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i;uring World War Il a new ‘mmmm% ' Dichlaroédipheayl«

@riéhlemﬁbmﬁ 5 wz;mnlyb kﬁwﬁ as | Zm? was introduced. "l’hae

| wntmsis a{‘ DT conaietg of the cenaenmtim of ahlewbemans
with chlorals Prior to 1943 there wos little use for iloral
other than for biclogicsl research; th@mfe:m, it was only |
' mﬁ&maﬂ to produce chloral on a smsll-bateh m‘w; However;

the aemna fw BDT by the apned f@wes becane s0 great that it
"was namasm to prm@m« @hi@ml ;&n I&rga @mntitiaa, preﬁ'ambly
~on_a continucus production basiss The monthly conswaption of
‘chloral now aversges over 1,3@@,@9{) pounds. | |

. | A eonéixi@rahla ammxsztei rema@h has been conducted in
ﬁm Bmﬁaeﬂ Staﬁes', 79 wl}g 58 in Grest Brs.min mi Canads; on the
optimun conditions reqni#éé fbr the 'pﬁapmrs,iﬁ,em of éﬁluml- , bt
most of theae wsamh results have not been «iiaal@ae&. ‘One ax'.
the known rr@eesaaa now in use for tha pmciur ti@n @f,‘ ehloral
cansi&ts of the chlorination et? ethyl a:mahel to form chloral
alcoholate. To release the chloral from Lhe ~chloral aleemlat#
an acgzivalem quantity @f 96% ﬁmmr:ic acid is reéﬁimd. ﬁétu@liy
very little of the mlfurie aeid is mmwewd, becauss tha
reclanation ot mli'urin acid is bgt.h eunbersome and emﬂy, Fup-
thermors, tkm use @;ﬁ' ethyl aikmh@l inmima close gwameaml

cen‘bml.



Another method that has been used for the §r®ducti@n of
chloral is the chlorination of acetaldehyde in the liguid phaée;
that is, by keeping the temperat&ra'below'ZI degreeslcentigrade.
The flow of fluids is more difficult to control in a,cﬁemical  3
precess than is the flow of gases, 5Since both acétaldehyde and
chlorine are gases at room temperature, an investigation of the‘
feasibility of chlorinating acetaldehyde in the vapor phasé geens
te warrant an investigation.

The purpose of this investigation is to undertake vapor
phage chlorination of acetaldehyde ﬁarvﬁhe projuction of chloral
and to determine the effects of variables on the yield and quality

of chloral produced.



II. LITERATURE REVIEW

_Hi&ftm

g+ Chloral was first synthesized by Li@big(% ) in 1832

~while he wés conducting ;empez?imefﬁw on the chlorinstion of ethyl aleohol.
In 18% Dunes'™ verified Lisbig's synthesis aml furnisted quantitative
 deta for the production of chloral by m@ chlorinstion of ethyl alcohol.
stadeler1?) studied the mmpoaiﬁén-oi?‘ chloral in 1847,

Physiologicsl Properties. It was not until 1869 that Liebrlch,(ll)

inspired by Liebig's ebserv%len that echloral yields ehleroform unzier t.ha
influsme of . alkali&s s Pormed the idea of studying its phyeioclogieal
zmtltm, with hope that the small :amnunt of alkall in the blood wuld be
suffiaient to effect the transformation of chloral into ehl@r@form and
formie acid, with the result that he discovered the interesting and
unexpected physiclogical qyalities of chloral. Harnack and Rﬁaértz(7)
found that chloral was also a hymnatic and an antipyretic., In 1905

hde( 18) studied the action of chlorsl on the heart.

Chemical Reactivity. Thé vast range of compounds formed from con-
densation reactions are fourd in the 1:11:.@:*3{:@@ ﬁhic:’h. suggest that
chloral isl very reactive., It reacts with zslimals, aleohols, acids,
various bases, as also with resgents like hydrogen sulfide, halogens,
phosphorous halides, cyanides, eysnates, and Oxidiz;ing‘ agenbs. With
aﬁ.éehydes and chloral, an s1dol type of cﬂndexx@aticn takes ;al;-r;cze.-

‘ﬁoeniga(g) obtained from chlorsl gnd paraldehyde chloral aldol ani from



.bﬁtyl chloral, parzafl&ebyde butyl chloral . In the presence of pyridine,
sulfuric scid, or aluminum chloride Boeseken and :39?&1@&&1(23 obtained a
| (23)

Insecticidal Properties. In 1874 Zeidler =~ condensed c¢hloro-

benzene with ci?fziaml to obtsin d‘iaznmbc#t:slw@henyl«trichmre'zhaﬂa, This
compound was forgotten until & few yeam »aga when ﬁuller, a research
worker for the J. R. Goigy Company of Bsgle, &w:werl&nd » in routine .
ﬁesting of a number of formulaa, }éyntbaa:’meﬁ the product from Zeidler's
account of his veaﬁy work in the ;a;-og‘eq:i‘:mgé of tlie Garman Chenical
Societ.ff and discoversd iﬁa surprmmgiy g@@a‘a inéecticidal‘ properties. i
In 1939 the Geigy Company ﬁﬁpplied a test quantity of the material, mmf
assigned the trade name of "Gesarol", to Dr. H. Weisman for use in exper=
iments designed to control the Colorado potato beetle on the Swiss potato
erop. His expefﬁmeﬁtal mvk confirmed the Gelgy findings as to the
insecticidal value of this remarkable- compound » T@d&f this compound is
known a8 BDT. In 1943 i%‘iuller-( 13) was given a patent for the use of DDT

as an insecticide.



Produetion of Chloral

Chlorinstion of Bthyl Kleohol. The production of chloral by the
(3) (&) (6) (10) (1") (14) (20)

chlorimtmn of ethyl aleohol consists
of paasin gaseous chlorine into an enameled vessel contuining ethyl
alcohol. Page( 14) states that a large yleld is obtained when the
alc:enol used for the preparation of chloral is treated with a five per‘ |
-eent solution of ferric or thallium chloride prévious to the intbreduc‘tian‘
of chlofine«. Thc reaction vessel must be fitted with internal coils for
he&ting anl cooling mﬂ a means provided for distrlbntmg the chilorine
Lhrougahaut the aleohols The operation requires about five days. Dumng
the first day, chlorine is ﬁ%&ss@ﬁ into - the aleohol at 20 to 25 degrees
Centigrade. Un the second day the temperature is increased to approxi-
mately 50 deérees Centigrade. when the liquid has a speeifie gravity of
49 degrees Baumé the maximum anount of chlorsl aleoholate has been formed.
The resction mixture is then cooled and an equal volume o;f concentrated
suli“uric seid ie sdded to relesse the chloral. By rectiflcatlon the
chloral is Svpamted from the other products formed during the re«etmﬁ.
The side products formed are ethylidene chloride, ethylene chloride, and
chloro-ethylene chloride.

' (17)

N Chlorination of Acetaldehyde. Pinner and Kraemer studied the

action'of cl‘xlérine on liguid aéetaldehydé. Chlorine was first pas'sed
into acetaldehyde, initially eooled in a freesing mixture, and only
he&teﬁi to 100 degrees Centigrsde at the end of the reaction. The first
few bubbles caused the separation of a sm:ail qumtity of solid metgl-

dehyde, As the reaction proceeded the evolution of hydrogen chloride



st.afied ard évery trzce of ehlorine was absorbed, The resction was
complete at the end of twﬁnty«four hours. The main product ﬂisﬁilled
over batween 163 amd 165 dagreee Cantigr&de and proved to be crotonie
chlerala‘ P-inner( 15) later detemined thst it was butyl chloral and not
¢rotonie chlor@rl as previonsly st&ted. Finner arﬁ Kraen er< 17) expla.ined
the formation of butyl ehloral by the results of Kekule who shawed that

acetjamehy@;e is readily coamrtga into eroto aldehyde by the action

of dehy@rating agents of which ‘mfdrogén chlézji&‘e is one. The hydrogen
chlo'ridé was formed by the sm_tm}z of éhl@zfina on .acsi;aldehydsv; ?Pinﬁér
(16) carried out further exparﬁjne'nmtion with the idea in minﬁ to 'elimi?
‘ﬁate»ihevhydrogen chloride as fust as it is formed. To do this he added
marble chips to moist amialdahyde; the greater proportion of the ac-
etaldehyde WQs‘qxidized in,the p&&ﬁencé qf the water. Fifty grans of
‘acetzldehyde by this treatment yielded 15 to 20 grams of a distillate
bearing the éharacteristics of chlorsl.

*r{urtz and Vegﬁ( *2) concluded that "the reaction of ascetaldehyde
and chlorine results in the fomation of acetyl chloride ss the aldehyde
gr-wping is attacked. However, when the aldehydé g rouping in acetal-
dehyde is replaced by CHC1(OC;Hsg), by p{&ssing s current of hydregen
" chloride into a mixture of absolute alcchol am‘l acetaldehyde, the action

of chlorine in the pmsame of iedme gave rise to CCl CH%%?_Z%

. when
heated with water this tfat‘ra‘-chlcmnated ether was readily converted to
chloral .

0C,H
coL Sﬂgmz > 4+ Hi0 — HCl + COLCHO + CpHyOH

The use of aleohol instead of water yielded hydrochloric acid and tri=-



chlm:*az‘:?cetal, CCIgGHEggzgi The wection of sﬁlfn‘r‘ic seid on triehlor-

acetal yielded ehlorsl. ‘I'he tetrs-chlorinsted ether also gave ethyl
chloride and ehloral w‘hen distilled with sulfuric seld. It is by these
successive chenges that chloral is formed in the ordinsry process for its
manuf scture; nsmely, by passing ¢hlorine into ethyl aleohol. , The water
-necwaary for t}‘ze‘ decomposition of the teﬁra--ehlorinated ether results,

' mdmpendently of that which ma@r be present in the alcohol, from the sction

of hydrogen chlcmde gmmr ’eed, upen the alooh@l and aecetaldehyde,

{OC,H
CiiBCHO * 0235051 + HClL — CHBCH( 01‘2 5 » Hy0

*I‘hé metaldehyde wag formed bz;? thé sction of ehlorine on alcohol, but it
did not aécunmlew a aé it was at once attacked by the alcohol and hydro-
chloric acid. Frem" the phreceding n:vq;n'lanation it sh;mld' be possible to
substitnt& water fo‘r axlcohal; Under mwh cireumstances the formation of
the eomp@ungi CHBCH22§ is conceivable, .Tlﬁ_is compound corresponds to mono-
ch;:i.orimetfeﬁ ether wnd may be regarded ns the»,chlorhydfin of ethylidene |
glyeol, Cﬂ-gcﬁgg.— The sctiop of ehlorim on such a ¢ ompountd should yield
ehlorsl, uith this point in mind it is a fa@t that chlorsl is readily
formed in nolaoble quantity when chlorine is psssed into a cooled mmture

of aeetaldehyde and hydrogen chloride, or even of acetsldehyde and watsr;" :

Theory. Williame(2L) advances the following thaory on the ¢hlori-

nation of scetaldehyde. "The reactions of aecetaldehyde with the balogens

are rationally exblained if 'aeetald‘ehyde i assumed to be a mixture



of two substances represented below, in equilibrium,

HH ' HH
B-~(=0 > H~CSC-0-H
E:: . 11
Either substance may ehaﬁgevtg the abher~by shifting ef a hyﬂregen
babém from carbon to axygén, or viee versa, bSuch a change as thls may take
place spentaneuusly in both directions maintainmng an equlllbrlum,

The changg from I to II is analogous to that‘which takes place in the
-aldol condensation. The C-H bonds in %hanmeﬁﬁyl group are weakened by ﬁha
inflﬁence of the carbonyl group, and an addition to the carbanyi.group '
‘takes place within the one molecule, “The change from II to I consists éf

an intfamciécuiar addition of an alcohel to a G=C limkage.
Alkali, if present, will reasct with campenent II, becausgféf‘ita
acldlc charact&r, fuwming the fallawing substance

.

and this will decrease the ém@ﬂnt of component I in the mixturef

If such an equilibrium mixture as has been descrlbed is treated w;th
chlorine, the chlorine will be added by . camponent 1Y which has daubly
bonded carbon atoms-in its strueturei because, as has alread Daen n@tﬁ&,
addition reastians of this kind are mueh faster and take precedence ovar
sabstltution reactions. '

' | HH HH

H-(=(-0-H & Cly ——>  H-L-GeOeH + H-(~C=0-

Cl c1 ¢l
' Hhen a chlorine atem ¢nd a hydraxyl graup beceme attacheﬂ to the

same carben atem, the cowbination is unstable and hydrogen chlerade



bresks off, This reaction is especially favored by the presence of the
alkali which immediately neutralizes the acid, By this reaction there is
formed a chlorine-substituted aldehyde, which like acetaldehyde itself

should exist in two forms as indicated:

BH  HH
H-C-C=0 > €1-C=C-0-H
e | o

This unsaturated form may then add on anether molecule of»chldfine, _
aﬁd the formation of dichloro-acetaldehyde., The process may repeaﬁ'énd'
form trichloro-acetaldehyde, When acetaldehyde is treated with chlorine
under these eonditioné, trichloro-acetaldehyde or éhloral is actually

farmed",
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III. EXPERIMENTAL

A+ Purpose of Investigstion

The purpose of th‘is investigation 3.5‘ |
1. To determine th@ effect of time, tempém%um, e‘oméatmtion and
~ catalysis in the vapor phase abluiin&tion of aaeﬁaldeh;wie.
- 2. To determine the yield ‘-an& quality of ‘thé ehlorinated derivatives

produced.

B« Plan of Investigation

 The plan of this investigation is as follows:
1. A review of the literature will be conducted in order .:‘ao obtain
‘ p#eviﬁﬁ& data on the vapor phase ehlarination? of acetaldehyde.
2. Design and eqnatructian of thé eiqéerimantal appaﬁatua.
- 3. Development of the process to determine the effect of different
catalysts on the vapor phase chlorination ‘of”acetaldghyd‘q with an in=-
crease in temperature and conecentration of reactants. A summation of

experimental tests to be conducted is as follows:



w1l -

8. A seriés~éf experimﬁntal tests will be conducted using the

following conditions:

Vari&nts_’
Catalyst
Concentration of
reactants

Tost o v
Number Catalyst

_nanél

none.

. none

activated carbon
aetivated carbon
activated carbon
‘aluminum chloride.
aluminum chloride
aluminum chloride
“ferric chloride
“ferric chloride
ferric chloride

Non-Variants
Toial rate of flow of

‘reactants -~ 100 liters/hr.

Time of each test - two hours
Pressure - atmospheric .
TEmpevature - 30 degrees C.

Gone. of reactants (volf)
Chlorine Acetaldehyds -

67 33
75 25
80 20
67 33
75 25
80 20
67 33
75 25
80 20
67 33
75 25
go 20

be A aeries of prerimental tests will be conducted as in a..

above with the exception that tna temperatura of the test will' be in—

creased to 55°¢ Gentigrada.

¢, A series ef experimental tests will be conducted as infa; 

above with the exception that the temperature of the test will bé“inﬁ

creased to 80° Centigrade,

d. 'The expafimzntai taat_giving.thejbast results in series Bey

b., and ¢. above will be used as a basis for making tests witﬁ”thé total

rate of flow of_reactants‘inuraased‘t¢ 5@@*liters,per'hoar and,1®@@ o

1itena-par‘hoar._



The following m@@ri&lﬂ Qar‘e uaed duriﬁg’ the investigation:

Acetrldehyde. Liquid, 99% purity, 30 pounds. Obtsined from
United ¢ States Vanadium Corp., Niagara Falls, %. Y. | v

Chlorine. Cylinder no. 98, 99.5% purity, 105 1bs., 84 1b/sq,1n.; i
(569 en.f5.). Obbained frow Matheson f:@mpmm, ine., Bast aui;herfmwd,
W de |

‘ §u1furic Acide C.F., 95.5% (&p.vr. 1. 8&), lot number l&’ﬁq&

Uged in the U~tube r;iiiffemntieal zgmmm@ter and in the stmoepheric expan-
sion flask. Obtained from the J.T.Bsker Chemical Company, Phillipeburg,
N, J. | .

Jmmonium Hydroxide. 28% solution. Used for detecting ehlorine

le-ks in the equipment. Cbbained from the Chemistry Depsrtment Stock
Room. |

S0

Besn 0il., Refined. Used ‘&& a medium in the chlorine preheat
" bath. Obtained from I‘F.Lmeks, Ine., Portameuth, Vae

Sedium Hydroxide. Pelletm C.P., lot no. 82246. Used to prepare

4 test solution for hydrochloric acid det.eminations. Obtained from the
J:T. Bu!cer Chemical Company, Phillipsburg, No J .
Potaselum Acid ?’th@ﬁt@“ Granular, C.P., lot no. 390511. Used to

standardize sodium hydr@xider solutions. Cbtained from the Coleman and
Rell Lempany, Norwood, Ghio.

Met tl Orm r¢. Powder, C.P., Used as an indicator for ﬁyziro;»
chloric acid determinstions. Obtained from Phippe and Bird Coupany,

Rictmord, Va.



Feldspar. Crushed to pass through 8 mesh screen and retained on

16 mesh sereen (U.S. standard si‘eve)s Used as an inert £iller in the
c:atalyst chamber, It was a,lbo used ag an extenéer for the fermc ¢hlo-
ride. Obtalned from eaboard Faldspar Ccmpany, uoneta, Va.

Alummum Chlomde‘ Gr.zmular, anhydrous, C.P., lct no. 41776. Used

a8 a catalyst for the reaction Béﬁ&eam chlorine and acetaldehyde. Obtain-
ed from Merck and Company, Rahway, Ne Jo |

Ferric cmorme. Sublimed, anhydrous, C.P., lot no. h639§7-. Used

as a catalyst for the rea.ction be‘oween chlarine and acetaldehyde‘ Oﬁtainw
ed from Eimer amd Amend Company, New York, N. 1.

Aetivated Carbon. Granular, size Ax10. Used as a catzlyst for the
reaction between chlorine and aeetaldéhyde. Cbtained from Cliffs-Dow |

Chemical Company, Marquette, Mich.
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be Aggaratus

" The following apparatus was used in the investigation:

Acetaldehyde Bath, A [ifty-five gsllon drum was cut in half acroéas

the verticsl axis. Into the botton of the drum was fitted a 200 watt,

‘°BO volt 1mmer°10n hemter.

Reaction-Gases Condenser. The gpp&ratus used as a condenser for
the‘réaetioﬁ gnses wmé constructed a§ shown in drawing no; 1, page26°
The heat exchonger was fabricated from 7mm Pyrex tubing ard consisted of
| teﬁ_leﬁgths of h;feot tubing welded:together ahﬂ bent at an angle of
l75°veveiy three feet, The eondansér ba£H was construeted from 2hvgauge
galvanized iron which was brazed togethar and placed in a frare of 3/&"

angle iron. The size of the bath was 30%xhBYx6",

Hydrogen Chloride Absorber. A k—fcct length of 37mm Pyrex tublng
placed ih the vertical position was used as the hydrogen chloriﬁe‘abs |
sorber. Each end of the column was fitted with a no.8 two-hole rubber
stopper., (lass marbles 1/2" in dismeter were used.as packing’invthe
column, |

.‘Reactor-ﬁs Pyrex tﬁbiﬁg 8 ih'diametar and 14 inches long was
.used as a reactor, Each endasf'tﬁe reaetoé'WQS'fitt@d with a no.l0
rubber stdppérsf Details of the.é@paraﬁus are shown in drawing no.2,
page 27+

Reactor-B: Pyrexvﬁubing*Bﬁmmjim diameter ami‘8 inches long_waé uséd:
in the case of reactdr~3; Into each end of the ;eaétor was inserted a
no;\& rubber stopper; A detail drawing of‘remctor-B is shown in drawing

no. 3, page 28.



Chlorine Preheater. The spparatus thal was used aé the eh_i-oi'iﬁe
prehester is shown in detail in drawing no.k, ‘page: 29, The héaﬁ ox~
changer was fa‘briéated frow six and one-half I;Qfoot lengths of 7 mm Py-
rex tubing that were welded together and bent to fit within the pfeh&aﬁ
kbath. Tha preheat, bath was wnstruct.ed fmm a rectangular, fwe-gallon,
galvenized iron can which had been Laggad with a 4" layer of &sbeatoa.
Into the end of the bath was inserted a 1000 watt, 11@ volt wtomatm (

heater. The heat transfer medium used was soy bean oil., o

Chlwrlnesf’ressure Stabilizers A ‘30@0 ce, »t_hre_ver-meked i‘i_ask"was
uged as the chlormecpressure stabihzer. The center neck waa-. fitte@ "’
with a no.7 one~hole rubber stopper thmugh which was inserted a ,3'-f‘oot “
length of Smm nPyrex' tubing one end of @mi@h extended to within 1/8" of
the bottom. The other end maap.en‘fto the atmosphere. The flésk' eontained
LOO ec of _cémentmted sulfuric _aeidh.v |

:I*Imémétgr. A U-tube &iffereﬁtial mmmatm: was constructed in the
Laboratory from a 2-foot length of 7 mm Pyrex tubiug.

Boﬁameter. Glass, size 1-R, *etche@ scale 0-250mm, drilled out
aluminum rotor; used to measure the rate of flow of gaseous aeetaldehydé.
Obtained from Sc;hutte and Koerting Company, Philadelphis, Pa. _

Timer. Precision "Time-it", 100 volts, 60 eycles, tenths of éec@n&s,
Used to ealibrate the chlorine manometer. Obtained from Precisio;s.&eien«e
tific Company, Chicago, Til.

_B.alé:ica.} - Triple beanm, ;gata bearings, Used for weight detemina-?

tions. Obtained from the Chemimgl Rubber Company, Cleveland, Chios
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@g. Gylindrwal ’ Pvrex, Gnts:ida diamet&r 124, height 18'5,-_ eééac-»
ity 7 gellons. Used ag a bath for the reaef:.m-. Obtained from?ishgr
Seientifiec Ccmpmy., Pittsburgh, Pas

Electric Stirrer. (two) Hotor driven, variableaye;ed, ihe@g‘;:’a.t
controlled. ‘Uséd to agitate the o0il in the chlorine preheater and ‘the
water in the reaéhor bath.

| Oven. “Ele;ct:'ic drying, 110 A.vol‘tés,: 600 watts, i‘ang«a 35 to 180 Qegrees :

Centigrade, thermostst controlled » RO 100-2761. Used for érying glas‘&ware
and catalyst éaimples. Obtained _f:@m Precision Scientifie Company, Chicago,
- I1le

Autém;aﬁie'}i@ater. Immersion, ctainless steel clad, length of element

12, 115 volts, 1000 watts, maximum rated temperature 350 degrees Foy nos
3-589. Used t0 heat the chlwma prehe:amr‘. Obtained from ismmq:an, In—-
stmment Company, bilwr Sprmga, i“? is o o

Balance. Analytlcal s cminweight , ﬁampemd, no. 11G3039. i*'ibanuif;'mé
ture:i by Seederer-Kohlbusch Inc., J ersey . City, N. J. . _

- Aspirator, (filter pump) Brmss, side axm and water outlet serrated.*
Used to evacuate chlorine wnd acetaldehyde from the system st the end of
a run. | . |
| E__e;&t___g_:z;. Immersion, copper clad, 230 volts, 2000 watts, nos 15:;:831.‘
Used to heat the acetaldehyde bath. Obtained from General Electric Com-
pany, Schenectady, H. Y. |

Valve. Mon~automatic needle, no. 51, constructed from cold rolled
steel, silver sest and needle. Used o control the rate of flow of chlo- '

rine from the eylinder. Obtsined from the Matheson Company, East Ruther-



| dar. Narrow neck, soft glass, cspacity five gallons, “‘t;}*sed to col-

iect the hydrochloric acid fommed in the hydrogen chloride absorber.

- Three-Necked Flask. Pyrex, ’v;é@oace-‘ ea@aeity-v' Used as a p“ressure'

stabilizer‘.for ehlorine gas leaving the eylinder. |

Tubinge. Pyrex, 7mm outside dismeter, 5um inside éiameterg 3.20"f£eetg
Used to pipe the gases through the sy#h’@m@ Obtained from Fisher Scien-
tiflc Cémpan&, 'Pitt»sburgh_, Pa.

Yalve. (three) Needle point, 1/2", globe with brass point, cat. ne.
120, Used to regulats the flow of chlarine and acetaldehyde through the
systemn, Cbtained from the vfalmrth Company, New Yerk, N. 'Y.

Fractionation Column. The column was constructed from & 3-foot

length of 10mm Pyrex tubing that was welded to a condenser tube two feet
long and 10ms in diameter. To the flared end of the condenser w-aé‘ welded
a six-inch length of 7mm Pyrex tubing that semre& a8 a side arm. Thg
‘ :am;e‘ ara was inserted into a 240mm Liebig condenser. The eolumn was pack-
ed with Smm lengths of 5mm soft glass tubing. The lower part of the col-
uin was -emsegi by a four foot length of 25mm Pyrex tubing whichhad been
wrapped with fifty—five' feet of no. 24 xiia’h’z*em& wire ad then covered %ith
a one-inch layer of asbestos lagging. The ti;p@e_r section of the ealumn wéé}
encircled by a one-foot iéngth of 3mm Pyrex tubing which served as &
dephlegmator.

Beakers, Erlemwer Flagks, L:wb;g C@ndmsars > Glamp_”, "T:srg@n"

Tubing, Thermometers, ani various Assorted Glsssware was obtained from the

Chemical Engineering Department Stock Room.
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'E. Hethod of Procedure

Calibration of U-Tube Vifferential Manometer

The rate of flow of chlorine’tiﬁrﬂough ‘t-he orifice of the manémei_tér
was determined by the water ﬂi‘spiééémaaﬁ‘methoa. The calibration was
- condueted at 25 °C. st which t«emmrature the selub:.lity of chler.me in wa-
ter is O.ék%(l)
The following procedure was ueed for the ecalibration of the U-tube
dli‘ferantipl manomezter* _ B
1. The manometer was fillgd. with 95.5% sulfuric zeid to the zero
'zm;rk on the manometer scaale _%:i:xich was gm&u&ted in tenths of inehé-sq
2. The orif’icé wa,é clesned with acetone ami inserted between the
legs of the manometer. |
3. Tﬂe needle valve attached to the cylimier was opened and the
systen allowed to fill witn chlorine, and reach & ccsnsmnt vressure
dif"ferential between the level of sulfuric acid in each leg.
L The pressure differential was .adjusﬁd. to the desired levél_l.
Differences between the levels in the :m,@a'nomeﬁar‘ legs were tastéd at
2, by 6, 8, and 10 inches. |
5. Uhen the pressure s:iifi"eremi‘a]'. hed reached a constant level a
liter of chlorine-saturated water w&é diaplaeed from a volumetrie
flask. The time required for the isplace;ﬁmt was recorded.
A cxlibration graph for 'tfxe. chlorine manometer is shown in figux?e i,

page 19,
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Calibrotion of Rotsmeter

The rate of flxm of gaseous agetaldehyde ’_&hz"éugh the rotmmeter was
mwmmd by condensatlon in the recction-gases condenser nnd o welght da«v |
t‘erminmtim ef the linuld rcetoldehyde collected st the end of one ,h_ou;r.; -

Th@ procedure used "'ér the miibmti on of th ev rotemeter was as follows:

1., The outlet end of the rot: netaw was connected directly to the re-

retion-g-ges o@mimvar which h.%d B @rlmzrcynr flzsk of known weight

~tt-ched to its outlet end. Tbeverlemeyw flask was immersed in a

water bath msintained at 15°C, TM tempersture of ime water in the

reasction-grses oon'ian&er bath was constant at 10°C.

2e The liguid mmimldahv*m ccmtm ner WS .heatesi in & water bath,

m-ammmer at 36“0., for ona houy. griar to th& time when the cali~

“bration wes conducted. . |

3 The gate valve snd the needle valm attached to the 'aeetaldehyﬂe

f:@nt,a:imr were Opsned and tm» ,:,yesmm filled with acetaldebyde, and

t.he mtar Was lelowed to re: «::h a ccmetﬁnt reading on the etehed

sg.«gl,ee of the rotameter, |

L, The height of the rotor was a&guéﬁeé to the desired level. The

 rotor wss Lested at levels of 10, 50, 100, 150, ami 200 millimeters.

5. The liguid acetaldehyde that éi&é @olleeted at the end of each

- test wzs weigné& and converted to s volume basis. 4 eslibration

chsrt for the rotameter is shown in Figure 2, page 2l.
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Procedure for Flow of Gsses Through System

~The chlorinstion appsratus was constructed from glassware and metal~
lic equipment using “’Tygon“‘ tubing for connections =nd was supported by
iron ring stands.

The chlorine from the ¢ylinder ;.passed through a spe¢isl needle valve
and then through 7m Pyrex tubing into the pressure stabilizer which smocth-
ed out small pressure changes from the eylinder.

The outlet end of the 'préssure s'\c‘.ab}‘ilizer was connected to the U~tube
diffemntia’l manometer which measured the rate of flow of chlorine through
the system.,

From the manometer the chlorine gas was piped through 7 mm Fyrex
tubing into the chlorine preheater. The soy bean oil bath was agitated
by an electric stirrer and contained a thermometer for temperature meas-
urement .

The outlet end of the chlorine prehester was connected to 7mm Pyrex
tubing which piped the chlorine into a thermometer well }at which point
the temperature of the e¢hlorine gos was measured.

From the thermometer well the chlorine passed into the reactor where
it met the incoming scetaldehyde.

Th.e acetdldehyde, in the liquid stata,- was contained in a gaflvaniﬁed
iron drum which had a eapacitjr of thirty pounds. The drum was immersed
in a constant t.emperature-w&tm" bath kept at 30°C. The gasified acetai-
dehyde was controlled by a 1/4" needle valve into 7mn Pyrex tubing through
the rotameter which was used' to measure the rate of flow of gaseous' aceb~

aldehyde through the systen.
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" The outlet end of the rot;smterv z@.s connected to ‘é» thermoueter well
'aﬁ. which point the ﬁexnperaturé of the gmseods acetaldehyde was measured .

From the thermometer well the g@.seous ascetaldehyde passed into the
resctor where i-t.‘mfeﬁ the incoming chlorine. |

Vhen resctor-A was uz‘;ed‘ in the systes the reactants were brought
together by a ring~bulb method. The e}*ﬂ.brine was released into the -‘re?
setor through eight small holes that were spaced 45° apart along the iuner
airaumferenée of a ring fabriéated from Tmm Pyrex tubing. The ring was
pleced perpendicular to the verti.cal 'm;‘zis of the resctor. The acetalde~
hyde entersd the reactor from a bulb, 1/2" in diameter, that was position-
ed inside the annular space of the chlorine ring. The bulb eontained
eight smsll holes spaced 45° ap&rt around its circumference that was pei'-
pendicular to ‘the vertical axls of the reactor. The incoming gases pro-
duced an impinging effect as they ert ered the reactor.

During the ].atiar stages of the investigation reasctor-A was modi-
fied ond designated zs reactor-B. In the case of reactor-B the gases were
}released into the reactor through 1/2:"" diameter bulbs, each of which containe
" ed eight small holes spaced 45° apart around the c-irm:mféreneé of the bulb
perpendicular to the vertical uxis of the presctor, The bulbs were centered
with reference bto the vertieal ax.w of the reactor and were spaced two
inches =port between centers. The chlorine entered the reactor at the
botton and passed through twca ineheé of eatalyst bed before it met the ine
coming acetsldehyde,

The bottou of the resctor was fitted with a no.10 one-hole rubber

stopper t};@t was coupled 0 & no.5 one-hole rubber stopper by a short
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length of 7mm Pyrex tubing;' The no.5 @né:-—hole, rubber stopper was fitted
in a 200ce ro@d-bgtﬁam flask that was used to collect the 1iqui& chlo-
rinétcd derivatives formed m.the' reactor. The no.l0 rubber stopper m
the top of the reactor f‘:eﬁt&zﬁ@d the two gas inlet tubes, a thermometer,
and a Tmm Pyrex line tﬁmugh which paamdﬁha gaseous products of Péaction‘
plus the unreacted chlorine and va;mt»aldehydj@‘. The ‘maewr’ and the attach-
ed ,rauﬁﬁ»—batwm flask were immersed in the reactor bath. '

The resction gases passed out of the resetor ‘ﬁhraugh the ‘mn ,Pyrex
tubing and intogf:f%ﬁ()cc armm@er i‘lask fitted with a 2-hole rubber stop-
per. The flask was used as a trap to collect liquified ahloriﬁated de~. |
. ri%mtives;

| From the trap the gases passed into the reaction-gases condenser. |
The temperature in the_waber- bath was meaazmixd by a thermometer immersgd
in the top of the bath. | | | |

The condensed acetaldehyde, 1muiﬂ éhlarinatea derivatives, hydro-
gen chloride, and the unreacted ch‘lofj,_ne flowed into a 250ce erlenmeyer
flask which was fitted with a ho.? three-hole rubber ‘s.topper-; A ther~
mometer was inserted through the stopper and was used t,d measure the tem-
perature of the gaséa 1@&?5;&3 the eenﬁ@x}aer. W

The unreacted chierine ard the ha%dmgen éhlcvid_;e’ formed during the
resction were piped through 7mm Pyrex tubing into the hydrogen chloride
absorber. | |

The hydrogen chloride s the chlorine entered the sbsorber at the
bottom and were met by & stresm of wéter fléwing down thmﬁgh_tho packing.
The hydrogen chloride was absorbed by the water, and the re_suiting hy'&?oe
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chlorie acid was removed st the bottom of the absorber and collected in
a five-gallon glass Jars The unéiasolvédlghlorine pa&sed-out‘tha top of
the absorber and was released to the #&msSphéré, |

R Alschematic diagram of the ahlgrinaﬁioﬂlapparatUs is chown in draw-

ing no,l, page 26.
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ChloFinstion Procedurs

The ouﬁlinéd procedure ’1ist?aé below was used for the chlorination
éi‘ aé&taldaﬁﬁé:
- ,14 The fc;liowing steps wepe taken prior to the start of a runs
| a'; The acetaldehyde &rum was placed in the preheat bath,
connected to the gystem, and preheated to a ‘;‘-;eriz_fmratur@ of 30°C,
vfcsr one -hpur prior to the start of a run.
| be ‘_ The reactor receiver, trap, amd condensate recelver were
wgigheda: |
¢ the reactor was £illed with 7% of iﬁert filler or catalyst,
as&semble&, welghed ob a triple~beanm b‘slamw, immersed in the réacimr
bath that was maintained at & temperature of 17°C., and co:mmectec‘i t@
the a.ystém'.
d« The remtien-—gﬁsjéé émx@en&er bath was £illed with process
water. | |
e« The condensate receiver was imnersed in the insulated ice
baﬁh and c»émnwted to the éf;*stem.'.
f+ The water inlet vilve on the hydrogen chloride absorber
was turned on and adjusted to m&in&ain an approximate 'ra;te of flow
of one liter of water every five minutes.
24 | The chlorine wilve at the cylinder wis turned on, adjusted to
the required- r:a.f,ve of ehlorine flew measured by the manometer, and the
| systen allowed to £ill with chlorine.

3+ After the chlorine had been passed through the system for five

mimites;, the flow of acetaldehyde was a&j@wﬁ by means of a needle valve
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to that required for the run, wessured by the rotameter.
Le Thé following data wex‘e'wwmedi, at five minute int srvals,
during the course of a run:

L ‘T@pemtm‘e of the écataldﬂhy&e“preheat bath.

b, Re&ding of the=a¢%ta1dehyﬁe ratanetar..

¢. Tempersture of &é&ﬁslde}uy&a‘ entering the reactor. |

d. Reading of the chlerme ‘manometer.

e. Temperature of the ¢hierin§ preheat bath.

f',@ Temperature of ehlorine entering the reactor.

g+ Temperature of t.he reactor .ba.fbh.‘-u

he Tempeﬁﬂﬁur@ within the reaeior.

i. Tempersture of the gases leaving t‘he eon&ensate raczaiver';

J+  Temperature of th'e'remﬁionm}g%sw water B&th, | |

kﬁ.l Room temperature. |
5 Tha following gteps vwre& imkea &ﬁ\ﬁha end of each run:

a. *fhe‘ chlorine valve and ﬁh@ acetaldehyde valve were c‘z}la'sed;

b. The water inlet vslve into the hydrogen chloride absorber
Was elgseﬁ and the volume of absorber water collected during the run
wag measured. | | | |

¢+ The re&atmr waé removed from the system, the receiver flask
‘detachedg and the reactor weighed.

d. The chlorine remsining in the systen was removed by a wa-
ter aspirator that was connected to the condensate reaaiver;

| e. The reactor receiver, trap, and condensate receiver were

weighed.,



Analytical Procedure

The following snalytical procedure was used during the course of
the investigation:

Hydrochloric fcid. The smount of bydrochloric acid forued during

a run was determined by titrating duplicate 50cc aamiplea of the absorber
water with a 0,2305N s@luizian of sodium bydroxide., Hethyl oi*arifge wae
used s the \im:ii.c-&toré - |

Chl@wiria}adﬂ Derivatives, Separation of the chlorinated derivatives

from the acetaldehyde was accomplished as follows:

1. Fractionation. The contents of the condensate receiver,

trap, ard reactor. receiver we‘r'ér pbured into & 200ce round-bottom.
flask which was attached to the bottom of the i‘metionating column,
lHeat was furnished to the flask by an electric heater that was . .
placed beneath thé round-bottom flasks The water into the Liebig |
condenser wés then t.urred on¢ The temperature in the column was
eantmilé& by zdjusting a variable rheostat that was cé'nxiegte&' in
séries with the nichrome winding émund the column. The colleetion
of distillate from the colwm was_mintaimd at vappmxmahely‘ wee
every two mimtes by rwa.mng or lowering the cooling W&t'er""lﬁ:irel.

in the :déphlegma.tom - ‘ | ;

2. Simple Distil: ':i'-,id; The contents of the eondensate re~
'eeivar;_ trap, and reactor receiver were poured inko a 2@0@‘51@15?
neck distilling flask which was fitted with a mereury bulb ther-
mometer whose bulb was even with the exit tube, The eiia%ili‘ing

flask was inmersed in a water bath beneath which was placed an elec~



‘tric heater. & 400 ‘cem;imeim% Liebly condenser was connected to
the side neck of the distilling flask ami the distillate was re-
covered in a 1COecc wépomﬁiu;g dish that #&s immersed in an ice
babh.‘ . ‘ | |
| The fraction distilling over between 10° C. and 50° C. was
é&ll?e.eted in the evaporatiang »dish, Wzigmd , and allowed to stend
axposed £o the mmpmm for twelve hours at 25° C., and weighed
ag&ln. Tﬁe difference in weight of the svaporating diéhfbé,fore and
,gft-ér tm twelve bmr éﬁ:p@s&ra period wus designated as unreacted

acetaldehyde.
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F. Datz and Results

The experimentsl date and results obtained from the chlorination

experinents are presented as follows:

No-¥ield Tests Without a Catalyeh

Reactor-A, which contained a 7" filling of feldspar, was used
during each of the ’bel;ow mentioned tests. |

Chlorination Tests la and 2a. For test la the chilorine manometer

reading was 5.7", the acetaldehyde rotameter reading was 67mm., and the
pressure yaS 711‘@;1.. i‘he conditions for test 2a were: chlorine manow-
meter - 7,.6“', acetaldehyde mﬁ‘;smeter =~ 50 mm., and the ﬁréssure -wasv
723 .

As soon as each test was starﬁed a flanmat.ion-was propagated in the
reactor. The flammation was propagated in the lower part af't,hé reactor
during test la and in the tipper part of the resctor during test 2a. The
instart thst the flame oceurred in the '_feaewr during each test, the test
was stopped for a pericd of one minute ani then turned on again. No fu'r?
ther flsmmation occurred in the reactor _fof ‘the duration of the tests.

Each test was ended sfter a bpericd of approximately ten minutes as
the rotor in the rotumeter becane engulfed by a liquid that formed in
the m@téring tubes the;u/:'eby s pre&mﬁing‘ the messurement 01 the flow of
acstaldehyde through the system.

Ey replacing the rubber tubing connections on each end of the rotas -
mete-r‘tar‘ith Tygon tubing the formatffon of iiquid in the measuring tube
was eliminated. |
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Chlorination Tests 1b and 3b. The conditions for test 1b were:

| chlorine manometer - 5,7", acetaldehyde mtgme@ezf - 67 ma., and the
pmséur.e reading was 712 mm, For test 3b the ehlorine mancmeber read=
ing was 7.8", the acetaldehyde 'ﬁ@ﬁ:‘:}m@wr reading was 39 mm., and the
‘ nresmm was 712 wmm, - |

fithin a pexim:‘i of three minutes after the tests were started the
mmtéxf t;rap,» whieh was m@sec% Lo éiffuséﬁ sunlight, exploded, thereby,
ending the ﬁ@ﬁfw»' | v
| The reactor trap was @m‘leee& with a black cloth bag in test 3¢
and no expi&sien oceurred; aubsééxzerm runs avoided explosions in the

reactor trap by this procedure. .
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Table 1.

Data Sheet on Chlorinstion Test No. 2b

Heactor-4

 Catalyst - none (79 Feldspar)

Pressure - 712 mm,

Chlorine Manometer = 7,0%
Acetaldehyde Rolameter - 50 mm.

Datat
Time ‘ Temperature : g
Acetal dehyde Chlorine Reactor|Reactor | Condenser Room:
|preheat| into |preheat | into - |preheat water | exit
bath: | reactor| bath |reactor| bath. bath | gases |
(min (°c) | (°) | (%) | (©) | (&) [(6) J(*o) | (o) |(q)
15| 30.0° | 31.5 | 41.5 30.0 2540 30.0  [13.5 23,0 | 2745
<0 30.0 3.5 | 410 30.0 2540 30.0 [13.5 2140 |47
251 30.0 3L.5 | 4140 .| 30,0 | 25.5 | 31.0 (13.5 | 21.07 | @
35| 31,0 | 3L.5 LO.0 | 30.0 | 255 33.0 |13.5 20,0 1| 2745
4| 30.5 ‘31,0 4040 30.0 25.5 | 34L.0 |13.0 2040 | 2745
45| 30.5 3040 40.0 30,0 2545 34,0 [12.0 19.0. | 2
50| 30,0 30,0 39.5 | 30.0 2545 340 [11.0 180 | .
55| 30.0 3040 39.0 30.0 25.5 | 35.0 [10.5 18,0 | 27
&0 | 30,0 30,0 39.0 29.5 25.5 36,0 [10.0 18.0
65| 30.0 30.0 39.0 295 25,5 37,0 110.0 18,0 | 2
75| 30.0 30.0 38.5 2945 25.5 37.0 [10.0 18.0 | 2
80| 30,0 30.0 38.0 29.5 26,0 37.0 (10,0 15.0
85| 30.0 | 29.5 375 | 29.5 26.0 37.0 [10.0 19.0
90 29.5 “29 05 37- 5 ‘39 05 26 09 38&0 10 o@ 20 00
95| 30.5 2945 37.0 29.5 26,0 38.0 (1040 20.0
100 3045 2945 37.0 2945 26,0 38,0 [10.0 21.0
105| 30.5 29.5 37,0 29.5 | 26,0 | 38.0 |10.0 23,0
110 | 30.5 2945 37.0 29,5 26,0 38.0 |[10.0 28,0

Resulis: A spontaneous flame was propagated in the upper part of the
reactor. System was turned off amd then on again after a lapse of one
minute. HNo further flamnation oceurred in the reactor. -

Fractionation caused polymerization of the chlorinated deriv-

atives in the column,

The weight of chlorinated derivatives formed during the test was

747 grams.

The weight of unreacted acetaldehyde was 63.0 grans,




Table II

Data Sheet, on Chlorination Test No. 3a

Reactor-a | . | Chlorine Manometer - 7.8% .
Catalyst - none (7" Feldspar) hcetaldehyde Rotameter - 39 mm.
Pressure ~ 706 mm, . S

Datas :
Time Temperature ' I
Acetaldehyde Chlorine Reactor| Reactor] Condenser _ ‘Room|.
preheat| into |preheat| into |preheat - | water | exit
‘bath |reactor| bath |reactor| bath | - bath | gases|
(min) ( wc) ( ec.) ( QG) | ( @C) | ( °€’) ( "’C) _ ( é(;)' ( aa) ( gc) .
0 | 30.0 30.0 41,0 |28,0 (26,0 |26.0 [9.5 14.0 . |25.0
51295  |31.0  |40.5 28,0 (26,0 |27:5 |95 15.0  [25.0
10 | 31.0 [31.0 40,0 28,0 26.0 28,0 (9.5 15.0 |25.0
15 | 31.0 |31.0 0.0 28.0 26,0 28,5 (9.5 14,0 |25.0
20 | 31.0 31.0 | 40.0 28.0 26.0 28,5 (9.5 14,0 |25.0
25 | 30,5 31.0 39.5 28,0 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 |25.0
35 30,0 30,5 39.0 28,0 26.0 29.0 G5 11}. 25.0 | .
40 | 30.0 30.0 38.5 28.5 26.0 29.0 [9.5 {14.0 [25.0
45 | 30.0 30.0 |38,0 28,5 26.0 29.0 ' 9.5 14,0 |25.0
50 | 3L.0 |30.0 |38.0 [28.0 26,0 129.0 9.5 ‘15,0 |25.0.
55 | 30:5 - |30.0 375 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
65 | 30.0 29,0 37.0  |28,0 |26.,0 . |29.0 (9.5 15.5 |25.0
70 | 30.0 29.0 27.0.  |28.0 26.0 . [29.0 [9.5 15.5 |25.0
75 | 30,0 28.5 36,5 28,0 26,0 [29.0 (9.5  [16.0 |25.0 |-
80 | 30.5 28.0 |45.6  |28.0  |26.0 29.0 (9.5 16,07 125.0 |
85 |30.0 |28.0 52,0 - 28,5 [26.0 - |29.0 (9.5 . |16.0 |25.0 |
90 | 30.0 28,0 52.0 29,0 26,0 [29.0 - |9.5 16.5 [25.0
95 | 30.0 28,0 [51.5 29.0 © |26.0 29,0 (9.5  |17.0 [25.0
105 | 30.0 28.0 [50.0 29.0.  |26,0  |29.0 (9.5 [18.5  |25.0
110 | 30.0 28.0 50.0 [29.0 [26.0 29.0° [9.5 18.5 |[25.0
115 | 30.0 |28.0 49.0 2%.0 26,0 |29.0 (9.5 19.0 |25.0 | .
120 [ 30.0 |28.0  [49.0 _‘29.0 B 26 O |'29 0 [9.5 [19.0 |25.0-

Resylts:. A spontanecus flame was propagated in the upper part of the re-
actor., System was turned off and then on again after a lapse of one '
minute. No further flammation occurred in the reactor. -

Fractionation caused polymerization of the uhlorinated devivatives in

‘the column.,

‘The weight of chlorinated deriVativas formed during the test was
- 105.6 grams,
The weight of unreacted acetaldehyde was 35 0 grams.
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Table III

Data Sheet on Chlcrination Teat, Hc. 2c

Reactor~a Chlorlne Manometer -~ 7. O"v
Catalyst - none (7“ Feldspar) Acetaldehyde Rotameter ‘= 50 mm.
Pressure - 709 mm.

‘Dates
Time | "‘ | Temﬁeraturs‘ , (_
Acetaldehyde Chlorine Reactor |Reactor| Condenser Hoon
preheat| into [preheat | into |preheat | water | exit |
bath [reactor| bath |reactor| bath - bath gases

mn) (o) | o) | (o) [Co) | (o) | oy |eo) |(x) | o)

0 [30.0 | 24.0. |24.0 |25:0 | 17.5 | 17.5 [10.0 | 15.0 | 24.0
5 130.0° | 32,0 |24.0 |24.0 | 18.0 | 24.0 [10.0 |21.0 | 23.0
10 30,0 | 33.5 |24.0 |240 | 18,0 | 26.0 [10.0 |22,0 | 23.0
15 | 30.0 | 35.0 | 24,0 . |2450 | 18,5 | 28.0 [10.0 |25,0 | 23.0 |
20 | 29.5 | 35.0 | 240 |24.0 | 19.0 |29.0 [10.0 |[19.0 | 23.0
25 | 295 | 35.0 | 24,0 [24,0 | 19.0 |30.0 [10.0 |20.0 | 23.0
30 |30.0 | 35.0 |29.0 |20 | 19.5 |30.0 |10.0 |21.0 | 23.0

'35 |29.5 | 34.0 |35.0 |24.0 | 20,0 |30.0 [10.0 [21.0 | 23.0|

40 [30.5 | 3.0 |35.0 |25.0 | 20.5 |30.0 [10.0 |20.5 | 23.0 |
45 | 30.5 | 34.0 |35.0  [25.0 | 20.5 |31.0 [10.0 |20.0 | 23.0 |

50 {30:0 | 34.0 34.0 25,0 | 21,0 31.0 10,0 {20.0 | 23.0 | -

55 | 3040 | 33.5 34,0 |25,0 | 21.0 " | 31.0 (10.0 19.5 | 22.5 |
60 |30.0 | 33.5 |34.0 [25.0 |21.5 [31.0 [10.0 |19.0 | 22.5
65 |30.0 33.0 33.0 25.0 21,5 | 31.0 [10.0 19.0 | 22.5.
70 | 31.0 33,0 33.0 25.0 | 22,0 30.5 [10.0° | 19.0 | 22.5
80 | 3045 33.0 | 33.0 2540 22,5 | 30,5 |10.0 18,5 | 22.5
85 |30+% 33.0 33.0 25,0 | 22.5 | 30.5 |10.0 18.5 | 22.5 |
90 | 30.5 32.5 [ 33.0 " ]25.0 | 23.0 30.0 [10.0 18,5 | 22.5
95 |30.0 | 32.0 32.0 25.0 | 23.0 |30.0 [10.0 18,0 | 22.5
100 | 30.0 32,0 32,0 - |25.0 | 23.0 " |30.0 [10.0 |18.0 | 22.5
105 | 30,0 | 315 32,0 |25.0 | 23.5 30.5 |10.0 18.0 | 22.5
110 | 3040 | 315 32.0 |25.0 | 23.5 31.0  |10.0 18,0 | 22.0
115 [30.5 | 315 [32.0 |265 | 240 |31.5 [10.0 |25 |22.0 |
120 [30.0 |35 [32.0° |25 |2.0 |35 [10.0 |25 | 22,0

Results: A spontaneous flame was propagated in the lower part of the re-
actor, The flame burned itself out within a period of 3 min.

The weight of chlorinated uePivatives formed during the test was
279.6 gramg.

The weight of unreacted a@etaldehy&e was 4l. 7 grams. .

' The absorber water collected during the run \30 liters) contained
lhB 5 grams of hydrochloric acide




Table IV

bata-&peetfonfﬁhld?inatiqn Test No. 3¢

Reactor-A Chlorine Manometer - 7.8"
Catalyst - none (7" Feldspar)  Acetaldehyde Rotameter -.39 mm,
Pressure - 712 mme ' ’

Data:
Time L v Temperature o '
feetaldehyde Chlorine Reactor| Reactor| Condenser | Room
preheat | into |preheat| into |preheat water | exit
~ | bath |reactor| bath |reactor| bath | - bath | gases ,
(min) (°C) | (°€) | Co6) [(G) | (°6) | (°€) [(°6) | (°€) | (°C)
0 | 30,0 | 26.5 | 26,0 | 27.0 21,5 215 9.5 12.5 | 26.0
5 3000 31;-0 26»0 27\10 22.0 ot 26-0 . 905 i 12-5 2600 -
10 | 30.0 34.0 26,0 | 27,0 22.0 | 29.0 |9.5 12,0 | 26,0
15 | 30,0 | 35.0 | 26,0 | 27.0 | 22.0 | 32.0 [9.5 12.0 | 26,0
20 | 30.0 | 35.0 | 26,0 | 27.0 | 22.5 | 33.0 |9.5 12.0 | 26.0
25 30 .0 35 00 26 00 27 00 220 5 39”-0 & 9 .5 1200 26.0 ’
30 | 30.0 35.0 26,0 27.0 23.0 LOD |9.5 12,0 | 26.0-
'35 | 3C.0 35.0. | 25.5 | 27.0 23.5 . K0.0. |9.5 12.5 | 25.5°
40 | 30.0 36.0 25.5 27.0° 23.5 36.5  |9.5 13.0 2545
145 | 30.0 40.0 25,5 | 27.0 24,0, | 40.0 (9.5 4.5 25 5f
55 | 30.0 | 40.0 25,5 27.0 2440 36,0 |9+5 15.5 '25 5‘
60. .| 30.0 LO.O | 25.58 | 27.0 24,0 | 33.5 |95 16.0 | 25, 5
| 65 | 29.5 | 40.0 25,5 | 27.0 | 24.5 | 36.0 |9.5 16.0 | 25.5
170 | 30.0 | 40.0 | 25.5 27.0 | 25,0 35.0 - [9.5 16.5 | 25.5
75 | 30.0 | 40.0 25.5 27.0 | 25.0 | 34.0 |95 16.5 | 25,5,
80 | 30.0 40.0 25.5 27.0 | 25.0 3440 |95 16.5 | 25.5
85 | 30.0 40,0 | 25.5 ,27.0 ! 25 5 |, 34.0 |95 16,5 "25'5 |

Results: The apparatus was blacked eut but a2 spontaneous flame was still
propagated in the lower part of the reactor.‘ The flams burned itself out

within a perzod,of 3 mine ’
The weight of chlarinatad derivatives formﬂd during the test was

110.9 grams,
‘The weight of unreacted aeetaldehyde was 22.8 gr&ma. :
The sbsorber water collected during the run (22 liters) contained

- 115.5 grams of hydrochxoric acid.
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Table V'

Data Sheet on Chlorination Test No. l¢

" Reactor-B
Catalyst - none(7" Feldspar)
Pregsure - 712 mm,

Ghlorihe Manometer - 5,7
Acetaldehyde Rotameter - 67 mm.

_ Temperature .

[TEne

Acetaldehyde

Chlorine

(min)

preheat
bath
(20)

into
reactor

(ec)

‘bath

preheat
(=€)

into
reactor
wiﬁc)

Reactor
preheat
bath
(+0)

Réact@r

Condenser

water
bath
(=C)

cexit |
Agasea

ag)

0
5
10
15
20
25
30
35 .
40
. 45
50
55
360
65
70
5
80
85
90
95
100
105
110
115
1120

30€0
| 30.0
130.0
30.0
3040
30.0
30.0
30.0
30.0
- 3040
30.0
30.0
30.0
30.0
30.0
3040
30.0
30,0
30.0
30,0
30.0
30.0
30.0
30.0
30 0

1

27.0

35.0

- 35.0

35:0
35,0
3440
3345
33.0
3245
32.0
31.5
315
30.0 .
30.0
30.0
29.0
29.0
28.0
28,0
28,0
275
26.5

26,0
26.0

26.5
26.5
26.5
26.5

26,5

2645
2645
26.5
26,5
26.5

26,5

2645
26,5
26,5
2605
26.5
26.5

| 26,0
' 26;0 C

26,0
26.0

.| 2640

26.5
26.5

26.5
26,5

2545

‘f27;@
| 7.0

1.25.0

27.0
270
26,5
265
26.0
2545

25.5
25.5

25.0
.25i0
250
2540

25,0
25,0
24.0
23.0

23.0
23.0

- 19.0

25,0 |-
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10.0
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Reaulta:

16440 grams.
The weight of unreacted acetaldehyde was 45.7 grams.
The absorber water collected during the run (26 liters) contained

67.4 grams of hydrochloric acid,

No flammation occurred in the reactor. :
The weight of chlorinated derivatmves formed durinv the test was




Teble VI

Data Sheet on Chlorinastion Test No. 2d

Reactor-B Chlorine Manometer - 7.0"
Catalyst - none (7" Feldspar)  Acetaldehyde Rotameter - 50 mm,
Pregsure ~ 708 mm. I ‘

Dmm

: Temperature _ ~ ]
Acetaldehyde | Chlorine Reactor|Reactor | Condenser ‘Room|
preheat| into - [preheat| into |preheat| ‘water | exit . :
| bath |reactor| bath |reactor| bath | bath | gases |
(min) (°0) | (e€) | (o) | (=€) | (°C) | (ee) [(€) | (€) | (°C)

- 13.5
15.0. .
15,0
| 15.5
155
15.5
16.0 -
17.0
17.0
20,0 - |
21.0 '
2.5
24.0
25.5
27.5
28,5
29.0
29.0
29,0
128,0
27.9
25.5
25.0
25.0°

Time

B
o

0 | 30.0 | 25.0 | 240 | 2.0 | 17.0 | 17.0
5 | 30,0 | 33.0 24.0 24.0 17.0 31.0
20 | 30,0 | 34.0 | 24,0 | 24.0 | 17.0 | 3L.5
15 | 300 | 34.0 | 24.0 | : 17.0 | 32.0
| 20 | 30,0 | 34.0 | 24.0 17.0- | 32.5
30 | 30.0 | 34.0 | 24.0 17.0° | 32.0
45 | 30.0 37.0 | 24.0 18.0 | 30,0
50 | 30.0 | 39.0 | 24.0 18.0 | 3.0
55 1 30.0 39.0 | 24.0 18.0 3L.5

60 | 30,0 | 39.0 | 24.0 18.0 | 31.5
65 | 30.0. | 39.0 | 24.0 18,0 | 3L.5
70 | 30.0 | 39.0 24,0 18.0 31.5
75 | 30.0 39.0 | 24.0 18,0 | 31.0
80 | 30.0 | 39.0 | 24.0 18.0 | 31.0

' 85 1 30. 3805 2‘&00 1809 31.00
90 | 30.0° | 38.0° | 23.5 18,5 | 31.0
95 30.0 ! 37-5 23»5 1805 3100

110 | 30.0 19.0 | 3%k.0

0.0
0.0
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Results: No flammation occurred in the reactor. ‘

" The weight of chlorinated derivatives formed during the test was
The weight of unreacted acetaldehyde was 18.5 grams,

. The absorber water collected during the test (27 liters) conteained

127.0 grams of hydrochloric acid, '
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Table VII

Data Sheet on‘Chlorination Test No, 34

Reactor-B »
Catalyst - none (7% Feldspar)
Pressure - 720 mme

Chlorine Manometer - 7.8%

Acetaldehyde Rotameter - 39 nmm.

prior to the eighty minute reading, :
The weight of chlorinated derivatives formed durlnv the test was

59.5 grams.
The weight of unreacted acetaldehyde was 27.6 grams,
The abscrber water collected during the test (19 liters) contained
53.6 grams of hydrochloric acid.
o flammation occurred in the reactor during th@ test,

Datas
Time - Temperaiture ,
Acetaldehyde Chlorine Reactor|Reacter | Condenser Room
preheat| into |preheat| into |preheat water | exit
bath |reactor| bath |reactor| bath bath geses
(min} (°C) | (®C) | (°¢) | (=) | (<€) | {ec) [(°c) | (°C) | (°C)
0| 30,0 36.0 26,0 2740 17.0 17.0 95 3.0 25,0
51 30,0 36.0 | 26,0 27,0 17.0 29,0 945 12.0 25.0
.10 | 30.0 36.0 26.0 26.5 17.0 3640 2.5 10.0 25.0( -
15 | 30,0 | 35.5 26,0 26,0 17.0 31,0 9.5 9.0 25.0
20 | 30.0 35.0 26.0 26.0 17.0 31.0 9.5 . |10.0 25.0
25 | 3C.0 34.0 26.0 2640 17.0 31,0 9.5 10.0 250
30 | 30.0 340 26,0 26,0 | 17.0 3045 95 11..0 25 .0
35 | 30,0 7| 33.0 | 26.0 | 26,0 | 17.5 | 30,5 |9.5  |12.5 25,0
L0 | 30.0 33.0 26.0 26,0 17.5 3045 9.5 14.0 250
45 | 30.0 3245 26.0 26,0 17.5 305|945 18,5 25.0|
50 | 30.0 32,0 | 26.0 260 175 3045 945 240 - 2540
‘55 | 30.0 315 26,0 26.0 | 17.5 30.0 9s5 30.5 25,0
60 | 300 310 26.0 26.0 18.0 30.0 9,5 36.0- 25.0
65 | 30.0 3045 26.0 26,0 18,0 30.0 95 41,0 25.0
70 |30.0 30.0 26,0 26,0 18.0 30.0 [9.5 44,0 25:0
75 130.0 30.0 26.0 26.0 18,0 30.0 9.5 4O | 25,0
80 30,0 30.0 26.0 26,0 18, 0 BG.O %) ? 25,0
Results: The test was ended when the condensate receiver exploded just
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Summary of Conditions and Results of Chlorination Tests

Actual | Celculsted Relsted Yields
Test | Temp. Catalyst Rggioﬁn?mk:ﬁtggﬁy%l Pressure Tf::to{ Input A§§§§%23 hyi:mac O fgg:ed fﬁ‘?ﬁiﬁiﬁ? traﬁxﬁ:fmmc. fg::g:i B:i: mﬁt' %gxo Bi';::s ggl f:rr?d
No. |(°C) | used (L/hr) (L/br) (em) |(min) | () (e) (g) (g) (&) (g) | (e (g) (g) |(a)]| (&)
la | ~--——-| none 67 33 71 10 - - - ———— | — | — — B N
28 | ---—| none 75 25 723 5 e | — . - - SR I —— — | — -
2b 34.1| none 5 25 72 110 114.5 | 5L.5 63,0 |- + - - 746 92 | 133 173 —— | —— ——
3a 28.8| none 80 20 706 120 66.8 | 31.3 35.0  |=——- + - - 105.6 57 82 106 —— | ]| -
2¢ 30.0| none 75 25 709 120 124.9 | 83.2 41.7  |lW3.5 + - - 279.6 | W8 | Ak 279 294 | 211 | 175
3b ~—=-—| none 80 20 T2 2 - + - —— — | —— — — | ——] ——
lb | -=——=| none 67 33 712 3 - . - —— | o |- — —— | —| —
3¢ 34.3| none 80 20 712 85 47.3 | 24.5 22.8  [115.5 + - - 110.9 L 63 82 230 | 165 | A7
lc 30,0 none 67 33 712 120 155.1 | 109.4 h57 67.4 - - - 164.0 | 194 |28) 367 5 |105| 93
2d 31.5| none 75 25 708 120 124.9 | 106.4 18.5 127.0 - - - 213.4 189 272 357 273 | 194 | 175
3d 30.5| rone 80 20 720 80 Wy 6| 17.0 27.6 53.6 - - + 59.5 30 bl 57 ns | 83| Tk
L | 240.0[C.(act) 67 33 705 10 - - - —— | —— | — —— — | —— —
7 | ——| mCly 67 33 T LI e - - - N (U PR P e Ed B
8 | = ALCl4 75 25 704 A - - - - — | —— | — — | —
10 | =—--| FeCl, 67 33 708 15 ~ - - - ——— | o |- — — | | ——
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Ho-Tield Tests With a Catalyst

Leactor-B, which contained a 7" £illing of catalyst, was used dur-
ing each of the below mentioned testss

Activated Carbon. OUne test was attempted using anhydrous activas-

ted carbon 58 the eatalyst and wes designated a8 test 4. The chlorine
manometer mmmg wag 5,7, the acetaldehyde mﬁ%mate‘r masilng was 67
ame, znd the pressure was 705 mm, |

No flammation ocourred in the reactor during the tLest; however, the
temperature wit-hirx the r@.a;c-t.or rose to 240°C, within @ peried of ten min-
utes. Since the apparatus as construéted for the experimental tests was
aet' gépa.-bls of cémtrolling: the w@emtmﬁe within the reactor, the use of
anhydrous activated carbon as a‘ catalyst was discarded.

Aluminum Chloride. Tests 7 and 8 were attempted using anhydrous |

aluminwa chloride as a catalyst ‘i Faﬁ:» test 7 the chlorine manometgr read-
ing was -5.7", the acetaldehyde rotameter re:gﬁiﬁg was 67 mm., and the.
pves‘éum reading was 712 mm. The conditiénsi for test 8 were: chlorine
manometer - 7.0", acetaldehpie rotameter - 50 nim., z;mfl the pressure wg;s'
712 mme

Ho spontaneous ignitions oceurred during the course of the tests.
During each test it was noticed that as soon as the run was started the
aluminum chloride in the viginiﬁy of the a;cetaléehyde inlet started to
change in color from white to brown, similar to phenomena when sublimed
anhydrous .a;luniimn chloride comes im&é contact with water, Within a few
minutes that part of the aluminum chloride which had turned brown becane

| an impermeable mass that prevented the passage of the reacting gases



ml@ﬁa

‘through the reactor. An examination of the brown mass showed that the
aluminum chloride also had caused a polymeérization of the chloro-deriv-

atives of acetéld.ehy& e

Ferric Chloride. Test 10 was condueted using anhydrous ferric
chloride (sublimed), extended on feldspar, as a catalyst. The chlorine
E manoneter readimg was 5.7", the acetaldehyde rotameter remdf;ng was 67
mit., and the pressure was 708 nme |

No spantemezéua_ ignitions occurred in the m&atmr during thé test.
At the end of fifteen minutes the flow of'ga;sea through the ?eactor‘ was

stopped by a plug of black polymer formation in the reactor.
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A+ Discussion of Hesultls

Spontanecus Ignitions in the Lower Section of Heactor-i. The {lame

which.was propagated in the lower section of reactor-i ﬂuring experimens
tal tests la, 2¢, and 3¢ was- pr@bahlj'a'r@ault of the impinging'effect
produced when the reacting gaﬁesv@mt@ted the reactor. The reactor was
eoated with black paint prior to the start of experimental test 3a to
determine whether or not the flammation in the lower section of thé res
actor was caused by a spontaneous photochemical reaction between the
entering chlorine and ﬁaataiéebydsJ With tﬁe reactor "blacked cut" the
» ap@ntagaous flamsation oceurred as it did in the exposed system.

| Glasstane(S) states that an‘increaﬁe in the velocity of gasaoué
‘molecules striking each other réiéés the additional energy'fequired for '
reaction, known us the energy ef éﬁtivatiom,.aa avresult-of interchanges
oceurring in'colli$iens. ,

The veloeity of thlarine and.aaei&lﬂehy&e at the point of impact was
equivalent to 4.7 feet per second. ‘?hia_resultant velocity of the two
entering gases was evidantly'sufficient to increase the energy Qf-actié
#ation of the chloriné and acetdlde hyde to a level which caused sponba«
neous ignitions to take place in tﬁe reactor at thg ﬁoinﬁ of impact of

the two entering reasctants.
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Spontaneous Ignitiehs in the Upper Section of Reactor-A. Two theo-

ries csn be presented with respect to the csuse of the spontaneous igai~
‘tiﬁnS'which ﬁook'place in the upper section of reactor-i during experi~
mental tests 2a, 2b, and 3a. By upper section is meant that volwite at
the top @f the 1’*eva<‘:tvor not occupied by the feldspar fillé:?.

- One theory that can jﬁe used to explain the above mentioned phenomena
reiates. to photochenpistry. During the experimental tests when there waa
flawstion in the uppe§ section of the reactor the chlorination apparatus
was located in such a pesition that only diffused daylight from a north-
gast wimdcw.cou1d1havg provided phqteehemicalaf£e¢té.

The reactant gases tpasséd through the feldspar bed with a velcci_t:y
of approximately 4.7 feet per second. Just as soon as the reactant
gases left the feldspar bed anﬁ‘eﬁtered the upper section of the réaaﬁar.
the velocity of the pases was reduced tq épprnximaﬁely 0.06 feet per .
second. This reduction in the velocity served as a means of inc;easing
the number of collisions between the 1ight»sehsitiz¢d chlorine and the
acetaldehyde at the interface between the feldspar bed ard the unoccu=
pied space of the reactor. These collisions re‘sultad‘ in & release of

| the light energy from the chlorine in {:hé form of heat energy which was
sufficient to cause ignition of the inflammable acetaldehyde.

The second theory is based on the formation of statie charges.
Yhen the reactant gases met, they —:’imrﬁedia‘i‘aely formed minute particles '
of the chloro-derivatives of acetaldehyde that appeared in the top secs
tion of the reactor as a dense white fog. These particles of chloro~

derivatives were heavier than either of the resctant gases; therefore,
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th'ey. tended to fall towands the bottom of the reactor, However, the

}‘ velocity of the gases within the feld&mr bes:i was sufficient to carry
‘most of the c‘hlcreﬁderivatiw *gmr‘tiél&& into the upper section of the

- reactor ﬁ%";lei\".‘e, as deseribed in .*”“e' first theory, the velocity of the
gases was greatly refﬂuced; The tendency thexa;. in the upper section of |
the ‘re-aeter, was for the particles of.-ehlemﬁarivg‘oims to settle

| towards the interface between the feldspar i‘ayer and the upper seéti&n
of the reactor., 4s the ?&fﬁi@lﬁs approached the interface, the velocity
of tlge gases leaving th'e :Lnt»eri‘:»ca was sixffieiémt to 1ift the particles
up and awaar from the interface; ‘ﬁhereby s Was iﬂiﬁimﬁe& a vertical vibra-
tional movement of the particles. This vibrational motion that was set
up by the chloro~-derivative paﬁi&l&s t’-:.aué»&d a static charge to envelope
them. The difference in potential between the -aligh@iy jonized gaaeiau‘s‘
‘reactants and the charged chlﬂmécierivatiw vp&zrtieles relessed the
charge on the particles. The release of th@_e;mwge was sufficient t;@
cause gpontaneocus ignition in the -npp*ér section of the reactor.

| Exglosiena in the Reactor Trap. During experimental testa 1b and

3b the explosion that occurred in the reactor trap within a permd of
- three minutes after the test had been started can be attributed to s
phoméhemical reaction between eh_lwiﬁe' and acetaldehyde. The above
statement is substantiated by the fact that during experimental test 3
the reasctor trap was enclosed by é, blgmk cloth b.a,g and no ‘ex;ﬂoaion oc=
cufre&. Furth@mere, during a1l of the tests made st.bsequent to test

3¢ there were no explesiom in the encl@sad resctor trap.



Bate of Flow of the Reactants. During the‘iéxperirx‘ae;ntal tests that

produced yields of the chloro-derivatives of acetaldehyde; that is,ex-
periﬁemal t;sst;.s 2b, 3a, 2c, 3¢, lc, and 3d, the reaction between chlo=
rine and acetaldehyde was not completed in the reactor. The reaction was
continued in the reaction-gases condenser and/or the condensate receiver.
This reaction was indicated in all tests by a rise in the temperature of
the non-condensed gases leaving the condensate receiver. tAll of the
above mentioned tests were carried out using a total rate of flow of re=~
acténts of 100 liters per hour. bue to the fact that the reaction was
not ¢ onpleted in the reactor an increase in the rate of flow of reactants

to 500 amd 1000 liters per hour was not feasible.

~ Lollection :of Gh}sm-ﬁgrivgti&es of Acetaldehyde. The liquid chloro=-
dariv}atives that were ‘f‘o:med by ei’:e rea@ti@ﬁ between acetaldehyde and chlo=
rine were collected; to a large extent, in the acetalciehyde‘condensam
flask. Prior to conducting experimwéni tests it was thought that iha
liquid chlorinated derivatives would be collected entirely in the prod-
uct flask attached to the bottom c_‘i‘"t’he rua&éiao-%.

The si ze of the ¢hloro-derivative particles formed was very minute,
approaching collodisl size, and appeared in the system as a mist. The
particles were heavier than the gaseous dispersing medium; however, the
veloeity of the reactant gases through the system was sufficient to even-
tually carry the particles out of the reactor and into the condensate
receiv'e‘r' where a resulting mixture of liq}gm acetaldehyde and chlem~

d@rivativeé was collected,



Separation of igetaldehyde and its Chloro<Derivatives by Fraction-

stion. The only physical constant: available for the three chloroe
derivatives of acetaldehyde is the boiling point; therefore, 4 separa-
tion by frxcii@a&tim wés the only method by which the sctual extent of
::hl@rinatien could be determined for éa@h experimental test.

Unsuccessiul attémpts w-eri_é maﬁm to separate, by fractionation, &
mmm of ﬁhe chlm»&e:ivaéives and unreacted seetaldehyde collected
during eﬁépeﬁsﬁmh&i tests 2b and 3a, In each case the 'éeparatien a,fltha ‘
acetaldehyde was accomplished’ without difficulty, but when the tempera=
tﬁre of the #apem in the top df the éalﬁmn ‘reaﬁhe& 85°C, a ;aﬁlymerizav—-
ti@n took pla.ce in both the d:;stilling flask and in the column itself.
’l‘he polymer was black in edlor, and .xts. presence prewntm further sepa~
ration by fra/atimatim.

Hcilbx-@n( &)

states that the di-chloro-derivative of scetaldehyde
polymerizes whga heated. Hawever,, the temperature limitations required
for ;ﬁelymwmatiw are not given in the literature.

Interpretation of Tields. The ext.ent to which chlorination aub- '

stitution occeurred in the aﬁetalﬂehyde melecul& during the mperimanwl
tests was empirwally determined by use of the law of definite propors
{t..iéms. The theoretical weight of each ﬁilém»derivative that could have
been formed during an experimental test, aasﬁming; 100 per cent conver=
sion, was calculated ﬁsiﬁg the following formulae:

CHyCHO + Cl, — > CHyC1CHO » HCL

CHg0HO + 3Cl; ——> CCl40H0 + 3HOL
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One series of e¢sleul-tions were made using as a basis for the ‘calou-
lations the weight of acetaldehyde that maeﬁéd: during the eg:qwrimemtal
-tﬂest.;. Another series of caleulations were made, when possible, miﬁg a8
a8 bssis the weight of hydrochloric scid formed during the experimental
test. |

The ccleulated yields sre shown in Table VIII on paged3.

Bvslustion of Yields. From the ¢ slewlations that were made to

interpret the ylelds of ;ehl@m'mc’i@ri?atiws fémed during each of the
experimental tests the f@l}.@@r‘ig p@stﬁlmiam{\ can be mades

Grestest ylelds of @hlérimﬂad; derivatives were formed when a ra-
tio of three moles of chlorine to one mole of acetaldehyde were combined.
However, the composition of the product was predominately the mono~chloro- |
derivative of acetaldaiayda- |

A ratio of four moles of ’a}:s.ler';{ne to one mole of acetaldehyde prod-
uz-e“éd a lower yield of product, !:m at the same time the product that Qas.
formed had a composition which indicated that it was mostly the tri-chloro~
derivative of acetéld&hyde. |

 Gorrosive Nature of the Gascous Resctants and the Chloro-Derivatives

of. “Agetglgleh_z@g. During the experimental work it was found that gaseous
| arzetaldéhyﬁe reacted with mbb;w tubing o eauseed the rubber tubing to
become hard and brittle within a short period of time.

The liquid e;hlerowderiva&iim of ncetaldehyde were very eérfosive
to rubber, ¢ork, and tin foil,

Tygoﬁ tubing was satisfactorily used for conneetions on the Pyrex

glass tubing carrying chlorine, gaseous ‘aaetai@ehyd«e, liguid acetaldehyde,



and the liquid chloro-derivatives of acetaldehyde.



The following ,'reeormaendatiﬁm are suggested for additional research

on the vapor phase chlorination of acetaldehyde:

Resctor B-eéié@. The reactor should be constructed to alleviate the
removal of the heat of reaction ss it forms in the reactor. One method
that can be used to aecémpliah the rememl of heat from the reactor is A
the injection of an .inert‘v gas, such as carbon diexide, into the reactor.

Cata’lz‘_,.s.t. Since positive @ataljata caused the formation of poly~
mers or excessive temperatures in the resctor, it is recommended that, a
negative catalyet be used either with or without the aid of ultraviolet
lights '

Separation of Chlorinated Derivatives. The_ use of vacuum distil~

lation as a means of sepai'ating the three chlore-derivatives of acetal~
dehyde should be attempted as a possible method to prevent polymeriza-

tion of the chloro~derivatives which occurred during fractionation.
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V. CONCLUSIONS

The following edﬁalusiéﬂs can beé enumerated as a result of this
investigation:

1. Lmen the resetant gases were allowed to strike each ottie{r direct~
1y on Qm'siearing t%ae ra&»étfrm N w:s.th ..'@ raaﬁlﬁ&mﬁ velocity of 4.7 feet per sec-
ond, a flamuation oceurred in the reaétoi.

2. At veloci’cies below 447 feet per second 3 flwrxmatwn occnr‘w&i
when the reactant gases weré emaseéi to ﬂifmsed daylxght.

3@ The resetion between acetaldehyde and chlorine was not completed
in the reactor when the rate of flow of reactants was 100 liters vper» hour.

L« 4n explosion occurred in the condensate receiver when the tem~
perature of the exit gases from the reaction-gases condenser rose above

5. During the fractionation the chloro~derivatives of acetaldehyde
formed a black polymer st temperatures above 85°C. o

6. The use of anhydrous aluminum chloride as 5 catalyst was un~
satisfactory, The formation of a polymer in th@’ reactor prevented the
reac-tm'xb gases from passing through the reactor. |

7. Anhydrous ferric chloride (sublimed), extended on a feldspar
fillef, was unsétisfactory as a catalyst for the resction between acetale
dehyde and chlorine. The foruation of a black polymer in the reactor
prevented the reactant gases from passing through the reactor.

8. The use of anhypirous activsted cdrbon as a catalyst caused thei

temperature in the reactor to rise to 240°C., It was not possible to
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affect avrem}ovai of the heat from the resctor with the apparatus that
was used. |

9. At approximately 30°C. a ratio of three moles of chlorine to
one mole of acetaldehyde produced the greatestyields of the chloro-
derivatives of acetaldehyde, but the mnmchlarq»deri#aﬁive was fomeﬁ
in excess. | |

10. 4t approximately 30°C. a ratio of four moles of echlorine to .gng
mole of acetald ehyde produced & lower yield ‘@f the ehloro-derivatives of
‘aceﬁaldehyde/;f however, the formation of the tri-chloro-derivative of

‘acetaldehyde was predominant.
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Ttm inaecmcme di&hlomfdigahmﬁ-triﬁ!ﬂ.@rwthm, c@mmniy kriown
:} as Qﬂ‘l‘ ’ i wn‘thaaizad by" the wmiamsa&iem @f nblorabenzem with ¢hloral.
~ The chlaral cenaumed each m@ﬁti‘x now wnmgoa over 1,30@,0“ poursis.
: Ghl@ral i.a pm@uccﬁ cammraially by the ehlox-immm of ethyl ﬂeehﬂl
which is -eamn‘biﬂly a bateh process. It is wlso peaisibl-e to pmﬁuee ‘
chioral by the nqum phase ahlorimti@n of acetﬂéehyﬁo, sﬁm@ both
metaldahwa emi ehlarim are Rases at roon tempamture the powibility |
of pre&uﬁing ehloral aenﬁmmﬂy by the vamr ;ahaw cmnrinatwn ur ae-
' etaldehy&e warrdnts imaaﬁgatima o
‘I‘m ;mrma of f.hia mvesmgmﬁim m& to aetamim the effmt of tima,
~ temperature, ecnggxmmti@n and catalysie in tm vapor phase chlorination
 of scetaldehyie and to £ind the yleld and quality of the chlorinsted de=
rivatives produced.

| ’rm ehlerinatiam apmmtua was aamhmﬂte@ from glassware and metal~
lie equipmnt. Ehe ahlwim gas paam% thmgh & ;mgmum at.abuiwr,
.that amm:ﬁhod out small presaure ahmgss i‘mxa ‘biw wiimiﬂ' wnd then into
a mmqmai;er where the rate of flow was measured, From the mmometer the
chlerine ‘g«ﬁs p&ss@& through & heat ‘exe‘hmga# méz‘*é 1t wae mmm prmr |
to nnt,ry into Mm reactor. The aeeta}.dehyﬁa was prahwaed in & watar o
bath md then allewed to flow into a mtmwwr were the rate of flow was.
| 'm;wrad ;;aa‘riw to its entry into the mmwm During the course of the
_ guywimmmi stage two different rémtérﬁ* kax‘*e used. In &m resctor, 51 :

ma in digmeter and 14 long, the gases entered the systes through a ring-
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bulb arrangement located at the bottom of the reactor, The other r’e;,
actor, 34 mn in dismeter and 8" long, e@ntaizied two pefe‘.iorateé glass
bulbs placed one sbove the other and two inches apart. The bottom of the
reactor was fitted with a flask used to collect the ehlerc-ﬁwé:vaﬁi?éé
that formed. The reaction gases, unreaéted' acetaldehyde and chlorine,
“and'the hydfe,gén éhl‘ori:dé foﬁmd ‘during the remtioh passed out the top
of the resctor, through a trap, and inte a heat exchanger woich served -
to éoﬁciense the g;aséc;né | metamehyde.- The liguified 'aeeﬁaldahydé pius
the chlorinsted dérivatﬁes ‘m’w‘e collected ina flask placed at the m.»
‘letv enci‘ 0[’ the heaﬁ &cﬁ&ngér. I*he gaseous ehlar:me ard hydrogen chlo~
mde entemd a hydrogen ehl@rme abwrber where the hydrogen chloride
Was ab@orbed by a conntercurrent flow of water ard the cnlorme allowed
to flcw mto the atmosphere.

A uerie.;, of experiment al tests were Me at approximately 30°C.;
ghlorine to ae‘etaldehyd‘a ratios of 2 t-’e' 1, 3tol, ad 4 to 1; hoiding'
éonatm% t,he t ine of each test, thea prassure, and the total rate of
flow of re ,ctants. mpermantal tests were uade as above with the. fol«
lowing catalysts: activated carbon, aluminun chloride and ferric chlo=
ri@a.-

 The results of this investigation indicated that when the reactant
gases were allowed to strike Mch other directly on entering the rea;e’oor,
with a resultant velocity of 4. 7 i‘eat per second, a flammation occurred
in the reactor. At velocities below 4.7 feet per second a flammation
oécurred_ when the resctant gases were aﬁﬁpos‘e& to diffus»ed daylight.

The resction betweeﬁ me‘taldehyde and chlorine was not completed
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in the reastor, but contimued in the reaction-gases condenser and/or

th-é condensate flask, wnen the rate of flow of resctants was 100 liters
per h@ur.: in explosion occurred in the .e_c»n.da‘nﬁata flask when the temper-
ature of the exit gases rose above:%“@.:.

Attempts to separate the«.eh:;eree-&erivatives by f‘rac.tipn&tim were
‘unaatisiiactory as the ﬂal;@ro»éderivatiwﬁ i’ozmd ablack polymer st tems
peratures above 85°C,

“The use of anhydrous gli-m;iﬁumr chloride and ferric chloride as
.'c'.—atalystfs was unsuccessfuls In each case a polyﬁwrvwa& formed in-tfw.' =

reactor which prevented the reactent gases :roziz passing through the 'r‘é*é
adior. ‘Whenlanhydrms acti;v*ated carbon wéa used as a catalyst the tem-
~ perature in the reactor rose to 240°C. It was not possible to remove the
heat of ré.aeﬁién from the reactor with the appa‘x?atus that was used.}

'At approximately 30°C.; a ratio 6&‘ vthrea méles of chlorine to vor-w '
nole of aeetaldehyde produced the graawst ylelds cf the chlom-—d@mva-
tives ot aeetaldehyde, but the mono-»chl@rowderivatwe was i‘ormed in
axces_sz a ratio of fwanr moles of ahlamna to one mole of acetaldehyde =
produced a 16w‘er yield of ‘the_ éhlams-derivgtivés of aestalaehyﬂe; how-
ever the formation of the tfriwhloréyderivaﬁive of acetaldehyds wa,s‘ pre-

dominant..
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