I
[LLINOTIS

UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN

PRODUCTION NOTE

University of Illinois at
Urbana-Champaign Library
Large-scale Digitization Project, 2007.



.




UNIVERSITY OF ILLINOIS BULLETIN
Issuep WEEKLY

Vol. XXX December 6, 1932 No. 14

[Entered as second-class matter December 11, 1912, at the post office at Urhana Ilinois, under

the Act of August 24, 1912, .e\cceptance for mailing at the special ra f postage
provided for in section 1103, Act of Octobsr 3, 1917, nutho:jll'ged .Tuly 81 1918]

THE CATALYTIC PARTIAL OXIDATION
OF ETHYL ALCOHOL IN THE
VAPOR PHASE

THE USE OF A LIQUID SALT BATH FOR
TEMPERATURE CONTROL

BY

DONALD B. KEYES

AND

WILLIAM LAWRENCE FAITH

BULLETIN No. 252
ENGINEERING EXPERIMENT STATION

PusLisEEp BY THE UNIvERsITY oF JiLiwois, URBANA

Price: Ten Cents

Jis



HE Engineering Experiment Station was established by act
of the Board of Trustees of the University of Illinois on De-

cember 8, 1903. It is the purpose of the Station to conduect
investigations and make studies of importance to the engineering,
manufacturing, railway, mining, and other industrial interests of the
State.

The management of the Engineering Experiment Station is vested
in an Executive Staff composed of the Director and his Assistant, the
Heads of the several Depart-rinents in the College of Engineering, and
the Professor of Industrial Chemistry. This Staff is responsible for
the establishment, of general policies governing the work of the Station,
including the approval of material for publication. All members of
the teaching staff of the College are encouraged to engage in scientific
research, either directly or in codperation with the Research Corps
composed of full-time research assistants, research graduate assistants,
and special investigators.

To render the results of its scientific investigations available to
the public, the Engineering Experiment Station publishes and dis-
tributes a series of bulletins. Occasionally it publishes circulars of
timely interest, presenting information of importance, compiled from
various sources which may not readily be accessible to the clientele
of the Station, and reprints of articles appearing in the technical press
written by members of the staff,

The volume and number at the top of the front cover page are
merely arbitrary numbers and refer to the general publications of the
University. Either above the title or below the seal is given the num-
ber of the Engineering Experiment Station bulletin, circular, or reprint
which should be used in referring to these publications.

- For copies of publications or for other information address
Tuare ENGINEERING EXPERIMENT STATION,
~ Unmversiry or ILLINOIS,
UrBaNA, ILLINOIS



UNIVERSITY OF ILLINOIS
ENGINEERING EXPERIMENT STATION

BrrLLeriy No. 252 ; DeceMmBER, 1932

THE CATALYTIC PARTIAL OXIDATION OF
ETHYL ALCOHOL IN THE VAPOR PHASE

THE USE OF A LIQUID SALT BATH FOR
TEMPERATURE CONTROL

BY

DONALD B. KEYES

Proressor or INpusTRiAL CHEMISTRY

AND

WILLIAM LAWRENCE FAITH

SeeciaL Researcua Assistant 1IN CHEMIcAL ENGINEERING

ENGINEERING EXPERIMENT STATION

PupLisHED BY THE UNiversiy oF IuLixois, Ureaxa



UNIVERSITY
OF ILLINGIS

4000—11-32—3185 t1 PRESS i1



CONTENTS

I. INTRODUCTION.
1. Introductory.
2. Acknowledgments
II. Tae Use oF A Liquip SALT BaTH FOR TEMPERATURE
CoNTROL
3. Historical ;
4. Method of Work
5. Analysis of Products . .
(a) Determination of Acetaldehyde ;
(b) Determination of Acetic Acid '
(¢) Determination of Unchanged Ethyl Alcohol
(d) Orsat Analysis .

III. DiscussioNn orF ReEsuLTs .
6. Results ..
7. Interpretation of Results .

IV. CoNcLUsIONS . ;
8. Summary and Conclusmns

or

(3]

~ 00 GO OO 0O 00 00 00 O O O

it

et
IV &



NO.

1.

G o N

LIST OF FIGURES

Diagram of Apparatus .

LIST OF TABLES

. Results Using Pyrex Tube Catalyst Chamber in Liquid Salt Bath

Results Using Copper-Glass Seal Catalyst Chamber

. Results Using Pyrex Tube Catalyst Chamber . :
Results Using Pyrex Tube Catalyst Chamber in Liquid Sa.lt Bath .

Results Using Pyrex Tube Catalyst Chamber in Liquid Salt Bath

PAGE

9

10
10
11



THE CATALYTIC PARTIAL OXIDATION OF ETHYL
ALCOHOL IN THE VAPOR PHASE*

THE Usk orF A Liquip SALT BaTH ¥OR TEMPERATURE CONTROL

I. InTRODUCTION

1. Introductory.—Since the discovery by H. D. Gibbs,} in 1916, of
the catalytic oxidation of naphthalene to phthalic anhydride, vapor
phase catalytic oxidation has become an important tool in the chemi-
cal industry. The theoretical possibility of making certain organic
chemicals from very cheap raw materials by catalytic oxidation has
led to a great deal of fruitful research in this field.

Among those reactions that have been studied quite extensively
is the vapor phase catalytic oxidation of ethyl alcohol to produce
acetic acid. However, the necessity of very close temperature control,
in addition to other factors, has made progress in this direction difficult.

Temperature control is necessary because of the large amount
of heat evolved by the reaction. At low temperatures, the oxidation is
so slow that it is not commercially feasible, but at 350 deg. C. it be-
comes quite rapid, the temperature rises quickly, and the reaction is
maintained at a high velocity by virtue of the heat liberated. If
some of this heat is not taken away from the catalyst, the reaction
will proceed beyond the formation of aldehyde and acid and give com-
plete oxidation products (7.e., carbon dioxide and water). Also, if the
temperature of the catalyst is allowed to become too high, pyrogenic
decomposition of the aldehyde takes place, with consequent diminution
of yield.

In this bulletin an investigation of temperature control by means
of a molten salt bath will be described.

2. Acknowledgments—The investigation described in this bulletin
was conducted by the Engineering Experiment Station of the Uni-
versity of Illinois, of which Drax M. S. Kercuum is the director,
under the direction of Pror. D. B. Keves, Head of the Division of
Industrial Chemistry.

This investigation was made possible by the generous financial aid
given by the Chemical Foundation, New York City, of which Mg.
Francis P. Garvan is president, and Mgr. W. W. Burrum general
manager and treasurer.

*This bulletin is the fifth publication of a series on this subject. The preceding numbers
B 01 1681 ana Univ. of TIt Fng. Iop. Sta. Bul. 338, 1981; 111, Faith ‘and Keves, J. Tnd. Tng.
Chem., 23 1250, 1931; IV, Faith, Peters and Keyes, lblr:l 24, 924, 1932,

+H . Gibbs, Can, Pat. 186,445, Sept. 10, 1918
D. Gibbs, U.8. Pat. 128488‘." 918,
5
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1I. Tuk Usk orF A Liquip Sart BaTH ForR TEMPERATURE CONTROL

3. Historical—Attempts to modify or regulate the operating tem-
perature of a catalyst in exothermic reactions have been limited almost
exclusively to the chemical industry. Hence most of the results and
conclusions derived therefrom have found their way into the patent
literature only. This literature is crowded with designs of baths,
agitators, and all manner of mechanical contrivances for regulating
catalyst temperatures. Because of the unreliability and general chaotic
character of the patent literature, any further discussion of its relation
to temperature control will be avoided.

Only a few articles have been published in the scientific journals
concerning this subject. In 1919 Huff* published an article, in the
form of a review, in which he described general methods for control
of exothermic catalytic oxidations.

Downs,T in 1926, described in detail a catalyst chamber for use
in the catalytic oxidation of benzene, naphthalene, anthracene, and
like compounds, which was basically a cleverly-designed mercury bath.

More recently, Faith and Keyes,i and Faith, Peters, and Keyesf
have described various methods of temperature control of the catalyst
in the vapor phase oxidation of alcohols.

4, Method of Work.—In previous articles by the authors§**
different methods of controlling the temperature of a catalyst in vapor
phase partial oxidation of ethyl alcohol have been described. These
methods have been mainly concerned with control of temperature by
proper choice of the form of the catalyst, and variation of materials
and construction of the catalytic chamber.

In the chemical industry, however, one of the preferred methods
of temperature control of catalysts in exothermic processes is that in
which the catalyst tube or chamber is immersed in a liquid bath. Since
the temperature of this bath must be quite high, baths of mercury or
molten metals, alloys, or salts are commonly used. Because of the
widespread use of this means of temperature control it was thought
advisable to compare one of these types with those methods which
had already been tested in this laboratory.

A bath consisting of a eutectic mixture of NaNO, and KNO, was
chosen as a typical bath. The eutectic salt mixture was chosen be-

(T, B, S 9 g6

tFaith and Keyes, J. Ind. Eng. Chem., 23, 1250, 1931.

YFaith, Peters, and Keyes, J. Ind. Eng Chern 24, 924 1932,

§Faith and Keyes, J. Ind. Eng. Chem., 23, 1250, 1931
**Faith, Peters, and Keyes, J. Ind. Eng Chem., 24, 924, 1932,
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Fra. 1. DIAGRAM OF APPARATUS

cause of its low melting point (225 deg. C.), and because of the non-
poisonous characteristics of its vapors. :

The apparatus used consists essentially of that described formerly
by Faith and Keyes,* with the exception that the furnace around the
catalyst tube was replaced by the salt bath. A diagram of the appara-
tus used in this investigation is shown in Fig. 1. The Pyrex catalyst
tube was bent in the shape of a U tube. The catalyst occupied the
lower portion of the tube. The part of the U tube containing the cata-
lyst was lowered into a welded steel box, about 6 inches on each side,
filled with the molten salt mixture. The bath was heated by means
of a large Meeker burner directly underneath, and, in order to facili-
tate quick heating, was insulated with asbestos board. The tempera-
ture of the bath was recorded by a chromel-alumel thermocouple and
regulated by controlling the gas flow through the burner. A motor-
driven stirrer kept the molten salt mixture at an even temperature
throughout.

The operation of the apparatus was identical with that previously
described. Air was passed through a flowmeter, where the rate of
flow was measured, thence through a drying tower containing CaCl, to
the preheater. The preheater was a copper coil immersed in the ther-

*Faith and Keyes, J. Ind. Eng. Chem., 23, 1250, 1931.
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mostat. After passing through the preheater, the air was saturated
with absolute ethyl alcohol in a earburetor also immersed in the ther-
mostat. The air-alcohol vapors then passed through the catalyst tube
in the salt bath, where the alcohol was oxidized to acetaldehyde, acetic
acid, and carbon dioxide. The liquid products and unchanged alcohol
were condensed and collected in a receiver; the gaseous products and
some of the aldehyde formed passed through a sampling tube and
flowmeter to the atmosphere.

5. Analysis of Products—

(a) Determination of Acetaldehyde

The aldehyde in the condensate was determined by the neutral
sodium sulphite method.*

(b) Determination of Acetic Acid

The acid in the condensate was titrated with N sodium hydroxide
solution. The acid was identified by the method of DuClaux, as de-
seribed by Kamm.f

(c) Determination of Unchanged Ethyl Alcohol

The unchanged ethyl alcohol was determined by the ammoniacal
silver nitrate method described by Lowdermilk and Day.i

(d) Orsat Analysis

The gas sample was delivered from the sampling tube to the Orsat
and then passed through 30-per-cent sodium acid sulphite solution
to determine aldehyde. Carbon dioxide was determined by passing the
residual gas through 30-per-cent potassium hydroxide solution.

I1I. DiscussioN oF RESULTS

6. Results—The results obtained using the salt bath as a method
of temperature control are shown in the tables. Table 1 shows the
results obtained at high alcohol-air ratios; i.e., those which are con-
ducive to high yields of intermediate products. It is quite noticeable
that at the alcohol-air ratios above unity the oxidation really be-
comes a dehydrogenation process due to an excess of alcohol. These
results are much like those obtained using a plain Pyrex tube with
a removable furnace as a means of temperature control. However,

'Klngsoott and Knight, “Methods of Qusntltatwc Orgumclézgalyals, p. 245, Longmans, 1914,

tKamm, “Qualitative Organic Analysis,” p. 139. Wiley
{Lowdermilk and Day, J. Am. Chem. Soc. 52, 3535, 1930,
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TasLE 1
Resvrrs Usivg PYyrex TuBg CaranystT CHAMBER IN Liquip SaLt BaTH

Copper turnings catalyst
Length of catalyst, 45 mm,; diameter of catalyst, 13 mm.

b Aleohol- Space . Conversions
T LEE e Air Velocity* | Flow, | Temper- X
stat Ratio, (cc. gas | liters | ature Yield
Temper-| ¢ BtOH | per cc. per | Catalyst! sjde- | Acid CO: | Total
ature per catalyst min. Bath hyde
deg. C. | liter air | per min.) deg. C. | per cent | per cent | per cent | per eent | per cent
54 0.67 119 0.54 415 55.8 0.8 6.8 64.1 89.5
&7 0.80 118 0.51 415 54.5 0.6 4.9 60.0 91.7
60 1.01 122 0.495 350 55.5 1.2 0.9 57.6 08.4
60 1.01 122 0.495 410 56.8 0.9 1.5 59.2 97 .4
60 1.01 122 0.495 440 55.4 0.9 1.5 57.8 a7 .4
63.5 1.33 131 0.48 350 46.5 0.9 0.5 47.9 99.0

*The space veloeities recorded in this bulletin are ealeulated on the basis of gas leaving the
carburetor referred to standard conditions of temperature and pressure.

TaBLE 2
Resvrts UsiNng CorPER-GrLAss SEAL CaTaLysT CHAMBER

Copper turnings catalyst
Length of catalyst, 45 mm.; diameter of catalyst, 13 mm,

Aleohol- Space p Conversions

Thermo- Air \-’e?oci ty | Flow, Temper- ¥i

Tsmt Ratio, (ce. gas liters ature ield
emper-| o EtOH per ce. per C%talyst. Alde- Acid COq Total
ature _per | catalyst | min. ath hyde

deg. C. | liter air | per min.) deg. C. | per cent | per cent | per cent | per cent | per cent
45.0 0.38 120 0.61 480 49.6 6.9 24.6 81.1 69.9
53.0 0.59 115 0.54 435 54.9 7.4 13.0 75.3 82.7
54.0 0.62 122 0.57 415 85.4 6.8 Tal 69.9 88.9
57.0 0.77 116 0.51 415 56.8 4.1 3.5 64.4 94.5
61.0 0.94 116 0.48 410 54.7 4.4 1.6 60.7 97.3

Same as above except Pyrex tube

54.0 0.66 125 0.57 415 56.0 2.4 6.0 64.4 90.6
57.0 0.77 116 0.51 415 53.9 1.8 4.1 59.8 93.1
61.0 0.97 124 Bl 410 52.7 13 2.1 56.1 96.3
61.0 0.94 148 0.61 420 45.6 1.5 2.2 49.3 95.6

they are inferior to those obtained using a copper tube sealed to glass
leads, since the acid conversion is much higher in the latter case.

The two types of catalyst tubes mentioned are those which were
found to be superior to others in former studies by the authors. Typi-
cal results obtained with these tubes are shown in Tables 2 and 3, for
the sake of comparison.

Tables 4 and 5 show the results obtained at an aleohol-air ratio
of about 0.4 g. alcohol per liter of air. This alcohol-air ratio is that
which has been found favorable to high aldehyde conversions.
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TABLE 3

Resvrrs Using Pyrex Tuse Caravyst CHAMBER
Copper turnings catalyst
Length of eatalyst, 45 mm.; diameter of eatalyst, 13 mm,
Thermostat temperature, 45 deg. C.

Alechol- Space Conversions
Flow, Air Velocity "
liters Ratio, (ee. gas Temper- Yield
per g. EtOH per ce. ature Alde- Acid CO: Total
min. per catalyst deg. C hyde
liter air per min.) per cent | per cent | per cent | per cent | per cent
0.51 0.38 100 462 71.0 3.1 12.0 86.1 86.1
0.52 0.38 103 465 72.0 3.5 2.0 87.5 86.3
0.55 0.38 108 470 73.0 3.3 11.6 87.9 86.7
0.60 0.38 118 488 76.0 4.6 12.4 93.0 B6.6
0.62 0.37 121 512 78.0 2.8 14.1 94.9 85.1
0.64 0.36 123 517 77.0 2.6 13.5 93.1 85.5
0.65 0.36 126 520 76.5 2.2 10.9 89.6 B7.8
0.66 0.35 128 522 76.0 2.0 11.1 89.1 87.5
0.74 0.31 141 542 74.0 1.3 11.4 7| 86.7 86.8
TaeLe 4
Resvrts Using Pyrex Tuse Caranyst CHAMBER IN LiQuip Savt Bata
Copper turnings catalyst
Length of eatalyst, 45 mm.; diameter of catalyst, 13 mm.
Thcrmoatat temperature, 45 deg C. Flow, 0.51 liters per min,
Aleohol-air ratio, 0.39 g. EtOH per liter air.
Space velocity, 101 ce. gas per ce. catalyst per min.
Conversions
Temper-
ature Yield
Cstalﬂsf Alde- Acid COx Total
hyde
deg. C. per cent per cent per cent per cent per cent
16.1 3.7 0.7 20.5 96.6
355 57.7 5.2 22.1 85.0 74.0
400 62.3 1.0 24.7 85.0 71.9
420 63.3 1.2 21.4 85.9 73.9
440 61.2 0.9 21.4 83.5 74.4
460 59.1 0.7 20.3 80.1 74.6
470 59.8 0.8 20.3 80.9 74.9
483 61.6 it 20.0 82.7 75.8
487 59.9 0.7 21.9 82.5 73.4

The results obtained using the salt bath around the catalyst tube
are in between those found using a plain Pyrex tube in air and a
copper tube sealed to glass leads.

The aldehyde conversions approach those obtained by use of the
Pyrex tube chamber in air, but the carbon dioxide conversions are
much higher. In fact, the conversions to carbon dioxide are almost
identical with those obtained using the copper-glass seal tube.

It is quite probable that the high carbon dioxide conversions are
due to the excessive time of heating of the entrance and exit tubes to
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TaBLE 5

Resurts Using PyreExX Tuse CaTanysT CHAMBER 1IN Liquip SALT BATH

Copper turnings catalyst
Length of catalyst, 45 mm.; diameter of catalyst, 13 mm.
Thermostat temperature, 46 deg. C. Flow, 0.61 liters per min.
Aleohol-air ratio, 0.405 g. EtOH per liter air.
Bpace velocity, 121 ce. gas per ce. catalyst per min.

Conversions
Temper-
ature Yield
Catalyst Alde- Acid CO: Total
dBath hyde
eg. C. per cent per cent per cent per cent per cent
310 22.3 0.3 0.8 23.4 96.6
350 61.3 3.4 21.3 86.0 75.2
425 60.7 1.2 19.4 81.3 76.1
445 63.2 0.7 20.6 84.5 75.6
460 61.9 1.4 20.6 83.9 75.4
485 69.3 1.6 22.2 93.1 76.2
S00 67.3 1.2 19.9 88.4 77.5

the catalyst chamber, on account of the large amount of heat in the
neighborhood of the salt bath.

Also, it is quite probable that the measured temperature of the
salt bath is not the same as that of the catalyst itself. The tables show
that the reaction becomes sufficiently fast at a temperature of 350
deg. C. to maintain itself by its exothermic character. Consequently,
the heat given off by the reaction cannot be taken away from the
catalyst by a bath at 350 deg. C. as easily as it can be radiated from
a hot tube to the surrounding air, as was the case when only a plain
tube in air was used.

Hence at temperatures above 350 deg. C. (and the reaction goes
only slowly below that temperature) the salt bath is a hindrance
rather than a help, because it lowers the temperature gradient from
the catalyst to the surroundings, and thus actually helps the tempera-
ture of the catalyst to build up.

The reverse was true, of course, when the copper-glass seal tube
was used. The copper conducted the heat away from the catalyst so
fast that it could not maintain the reaction itself, and thus required
a constant heat input.

7. Interpretation of Results—It can be said that the salt bath as
a means of temperature control in vapor phase catalytic partial oxi-
dation of ethyl aleohol is inferior to other methods described by the
authors previously.

This is not because the temperature of the salt bath cannot be
maintained at a constant temperature (for this is its predominant
feature), but because it lowers the temperature gradient from catalyst
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to surroundings and helps build up excessive temperature in the
catalyst chamber.

If it is desired to oxidize ethyl aleohol and obtain a high conversion
of acetaldehyde in a single pass, then the use of the plain Pyrex cata-
lyst tube, in which the reaction is maintained by its exothermic char-
acter, is by far the best method that has been studied. The copper-
glass seal chamber, which requires intermittent heating, yields very
poor results in this respect, giving low aldehyde and high carbon
dioxide conversions.

This may be seen by comparison of Tables 2 and 3 with Tables
4 and 5.

If a high acid yield is the desired objective of the reaction, the
copper-glass seal tube is the preferred means, and the salt bath
control method falls in between this method and the one in which the
Pyrex tube chamber in air is used.

It should be noticed that the maximum acid conversion for the
salt bath method appears at a much lower temperature than in the
other cases. However, this recorded temperature is the temperature
of the salt bath and not necessarily that of the catalyst, so it is pos-
sible that the temperatures of maximum conversion are not so far
apart,.

IV. CoxcrLusioNs

8. Summary and Conclusions—A study has been made of the use
of a salt bath as a means of temperature control for the catalytic
vapor phase partial oxidation of ethyl alcohol.

The results obtained using the salt bath as a method for tempera-
ture control have been found to fall between those obtained with
the plain Pyrex tube catalyst chamber and the copper-glass seal
chamber.

When a high single pass conversion to acetaldehyde is desired, the
plain Pyrex tube method is best. The salt bath method is next best
in this respect, and the copper-glass seal chamber is the poorest.

The highest conversion to acid has been obtained by using the cop-
per-glass seal chamber. In this capacity, the salt bath is better than
the plain Pyrex tube.

The inefficiency of the salt bath as a means for temperature con-
trol of catalytic oxidations is probably due to the low temperature
gradient between the catalyst and the bath, thus rendering it diffi-
cult for heat to leave the catalyst.
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0il, by Carl H. Casberg and Carl E. Schubert. 1931. Fifteen cents.

*Bulletin No. 236. The Electrolytic Reduction of Ketones, by Sherlock Swann,
Jr. 1931. Ten cenis.

*Bulletin No. 237. Tests of Plain and Reinforced Concrete Made with Haydite
Aggregates, by Frank E. Richart and Vernon P. Jensen. 1931. Forty-five cents.

*Bulletin No. 238. The Catalytic Partial Oxidation of Ethyl Aleohol, by Donald
B. Keyes and Robert D. Snow. 1931. Twenty cents.

*Bulletin No. 239. Tests of Joints in Wide Plates, by Wilbur M. Wilson, James
Mather, and Charles O. Harris. 1931. Forty cents. . )

*Bulletin No. 240. Flow of Air through Circular Orifices in Thin Plates, by
Joseph A. Polson and Joseph G. Lowther. 1932. Tuwenty-five cents.

*Bulletin No. 241. Strength of Light I Beams, by Milo S. Ketchum and Jasper
O. Draffin. 1932, Twenty-five cents.

*Bulletin No. 242. Bearing Value of Pivots for Scales, by Wilbur M. Wilson,
Roy L. Moore, and Frank P. Thomas. 1932. Thirty cents.

*Bulletin No. 243. The Creep of Lead and Lead Alloys Used for Cable Sheathing,
by Herbert F. Moore and Norville J. Alleman. 1932. Fifteen cents.

*Bulletin No. 244. A Study of Stresses in Car Axles under Service Conditions,
by Herbert F. Moore, Nereus H. Roy, and Bernard B. Betty. 1932. Forty cents.

*Bulletin No. 245. Detérmination of Stress Coneentration in Serew Threads by
the Photo-Elastic Method, by Stanley G. Hall. 1932. Ten cents.

*Bulletin No. 246. Investigation of Warm-Air Furnaces and Heating Systems,
Part V, by Arthur C. Willard, Alonzo P. Kratz, and Seichi Konzo. 1932. Eighty
cents.

*Bulletin No. 247. An Experimental Investigation of the Friction of Screw
Threads, by Clarence W. Ham and David G. Ryan., 1932. Thirty-five cenis.

*Bulletin No. 248. A Study of a Group of Typical Spinels, by Cullen W. Parmelee,
Alfred E. Badger, and George A. Ballam. 1932. Thirty cents.

*Bulletin No. 249. The Effects on Mine Ventilation of Shaft-Bottom Vanes and
Improvements in Air Courses, by Cloyde M. Smith. 1932. Twenty-five cents.

*Bulletin No. 250. A Test of the Durability of Signal-Relay Contacts, by Everett
E. King. 1932. Ten cents.

*Bulletin No. 251. Strength and Stability of Concrete Masonry Walls, by Frank
E. Richart, Robert B. B. Moorman, and Paul M. Woodworth. 1932. Twenty cents.

*Bulletin No. 252. The Catalytic Partial Oxidation of Ethyl Aleohol in the Vapor
Phase. The Use of a Liquid Salt Bath for Temperature Control, by Donald B.
Keyes and William Lawrence Faith., 1932. Ten cents. _

*A limited number of copies of bulletins starred are available for free distribution.



This page is intentionally blank.



This page is intentionally blank.



UNIVERSITY OF ILLINOIS
Harry WoopBurN CHaAse, Ph.D., L.H.D., LL.D., President

The University includes the following departments:
The Graduate School

The College of Liberal Arts and Sciences (Curricula: General with majors,
in the Humanities and the Sciences; Chemistry and Chemical Engi-
léeerm%, Pre-legal; Pre-medical; Pre- dental; Pre-journalism; Applied

ptics

The College of Commerce and Business Administration (Curricula: Gen-
eral Business, Banking and Finance, Insurance, Accountancy, Trans-
portation, [Industrial Administration, Foreign Commerce Commercial
Teaching, Trade and Civic Secretarial Service, Public Utlhttes Com-
merce and Law)

The College of Engineering (Curricula: Ceramics; Ceramic, Civil, Electri-
cal, Gas, General, Mechanical, Mining, and Railway Engineering; En-
gineering Physics)

The College of Agriculture (Curricula: General Agriculture; Floriculture;
Home Economics; Smith-Hughes—in conjunction with the College of
Education)

The College of Education (Curricula: Two year, prescnbmg junior stand-
ing for admission — General Education, Smith-Hughes Agriculture,
Smith-Hughes Home Economics, Public School Music; Four year, ad-
mitting from the high school—Industrial Education, Athletic Coaching,
Physical Education. The Umverstty High School is the practice school
of the College of Education)’

The College of Law (three-year curriculum based on a college degree, or
three years of college work at the University of Illinois)

The College of Fine and Applied Arts (Curricula: Music, Architecture, Ar-
chitectural Engineering, Landscape Architecture, and Painting)

The Library School (two-year curriculum for college graduates)

The School of Journalism (two-year curriculum based on two years of
college work)

The College of Medicine (in Chicago)
The College of Dentistry (in Chicago)
The College of Pharmacy (in Chicago)
The Summer Session (eight weeks)

Experiment Stations and Scientific Bureaus: U. S. Agricultural Experiment
Station; Engineering Experiment Statlon, State Natural History Sur-
vey; State Water Survey; State Geological Survey; Bureau of Educa-
tional Research; Bureau of Business Research.

The Library Collections contain (July 1, 1931) 832,643 volumes and 221,000
Emphlets (in Urbana) and 45,241 volumes and 7,875 pamphlets (in

hicago) :

For catalogs and information address THE REecIsTRAR, Urbana, Illinois.






