne adjusted to the dtsired level. The 

rotor wJls tested. -61.t l~v~l$ of 10, 50, 100, 150, c1.ni ;~oo millimeters. 

$. Th$ liqum aeet!illd.ehyde that wa..s oolleeted a:t the end of &ach 

t0st ~,ri;S weighed: ar-.d eonve:rted to a ;,;ol'Uttie basis. A c~ibrati.on 

ch,zll,_rt for th~ rot~met.ex- is shom in Figute 2, page :u. 





~roeedure .· £or Flow of a~~:ses Thro!4b s;y:st$ 
- .. ' . ••' . . .- ,. ·- . 

iron :ring r,tll!ds. 

'rhe chlorine from the cy:Limer pMeed through ,a spacial needle v,;\lve 

and then throogh 7mm Pyr~ tubing into the p;ree&Ure stabiliz,er which smooth• 

ed out small pressure ehSU1gee trom the cylinder. 

The outlet end of the pressure stabilizer was connect~ to the \.J•tube 

differential manometer which measured the rate of :t'low Qf eblor1ne through 

the system. 

From the mano111eter the chlorine gas was piped through 7 mm Pyrex 

tuoing into the chlorine preheat.er. The .soy bean oil bath was igitated 
. . 

by i9tl ~lect:rie e tirre:r and contained a thermometer .tor temperature me$.s .. 

urement. 

The outlet end of the chlorine pnheii2:t.$r was co.nnected to 7mm Pyrex 

tubing which piped the chlorine into a thermolllet.er well at which point 

the teinpers;ture 0£ the chlorine .ga,$ was nte~su:red. 

From the thermometer well the chlorine passed into the reaeto:r where 

it met the incoming acetaldehyde. 

The o.cetaldehyde, in the 1:iquid st.ate, was contained in a galvanized 

iron drum which foid a capacity 0£ thirty potttlds. '?he a.rum was :itnmersed 

in a eonsta.nt temperature water 'bath kept at. j0 4C.h Th~ gasified acetal• 

dehyde was controlled by a 1/4n needle v;alve into 7mm Pyrex tubing through 

the rote.meter which was ueed to me.asure the rate ot £low ot gaseous aeet• 

aldeh)'de through the syeten. 



ree,ctor where it m$t the lncomi:r:ig chlorine. 

When re~ctor•A wee used in. t~ ayotem the rei~etants were brought 

togett~ :r by a ring .. bulb meth~. 'Fhe chlorine wait> released into the re• 

eotor through eight s1i..:all holes th.rit were epooed 45° tJ.part along the inn~r 

circumference of a :ring tab:dc;11;ted from 7,'fiill Pyrex: t-ubing. 'l'he ring was 

plt,,ce4 pe:tpendicular t.o the vertical trm:ie of the react<:u:-. The .ae,etalde-

hyde entered the renetor £,om a. bw..b, l/,in in diameter,. that was JlQSit:i.orl""' 

ed inside the annular e:pace or th~ chlorine ring. The 'bUlb contained 

eigh.t $!Mtll holes spaced 4S0 ap1:rt ~und its eireumte:renee that· was per-

pe1'.'!dieul.ar to the vertie.al ®tis of the rea¢tor •. The inconiing gasei pro-

fied nnd designated as t"t$illtc:>:r .. B, ~n the eaee of reaotor ... B ·the g~se1 wen 

rel.ec.$ed. into t ne re.actor through l./2 11 diilln~ter- bulbs, eaeh of which eonta.in• 

· ed eight sinall holes spae-ed 4$ 0 a.pi,rt. arou.~ the eireu.11ference of the bull;? 

perpendicul!Jl.l'" to :the vertical. ~xi$ of the re,g,ttor. The bu.lb$ w•re centered · 
" with :reference to the vertied ms of the re,aeto.r an~ were spaced two· 

inches apart between eentera. j.rhe ehlorui,e •entered the reactor at the 

'bottom ,ilJ'.ld passed through tw inches of catalyst bed betorEJ it met the in• 

coming aoet.aldehyde. 

The bottan of the reactor was fitted with a no.10 one-hole. rubber 

stoppe.r tl'.uxt was coupled to a no.; one-hole rubber stopper by a short 



length of 1mm Pyrex tubing. The no .. ; one ... hole. rub'ber stopper was fitted 

in e.. 200ce :round-bottom .flask that was used to collect the liquid chlo ... 

r:i.natecl derivatives torm.ed irt the reaetor. '!'he no.10 :rubber $topper in 

the top of the reactor eonte.1ned the two gas inlet tubes, a thermometer, 

and. a 7mm Pyrex line through. which pas$ed the gaseouB products, 0£ reaction 

plus. the unreacted chlorine ~ulti a.eetaldehyd.~.. The reactor ~.m the attach• 

ed _round-bottom fL<isk were ::lmm$:rsed tn the x-eactor bath. 

The NEiCM.on gai:ies p,assed · out of t~. retj,eto:r through the ?mm P1ra 

tubing and into a 250cc e:rlen,H$er fl.ask fitted ·with a 2--hole xubbet stop• 

pe:r. The n.ask was used as a tr4p to collect liquified chlorinated de- . 

. ri•atives. 

From the trap the ga.ses :p$,esed into the reaetion .. ga.ses conde,naer. 

The t$mperature in the water bath was measttr•d ~1 a .thermometer immersed 

in the top or the bath. 

'l'he condensed aeetaldehyde,. liquid chlol"ina.ted derivatives, hydro-

g$n chloride, ,~nd the un~eacted. ~hlor:tne £lowed in.to a 2$0cc. ~:rlenmeyer 

flask which we.ii fitted with f. no.7 three.,.hole rubber ·stopper. A ther .... 

Dlil)lllete:r was ineerted through the stopper .and was used to meaeur e the ten1 ... 

perature of the gases leaving the eond•nser. 

The .unreacted chlor:tne tard the hyd_:r(.)gen eblotid.e formed dur:i.ng the 

rer!Ction were piped through 1mm. Pyrex tubing tnto the hfd.rogen chloride 

e.h•o n er. 

The hydro gen chloride ti.rd the chlorin.e entered. the absorber a.t the 

bottom .sni were m.et. by .e. etream. of water .flowing down through the p~ckug. 

The hydrogen chloride was ab.sor'bed by too water, and the ~esttlting hydl"O• 



chloric acid was ?'emoved at the bott.om. ot th~ a.b$Orber arrid. eolleeted in 

a £ive-giulon glass j$l"• TI1e undissolved ehlorine pa$sed out the top of 

the a.beorber and was released to the •tm.osphere~ 

A schematic diagram of the chlorination apparatus :i:J 6hown in dTaw--

ing no,1 1 page 26 .. 
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The outlined ptocedu re listed below was used f'or the chlo.rination 

'c', 

l~ 'The f ollowin,t! stepe were taten prior ·to the start 0.£ ¢1.. run:: 

water. 

bath ..md connected to the system. 

t. 'the W:ij.ter inlet, valve on the hydrogen chloride absorb~:r 

was turned on ,im ~djusted to maintain an approximate x-ate 0£ flow 

of' one liter ot water every ti ve minutes. 

2. The chlorine v~11 ve ,at the cylimer wa.a turned on, adjusted to 

·t.be required.' rate o.f chlorine t'loi . ..r meastil.Wed by the manometer, and. the 

system G:llowed to fill with chlorine., 

:.,. After the ehlo:rine h.~ been pasied. through: the system for five 

minutes, the fl.ow o.f neetaldehyde was .adjusted by rne~ris of a :needle valve 



t-o that required tor, the Nl'.l; ineaall :re4 b-;y '!:,he l"Oit.t1tmeteJ-. 

4. The f<>llowing data were· :tecol'ded,. t."tt five minute intervals; 

,,._ 1'emper~ture of the. acetaldsehyde p:reheat bath .. 

b,. Re~inl of the acetald<;hyde retanete;r. 

th Temperatu>te of atet~de.h1de, ent.e~ing th.$ 
. . 

d. Reading of th~ chlo:rioo manomet~r,, 

e. Tempera.turf) of the chb>r:1.ne pr'ehea.t 'bath. 

r. T~pei"ature of ~hlo11ine entering t~e reactor, 

g. Temperature of t.he reactor ba.tb ... 

h.. Tem.pera'hur• wi t.hlrr the :reactor ... 

i. Temper~ture et. the gni!es: leaving the ¢onden,,sate receiver. 

j. 'f(l$lperatu:re of the, rea.o.tion•gsees water ba.th. 

k.. Room temperature. 

· ;. The .following steps were t.~:a at t.he •nd et e•h ~tu 

a. 'l'he chlorine valve nm the aee\ald.eh:yde v4lve were closed:. 

b. Th~ water inlet valve into tbe h;vdrogen chloride abaorb.e.t· 

we;s closed and the .volume ot ,absorb$r water collected during the run 

t. Th• reactor was ~-ov~d from the, syster-J:1, t.h& :re~eive.r flsSk 

detached, and the reaetO-r weighed.. 

d • 1'be ehlox-itle l"e1U.t14n1ng in the s-ys.tG. was removed by a wa, ... 
tar aspirator th,it W'P, connected to the condens.at$ :receiver. 

·e,.. The :re.actor ree:eivet', trap., and condensate re~eiver W$l'e 

weighed •. 



'£'he following £malytici:il procedure w;9/.i used duri~ the course of 

the inve~tigation: 

.Hrdrochlor:i,c Aoi<i. The &mount of nydrochloric acid Conned du.ring · 

a run wat; deterrn.ined. by titr-atii1g d.ti:i,'1liea;te 50cc ea,niple$ of the ab$erber 

water with a 0.2305N solution of t:iOdium hyt:b•ox.ide~ Hethyl orange ..i·a 

used !:k.S the ind. :tea tor'! 

ChlQrina.ted Deiriv,atives. $ep~ration ef th~ chlorinated derivatives 

.:from the, acetaldebyde lias accomplished as f ollltYwsi 

L l:?raetionati<m,.. the contente ot 'the condensate reeeivet', 

trap, a.rd reactor. reee;iv-er we:re' poured into a ;20000 round.;.oottom. 

fla,a.k wh.leh was attached to the bottom oi' the ,fractionating coluxnn.~ 

Heat was fu.rni$hed to the flask by an eleet:vic heater that wa.a . 

placed beneath the roun.ct:...;bot to:m flask. The water into th~:'l LiE-big 

condenser wae then turned ori. The tf:.lllpe:rature in the eolu.mn was 

eQnt:rolled by adjusting a var:Lable :rheostat that w:as conn:ei:,rt.ed iti 

series with the nichrome .winding around the e Qlurnn. The eollee!ition 

of disti!llate i'ro"'ll the eolutrin was maintau1ea. a.t appro~~tely lOce 

eveey two zninutea by rodsing or lowering the cooling water level· 

in the dephlegnxate r. 

2.. ~:unpl~ j}istil:.uatior;. The eon.tents of the condensate re .. 

ceiver, t:rap, 0;nd re,ictor receiver were poured int<> ,1 200c(} aide,. 

neck distillir1g flask which 11.-1.s titted with ,a mercury bulb trier ... 

mometer whose bulb w~s even witb. the elf:it tube. 1'he distilling 

tlask wae im.me:rsod in a water bath beneath which -W'.as plated an elec..:. 
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tric heater.. A 400 oent:ltm~te:r L:ieb'.i.g conde:nser was connected to 

the $ide neck of the distilling tlask am t,he cti.still~te w~s re .. 

covered in a lCOec eYaporating dish that w;ras :umr1ersed in an. ice 

b,ath. 

The .f':rNil.ction distilling over betw~en 10° C, a.\XI. 50° c. was 

collected in the ev,9.;porat:ing dish, weighed, and allowed to st&nd 

expo~ed: to the 1tniosph$re .tor twel vc; hours at ,25• C • ., ~nu weighed. 

~gain, The cU.f:f'e:rance in weight of the evaporating dish. befo.re and 

after the twelve p.our expcni;ure peri.00; wa:.a dt1ignated as unreaeted 

acetaldehyde. 
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No ... Yield Test~ i'iithou.t. a Catalu;~t 

Reactor ... A, which eontained a 7n filling of teld1:>pa.r, was used 

Chlorine. tio.n .1l'e1:its. la .. . 2.a. F'()r test la t.he ehiprine manometer 

reading wa.s 5 .711, the acetaldehyde rotar!leter reading was 67m..>n., .and the 

,. 
reactor. The flc~ation. wa.s propagated. in' the lowe:r part of the reaetor 

d.ttring test la am in the upper part of the rtaetor du:rlng test 2a. 'l'he 

instarlt that the flame occu:rred in the reactor 'dt.1,rl.ng &~eh test .. ., the teat 

was stopped tor a peric;d of one minute ~rni then tuiened on again/ No fu.r.;. 

tber flfimraatiori Oiu.:.ur:red in the react,.;>r fQ:r the dutation o:t the tests" 

ae,t.aldehyde through the system. 

By repla,eing the robber tu.bing eeinneetions et11,ch end of the :r•ota• · 

:meter with Tygon t1J.bing the t'ormation ot· liquid in thE> measuring tube 



p~Qr~n,a;tion 'fest~ lb ~nd jb. The conditions for te:st lb were: 

¢hlorint: manometer .... 5•7111 tMiata1deh;rde r:otame'te.r - 67 1tirn • ., atli the 

presl//lure reading wa,$ 712 nim. i'<)l .. teeit Jb 'thtl ¢hlorine rMnemeter read• 

ing was 7 ,.au, the ,,tilietaldi$b.;yde. :t'-Jto:n:iet(:l:r reacl:ing was 39 mm., am. the 

' pre,tsure wa$ 712 ni.m., 

Witb:i.n a pe:riod. of tht$e mi.n\it~s after the teiilts were st.artad the 

reactor trap, whieb Will@ eicpos~, to diffused sunlight, e,q,loded, thereby 1 

ending the test$. 

The reaetor tr~p we,s $r,tclo.s$d W'lth .~ bLiok cloth b~ in test Jc. 

and no explosion oceu:r:red;;. iu:beeq,uetrt. Jrtt:X1.s aveid.ed e,q;;losionfii in the: 

~a.etor tr~ by thi$ p~ceaure, 



Data: 
I 

:Weaetor-A 
Catalyst ... none (7n Feldspar) 
Pressure .. 712 mr11. 

'i'.ime, '1'emnerature 

Chlorine M$Poineter • 7 .. 011 

Aeetaldehyd~ Rota1H,ter ,.. 50 mm. 

Aeetaldeh:vde Chlerin-e Reactor Reactor Condenser Room -----.-------preheat into preheat into . preheat water writ 
bath, .reactox· ba:th rea,etor ba.t,h bath gases 

(min; ( °C) ( °C) { °C) (ei!C) ( °C) ( tic) ( ~c) ( 0 0) 

O 30.5 
5 ;c .:ff 

10 ,30.0 
15 30.0 
.20 30.0 
25· 30.0 
30 29.5 
35 31, .. 0 
MJ 30.5 
k5 30 .. 5 ;o :,o.o 
55 30.0 
60 30.0 

.6; ;o.o 
70 30.0 
'7'j 30.0 oo ;o.o, 
85 30.0 
90 29.5 
9.5 ,0.5 

100 30.5 
105 :30., 
110 :30., 

28.0 
31.5 
31.5 
:31~5· 
31.5 
.:3l+5 
31 • .5 
:31.5 
Jl .. O 
30.0 
30.0 
30,0 
30.0 
30.0 
30.0 
30.0 
30,0 
29+.$ 
;.,29 .5 
29., 
2ft .; 
29.; 
29.5 

42 • .s 
4,Z.O 
LJZ:.o 41.; u.o 
u.o' 
40.0 
w::,.o 
40.0 
40.0 
39.5 
39,0 
39.c 
39.0 
3a.5 
33.5 
38.0 
37.5 · 
:n.; 
37.0 
37.0 
J7,0 
,1.0 

2e.5 
30,0 
.30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
.30.0 
29.5 
29.; 
29.5 
'2-9.5 
29.5 
29.5 
29.5 
29.; 
29~5 
.i,.; 
29.5 

25.0 
2.5.0 
2;.o. 
25.0 
25,0 
'2$.; 
25.5 

. 25.5 
25.5 
25,5 
25.5·. 
2;.; 
25.5 
25,5 
25.S 
25.5 
26.o 
26.0 
26.0 
26.0 
26.0 
26~0 
26.0 

21 •. 0 
. 28.0 
28.,Q 
.30.0 
30.0 
3LO 
J2.5 
.3:3.0 
34.0 
,34.0 
34.0 
35.,0 
;,6.o 
37.0 
37.0 
37.0 
·37.0 
37.0 
30.0 
38.0 
38,0 
3s.o :,a.o 

13.5 
13•5 
13,5 
lS.; 
13.5 
13.5 
1:3 .. 5 
l:3~5 
13.0 
12.0 
1:1..0 
10.5 
10.0 
10.C.l 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 

20 .. 0· 
22.0 

· 23.0 
23 .. 0 
21.0 2i~.o< 
21.0 2d,o, 
20.0 
19.0, 
1s.o 
1$,0 
18§0. 
1s.o 
is.o 
18,0 
19.0 
19.0 
20.0 
20.0 
21..0 
23.0 
28.0 

Results: A 'i;;pontaneous flame was prepa;ga.ted in the upper part .of the· 
r·eactor. S~rstern was turned off a.r~ then on agai~ after a lapse ot one 
minute• No f\ll?ther tlamma.tion oeeu..rred ir1 the reactor. 

Fraet:i.ona.tion caused pP.l;yll1erizatien of the ehlor:l.nated deriv-
atives in the column, 

The weight of chlorinated: deriva:t.ive$ formed during the test wtu, 
74.7 grams. . 

The weight or unreacted aeetaldehyde wa.s 6.3,.Q gram.s. 



Time 

Table II. 

Reactor-A 
Catalyst - none (7" Feld.spar) 
Pressure - 706 mm. •. 

Temne:rature 

Chlorine Manometer .. 7 .iW 
Acet.aldebyde Rotam.eter - 39 mm. 

I I 

Acetaldeh:vde Chlorine Reactor Reactoi Condenser Room 
preheat into pr-eheat· into preheat wate:r ·exit 
bath reaetoJ:" bath reactor bath bath gases 

(min) ( oc) (•c) { •c) < •c) < ~c) ( QC) ( qc) ( oc) c•c) 
0 30.0 30.0 41.0 28.0 26.0 26.0 9,5 14,0 25.0 
5 29.5 31.0 40.; 28.0 26.0 27.5 9'!5 15 .. 0 25.0 

10 31,0 Jl.O 40.0 2s.o 26.0 28,0 9,.5 15.0 2;.o 
15 31 •. 0 31.0 40 .. 0 2th0 26 .. 0 28.5 9.5 14..0 25.0 
20 Jl.O 31.0 40.0 28.0 26.0 28.; 9.5 llH 0 25 .. 0 
25 30,5 31,0 39.5 2a.o 26.,0 29.0 9.5 14.0 25.0 
.30 .30.5 31,0 39.0 28.0 .26.0 29 .. 0 9 .• 5 14.0 2;.o 
35 30.0 30.5 39.0 28.0 26.o 29.0 9.,5 14.0 25.0 
40 30.0 38.5 28.5 26.0 29.0 9.5 ·• 2.5.0 30.0 ' 14.0 
45 30.0 30.0 38.0 2s.5 26.{) 29.0 9.5 14.0 2; .• o 
;o 31.0 30.0 ,38.0 28~0 26~0 29.0 9.5 ·1;.o 25.0 
55 30.5 JO.O 37.; 28 .. 0 26.0 29.0 9.5 15 •. 0 25.0 
60 30.5 30.0 37.5 28.0 26.0 29.0 9.5 15.0 25 .. 0 
6; 30.0 29.0 37 .. 0 2e.o :.26.0 29.0 9.5 15.5 25.0 
70 30.0 29.0 21.0. 28.0 26.0 29:.0· 9.5 15.; 2;.o. 
75 30.0 28.; 36.; 28.0 26.0 29.0 9.5 16,0 25.0 
80 30.5 28 .. 0 45.0. 2thO 26.0 29.0 9.5 16.C>' '.25,.0 
85 30.0 2$.0 52.0 2s.5 26.0 29.0 9,.5 i6.o 2;.o 
90 .,30.0 28.0 ;2.0 29.0 26 .. 0 29.0 9,.5 16.5 25.0 
95 30.0 28.0. ;1.; 29.0 26 .. 0 29.0 9.5 17.0 25.0 

100 30.0 28.0 51.0 29.0 26 .. o 29.0 9.5 18.() 25;0 
105 30.0 28.0 50.0 29 .. 0 26.0 29.0 9.5 18.5 2;.o 
llO 30.0 28.0 50.0 29.0 26.0 29.0 9.5 1s.; 25.0 
ll.5 JO.O 28.0 49.0 29.0 26.0 29.0 9.5 ,19.0 25.0 
120 30.0 28;,0 49.0 

' 
29.0 ., .26.o 

' 
29.0 9.5 ' 

19.0 ' 
25.0 

Rsaaults:\ A spontaneous· flame was propagated. in the upper part of the re .... 
actor. System was turned o.ff and then o.a a.gain atter a lapse of one · 
minute. No further flammation occurred· :in the reactor. 

Fractionation caused pol.ym.erization of the ehlorinatod d~JJiva:tiyes in · 
. the column. · 

The weight of chlorinated derivatives to:rmed dur:Lng the test was 
105.6 grame. 

The weight of unreacted acetaldehyde was .35 .o gram.ES. 



Table l'.Il'. 

Oat.a Sheet Qll Cblorina.tion Te1tt No. 2c 
I 

Reactor-A Chlorine Manometer ... 7.on 
. Catalyst none (7° feldspar) Aeetaldehyde lot.a.meter'- 5Q •• 
Pressure - 709. mm. 

Time Temneratun. 
Acetaldehvde Chlorine Reactor Reactor Condense)' Room 

prt,lhee.t into preheat int<:> preheat water exit 
bath reactor bath ~eacto:r. bat.h bath gases 

(lllin.) ("C) (QC) ('lC} (<>C) (~en (~o) (° C) ( 0~) (° C) 

0 .30.0 
5 .301,0 

10 .30~0 
15 
20 29i.5 

. 125 29~'5 
30 30~0 

. 35 29.·5 
'40 " 30.5 

· 45 · J0.5 
50 30.0 
55 30.0 
60. 30~0 
6; 30.0 
70 31.0 
75 .30,,:5 
80 30., 
85 30.5 
90 30.; 
95 .30 .. 0 

100 3Ch'0. 
105 30,.0 
llO .3o.·o 
115 ·30., 
120 JO·.O 

24.0. 
.32~0 

. 33.; 
.3.5 .o . 
.35.0 
35.0 · 
35.0 
34.0 
.34·~0 
34.0 
34-.ll 
33.,5 
33.5 
33.0 
3.3.0 
.3,J.O 
3.3 .. '0· 
.131.0 
32.5 
.32,.0 
32,.,0 
.31·-5 
31,.5 
Jl.5 
31,.,5 

24.0 
24.0 
24~0 · 
24 ... Q 
24 .. 0 . 
24-.0 
29~0 
3.5,;o 
35.0 
3,.0 
34.0 
34.0 
34.0 
33.0 
33.0 
:,3.0 
J3.0 
3.3.0 
33.0 
32.0 
32.0 
,32.0 
.32 •. 0 
32.0 

, ,2.0 

25;0 
24.0. 
24;0 
24~0 

· 24:.0 
24-,.0 
24.0 
24.0 

.2;~0 
2;,.o 
2;h0 
2;.o 
2$.'0 
l5~© 
.25i0 
25 .• 0 
25,.0 
2;.·o 
25.0 
2; .. :o 
25.0 
2,, .. 0 
25'..o 

.,24;,';· 
24.5 

l7S 17.5 10.0 
18~0 24.0 10.0 
18 •. 0 · · 26.0 10.0 
18.; 28.0 10.0 
19.0 29.0 10.0 

.. 19.0 30,.0 10.0 
l.9.; .30.0 10.0 
20.0 ,30.0 · 10.0 

,20;.5 30.0 10.0 
2u.; 31~0 10.0 
21~0 Jl.O l.O.O 

. 21~0 . 31.0 lChO 
21.; . 31.,0 10.0 
21,;5 Jl.() 10 .. 0 
22.0 30., 10.0'.• ·. 
22.; ·. 30.5 · 10 .. 0 
22.'S · . 30.; 10.0 
22;5 :30.5 lChO . 
23.0 30.0 10.0 
23.0 ,30.0 lChO 
2:3.0 30.0 10.0 
23.; 30.5 10.0 
23.5 . ,31.0 · , l(hO 
24.0 . 31.5 10.0 
24.0 31,.5 10 .. 0 

15.0 
21.0 
Z2i.0 
25~0 
19.0. 
20.0 
21.0 
21~0 
20,5 
20~6 
20~0 
19.5 
19,.0 
19 .. 0 
lCJ,.'O 
l.8.·5 
1s,;5 
1s.5 
18.5 
lthO 
l.ihO 

.18.0 
18.0 
21.; 
22.5 

24.0 
23 .. 0 
23.0 
23 .. 0 
23.0 
23.0 · 
23.0 

.23.0 
23~J) 
2.3.0 
2,3.0 
22.; 
22.5 
22.,, 
22 .. , 
22.5 
22.5 
22,; 
22.; 

· 22.5 
22.; 
22., 
22.~.o 
22.0 
22,0 

.Result'l:5! 4 spontaneous flame was J>ropagated in the lower part qf the 77e .. 
actor. · The tlame burned it self oat vr.lthin a pe:riod of 3 min,. 

The· weight of chlorinated GJ~l"'ivat:$:ves formed during the teat was 
279. 6 gram~r. · . · , · . · 

. The weight of ·unreacted acetaldehyde was Ja-,7 grams,. 
The absorber water collected du:d.rig the rtm· (,30 liters) contained · 

l.4,3.,S ,grams of .hydrochloric acid,. . 



Table IV 

:R.ea.eter .... A 
Catalyst - none (7''' Feldspar) 
Pressure ... 712 mm. 

Chlorine Manometer - 7.s11 
Aeetaldehyde Rotameter - . 39 ••· . 

Time Temperature 
· Acetaldehvde Chlorine Reactor Reactor ,Qoridenser Room 
preheat into preheat into preheat water exit 
. \>a:t.h reactor bath reactor bath bath . gaaee 

(min: ( 0 0) (oC) ( 0 0) ('00) (oC) (oG) (oC) (°C) ( 0 0) 

0 
5 

10 
15 
20 
25 
30 
'll'( . .;,? 
40 
45 
50 
55 
60 . 6; 

· 70 
15 
80 
85 

3Q.o 
30.0 
30.0 
30~0 
30.0 
30.0 
30.0 
30.0 
,JQ,O 
3().0 . 
29.5 
30.0 
30 .. 0 

·,2,9.5 
30.0 
·:,e.o 
30.0 

,'.30.0 

26.5 
·.34.0 
34.0 
35.0 
3;.o 
3;.o 
35.0 
3;.o. 
36.0 
40.0 
40.0 
40.0 
40.0 
40.0 
40.0 
40.0 
40.0 
40.0 

·. 26,0 
26.0 
26.0 
26.0 
26.0 
26.0 
26.0 
25.5 
25.5 
25.; 2,.,. 
?5-5 
25.5 
25.5 
25.5 
25.; 
·is.; 
. 25.5 

~n.o 
27'.0 

·.27.0 
27.0 
27 .• 0 
27.0 
27.0 

·.21.0 
27~0 
27.0 

. 21.0 
27~0 

· 27.0 
2.1.0 
27.0 
27.0 · 
27.0 , zr.o 

21.5 21~5 
22_0 26.0 
22;0 .· 29,0 
22.0 32.0 
22.; 33~0 
22.; · J9.0 
23.0 40~0 
23,.5 .. · 40.0. 
23.; .36 • .S · 
24.0, 40.0 
24.0 3,.s· 
21:i..o 36.o 
24'.0 33.5 
24~5 36.0 
2$.0 .35.0 · 
2;.o . 34 .• 0 
2:;.o .3.4~0 

, 2; .. ; I 34.0 

9.5 9.; 
9.5 
9.5 . 
9,.5 
9.5 
9.5 9.; 
9.5 
9.5 
9.5 
9.5 
9.5 
9,5 
9.5 
9~:5 
9.5 9.; 

12.; 26.0 
l2.5 26.0 . 
12,.0 26.o 
12 .• 0 26.0 
12.0 26.0 
12.0 26.0 
12.0 26.0; 
12.; 25-5 · 
13~0 · I. 25.; 
l.4\5. 25.5 
1.,.0 .2,.5· 
15~5 25.5 
l.6.0 .25.5 
.l.6.0 25.5 . 
16.; 25.5 
16.; 25.5, 
16 ... 5 25.5 

I l.6.; . < 25,o5 

Results:. The apparatus was blacked ou.t, but a spontaneous t}.ame was still 
propagated in the lower part ot the reactor. The flame burned its•lf out 
within a. period of 3 min. · . 

The weight• of chlo,-.ina,ted derivatives formed 4ur1ng the test was · · 
110.9 grams. · · 

The weight of unreacted aoetaldehyde was 22.S g:r$1!1So 
• The absorber' water collect Eid dUl'ing the :run (22 liters) contained 

ll.5 .5 grams of hy4:rochloric · aoid~ 



Data. Sheet OR Chlo.rinati~n Test N_p •• lQ 

· Reactor-B Ghlorine Manometer .... 5 i,;7" · 
.Ca.tl!J,lyst ... none(?" F'eldspal') · AcetaJ.dehyde Rotrun.eter 6? tmn, 
Pressure - 712 mm. · 

'. ' 
Time Temoerature. +--,------,-,.,....,---r--,---;;~o:...:..c..:::.:;..;:=.c:....--,-----.-,------,.---------.-----.-1 Acetaldehyde .· Chlorine Re-actor Reactor Oonden:i!leJt Room. +----'=="-'r='-,--,---t preheat into preheat into ·· preheat wa.ter exit 

ha.th reactor •bath :rea;otor bath bath gases 
(min' (•·C) ( 0 0) (°C) (•CJ (•C) (•O) (PC) (J;)C) (~O) 

0 
5 

lO 
15 
20 
25 
30 
3$ 
40 
45 
50 
55 

.60 
65 
70 
7.5 
80 
85 
90 
95 

100 
105 
l.lO. 
11; 
120 

30~0 
30.0 :,q.o 
30.0 
.30,0 
JO.O ,o.o 
.30.0 
3Q.o 

· $0.0 
30.0 
3Q .• o so.o .· :;o.o · 
30.0 
30.0 
30..0 
30,0 .;o.o 
.30.0 
,30.0 
.30.0 
30.0 
30.0 

\ 30.0 1 

27,.0 
35.0 

· .35.0 
.35.0 
.35.0 
34.0 
;33.5· 
33.0 
32 •. ; 
12•0 
3l.5 
31., 
:;o.o. 
30.0 
.30.0 
29.0 
29.0 
28.0 
21.:1.0 
28.0 
27.; 
26.5 
26.0 
26.0 
26.0 

26.5 
26 .. ; 
26.5 
26•5 
26.5 
26.$ 
26.5 
26.5 
26~5 
26.5 
26.f, 
26.5 
26.5 · 

·26.5 
26.5 · 
26.5 
26., 
26.;$ 
26.5 
26.5 
26.; 
26.0 
.26·.o 
26.0 
26.0 

- . . 

·; 27.0 
. 27,.0 
2.7.0 

.27,0 
26.!, 

.· 26.5· 
26.0 
Zf;.5. . 2;.s 2,., 
25., ·25., 
2.5.0 
2, .. 0 
25.0 
.25.0 
2,,.0 
2,.0 
25.0 · 
25.0 
24.Q 
23~0 
23.0 
23.0 
2'l.,(l 

t ,,;J - < 

l.f •. O 
lt.o · 

. 19,0 
19 .. 0 
19.0 
19 .. 0 
3.9*0 .· 19,0 
l.9.5 
l9.5 
19., 
19~5 
19.; · 

· .. 20.0 
.. 20.0 
20~0 
20.0 
2.0~0 . 
io.o 
20.0 
20.0 
20.0 
20.0 
20.0 
20.() 

19 .. 0 
28.0 
JO.O 
30~0 
31 •. 0 
31~0 

· · 30.; 
30,.5 
30.; 
30~5 
J0.5 
30.5 3Q.; 
JO.; 
30.; 
:30;.o 

· . .30.0 
30.0 
30.0 

. 30.0 
29.5 
29o5 
2~)-5 
:/!!, ~o 

I 29.0 

Results: No :t'lammation occurred in the :reactor. 

10.0 17 .,5 · 26 .. S 
10 •. 0 l8.0 1•26.0 
lO~O 17.0, 26.0 
1().0 16.0 25 • .5 
,l,Q.0 i,.5 25.0 
l.OoO · 15 .s .25, "O 
10.0 1.5.$ 2;.o · 
lO.,O 15 .; , 25.~0 
l.O.O l5.,5 25"0 
10.0 15.0 2$.0 
10.0 15.0 . 25 .o 
10.;o . 15.0 24S 
10.0 15.5 . 24 .. 5 . 
10.0 ·16 .. 0 ·. 24.s. 
10.0 16~0 .24,.5 
10.0 J.;6.5 .. 24.5 

· 10.0 l.'7 .o · 24., 
10.0 11.0 ·24.; 
10'~0 1$ .. 0 24.5 
10.0 18.0 24.5 
.10.0 19 .o .• 24.0 
10.0 20.0 zi:.o 
10.0 .21..0 . 20.0 
10.0 22.5 . ,20.0 

I 10.0 I 30.(), '.t9 .o , 

The weight of chlorinated derivatives· formed during the test was 
164 .. 0 grams. · 

!'he weight of urweaoted acetal.dehyde was 45.7 grams. . 
The absorber water collected during the. run (26 liters) contained 

67.4 grams of.hydrochloric acid. 



Table Vl 

Data Sheet cin Ohlprinaticm Test No. ·an 
Reactor--B Chlorine t;tanometer - 7.01, 
Catalyst - none (7" Feldspa:r) . . Acetalcl~hyde Rotamete:r - · 50 nm. 
Pressure, ... 700 nun. 

:.,· :::_., 
Time 'l"emnerature 

Acetaldehvde Chlorine Reac:to:r Reactor Condenser Room 
preheat into preheat .into preheat wa.te:r exit 

cm1n: 
he.th reactor bath reactor bath bath gases 
C,00) (9C) (oo) (oc) (oe) (oc) ( oc) (oc) ( oe) 

0 30 .. 0 2.5.0 24.0 24,.() 17.0 17.0 ,.o 13 .. , 24'~0 
5 30.0 33.0 24,.0 24 .• 0 17.0 3l.O 9.0 15.0 ~, .. , 

)..0 .30.0 _.34.0 24.0 24 .• o l.7.0 31 .• 5 9.0 1$..0 23.5 
l5 .30~0 .34,.0 24,.0 24 •. 0 l.'7:.0 34.0 9.0 1;.; 2.3 .• 5 
20 30 ... 0 ,34,.0 24.0 2,4.0, 17.0 32 ,, .,. i,.o 15.:.; 2,4.Q 
25 30,0 34.0 24 .• 0 24 .• 0 17.0 3:i! .• O 9.0 1,.,, 24.0 
30 30-0 34.0 24.0 .24 .• 0 1, .• 0 32,.0 9,.0 15,.5 24,.0 
.35 3(:).0 .34,.0 24,,.0 24.,(> 17.5 .32 • .; 9 .• o 16 .. 0 24.0 
40 .30.0 34.0 24.0 2: •• 0 1.a •. o 32~5· 9.0 rr.o 24.,0 
4; 30.0 ;,7.0 24.0 24.0 l,8.0 :3().0 9.0 l"/ •. 0 24.,0 
~o 30.0 .39.0 24.0· 24,0' l,8.0 31..0 9.0 20.0 ·24~0 
55 30.0- 39.0 24.0 24 .•. cr 1a.o Jl.5 9.0 21.0 24.() 
60. .30.(l 39,.0 24.0', 24.(X 1e.o. 31,.5 9.0 22.; ·. 24.0 
65 3(1.0, ;39.0 24.0 24.0' 18,.0 ,1.; 9.0 21;. .. 0 24.0 
70 30.0' 39.0 24.0 24.;C) 18~0 ;31.5 9 .• o .25.5 24:0 
75 30.0· 39.0 24.0 24.0 18.0 31,0 .9.0 27.5 . 24,0 
so 30.0 39.0 24~0 24.0 l.8~0 31;0 9~0 2a.; 24,.,0 
85 30.0· ::,8.5 24 () 24.0 1a.o 31.0 9~0 29.0 24.0 • 
90 ,30.0 3$.0 23.5· 2.3~5 1e.; .31.0 9~0 29.0 ~-0 
95 1().0 37.5 23.; 23S 18.5 3l.o0 9~0 29 .. 0 23.5 

100 30.0 .37.0 23-5 23.5 19~0 31.0 ,~o , 28~0 -2'.3.5 
1.05 30 .. 0 36.5 ,23.5 23;, 19,.0 31.0' 9.0 z,.o 23.0 uo 30.0· 36.0· 2.3.,5· 2:3.;5' 19..0 31.0 9.0 25.; 22.5 
llS 30.0 35!5 23.5 23.5 19.0 31.0· 9.0 2;.o 22.n 
120 30.0 35.0 23.5 23.5 1,.0 ,31 .. 0 9.0 2,.0 21.0 

,_ 

Results; .No flammation occurred in th~ reactor., 
1 The weight of chlorinated d,!;!rivatives. formed.. dtrt'ing the test wae 

213.4 grams. . 
The weight of unre~eted aeetal.dehyde was lB.5 grams. · 
The absorber watel"' collected durirtg the test (27 liters) oontained. 

3.27.0 grams ,of hydrochloric acid. 



Da.ta. Sheet on Chlorina,tion Test Noq 3d 
,. 

Rea.cto:r-B Chlorine Manometer - 7 .,8" 
Ca.ta.lyst - none (7 1' 1'.,eldspa.r) Acetaldehyde Rottweter - 39 mm. 
Pressure - 720 mm.. · 

Time ~~empe:ra:ture 
Acetaldehvde Chlorine React.or Reactor Condenser Room 

preheat into preheat into preheat water exit 
bath t>eactor bath reactor bath bath ga,ses 

( . ' nun; ( QC) (oc) ( •c) (oc) (<»C) (oC) ( oc\ I ( oc) ( •c) 
0 30.0 36.0 26-0 27.0 17.0 l?oO 9.5 3.0 25 .. 0 
5 30 .. 0 ,36.0 26.0 2?.0 17 .. 0 29.0 9,5 12.0 25.,0 

10 30.0 .36.0 26.0 26 .. 5 17.0 30.0 9 .. 5 10.0 25.0 
15 30.0 35-5 26.0 26.,0 17.0 31.0 9 .. 5 9.0 2.5 .. o 
20 30.0 35.0 26.0 26.0 17.0 :31.0 9.5 10.0 25.0 
25 30.0 34.0 26.0 26.0 17.0 .31.0 9.,5 10.0 2,5.0 
JO 30.0 .34.0 26.0 26.0 17 .. 0 ;>0,5 9,5 lJ .• o 25 .. 0 
35 30 .. 0 33.0 26.0 26.0 1'7 5 30.5 9 .. 5 12.5 25.0 ' .. 
40 JOeO. 33 .. 0 26~0 26 .. () l? .. 5 .30~5 9.,; 14.0 25.0 
45 30.0 32.5 26.0 26 .. 0 l7~5 30"5 9 " · .. , 18.5 2:5.0 
50 30.0 32 .. 0 26.0 26 .. 0 17.5 30.5 9,.5 2t}.o 25.0 
55 JOoO 31.5 26.0 26.0 17.5 30.0 9.,5 30.5 25.0 
60 30.0 .31.0 26.0 26 .. 0 18.0 ;30.0 9.5· 36.0 25 .. 0 
65 30.0 .30.5 26.0 26.,0 18.0 30.0 9~5 41.0 25~0 
70 JO.O 30.0 26.0 26.0 18.0 30.0 9.5 44.0 25.0 
75 30.0 .30.0 26.0 26,.0 18.0 30.0 9.5 i+J.hO 25 .. 0 
80 30.0 30.0 26.0 26 .. 0 lS.o JO.O 9 r.;- ., 25.0 .;;, . 
Results: The test was ~nded when the conde:nsat.$ receiver exploded just 
prior to the eighty minute ree,ding. 

The weight of chlorinated derivatives formed (luring the test was 
59.5 grams •. 

The weight of unre~cted acetaldehyde was 27.6 grams. 
'lthe absorber water collected during the test (19 liters) contained 

53.6 grarns of hydrochloric acid,. 
No fla.'i'!u"llation occurred in the reactor during the test. 



Ta.i:-le Vtll 

SUJll.mary of Gonditiona and Results of Chlorination T~ -.-------
Actual Calculated Related Yieldt 

Rate of flow of reactant& Time of Acet.;lde hyde HCl nammation Expuei• prod. Baais: react. CH-iCHO Basis: HCl formed 

Test Temp. tatalyet Chlorine Acetaldehy'de Pressure test formed in reactor trap cond. AC. toraed mono cli tri aono di tri 
!input reacted. w,.reactec:I 

No. (oc) used (L/hr) (L/hr) (ma) (min) (g) (g) (g) (g) (g) (g) (g) (g) (g) (g) (g) 

la --- none 67 33 711 10 --- - + - - --- - - - - -- -- -----
2a ---- none 75 25 723 5 --- --- + - - -------- - - -- -- --- -
2b 34.1 none 75 25 7].2 uo ll4.5 51.5 6).0 --- + - - 74..6 92 l.33 173 - - -
Ja 28.8 none 80 20 706 120 66.8 31.\t 35.0 -- + - - 105.6 57 82 106 -- - -
2o 30.0 none 75 25 709 120 124.9 83.2 41.7 143.; + - - 279.6 148 214 279 294 2U l7S 

)b --- none 80 20 712 2 ----- ----- --- -- - + - -- -- -- -- - -- -
lb --- none 67 33 712 3 -- ----- -- - - + - --- - -- - - - -
3c 34.3 none 80 20 712 85 47.3 24.5 22.s u5.5 + - - 110.9 44 63 82 230 165 11+7 

le 30.0 none 67 33 712 120 155.1 109.1,. IJ5• 7 67.4 - - - 164.0 194 281 367 us 105 93 

2d 31.; none 75 25 7M 120 124.9 106.L;, 18.5 127.0 - - - 213.4 189 r,2 357 273 194 175 

3d 30.5 r.one 80 20 720 80 44.6 17.0 27.6 53.6 - - + 59.5 30 44 57 U5 83 74 

4 240.0 c.(act) 67 33 705 10 ----- _ ...... - --- - - - - -- - - -- - -- -
7 - Al.Cl3 67 33 714 5 -- ----- ---- -- ... - - --- - -- -- -- - -
8 -- ilCl) 75 25 704 4 --- ----· .,.. ____ -- - - - --- - - - -- - -

10 --- FeCl) 67 )J 708 15 --- --- -- --- - - - --- - -- -- - - -
I 



Re~tor•B, ~ich ootituned a '?1 tilling ot cat al.yet, w~ used dur-

ing each of the below mtntioned tests. 

Aetiv~t.tKI Cai-oon. One test was itti$l'll.pt:ed · uting 4tlhydraus activa~ 

ted earbon as tbe eat.d.y8t ~d was des1gnated ae: tecst /4... The ehlo:t-ine 
' ' 

manomete:r .N.!¥1.ing w~s !h7tl, the M$1'.aldeh~e: rQta,aeter r.ead.in.g was -67 

ni.m~ , ao.i the pre.ssur:e: -wu 10; mm. 
No i"lllltlmati.on o~ou~r,d. in the re-acter during the t.est; bowe.vf.ilr, the 

·temperature within the re.ae-tor rose to 140•0. witbi.n • pttriod of t• min-
' ' 

' ' 

utes. Since the apparatus as COD.$trt.ieted fo,t: the e~perimental test$ --

llQt ~apabJ.e of e~tlt1"01ling the tempetN'itttre td.thin the reaetor, the u.s• of 

anhydrous ·ac,tivate<i eu-'bon ts ., -,atalyst wEts dise,ardffliti 

11Ji®'.tilmm Cb!<?i:~ge. tests 7 and $ weN• -ittemptt#fl using a.nhydrot.ts 

.alumint11n ehloi-ide ae a. eatslyet.. . fQr tEcl.St 7' the eblorine, manometer re~• 

i13g was S,71t, the at:etudehlde l'Otaineter rta.ding wa8 67 and th• 

p:ree:~e: reading wae 712 mm.. The eonditicrns tor te$t $ weret chlorine 

manometer .- 7.0°, a.cetilde>i~e rot.ametet· 50 m;n .• , and the pres1u.-e wa, 
I 

712 mm, 

No spontaneous ign.itione oc~urred d& :ring the cein"ie of the tests •. 

During •eaob test tt wWli notieed that as $oon s.s the :un wa& started 

aluminwn o.hlori«e in thf.l vieinit1 ot the acetal.debyae inlet et.E.ri.ed to 

Qbange in color from wb.ite to brown;, fiimU$1" to phnemena. when eublimed 

anhydrous eill1lldi:rllln chloride cooies into ccmtaet 1titb watel'• Within a few 

mirmtes that part of ihe aluminum chloride which hfl4 turned brow becat 

an itnpermea.ble mase that prevented the paesqi& ef the t,eacting gdes 



through the reaeto:r. An elt:iimination of the brown mass showed tha.t the 

aluminum. cblii)ride also had ca.us~ a poly.met'iZatlon of the chloro-deriv-

~tives of ecetald.eby-J.e. 

Ferric Chloride. Test 10 wa,$. condueted using anhydrous t'erric. 

chloride (sublimed), extended . on f'eldspal!', a;$ a e atalyst. The ehl<.>rine 

uumometer reading was 5.7n, the acetaldeh;yde :rotfjt:rieter reading w~s 67 

:mtt'll~, ani the pressure. was 708 nun. 

No apenturieous, ignitions oeeurred in the re,~etol" du.ting the test. 

At the en:i or t'if'te~m minutes the tlow of g1iu5es through. the :.reactor was 

atoppco. by a plue; of black polymer fo~tion in the reaetOl". 



rv .. DISCUSSION 

Spont~neq~s ~n1tions, in the Lowe:r.; .. §t>ction <t! rieaotor-A. The flame 

which was propagi.,,,tM in the lOi.,rer sectirrm o.f reactor-A during e:xpe.ritv~en ... 

tal tests la, 2c, and 3e W\i:ls probably a r.et,.ult oi~ the impinging effect 

coated with black pai1t prior to the start of experimental. test ,3a. to 

determine whether or not the flaimna.tion in the lower section of the re• 

epontaneous f'larnL'llation oeeurred a~ it did in tht.t ~ltposed syste1n. 

GlasetoM(5) states thll'.it an in.crea$e itl the, velocity of· saseoue 

molecules striking ea¢h other :raisea the lil:dditionat enera required for 

reaction, known t1,s the energy of. iaetiv.ation, e.i. a result of interchanges 

occurring in colli4!lion8. 

The veloeicy- of ehlo.r.ine $nd. acetaldehytle at the point 0£ ilnpae.t w~s 

equ.iv..tlent to 4.7 feet per aecond. Ti1ie resultant velocity of the two 

entering gases was evidently sufficient to ine:re$$e the energy ot a.eti-

vation of the chlorine atrl ~etalde hyde to a level which caused spont.a• 

neous ignitions to take pl.ace fo the re@tQr a.t the point of impae.t or 
the two entering ~ea~ tant s. 
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,Spon:t~1eou.s lsn:ttj.J:>ns J.~ t!!!,_UJme.t.i!~i~gp __ ~f !Z!fC,.to;r•A• Two t.heo .. 
. . 

:des cRn be pre,sented with reepeot, to the C.!i,U..S.e of the epont~eou1. :i.g~ ... 

tions which took pl,11ce in the upp~r section ot• reaeto.ll!'-4 during e,:pe:ti• 

mental tests 2a;)Z'b, •"li )a. By upper set'tiion b meant that. voltll!le a.t 

· One theory tmt can be used. to explain. the above merd:.i<med phenomena 

relates to photochan.;tstr;r. During the e1XPe,rirder1tt.il. tests :when there wu 

t).mmnation in the upper section of the reactor the chlorination apparatus 

was loca;ted in such a ])Qsi tion that only ditfusoo dai,vl:i.ght from a north• 

EJast 11dnctow .could. nave provided photoehemicti.l etteets. 

The reaeta:.11t Se.see pa::1sed. throagh the feldspar bed with a. velocity 

of approt.imatel.y 4.7 J:eet per seeond. · Ju0't 4s soon as the· reactant. 

gases left the feldspar bed a.rd entered the upper section of t.he rea.otor. 

the veleeity of the gases was reduced to approximately 0.06 .feet p•r 

seecmd. This reduc tilt>n in the vel;oo ity se,rtetl ,as a mea.n.e e£ increasing 

the number of collisions between the light•1ensit1zed chlerine atld. the 

aeetaldeb.ycle at the interface betw.een the teld~par bed am the unoecu..., 

pied space .of the reactor. These collisions resulted: in a :release of 

the light energy front the chlorine in the f'Offll: ot h•~t energy which was 

'l'he second theory 1.s based on the formation of static charges. · 

When th.e :reactant gases rcet, they im.mediately i'orrned minute partielea 
. . 

.0£ the ehloro-de:riva,tives of aeetaldehyd;e thif.l.t appeared in the top see• 

ti<;m ot the -reactor as a d.er1se white fog., These particles ot (}hl.o~-



they tended to fall towaros the bottom of the :reactor.. Howeve;r, the 

velocity of the. gases within the teldspa:~ bed w.m.s sufficient to CtaiY!:'rf 

· mo$t ot the cbloro-de:rj:vativ·e p.r,rticles into the upper section of the 

reaeto:r where, as described in: the first theory,,. the velocity of the . . 

the reactor, w&$ :for the particles o:t ohl.oro-derivatives to settle 

toward.a the interf'aee between the feldspar l~er ~rd the up~e:r section 

o.f U:ie reaeto'li'. As the. pl'.1.rtioles ~p:pr-oaeh.E:4 the interf 1ac~, the velocity 

up. md awe:, from the .interface; thereby, was initiated a ,re:rtical v:i.bra~ 

tion.al movem~nt of' the pa.rticles., 'rhie vibt'ational .motion tlt,it wa$ set 

up by the chlor<:>-de1•ivative panieles c au.set:t a static cht\rge to envelope 

them.. The dit.terence 5.n potential bet.ween the elightly ionized gaseous 

reactant$ am the charged ehloro..;.derivative particle$ relea;sed th~ 

charg~ on th~ particles. The rele~:;;e of the. charge was sut.fie:tent to 

cause spontaneous ignition in the uppew section of the reactor~ 

2pl<>sions . in the lieaetor T:,ap. During experimental tests lb ~d · 

)b the o:xplosion that occurred in the ~ea.cto:t trap within a period ot 
three minutes after the test had been sta.rted can be attributed to a ·, 

etatement is, substantiat~ by the fact theit during &xperim.ental test jc 

tl1e l'tacto:r trap was enclosed by a bl~ek cloth bag and no explosion oc .. 

e\Jl:tred. Furthf§rmore, during ~11 of .the tests made sttl:>8equent to teat 

Jc. there were no explosiorll!$ in the enelE>ised. Na.ct.or trap. 



R.a.te of Flow of the l,leact,a.nts. During the $:;xperl.ntent.al tests that 

produced yields of the chloN--<ierivatives. oi' aeetaldehy'd.e; that is,ex• 

perimental t~sts 2b, ;a., 2c, :;e, le, and 3d, the reaction "between chlo-

rine and acet.a,ldehyde ws.e not completed in the l'.'eactor.. The reaotien was 

~ontinu.ed in the reaetion ... gaeea condenser a:nd/or the (Jonde:nsate :receiver. 

this react.ion waa indicated. in all. tests by a. rise in the temperature· of 
C 

the non-condensed gases leaving the condensate ~eeeiver. All ef the 

above mentioned tests were carried out.' using • total rate of n~w or re ... 

actants of :too liters per .hQU:r. Due to the t'a¢t that the reaction was 

not c attplet.ed. in the reactor an increase in the rate o£ .flow of reactants 

to ;oo am 1000 lit.ere per hour wae not teuiblt. 

- Collection of Chlcrt)..0el."ivative~ of Acetaldehyqe. The liquiQ .¢hlor¢>• 

derivatives tha.t were: t'om:ed by the rea~tim betw~en aeetaldeh.yde am ehlo-

rin~ were <H:,lleeted; to a large extent, in the a.eet.aldehyde condenaa.te 

tla.sk. Prior to eendueting experimentil. teste it was thought that 'the 

liquid chlorinated (ierive.tives llDUld be eolleeted entirely in the p:rQd• 

u.ct fla&k attach«! to the 'bottom of the reactor. 

~pp:-oaehing coUod:i.w. $ize> am appeared in the syeten:t as a miet. Tho 

particles were hea'Vie:t> than the g.aset;)'US dispe:rsi~ inedJ.um.; however, the 

velocity o.f th:e reactant ga$es th:mugh the system was sl:lf'fieient to even .. 

tually oarry tb.e particles ou:t of th:l reactor and into the 

receiver where a resulti~ig mixture ot liquid aeet~dehyde ani chlQ~~ 



Sepatation. of Acetaldehz:qe aro. its Ohloro-iier:iv~ti.ve$ .. b:y; fraction ... 

a.t:i¢ll• 'the . only pbysieu eo11stan.t a:vailable f<>:r the three ehloro•• 

<ie.rivatives Qf a¢et,aldehyd.e is the :boiling po:lnt; the:rei'ore, a sep.ar9..,.. 

tien by £ra.cticnat.ion wa.s the only met.nod. by which the aetu.$1. e:J(.tent o.t 
ehl.er:i.nation coul.d be d.etennined. tor each ~erimental test. 

Uneuc<:ese.tul attempts were 1~f1l to separate,. by fractionation, a 

mixture of the chloro.-<ier.i:va.ttves ~:nd unreacted ~et.aldehyde collected 

.during experimental test3 2b an4 )a. ln each ease tne separation of the 

aeetaLdehyde was aceomplished • without d.itlitnuty, jna<t, \!Then the tem11era .. 

t:ure o:r the "lfapors in the top o! tn.e column rea.ebed $J°'C• a pol;{ln$riza ... 

tion • took place 1n beth the distilling flask w in the column ittJelt. 

The PQlymer wa.e black in c~<>r • a.11« its :presence t,:revented .i\u'ther .sepa• 

ration by fraetionatien. 

tieil.bl'Qn( $) st a.tea that the di-ehlQrQ-ae:rivative of &eetald.ehydt 

pol~erizes whEJ1 heated. H0wever., the temperature limita,tions :required 

to':' polymerizat.io:n are net given in th• litei-•tun~ 

.tnterRretation ot Yields. The extent to which chlorination sub~ 

stitut.ion Qo.cu.rred in the s.cetal.deh1dt molecule during the expe.rimental. 

tests was $1.llpir;ically determined, b;1,r use of the la.w of d e.i'l.nite propor-

tions. The theoretical. weight or ea.eh that could have 

been forrood during .a,n experi.nlental test, assuming lOO per cent conver,i!;, 

eion, was calculated ttsing the toU<:>wing tor.mulaei 

on3cro + Ola 
<:H.:fJHO + .acla 
CH30HO + ,cl,a 

GHa~lCHO + HCl 

-----'>,.._ CHCl2COO + 2HC1 

--> CCl3CiD -i, ,3HOl 



interpret the yields ot chloro,.,der:iv,ative.s formed during each of the 

e:xper:bnental te:st.$ trw ! 0110 ... ung postuh.tion~, ca.in be 1na.det 

Ore~itest yield.$ ot chlorinated d~riv&tivee were f<:>):'!l'.AEid when a ra ... 

tio of three moles of chlorine to one mole o.£ ticetudehyde were eontbined. 

However, the coijtposition of the product was predom:tn:a.tely the mono•ehloro-

derivative ot' aeetru..dehyde. 

A r.a.tio of foul" m.oles o:t chlorine to orie mole of a.cetaldehyde prod• 

uced a. lower yield of product, but at the s.aaie time the product that was 

tomed had a composition which indicated that it wa.$ m.o$tly the t;ri ... ehloro ... 

d:eriv~tive of' aeetaldehyde. 
'' 

of Acetaldehl4Et. During tha experi.·ll'H~nt.al ?lOrk it wa$ found that. gaseou8l 

acetaldebyde :r:Elacted wit,h rubber tubing :m1 c~s$d th-e rubber tubing to 

become bani and brittle within a short p$l"'l.Od of tinU!h 

'l'h.e liquid ehloro .. derivatives. o:f iicettldehyde w·1:nrt very corrosive 

to rubber, cork, and tin foil. 

Tygon tubing was satisf.actorily- used tor eonnections on the Pyrex 





s. Beoe>mm~ndation.1 
. . . . .. - . . . 

The f.ollowing _reoommenda.t.ic>ns are euggeated for additional research 

on the vapor phase •chlorination of acetaldel'!yde1 

Reaetor D-~si&9. The. ~eactor sl:umlcl. be const.ruo.ted to alleviate· the. 

terno•l'al ot the heat .of reaction ~s it tor,n• in the rea.cto:,-. One methOd 

that ean be used t.o aceompl:tsh the removal ot heat t'l!Qm the Nac"tor is 

the injection of an ine:rt. l$;S1 tu.ch as carbOn dioxide,. into the reaoter. 
Ca.tal.ist~ Sine(¥ positiv• oatdyf!t.s emis- the f<>i'm$!tion of po"lf~ 

me$."s or excessive t-emperatures in the reotcr, it is that a. 
negative catalyst be used either w-lth. or without the aid. of ultra;viol~t 

light .• 

seaart:tion -of . Obl•ri.n1,tff.4 · & &ft vati v,es • The ~se of vacuum distU• 
. . \ 

l.atien as a me,$.ns 0£ s--epar$ting the- thr~e · ot a,Qe-tal• 

dehyde shO\lld be att.empted as a possible method to prevent pol.ymeJ>iZ&• 

tion of the chloro<:eJ>iYatives which oceurte4 du~ng tr~tionation. 



V. CONCLUSIONS ~- -• .... -., 

investigation: 

1. \'llben the rea,etant gases ·werE1 .iallowed. te $trike ea.eh other direct.,.. 

ly on entering the reaetor, with a reaultarrt velocity ot 4 .7 .feet per see-, . 

ond, a tlarni11a.tion oecu:rred: in the reactor. 

2. At velocities below 4.7 feet per seconi a £lammation occn.1rred. 

when the reactant glUles were exposed to diff'tu~ed dqlitht. 

3. The reaction between aet11taldehyde ~nd ehl@rine was not completed 

in the reactor when the ·r~te of £low of ;reaetants wa§ 100 liters :per hou.r. 

4. An explosion occurred: in the condensate recei:ver when t.he t,mi.• 

;. During the fra¢t:ionation the chl:oro-deriv-at.ive$ of acetaldehyde. 

tor,rn.ed a blaek p1;>lymer at tempera.tuiJ'ee ab>ve 8$0 0. 

6. The use ot anhy.ctrous aluminum ehlo:ricde as a catalyst was 'Un"' 

sltisfa.ctory. The formation ot a pol7mer in the reaetor prevented the 

reactc$nt gases from paseing through the naeto:r. 

7. Anhydrous £e~rie ehloride ( wl!>U.med); extended on a teldspar 

tiller, was unsatisfactory .:at a eatalyst f<:Jr the reaction betwetn ace·tel.• 

dehyde an:i chlorine. The fo:rm~tion at a blaek polymer in the reactor . 

prevented the reactant gaees froni p~$s:l.:ng through the ,reactor. 

8. The use of allhydroua fletivated eareon as a eat.alyst caused the 

t~perature in the retictor to rise to 24o•c. It was not possible to 



9. At a.pproxt"llately ;30 °C. a ra:tio <:if three moles of ehlorint to 

one mole of (1eetaldebyde produced the greatesty.ields of the ehloro .. 

in excess. 

10. At approximately :30 °C. tt ratio of tour ntoles of chlorine, to one 

mole ot 14cetru.dehyde ptodueed a lowar yield. of the chlo,ro..i:;l.e:rivative$ of 

a.cetaldehycle; · bowev~r, th~ .formation of the tt'i .. of 

aeetaldehyde was pl"edontinant. 



' ' • ,' • ' • I • ' 

. M DDT,. ii a1ntheeUld bf tbe. coridtneatlon''ot eblON'benleM witb chloral. 

fbo ·Chloral «,uumed. oaoh unth now ·av•l'qee .ver 1,·,00,000 P•tlrde. 
,! 

, . . , . ; : . I. . '"'.' . . 

'Wb.ich is ••••nti&l.17 • · 'bitch proc••• .It l• 11.e,o poeeible. to pi'Oduoe · 
• • . • , , • , ) • • I , 

chloral by the. lif.d.d. phu• ·ohlo•!rtat1ori of acet!tld.ebJr1•• Sino• betb 
. , . . . 

¥etald•h1d• ~.·. obloz-ine ·.an ~~••• e.t •~ffli t.•r•t'lr• the po•s1bilitr· 

ol prcd,urlng .. cblo•al.· c:en.tinuousi7 by_ \ke V4,pGli' ph.- ohled.ne;tlon. 0~ .... 

et6\4f1.hfde ·w~r~.mt,,e ln1to.at:lgat1or,,,., 

fh• pu~~:. ot thie im'eat.igat,ic>~ ,_,: ;lo· •detenine · the· etteet of t1m•1: 

· tempet'at.ure; contentration •Di et,lt1"ie .in the ,r•por PMft e hl•l':inaticn 

. ot teetal.d.eh14e and tQ f w. th• )ielii •• ~t;uditt (;;f the ':o.hlo.rhiat."4. d.•• 
' ' 

· tivatlv•• prodit~ctd .• · 
' . . ' 

·ifbe cbl.orinat:ion •PIU'&t.uti 'WM .o.onit.nctM fr.m 1lu••• am metal• 

11<: •quipment.. T~ ebloriffe, go .. piatr111,d tb~gb. 6; p-e.-m,• etabiliz.-, -

t.h:•t smoothed; eut *m•:U. pr•1aut-• ehanaea t rr• the cylini el' .nu: then ,lntt 

a 1161',l<>metel" where the ::rat,e of flow WU mea~•-• ,~ the· the 

oblor.tn• a•• ,puaed through • heat. -.change!" w,eN St wa1 pr.heated piot• 

to •ntl7 1~o the re•t.or. the aoet&lde~• wa pnhec,td, in • · watel!' 
. ' . 

bath. IJld. th•n all~ to flow lnt<t & Nttamet.e:r· ore the N.tt of flpw iu 
mt.uut"td prior to it., ent:r-1 into the Nut»r. Dving th.e cour,e et th•• 

-,pef'1tiental. 111tqt• tw~· dit.feNnt reae.twa· w,re ua.i. In cme re•toi-, 51. 

• in cU.••t•r ,ind 14tt long, the 'gt.au erd:.•:reil · thtt s,ateln • rt.1111• . . / . 
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actor., '.,34 mm in diameter ~. sn long, eontained two per£orated glass 

bulbs placed qn:e above the other and two inches apart. The bot.torn of th, 

reactor wa.s t'ittect:with a flask used to collect the 

the.t fol."moo. The reaction gases, unreacted· e.eetald~hyde and chiorine, 

and the hydrogen chloride fonn~d 'du:ring the reaction passed out, the top 

of the reactor 1 through & tTap, Md ir1to ;a beat. Gltebanger which serv~d. 

to con.dense the g.aa$ous r,.eetal.dehy:de., Tr~ liqUif ied acettlldehyde plus 

·the eblor:i,ttated del"ivat.ive$ were col'.1,oted in a fl~ak 'placed at the out--

let ~nid or the heat . .xchan,ger. 'l'he gaseo1.te eblor:i.ne and hy(j,rogen chl.o-

:ride entered a. hydrogen ehloride a.bsorber wh~r~ the hydrogen cbl91•idc . 

was ab~ox-bed by a eountercRrrent .· :Clow of· water ~. t..be chlorine. allowed 
. ' .. ' 

to flow into the a:tmosp.he:t-e. 

A series 0£ e:itperiment.$1 tests were ~e at a:ppronina.tely 30°C:.; 

chlorine to \ICetaldehyde r3itioa et 2 tcr l., ;; to l, am 4 to l; holding · 
·. ,· . . 

constant the t L"lle of e,,a;eh test, the press~1re, ~. the total rate ot 

.flow of reactants. .Experimental test$ were niade as above with tb.e. fol•· 

lowing eatalyst~:H aetiv~ted caJ•bon.,· aluw.imun chloride and terrie eblo• 

The results of this investigation irdica.ted that whem. the . reactant · 

ga.ses were wowoo. to strike eftCh · other directly on entEiring the reactor, 

with a resultant veloeit.y of 4.7 feet. per second, a tlamrnation oeeu.rred 

in the :rfeaetor.. At velocities belc:.m 4.7 feet per second a nainmation 

occurred when the reactant gases were exposed to dif'fus~ daylight,. 

The reaction between acetaldehyde and chlorine wa.s not. completed 



in the reactor, but continued in the fel;l~tion ... gases comten$er and/o-r 

the condensate tlaek, when the :r~t$ ot flow ot l'eactsmts Wiis 100 liters 

per bout-. An •ploeion oeourteii in the tond~n$ate flask :when t.he temper• 

:ature ot the exit geses tose above 44(/Ch 

Attempt$ to $epQ)"ate the .. ehlc»te'."'d~riva.tiv6.ts by t·:r,.•t,ionatioti w•te 

t1ns-.tist~tory ae: the clu.¢)t'1.>.-derivJltivea: formed • black polymer at tem• . ' ' 

perature~ ··above 85°0• 

The us.e o! anbtd~us al,turd .. n:um chloride and te:rrie ~hltri.de u 
.catal.yst.s wae unsuceesstul~ In &.$Cb e~ae a po11ffler was :Conned in the · 

:re~tor which pi'evented th11 reaciant ga.sea trom pasatng through the re• . 

actor. When. anhydrOU$ a.cti:vated. e a.rbon was \lsed as a cat41.;rst the t,em .. 

perature in the reactor ro$e to 2~ 90-• · It was not pos.aible to :remo~e th• 

h.eat of reaction from the reaetoi· w,tth th~ a.pp,1U"at1,1s that wab used. 

At app:ro:i,d,I!la.tely 30°:Q .. ; a rati¢ ot three mole~ ot chlorine te one 

ntole cf a ce.taldehfde pli)dueed the greatest yields of the 
, • I . 

ti vee or aeetalde~de, but 0the mono .. ch.l.c:ul'() .. (ietivat.ive wae ;formed :tn 

txcese; a ratio et l¢>ur mole,_, of ~htori.t1.e tei one mole Q$; acetllld:ohytie 

pt«iueod ii. lower yield. ot the ch).orQ~C!riva:tiv•s ct .-et~d.eh;Yde; ha•• 

tJvet: tht> ,fol'l!lation ¢f t.be t1J"i-chl.ol!Cl ... de:cl:vltive ct a()ttaldebyde w.1s pre~ 

dom.intmt .• 
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